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PREFACE

s in previous editions, the objective of Contemporary
AOrthodontics is to provide a comprehensive overview of
this subject that is accessible to students, useful for residents,
and a valuable reference for practitioners. Our goal has been
to put information into a perspective that facilitates clinical
use in a rational way. In each section of the book, and often
in individual chapters, background information
that every dentist needs is covered first, followed by
more detailed information for orthodontic residents and
specialist practitioners.

This fourth edition differs from its predecessors in being

basic

full color, but it follows the basic outline of previous edi-
tions. New aspects include a discussion of orthodontics as an
enhancement technology (an important new way of think-
ing about need for treatment in all medical fields), an
increased emphasis on soft tissue consideration and clinical
examination in diagnosis and treatment planning, a partic-
ular focus on basing clinical decisions on data instead of on
anecdote and opinion, new material on the use of implant
anchorage and possible applications of distraction osteoge-
nesis, and consideration of the changes in orthodontic tech-
nique as computer applications to appliance design become
more widespread.

Literature citations in this book are of two types: the
classic papers in orthodontics that are the background for
current concepts, and recent contributions to the literature
that not only provide current information but cite the pre-
vious publications in this particular area. These papers can
open the door to a more'detailed evaluation of the literature
on important subjects, and are cited partly for that
purpose—which reduces what would otherwise be a volu-
minous number of references.

For use in the dental curriculum and residency programs,
the book now is available in an "E-dition," which provides
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access to the book's own website. The E-dition provides a
searchable text, which makes it easier to quickly find the
answer to clinical questions. For dental students, this has
proved to be a major advantage of electronic editions. In
addition, the E-dition places selected illustrations from the
book in a downloadable format for easier use in teaching
and continuing education. The website is updated frequently
to provide evaluation and commentary on current ortho-
dontic literature.

In addition, the book is supplemented with extensive
computer-based teaching materials that are compatible with
delivery to students via high-speed Internet access. They are
also available in CD/DVD format for both Windows and
Macintosh operating systems, and have been evaluated with
both dental students and advanced general dentistry resi-
dents. These programs are most useful when they serve as a
major part of the background for interactive small group
seminars. Suggested outlines and visuals for these seminars
also are available. All of the teaching programs now include
computer self-tests (for instruction, not evaluation). These
self-tests not only tell students if they have correctly
answered questions about the material they just studied, but
also they tell them why answers are correct or incorrect and
display appropriate graphics (e.g., graphs, clinical photos) to
reinforce the message.

Further information about these supplemental teaching
materials, including computer teaching programs and com-
puter self-tests, seminar outlines and visuals, and tests for
evaluation, can be obtained by contacting the Department
of Orthodontics, University of North Carolina School
of Dentistry, Chapel Hill, NC 27599-7450, or by visiting
the department's website at
academic/ortho/.

www.dent.unc.edu/depts/
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CHAPTER

Malocclusion and Dentofacial
Deformity in Contemporary Society

CHAPTER OUTLINE

The Changing Goals of Orthodontic Treatment
The Usual Orthodontic Problems: Epidemiology of
Malocclusion
Why Is Malocclusion So Prevalent?
Need and Demand for Orthodontic Treatment
Need for Orthodontic Treatment
Demand for Orthodontic Treatment

THE CHANGING GOALS OF
ORTHODONTICTREATMENT

Crowded, irregular, and protruding teeth have been a
problem for some individuals since antiquity, and attempts
to correct this disorder go back at least to 1000 BC. Primi-
tive (and surprisingly well designed) orthodontic appliances
have been found in both Greek and Etruscan materials.’
As dentistry developed in the eighteenth and nineteenth
centuries, a number of devices for the "regulation” of the
teeth were described by various authors and apparently used
sporadically by the dentists of that era.

After 1850, the first texts that systematically described
orthodontics appeared, the most notable being Norman
Kingsley's Oral Deformities.?> Kingsley, who had a tremen-
dous influence on American dentistry in the latter half of the
nineteenth century, was among the first to use extraoral force
to correct protruding teeth. He was also a pioneer in the
treatment of cleft palate and related problems.

Despite the contributions of Kingsley and his contempo-
raries, their emphasis in orthodontics remained the align-
ment of the teeth and the correction of facial proportions.
Little attention was paid to bite relationships, and since
it was common practice to remove teeth for many dental
problems, extractions for crowding ,or malalignment
were frequent. In an era when an intact dentition was a
rarity, the details of occlusal relationships were considered
unimportant.

In order to make good prosthetic replacement teeth, it
was necessary to develop a concept of occlusion, and this
occurred in the late 1800s. As the concepts of prosthetic
occlusion developed and were refined, it was natural to
extend this to the natural dentition. Edward H. Angle (Figure
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Edward H. Angle in his fifties, as the proprietor
ofthe Angle School of Orthodontia. After establishing himself as
the first dental specialist, Angle operated proprietary orthodon-
tic schools from 1905 to 1928 in St. Louis; New London, Con-
necticut; and Pasadena, California, in which many ofthe pioneer
American orthodontists were trained.

1-1), whose influence began to be felt about 1890, can be
credited with much of the development of a concept of
occlusion in the natural dentition. Angle's original interest
was in prosthodontics, and he taught in that department in
the dental schools at Pennsylvania and Minnesota in the
1880s. His increasing interest in dental occlusion and in the
treatment necessary to obtain normal occlusion led directly
to his development of orthodontics as a specialty, with
himself as the "father of modern orthodontics."

The development of Angle's classification of malocclu-
sion in the 1890s was an important step in the development
of orthodontics because it not only subdivided major types
of malocclusion but also included the first clear and simple
definition of normal occlusion in the natural dentition.
Angle's postulate was that the upper first molars were the key
to occlusion and that the upper and lower molars should
be related so that the mesiobuccal cusp of the upper molar
occludes in the buccal groove of the lower molar. If the teeth
were arranged on a smoothly curving line of occlusion
(Figure 1-2) and this molar relationship existed (Figure
1-3), then normal occlusion would result.®> This statement,
which 100 years of experience has proved to be correct—
except when there are aberrations in the size of teeth—
brilliantly simplified normal occlusion.

Angle then described three classes of malocclusion, based
on the occlusal relationships of the first molars:

Line of Occlusion

VM=l The line of occlusion is a smooth (catenary)

curve passing through the central fossa of each upper molar and
across the cingulum of the upper canine and incisor teeth. The
same line runs along the buccal cusps and incisal edges of
the lower teeth, thus specifying the occlusal as well as interarch
relationships once the molar position is established.

Class |I: Normal relationship of the molars, but line of occlu-
sion incorrect because of malposed teeth, rotations, or
other causes

Class Il: Lower molar distally positioned relative to upper
molar, line of occlusion not specified

Class Il11: Lower molar mesially positioned relative to upper
molar, line of occlusion not specified
Note that the Angle classification has four classes: normal

occlusion, Class | malocclusion, Class Il malocclusion, and

Class Il malocclusion (see Figure 1-3). Normal occlusion

and Class | malocclusion share the same molar relationship

but differ in the arrangement of the teeth relative to the line
of occlusion. The line of occlusion may or may not be correct
in Class Il and Class Il1.

With the establishment of a concept of normal occlusion
and a classification scheme that incorporated the line of
occlusion, by the early 1900s, orthodontics was no longer
just the alignment of irregular teeth. Instead, it had evolved
into the treatment of malocclusion, defined as any deviation
from the ideal occlusal scheme described by Angle. Since pre-
cisely defined relationships required a full complement of
teeth in both arches, maintaining an intact dentition became
an important goal of orthodontic treatment. Angle and his
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Normal occlusion

FIGURE 13 Normal occlusion and maloc-

clusion classes as specified by Angle. This clas-
sification was quickly and widely adopted early
in the twentieth century. It is incorporated
within all contemporary descriptive and classi-
fication schemes.

followers strongly opposed extraction for orthodontic pur-
poses. With the emphasis on dental occlusion that followed,
however, less attention came to be paid to facial proportions
and esthetics. Angle abandoned extra-oral force because he
decided this was not necessary to achieve proper occlusal
relationships.

As time passed, it became clear that even an excellent
occlusion was unsatisfactory if it was achieved at the expense
of proper facial proportions. Not only were there esthetic
problems, it often proved impossible to maintain an occlusal
relationship achieved by prolonged use of heavy elastics to
pull the teeth together as Angle and his followers had sug-
gested. Extraction of teeth was reintroduced into orthodon-
tics in the 1930s to enhance facial esthetics and achieve better
stability of the occlusal relationships.

Cephalometric radiography, which enabled orthodontists
to measure the changes in tooth and jaw positions produced
by growth and treatment, came into widespread use after
World War Il. These radiographs made it clear that many
Class Il and Class |1l malocclusions resulted from faulty jaw
relationships, not just malposed teeth. By use of cephalo-
metrics, it also was possible to see that jaw growth could be
altered by orthodontic treatment. In Europe, the method of
"functional jaw orthopedics" was developed to enhance
growth changes, while in the United States, extraoral force
came to be used for this purpose. At present, both functional
and extraoral appliances are used internationally to control
and modify growth and form.

In the early 21°' century, orthodontics differs from what
was done previously in three important ways:

1. There is more emphasis now on dental and facial appear-
ance. This reflects a greater awareness that parents and
patients seek treatment largely because of concern about
facial appearance, and that psychosocial problems related
to appearance can have major effects on an individual's
quality of life. The advent of orthognathic surgery has
made it possible to correct facial disproportions that
previously were not treatable, and the development of

Class | malocclusion

TR 55

Class Il malocclusion

Class Ill malocclusion

computer imaging methods that allow the orthodontist

to share facial concerns with patients in a way that was

not possible until recently;

2. Patients now expect and are granted a greater degree of
involvement in planning treatment. No longer is it
appropriate for the paternalistic doctor to simply tell
patients what treatment they should have. Now patients
are given the opportunity to participate in selecting
among treatment options—a process that is facilitated by
computer imaging methods; and

3. Orthodontics now is offered much more frequently to
older patients as part of a multidisciplinary treatment
plan involving other dental and medical specialties. The
goal is not necessarily the best possible dental occlusion
or facial esthetics but the best chance for long-term main-
tenance of the dentition. This increased emphasis on
treatment coordinated with other dentists has the effect
of integrating orthodontics back into the mainstream of
dentistry, from which Angle's teachings had tended to
separate it.

All three of these recent developments are reflected in the
later chapters of this book. The change in the goals of treat-
ment represents a paradigm shift, away from an emphasis on
skeletal and dental relationships and toward greater consid-
eration ofthe oral and facial soft tissues. The soft tissues now
are recognized as both the major limitation on orthodontic
treatment and the major consideration in whether treatment
can be judged to be successful.*® Table 1-1 contrasts the
Angle paradigm that dominated 20" century orthodontics
with the soft tissue paradigm that is replacing it. The impact
on diagnosis and treatment planning that the new paradigm
requires is readily apparent, and is emphasized in the clini-
cal chapters that follow.

It must be kept in mind that orthodontics is shaped by
biological, psychosocial, and cultural determinants. For that
reason, in defining the goals of orthodontic treatment, one
has to consider not only morphologic and functional factors,
but awide range of psychosocial and bioethical issues as well.
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TABLE 1-1

Angle versus Soft Tissue Paradigms: A New Way of Looking at Treatment Goals

Parameter Angle paradigm

Soft tissue paradigm

Primary treatment goal Ideal dental occlusion

Secondary goal Ideal jaw relationships

Hard/soft tissue relationships

soft tissues
Diagnostic emphasis
Treatment approach

Function emphasis

Stability of result

Ideal hard tissue proportions produce ideal

Dental casts, cephalometric radiographs

Obtain ideal dental and skeletal relationships,
assume the soft tissues will be OK

TM joint in relation to dental occlusion

Related primarily to dental occlusion

Normal soft tissue proportions and adaptations
Functional occlusion

Ideal soft tissue proportions define ideal hard
tissues

Clinical examination of intra-oral and facial soft
tissues

Plan ideal soft tissue relationships and then place
teeth and jaws as needed to achieve this

Soft tissue movement in relation to display of
teeth

Related primarily to soft tissue pressure/
equilibrium effects

These are discussed briefly in the sections of this chapter on
need and demand for treatment, and in greater detail in
Chapters 6-8.

The treatment sequence shown in Figures 1-4 through 1-7
demonstrates the facial as well as dental changes that can
be attained through orthodontics. The focus of modern
orthodontic treatment is on improving not only dental and
skeletal but also soft tissue aspects of orthodontic problems,
in combination with other dental treatment as needed.

THE USUAL ORTHODONTIC PROBLEMS:
EPIDEMIOLOGY OF MALOCCLUSION

What Angle defined as normal occlusion more properly
should be considered the ideal, especially when his criteria
are applied strictly. In fact, perfectly interdigitating teeth
arranged along a perfectly regular line of occlusion are quite
rare. For many years, epidemiologic studies of malocclusion
suffered from considerable disagreement among the investi-
gators about how much deviation from the ideal should be
accepted within the bounds of normal. As a result, between
1930 and 1965, the prevalence of malocclusion in the United
States was variously estimated as 35% to 95%. These tremen-
dous disparities were largely the result of the investigators'
differing criteria for normal.

By the 1970s, a series of studies by public health or uni-
versity groups in most developed countries provided a rea-
sonably clear worldwide picture of the prevalence of various
occlusal relationships or malrelationships. In the United
States, two large-scale surveys carried out by the Division of
Health Statistics of the U.S. Public Health Service (USPHS)
covered children ages 6 to 11 between 1963 and 1965 and
youths ages 12 to 17 between 1969 and 1970.° As part of a
large-scale national survey of health care problems and

needs in the United States in 1989-1994 (National Health
and Nutrition Estimates Survey |11, abbreviated as NHANES
I11), estimates of malocclusion again were obtained. This
study of some 14,000 individuals was statistically designed
to provide weighted estimates for approximately 150 million
persons in the sampled racial/ethnic and age groups. The
data provide current information for U.S. children and
youths and include the first good data set for malocclusion

in adults, with separate estimates for the major racial/ethnic
89

groups.
The characteristics of malocclusion evaluated in
NHANES Ill included the irregularity index, a measure of

incisor alignment (Figure 1-8), the prevalence of midline
diastema >2mm (Figure 1-9), and the prevalence of poste-
rior crossbite (Figure 1-10). In addition, overjet (Figure
1-11) and overbite/open bite (Figure 1-12) were measured.
Overjet, which reflects Angle's Class Il and Class Il molar
relationships, can be evaluated much more precisely under
epidemiologic evaluation conditions, so molar relationship
was not evaluated directly.

Current data for these characteristics of malocclusion for
children (age 8 to 11), youths (age 12 to 17) and adults (age
18 to 50) in the U.S. population, taken from NHANES |11,
are shown in Tables 1-2 and 1-3 and are displayed graphi-
cally in Figures 1-13 to 1-16.

Note that in the age 8-11 age group, just over half of U.S.
children have well-aligned incisors. The rest have varying
degrees of malalignment and crowding. The percent- with
excellent alignment decreases in the age 12-17 group as the
remaining permanent teeth erupt, then remains essentially
stable in the upper arch but worsens in the lower arch for
adults. Only 34% of adults have well-aligned lower incisors.

Nearly 15% of adolescents and adults have severely or
extremely irregular incisors, so that major arch expansion or
extraction of some teeth would be necessary to align them.
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Pre-treatment facial and dental views of an 11-year-old girl. She and her parents were concerned about her facial appear-
ance, especially the "no teeth" appearance on smile, and her difficulty in eating. A, On the frontal view of the face, short lower face
height in proportion to facial width, a short upper lip and minimal display ofthe vermilion borders of the lips, and a deep labiomental
fold were apparent. B, On smile, there was only | mm display of the upper incisors, which were malformed and quite small. C, On the
profile view, an everted upper lip, short face height and incomplete development of the nose were noted. D-E, Intraoral examination
revealed malformed maxillary incisors and short crown heights. Note the deep bite anteriorly.

A wide space between the maxillary central incisors (midline
diastema) often is present in childhood (26% have >2mm
space). Although this space tends to close, over 6% ofyouths
and adults still have a noticeable diastema that compromises
the appearance of the smile. Blacks arc more than twice as
likely to have a midline diastema than whites or Hispanics
(p<.001).

Posterior crossbite reflects deviations from ideal occlu-
sion in the transverse plane of space, overjet or reverse
overjet indicate antero-posterior deviations in the Class
Il/Class Ill direction, and overbite/open bite indicate verti-
cal deviations from ideal. As Table 1-2 shows, posterior
crossbite is relatively rare at all ages. Overjet of 5mm or
more, suggesting Angle's Class |l malocclusion, occurs in

23% of children, 15% ofyouths, and 13% of adults. Reverse
overjet, indicative of Class |l malocclusion, is much less
frequent. This affects about 1% of American children and
increases slightly in youths and adults. Severe Class Il and
Class Il problems, at the limit of orthodontic correction,
occur in about 4% of the population, with severe Class Il
much more prevalent. Severe Class Il problems' are less
prevalent, and severe Class |Il problems are more prevalent,
in the Hispanic than the white or black groups.

Vertical deviations from the ideal overbite of 0-2 mm are
less frequent in adults than children but occur in half the
adult population, the great majority of whom have excessive
overbite. Severe deep bite (overbite > 5mm) is found in
nearly 20% of children and 13% of adults, while open bite
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The beginning of treatment was deferred until age 121,,, when she was judged to be close to her adolescent growth
spurt, and then was directed toward extrusion of posterior teeth to gain greater face height. The improvement in vertical facial pro-
portions and incisor display on smile at age 14, after 18 months of treatment, is shown in A and B. Three months later, she was ready
for initial restorations. At that point, the brackets on the upper incisors were removed (C) so that temporary laminates could be placed

to improve the height-width relationships of the incisors and further increase incisor display (D), then the brackets were replaced at a
more gingival level (E) and treatment continued.
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FIEBIN=NEN After another 9 months of treatment, the orthodontic appliance was removed at age 15, with further improvement in

the facial appearance and incisor position. With the temporary laminates still in place, the smile arc (described in detail in Chapter 6)

was more flat than ideal. In the cephalometric superimposition (D), the increase in face height and eruption of posterior and anterior
teeth that occurred during treatment can be seen.
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At age 18, permanent laminates were placed on the incisor teeth, with a further improvement of the appearance of the
smile. The increase in face height and balance created by the orthodontic treatment made it possible to provide excellent restorations

for the malformed teeth. The treatment illustrates the interaction of modern orthodontics with restorative/cosmetic dentistry in the
treatment of a patient with significant skeletal and dental problems.

A space between adjacent teeth is called a
diastema. A maxillary midline diastema is relatively common,
especially during the mixed dentition in childhood, and disap-
pears or decreases in width as the permanent canines erupt.
Spontaneous correction of a childhood diastema is most likely
when its width is not more than 2 mm.

S[EVN=E Incisor irregularity usually is expressed as the
irregularity index; the total of the millimeter distances from the

contact point on each incisor tooth to the contact point that it
should touch.
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Posterior crossbite exists when the maxillary
posterior teeth are lingually positioned relative to the mandibu-
lar teeth, as in this patient. Posterior crosshite most often reflects
a narrow maxillary dental arch but can arise from other causes.
This patient also has a one-tooth anterior crossbite, with the
lateral incisor trapped lingually.

Overjet

Overjet is defined as horizontal overlap of the

incisors. Normally, the incisors are in contact, with the upper
incisors ahead of the lower by only the thickness of their incisal
edges (i.e., 2-3 mm overjet is the normal relationship). If the
lower incisors are in front of the upper incisors, the condition is
called reverse overjet or anterior crossbite.

(negative overbite >-2mm) occurs in less than 1%. There
are striking differences between the racial/ethnic groups in
vertical dental relationships. Severe deep bite is nearly twice
as prevalent in whites as blacks or Hispanics (p < .001), while
open bite >2 mm is five times more prevalent in blacks than
in whites or Hispanics (p < .001). This almost surely reflects
the slightly different craniofacial proportions of the black
population groups (see Chapter 5 for a more complete dis-
cussion). Despite their higher prevalence of antero-posterior
problems, vertical problems are less prevalent in Hispanics
than cither blacks or whites.

From the survey data, it is interesting to calculate the
percentage of American children and youths who would fall
into Angle's four groups. From this perspective, 30% at most

MALOCCLUSION AND DENTOFACIAL DEFORMITY IN CONTEMPORARY SOCIETY

I Overbite

{ Open bite

Overbite is defined as vertical overlap of the
incisors. Normally, the lower incisal edges contact the lingual
surface of the upper incisors at or above the cingulum (i.e.,
normally there is 1 to 2mm overbite). In open bite, there is no
vertical overlap, and the vertical separation of the incisors is
measured to quantify its severity.
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Incisor irregularity in the U.S. population,

1989-1994. One-third ofthe population have at least moderately
irregular (usually crowded) incisors, and nearly 15% have severe
or extreme irregularity.

have Angle's normal occlusion. Class | malocclusion (50%
to 55%) is by far the largest single group; there are about
half as many Class |l malocclusions (approximately 15%) as
normal occlusions; and Class |1l (less than 1%) represents a
very small proportion of the total.

Differences in malocclusion characteristics between the
United States and other countries would be expected because
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TABLE 12

Percent of U.S. Population With Incisor Crowding/Malalignment

TOTAL POPULATION, BY AGE

AGE 8-11 AGE 12-17 AGE 1850
Irregularity index Max Mand Max Mand Max Mand
0-1 [ideal] 52.7 54.5 42.3 43.7 43.2 33.7
2-3 [mild crowding] 25.3 25.0 26.8 25.2 26.5 27.3
4-6 [moderate] 13.3 15.9 18.4 18.5 19.7 23.3
7-10 [severe] 6.2 3.5 9.4 8.9 8.0 114
>10 [extreme] 2.5 12 3.2 3.6 2.7 4.3
Midline diastema >2 mm 26.4 6.6 6.4
RACIAL/ETHNIC GROUPS, AGES COMBINED
WHITE BLACK HISPANIC TOTAL

Irregularity index Max Mand Max Mand Max Mand Max Mand
0-1 [ideal] 43.8 35.6 48.1 45.6 35.9 38.8 44.0 37.1
2-3 [mild crowding] 26.3 26.9 27.0 27.2 26.5 23.0 26.4 26.8
4-6 [moderate] 19.1 22.6 15.7 17.1 22,5 23.8 18.8 21.9
7-10 [severe] 8.0 10.8 6.7 7.2 12.1 9.6 8.0 10.3
>10 [extreme] 2.8 4.0 25 3.0 3.0 4.8 2.8 3.9
Midline diastema >2 mm 7.0 18.9 6.7 8.5

Data from NHANES Il11.
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Overjet (Class Il) and reverse overjet (Class IIl)

in the U.5. population, 1989-1994. Only one-third of the popula-
tion have ideal antero-posterior incisor relationships, but overjet
is only moderately increased in another one-third. Increased
overjet accompanying Class Il malocclusion is much more preva-
lent than reverse overjet accompanying Class IlI.

Open bite/deep bite relationships in the U.S.

population, 1989-1994. Half the population have an ideal verti-
cal relationship of the incisors. Deep bite is much more preva-
lent than open bite, but vertical relationships vary greatly
between racial groups (see Table 1-2).
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TABLE 13

Percent of U.S. Population With Occlusal Contact Discrepancies

8-11* 12-17* 18-50* White** Black** Hispanic** Total
Posterior Cross bite 7.1 8.8 9.5 9.1 9.6 73 9.1
Overjet (mm)
Class Il
>10 [extreme] 0.2 0.2 0.4 0.3 0.4 0.4 0.3
7-10 [severe] 3.4 3.5 3.9 3.8 4.3 2.2 3.8
5-6 [moderate] 18.9 11.9 9.1 10.1 11.8 6.5 10.6
3-4 [mild] 45.2 39.5 37.7 38.0 39.8 49.0 38.8
Ideal
12 29.6 39.3 43.0 42.4 35.6 33.6 41.1
Class Il
0 [mild] 2.2 4.6 4.8 4.1 6.1 6.7 4.5
-1 to-2 [moderate] 0.7 0.5 0.7 0.5 15 0.9 0.6
-3 to -4 [severe] 0.0 0.6 0.2 0.2 0.4 0.4 0.3
>-4 [extreme] 0.0 0.0 0.1 0.1 0.1 0.3 0.2
Overbite (mm)
Open bite
>-4 [extreme] 0.3 0.2 0.1 0.1 0.7 0.0 0.1
-3 to -4 [severe] 0.6 0.5 0.5 0.4 13 0.0 0.5
0 to-2 [moderate] 2.7 2.8 2.7 2.4 4.6 2.1 2.7
Ideal
0-2 40.2 45.0 49.0 45.5 56.4 56.5 47.5
Deep bite
3-4 [moderate] 36.2 34.7 32.5 34.0 28.5 32.6 33.1
5-7 [severe] 18.8 155 134 15.7 75 8.7 14.2
>7 [extreme] 12 13 18 1.9 0.9 0.0 17
Data from NHANES I11.
*Al1l racial/ethnic groups.
*A11 ages.
B =
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increase in incisor irregularity and decrease in severe overjet as chil- &1 1217 18-50
dren mature, both of which are related to mandibular growth. Age Group
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Mandibular dental arches from Neanderthal specimens from the Krapina cave in Yugoslavia, estimated to be approx-
imately 100,000 years old. A, Note the excellent alignment in the specimen. B, Crowding and malalignment are seen in this specimen,
which had the largest teeth in this find of skeletal remains from approximately 80 individuals. (From Wolpoff WH. Paleoanthropology.

New York: Alfred A Knopf; 1998.)

of differences in racial and ethnic composition. Although the
available data are not as extensive as for American popula-
tions, it seems clear that Class |l problems are most preva-
lent in whites of northern European descent (for instance,
25% of children in Denmark are reported to be Class 1),
while Class |1l problems are most prevalent in Oriental
populations (3% to 5% in Japan, nearly 2% in China with
another 2% to 3% pseudo-Class Il [i.e., shifting into
anterior crossbite because of incisor interferences]).'
African populations are by no means homogenous, but from
the differences found in the United States between blacks
and whites, it seems likely that Class Il and open bite are
more frequent in African than European populations and
deep bite less frequent.

WHY IS MALOCCLUSION SO PREVALENT?

Although malocclusion now occurs in a majority of the pop-
ulation, that does not mean it is normal. Skeletal remains
indicate thai the present prevalence is several limes greater
than it was only a few hundred years ago. Crowding and
malalignment of teeth was unusual until relatively recently,**
but not unknown (Figure 1-17). Because the mandible tends
to become separated from the rest of the skull when long-
buried skeletal remains are unearthed, it is easier to be sure
what has happened to alignment of teeth than to occlusal
relationships. The skeletal remains suggest that all members
of a group might tend toward a Class |1l or, less commonly,
a Class Il jaw relationship. Similar findings are noted in
present population groups that have remained largely unaf-

fected by modern development: crowding and malalignment
of teeth are uncommon, but the majority of the group may
have mild antero-posterior or transverse discrepancies, as in
the Class |11 tendency of South Pacific islanders*? and buccal
crossbite (X-occlusion) in Australian aborigines.*®

Although 1000 years is a long time relative to a single
human life, it is a very short time from an evolutionary per-
spective. The fossil record documents evolutionary trends
over many thousands of years that affect the present denti-
tion, including a decrease in the size of individual teeth, a
decrease in the number of the teeth, and a decrease in the
size of the jaws. For example, there has been a steady reduc-
tion in the size of both anterior and posterior teeth over at
least the last 100,000 years (Figure 1-18). The number of
teeth in the dentition of higher primates has been reduced
compared with the usual mammalian pattern (Figure 1-19).
The third incisor and third premolar have disappeared, as
has the fourth molar. At present, the human third molar,
second premolar, and second incisor often fail to develop,
which indicates that these teeth may be on their way out.
Compared with primitive peoples, modern human beings
have quite underdeveloped jaws.

It is easy to see that the progressive reduction in jaw size,
if not well matched to a decrease in tooth size and number,
could lead to crowding and malalignment. It is less easy
to see why dental crowding should have increased quite
recently, but this seems to have paralleled the transition
from primitive agricultural to modern urbanized societies.
Cardiovascular disease and related health problems appear
rapidly when a previously unaffected population group
leaves agrarian life for the city and civilization. High blood
pressure, heart disease, diabetes, and several other medical
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Past and Present Tooth Size
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human teeth can be seen by comparing tooth sizes
from the anthropological site at Qafzeh, dated 100,000
years ago; Neanderthal teeth, io,000 years ago; and 50

modern human populations. (Redrawn from Kelly MA,
Larsen CS, eds. Advances in Dental Anthropology. New
York: Wiley-Liss; 1991.)
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SH[V=NEI Reduction in the number of teeth has been a feature of primate evolution. In the present human population, third
molars are so frequently missing that it appears a further reduction is in progress, and the variability of lateral incisors and second pre-

molars suggests evolutionary pressure of these teeth.

problems are so much more prevalent in developed than

underdeveloped countries that they have been labeled
"diseases of civilization." There is some evidence that mal-
occlusion increases within well-defined populations after a
transition from rural villages to the city. Corrucini, for
instance, reports a higher prevalence of crowding, posterior
crosshite, and buccal segment discrepancy in urbanized
youths compared with rural Punjabi youths of northern
India.* One can argue that malocclusion is another condi-
tion made worse by the changing conditions of modern life,
perhaps resulting in part from less use of the masticatory
apparatus with softer foods now. Under primitive condi-
tions, of course, excellent function of the jaws and teeth was
an important predictor of the ability to survive and repro-

duce. A capable masticatory apparatus was essential to deal

with uncooked or partially cooked meat and plant foods.
Watching an Australian aboriginal man using every muscle
of his upper body to tear off a piece of kangaroo flesh from
the barely cooked animal, for instance, makes one appreci-
ate the decrease in demand on the masticalory apparatus
that has accompanied civilization (Figure 1-20).
Determining whether changes in jaw function have in-
creased the prevalence of malocclusion is complicated by the
fact that both dental caries and periodontal disease, which
are rare on the primitive diet, appear rapidly when the diet
changes. The resulting dental pathology can make it difficult
to establish what the occlusion might have been in the
absence of early loss of teeth, gingivitis, and periodontal
breakdown. The increase in malocclusion in modern times
certainly parallels the development of modern civilization,
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S[ElBI=NEZ0l Sections from a 1960s movie of an Australian

aboriginal man eating a kangaroo prepared in the traditional
fashion. Note the activity of muscles, not only in the facial region,
but throughout the neck and shoulder girdle. (Courtesy M.J.
Barrett.)

but a reduction in jaw size related to disuse atrophy is hard
to document, and the parallel with stress-related diseases can
be carried only so far. Although it is difficult to know the
precise cause of any specific malocclusion, we do know in
general what the etiologic possibilities are, and these are dis-
cussed in some detail in Chapter 5.

What difference does it make if you have a malocclusion?
Let us consider now the reasons for orthodontic treatment.

NEED AND DEMAND FOR

ORTHODONTIC TREATMENT

Need for Orthodontic Treatment

Protruding, irregular, or maloccluded teeth can cause three
types of problems for the patient: (1) discrimination because
of facial appearance; (2) problems with oral function,
including difficulties in jaw movement (muscle incoordina-

tion or pain), temporomandibular joint dysfunction (TMD),
and problems with mastication, swallowing or speech; and
(3) greater susceptibility to trauma, periodontal disease or
tooth decay.

Psychosocial Problems

A number of studies in recent years have confirmed what is
intuitively obvious, that severe malocclusion is likely to be a
social handicap. The usual caricature of an individual who
is none too bright includes protruding upper incisors. A
witch not only rides a broom, she has a prominent lower jaw
that would produce a Class Il malocclusion. Well-aligned
teeth and a pleasing smile carry positive status at all social
levels and ages, whereas irregular or protruding teeth carry
negative status.’®'” Appearance can and does make a differ-
ence in teachers' expectations and therefore student progress
in school, in employability, and in competition for a mate.
Tests of the psychologic reactions of individuals to various
dental conditions, carried out by showing photographs of
various mouths to the individual whose response was being
evaluated, show that cultural differences are smaller than
might have been anticipated. A dental appearance pleasing
to Americans was also judged pleasing in Australia and East
Germany, whereas a dental appearance considered in the
United States to carry with it some social handicap drew
about the same response in these other cultural settings.®
Protruding incisors are judged unattractive within popula-
tions where most individuals have prominent teeth, just as
they are within less protrusive groups.*®

There is no doubt that social responses conditioned by
the appearance of the teeth can severely affect an individual's
whole adaptation to life. This places the concept of "handi-
capping malocclusion” in a larger and more important
context. If the way you interact with other individuals is
affected constantly by your teeth, your dental handicap is far
from trivial. It is interesting that psychic distress caused by
disfiguring dental or facial conditions is not directly pro-
portional to the anatomic severity of the problem. An indi-
vidual who is grossly disfigured can anticipate a consistently
negative response. An individual with an apparently less
severe problem (e.g., a protruding chin or irregular incisors)
is sometimes treated differently because of this but some-
times not. It seems to be easier to cope with a defect if other
people's responses to it are consistent rather than if they are
not. Unpredictable responses produce anxiety and can have
strong deleterious effects.?

The impact of a physical defect on an individual also will
be strongly influenced by that person's self-esteem. The
result is that the same degree of anatomic abnormality can
be merely a condition of no great consequence to one
individual but a genuinely severe problem to another. It
seems clear that the major reason people seek orthodontic
treatment is to minimize psychosocial problems related to
their dental and facial appearance. These problems are not
"just cosmetic." They can have a major effect on the quality
of life.
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Oral Function

Adults with severe malocclusion routinely report difficulty
in chewing, and after treatment, patients usually say that
their masticatory problems are largely corrected.?* It seems
reasonable that poor dental occlusion would be a handicap
to function, but there is no good test for chewing ability and
no objective way to measure the extent of any functional
handicap. Methods to test for jaw function would put this
reason for orthodontic treatment on a more scientific basis.
Scoring the efficiency of mastication from video tapes of
standard tasks now offers the possibility of doing this.?

Severe malocclusion may make adaptive alterations in
swallowing necessary. In addition, it can be difficult or
impossible to produce certain sounds (see Chapter 6), and
effective speech therapy may require some preliminary
orthodontic treatment. Even less severe malocclusions tend
to affect function, not by making it impossible but by
making it difficult, so that extra effort is required to com-
pensate for the anatomic deformity. For instance, everyone
uses as many chewing strokes as it takes to reduce a food
bolus to a consistency that is satisfactory for swallowing, so
if chewing is less efficient in the presence of malocclusion,
either the affected individual uses more effort to chew or
settles for less well masticated food before swallowing it.
Similarly, almost everyone can move the jaw so that proper
lip relationships exist for speech, so distorted speech is
rarely noted even though an individual may have to make an
extraordinary effort to produce normal speech. As methods
to quantify functional adaptations of this type are developed,
it is likely that the effect of malocclusion on function will be
appreciated more than it has been in the past.

The relationship of malocclusion and adaptive function
to temporomandibular dysfunction (TMD), manifested as
pain in and around the TM joint, is understood much better
now than only a few years ago. The pain may result from
pathologic changes within the joint, but more often is caused
by muscle fatigue and spasm. Muscle pain almost always
correlates with a history of clenching or grinding the teeth
as a response to stressful situations, or of constantly postur-
ing the mandible to an anterior or lateral position.

Some dentists have suggested that even minor imperfec-
tions in the occlusion serve to trigger clenching and grind-
ing activities. If this were true, it would indicate a real need
for perfecting the occlusion in everyone, to avoid the possi-
bility of developing facial muscle pain. Because the number
of people with at least moderate degrees of malocclusion
(50% to 75% of the population) far exceeds the number
with TMD (5% to 30%, depending on which symptoms are
examined), it seems unlikely that occlusal patterns alone are
enough to cause hyperactivity of the oral musculature. A
reaction to stress usually is involved. Some individuals with
poor occlusion have no problem with muscle pain when
stressed but develop symptoms in other organ systems.
Almost never does an individual have both ulcerative colitis
(also a common stress-induced disease) and TMD. Some
types of malocclusion (especially posterior crosshite with a

MALOCCLUSION AND DENTOFACIAL DEFORMITY IN CONTEMPORARY SOCIETY

FIGURE 1-21 Fractured maxillary central incisors in a 10-

year-old girl. There is almost one chance in three of an injury to
a protruding incisor, though fortunately the damage rarely is this
severe. Most of the accidents occur during normal activity, not
in sports.

shift on closure) correlate positively with TM joint problems
while other types do not,?® but even the strongest correlation
coefficients are only 0.3 to 0.4. This means that for the great
majority of patients, there is no association between maloc-
clusion and TMD.

On the other hand, if a patient does respond to stress by
increased oral muscle activity, improper occlusal relation-
ships may make the problem more severe and harder to
control. Therefore, malocclusion coupled with pain and
spasm in the muscles of mastication may indicate a need for
orthodontic treatment as an adjunct to other treatment for
the muscle pain (but orthodontics as the primary treatment
almost never is indicated). If the problem is a pathologic
process within the joint itself, improving the dental occlu-
sion may or may not help the patient adapt to the necessar-
ily altered joint function (see Chapter 18).

Relationship to Injury and Dental Disease
Malocclusion, particularly protruding maxillary incisors,
can increase the likelihood of an injury to the teeth (Figure
1-21). There is about one chance in three that a child with
an untreated Class Il malocclusion will experience trauma to
the upper incisors, but most of the time, the result is only
minor chips in the enamel resulting in a fracture of the tooth
and/or devitalization of the pulp. For that reason, reducing
the chance of injury when incisors protrude is not a strong
argument for early treatment of Class |l problems (see
Chapter 8). Extreme overbite, so that the lower incisors
contact the palate, can cause significant tissue damage,
leading to loss of the upper incisors in a few patients.
Extreme wear of incisors also occurs in some patients with
excessive overbite.

It seems obvious that malocclusion could contribute to
both dental decay and periodontal disease, by making it
harder to care for the teeth properly or by causing occlusal
trauma. Current data indicate, however, that malocclusion
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has little if any impact on diseases of the teeth or support-
ing structures. An individual's willingness and motivation
determine oral hygiene much more than how well the teeth
are aligned, and presence or absence of dental plaque is the
major determinant of the health of both the hard and soft
tissues of the mouth. If individuals with malocclusion are
more prone to tooth decay, the effect is small compared with
hygiene status.?* Occlusal trauma, once thought to be impor-
tant in the development of periodontal disease, now is rec-
ognized to be a secondary, not a primary, etiologic factor.

Two studies carried out in the late 1970s, in which a large
number of patients were carefully examined 10 to 20 years
after completion of orthodontic treatment, shed some light
on long-term relationships between malocclusion and
oral health.®? |n both studies, comparison of the patients
who underwent orthodontic treatment years earlier with
untreated individuals in the same age group showed similar
periodontal status, despite the better functional occlusions
of the orthodontically treated group. There was only a
tenuous link between untreated malocclusion and major
periodontal disease later in life. No evidence of a beneficial
effect of orthodontic treatment on future periodontal health
was demonstrated, as would have been expected if untreated
malocclusion had a major role in the cause of periodontal
problems.

Patients with a history of orthodontic treatment appear
to be more likely to seek later periodontal care than those
who were not treated, and thus are over-represented among
periodontal patients. Because of this, it has been suggested
that previous orthodontic treatment predisposes to later
periodontal disease. The long-term studies show no indica-
tion that orthodontic treatment increased the chance of later
periodontal problems. The association between early ortho-
dontic and later periodontal treatment appears to be only
another manifestation of the phenomenon that one segment
of the population seeks dental treatment while another
avoids it. Those who have had one type of successful dental
treatment, like orthodontics in childhood, are more likely to
seek another like periodontal therapy in adult life.

In summary, it appears that both psychosocial and func-
tional handicaps can produce significant need for ortho-
dontic treatment. The evidence is less clear that orthodontic
treatment reduces the development of later dental disease.

Epidemiologic Estimates of Orthodontic
Treatment Need
Psychosocial and facial considerations, not just the way the
teeth fit, play a role in defining orthodontic treatment need.
For this reason, it is difficult to determine who needs treat-
ment and who does not, just from an examination of dental
casts or radiographs. It seems reasonable that the severity
of a malocclusion correlates with need for treatment. This
assumption is necessary when treatment need is estimated
for population groups.

Several indices for scoring how much the teeth deviate
from the normal, as indicators of orthodontic treatment

need, were proposed in the 1970s. Ofthese, Grainger's Treat-
ment Priority Index (TPI1)?” is the most prominent because
it was used in the 1965-1970 U.S. population surveys. None
of the early indices were widely accepted for screening
potential patients, however.

More recently, Shaw and co-workers in the United
Kingdom developed a scoring system for malocclusion, the
Index of Treatment Need (IOTN),?® that places patients in
five grades from "no need for treatment" to "treatment
need." The index has a dental health component derived
from occlusion and alignment (Box 1-1) and an esthetic
component derived from comparison of the dental appear-
ance to standard photographs (Figure 1-22). IOTN grades
seem to reflect clinical judgments better than previous
methods.?®*® There is a surprisingly good correlation
between treatment need assessed by the dental health and
esthetic components of IOTN (i.e., children selected as
needing treatment on one of the scales are also quite likely
to be selected using the other).

With some allowances for the effect of missing teeth, it is
possible to calculate the percentages of U.S. children and
youths who would fall into the various IOTN grades from
the NHANES 11l data set’ Figure 1-23 shows the number
of youths age 12-17 estimated by IOTN to have mild/
moderate/severe treatment need. Although the prevalence
of malocclusion is similar for the three racial/ethnic groups
evaluated in NHANES IIl, the percentage of blacks with
severe problems is higher. The TPI scores of 40 years ago
placed more children toward the severe end of the maloc-
clusion spectrum than the current IOTN grades, but it seems
unlikely that there has been a major change in treatment
need. To some extent, the difference may be due to the dif-
ference in the indices, but there is another factor. Many more
children have orthodontic treatment now. The number of
white children who receive treatment is considerably higher
than blacks or Hispanics (p < .001). Treatment almost always
produces an improvement but may not totally eliminate all
the characteristics of malocclusion, so the effect is to move
some individuals from the severe to the mild treatment need
categories. The higher proportion of severe malocclusion
among blacks, who are much less likely to receive treatment
at this point than whites, probably reflects the effect of more
treatment in the white group, and may not indicate the pres-
ence of more severe malocclusion in the black population.®*

How do the IOTN scores compare with what parents and
dentists think relative to orthodontic treatment need? The
(rather weak) existing data suggest that in typical American
neighborhoods, about 35% of adolescents are perceived by
parents and peers as needing orthodontic treatment (see
Figure 1-23). Note that this is larger than the number of chil-
dren who would be placed in IOTN grades 4 and 5 as severe
problems definitely needing treatment, but smaller than the
total of grades 3, 4, and 5 for moderate and severe problems.
Dentists usually judge that only about one-third of their
patients have normal occlusion, and they suggest treatment
for about 55% (thereby putting about 10% in a category of
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Box 1-1
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IOTN TREATMENT GRADES :

Grade g (Extreme/Need Treatment)

5.i Impeded eruption of tecth (except third molars) due to
crowding, displacement, the presence of supernumerary
teeth, retained deciduous teeth, and any pathological
cause.

s.h  Extensive hypodontia with restorative implications (more
than one tooth per quadrant) requiring pre-prosthetic
orthodontics.

5.2 Increased overjet greater than gmm.

5.m Reverse overjer greater than 35mm with reported
masticatory and speech difficulties.

5.p Defects of cleft lip and palate and other craniofacial
anormalies.

5.5 Submerged deciduous teeth.

Grade 4 [Severe/Need Treatment)

4h Less extensive hypodontia requiring pre-restorative
orthodontics or orthodontic space closure (one tooth per
quadrant).

4.2 Increased overjet greater than 6mm but less than or
equal to gmm.

4.b  Reverse overjet greater than 3.5mm with no masticatory
or speech difficulties.

4.m Reverse overjet greater than 1mm but less than 3.5mm
with recorded masticatory or speech difficulties.

4. Anterior or posterior crossbites with greater than 2 mm
discrepancy between retruded contact position and
intercuspal position.

4. Posterior lingual crossbite with no functional occlusal
contact in one or both buccal segments.

4.d Severe contact point displacements greater than 4mm.

4.2 Extrerne lateral or anterior open bits greater than 4mm.

4.f  Increased and complete overbite with gingival or palatal
trauma.

4.t Partially erupted teeth, tipped, and impacted against
adjacent teeth,

4.x  Presence of supernumerary teeth.

Grade 3 (Moderate/Borderline Need)

3.3 Increased overjel greater than 3.5mm but less than or
equal to 6 mm with incompetent lips.

3.b  Reverse overjet greater than 1mm but less than or equal
to 3.5mm.

3.c  Anterior or posterior crossbites with greater than 1mm
but less than or equal to 2mm discrepancy between
retruded contact position and intercuspal position.

3.d Contact point displacements greater than 2 mm but less
than or equal to 4mm.

1.2 Lateral or anterior open bite greater than 2mm but less
than or equal to 4 mm.,

3.f  Deep overbite complete on gingival or palatal tissues but
no trauma.

Grade 2 (Mild/l ittle Need)

2.a Increased overjet greater than 3.5mm but less than or
equal to 6 mm with competent lips.

2.b Reverse overjet greater than omm but less than or equal
to 1 mm.

2.c Anterior or posterior crossbite with less than or equal to
1mm discrepancy between retruded contact position and
intercuspal position,

2.d Contact point displacements greater than 1 mm but less
than or equal to 2mm.

2.6 Anterior or posterior openbite greater than 1 mm but less
than or equal to 2mm.,

2.f Increased overbite greater than or equal to 3.5mm
without gingival contact.

2.g Pre-normal or post-normal occlusions with no other
anomalies.

Grade 1 (No Need)

1. Estremely minor malocclusions including contact point
displacements less than 1mm.

malocclusion with little need for treatment). It appears that
they would include all the children in IOTN grade 3 and
some of those in grade 2 (Table 1-4) in the group who would
benefit from orthodontics. Presumably, facial appearance
and psychosocial considerations are used in addition to
dental characteristics when parents judge treatment need or
dentists decide to recommend treatment.

Demand for Orthodontic Treatment

Demand for treatment is indicated by the number of patients
who actually make appointments and seek care. Not all
patients with malocclusion, even those with extreme devia-
tions from the normal, seek orthodontic treatment. Some do

not recognize that they have a problem; others feel that they
need treatment but cannot afford it or cannot obtain it.
Both the perceived need and demand vary with social and
cultural conditions.® More children in urban areas are
thought (by parents and peers) to need treatment than
children in rural areas. Family income is a major determi-
nant of how many children receive treatment (Figure 1-24).
This appears to reflect two things, not only that higher
income families can more easily afford orthodontic treat-
ment, but also that good facial appearance and avoidance of
disfiguring dental conditions are associated with more pres-
tigious social positions and occupations. The higher the
aspirations for a child, the more likely the parent is to seek
orthodontic treatment for him or her. It is widely recognized
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HCVH=NE7?28 The stimulus photographs of the IOTN esthetic index. The score is derived from the patient's answer to "Here is a

set of photographs showing a range of dental attractiveness. Number 1 is the most attractive and number 10 the least attractive arrange-

ment. Where would you put your teeth on this scale?" Grades 8-10 indicate definite need for orthodontic treatment, 57 moderate/
borderline need, 14 no/slight need.
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that severe malocclusion can affect an individual's entire life
adjustment, and every state now provides at least some
orthodontic treatment through its Medicaid program, but
Medicaid and related programs support only a tiny fraction
of the population's orthodontic care. From that perspective,
it is interesting that even in the lowest income group almost
5% of the youths and over 5% of adults report receiving
treatment, with 10% to 15% treated at intermediate income

levels. This probably reflects the importance placed on
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Orthodontic need by severity of the problem
for white, black, and Mexican-American youths age 12-17 in the
United States 1989-94, and the percent of each group who report
receiving orthodontic treatment. The greater number of whites
who receive treatment probably accounts for the smaller number
of severe problems in the white population.
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orthodontic treatment by some families as a factor in social
and career progress.

The effect of financial constraints on demand can be seen
most clearly by the response to third-party payment plans.
When third-party copayment is available, the number of
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The percent of the U.S. population 1989-94
who received orthodontic treatment, as a function of family
income. Although severe malocclusion is recognized as an
important problem and all states offer at least some coverage to
low-income children through their Medicaid program, this funds
treatment for a very small percentage of the population. Never-
theless, nearly 5% of the lowest income group, and 10%-15% of
intermediate income groups, have had some orthodontic treat-
ment. The increasing availability of orthodontics in recent years
is reflected in the larger number of youths than adults who report
being treated.

Percent of U.S. Population Estimated to Need Orthodontics, 1965-1970 versus 1989-1994

‘ WHITE BLACK HISPANIC"®
i CHILD YOUTH CHILD YOUTH CHILD __ YOUTH
Age 611 811 12-17 &1t 811 12-17 811 12-17
Year 1965-70 1989-91 196570 1989-91 1965-70 198991 196570 198991 198991 1989-9]
Index Pl 1OTN TP IOTN TPI IOTN TP IOTN IOTN OTN
Mo treatment need 28.7 36.5 200 437 387 40.4 243 42.2 49.4 415
(TPI 0-1, IOTN 1)
Minimal need 33.9 16.3 25,1 165 28.4 8.8 273 9.2 1.7 85
(TPl 2-3, IOTN 2) '
Moderate need 237 16.4 25.7 253 15.0 371 21.0 260 29.9 368
(TPI 4-6, IOTN 3)
Defiriie iced 13.7 108 292 145 16.9 13.7 274 226 9.0 13.2
(TPI >6, IOTN 4-5)
Had orthodantic 25% 105 10.7* 27.4 36 6.2 1.4 1.7

treatment

Data from NHANES | and III.
AWhite/black combined.
**No data for 1965-1970.
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individuals seeking orthodontic treatment rises considerably
(but even when all costs are covered, some individuals for
whom treatment is recommended do not accept it—see
Table 1-4). It seems likely that under optimal economic con-
ditions, demand for orthodontic treatment will at least reach
the 35% level thought by the public to need treatment. The
NHANRS TIT data® show that 35%-50% of children and
youths in higher socioeconomic areas in the United States
already are receiving orthodontic care.

As late as the 1960s, 95% or more of all orthodontic
patients were children or adolescents. From 1975 to the late
1980s, much of the growth in the orthodontic patient pop-
ulation was adults (age 18 or older). By 1990, about 25% of
all orthodontic patients were adults (18 or older). Interest-
ingly, the absolute number of adults seeking orthodontic
treatment has remained constant since then while the
number of younger patients has grown, so by the late 1990s,
the proportion of adults in the orthodontic patient popula-
tion had dropped to about 20%.°®* Many of these adult
patients indicate that they wanted treatment earlier but did
not receive it, often because their families could not afford
it; now they can. Wearing braces as an adult is more socially
acceptable than it was previously, though no one really
knows why, and this too has made it easier for adults to
seek treatment. Recently, more older adults (40 and over)
have sought orthodontics, usually in conjunction with
other treatment, to save their teeth. As the population ages,
this is likely to be the fastest-growing type of orthodontic
treatment.

Many of the children and adults who seek orthodontic
treatment today have dentofacial conditions that are within
the normal range of variation, at least by definitions that
focus tightly on obvious degrees of handicap. It has been
estimated, for instance, that only about 5% of the popula-
tion have orthodontic conditions that can be considered
unequivocally handicapping.®* Does that mean treatment is
not indicated for those with lesser problems? Today, medical
and dental interventions that are intended to make the
individual either "better than well" or "beyond normal” are
called enhancements. Examples of typical medical and sur-
gical enhancements are drugs to treat erectile dysfunction,
face lifts and hair transplants. In dentistry, a good example
of enhancement is tooth bleaching.

In this context, orthodontics often can be considered
an enhancement technology. It is increasingly accepted
that appropriate care for individuals often should include
enhancement, to maximize their quality of life. If you really
want it because you are convinced you need it, perhaps you
really do need it—whether it is orthodontics or many other
types of treatment. Both Medicaid/Medicare and many
insurance companies now have accepted the reality that at
least some enhancement procedures have to be accepted as
reimbursable medical expenses. Similarly, when orthodontic
benefits are included in insurance coverage, the need
for treatment is no longer judged just by the severity of the
malocclusion. The bottom line: enhancement is appropriate

dental and orthodontic treatment, just as it is in other con-
texts.®®

Orthodontics has become a more prominent part of den-
tistry in recent years and this trend is likely to continue. The
vast majority of individuals who had orthodontic treatment
feel that they benefited from the treatment and are pleased
with the result. Not all patients have the dramatic changes in
dental and facial appearance shown in Figures 1-4 to 1-7, but
nearly all recognize an improvement in both dental condi-
tion and psychologic well-being.
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SECTION

THE DEVELOPMENT OF
ORTHODONTIC PROBIEMS

alocclusion and dentofacial deformity arise
through variations in the normal developmental
and so must be evaluated against a

perspective of normal development. Because orthodontic

process,

treatment often involves manipulation of skeletal growth,
clinical orthodontics requires an understanding not only of
dental development but also of more general concepts of
physical growth and of physiologic and psychosocial
development.

This section begins in Chapter 2 with a discussion ofbasic
concepts in growth and development. A brief discussion of

psychologic development is included, emphasizing emo-
tional and cognitive development, as well as how the dentist
can utilize this information to communicate with children
and adolescents. Information on physical growth and dental
development at the various stages is then presented sequen-
tially in Chapters 3 and 4, beginning with prenatal growth
and extending into adult life, where developmental changes
continue at a slower pace. The etiology of malocclusion and
special developmental problems in children with malocclu-
sion and dentofacial deformity are considered in some detail
in Chapter 5.
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A thorough background in craniofacial growth and devel-
opment is necessary for every dentist. Even for those who
never work with children, it is difficult to comprehend con-
ditions observed in adults without understanding the devel-
opmental processes that produced these problems. For those
who do interact professionally with children—and almost
every dentist does so at least occasionally—it is important to
distinguish normal variation from the effects of abnormal or
pathologic processes. Since dentists and orthodontists are
heavily involved in the development of not just the dentition
but the entire dentofacial complex, a conscientious practi-
tioner may be able to manipulate facial growth for the
benefit of the patient. Obviously, it is not possible to do so
without a thorough understanding of both the pattern of
normal growth and the mechanisms that underlie it.

The very terms growth and development can cause diffi-
culties in understanding. Growth and development, though
closely related, are not synonymous. In conversational
English, growth usually refers to an increase in size but
tends to be linked more to change than anything else. Only
if growth meant change, after all, could someone seriously
speak of a period of economic recession as one of "negative
economic growth." Since some tissues grow rapidly and then
shrink or disappear, a plot of physical growth versus time
may include a negative phase. On the other hand, if growth
is defined solely as a process of change, the term becomes
almost meaningless. As a general term, development con-
notes an increasing degree of organization, often with unfor-
tunate consequences for the natural environment. In this
chapter, the term growth usually refers to an increase in size
or number. Occasionally, however, the increase will be in
neither size nor number, but in complexity. More often, the
term development will be used to refer to an increase in com-
plexity. Development carries an overtone of increasing
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Schematic representation of the changes in overall body proportions during normal growth and development. After the
third month of fetal life, the proportion of total body size contributed by the head and face steadily declines. (Redrawn from Robbins

WJ, et al. Growth. New Haven: Yale University Press; 1928.)

specialization, so that one price of increased development is
a loss of potential. Growth is largely an anatomic phenom-
enon, whereas development is physiologic and behavioral.

It should be kept in mind that although dentists work
with the physical features of the teeth and face, a major
reason for orthodontic treatment is its psychosocial effects.
Furthermore, patient cooperation is necessary—eliciting it
in children of different ages requires a knowledge of social
and behavioral development. Both physiologic and psy-
chosocial development are important subjects for this
chapter. For convenience, not because they are innately more
important, physical growth concepts are presented first, and
then developmental factors are reviewed.

GROWTH: PATTERN, VARIABILITY,
AND TIMING

In studies of growth and development, the concept of
pattern is an important one. In a general sense, pattern (as
in the pattern from which articles of clothing of different
sizes are cut) reflects proportionality, usually of a complex
set of proportions rather than just a single proportional rela-
tionship. Pattern in growth also represents proportionality,
but in a still more complex way, because it refers not just to
a set of proportional relationships at a point in time, but to
the change in these proportional relationships over time. In
other words, the physical arrangement of the body at any one
time is a pattern of spatially proportioned parts. But there is
a higher level pattern, the pattern of growth, which refers to
the changes in these spatial proportions over time.

Figure 2-1 illustrates the change in overall body propor-
tions that occurs during normal growth and development.
In fetal life, at about the third month of intrauterine
development, the head takes up almost 50% of the total
body length. At this stage, the cranium is large relative to the
face and represents more than half the total head. In
contrast, the limbs are still rudimentary and the trunk is
underdeveloped. By the time of birth, the trunk and limbs
have grown faster than the head and face, so that the pro-
portion of the entire body devoted to the head has decreased
to about 30%. The overall pattern of growth thereafter
follows this course, with a progressive reduction of the rela-
tive size of the head to about 12% of the adult. At birth, the
legs represent about one third of the total body length, while
in the adult, they represent about half. As Figure 2-1 illus-
trates, there is more growth of the lower limbs than the
upper limbs during postnatal life. All of these changes, which
are a part ofthe normal growth pattern, reflect the "cephalo-
caudal gradient of growth." This simply means that there is
an axis of increased growth extending from the head toward
the feet.

Another aspect of the normal growth pattern is that not
all the tissue systems of the body grow at the same rate
(Figure 2-2). Obviously, the muscular and skeletal elements
grow faster than the brain and central nervous system, as
reflected in the relative decrease of head size. The overall
pattern of growth is a reflection of the growth of the various
tissues making up the whole organism. To put it differently,
one reason for gradients of growth is that different tissue
systems that grow at different rates are concentrated in
various parts of the body.
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Scammon's curves for growth ofthe four major
tissue systems ofthe body. As the graph indicates, growth ofthe
neural tissues is nearly complete by 6 or 7 years of age. General
body tissues, including muscle, bone, and viscera, show an S-
shaped curve, with a definite slowing ofthe rate of growth during
childhood and an acceleration at puberty. Lymphoid tissues
proliferate far beyond the adult amount in late childhood, and
then undergo involution at the same time that growth of
the genital tissues accelerates rapidly. (From Scammon RD. The
measurement of the body in childhood. In: Harris JA, ed. The
Measurement of Man. Minneapolis: University of Minnesota
Press; 1930.)

CONCEPTS OF GROWTH AND DEVELOPMENT

Even within the head and face, the cephalocaudal growth
gradient strongly affects proportions and leads to changes in
proportion with growth (Figure 2-3). When the skull of a
newborn infant is compared proportionally with that of an
adult, it is easy to see that the infant has a relatively much
larger cranium and a much smaller face. This change in pro-
portionality, with an emphasis on growth of the face relative
to the cranium, is an important aspect of the pattern of facial
growth. When the facial growth pattern is viewed against the
perspective of the cephalocaudal gradient, it is not surpris-
ing that the mandible, being farther away from the brain,
tends to grow more and later than the maxilla, which is
closer.

An important aspect of pattern is its predictability. Pat-
terns repeat, whether in the organization of different-colored
tiles in the design of a floor or in skeletal proportions chang-
ing over time. The proportional relationships within a
pattern can be specified mathematically and the only differ-
ence between a growth pattern and a geometric one is the
addition of a time dimension. Thinking about pattern in this
way allows one to be more precise in defining what consti-
tutes a change in pattern. Change, clearly, would denote an
alteration in the predictable pattern of mathematical rela-
tionships. A change in growth pattern would indicate some
alteration in the expected changes in body proportions.

A second important concept in the study of growth and
development is variability. Obviously, everyone is not alike
in the way that they grow, as in everything else. It can be dif-
ficult, but clinically very important, to decide whether an
individual is merely at the extreme of the normal variation
or falls outside the normal range.

Rather than categorizing people as normal or abnormal,
it is more useful to think in terms of deviations from the
usual pattern and to express variability quantitatively. One
way to do this is to evaluate a given child relative to peers on
a standard growth chart (Figure 2-4). Although charts of this

Changes in proportions of the head and face during growth. At birth, the face and jaws are relatively underdeveloped
compared with their extent in the adult. As a result, there is much more growth of facial than cranial structures postnatally. (Redrawn
from Lowery GH. Growth and Development of Children, 6th ed. Chicago: Mosby; 1973.)
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type are commonly used for height and weight, the growth
of any part of the body can be plotted in this way. The
"normal variability," as derived from large-scale studies of
groups of children, is shown by the solid lines on the graphs.
An individual who stood exactly at the midpoint of the
normal distribution would fall along the 50% line of the
graph. One who was larger than 90% of the population
would plot above the 90% line; one who was smaller than
90% of the population would plot below the 10% line.

These charts can be used in two ways to determine
whether growth is normal or abnormal. First, the location of
an individual relative to the group can be established. A
general guideline is that a child who falls beyond the range
of 97% ofthe population should receive special study before
being accepted as just an extreme of the normal population.
Second and perhaps more importantly, growth charts can be
used to follow a child over time to evaluate whether there is
an unexpected change in growth pattern. Pattern implies
predictability. For the growth charts, this means that a child's
growth should plot along the same percentile line at all ages.
If the percentile position of an individual relative to his or
her peer group changes, especially ifthere is a marked change
(see Figure 2-4), the clinician should suspect some growth
abnormality and should investigate further. Inevitably, there
is a gray area at the extremes of normal variations, at which
it is difficult to determine if growth is normal.

A final major concept in physical growth and develop-
ment is that of timing. Variability in growth arises in several
ways: from normal variation, from influences outside the
normal experience (e.g., serious illness), and from timing
effects. Variation in timing arises because the same event
happens for different individuals at different times—or,
viewed differently, the biologic clocks of different individu-
als are set differently.

Variations in growth and development because of timing
are particularly evident in human adolescence. Some chil-
dren grow rapidly and mature early, completing their growth
quickly and thereby appearing on the high side of develop-
mental charts until their growth ceases and their contempo-
raries begin to catch up. Others grow and develop slowly and
so appear to be behind, even though, given time, they will
catch up with and even surpass children who once were
larger. All children undergo a spurt of growth at adolescence,
which can be seen more clearly by plotting change in height
or weight (Figure 2-5), but the growth spurt occurs at dif-
ferent times in different individuals.

Growth effects because of timing variation can be seen
particularly clearly in girls, in whom the onset of menstru-
ation, often referred to as menarche, gives an excellent indi-
cator of the arrival of sexual maturity. Sexual maturation is
accompanied by a spurt in growth. When the growth veloc-
ity curves for early-, average-, and late-maturing girls are
compared in Figure 2-6, the marked differences in size
between these girls during growth are apparent. At age 11,
the early-maturing girl is already past the peak of her ado-
lescent growth spurt, whereas the late-maturing girl has not
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Growth can be plotted in either height or weight
at any age (the black line here) or the amount of change in any

given interval (the maroon line here, showing the same data as
the black line). A curve like the black line is called a "distance
curve," whereas the maroon line is a "velocity curve." Plotting
velocity rather than distance makes it easier to see when accel-
erations and decelerations in the rate of growth occurred. These
data are for the growth of one individual, the son ofa French aris-
tocrat in the late eighteenth century, whose growth followed the
typical pattern. Note the acceleration of growth at adolescence,
which occurred for this individual at about age 14. (Redrawn from
Tanner J M. Growth at Adolescence, 2nd ed. Oxford: Blackwell Sci-
entific Publications; 1962.)
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Growth velocity curves for early-, average-, and
late-maturing girls. It is interesting to note that the earlier the
adolescent growth spurt occurs, the more intense it appears to
be. Obviously, at age 11 or 12, an early maturing girl would be
considerably larger than one who matured late. In each case, the
onset of menstruation (menarche) (Mi, M2, and M3) came after
the peak of growth velocity.
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times of menarche, replotted using menarche as a zero time
point. It is apparent that the growth pattern in each case is quite
similar, with almost all of the variations resulting from timing.

even begun to grow rapidly. This sort of timing variation,
which occurs in many ways other than that shown here, can
be an important contributor to variability.

Although age is usually measured chronologically as the
amount of time since birth or conception, it is also possible
to measure age biologically, in terms of progress toward
various developmental markers or stages. Timing variability
can be reduced by using developmental age rather than
chronologic age as an expression of an individual's growth
status. For instance, if data for gain in height for girls are
replotted, using menarche as a reference time point (Figure
2-7), it is apparent that girls who mature early, average, or
late really follow a very similar growth pattern. This graph
substitutes stage of sexual development for chronologic time
to produce a biologic time scale and shows that the pattern
is expressed at different times chronologically, but not at dif-
ferent times physiologically. The effectiveness of biologic or
developmental age in reducing timing variability makes this
approach useful in evaluating a child's growth status.

METHODS FOR STUDYING
PHYSICAL GROWTH

Before beginning the examination of growth data, it is
important to have a reasonable idea of how the data were
obtained. There are two basic approaches to studying phys-
ical growth. The first is based on techniques for measuring
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living animals (including humans), with the implication that
the measurement itself does no harm and that the animal
will be available for additional measurements at another
time. The second approach uses experiments in which
growth is manipulated in some way. This implies that the
subject of the experiment will be available for study in some
detail, and the detailed study may be destructive. For this
reason, such experimental studies are largely restricted to
non-human species.

Measurement Approaches

Acquiring Measurement Data

Craniometry. The first of the measurement approaches
for studying growth, with which the science of physical
anthropology began, is craniometry, based on measurements
of skulls found among human skeletal remains. Craniome-
try was originally used to study the Neanderthal and Cro-
Magnon peoples whose skulls were found in European caves
in the eighteenth and nineteenth centuries. From such skele-
tal material, it has been possible to piece together a great deal
of knowledge about extinct populations and to get some idea
of their pattern of growth by comparing one skull with
another. Craniometry has the advantage that rather precise
measurements can be made on dry skulls; it has the impor-
tant disadvantage for growth studies that, by necessity, all
these growth data must be cross-sectional. Cross-sectional
means that although different ages are represented in the
population, the same individual can be measured at only one
point in time.

Anthropometry. It is also possible to measure skeletal
dimensions on living individuals. In this technique, called
anthropometry, various landmarks established in studies of
dry skulls are measured in living individuals simply by using
soft tissue points overlying these bony landmarks. For
example, it is possible to measure the length of the cranium
from a point at the bridge of the nose to a point at the great-
est convexity of the rear of the skull. This measurement can
be made on either a dried skull or a living individual, but
results would be different because of the soft tissue thickness
overlying both landmarks. Although the soft tissue intro-
duces variation, anthropometry does make it possible to
follow the growth of an individual directly, making the same
measurements repeatedly at different times. This produces
longitudinal data: repeated measures of the same individual.
In recent years, Farkas' anthropometric studies have pro-
vided valuable new data for human facial proportions and
their changes over time.!

Cephalometric Radiology. The third measurement
technique, cephalometric radiology, is of considerable
importance not only in the study of growth but also in clin-
ical evaluation of orthodontic patients. The technique
depends on precisely orienting the head before making a
radiograph, with equally precise control of magnification.
This approach can combine the advantages of craniometry
and anthropometry. It allows a direct measurement of bony
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A, A cephalometric radiograph merits this name because ofthe use ofa head positioning device to provide precise ori-
entation of the head. This means that valid comparisons can be made between external and internal dimensions in members of
the same population group, or that the same individual can be measured at two points in time, because the head orientation is
reproducible. B, This radiograph was taken in natural head position (NHP) (see Chapter 6 for a description of this head positioning

technique).

skeletal dimensions, since the bone can be seen through the
soft tissue covering in a radiograph, but it also allows the
same individual to be followed over time. Growth studies are
done by superimposing a tracing or digital model of a later
cephalogram on an earlier one, so that the changes can be
measured. Both the locations and amounts of growth can be
observed in this way (Figure 2-8). Cephalometric superim-
position techniques are described in detail in Chapter 6.
The disadvantage of a standard cephalometric radiograph
is that it produces a two-dimensional representation of a
three-dimensional structure, and so, even with precise head
positioning, not all measurements are possible. To some
extent, this can be overcome by making more than one radi-
ograph at different orientations and using triangulation to
calculate oblique distances. The general pattern of craniofa-
cial growth was known from craniometric and anthro-
pometric studies before cephalometric radiography was
invented, but much of the current picture of craniofacial
growth is based on cephalometric studies.
Three-Dimensional Imaging. New information now is
being obtained with the application of three-dimensional
imaging techniques. Computed axial tomography (CAT or
just CT) allows 3-D reconstructions of the cranium and
face, and this method has been applied for several years to
plan surgical treatment for patients with facial deformities

(Figure 2-9). Recently, cone beam rather than spiral CT has
been applied to facial scans, significantly reducing the radi-
ation dose and allowing scans of patients with radiation
exposure that is much closer to the dose from cephalograms.
Superimposition of 3-D images is much more difficult than
the superimpositions used with 2-D cephalometric radi-
ographs, but methods developed recently are overcoming
this difficulty (Figure 2-10).> Magnetic resonance imaging
(MRI) also provides 3-D images that can be useful in studies
of growth, with the advantage that there is no radiation
exposure with this technique. This method already has been
applied to analysis of the growth changes produced by func-
tional appliances.®* A more detailed examination of 3-D
changes in growing patients almost surely will add to current
knowledge of growth patterns in the near fixture.

Analysis of Measurement Data

Both anthropometric and cephalometric data carl be
expressed cross-sectionally rather than longitudinally. Obvi-
ously, it would be much easier and quicker to do a cross-
sectional study, gathering data once for any individual and
including subjects of different ages, rather than spending
many years on a study in which the same individuals are
measured repeatedly. For this reason, most studies are cross-
sectional. When this approach is used, however, variability



CHAPTER 2 CONCEPTS OF GROWTH AND DEVELOPMENT

| FIGURE 29| Computed tomography (CT) scans are the best way to determine the details of skeletal deformities. These views of a
9-year-old girl with severe hemifacial microsomia (and previous surgical treatment to build up the affected side of the mandible) illus-
trate that CT scans can show both skin contours and bony relationships from any aspect. Color can be added to different structures to
make it easier to visualize them, and surface layers can be made transparent (as in C-F) to reveal the skeletal structures beneath. Views
of this type greatly facilitate surgical treatment planning.
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Superimposition of CT images is much more difficult than superimposition of cephalometric tracings but is neces-
sary to detect the amount of change and can be used to see changes in exquisite detail. These images are based on a superimposition
of a surface map of the cranial base. They show the amount of change in various areas in a patient who had both maxillary and mandibu-
lar surgery to correct a skeletal Class Il problem (in three views for each time period) (A) from pre- to post-surgery, and (B) from imme-
diately post-surgery to 1 year afterward. Note that areas in green had little or no change; areas in red moved outward; and areas in blue
moved inward. It is apparent that the maxilla was rotated down in front as it was advanced (red at the superior areas, green below)
and that the mandibular ramus was slightly rotated transversely more on the right side than the left (medial surface of coronoid process
shades toward yellow, distal surface of ramus shades toward blue). There were minimal changes in the first post-surgical year, but some
remodeling of the upper part of the advanced maxilla (shading toward blue) can be detected. Growth changes could be observed in

the same way.

within the sample can conceal details of the growth pattern,
particularly when there is no correction for timing variation
(Figure 2-11). Fluctuations in the growth curve that may
occur for nearly every individual would be seen in a cross-
sectional study only if they occurred at the same time for
each person, which is unlikely. Longitudinal studies are effi-
cient in the sense that a great deal of information can be
gained from a relatively small number of subjects, fewer than
would be needed in a cross-sectional study. In addition, the
longitudinal data highlight individual variations, particu-
larly variations caused by timing effects.

Measurement data can be presented graphically in a
number of different ways, and frequently, it is possible to
clarify growth changes by varying the method of display. For
example, we have already seen that growth data can be pre-
sented by plotting the size attained as a function of age,
which is called a "distance" curve, or as a "velocity" curve,
showing not the total length but the increment added each
year (see Figure 2-5). Changes in the rate of growth are much
more easily seen in the velocity curve than the distance
curve.

Various other mathematical transformations can be used
with growth data to make them easier to understand. For
instance, the growth in weight of any embryo at an early
stage follows a logarithmic or exponential curve, because the
growth is based on division of cells; the more cells there are,

the more cell divisions can occur. Ifthe same data are plotted
using the logarithm of the weight, a straight-line plot is
attained (Figure 2-12). This demonstrates that the rate of
multiplication for cells in the embryo is remaining more or
less constant.

More complex mathematical transformations were used
many years ago by D'Arcy Thompson® to reveal similarities
in proportions and growth changes that had not previously
been suspected (Figure 2-13). To correctly interpret data
after mathematical transformation, it is important to under-
stand how the data were transformed, but the approach is a
powerful one in clarifying growth concepts. Thompson's
classic presentation remains stimulating reading.

Experimental Approaches

Vital Staining

Much has been learned about skeletal growth using the tech-
nique called vital staining, in which dyes that stain mineral-
izing tissues (or occasionally, soft tissues) are injected into
an animal. These dyes remain in the bones and teeth and can
be detected later after sacrifice of the animal. This method
was originated by the great English anatomist John Hunter
in the eighteenth century. Hunter observed that the bones of
pigs that occasionally were fed textile waste were often
stained in an interesting way. He discovered that the active



CHAPTER 2

Individual curves
Mean curves

Stature, velocity
B
1

T T 1. T 1 T r 11711
8 9 101 121314 1516 17 18

T I

6 7
| Ficure 211 T growth velocity data for a group of individu-
als with a different timing of the adolescent growth spurt are
plotted on a chronologic scale, it is apparent that the average
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for any particular individual. This smoothing of individual varia-
tion is a characteristic of cross-sectional data and a major limi-
tation in use ofthe cross-sectional method for studies of growth.
Only by following individuals through time in a longitudinal study
is it possible to see the details of growth patterns.
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IETENTESPEYE Data for the increase in weight of early
embryos, with the raw data plotted in green and the same data
plotted after logarithmic transformation in blue. At this stage, the
weight of the embryo increases dramatically, but, as shown by
the straight line after transformation, the rate of multiplication
of individual cells remains fairly constant. When more cells are
present, more divisions can occur, the weight increases faster.
(From Lowery GH. Growth and Development of Children, 8th ed.
Chicago: Mosby; 1986.)
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In the early 1900s, D'Arcy Thompson showed

that mathematical transformation ofa grid could account for the
changes in the shape of the face from man (A) to chimpanzee
(B), monkey (C), dog (D), or other animals. Application of this
method revealed previously unsuspected similarities among
various species. (Redrawn from Thompson JT. On Growth and
Form. Cambridge, Mass: Cambridge University Press; 1971.)

agent was a dye called alizarin, which still is used for vital
staining studies (Figure 2-14). Alizarin reacts strongly with
calcium at sites where bone calcification is occurring. Since
these are the sites of active skeletal growth, the dye marks the
locations at which active growth was occurring when it was
injected. Bone remodels rapidly, and areas from which bone
is being removed also can be identified by the fact that vital
stained material has been removed from these locations.
Highly detailed vital staining studies of bony changes in
craniofacial development in experimental animals now are
available.®

Although studies using vital stains are not possible in
humans, vital staining can occur. Many children born in the
late 1950s and early 1960s were treated for recurrent infec-
tions with the antibiotic tetracycline. It was discovered too
late that tetracycline is an excellent vital stain that binds to
calcium at growth sites in the same way as alizarin. The dis-
coloration of incisor teeth that results from tetracycline
given when the teeth are mineralizing has been an esthetic
disaster for some individuals (Figure 2-15).

With the development of radioactive tracers, it has
become possible to use almost any radioactively labeled
metabolite that becomes incorporated into the tissues as a
sort of vital stain. The location is detected by the weak
radioactivity given off at the site where the material was
incorporated. The gamma-emitting isotope °°™Tc can be
used to detect areas of rapid bone growth in humans, but
these images are more useful in diagnosis oflocalized growth
problems (see Chapter 19) than for studies of growth pat-
terns. For most studies of growth, radioactively labeled
materials in the tissues of experimental animals are detected
by the technique of autoradiography, in which a film emul-
sion is placed over a thin section of tissue containing the
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Coronoid process
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Tetracycline staining in the teeth of a boy who
received large doses of tetracycline because of repeated upper
respiratory infections in early childhood. From the location ofthe
staining, it is apparent that tetracycline was not administered in
infancy but was given in large doses beginning when the crowns
of the central incisors were about half formed, or at approxi-
mately 30 months.

A, The mandible of a growing rat
that received four injections of alizarin (red-blue-red-
blue) at 2-week intervals and was sacrificed 2 weeks
after the last injection (so the bone formed since then
is white). Remodeling of the bone as it grows blurs
some ofthe lines of intensely colored bone created by
each injection, but the red-blue sequential lines in
the condylar process can be seen clearly. B, Section
through the zygomatic arch, from the same animal.
The zygomatic arch grows outward by apposition of
bone on the outer surface and removal from the inner
surface. The interruptions in the staining lines on the
inner surface clearly show the areas where bone is
being removed. What was the outer surface of the
zygomatic arch at one point becomes the inner
surface a relatively short time later, and then is
removed.

isotope and then is exposed in the dark by the radiation.
After the film is developed, the location of the radiation that
indicates where growth is occurring can be observed by
looking at the tissue section through the film (Figure 2-16).

Implant Radiography

Another experimental method applicable to studies of
humans is implant radiography. In this technique, inert
metal pins are placed in bones anywhere in the skeleton,
including the face and jaws. These metal pins are well toler-
ated by the skeleton and become permanently incorporated
into the bone without causing any problems (Figure 2-17).
If metallic implants are placed in the jaws, a considerable
increase in the accuracy of a longitudinal cephalometric
analysis of growth pattern can be achieved. This method of
study, developed by Professor Arne Bjork and coworkers at
the Royal Dental College in Copenhagen, Denmark,® and
used extensively by workers there (see Chapter 4), provided
important new information about the growth pattern of the
jaws. The metal pins stay where they were placed within the
bones in the absence of infection or inflammation, which is
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Autoradiograph of fetal rat bones growing in
organ culture, with *C-proline and *H-thymidine incorporated in
the culture medium. Thymidine is incorporated into DNA, which
is replicated when a cell divides, so labeled nuclei are those of
cells that underwent mitosis in culture. Because proline is a
major constituent of collagen, cytoplasmic labeling indicates
areas where proline was incorporated, primarily into extracellu-
larly secreted collagen.

Lateral cephalometric radiograph from the
archives of Bjork's implant studies, showing a subject with six
maxillary and five mandibular tantalum implants. (Courtesy
Dept. of Orthodontics, University of Copenhagen, Denmark.)

rarely a problem. Superimposing cephalometric radiographs
on the implanted pins allows precise observation of both
changes in the position of one bone relative to another and
changes in the external contours of individual bones. Before
radiographic studies using implants, the extent of remodel-
ing changes in the contours of the jaw bones was underesti-
mated, and the rotational pattern ofjaw growth described in
Chapter 4 was not appreciated.
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At this point, precise evaluation of dentofacial growth in
humans using implant cephalograms has largely been super-
seded by 3-dimensional imaging via computed tomography
or MRI, but it still can be helpful to use implants to provide
landmarks for superimposition.

GENETIC INFLUENCES ON GROWTH

Rapid advances in molecular genetics are providing new
information about growth and its control. For example, the
importance of homeobox genes in the establishment of body
plan, pattern formation and morphogenesis is well recog-
nized,” and the whole family of transforming growth factor-
beta genes now is known to be important in regulating cell
growth and organ development.® The proper functioning
of families of growth factors and their cognate receptors
remains indispensable in regulating embryonic processes of
cell growth and organ development, as well as a myriad of
postnatal processes that include growth, wound healing,
bone remodeling and homeostasis. The proper growth of the
mandible, for instance, requires epithelial-mesenchymal
interactions and the temporospatial orchestration of thou-
sands of gene products.

Interaction between different tissues within the craniofa-
cial complex creates yet another level of regulation of growth
and development. One example of this is the convergence of
the development of the muscles that attach to the mandible
and the bony areas to which they attach. While there are a
number of genes involved in determining mandibular size,®
genetic alterations in muscle development and function
translate into changes in the forces on areas of bone where
muscles attach, and this leads to modification of skeletal
areas like the coronoid process and gonial angle area of the
mandible; genetic alterations that affect muscle also would
affect these skeletal areas. To understand this, it is necessary
both to identify specific genes involved and to deduce how
their activity is modified, but already it is apparent that
gene expression can be up- or down-regulated by mechani-
cal stresses.’**!

An exciting prospect is a better understanding of how
patients with orthodontic problems that are known to have
a genetic component (Class |11 malocclusion being the best
example) will respond to treatment. It is clear that there are
multiple sub-types of Class |11, and a necessary first step is
better characterization of these phenotypes. Establishing
phenotypic markers (distinct clinical characteristics) makes
it possible to establish definitive correlations with riiodes of
inheritance and is necessary for linkage studies that will
clarify the genetic basis for the problem. It is likely that in
the future, genetic screening ofblood or other tissue samples
will be used to identify patients with orthodontic problems
who are likely to respond well or poorly to specific treatment
modalities, in the same way that the likely response to drug
therapies already is being determined.
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Development and maturation ofthe chondrocranium (cartilage: light blue; bone: stippled dark blue). A, Diagrammatic
representation at about 8 weeks. Note that an essentially solid bar of cartilage extends from the nasal capsule anteriorly to the occipi-
tal area posteriorly. B, Skeletal development at 12 weeks. Ossification centers have appeared in the midline cartilage structures, and, in
addition, intramembranous bone formation ofthe jaws and brain case has begun. From this point on, bone replaces cartilage of the
original chondrocranium rapidly, so that only the small cartilaginous synchondroses connecting the bones of the cranial base remain.

Experiments that clarify how growth is controlled at the
cellular level offer exciting prospects for better control of
growth in the future. It is estimated that about two-thirds of
the 25,000 human genes play a role in craniofacial develop-
ment, so complex patterns of genetic activity obviously are
involved, and complex interactions exist with external influ-
ences on growth. It is unlikely that genetic analysis will ever
be applicable to planning treatment for the majority of
orthodontic problems, but it could yield valuable informa-
tion about the best approach to some of the most difficult
skeletal malocclusions.

THE NATURE OF SKELETAL GROWTH

At the cellular level, there are only three possibilities for
growth. The first is an increase in the size of individual cells,
which is referred to as hypertrophy. The second possibility is
an increase in the number of the cells, which is called hyper-
plasia. The third is for the cells to secrete extracellular mate-
rial thus contributing to an increase in size independent of
the number or size of the cells themselves.

In fact, all three of these processes occur in skeletal
growth. Hyperplasia is a prominent feature of all forms of
growth. Hypertrophy occurs in a number of special circum-
stances but is a less important mechanism than hyperplasia
in most instances. Although tissues throughout the body
secrete extracellular material, this phenomenon is particu-
larly important in the growth of the skeletal system, where
extracellular material later mineralizes.

The fact that the extracellular material of the skeleton
becomes mineralized leads to an important distinction
between growth of the soft or nonmineralized tissues of the

body and the hard or calcified tissues. Hard tissues are bones,
teeth, and sometimes cartilages. Soft tissues are everything
else. In most instances, cartilage, particularly the cartilage
significantly involved in growth, behaves like soft tissue and
should be thought of in that group, rather than as hard
tissue.

Growth of soft tissues occurs by a combination of hyper-
plasia and hypertrophy. These processes go on everywhere
within the tissues, and the result is what is called interstitial
growth, which simply means that it occurs at all points
within the tissue. Secretion of extracellular material can also
accompany interstitial growth, but hyperplasia primarily and
hypertrophy secondarily are its characteristics. Interstitial
growth is characteristic of nearly all soft tissues and of uncal-
cified cartilage within the skeletal system.

In contrast, when mineralization takes place so that hard
tissue is formed, interstitial growth becomes impossible.
Hyperplasia, hypertrophy, and secretion of extracellular
material all are still possible, but in mineralized tissues, these
processes can occur only on the surface, not within the min-
eralized mass. Direct addition of new bone to the surface of
existing bone can and does occur through the activity of cells
in the periosteum—the soft tissue membrane that covers
bone. Formation of new cells occurs in the periosteum, and
extracellular material secreted there is mineralized and
becomes new bone. This process is called direct or sutface
apposition of bone. Interstitial growth is a prominent aspect
of overall skeletal growth because a major portion of the
skeletal system is originally modeled in cartilage. This
includes the basal part of the skull as well as the trunk and
limbs.

Figure 2-18 shows the cartilaginous or chondrocranium
at 8 and 12 weeks of intrauterine development. The height
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A, Endochondral ossification at an epiphyseal plate. Growth occurs by proliferation of cartilage, occurring here at the
top. Maturing cartilage cells are displaced away from the area of proliferation, undergo hypertrophy, degenerate, and are replaced by
spicules of bone, as seen in the bottom. B and C, Endochondral ossification in the head ofthe condyle. A layer of fibrocartilage lies on
the surface, with proliferating cells just beneath. Maturing and degenerating cartilage cells can be seen toward the area of ossification.

of cartilaginous skeletal development occurs during the
third month of intrauterine life. A continuous plate of car-
tilage extends from the nasal capsule posteriorly all the way
to the foramen magnum at the base of the skull. It must be
kept in mind that cartilage is a nearly avascular tissue whose
internal cells are supplied by diffusion through the outer
layers. This means, of course, that the cartilage must be thin.
At early stages in development, the extremely small size of
the embryo makes a chondroskeleton feasible, but with
further growth, such an arrangement is no longer possible
without an internal blood supply.

During the fourth month in utero, there is an ingrowth
of blood vascular elements into various points of the chon-
drocranium (and the other parts of the early cartilaginous
skeleton). These areas become centers of ossification, at
which cartilage is transformed into bone, and islands of bone
appear in the sea of surrounding cartilage (see Figure 2-18,

B). The cartilage continues to grow rapidly but is replaced
by bone with equal rapidity. The result is that the amount of
bone increases rapidly and the relative (but not the absolute)
amount of cartilage decreases. Eventually, the old chondro-
cranium is represented only by small areas of cartilage inter-
posed between large sections of bone, which assume the
characteristic form of the ethmoid, sphenoid, and basioc-
cipital bones. Growth at these cartilaginous connections
between the skeletal bones is similar to growth in the limbs.

In the long bones of the extremities, areas of ossification
appear in the center of the bones and at the ends, ultimately
producing a central shaft called the diaphysis and a bony cap
on each end called the epiphysis. Between the epiphysis and
diaphysis is a remaining area of uncalcified cartilage called
the epiphyseal plate (Figure 2-19). The epiphyseal plate car-
tilage of the long bones is a major center for their growth,
and in fact, this cartilage is responsible for almost all growth
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The bones of the skull of a 12-week-old fetus,
drawn from a cleared alizarin-stained specimen. (Redrawn from
Sadler TW, Langman J. Langman's Medical Embryology, 9th ed.
Philadelphia: Lippincott Williams & Wilkins; 2003.)

in length of these bones. The periosteum on the surfaces of
the bones also plays an important role in adding to thickness
and in reshaping the external contours.

Near the outer end of each epiphyseal plate is a zone of
actively dividing cartilage cells. Some of these, pushed
toward the diaphysis by proliferative activity beneath,
undergo hypertrophy, secrete an extracellular matrix, and
eventually degenerate as the matrix begins to mineralize and
then is rapidly replaced by bone (see Figure 2-19). As long
as the rate at which cartilage cells proliferate is equal to or
greater than the rate at which they mature, growth will con-
tinue. Eventually, however, toward the end of the normal
growth period, the rate of maturation exceeds the rate of
proliferation, the last of the cartilage is replaced by bone, and
the epiphyseal plate disappears. At that point, the growth of
the bone is complete, except for surface changes in thickness,
which can be produced by the periosteum.

Not all bones of the adult skeleton were represented in
the embryonic cartilaginous model, and it is possible for
bone to form by secretion of bone matrix directly within
connective tissues, without any intermediate formation of
cartilage. Bone formation of this type is called intramem-
branous bone formation. This type of ossification occurs in
the cranial vault and both jaws (Figure 2-20).

Early in embryonic life, the mandible of higher animals
develops in the same area as the cartilage of the first pha-
ryngeal arch—Meckel's cartilage. It would seem that the
mandible should be a bony replacement for this cartilage in
the same way that the sphenoid bone beneath the brain
replaces the cartilage in that area. In fact, development of the
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Meckel's cartilage

— Inferior alveolar nerve
Initial site of
osledgeneasis
Mental branch

Diagrammatic representation of the relation of
initial bone formation in the mandible to Meckel's cartilage and
the inferior alveolar nerve. Bone formation begins just lateral to
Meckel's cartilage and spreads posteriorly along it without any
direct replacement of the cartilage by the newly forming bone of
the mandible. (Redrawn from Ten Cate AR. Oral Histology:
Development, Structure and Function, 5th ed. St. Louis: Mosby;
1998.)

The condylar cartilage (blue) develops initially
as a separate area of condensation from that of the body of the
mandible, and only later is incorporated within it. A, Separate
areas of mesenchymal condensation, at 8 weeks. B, Fusion of the
cartilage with the mandibular body, at 4 months. C, Situation at
birth (reduced to scale).

mandible begins as a condensation of mesenchyme just
lateral to Meckel's cartilage and proceeds entirely as an
intramembranous bone formation (Figure 2-21). Meckel's
cartilage disintegrates and largely disappears as the bony
mandible develops. Remnants of this cartilage are trans-
formed into a portion of two of the small bones that form
the conductive ossicles of the middle ear but not into a sig-
nificant part of the mandible. Its perichondrium persists as
the sphenomandibular ligament. The condylar cartilage
develops initially as an independent secondary cartilage,
which is separated by a considerable gap from the body of
the mandible (Figure 2-22). Early in fetal life, it fuses with
the developing mandibular ramus.

The maxilla forms initially from a center of mesenchymal
condensation in the maxillary process. This area is located
on the lateral surface of the nasal capsule, the most anterior
part of the chondrocranium, but although the growth carti-
lage contributes to lengthening of the head and anterior dis-
placement of the maxilla, it does not contribute directly to

formation of the maxillary bone. An accessory cartilage, the
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zygomatic or malar cartilage, which forms in the developing
malar process, disappears and is totally replaced by bone well
before birth, unlike the mandibular condylar cartilage, which
persists.

Whatever the location for intramembranous bone for-
mation, interstitial growth within the mineralized mass is
impossible, and the bone must be formed entirely by appo-
sition of new bone to free surfaces. Its shape can be changed
through removal (resorption) of bone in one area and addi-
tion (apposition) of bone in another (see Figure 2-14). This
balance of apposition and resorption, with new bone being
formed in some areas while old bone is removed in others,
is an essential component of the growth process. Remodel-
ing of this type is seen at the surfaces of bones that are
growing primarily by endochondral replacement, as well as
in bones that formed directly within a connective tissue
membrane.

SITES AND TYPES OF GROWTH IN THE
CRANIOFACIAL COMPLEX

To understand growth in any area of the body, it is necessary
to understand: (1) the sites or location of growth, (2) the
type of growth occurring at that location, and (3) the deter-
minant or controlling factors in that growth.

For the following discussion of sites and types of growth,
it is convenient to divide the craniofacial complex into four
areas that grow rather differently: (1) the cranial vault, the
bones that cover the upper and outer surface of the brain;
(2) the cranial base, the bony floor under the brain, which
also is the dividing line between the cranium and the face;
(3) the nasomaxillary complex, made up ofthe nose, maxilla,
and associated small bones; and (4) the mandible. Determi-
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nants or controlling factors, as they are viewed from the per-
spective of current theories of growth control, are discussed
in the following section.

Cranial Vault

The cranial vault is made up of a number of flat bones that
are formed directly by intramembranous bone formation,
without cartilaginous precursors. From the time that ossifi-
cation begins at a number of centers that foreshadow the
eventual anatomic bony units, the growth process is entirely
the result of periosteal activity at the surfaces of the bones.
Remodeling and growth occur primarily at the periosteum-
lined contact areas between adjacent skull bones, the cranial
sutures, but periosteal activity also changes both the inner
and outer surfaces of these platelike bones.

At birth, the flat bones of the skull are rather widely sep-
arated by relatively loose connective tissues (Figure 2-23).
These open spaces, the fontanelles, allow a considerable
amount of deformation of the skull at birth. This is impor-
tant in allowing the relatively large head to pass through the
birth canal (see Chapter 3 for more detail). After birth, appo-
sition of bone along the edges of the fontanelles eliminates
these open spaces fairly quickly, but the bones remain
separated by a thin, periosteum-lined suture for many years,
eventually fusing in adult life.

Despite their small size, apposition of new bone at these
sutures is the major mechanism for growth of the cranial
vault. Although the majority of growth in the cranial vault
occurs at the sutures, there is a tendency for bone to be
removed from the inner surface of the cranial vault, while at
the same time, new bone is added on the exterior surface.
This remodeling of the inner and outer surfaces allows for
changes in contour during growth.
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Selbz=>28 Diagrammatic representation of the synchon-
droses ofthe cranial base, showing the locations ofthese impor-
tant growth sites.

Cranial Base

In contrast to the cranial vault, the bones of the base of the
skull (the cranial base) are formed initially in cartilage and
are later transformed by endochondral ossification to bone.
This is particularly true of the midline structures. As one
moves laterally, growth at sutures and surface remodeling
become more important, but the cranial base is essentially a
midline structure. The situation is more complicated,
however, than in a long bone with its epiphyseal plates.

As indicated previously, centers of ossification appear
early in embryonic life in the chondrocranium, indicating
the eventual location of the basioccipital, sphenoid and
ethmoid bones that form the cranial base. As ossification
proceeds, bands of cartilage called synchondroses remain
between the centers of ossification (Figure 2-24). These
important growth sites are the synchondrosis between the
sphenoid and occipital bones, or spheno-occipital synchon-
drosis, the inter sphenoid synchondrosis, between two parts of
the sphenoid bone, and the spheno-ethmoidal synchondrosis,
between the sphenoid and ethmoid bones. Histologically, a
synchondrosis looks like a two-sided epiphyseal plate (Figure
2-25). The area between the two bones consists of growing
cartilage. The synchondrosis has an area of cellular hyper-
plasia in the center with bands of maturing cartilage cells
extending in both directions, which will eventually be
replaced by bone.

A significant difference from the bones of the extremities
is that immovable joints develop between the bones of the
cranial base, in considerable contrast to the highly movable
joints of the extremities. The cranial base is thus rather like
a single long bone, except that there are multiple epiphyseal
plate-like synchondroses. Immovable joints also occur
between most of the other cranial and facial bones, the
mandible being the only exception. The periosteum-lined
sutures of the cranium and face, containing no cartilage, are
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YA Diagrammatic representation of growth at the
intersphenoid synchondrosis. A band of immature proliferating
cartilage cells is located at the center ofthe synchondrosis, while
a band of maturing cartilage cells extends in both directions away
from the center, and endochondral ossification occurs at both
margins. Growth at the synchondrosis lengthens this area ofthe
cranial base. Fven within thp cranial hasp, hone remodeling on
surfaces is also important—it is the mechanism by which the
sphenoid sinus(es) enlarges, for instance.

quite different from the cartilaginous synchondroses of the
cranial base.

Maxilla (Nasomaxillary Complex)

The maxilla develops postnatally entirely by intramembra-
nous ossification. Since there is no cartilage replacement,
growth occurs in two ways: (1) by apposition of bone at the
sutures that connect the maxilla to the cranium and cranial
base, and (2) by surface remodeling. In contrast to the
cranial vault, however, surface changes in the maxilla are
quite dramatic and as important as changes at the sutures.
In addition, the maxilla is moved forward by growth of the
cranial base behind it.

The growth pattern of the face requires that it grow "out
from under the cranium," which means that the maxilla
must move through growth a considerable distance down-
ward and forward relative to the cranium and cranial base.
This is accomplished in two ways: (1) by a push from behind
created by cranial base growth, and (2) by growth at the
sutures. Since the maxilla is attached to the anterior end of
the cranial base, lengthening of the cranial base pushes it
forward. Up until about age 6, displacement from cranial
base growth is an important part of the maxilla's forward
growth. Failure of the cranial base to lengthen normally, as
in achondroplasia (see Figure 5-20) and several congenital
syndromes, creates a characteristic midface deficiency. At
about age 7, cranial base growth stops, and sutural growth is
the only mechanism for bringing the maxilla forward.

As Figure 2-26 illustrates, the sutures attaching the
maxilla posteriorly and superiorly are ideally situated to
allow its downward and forward repositioning. As the down-
ward and forward movement occurs, the space that would
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| EIGURE 226 IR growth of surrounding soft tissues trans-
lates the maxilla downward and forward, opening up space at its
superior and posterior sutural attachments, new bone is added
on both sides of the sutures. (Redrawn from Enlow DH, Hans
MG. Essentials of Facial Growth. Philadelphia: WB Saunders;
1996.)

otherwise open up at the sutures is filled in by proliferation
of bone at these locations. The sutures remain the same
width, and the various processes of the maxilla become
longer. Bone apposition occurs on both sides of a suture, so
the bones to which the maxilla is attached also become
larger. Part of the posterior border of the maxilla is a free
surface in the tuberosity region. Bone is added at this surface,
creating additional space into which the primary and then
the permanent molar teeth successively erupt.

Interestingly, as the maxilla grows downward and
forward, its front surfaces are remodeled, and bone is
removed from most of the anterior surface. Note in Figure
2-27 that almost the entire anterior surface of the maxilla is
an area of resorption, not apposition. It might seem logical
that if the anterior surface of the bone is moving downward
and forward, this should be an area to which bone is added,
not one from which it is removed. The correct concept,
however, is that bone is removed from the anterior surface,
although the anterior surface is growing forward.

To understand this seeming paradox, it is necessary to
comprehend that two quite different processes are going on
simultaneously. The overall growth changes are the result of
both a downward and forward translation of the maxilla and
a simultaneous surface remodeling. The whole bony naso-
maxillary complex is moving downward and forward rela-
tive to the cranium, being translated in space. Enlow,*? whose
careful anatomic studies of the facial skeleton underlie much
of our present understanding, has illustrated this in cartoon
form (Figure 2-28). The maxilla is like the platform on
wheels, being rolled forward, while at the same time its
surface, represented by the wall in the cartoon, is being
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IEEEEXYA As the maxilla is carried downward and

forward, its anterior surface tends to resorb. Resorption surfaces
are shown here in dark yellow. Only a small area around the ante-
rior nasal spine is an exception. (Redrawn from Enlow DH, Hans
MG. Essentials of Facial Growth. Philadelphia: WB Saunders;
1996.)

Surface remodeling of a bone in the opposite
direction to that in which it is being translated by growth of adja-
cent structures creates a situation analogous to this cartoon, in
which the wall is being rebuilt to move it backward at the same
time the platform on which it is mounted is being moved
forward. (Redrawn from Enlow DH, Hans MG. Essentials of
Facial Growth. Philadelphia: WB Saunders; 1996.)

reduced on its anterior side and built up posteriorly, moving
in space opposite to the direction of overall growth.

It is not necessarily true that remodeling changes oppose
the direction of translation. Depending on the specific loca-
tion, translation and remodeling may either oppose each
other or produce an additive effect. The effect is additive, for
instance, on the roof of the mouth. This area is carried
downward and forward along with the rest of the maxilla,
but at the same time, bone is removed on the nasal side
and added on the oral side, thus creating an additional
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downward and forward movement of the palate (Figure 2-
29). Immediately adjacently, however, the anterior part of the
alveolar process is a resorptive area, so removal of bone from
the surface here tends to cancel some of the forward growth
that otherwise would occur because of translation of the
entire maxilla.

Mandible

In contrast to the maxilla, both endochondral and periosteal
activity are important in growth of the mandible, and dis-
placement created by cranial base growth that moves the

Remodeling of the palatal vault (which is also
the floor of the nose) moves it in the same direction as it is being
translated; bone is removed from the floor of the nose and added
to the roof ofthe mouth. On the anterior surface, however, bone
is removed, partially canceling the forward translation. As the
vault moves downward, the same process of bone remodeling
also widens it. (Redrawn from Enlow DH, Hans MB. Essentials
of Facial Growth. Philadelphia: WB Saunders; 1996.)
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temporomandibular joint plays a negligible role (with rare
exceptions). Cartilage covers the surface of the mandibular
condyle at the TM joint. Although this cartilage is not like
the cartilage at an epiphyseal plate or a synchondrosis,
hyperplasia, hypertrophy, and endochondral replacement
do occur there. All other areas of the mandible are formed
and grow by direct surface apposition and remodeling.

The overall pattern of growth ofthe mandible can be rep-
resented in two ways, as shown in Figure 2-30. Depending
on the frame of reference, both are correct. If the cranium is
the reference area, the chin moves downward and forward.
On the other hand, if data from vital staining experiments
are examined, it becomes apparent that the principal sites
of growth of the mandible are the posterior surface of
the ramus and the condylar and coronoid processes. There
is little change along the anterior part of the mandible.
From this frame of reference, Figure 2-30, B is the correct
representation.

As a growth site, the chin is almost inactive. It is trans-
lated downward and forward, as the actual growth occurs at
the mandibular condyle and along the posterior surface of
the ramus. The body of the mandible grows longer by
periosteal apposition of bone on its posterior surface, while
the ramus grows higher by endochondral replacement at the
condyle accompanied by surface remodeling. Conceptually,
it is correct to view the mandible as being translated down-
ward and forward, while at the same time increasing in size
by growing upward and backward. The translation occurs
largely as the bone moves downward and forward along with
the soft tissues in which it is embedded.

Nowhere is there a better example of remodeling resorp-
tion than in the backward movement of the ramus of the
mandible. The mandible grows longer by apposition of new
bone on the posterior surface ofthe ramus. At the same time,
large quantities of bone are removed from the anterior
surface of the ramus (Figure 2-31). In essence, the body of
the mandible grows longer as the ramus moves away from
the chin, and this occurs by removal of bone from the ante-

A, Growth ofthe mandible, as viewed from the perspective of a stable cranial base: the chin moves downward and
forward. B, Mandibular growth, as viewed from the perspective of vital staining studies, which reveal minimal changes in the body and
chin area, while there is exceptional growth and remodeling of the ramus, moving it posteriorly. The correct concept of mandibular
growth is that the mandible is translated downward and forward and grows upward and backward in response to this translation, main-

taining its contact with the skull.
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As the mandible grows in length, the ramus is
extensively remodeled, so much so that bone at the tip of the
condylar process at an early age can be found at the anterior
surface of the ramus some years later. Given the extent of surface
remodeling changes, it is an obvious error to emphasize endo-
chondral bone formation at the condyle as the major mechanism
for growth of the mandible. (Redrawn from Enlow DH, Hans MB.
Essentials of Facial Growth. Philadelphia: WB Saunders; 1996.)

rior surface of the ramus and deposition of bone on the pos-
terior surface. On first examination, one might expect a
growth center somewhere underneath the teeth, so that the
chin could grow forward away from the ramus. But that is
not possible, since there is no cartilage and interstitial bone
growth cannot occur. Instead, the ramus remodels. What was
the posterior surface at one time becomes the center at a later
date and eventually may become the anterior surface as
remodeling proceeds.

In infancy, the ramus is located at about the spot where
the primary first molar will erupt. Progressive posterior
remodeling creates space for the second primary molar and
then for the sequential eruption of the permanent molar
teeth. More often than not, however, this growth ceases
before enough space has been created for eruption of the
third permanent molar, which becomes impacted in the
ramus.

The growth ofthe jaws, especially in relation to the timing
of orthodontic treatment, is covered in more detail in
Chapter 4.
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Facial Soft Tissues

An important concept is that the growth of the facial soft
tissues does not perfectly parallel the growth of the under-
lying hard tissues. Let us consider the growth of the lips and
nose in more detail.

Growth of the Lips

The lips trail behind the growth of the jaws prior to adoles-
cence, then undergo a growth spurt to catch up. Because lip
height is relatively short during the mixed dentition years,
lip separation at rest (often termed lip incompetence) is
maximal during childhood and decreases during adoles-
cence (Figure 2-32). Because the lips move downward rela-
tive to the lips and teeth during adolescence (and continue
to do so as the face ages—see Chapter 4), what looks like too
much display of gingiva prior to and in adolescence can look
perfectly normal in a young adult (Figure 2-33). Lip thick-
ness reaches its maximum during adolescence, then
decreases (Figure 2-34)—to the point that in their 20s and
30s, some women consider loss of lip thickness a problem
and seek treatment to increase it.

Growth of the Nose
Growth of the nasal bone is complete at about age 10.
Growth thereafter is only of the nasal cartilage and soft
tissues, both of which undergo a considerable adolescent
spurt. The result is that the nose becomes much more promi-
nent at adolescence, especially in boys (Figure 2-35). The lips
are framed by the nose above and chin below, both of which
become more prominent with adolescent and post-adoles-
cent growth while the lips do not, so the relative prominence
of the lips decreases. This can become an important point in
determining how much lip support should be provided by
the teeth at the time orthodontic treatment typically ends in
late adolescence.

Changes in the facial soft tissues with aging, which also
must be taken into consideration in planning orthodontic
treatment, are covered in Chapter 4.

THEORIES OF GROWTH CONTROL

It is a truism that growth is strongly influenced by genetic
factors, but it also can be significantly affected by the envi-
ronment in the form of nutritional status, degree of physi-
cal activity, health or illness, and a number of similar factors.
Since a major part of the need for orthodontic treatment is
created by disproportionate growth of the jaws, in Order to
understand the etiologic processes of malocclusion and
dentofacial deformity, it is necessary to learn how facial
growth is influenced and controlled. Great strides have been
made in recent years in improving the understanding of
growth control. Exactly what determines the growth of the
jaws, however, remains unclear and continues to be the
subject of intensive research.
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=HlelV:=r Growth ofthe lips trails behind growth ofthe facial skeleton until puberty, then catches up and tends to exceed skele-
tal growth thereafter. As a result, lip separation at rest and exposure ofthe maxillary incisors frequently occur prior to adolescence, and
both these characteristics decrease thereafter. A, Age 11-9, prior to puberty. B, Age 14-8, after the adolescent growth spurt. C, Age

16-11. D, Age 18-6.

Three major theories in recent years have attempted to
explain the determinants of craniofacial growth: (1) bone,
like other tissues, is the primary determinant of its own
growth; (2) cartilage is the primary determinant of skeletal
growth, while bone responds secondarily and passively; and
(3) the soft tissue matrix in which the skeletal elements are
embedded is the primary determinant of growth, and both
bone and cartilage are secondary followers.

The major difference in the theories is the location at
which genetic control is expressed. The first theory implies
that genetic control is expressed directly at the level of the
bone, and therefore, its locus should be the periosteum. The
second, or cartilage, theory suggests that genetic control is
expressed in the cartilage, while bone responds passively to
being displaced. This indirect genetic control is called epige-
netic. The third theory assumes that genetic control is medi-
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HlelV[x=P2c<l Because lip height increases and the facial soft tissues move downward relative to the dentition with increasing age,
what looks like excessive exposure of teeth and gingiva on smile at age 12 (A) appears to be less excessive at age 14 (B), and has com-
pletely disappeared at age 24 (C). She received no treatment from ages 12-24.

ated to a large extent outside the skeletal system, and that
growth of both bone and cartilage is controlled epigeneti-
cally, occurring only in response to a signal from other
tissues. In contemporary thought, the truth is to be found in
some synthesis of the second and third theories, while the
first, though it was the dominant view until the 1960s, has
largely been discarded.

Level of Growth Control: Sites versus
Centers _of Growth

Distinguishing between a site of growth and a center of
growth clarifies the differences between the theories of
growth control. A site of growth is merely a location at which
growth occurs, whereas a center is a location at which inde-
pendent (genetically controlled) growth occurs. All centers
of growth also are sites, but the reverse is not true. A major
impetus to the theory that the tissues that form bone carry
with them their own stimulus to do so came from the obser-
vation that the overall pattern of craniofacial growth is
remarkably constant. The constancy of the growth pattern
was interpreted to mean that the major sites of growth were
also centers. Particularly, the sutures between the membra-
nous bones ofthe cranium and jaws were considered growth
centers, along with the sites of endochondral ossification in
the cranial base and at the mandibular condyle. Growth, in
this view, was the result of the expression at all these sites of

a genetic program. The translation of the maxilla, therefore,
was the result of pressure created by growth of the sutures,
so that the maxilla was literally pushed downward and
forward.

If this theory were correct, growth at the sutures should
occur largely independently of the environment, and it
would not be possible to change the expression of growth
at the sutures very much. While this was the dominant
theory of growth, few attempts were made to modify facial
growth because orthodontists "knew" that it could not
be done.

It is clear now that sutures, and the periosteal tissues more
generally, are not primary determinants of craniofacial
growth. Two lines of evidence lead to this conclusion. The
first is that when an area of the suture between two facial
bones is transplanted to another location (to a pouch in the
abdomen, for instance), the tissue does not continue to grow.
This indicates a lack of innate growth potential in the
sutures. Second, it can be seen that growth at sutures will
respond to outside influences under a number of circum-
stances. If cranial or facial bones are mechanically pulled
apart at the sutures, new bone will fill in, and the bones will
become larger than they would have been otherwise (see
Figure 2-26). If a suture is compressed, growth at that site
will be impeded. Thus sutures must be considered areas that
react—not primary determinants. The sutures of the maxilla
are sites of growth but are not growth centers.
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Lip thickness increases during the adolescent growth spurt, then decreases (and therefore is maximal at surprisingly
early ages). For some girls, loss of lip thickness is perceived as a problem by their early 20s. A, Age 14-8, at the end of the adolescent
growth spurt. B, Age 16-11. C, Age 18-6. D, Age 19-7. (Same patient as Figure 2-32; profile sequence starts and ends at a later age than

frontal sequence.)

Cartilage As a Determinant of
Craniofacial Growth

The second major theory is that the determinant of cranio-
facial growth is growth of cartilage. The fact that, for many
bones, cartilage does the growing while bone merely replaces
it makes this theory attractive for the bones of the jaws. If
cartilaginous growth were the primary influence, the carti-

lage at the condyle of the mandible could be considered as a
pacemaker for growth of that bone, and the remodeling of
the ramus and other surface changes could be viewed as sec-
ondary to the primary cartilaginous growth.

One way to visualize the mandible is by imagining that it
is like the diaphysis of a long bone, bent into a horseshoe
with the epiphyses removed, so that there is cartilage repre-
senting "half an epiphyseal plate" at the ends, which repre-
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HElV=VM The nasal bone grows up until about age 10, but after age 10, growth of the nose is largely in the cartilaginous and
soft tissue portions. Especially in boys, the nose becomes much more prominent as growth continues after the adolescent growth spurt
(and this process continues into the adult years). A, Age 4-9. B, Age 12-4. C, Age 14-8. D, Age 17-8.

sent the mandibular condyles (Figure 2-36). If this were the
true situation, then indeed the cartilage at the mandibular
condyle should act as a growth center, behaving basically like
an epiphyseal growth cartilage.

Growth of the maxilla is more difficult but not impossi-
ble to explain on a cartilage theory basis. Although there is
no cartilage in the maxilla itself, there is cartilage in the nasal
septum, and the nasomaxillary complex grows as a unit.
Proponents of the cartilage theory hypothesize that the
cartilaginous nasal septum serves as a pacemaker for other

aspects of maxillary growth. Note in Figure 2-37 that the car-
tilage is located so that its growth could easily lead to a
downward and forward translation of the maxilla. If the
sutures of the maxilla served as reactive areas, as they seem
to do, then they would respond to this translation by
forming new bone when the sutures were pulled apart by
forces from the growing cartilage. Although the amount of
nasal septal cartilage reduces as growth continues, cartilage
persists in this area throughout life, and the pacemaker role
is certainly possible.
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ISR The mandible was once viewed conceptually as
being analogous to a long bone that had been modified by (1)
removal ofthe epiphysis, leaving the epiphyseal plates exposed,
and (2) bending of the shaft into a horseshoe shape. If this
analogy were correct, of course, the cartilage at the mandibular
condyles should behave like true growth cartilage. Modern
experiments indicate that, although the analogy is attractive, it is
incorrect.

| FIGURE 237 Diagrammatic representation of the chondro-
cranium at an early stage of development, showing the large
amount of cartilage in the anterior region that eventually
becomes the cartilaginous nasal septum.

Two kinds of experiments have been carried out to test
the idea that cartilage can serve as atrue growth center. These
involve an analysis of the results of transplanting cartilage
and an evaluation of the effect on growth of removing car-
tilage at an early age.

Transplantation experiments demonstrate that not all
skeletal cartilage acts the same when transplanted. If a piece
of the epiphyseal plate of a long bone is transplanted, it will
continue to grow in a new location or in culture, indicating
that these cartilages do have innate growth potential. Carti-
lage from the spheno-occipital synchondrosis of the cranial

THE DEVELOPMENT OF ORTHODONTIC PROBLEMS

base also grows when transplanted, but not as well. It is dif-
ficult to obtain cartilage from the cranial base to transplant,
particularly at an early age, when the cartilage is actively
growing under normal conditions; perhaps this explains why
it does not grow in vitro as much as epiphyseal plate carti-
lage. In early experiments, transplanting cartilage from the
nasal septum gave equivocal results: sometimes it grew,
sometimes it did not. In more precise recent experiments,
however, nasal septal cartilage was found to grow nearly as
well in culture as epiphyseal plate cartilage.”® Little or no
growth was observed when the mandibular condyle was
transplanted, and cartilage from the mandibular condyle
showed significantly less growth in culture than the other
cartilages.’ From these experiments, the other cartilages
appear capable of acting as growth centers, but the mandibu-
lar condylar cartilage does not.

Experiments to test the effect of removing cartilages are
also informative. The basic idea is that if removing a carti-
laginous area stops or diminishes growth, perhaps it really
was an important center for growth. In rodents, removing a
segment of the cartilaginous nasal septum causes a consid-
erable deficit in growth of the midface. It does not necessar-
ily follow, however, that the entire effect on growth in such
experiments results from loss of the cartilage. It can be
argued that the surgery itself and the accompanying inter-
ference with blood supply to the area, not the loss of the car-
tilage, cause the growth changes.

There are few reported cases of early loss of the cartilagi-
nous nasal septum in humans. One individual in whom the
entire septum was removed at age 8 after an injury is shown
in Figure 2-38. It is apparent that a midface deficiency devel-
oped, but one cannot confidently attribute this to the loss of
the cartilage. Nevertheless, the loss of growth in experimen-
tal animals when this cartilage is removed is great enough to
lead most observers to conclude that the septal cartilage
does have some innate growth potential, whose loss makes a
difference in maxillary growth, and the rare human cases
support this view.

The neck of the mandibular condyle is a relatively fragile
area. When the side of the jaw is struck sharply, the mandible
often fractures just below the opposite condyle. When this
happens, the condyle fragment is usually retracted well away
from its previous location by the pull of the lateral pterygoid
muscle (Figure 2-39). The condyle literally has been removed
when this occurs, and it resorbs over a period of time.
Condylar fractures occur relatively frequently in children. If
the condyle was an important growth center, one would
expect to see severe growth impairment after such an injury
at an early age. If so, surgical intervention to locate the
condylar segment and put it back into position would be the
logical treatment.

Two excellent studies carried out in Scandinavia dis-
proved this concept. Both Gilhuus-Moe'® and Lund!®
demonstrated that after fracture of the mandibular condyle
in a child, there was an excellent chance that the condylar
process would regenerate to approximately its original size
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HIelV:=MEEN  Profile view of a man whose cartilaginous nasal septum was removed at age 8, after an injury. The obvious midface

deficiency developed after the septum was removed.

Impac

A blow to one side of the mandible may frac-
ture the condylar process on the opposite side. When this
happens, the pull of the lateral pterygoid muscle distracts the
condylar fragment, including all the cartilage, and it subsequently
resorbs.

and a small chance that it would overgrow after the injury.
In experimental animals and in children, after a fracture, all
of the original bone and cartilage resorb, and a new condyle
regenerates directly from periosteum at the fracture site
(Figure 2-40). Eventually, at least in experimental animals,
a new layer of cartilage forms at the condylar surface.

Although there is no direct evidence that the cartilage layer
itself regenerates in children after condylar fractures, it is
likely that this occurs in humans also.

However, in 15% to 20% of the Scandinavian children
studied who suffered a condylar fracture, there was a reduc-
tion in growth after the injury. Similar findings have been
reported elsewhere.’” This growth reduction seems to relate
to the amount of trauma to the soft tissues and the result-
ant scarring in the area. The mechanism by which this occurs
is discussed in the following section.

In summary, it appears that epiphyseal cartilages and
(probably) the cranial base synchondroses can and do act as
independently growing centers, as can the nasal septum
(perhaps to a lesser extent). Transplantation experiments
and experiments in which the condyle is removed lend no
support to the idea that the cartilage of the mandibular
condyle is an important center. Neither do studies of the car-
tilage itself in comparison to primary growth cartilage. It
appears that the growth at the mandibular condyles is much
more analogous to growth at the sutures of the maxilla—
entirely reactive—than to growth at an epiphyseal plate.

Functional Matrix Theory of Growth

If neither bone nor cartilage was the determinant for growth
of the craniofacial skeleton, it would appear that the control
would have to lie in the adjacent soft tissues. This point of
view was put formally in the 1960s by Moss, in his "func-
tional matrix theory" of growth, and was reviewed and
updated by him in the 1990s.”® While granting the innate
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After a condylar fracture and resorption of the condyle, regeneration of a new condyle is quite possible in humans.
Whether it occurs is a function of the severity of the soft tissue injury that accompanied the fracture. A, Age 5, at the time mandibular
asymmetry was noticed on a routine dental visit. Note that the left condylar process is missing. The history included a fall at age 2 with
a blow to the chin that created a condylar fracture, with no regeneration up to that time. B, Age 8, after treatment with an asymmetric
functional appliance that led to growth on the affected side and a reduction in the asymmetry. C, Age 14, at the end of the adolescent
growth spurt. Regeneration of a condyle on the affected side is apparent in (B) and (C).
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A, The skull of a young child who had hydrocephaly. Note the tremendous enlargement of the brain case in response
to the increased intracranial pressure. B and C, Superior and front views of the skull of an individual with scaphocephaly, in which the
midsagittal suture fuses prematurely. Note the absence of the midsagittal suture and the extremely narrow width of the cranium. In
compensation for its inability to grow laterally, the brain and brain case have become abnormally long posteriorly. D, Cranial base of
an individual with premature fusion of sutures on the right side, leading to a marked asymmetry that affected both the cranium and

cranial base.

growth potential of cartilages of the long bones, his theory
holds that neither the cartilage of the mandibular condyle
nor the nasal septum cartilage is a determinant of jaw
growth. Instead, he theorizes that growth of the face occurs
as a response to functional needs and neurotrophic influ-
ences and is mediated by the soft tissue in which the jaws are
embedded. In this conceptual view, the soft tissues grow, and
both bone and cartilage react.

The growth of the cranium illustrates this view of skele-
tal growth very well. There can be little question that the
growth of the cranial vault is a direct response to the growth

of the brain. Pressure exerted by the growing brain separates
the cranial bones at the sutures, and new bone passively fills
in at these sites so that the brain case fits the brain.

This phenomenon can be seen readily in humans in two
experiments of nature (Figure 2-41). First, when the brain is
very small, the cranium is also very small, and the condition
of microcephaly results. In this case, the size of the head is
an accurate representation of the size of the brain. A second
natural experiment is the condition called hydrocephaly. In
this case, reabsorption of cerebrospinal fluid is impeded, the
fluid accumulates, and intracranial pressure builds up. The
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Oblique (A) and profile (B) views of a girl in whom a severe infection of the mastoid air cells involved the temporo-
mandibular joint and led to ankylosis of the mandible. The resulting restriction of mandibular growth is apparent.

increased intracranial pressure impedes development of the
brain, so the hydrocephalic may have a small brain and be
mentally retarded; but this condition also leads to an enor-
mous growth of the cranial vault. Uncontrolled hydro-
cephaly may lead to a cranium two or three times its normal
size, with enormously enlarged frontal, parietal, and occipi-
tal bones. This is perhaps the clearest example of a "func-
tional matrix" in operation. Another excellent example is the
relationship between the size of the eye and the size of the
orbit. An enlarged eye or a small eye will cause a correspon-
ding change in the size of the orbital cavity. In this instance,
the eye is the functional matrix.

Moss theorizes that the major determinant of growth of
the maxilla and mandible is the enlargement of the nasal and
oral cavities, which grow in response to functional needs.
The theory does not make it clear how functional needs are
transmitted to the tissues around the mouth and nose, but
it does predict that the cartilages of the nasal septum and
mandibular condyles are not important determinants of
growth, and that their loss would have little effect on growth
if proper function could be obtained. From the view of this
theory, however, absence of normal function would have
wide-ranging effects.

We have already noted that in 75% to 80% of human chil-
dren who suffer a condylar fracture, the resulting loss of the
condyle does not impede mandibular growth. The condyle
regenerates very nicely. What about the 20% to 25% of chil-
dren in whom a growth deficit occurs after condylar frac-
ture?'® Could some interference with function be the reason
for the growth deficiency?

The answer seems to be a clear yes. It has been known for
many years that mandibular growth is greatly impaired by
an ankylosis (see Figure 2-39), defined as a fusion across the
joint so that motion is prevented or extremely limited.
Mandibular ankylosis can develop in a number of ways. For
instance, one possible cause is a severe infection in the
area of the temporomandibular joint, leading to destruction
of tissues and ultimate scarring (Figure 2-42). Another
cause, of course, is trauma, which can result in a growth
deficiency if there is enough soft tissue injury to lead to
severe scarring as the injury heals. It appears that the
mechanical restriction caused by scar tissue in the vicinity of
the temporomandibular joint impedes translation of the
mandible as the adjacent soft tissues grow, and that this is
the reason for growth deficiency in some children after
condylar fractures.

It is interesting, and potentially quite significant clinically,
that under some circumstances, bone can be induced to grow
at surgically created sites by the method called distraction
osteogenesis (Figure 2-43). The Russian surgeon Alizarov dis-
covered in the 1950s that if cuts were made through the
cortex of a long bone ofthe limbs, the arm or leg then could
be lengthened by tension to separate the bony segments.
Current research shows that the best results are obtained if
this type of distraction starts after a few days of initial
healing and callus formation, and if the segments are sepa-
rated at a rate of a 0.5-1.5 millimeters per day. Surprisingly,
large amounts of new bone can form at the surgical site,
lengthening the arm or leg by several centimeters in some
cases. Distraction osteogenesis now is widely used to correct
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Diagrammatic representation of distraction
osteogenesis in a long bone. The drawing represents the situa-
tion after bone cuts through the cortex, initial healing, and then
a few weeks of distraction. In the center, a fibrous radiolucent
interzone with longitudinally oriented collagen bundles in the
area where lengthening of the bone is occurring. Proliferating
fibroblasts and undifferentiated mesenchymal cells are found
throughout this area. Osteoblasts appear at the edge ofthe inter-
zone. On both sides of the interzone, a rich blood supply is
present in a zone of mineralization. Beneath that, a zone of
remodeling exists. This sequence of formation of a stretched
collagen matrix, mineralization, and remodeling is typical of
distraction osteogenesis. (Redrawn from Samchukov, et al. In:
McNamara J, Trotman C, eds. Distraction Osteogenesis and
Tissue Engineering. Ann Arbor, Mich: The University of Michigan
Center for Human Growth and Development; 1998.)

limb deformities, especially after injury but also in patients
with congenital problems.

The bone of the mandible is quite similar in its internal
structure to the bone of the limbs, even though its develop-
mental course is rather different. Lengthening the mandible
via distraction osteogenesis clearly is possible (Figure 2-44),
and major changes in mandibular length (a centimeter or
more) are managed best in this way. Precise positioning of
the jaw is not possible, however, so conventional orthog-
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IETEP®M  External fixation for lengthening the mandible
by distraction osteogenesis in a child with severe asymmetric
mandibular deficiency secondary to injury at an early age.

nathic surgery remains the preferred way to treat mandibu-
lar deficiency. In a sense, inducing maxillary growth by
separating cranial and facial bones at their sutures is a
distraction method. Manipulating maxillary growth by
influencing growth at the sutures has been a major part of
orthodontic treatment for many years, and this can be done
at later ages with surgical assistance. The current status of
distraction osteogenesis as a method to correct deficient
growth in the face and jaws is reviewed in some detail in
Chapter 19.

In summary, it appears that growth ofthe cranium occurs
almost entirely in response to growth of the brain. Growth
of the cranial base is primarily the result of endochondral
growth and bony replacement at the synchondroses, which
have independent growth potential but perhaps are influ-
enced by the growth of the brain. Growth of the maxilla and
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its associated structures occurs from a combination of
growth at sutures and direct remodeling of the surfaces of
the bone. The maxilla is translated downward and forward
as the face grows, and new bone fills in at the sutures. The
extent to which growth of cartilage of the nasal septum leads
to translation of the maxilla remains unknown, but both the
surrounding soft tissues and this cartilage probably con-
tribute to the forward repositioning of the maxilla. Growth
of the mandible occurs by both endochondral proliferation
at the condyle and apposition and resorption of bone at sur-
faces. It seems clear that the mandible is translated in space
by the growth of muscles and other adjacent soft tissues, and
that addition of new bone at the condyle is in response to
the soft tissue changes.

SOCIAL AND BEHAVIORAL DEVELOPMENT

FT. Mclver and W.R. Proffit

Physical growth can be considered the outcome of an inter-
action between genetically controlled cell proliferation and
environmental influences that modify the genetic program.
Similarly, behavior can be viewed as the result of an interac-
tion between innate or instinctual behavioral patterns and
behaviors learned after birth. In animals, it appears that the
majority of behaviors are instinctive, although even lower
animals are capable of a degree of learned behavior. In
humans, on the other hand, it is generally conceded that the
great majority of behaviors are learned.

For this reason, it is less easy to construct stages of behav-
ioral development in humans than stages of physical devel-
opment. The higher proportion of learned behavior means
that what might be considered environmental effects can
greatly modify behavior. On the other hand, there are human
instinctual behaviors (e.g., the sex drive), and, in a sense, the
outcome of behavior hinges on how the instinctual behav-
ioral urges have been modified by learning. As a general rule,
the older the individual, the more complex the behavioral
pattern and the more important the learned overlay of
behavior will be.

In this section, a brief overview of social, cognitive and
behavioral development is presented, greatly simplifying a
complex subject and emphasizing the evaluation and man-
agement of children who will be receiving dental and ortho-
dontic treatment. First, the process by which behavior can be
learned is presented. Second, the structural substrate of
behavior, which appears to relate both to the organization of
the nervous system at various stages and to emotional com-
ponents underlying the expression of behavior, will be
reviewed. The relevance of the theoretical concepts to the
day-to-day treatment of patients is emphasized.

Learning and the Development of Behavior

The basic mechanisms of learning appear to be essentially
the same at all ages. As learning proceeds, more complex
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skills and behaviors appear, but it is difficult to define the
process in distinct stages—a continuous flow model appears
more appropriate. It is important to remember that this dis-
cussion is of the development of behavioral patterns, not the
acquisition of knowledge or intellectual skills in the aca-
demic sense.

At present, psychologists generally consider that there are
three distinct mechanisms by which behavioral responses are
learned: (1) classical conditioning, (2) operant conditioning,
and (3) observational learning.

Classical Conditioning

Classical conditioning was first described by the Russian
physiologist Ivan Pavlov, who discovered in the nineteenth
century during his studies of reflexes that apparently unas-
sociated stimuli could produce reflexive behavior. Pavlov's
classic experiments involved the presentation of food to
a hungry animal, along with some other stimulus, for
example, the ringing of a bell. The sight and sound of food
normally elicit salivation by a reflex mechanism. If a bell is
rung each time food is presented, the auditory stimulus of
the ringing bell will become associated with the food pres-
entation stimulus, and, in a relatively short time, the ringing
of a bell by itselfwill elicit salivation. Classical conditioning,
then, operates by the simple process of association of one
stimulus with another. For that reason, this mode of learn-
ing is sometimes referred to as learning by association.

Classical conditioning occurs readily with young children
and can have a considerable impact on a young child's
behavior on the first visit to a dental office. By the time a
child is brought for the first visit to a dentist, even if that visit
is at an early age, it is highly likely that he or she will have
had many experiences with pediatricians and medical per-
sonnel. When a child experiences pain, the reflex reaction is
crying and withdrawal. In Pavlovian terms, the infliction of
pain is an unconditioned stimulus, but a number of aspects
of the setting in which the pain occurs can come to be asso-
ciated with this unconditioned stimulus.

For instance, it is unusual for a child to encounter people
who are dressed entirely in white uniforms or long white
coats. If the unconditioned stimulus of painful treatment
comes to be associated with the conditioned stimulus of
white coats (Figure 2-45), a child may cry and withdraw
immediately at the first sight of a white-coated dentist or
dental assistant. In this case, the child has learned to associ-
ate the conditioned stimulus of pain and the unconditioned
stimulus of a white-coated adult, and the mere sight of the
white coat is enough to produce the reflex behavior initially
associated with pain.

Associations of this type tend to become generalized.
Painful and unpleasant experiences associated with medical
treatment can become generalized to the atmosphere of a
physician's office, so that the whole atmosphere of a waiting
room, receptionist, and other waiting children may produce
crying and withdrawal after several experiences in the physi-
cian's office, even if there is no sign of a white coat.



CHAPTER 2

CONCEPTS OF GROWTH AND DEVELOPMENT

Classical Conditioning

First visit

(unconditioned stimulus)

White coatl —— 3= Pain of injection

(neutral stimulus) (unconditioned stimulus)

Pain of injection ——— g Fear and crying

(responsea)

Second visil

REV=P¥ ] Classical conditioning causes an originally
neutral stimulus to become associated with one that leads to

a specific reaction. If individuals in white coats are the ones
who give painful injections that cause crying, the sight of an
individual in a white coat soon may provoke an outburst of
crying.

Conditioned stimulus

Every time they occur, the associa-
tion between a conditioned and unconditioned
stimulus is strengthened. This process is called rein-
forcement.

Because of this association, behavior management in the
dentist's office is easier if the dental office looks as little like
the typical pediatrician's office or hospital clinic as possible.
In practices where the dentist and auxiliaries work with
young children, they have found it helps in reducing chil-
dren's anxiety if their appearance is different from that asso-
ciated with the physician. It also helps if they can make the
child's first visit as different as possible from the previous
visits to the physician. Treatment that might produce pain
should be avoided if at all possible on the first visit to the
dental office.

The association between a conditioned and an uncondi-
tioned stimulus is strengthened or reinforced every time they
occur together (Figure 2-46). Every time a child is taken to
a hospital clinic where something painful is done, the asso-
ciation between pain and the general atmosphere of that
clinic becomes stronger, as the child becomes more sure of
his conclusion that bad things happen in such a place. Con-
versely, if the association between a conditioned and an
unconditioned stimulus is not reinforced, the association
between them will become less strong, and eventually, the
conditioned response will no longer occur. This phenome-
non is referred to as extinction of the conditioned behavior.

Sight of white coat
(conditionad stimulus)

Pain of injaction
(unconditionad stimulus)

Pain of injection
{unconditioned stimulus)

Fear and crying
(response)

REINFORCEMENT

Unconditioned stimulus

Sight of white coat - Pain of injection

Sight of white coat — = Pain of injection
Sight of white coat == Pain of injection

Sight of white coat =3 Pain of injection

Once a conditioned response has been established, it is nec-
essary to reinforce it only occasionally to maintain it. If the
conditioned association of pain with the doctor's office is
strong, it can take many visits without unpleasant experi-
ences and pain to extinguish the associated crying and
avoidance.

The opposite of generalization of a conditioned stimulus
is discrimination. The conditioned association ofwhite coats
with pain can easily be generalized to any office setting. If a
child is taken into other office settings that are somewhat dif-
ferent from the one where painful things happen, a dental
office, for instance, where painful injections are not neces-
sary, a discrimination between the two types of offices soon
will develop, and the generalized response to any office as a
place where painful things occur will be extinguished.

Operant Conditioning

Operant conditioning, which can be viewed conceptually as
a significant extension of classical conditioning, was empha-
sized by the preeminent behavioral theorist of recent years,
B. F. Skinner. Skinner contended that the most complex
human behaviors can be explained by operant conditioning.
His theories, which downplay the role of the individual's
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conscious determination in favor of unconscious deter-
mined behavior, have met with much resistance but have
been remarkably successful in explaining many aspects of
social behavior far too complicated to be understood from
the perspective of classical conditioning.

Since the theory of operant conditioning explains—or
attempts to explain—complex behavior, it is not surprising
that the theory itselfis more complex. Although it is not pos-
sible here to explore operant conditioning in any detail, a
brief overview is presented as an aid in understanding the
acquisition of behavior that older children are likely to
demonstrate in the dentist's or orthodontist's office.

The basic principle of operant conditioning is that the
consequence of a behavior is in itself a stimulus that can
affect future behavior (Figure 2-47). In other words, the con-
sequence that follows a response will alter the probability of
that response occurring again in a similar situation. In clas-
sical conditioning, a stimulus leads to a response; in operant
conditioning, a response becomes a further stimulus. The
general rule is that if the consequence of a certain response
is pleasant or desirable, that response is more likely to be
used again in the future; but if a particular response pro-
duces an unpleasant consequence, the probability of that
response being used in the future is diminished.

Stimulys ~ == Response

L Consequence J

Operant conditioning differs from classical
conditioning in that the consequence of a behavior is considered
a stimulus for future behavior. This means that the consequence
of any particular response will affect the probability of that
response occurring again in a similar situation.
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Skinner described four basic types of operant condition-
ing, distinguished by the nature of the consequence (Figure
2-48). The first of these is positive reinforcement If a pleas-
ant consequence follows a response, the response has been
positively reinforced, and the behavior that led to this pleas-
ant consequence becomes more likely in the future. For
example, if a child is given a reward such as a toy for behav-
ing well during her first dental visit, she is more likely to
behave well during future dental visits; her behavior was pos-
itively reinforced.

A second type of operant conditioning, called negative
reinforcement, involves the withdrawal of an unpleasant
stimulus after a response. Like positive reinforcement, nega-
tive reinforcement increases the likelihood of a response in
the future. In this context, the word negative is somewhat
misleading. It merely refers to the fact that the response that
is reinforced is a response that leads to the removal of an
undesirable stimulus. Note that negative reinforcement is
not a synonym for punishment, another type of operant
conditioning.

As an example, a child who views a visit to the hospital
clinic as an unpleasant experience may throw a temper
tantrum at the prospect of having to go there. If this behav-
ior (response) succeeds in allowing the child to escape the
visit to the clinic, the behavior has been negatively reinforced
and is more likely to occur the next time a visit to the clinic
is proposed. The same can be true, of course, in the dentist's
office. If behavior considered unacceptable by the dentist
and his staff nevertheless succeeds in allowing the child to
escape from dental treatment, that behavior has been nega-
tively reinforced and is more likely to occur the next time the
child is in the dental office. In dental practice, it is impor-
tant to reinforce only desired behavior, and it is equally
important to avoid reinforcing behavior that is not desired.?

The other two types of operant conditioning decrease the
likelihood of a response. The third type, omission (also called
time-out), involves removal of a pleasant stimulus after a

Probability of Response Probability of Response
Increases Decreases
I i
Pleasant
stimulus 5, Presanted S, Withdrawn
(S4)
Positive reinforcemant Omission
or reward or time-out
[} IV
Unpleasant
stimulus S, Withdrawn S, Presented
(S3)
Megative reinforcement !
orehape Punishment

Sel0=P® ] The four basic types of operant
conditioning.
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particular response. For example, if a child who throws a
temper tantrum has his favorite toy taken away for a short
time as a consequence of this behavior, the probability
of similar misbehavior is decreased. Because children are
likely to regard attention by others as a very pleasant stimu-
lus, withholding attention following undesirable behavior
is a use of omission that is likely to reduce the unwanted
behavior.

The fourth type of operant conditioning, punishment,
occurs when an unpleasant stimulus is presented after a
response. This also decreases the probability that the behav-
ior that prompted punishment will occur in the future. Pun-
ishment, like the other forms of operant conditioning, is
effective at all ages, notjustwith children. For example, ifthe
dentist with her new sports car receives a ticket for driving
50 miles per hour down a street marked for 35 miles per
hour, she is likely to drive more slowly down that particular
street in the future, particularly if she thinks that the same
radar speed trap is still operating. Punishment, of course, has
traditionally been used as a method of behavior modifica-
tion in children, more so in some societies than others.

In general, positive and negative reinforcement are the
most suitable types of operant conditioning for use in
the dental office, particularly for motivating orthodontic
patients who must cooperate at home even more than in the
dental office. Both types of reinforcement increase the like-
lihood of a particular behavior recurring, rather than
attempting to suppress a behavior as punishment and omis-
sion do. Simply praising a child for desirable behavior
produces positive reinforcement, and additional positive
reinforcement can be achieved by presenting some tangible
reward.

Older children are just as susceptible to positive rein-
forcement as younger ones. Adolescents in the orthodontic
treatment age, for instance, can obtain positive reinforce-
ment from a simple pin saying, "World's Greatest Ortho-
dontic Patient," or something similar. A reward system,
perhaps providing a T-shirt with some slogan as a prize
for three consecutive appointments with good hygiene,
is another simple example of positive reinforcement
(Figure 2-49).

Negative reinforcement, which also accentuates the prob-
ability of any given behavior, is more difficult to utilize as a
behavioral management tool in the dental office, but it can
be used effectively if the circumstances permit. If a child is
concerned about a treatment procedure but behaves well and
understands that the procedure has been shortened because
of his good behavior, the desired behavior has been nega-
tively reinforced. In orthodontic treatment, long bonding
and banding appointments may go more efficiently and
smoothly if the child understands that his helpful behavior
has shortened the procedure and reduced the possibility that
the procedure will need to be redone.

The other two types of operant conditioning, omission
and punishment, should be used sparingly and with caution
in the dental office. Since a positive stimulus is removed in
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A, This 8-year-old boy is being positively rein-
forced by receiving a "terrific patient" button after his visit to the
dentist. B, The same methods work well for older orthodontic
patients, who enjoy receiving a reward like a "great patient"
sticker to put on a shirt or a T-shirt with a message related to
orthodontic treatment (for example, "Braces are Cool").

omission, the child may react with anger or frustration.
When punishment is used, both fear and anger sometimes
result. In fact, punishment can lead to a classically condi-
tioned fear response. Obviously, it is a good idea for the
dentist and staff to avoid creating fear and anger in a child
(or adult) patient, and thus these two types of operant con-
ditioning should be used cautiously.

One mild form of punishment that can be used with chil-
dren is called "voice control." Voice control involves speak-
ing to the child in a firm voice to gain his (or her) attention,
telling him that his present behavior is unacceptable, and
directing him as to how he (or she) should behave. This tech-
nique should be used with care, and the child should be
immediately rewarded for an improvement in his behavior.
It is most effective when a warm, caring relationship has
been established between the dental team and the patient.®*
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There is no doubt that operant conditioning can be used
to modify behavior in individuals of any age, and that it
forms the basis for many of the behavior patterns of life.
Behavioral theorists believe that operant conditioning forms
the pattern of essentially all behavior, not just the relatively
superficial ones. Whether or not this is true, operant condi-
tioning is a powerful tool for learning of behavior and an
important influence throughout life.

Concepts of reinforcement as opposed to extinction,
and generalization as opposed to discrimination, apply to
operant conditioning as well as to classical conditioning. In
operant conditioning, of course, the concepts apply to the
situation in which a response leads to a particular conse-
quence, not to the conditioned stimulus that directly
controls the conditioned response. Positive or negative
reinforcement becomes even more effective if repeated,
although it is not necessary to provide a reward at every visit
to the dental office to obtain positive reinforcement. Simi-
larly, conditioning obtained through positive reinforcement
can be extinguished if the desired behavior is now followed
by omission, punishment, or simply a lack of further posi-
tive reinforcement.

Operant conditioning that occurs in one situation can
also be generalized to similar situations. For example, a child
who has been positively reinforced for good behavior in the
pediatrician's office is likely to behave well on the first visit
to a dentist's office because he or she will anticipate a reward
at the dentist's also, based on the similarity of the situation.
A child who continues to be rewarded for good behavior in
the pediatrician's office but does not receive similar rewards
in the dentist's office, however, will learn to discriminate
between the two situations and may eventually behave better
for the pediatrician than for the dentist.

Observational Learning (Modeling)

Another potent way that behavior is acquired is through imi-
tation of behavior observed in a social context. This type of
learning appears to be distinct from learning by either clas-
sical or operant conditioning. Acquisition of behavior
through imitation of the behavior of others, of course, is
entirely compatible with both classical and operant condi-
tioning. Some theorists emphasize the importance of
22 whereas others,
especially Skinner and his followers, argue that conditioning

learning by imitation in a social context,

is more important, although recognizing that learning by
imitation can occur. It certainly seems that much of a child's
behavior in a dental office can be learned from observing sib-
lings, other children, or even parents.

There are two distinct stages in observational learning:
acquisition of the behavior by observing it, and the actual
performance of that behavior (Figure 2-50). A child can
observe many behaviors and thereby acquire the potential to
perform them, without immediately demonstrating or per-
forming that behavior. Children are capable of acquiring
almost any behavior that they observe closely and that is not
too complex for them to perform at their level of physical
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Observational learning: a child acquires a
behavior by first observing it and then actually performing it. For
that reason, allowing a younger child to observe an older one
calmly receiving dental treatment (in this case, an orthodontic
examination that will include impressions of the teeth) greatly
increases the chance that he will behave in the same calm way
when it is his turn to be examined.

development. A child is exposed to a tremendous range of
possible behaviors, most of which he acquires even though
the behavior may not be expressed immediately or ever.

Whether a child will actually perform an acquired behav-
ior depends on several factors. Important among these are
the characteristics of the role model. If the model is liked or
respected, the child is more likely to imitate him or her. For
this reason, a parent or older sibling is often the object of
imitation by the child. For children in the elementary and
junior high school age groups, peers within their own age
group, or individuals slightly older, are increasingly impor-
tant role models, while the influence of parents and older
siblings decreases. For adolescents, the peer group is the
major source of role models.

Another important influence on whether a behavior is
performed is the expected consequences of the behavior. If
a child observes an older sibling refuse to obey his father's
command and then sees punishment follow this refusal, he
is less likely to defy the father on a future occasion, but he
probably still has acquired the behavior, and if he should
become defiant, is likely to stage it in a similar way.

Observational learning can be an important tool in man-
agement of dental treatment. If a young child observes an
older sibling undergoing dental treatment without com-
plaint or uncooperative behavior, he or she is likely to imitate
this behavior. Ifthe older sibling is observed being rewarded,
the younger child will also expect a reward for behaving well.
Because the parent is an important role model for a young
child, the mother's attitude toward dental treatment is likely
to influence the child's approach.
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Erikson's stages of emotional devel-
opment: the sequence is more fixed than the time
when each stage is reached. Some adults never reach
the final steps on the developmental staircase.

Research has demonstrated that one of the best predic-
tors of how anxious a child will be during dental treatment
is how anxious the mother is. A mother who is calm and
relaxed about the prospect of dental treatment teaches the
child by observation that this is the appropriate approach to
being treated, whereas an anxious and alarmed mother tends
to elicit the same set of responses in her child.??

Observational learning can be used to advantage in the
design of treatment areas. At one time, it was routine for
dentists to provide small private cubicles in which all
patients, children and adults, were treated. The modern
trend, particularly in treatment of children and adolescents
but to some extent with adults also, is to carry out dental
treatment in open areas with several treatment stations.

Sitting in one dental chair watching the dentist work
with someone else in an adjacent chair can provide a
great deal of observational learning about what the
experience will be like. Direct communication among
patients, answering questions about exactly what happened,
can add even further learning. Both children and adolescents
do better, it appears, if they are treated in open clinics
rather than in private cubicles, and observational learning
plays an important part in this. The dentist hopes, of course,
that the patient waiting for treatment observes appropriate
behavior and responses on the part of the patient who
is being treated, which will be the case in a well-managed
clinical setting.

Stages of Emotional and Cognitive Development

Emotional Development

In contrast to continuous learning by conditioning and
observation, both emotional or personality development
and cognitive or intellectual development seem to pass
through relatively discrete stages. The contemporary
description of emotional development is based on Sigmund
Freud's psychoanalytic theory of personality development
but was greatly extended by Erik Erikson.?* Erikson's work,
although connected to Freud's, represents a great departure
from psychosexual stages as proposed by Freud. His "eight
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ages of man" illustrate a progression through a series of per-
sonality development stages. In Erikson's view, "psychosocial
development proceeds by critical steps—'critical' being a
characteristic of turning points, of moments of decision
between progress and regression, integration and retarda-
tion." In this view, each developmental stage represents a
"psychosocial crisis" in which individuals are influenced by
their social environment to develop more or less toward one
extreme of the conflicting personality qualities dominant at
that stage.

Although chronologic ages are associated with Erikson's
developmental stages, the chronologic age varies among
individuals but the sequence of the developmental stages is
constant. This, of course, is similar to what also happens in
physical development. Rather differently from physical
development, it is possible and indeed probable that quali-
ties associated with earlier stages may be evident in later
stages because of incomplete resolution of the earlier stages.

Erikson's stages of emotional development are as follows
(Figure 2-51):

1. Development of Basic Trust (Birth to 18 Months). In
this initial stage of emotional development a basic trust—or
lack of trust—in the environment is developed. Successful
development of trust depends on a caring and consistent
mother or mother substitute, who meets both the physio-
logic and emotional needs of the infant. There are strongly
held theories but no clear answers to exactly what constitutes
proper mothering, but it is important that a strong bond
develop between parent and child. This bond must be
maintained to allow the child to develop basic trust in the
world. In fact, physical growth can be significantly retarded
unless the child's emotional needs are met by appropriate
mothering.

The syndrome of"maternal deprivation," in which a child
receives inadequate maternal support, is well recognized
though fortunately rare. Such infants fail to gain weight and
are retarded in their physical as well as emotional growth.
The maternal deprivation must be extreme to produce a
deficit in physical growth. Unstable mothering that produces
no apparent physical effects can result in a lack of sense of
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basic trust. This may occur in children from broken families
or who have lived in a series of foster homes.

The tight bond between parent and child at this early
stage of emotional development is reflected in a strong sense
of "separation anxiety" in the child when separated from the
parent. If it is necessary to provide dental treatment at an
early age, it usually is preferable to do so with the parent
present and, if possible, while the child is being held by one
of the parents. At later ages, a child who never developed a
sense of basic trust will have difficulty entering into situa-
tions that require trust and confidence in another person.
Such an individual is likely to be an extremely frightened and
uncooperative patient who needs special effort to establish
rapport and trust with the dentist and staff.

2. Development of Autonomy (18 Months to 3 Years).
Children around the age of 2 often are said to be undergo-
ing the "terrible two's" because of their uncooperative and
frequently obnoxious behavior. At this stage of emotional
development, the child is moving away from the mother and
developing a sense of individual identity or autonomy. Typ-
ically, the child struggles to exercise free choice in his or her
life. He or she varies between being a little devil who says no
to every wish of the parents and insists on having his own
way, and being a little angel who retreats to the parents in
moments of dependence. The parents and other adults with
whom the child reacts at this stage must protect him against
the consequences of dangerous and unacceptable behavior,
while providing opportunities to develop independent
behavior. Consistently enforced limits on behavior at this
time allow the child to further develop trust in a predictable
environment (Figure 2-52).

Failure to develop a proper sense of autonomy results in
the development of doubts in the child's mind about his
ability to stand alone, and this in turn produces doubts about
others. Erikson defines the resulting state as one of shame, a
feeling of having all one's shortcomings exposed. Autonomy
in control of bodily functions is an important part of this
stage, as the young child is toilet trained and taken out of
diapers. At this stage (and later!), wetting one's pants pro-
duces a feeling of shame. This stage is considered decisive in
producing the personality characteristics of love as opposed
to hate, cooperation as opposed to selfishness, and freedom
of expression as opposed to self-consciousness. To quote
Erikson, "From a sense of self-control without a loss of self-
esteem comes a lasting sense of good will and pride; from a
sense of loss of self-control and foreign over-control come a
lasting propensity for doubt and shame."?*

A key toward obtaining cooperation with treatment from
a child at this stage is to have the child think that whatever
the dentist wants was his or her own choice, not something
required by another person. For a 2-year-old seeking auton-
omy, it is all right to open your mouth if you want to, but
almost psychologically unacceptable to do it if someone tells
you to. One way around this is to offer the child reasonable
choices whenever possible, for instance, either a green or a
yellow napkin for the neck.

THE DEVELOPMENT OF ORTHODONTIC PROBLEMS

During the period in which children are devel-
oping autonomy, conflicts with siblings, peers and parents can
seem never-ending. Consistently enforced limits on behavior
during this stage, often called the "terrible two's," are needed to
allow the child to develop trust in a predictable environment.

A child at this stage who finds the situation threatening
is likely to retreat to Mother and be unwilling to separate
from her. Allowing the parent to be present during treatment
may be needed for even the simplest procedures. Complex
dental treatment of children at this age is quite challenging
and may require extraordinary behavior management pro-
cedures such as sedation or general anesthesia.

3. Development of Initiative (3 to 6 Years). In this stage,
the child continues to develop greater autonomy, but now
adds to it planning and vigorous pursuit of various activi-
ties. The initiative is shown by physical activity and motion,
extreme curiosity and questioning, and aggressive talking. A
major task for parents and teachers at this stage is to channel
the activity into manageable tasks, arranging things so that
the child is able to succeed, and preventing him or her from
undertaking tasks where success is not possible. At this stage,
a child is inherently teachable. One part of initiative is the
eager modeling of behavior of those whom he respects.

The opposite of initiative is guilt resulting from goals that
are contemplated but not attained, from acts initiated but
not completed, or from faults or acts rebuked by persons the
child respects. In Erikson's view, the child's ultimate ability
to initiate new ideas or activities depends on how well he or
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she is able at this stage to express new thoughts and do new
things without being made to feel guilty about expressing a
bad idea or failing to achieve what was expected.

For most children, the first visit to the dentist comes
during this stage of initiative. Going to the dentist can be
constructed as a new and challenging adventure in which the
child can experience success. Success in coping with the
anxiety of visiting the dentist can help develop greater inde-
pendence and produce a sense of accomplishment. Poorly
managed, of course, a dental visit can also contribute toward
the guilt that accompanies failure. A child at this stage will
be intensely curious about the dentist's office and eager to
learn about the things found there. An exploratory visit
with the mother present and with little treatment accom-
plished usually is important in getting the dental experience
offto a good start. After the initial experience, a child at this
stage can usually tolerate being separated from the
mother for treatment and is likely to behave better in this
arrangement, so that independence rather than dependence
is reinforced.

4. Mastery of Skills (Age 7 to 11 Years). At this stage, the
child is working to acquire the academic and social skills that
will allow him or her to compete in an environment where
significant recognition is given to those who produce. At the
same time, the child is learning the rules by which that world
is organized. In Erikson's terms, the child acquires industri-
ousness and begins the preparation for entrance into a com-
petitive and working world. Competition with others within
a reward system becomes a reality; at the same time, it
becomes clear that some tasks can be accomplished only by
cooperating with others. The influence of parents as role
models decreases and the influence of the peer group
increases.

The negative side of emotional and personality develop-
ment at this stage can be the acquisition of a sense of infe-
riority. A child who begins to compete academically, socially,
and physically is certain to find that others do some things
better, and that whatever he or she does best, someone does
it better. Somebody else gets put in the advanced section, is
selected as leader ofthe group, or is chosen first for the team.
It is necessary to learn to accept this, but failure to measure
up to the peer group on a broad scale predisposes toward
personality characteristics of inadequacy, inferiority and
uselessness. Again, it is important for responsible adults to
attempt to structure an environment that provides chal-
lenges that have a reasonable chance of being met, rather
than guarantee failure.

By this stage, a child should already have experienced the
first visit to the dentist, although a significant number will
not have done so. Orthodontic treatment often begins
during this stage of development. Children at this age are
trying to learn the skills and rules that define success in any
situation, and that includes the dental office. A key to behav-
ioral guidance is setting attainable intermediate goals, clearly
outlining for the child how to achieve those goals and posi-
tively reinforcing success in achieving these goals. Because of
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SB[ Instructions for a young child who will be

wearing a removable orthodontic appliance must be explicit and
concrete. Children at this stage cannot be motivated by abstract
concepts but are influenced by improved acceptance or status
from the peer group.

the child's drive for a sense of industry and accomplishment,
cooperation with treatment can be obtained.

Orthodontic treatment in this age group is likely to
involve the faithful wearing of removable appliances (Figure
2-53). Whether a child will do so is determined in large part
by whether he or she understands what is needed to please
the dentist and parents, whether the peer group is support-
ive, and whether the desired behavior is reinforced by the
dentist.

Children at this stage still are not likely to be motivated
by abstract concepts such as, "If you wear this appliance,
your bite will be better." They can be motivated, however, by
improved acceptance or status from the peer group. This
means that emphasizing how the teeth will look better as the
child cooperates is more likely to be a motivating factor than
emphasizing a better dental occlusion, which the peer group
is not likely to notice.

5. Development of Personal Identity (Age 12 to 17
Years). Adolescence, a period of intense physical develop-
ment, is also the stage in psychosocial development in which
a unique personal identity is acquired. This sense of identity
includes both a feeling of belonging to a larger group and a
realization that one can exist outside the family. It is an
extremely complex stage because of the many new opportu-
nities that arise. Emerging sexuality complicates relation-
ships with others. At the same time, physical ability changes,
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H[e[V[x=2¥N Adolescence is an extremely complex stage

because of the many new opportunities and challenges thrust
upon the teenager. Emerging sexuality, academic pressures,
earning money, increased mobility, career aspirations and recre-
ational interests combine to produce stress and rewards.

academic responsibilities increase, and career possibilities
begin to be defined.

Establishing one's own identity requires a partial with-
drawal from the family, and the peer group increases still
further in importance because it offers a sense of continuity
of existence in spite of drastic changes within the individual
(Figure 2-54). Members of the peer group become impor-
tant role models, and the values and tastes of parents and
other authority figures are likely to be rejected. At the same
time, some separation from the peer group is necessary to
establish one's own uniqueness and value. As adolescence
progresses, an inability to separate from the group indicates
some failure in identity development. This in turn can lead
to a poor sense of direction for the future, confusion regard-
ing one's place in society, and low self-esteem.

Most orthodontic treatment is carried out during the
adolescent years, and behavioral management of adolescents
can be extremely challenging. Since parental authority is
being rejected, a poor psychologic situation is created by
orthodontic treatment if it is being carried out primarily
because the parents want it, not the child. At this stage,
orthodontic treatment should be instituted only if the
patient wants it, not just to please the parents.

Motivation for seeking treatment can be defined as inter-
nal or external. External motivation is from pressure from
others, as in orthodontic treatment, "to get mother off my
back." Internal motivation is provided by an individual's own
desire for treatment to correct a defect that he perceives in
himself, not some defect pointed to by authority figures
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whose values are being rejected anyway. Approval of the peer
group is extremely important. At one time, there was a
certain stigma attached to being the only one in the group
so unfortunate as to have to wear braces. In some areas of
the United States now, orthodontic treatment has become so
common that there may be a loss of status from being one
of the few in the group who is not receiving treatment, so
that treatment may even be requested in order to remain
"one of the crowd."

It is extremely important for an adolescent to actively
desire the treatment as something being donefor, not to, him
or her. In this stage, abstract concepts can be grasped readily,
but appeals to do something because of its impact on per-
sonal health are not likely to be heeded. The typical adoles-
cent feels that health problems are concerns of somebody
else, and this attitude covers everything from accidental
death in reckless driving to development of decalcified areas
on carelessly brushed teeth.

6. Development of Intimacy (Young Adult). The adult
stages of development begin with the attainment of intimate
relationships with others. Successful development of inti-
macy depends on a willingness to compromise and even to
sacrifice to maintain a relationship. Success leads to the
establishment of affiliations and partnerships, both with a
mate and with others of the same sex, in working toward the
attainment of career goals. Failure leads to isolation from
others and is likely to be accompanied by strong prejudices
and a set of attitudes that serve to keep others away rather
than bringing them into closer contact.

A growing number of young adults are seeking ortho-
dontic care. Often, these individuals are seeking to correct a
dental appearance they perceive as flawed. They may feel that
a change in their appearance will facilitate attainment of
intimate relationships. On the other hand, a "new look"
resulting from orthodontic treatment may interfere with
previously established relationships.

The factors that affect the development of an intimate
relationship include all aspects of each person—appearance,
personality, emotional qualities, intellect and others. A sig-
nificant change in any of these may be perceived by either
partner as altering the relationship. Because of these poten-
tial problems, the potential psychologic impact of ortho-
dontic treatment must be fully discussed with the young
adult patient before beginning therapy.

7. Guidance of the Next Generation (Adult). A major
responsibility of a mature adult is the establishment and
guidance of the next generation. Becoming a successful and
supportive parent is obviously a major part of this, but
another aspect of the same responsibility is service to the
group, community, and nation. The next generation is
guided, in short, not only by nurturing and influencing one's
own children but also by supporting the network of social
services needed to ensure the next generation's success. The
opposite personality characteristic in mature adults is stag-
nation, characterized by self-indulgence and self-centered
behavior.
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8. Attainment of Integrity (Late Adult). The final stage
in psychosocial development is the attainment of integrity.
At this stage, the individual has adapted to the combination
of gratification and disappointment that every adult experi-
ences. The feeling of integrity is best summed up as a feeling
that one has made the best of this life's situation and has
made peace with it. The opposite characteristic is despair.
This feeling is often expressed as disgust and unhappiness on
a broad scale, frequently accompanied by a fear that death
will occur before a life change that might lead to integrity
can be accomplished.

Cognitive Development

Cognitive development, the development of intellectual
capabilities, also occurs in a series of relatively distinct stages.
Like the other psychologic theories, the theory of cognitive
development is strongly associated with one dominant indi-
vidual, in this case, the Swiss psychologist Jean Piaget. From
the perspective of Piaget and his followers, the development
of intelligence is another example of the widespread phe-
nomenon of biologic adaptation. Every individual is born
with the capacity to adjust or adapt to both the physical
and the sociocultural environments in which he or she
must live.?®

In Piaget's view, adaptation occurs through two comple-
mentary processes: assimilation and accommodation. From
the beginning, a child incorporates or assimilates events
within the environment into mental categories called cogni-
tive structures. A cognitive structure in this sense is a classi-
fication for sensations and perceptions.

For example, a child who has just learned the word "bird"
will tend to assimilate all flying objects into his idea of bird.
When he sees a bee, he will probably say, "Look, bird!"
However, for intelligence to develop, the child must also have
the complementary process of accommodation. Accommo-
dation occurs when the child changes his or her cognitive
structure or mental category to better represent the envi-
ronment. In the previous example, the child will be corrected
by an adult or older child and will soon learn to distinguish
between birds and bees. In other words, the child will accom-
modate to the event of seeing a bee, by creating a separate
category of flying objects for bees.

Intelligence develops as an interplay between assimilation
and accommodation. Each time the child in our example
sees a flying object, he or she will try to assimilate it into
existing cognitive categories. If these categories do not work,
he or she will try to accommodate by creating new ones.
However, the child's ability to adapt is limited by the current
level of development. The notion that the child's ability to
adapt is age related is a crucial concept in Piaget's theory of
development.

From the perspective of cognitive development theory,
life can be divided into four major stages (Figure 2-55): the
sensorimotor period, extending from birth to 2 years of age;
the preoperational period, from 2 to 7 years; the concrete
operational period, from about age 7 to puberty; and the

CONCEPTS OF GROWTH AND DEVELOPMENT 6?

I Period of
Formal

Pariod of Operations
Concrate
—Jml Operations
Period
Sensormotor
Period
Birth-2 Years 2-7 Years 7-11 Years 11 Years-Adult
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major periods, as diagrammed here.

period of formal operations, which runs from adolescence
through adulthood. Like the other developmental stages, it
is important to realize that the time frame is variable, espe-
cially for the later ones. Some adults never reach the last
stage. The sequence of the stages, however, is fixed.

A child's way of thinking about and viewing the world is
quite different at the different stages. A child simply does not
think like an adult until the period of formal operations has
been reached. Since a child's thought processes are quite
different, one cannot expect a child to process and utilize
information in the same way that an adult would. To
communicate successfully with a child, it is necessary to
understand his or her intellectual level and the ways in which
thought processes work at the various stages.

Considering the cognitive development stages in more
detail:

1. Sensorimotor Period. During the first 2 years of life,
a child develops from a newborn infant who is almost totally
dependent on reflex activities, to an individual who can
develop new behavior to cope with new situations. During
this stage, the child develops rudimentary concepts of
objects, including the idea that objects in the environment
are permanent; they do not disappear when the child is not
looking at them. Simple modes of thought that are the foun-
dation of language develop during this time, but communi-
cation between a child at this stage and an adult is extremely
limited because of the child's simple concepts and lack of
language capabilities. At this stage, a child has little ability
to interpret sensory data and a limited ability to project
forward or backward in time.

2. Preoperational Period. Because children above the age
of 2 begin to use language in ways similar to adults, it appears
that their thought processes are more like those of adults
than is the case. During the preoperational stage, the capac-
ity develops to form mental symbols representing things and
events not present, and children learn to use words to sym-
bolize these absent objects. Because young children use
words to symbolize the external appearance or characteris-
tics of an object, however, they often fail to consider impor-
tant aspects such as function and thus may understand some
words quite differently from adults. To an adult, the word
"coat" refers to a whole family of external garments that may
be long or short, heavy or light, and so on. To a preopera-
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with only the one he or she wears, and the garment that
Daddy wears would require another word.

A particularly prominent feature of thought processes of
children at this age is the concrete nature of the process and
hence, the concrete or literal nature of their language. In this
sense, concrete is the opposite of abstract. Children in the
preoperational period understand the world in the way
they sense it through the five primary senses. Concepts that
cannot be seen, heard, smelled, tasted, or felt—for example,
time and health—are very difficult for preoperational chil-
dren to grasp. At this age, children use and understand lan-
guage in a literal sense and thus understand words only as
they have learned them. They are not able to comprehend
more than the literal meaning of idioms, and sarcastic or
ironic statements are likely to be misinterpreted.

A general feature of thought processes and language
during the preoperational period is egocentrism, meaning
that the child is incapable of assuming another person's
point of view. At this stage, his own perspective is all that he
can manage—assuming another's view is simply beyond his
mental capabilities.

Still another characteristic of thought processes at this
stage is animism, investing inanimate objects with life. Essen-
tially everything is seen as being alive by a young child, and
so stories that invest the most improbable objects with life
are quite acceptable to children of this age. Animism can be
used to the dental team's advantage by giving dental instru-
ments and equipment lifelike names and qualities. For
example, the handpiece can be called "Whistling Willie" who
is happy while he works at polishing the child's teeth.

At this stage, capabilities for logical reasoning are limited,
and the child's thought processes are dominated by imme-
diate sensory impressions. This characteristic can be illus-
trated by asking the child to solve a liquid conservation
problem. The child is first shown two equal-size glasses with
water in them. The child agrees that both contain the same
amount of water. Then the contents of one glass are poured
into a taller, narrower glass while the child watches. Now
when asked which container has more water, the child will
usually say that the tall one does. Her impressions are dom-
inated by the greater height of the water in the tall glass.

For this reason, the dental staff should use immediate
sensations rather than abstract reasoning in discussing con-
cepts like prevention of dental problems with a child at this
stage. Excellent oral hygiene is very important when an
orthodontic appliance is present (a lingual arch to prevent
drift of teeth, for instance). A preoperational child will have
trouble understanding a chain of reasoning like the follow-
ing: "Brushing and flossing remove food particles, which in
turn prevents bacteria from forming acids, which cause
tooth decay." He or she is much more likely to understand:
"Brushing makes your teeth feel clean and smooth," and,
"Toothpaste makes your mouth taste good," because these
statements rely on things the child can taste or feel
immediately.
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A knowledge of these thought processes obviously can be
used to improve communication with children of this age.?®
A further example would be talking to a 4-year-old about
how desirable it would be to stop thumb sucking. The dentist
might have little problem in getting the child to accept
the idea that "Mr. Thumb" was the problem, and that the
dentist and the child should form a partnership to control
Mr. Thumb, who wishes to get into the child's mouth.
Animism, in other words, can apply even to parts of the
child's own body, which seem to take on a life of their own
in this view.

On the other hand, it would not be useful to point out to
the child how proud his father would be if he stopped
sucking his thumb, since the child would think his father's
attitude was the same as the child's (egocentrism). Since the
child's view of time is centered around the present, and he
or she is dominated by how things look, feel, taste, and sound
now, there also is no point in talking to the 4-year-old about
how much better his teeth will look in the future if he stops
sucking his thumb. Telling him that the teeth will feel better
now or talking about how bad his thumb tastes, however,
may make an impact, since he can relate to that.

3. Period of Concrete Operations. As a child moves into
this stage, typically after a year or so of preschool and first
grade activity, an improved ability to reason emerges. He or
she can use a limited number of logical processes, especially
those involving objects that can be handled and manipulated
(i.e., concrete objects). Thus an 8-year-old could watch the
water being poured from one glass to another, imagine the
reverse of that process, and conclude that the amount of
water remains the same no matter what size the container is.
If a child in this stage is given a similar problem, however,
stated only in words with no concrete objects to illustrate it,
the child may fail to solve it. The child's thinking is still
strongly tied to concrete situations, and the ability to reason
on an abstract level is limited.

By this stage, the ability to see another point of view
develops, while animism declines. Children in this period are
much more like adults in the way they view the world, but
they are still cognitively different from adults. Presenting
ideas as abstract concepts rather than illustrating them with
concrete objects can be a major barrier to communication.
Instructions must be illustrated with concrete objects. "Now,
wear your retainer every night and be sure to keep it
clean," is too abstract. More concrete directions would be:
"This is your retainer. Put it in your mouth like this, and take
it out like that. Put it in every evening right after dinner
before you go to bed, and take it out before breakfast every
morning. Brush it like this with an old toothbrush to keep
it clean."

4. Period of Formal Operations. For most children, the
ability to deal with abstract concepts and abstract reasoning
develops by about age 11. At this stage, the child's thought
process has become similar to that of an adult, and the child
is capable of understanding concepts like health, disease, and
preventive treatment. At this stage, intellectually, the child
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can and should be treated as an adult. It is as great a mistake
to talk down to a child who has developed the ability to deal
with abstract concepts, using the concrete approach needed
with an 8-year-old, as it is to assume that the 8-year-old can
handle abstract ideas. Successful communication, in other
words, requires a feel for the child's stage of intellectual
development.

In addition to the ability to deal with abstractions,
teenagers have developed cognitively to the point where they
can think about thinking. They are now aware that others
think, but usually, in a new expression of egocentrism,
presume that they and others are thinking about the same
thing. Because young adolescents are experiencing tremen-
dous biologic changes in growth and sexual development,
they are preoccupied with these events. When an adolescent
considers what others are thinking about, he assumes that
others are thinking about the same thing he is thinking
about, namely, himself. Adolescents assume that others are
as concerned with their bodies, actions, and feelings as they
themselves are. They feel as though they are constantly "on
stage,” being observed and criticized by those around them.
This phenomenon has been called the "imaginary audience"
by Elkind.?’

The imaginary audience is a powerful influence on young
adolescents, making them quite self-conscious and particu-
larly susceptible to peer influence. They are very worried
about what peers will think about their appearance and
actions, not realizing that others are too busy with them-
selves to be paying attention to much other than themselves.

The reaction of the imaginary audience to braces on the
teeth, of course, is an important consideration to a teen-
age patient. As orthodontic treatment has become more
common, adolescents have less concern about being singled
out because they have braces on their teeth, but they are very
susceptible to suggestions from their peers about how the
braces should look. In some settings, this has led to pleas for
tooth-colored plastic or ceramic brackets (to make them less
visible); at other times, brightly colored ligatures and elas-
tics have been popular (because everybody is wearing them).

The notion that "others really care about my appearance
and feelings as much as | do" leads adolescents to think they
are quite unique, special individuals. If this were not so, why
would others be so interested in them? As a result of this
thought, a second phenomenon emerges, which Elkind called
the "personal fable." This concept holds that "because | am
unigue, | am not subject to the consequences others will
experience." The personal fable is a powerful motivator that
allows us to cope in a dangerous world. It permits us to do
things such as travel on airplanes while knowing that "occa-
sionally they crash, but the one I'm on will arrive safely."

While both the imaginary audience and the personal fable
have useful functions in helping us develop a social aware-
ness and allowing us to cope in a dangerous environment,
they may also lead to dysfunctional behavior and even fool-
hardy risk-taking. The adolescent may drive too fast, think-
ing, "l am unique. I'm especially skilled at driving. Other less
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skillful drivers may have wrecks, but not I." These phenom-
ena are likely to have significant influence on orthodontic
treatment. The imaginary audience, depending on what the
adolescent believes, may influence him to accept or reject
treatment, and to wear or not wear appliances. The personal
fable may make a patient ignore threats to health, such as
decalcification of teeth from poor oral hygiene during ortho-
dontic therapy. The thought, of course, is, "Others may have
to worry about that, but | don't."

The challenge for the dentist is not to try to impose
change on reality as perceived by adolescents, but rather to
help them more clearly see the actual reality that surrounds
them. A teenage patient may protest to his orthodontist that
he does not want to wear a particular appliance because
others will think it makes him "look goofy." In this situation,
telling the patient that he should not be concerned because
many of his peers also are wearing this appliance does little
to encourage him to wear it. A more useful approach, one
does not deny the point of view of the patient, is to agree
with him that he may be right in what others will think, but
ask him to give it a try for a specified time. If his peers do
respond as the teenager predicts, then a different, but less
desirable, treatment technique can be discussed. This test of
the teenager's perceived reality usually demonstrates that the
audience does not respond negatively to the appliance, or
that the patient can successfully cope with the peer response.
Wearing interarch elastics while in public often falls into this
category. Encouraging a reluctant teenager to try it and judge
his peers' response is much more likely to get him to wear
the elastics than telling him everybody else does it so he
should too (Figure 2-56).

Sometimes, teenage patients have experience with the
imaginary audience regarding a particular appliance but
have incorrectly measured the response of the audience.
They may require guidance to help them accurately assess
the view of the audience. Experience with 13-year-old Beth
illustrates this point. Following the loss of a maxillary central
incisor in an accident, treatment for Beth included a remov-
able partial denture to replace the tooth. She and her parents
had been told on several occasions that it would be neces-
sary to wear the removable appliance until enough healing
and growth had occurred to permit treatment with a fixed
bridge. At a routine recall appointment, Beth asked if the
bridge could be placed now. Realizing that this must be a sig-
nificant concern for Beth, the dentist commented "Beth,
wearing this partial must be a problem. Tell me more about
it." Beth replied, "It's embarrassing.” Inquiring further, the
dentist asked, "When is it embarrassing?" Beth said, "When
| spend the night at other girls' homes and have to take it out
to brush my teeth." "Well, what is the response of the girls
when they see you remove your tooth?" Beth replied, "They
think it's neat." Nothing more was said about the tooth and
the conversation moved to the vacation that Beth's family
was planning.

This illustration indicates how it is possible to provide
guidance toward a more accurate evaluation of the attitude
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Wearing your orthodontic elastics during the
championship high school basketball game, as this newspaper
photo shows he obviously was doing, is acceptable to your
peers—but the orthodontist is more likely to convince a teenager
of that by encouraging him to try it and test their response, than
by telling him that he should do it because everybody else does.
(Courtesy T.P. Laboratories.)

of the audience and thus allow teenagers to solve their own
problems. This approach on the part of the dentist neither
argues with the teenager's reality nor uncritically accepts it.
One role of an effective dental professional is to help
teenagers test the reality that actually surrounds them.

To be received, the dentist's message must be presented in
terms that correspond to the stage of cognitive and psy-
chosocial development that a particular child has reached. It
is the job ofthe dentist to carefully evaluate the development
of the child, and to adapt his or her language so that con-
cepts are presented in a way that the patient can understand
them. The adage "different strokes for different folks" applies
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strongly to children, whose variations in intellectual and psy-
chosocial development affect the way they receive ortho-
dontic treatment, just as their differing stages of physical

development do.
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PRENATAL INFLUENCES ON
FACIAL DEVELOPMENT

A general understanding ofthe formation of the face, as pre-
sented in the standard embryology texts, is presumed in the
discussion that follows. The focus here is on the events in
prenatal development that are particularly pertinent to
orthodontic problems later in life.

Embryologic Development

In broad overview, nearly all the tissues of the face and neck
originate from ectoderm. This includes the muscular and
skeletal elements that elsewhere in the body are derived from
mesoderm. Most of these tissues develop from neural crest
cells that migrate downward beside the neural tube and lat-
erally under the surface ectoderm.® After the crest cells have
completed their migration, facial growth is dominated by
regional growth centers as the organ systems are formed and
the final differentiation of tissues occurs.

There are five principal stages in craniofacial develop-
ment (Table 3-1): (1) germ layer formation and initial organ-
ization of craniofacial structures; (2) neural tube formation
and initial formation of the oropharynx; (3) origins, migra-
tions and interactions of cell populations, especially neural
crest cells; (4) formation of organ systems, especially the
pharyngeal arches and the primary and secondary palates;
and (5) final differentiation of tissues (skeletal, muscular,
and nervous elements).? Some specific abnormalities in
facial form and jaw relationships can be traced to the very
early first and second stages. For example, the characteristic
facies of fetal alcohol syndrome (FAS) (Figure 3-1) is due to
deficiencies of midline tissue of the neural plate very early
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TABLE 3-1

Stages of Embryonic Craniofacial Development

Time (humans)

Stage (post-fertilization) Related syndromes
Germ layer formation and initial organization of structures Day 17 Fetal alcohol syndrome (FAS)
Neural tube formation Days 18-23 Anencephaly
Origin, migration, and interaction of cell populations Days 19-28 Hemifacial microsomia
Mandibulofacial dysostosis
(Treacher Collins syndrome)
Limb abnormalities
Formation of organ systems
Primary palate Days 28-38 Cleft lip and/or palate, other facial clefts
Secondary palate Days 42-55 Cleft palate
Final differentiation of tissues Day 50-birth Achondroplasia

Synostosis syndromes
(Crouzon's, Apert's, etc)

Facial features of fetal alcohol syndrome

s

Associated
features

Discriminating
features

Low nasal bridge

Short palpebral fissures SlpreamiTe ke

Flat midface
Short nose
Indistinct philtrum
Thin upper lip

Minor ear anomlies

Micrognathia

The characteristic facial appearance of fetal alcohol syndrome (FAS), caused by exposure to very high blood alcohol
levels during the first trimester of pregnancy.

in embryonic development, caused by exposure to very high
levels of ethanol. Although such blood levels can be reached
only in extreme intoxication in chronic alcoholics, the result-
ing facial deformity occurs frequently enough to be impli-
cated in many cases of midface deficiency.®

Neural Crest Cell Problems

Many of the problems that result in craniofacial anomalies
arise in the third stage of development, neural crest cell
origin and migration. Since most structures of the face are
ultimately derived from migrating neural crest cells (Figure
3-2), it is not surprising that interferences with this migra-
tion produce facial deformities. At the completion of the
migration of the neural crest cells in the fourth week of

human embryonic life, they form practically all of the loose
mesenchymal tissue in the facial region that lies between the
surface ectoderm and the underlying forebrain and eye and
most of the mesenchyme in the mandibular arch. Most of
the neural crest cells in the facial area later differentiate into
skeletal and connective tissues, including the bones of the
jaw and the teeth.

The importance of neural crest migration and the possi-
bility of drug-induced impairment has been demonstrated
clearly by unfortunate experience. In the 1960s and 70s,
exposure to thalidomide caused major congenital defects
including facial anomalies in thousands of children. In the
1980s, severe facial malformations related to the anti-acne
drug isotretinoin (Accutane) were reported. The similarities
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Diagrammatic lateral sections of embryos at 20 and 24 days, showing formation ofthe neural folds, neural groove and
neural crest. A, At 20 days, neural crest cells can be identified at the lips of the deepening neural groove, forerunner of the central
nervous system. B, At 24 days, the neural crest cells (pink) have separated from the neural tube and are beginning their extensive migra-
tion beneath the surface ectoderm. The migration is so extensive, and the role of these neural crest cells so important in formation of
structures of the head and face, that they can almost be considered a fourth primary germ layer.

in the defects make it likely that both these drugs affect the
formation and/or migration of neural crest cells.

Altered neural crest development also has been impli-
cated in mandibulofacial dysostosis (Treacher Collins syn-
drome) and hemifacial microsomia. In Treacher Collins
syndrome, both the maxilla and mandible are underdevel-
oped as a result of a generalized lack of mesenchymal tissue
(Figure 3-3). The best evidence suggests that the problem
arises because of excessive cell death (cause unknown) in the
trigeminal ganglion, which secondarily affects neural
crest-derived cells.*

Hemifacial microsomia, as the name suggests, is prima-
rily a unilateral and always an asymmetrical problem. It is
characterized by a lack of tissue on the affected side of the
face (Figure 3-4). Typically, the external ear is deformed and
both the ramus of the mandible and associated soft tissues
(muscle, fascia) are deficient or missing (see Figure 3-4). An
early explanation of the condition was that it was due to
hemorrhage from the stapedial artery at the time, about 6
weeks after conception, when the maxillary artery takes over
the blood supply to the affected area. More recent work sug-
gests that, although hemorrhage at the critical time may be
involved, hemifacial microsomia arises primarily from early
loss of neural crest cells.? Neural crest cells with the longest
migration path, those taking a circuitous route to the lateral
and lower areas of the face, are most affected, whereas those
going to the central face tend to complete their migratory
movement. This explains why midline facial defects includ-
ing clefts rarely are part of the syndrome. Some degree of
asymmetry may be present, but both sides are affected.
Neural crest cells migrating to lower regions are important
in the formation of the great vessels (aorta, pulmonary
artery, aortic arch), and they also are likely to be affected. For

this reason defects in the great vessels (as in the tetralogy of
Fallot) are common in children with hemifacial microsomia.
The spectrum of deformities induced by thalidomide and
isotretinoin includes conditions similar to both mandibulo-
facial dysostosis and hemifacial microsomia.

Facial Cleft Problems

The most common congenital defect involving the face and
jaws, second only to clubfoot in the entire spectrum of con-
genital deformities, is clefting of the lip, palate, or, less com-
monly, other facial structures. Clefts arise during the fourth
developmental stage. Exactly where they appear is deter-
mined by the locations at which fusion of the various facial
processes failed to occur (Figures 3-5 and 3-6), and this in
turn is influenced by the time in embryologic life when some
interference with development occurred.

Clefting of the lip occurs because of a failure of fusion
between the median and lateral nasal processes and the max-
illary prominence, which normally occurs in humans during
the sixth week of development. At least theoretically a
midline cleft of the upper lip could develop because of a split
within the median nasal process, but this almost never
occurs. Instead, clefts of the lip occur lateral to the midline
on either or both sides (Figure 3-7). Since the fusion of these
processes during primary palate formation creates not only
the lip but the area of the alveolar ridge containing the
central and lateral incisors, it is likely that a notch in the alve-
olar process will accompany a cleft lip even ifthere is no cleft
of the secondary palate.

Closure of the secondary palate by elevation of the palatal
shelves (Figures 3-8 and 3-9) follows that of the primary
palate by nearly 2 weeks, which means that an interference
with lip closure that still is present can also affect the palate.



FIGURE 3-3 In the Treacher Collins syn-

drome (also called mandibulofacial dysosto-
sis), a generalized lack of mesenchymal tissue
in the lateral part of the face is the major cause
of the characteristic facial appearance. Note
the underdevelopment of the lateral orbital
and zygomatic areas. The ears also may
be affected. A, Patient at age 12 before and,
B, immediately after surgical treatment to
advance the mid-face. C,D, Age 16. Note the
change in the lateral orbital margins.

About 60% of individuals with a cleft lip also have a palatal
cleft (Figure 3-10). An isolated cleft of the secondary palate
is the result of a problem that arose after lip closure was
completed. Incomplete fusion of the secondary palate, which
produces a notch in its posterior extent (sometimes only a
bifid uvula), indicates a very late-appearing interference with
fusion.

The width of the mouth is determined by fusion of the
maxillary and mandibular processes at their lateral extent,
and so a failure of fusion in this area could produce an excep-
tionally wide mouth, or macrostomia. Failure of fusion
between the maxillary and lateral processes could produce
an obliquely directed cleft of the face. Other patterns of facial
clefts are possible, based on the details of fusion.’® Fortu-
nately, these conditions are rare.
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Morphogenetic movements of the tissues are a prominent

part of the fourth stage of facial development. As these have
become better understood, the way in which clefts of the lip
and palate develop has been clarified. For example, it is
known now that cigarette smoking by the mother is an eti-
ologic factor in the development of cleft lip and palate.® An
important initial step in development of the primary palate
is a forward movement of the lateral nasal process, which
positions it so that contact with the median nasal process is
possible. The hypoxia associated with smoking probably
interferes with this movement.

Synostosis Problems
Another major group of craniofacial malformations arise
considerably later than the ones discussed so far, during the
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final stage of facial development and in the fetal rather than
the embryologic period of prenatal life. These are the cran-
iosynostosis syndromes, which result from early closure of
the sutures between the cranial and facial bones. In fetal life,
normal cranial and facial development is dependent on
growth adjustments at the sutures in response to growth of
the brain and facial soft tissues. Early closure of a suture,
called synostosis, leads to characteristic distortions depend-
ing on the location of the early fusion.”

In hemifacial microsomia, both the external ear
and the mandibular ramus are deficient or absent on the affected
side. (From Proffit WR, White RP, Sarver DM. Contemporary
Treatment of Dentofacial Deformity. St. Louis: Mosby; 2003.)

TABLE 3-2

Chronology of Tooth Development, Primary Dentition
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Crouzon's syndrome is the most frequently occurring
member of this group. It is characterized by underdevelop-
ment of the midface and eyes that seem to bulge from their
sockets (Figure 3-11). Crouzon's syndrome arises because of
prenatal fusion of the superior and posterior sutures of the
maxilla, along the wall of the orbit. The premature fusion
frequently extends posteriorly into the cranium, producing
distortions ofthe cranial vault as well. If fusion in the orbital
area prevents the maxilla from translating downward and
forward, the result must be severe underdevelopment of the
middle third of the face. The characteristic protrusion of the
eyes is largely an illusion—the eyes appear to bulge outward
because the area beneath them is underdeveloped. There
may be a component of true extrusion of the eyes, however,
because when cranial sutures become synostosed, intracra-
nial pressure increases.

Although the characteristic deformity is recognized at
birth, the situation worsens as growth disturbances caused
by the fused sutures continue postnatally. Surgery to release
the sutures is necessary at an early age.

Late Fetal Development and Birth

By the third trimester of intrauterine life, the human fetus
weighs approximately 1000 grams and though far from ready
for life outside the protective intrauterine environment, can
often survive premature birth. During the last 3 months of
intrauterine life, continued rapid growth results in a tripling
of body mass to about 3000 grams. Dental development,
which begins in the third month, proceeds rapidly thereafter
(Table 3-2). Development of all primary teeth and the per-
manent first molars starts well before birth.

Although the proportion of the total body mass repre-
sented by the head decreases from the fourth month of
intrauterine life onward, at birth the head is still nearly half
the total body mass and represents the largest impediment
to passage of the infant through the birth canal. Making the
head longer and narrower obviously would facilitate birth,

CALCIFICATION CROWN ROOT
BEGINS COMPLETED ERUPTION COMPLETED

Tooth Max. Mand. Max. Mand. Max. Mand. Max. Mand.
Central 14wk. in utero 14wk. in utero 1Ymo. 2Y,mo 10 mo. 8 mo. 1Y%, yr. 1Y,yr.
Lateral 16wk. in utero 16wk. in utero 2%/,mo. 3 mo. 11 mo. 13 mo. 2yr. 1Y5yr.
Canine 17wk. in utero 17wk. in utero 9 mo. 9 mo. 19 mo. 20 mo. 3Y,yr. 3 4yr.
1st Molar 15wk. in utero 15wk. in utero 6 mo. 5%/,mo. 16 mo. 16 mo. 2% yr. 2 4yr.
2nd Molar 19wk. in utero 18wk. in utero 11 mo. 10 mo. 29 mo. 27 mo. 3yr. 3yr.
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Scanning electron micrographs of mouse embryos (which are very similar to human embryos at this stage of devel-
opment), showing the stages in facial development. A, Early formation of the face about 24 days after conception in the human. B, At
a stage equivalent to about 31 days in the human, the medial and lateral nasal processes can be recognized alongside the nasal pit.
C, Fusion of the median nasal, lateral nasal, and maxillary processes forms the upper lip, while fusion between the maxillary and
mandibular processes establishes the width ofthe mouth opening. This stage is reached at about 36 days in the human. (Courtesy Dr.

K. sulik.)

and this is accomplished by a literal distortion of its shape
(Figure 3-12). The change of shape is possible because at
birth, relatively large uncalcified fontanelles persist between
the flat bones of the brain case. As the head is compressed
within the birth canal, the brain case (calvarium) can
increase in length and decrease in width, assuming the
desired tubular form and easing passage through the birth
canal.

The relative lack of growth of the lower jaw prenatally also
makes birth easier, since a prominent bony chin at the time

of birth would be a considerable problem in passage through
the birth canal. Many a young dentist, acutely aware of the
orthodontic problems that can arise later because of skeletal
mandibular deficiency, has been shocked to discover how
incredibly mandibular deficient his or her own newborn is,
and has required reassurance that this is a perfectly normal
and indeed desirable phenomenon. Postnatally, the
mandible grows more than the other facial structures
and gradually catches up, producing the eventual adult
proportions.
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Schematic representations of fusion of the facial processes. A, Diagrammatic representation of structures at 31 days,
when fusion is just beginning. B, Relationships at 35 days, when the fusion process is well-advanced. C, Schematic representation of
the contribution of the embryonic facial processes to the structures of the adult face. The medial nasal process contributes the central
part of the nose and the philtrum of the lip. The lateral nasal process forms the outer parts of the nose, and the maxillary process forms
the bulk ofthe upper lip and the cheeks. (B, Redrawn from Ten Cate AR. Oral Histology, ed 3. St Louis: Mosby; 1989; C, redrawn from

Sulik KK, Johnston MC. Scan Elect Microsc 1:309-322, 1982.)

Unilateral cleft lip in an infant. Note that the
cleft is not in the midline, but lateral to the midline.

Despite the physical adaptations that facilitate it, birth is
a traumatic process. In the best of circumstances, being
thrust into the world requires a dramatic set of physiologic
adaptations. For a short period, growth ceases and often
there is a small decrease in weight during the first 7 to 10
days oflife. Such an interruption in growth produces a phys-
ical effect in skeletal tissues that are forming at the time,
because the orderly sequence of calcification is disturbed.
The result is a noticeable line across both bones and teeth
that are forming at the time. However, bones are not visible
and are remodeled to such an extent that any lines caused by

the growth arrest at birth would soon be covered over at
any rate.

Teeth, on the other hand, are quite visible, and the extent
of any growth disturbance related to birth can be seen in the
enamel, which is not remodeled. Almost every child has a
"neonatal line" across the surface of the primary teeth, its
location varying from tooth to tooth depending on the stage
of development at birth (Figure 3-13). Under normal cir-
cumstances, the line is so slight that it can be seen only ifthe
tooth surface is magnified, but if the neonatal period was
stormy, a prominent area of stained, distorted, or poorly cal-
cified enamel can be the result.?

Birth is not the only circumstance that can have this
effect. As a general rule, it can be anticipated that growth
disturbances lasting 1 to 2 weeks or more, such as the one
that accompanies birth or a growth cessation caused by a
febrile illness later, will leave a visible record in the enamel
of teeth forming at the time. Permanent as well as primary
teeth can be affected by illnesses during infancy and early
childhood.

INFANCY AND EARLY CHILDHOOD: THE
PRIMARY DENTITION YEARS

Physical Development in the Preschool Years

The general pattern of physical development after birth is a
continuation of the pattern of the late fetal period: rapid
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mouse embryos sectioned in the frontal plane. A, Before
elevation of the palatal shelves. B, Immediately after
depression of the tongue and elevation of the shelves.
(Courtesy Dr. K. Sulik.)

growth continues, with a relatively steady increase in height
and weight, although the rate of growth declines as a per-
centage of the previous body size (Figure 3-14).

Three circumstances merit special attention:

1. Premature birth (low birth weight). Infants weighing
less than 2500 gm at birth are at greater risk of problems in
the immediate postnatal period. Since low birth weight is a
reflection of premature birth, it is reasonable to establish the
prognosis in terms of birth weight rather than estimated ges-
tational age. Until recent years, children with birth weights
below 1500gm often did not survive. Even with the best
current specialized neonatal services, the chances of survival
for extremely low birth weight infants (less than 1000gm)
are not good, though some now are saved.

If a premature infant survives the neonatal period,
however, there is every reason to expect that growth will
follow the normal pattern and that the child will gradually
overcome the initial handicap (Figure 3-15). Premature
infants can be expected to be small throughout the first
and into the second years of life. In many instances, by
the third year of life premature and normal-term infants
are indistinguishable in attainment of developmental
milestones.®
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2. Chronic illness. Skeletal growth is a process that can
occur only when the other requirements of the individual
have been met. A certain amount of energy is necessary to
maintain life. An additional amount is needed for activity,
and a further increment is necessary for growth. For a
normal child, perhaps 90% of the available energy must be
"taken offthe top" to meet the requirements for survival and
activity, leaving 10% for growth.

Chronic iliness alters this balance, leaving relatively less of
the total energy available to support growth. Chronically ill
children typically fall behind their healthier peers, and if the
iliness persists, the growth deficit is cumulative. An episode
of acute illness leads to a temporary cessation of growth, but
if the growth interruption is relatively brief, there will be no
long-term effect. The more chronic the iliness, the greater
the cumulative impact. Obviously, the more severe the
iliness, the greater the impact at any given time. Children
with congenital hormone deficiencies provide an excellent
example. If the hormone is replaced, a dramatic improve-
ment in growth and recovery toward normal height and
weight often occurs (Figure 3-16). A congenital heart defect
can have a similar effect on growth, and similarly dramatic
effects on growth can accompany repair of the defect.*
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Scanning electron micrographs of the stages in palate closure (mouse embryos sectioned so that the lower jaw has
been removed), analogous to the same stages in human embryos. A, At the completion of primary palate formation. B, Before eleva-
tion ofthe palatal shelves, equivalent to Figure 3-8, A; C, Shelves during elevation. D, Initial fusion ofthe shelves at a point about one
third of the way back along their length. E, Secondary palate immediately after fusion. (Courtesy Dr. K. Sulik.)
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A, Bilateral cleft lip and palate in an infant. The separation of the premaxilla from the remainder of the maxilla is

shown clearly. B, Same child after lip repair.

Facial appearance in Crouzon's syndrome of moderate severity, at age 8 years 8 months. Note the wide separation of
the eyes (hypertelorism) and deficiency of the midfacial structures, both of which are characteristic of this syndrome. Because of pre-
mature suture fusion, forward development of the midface is retarded, which produces the apparent protrusion of the eyes.

Psychologic and emotional stress in extreme cases can affect
physical growth in somewhat the same way as chronic iliness
(Figure 3-17).

3. Nutritional status. For growth to occur, there must be
a nutritional supply in excess of the amount necessary for
mere survival. Chronically inadequate nutrition, therefore,
has an effect similar to chronic illness. On the other hand,
once a level of nutritional adequacy has been achieved,

additional nutritional intake is not a stimulus to more rapid
growth. Adequate nutrition, like reasonable overall health, is
a necessary condition for normal growth but is not a stim-
ulus to it.

An interesting phenomenon of the last 300 or 400 years,
particularly the twentieth century, has been a generalized
increase in size of most individuals. There has also been a
lowering in the age of sexual maturation, so that children



This photograph of a newborn infant clearly
shows the head distortion that accompanies (and facilitates)
passage through the birth canal. Note that the head has been
squeezed into a more elliptical or tubular "cone-head" shape, a
distortion made possible by the presence of the relatively large
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The curve for growth in height for a boy with

isolated growth hormone deficiency. No treatment was possible
until he was 6.2 years of age. At that point, human growth
hormone (HGH) became available, and it was administered reg-
ularly from then until age 19, except for 6 months between 12.5
and 13 years. The beginning and end of HGH administration are
indicated by the arrows. The open circles represent height plotted
against bone age, thus delay in bone age is represented by the
length of each horizontal dashed line. It is 35 years at the begin-
ning oftreatment, and 0.8 years at 11 to 12 years, when catch-up
was essentially complete. Note the very high growth rate imme-
diately after treatment started, equal to the average rate of a 1-
year old infant. (Redrawn from Tanner JM, Whitehouse RH. Atlas
of Children's Growth. London: Academic Press; 1982.)
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BN Svl The effect of a change in social environment

on growth oftwo children who had an obviously disturbed home
environment, but no identifiable organic cause for the growth
problem. When both children were placed in a special boarding
school where presumably their psychosocial stress was lessened,
both responded with above-average growth though the more
severely affected child was still outside the normal range 4 years
later. The mechanism by which psychosocial stress can affect
growth so markedly is thought to be induction of a reversible
growth hormone deficiency, accompanied by disturbance
of the nearby appetite center. (Redrawn from Tanner JM,
Whitehouse RH. Atlas of Children's Growth. London: Academic
Press; 1982.)
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|Age at menarche declined in both the United
States and northern European countries in the first half of the
20th century. On the average, children are now larger at any given
age than in the early 1900s, and they also mature more quickly.
This secular trend seems to have leveled off recently. (Redrawn
from Tanner JM. Foetus Into Man. Cambridge, Mass: Harvard
University Press; 1978; 1995 U.S. data from Herman-Giddens,
et al. Pediatrics 99:597-598,1997; 1995 English data from Cooper
C, etal. BrJ Obstet Gynecol 103:814-817,1996; Russian data from
Dubrova YE, et al. Hum Biol 67:755-767, 1995.)

recently have grown faster and matured earlier than they did
previously. Since 1900, in the United States the average
height has increased 2 to 3 inches, and the average age of girls
at first menstruation, the most reliable sign of sexual matu-
rity, has decreased by more than 1 year (Figure 3-18). This
"secular trend" toward more rapid growth and earlier mat-
uration has continued until very recently and may still be
occurring. Recent data suggest that signs of sexual matura-
tion now appear in many girls much earlier than the previ-
ously-accepted standard dates.™*

The trend undoubtedly is related to better nutrition,
which allows the faster weight gain that by itself can trigger
earlier maturation. Because a secular trend also has been
observed in populations whose nutritional status does not
seem to have improved significantly, nutrition may not be
the entire explanation. Exposure to environmental chemicals
that have estrogenic effects (like some pesticides, for
instance) may be contributing to earlier sexual maturation.
On the other hand, a deficiency in one or two essential nutri-
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tional components can serve to limit the rate of growth, even
if the diet is generally adequate. Physical growth requires the
formation of new protein, and it is likely that the amount of
protein may have been a limiting factor for many popula-
tions in the past. A generally adequate diet that was low in
trace minerals, vitamins, or other minor but important com-
ponents may have limited the rate of growth in the past, so
that even a small change to supply previously deficient items
may in some instances have allowed a considerable increase
in growth.

Secular changes in body proportions, which presumably
reflect environmental influences, also have been observed. It
is interesting that skull proportions have changed during the
last century, with the head and face becoming taller and nar-
rower.'> Some anthropologists feel that such changes are
related to the trend toward a softer diet and less functional
loading of the facial skeleton (see Chapter 5), but firm evi-
dence does not exist.

Maturation of Oral Function

The principal physiologic functions of the oral cavity are res-
piration, swallowing, mastication and speech. Although it
may seem odd to list respiration as an oral function, since
the major portal for respiration is the nose, respiratory needs
are a primary determinant of posture of the mandible and
tongue.

At birth, if the newborn infant is to survive, an airway
must be established within a very few minutes and must be
maintained thereafter. As Bosma demonstrated with a classic
radiographic study of newborn infants,** to open the airway,
the mandible must be positioned downward and the tongue
moved downward and forward away from the posterior pha-
ryngeal wall. This allows air to be moved through the nose
and across the pharynx into the lungs. Newborn infants are
obligatory nasal breathers and may not survive if the nasal
passage is blocked at birth. Later, breathing through the
mouth becomes physiologically possible. At all times during
life, respiratory needs can alter the postural basis from which
oral activities begin.

Respiratory movements are "practiced" in utero, although
of course the lungs do not inflate at that time. Swallowing
also occurs during the last months of fetal life, and it appears
that swallowed amniotic fluid may be an important stimu-
lus to activation of the infant's immune system.

Once an airway has been established, the newborn
infant's next physiologic priority is to obtain milk and trans-
fer it into the gastrointestinal system. This is accomplished
by two maneuvers: suckling (not sucking, with which it is
frequently confused) and swallowing.

The milk ducts of lactating mammals are surrounded by
smooth muscle, which contracts to force out the milk. To
obtain milk, the infant does not have to suck it from the
mother's breast and probably could not do so. Instead, the
infant's role is to stimulate the smooth muscle to contract
and squirt milk into his mouth. This is done by suckling,



H[CIVN=RLIl Characteristic placement of the tongue against

the lower lip in an infant of a few months of age. At this stage of
development, tongue contact with the lip is maintained most of
the time.

consisting of small nibbling movements of the lips, a reflex
action in infants. When the milk is squirted into the mouth,
it is only necessary for the infant to groove the tongue and
allow the milk to flow posteriorly into the pharynx and
esophagus. The tongue, however, must be placed anteriorly
in contact with the lower lip, so that milk is in fact deposited
on the tongue.

This sequence of events defines an infantile swallow,
which is characterized by active contractions of the muscu-
lature of the lips, a tongue tip brought forward into contact
with the lower lip, and little activity of the posterior tongue
or pharyngeal musculature. Tongue-to-lower lip apposition
is so common in infants that this posture is usually adopted
at rest, and it is frequently possible to gently move the
infant's lip and note that the tongue tip moves with it, almost
as if the two were glued together (Figure 3-19). The suckling
reflex and the infantile swallow normally disappear during
the first year of life.

As the infant matures, there is increasing activation of the
elevator muscles of the mandible as the child swallows. As
semisolid and eventually solid foods are added to the diet, it
is necessary for the child to use the tongue in a more complex
way to gather up a bolus, position it along the middle of the
tongue, and transport it posteriorly. The chewing move-
ments of a young child typically involve moving the
mandible laterally as it opens, then bringing it back toward
the midline and closing to bring the teeth into contact with
the food. By the time the primary molars begin to erupt, this
sort of juvenile chewing pattern is well established. By this
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time also, the more complex movements of the posterior
part of the tongue have produced a definite transition
beyond the infantile swallow.

Maturation of oral function can be characterized in
general as following a gradient from anterior to posterior. At
birth, the lips are relatively mature and capable of vigorous
suckling activity, whereas more posterior structures are quite
immature. As time passes, greater activity by the posterior
parts of the tongue and more complex motions of the pha-
ryngeal structures are required.

This principle of front-to-back maturation is particularly
well illustrated by the acquisition of speech. The first speech
sounds are the bilabial sounds /m/, /p/, and /b/—which is
why an infant's first word is likely to be "mama" or "papa."”
Somewhat later, the tongue tip consonants like /t/ and Id/
appear. The sibilant /s/ and /z/ sounds, which require that
the tongue tip be placed close to but not against the palate,
come later still, and the last speech sound, /r/, which requires
precise positioning of the posterior tongue, often is not
acquired until age 4 or 5.

Nearly all modern infants engage in some sort of habit-
ual non-nutritive sucking—sucking a thumb, finger, or a
similarly shaped object. Some fetuses have been reported to
suck their thumbs in utero, and the vast majority of infants
do so during the period from 6 months to 2 years or later.
This practice is culturally determined to some extent, since
children in primitive groups who are allowed ready access to
the mother's breast for a long period rarely suck any other
object.™*

After the eruption of the primary molars during the
second year, drinking from a cup replaces drinking from a
bottle or continued nursing at the mother's breast, and the
number of children who engage in non-nutritive sucking
diminishes. When sucking activity stops, a continued transi-
tion in the pattern of swallow leads to the acquisition of an
adult pattern. This type of swallow is characterized by a ces-
sation of lip activity (i.e., lips relaxed, the placement of the
tongue tip against the alveolar process behind the upper inci-
sors, and the posterior teeth brought into occlusion during
swallowing). As long as sucking habits persist, however, there
will not be a total transition to the adult swallow.

Surveys of American children indicate that at age 8, about
60% have achieved an adult swallow, while the remaining
40% are still somewhere in the transition.*® After sucking
habits are extinguished, a complete transition to the adult
swallow may require some months. This is complicated,
however, by the fact that an anterior open bite, which may
well be present if a sucking habit has persisted for a long
time, can delay the transition even further because of the
physiologic need to seal the anterior space. The relationship
of tongue position and the pattern of swallowing to maloc-
clusion is discussed further in Chapter 5.

The chewing pattern of the adult is quite different from
that of a typical child: an adult typically opens straight down,
then moves the jaw laterally and brings the teeth into
contact, whereas a child moves the jaw laterally on opening
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Chewing movements at the central incisor

Cheease - left side
Female, age 24

Chewing movements of an adult contrasted to
a child. Children move the jaw laterally on opening, while adults
open straight down, then move the jaw laterally. (Redrawn from
Lundeen HC, Gibbs CH. Advances in Occlusion. Boston, Mass:
John Wright's PSG; 1982.)

(Figure 3-20). The transition from the juvenile to adult
chewing pattern appears to develop in conjunction with
eruption of the permanent canines, at about age 12. Inter-
estingly, adults who do not achieve normal function of the
canine teeth because of a severe anterior open bite retain the
juvenile chewing pattern.*®

Eruption of the Primary Teeth

At birth, neither the maxillary nor the mandibular alveolar
process is well developed. Occasionally, a "natal tooth" is
present, although the first primary teeth normally do not
erupt until approximately 6 months of age. The natal tooth
may be a supernumerary one, formed by an aberration in
the development of the dental lamina, but usually is merely
a very early but otherwise normal central incisor. Because of
the possibility that it is perfectly normal, such a natal tooth
should not be extracted casually.

The timing and sequence of eruption of the primary teeth
are shown in Table 3-2. The dates of eruption are relatively
variable; up to 6 months of acceleration or delay is within
the normal range. The eruption sequence, however, is usually
preserved. One can expect that the mandibular central inci-
sors will erupt first, closely followed by the other incisors.
After a 3-to-4 month interval, the mandibular and maxillary
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Slcl8]I=l54 M The crowns of the permanent incisors (gray) lie

lingual to the crowns ofthe primary incisors (yellow), particularly
in the case of the maxillary laterals. Arrows point to the primate
spaces.

first molars erupt, followed in another 3 or 4 months by
the maxillary and mandibular canines, which nearly fill the
space between the lateral incisor and first molar. The
primary dentition is usually completed at 24 to 30 months
as the mandibular, then the maxillary second molars erupt.

Spacing is normal throughout the anterior part of the
primary dentition but is most noticeable in two locations,
called the primate spaces. (Most subhuman primates have
these spaces throughout life, thus the name.) In the maxil-
lary arch, the primate space is located between the lateral
incisors and canines, whereas in the mandibular arch, the
space is between the canines and first molars (Figure 3-21).
The primate spaces are normally present from the time the
teeth erupt. Developmental spaces between the incisors are
often present from the beginning, but become somewhat
larger as the child grows and the alveolar processes expand.
Generalized spacing of the primary teeth is a requirement
for proper alignment of the permanent incisors.

LATE CHILDHOOD: THE MIXED
DENTITION YEARS

Physical Development in Late Childhood

Late childhood, from age 5 or 6 to the onset of puberty, is
characterized by important social and behavioral changes
(see Chapter 2) but the physical development pattern of the
previous period continues. The normally different rates of
growth for different tissue systems, however, must be kept
in mind. The maximum disparity in the development of
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(RICIVI=gc”¥”l Panoramic radiograph of normal eruption in a 10-year-old boy. Note that the permanent teeth erupt as resorption of
overlying primary teeth and bone occurs. Resorption must occur to make eruption possible.

different tissue systems occurs in late childhood (see
Figure 2-2).

By age 7, a child has essentially completed his or her
neural growth. The brain and the brain case are as large as
they will ever be, and it is never necessary to buy a child a
larger baseball cap because of growth (unless, of course, the
growth is of uncut hair). Lymphoid tissue throughout the
body has proliferated beyond the usual adult levels, and large
tonsils and adenoids are common. In contrast, growth of the
sex organs has hardly begun and general body growth is only
modestly advanced. During early childhood the rate of
general body growth declines from the rapid pace of infancy,
then stabilizes at a moderate lower level during late child-
hood. Both nutrition and general health can affect the level
at which stabilization occurs.

Eruption ofthe Permanent Teeth

The eruption of any tooth can be divided into several stages.
This includes the primary teeth: the physiologic principles
underlying eruption that are discussed in this section are not
different for the primary teeth, despite the root resorption
that eventually causes their loss. The nature of eruption and
its control before the emergence of the tooth into the mouth
are somewhat different from eruption after emergence, and
we will consider these major stages separately.

Preemergent Eruption

During the period when the crown of a tooth is being
formed, there is a very slow labial or buccal drift of the tooth
follicle within the bone, but this follicular drift is not attrib-
uted to the eruption mechanism itself. In fact, the amount
of change in the position of the tooth follicle is extremely
small, observable only with vital staining experiments and so
small that a follicle can be used as a natural marker in radi-
ographic studies of growth. Eruptive movement begins soon
after the root begins to form. This supports the idea that
metabolic activity within the periodontal ligament is neces-
sary for eruption.

Two processes are necessary for preemergent eruption.
First, there must be resorption of bone and primary tooth
roots overlying the crown of the erupting tooth; second, the
eruption mechanism itself then must move the tooth in the
direction where the path has been cleared (Figure 3-22).
Although the two mechanisms normally operate in concert,
in some circumstances they do not. Investigations of the
results of a failure of bone resorption, or alternately, of a
failure of the eruption mechanism when bone resorption is
normal, have yielded considerable insight into the control of
preemergent eruption.

Defective bone resorption occurs in a mutant species of
mice, appropriately labeled la, for Incisors absent. In these
animals, the deficient bone resorption means that the incisor
teeth cannot erupt, and they never appear in the mouth.
Failure of teeth to erupt because of a failure of bone resorp-
tion also occurs in humans, as for instance in the syndrome
of cleidocranial dysplasia (Figure 3-23). In children with this
condition, not only is resorption of primary teeth and bone
deficient, but heavy fibrous gingiva and multiple supernu-
merary teeth also impede normal eruption. All of these serve
to mechanically block the succedaneous teeth (those replac-
ing primary teeth) from erupting. If the interferences are
removed, the teeth often erupt and can be brought into
occlusion.”

It has been demonstrated experimentally in animals
that the rate of bone resorption and the rate of tooth
eruption are not controlled physiologically by the same
mechanism. For instance, if the tooth bud of a dog premo-
lar is wired to the lower border of the mandible, the tooth
can no longer erupt because of this mechanical obstruction,
but resorption of overlying bone proceeds at the usual rate,
resulting in a large cystic cavity overlying the ligated tooth
bud.*®

On at least two occasions, the same experiment has inad-
vertently been done to a child, in whom an unerupted per-
manent tooth was inadvertently wired to the lower border of
the mandible when a mandibular fracture was repaired
(Figure 3-24). The result was the same as in the animal
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[V 2I A, Panoramic radiograph

of an 8-year-old patient with cleidocranial
dysplasia, showing the characteristic features
of this condition. In cleidocranial dysplasia,
the succedaneous teeth do not erupt because
of abnormal resorption of both bone and
primary teeth, and the eruption of nonsuc-
cedaneous teeth is delayed by fibrotic
gingiva. Supernumerary teeth often are also
present, as in this patient, creating additional
mechanical obstruction. Ifthe obstruction to
eruption is removed, the teeth may erupt
spontaneously, and can be brought into the
arch with orthodontic force if they do not.
B, Age 10, after surgical removal of primary
and supernumerary incisors and uncovering
of the permanent incisors. C, Age 14, after
orthodontic treatment to bring the incisors
into the mouth and surgical removal of
primary canines and molars, as well as super-
numerary teeth in that area. D, Age 16,
toward the completion of orthodontic treat-
ment to bring the remaining teeth into occlu-
sion. The maxillary right second premolar
became ankylosed, but the other teeth
responded satisfactorily to treatment.



Radiographs of a boy whose

lower jaw was fractured at age 10. A, Immediately
after the fracture, when osseous wires were
placed to stabilize the bony segments. One of the
wires inadvertently pinned the mandibular left
canine to the bone, simulating Cahill's experi-
ments with animals. B, One year later. Note that
resorption over the canine has proceeded nor-
mally, clearing its eruption path even though it
has not moved. (Courtesy Dr. John Lin.)

experiments: eruption of the tooth stopped, but bone
resorption continued. In a rare but now well documented
human syndrome called "primary failure of eruption”
affected posterior teeth fail to erupt, presumably because of
a defect in the eruption mechanism.*®?° In these individuals,
bone resorption apparently proceeds normally, but the
involved teeth simply do not follow the path that has been
cleared. They do not respond to orthodontic force and
cannot be moved into position.

It appears, therefore, that resorption is the rate-limiting
factor in preemergent eruption. Normally, the overlying
bone and primary teeth resorb, and the eruption mechanism
then moves the tooth into the space created by the resorp-
tion. The signal for resorption somehow is activated by
the beginning of root formation, but a tooth that is
still embedded in bone can continue to erupt after root
formation is completed, so active formation of the root is
not necessary for continued clearance of an eruption path
or for movement of a tooth along it. A tooth will continue
to erupt after its apical area has been removed, so the
proliferation of cells associated with lengthening of the root
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is not an essential part of the mechanism. Normally, the

rate of eruption is such that the apical area remains at
the same place while the crown moves occlusally, but if
eruption is mechanically blocked, the proliferating apical
area will move in the opposite direction, inducing resorp-
tion where it usually does not occur (Figure 3-25). This
often causes a distortion of root form, which is called
dilaceration.

Despite many years of study, the precise mechanism
through which the eruption force is generated remains
unknown. It appears that the mechanism of eruption prior
to the emergence of a tooth into the mouth, and the mech-
anism after a tooth emerges into the mouth, may be differ-
ent. From animal studies, it is known that substances that
interfere with the development of cross-links in maturing
collagen interfere with eruption, which makes it tempting to
theorize that cross-linking of maturing collagen in the peri-
odontal ligament provides the eruptive force. This seems to
be the case after a tooth comes into function, but the colla-
gen fibers are not well organized prior to emergence of a
tooth into the oral environment—which means that
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collagen maturation cannot be the primary mechanism of

preemergent eruption.

Other possibilities for the eruption mechanism besides
collagen maturation are localized variations in blood pres-
sure or flow, forces derived from contraction of fibroblasts,
and alterations in the extracellular ground substances of the
periodontal ligament similar to those that occur in
thixotropic gels (see Craddock and Younger?! for a review).

Postemergent Eruption

Once a tooth emerges into the mouth, it erupts rapidly until
it approaches the occlusal level and is subjected to the forces
of mastication. At that point, its eruption slows and then as
it reaches the occlusal level of other teeth and is in complete
function, eruption all but halts. The stage of relatively rapid
eruption from the time a tooth first penetrates the gingiva
until it reaches the occlusal level is called the postemergent
spurt, in contrast to the following phase of very slow erup-
tion, termed the juvenile occlusal equilibrium.

Recently new instrumentation has made it possible to
track the short-term movements of a tooth during the poste-
mergent spurt, and it has been observed that eruption occurs
only during a critical period between 8 PM and midnight or
1 AM.22 During the early morning hours and the day, the
tooth stops erupting and often intrudes slightly (Figure 3-
26). The day-night differences in eruption seem to reflect an
underlying circadian rhythm, probably related to the very
similar cycle of growth hormone release. Experiments with
the application of pressure against an erupting premolar
suggest that eruption is stopped by force for only one to three
minutes, so food contacts with the erupting tooth even
though it is out of contact with its antagonist, almost surely
do not explain the daily rhythm.?® In humans, the eruption
of premolars that are moving from gingival emergence
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HIEVX=Z M |In this 14-year-old boy, normal

resorption of the root of the second primary molar
has not occurred, and eruption of the first premolar
has been delayed by mechanical obstruction. Note
the lengthening of the crypt of this tooth, with resorp-
tion at the apical area. Some distortion of root form
is probably also occurring.

toward occlusion has been shown to be affected by changing
blood flow in the apical area. This suggests that blood flow
is at least a contributing factor in the eruption mechanism
up to that point.?*

The eruption mechanism may be different after emer-
gence—collagen crosslinking in the periodontal ligament is
more prominent after a tooth comes into occlusal function,
so shortening of collagen fibers as the mechanism seems
more likely—and the control mechanism certainly is differ-
ent. It seems obvious that as a tooth is subjected to biting
forces that oppose eruption, the overall rate of eruption
would be slowed, and in fact exactly this occurs. In humans,
after the teeth reach the occlusal level, eruption becomes
almost imperceptibly slow although it definitely continues.
During the juvenile equilibrium, teeth that are in function
erupt at a rate that parallels the rate of vertical growth of the
mandibular ramus (Figure 3-27). As the mandible continues
to grow, it moves away from the maxilla, creating a space into
which the teeth erupt. Exactly how eruption is controlled so
that it matches mandibular growth, however, is not known,
and since some of the more difficult orthodontic problems
arise when eruption does not coincide with growth, this is
an important area for further study.

The amount of eruption necessary to compensate for jaw
growth can best be appreciated by observing what happens
when a tooth becomes ankylosed (i.e., fused to the alveolar
bone). An ankylosed tooth appears to submerge over a
period as the other teeth continue to erupt, while it remains
at the same vertical level (Figure 3-28). The total eruption
path of a first permanent molar is about 2.5 cm. Of that dis-
tance, nearly half is traversed after the tooth reaches the
occlusal level and is in function. If a first molar becomes
ankylosed at an early age, which fortunately is rare, it can
"submerge" to such an extent that the tooth is covered over
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A, Eruption plots for human second premolars observed via a fiber optic cable to a video microscope, which provides
12 micron resolution, from 8 pm (20:00) to 6 am (06:00). Note the consistent pattern of eruption in the early evening, trailing off to
no eruption or intrusion toward midnight, with no further eruption after that. It now is clear that eruption occurs only during a few crit-
ical hours in the early evening. B, Eruption plots for a human second premolar observed via Moire magnification, which provides 0.2
micron resolution, over a 30-minute period in the early evening when force opposing eruption was applied while active eruption was
occurring. Note that the tooth erupted nearly 10 microns during this short time. The vertical spikes are movement artefacts produced
by the applied force; a short-duration cycle superimposed on the eruption curve (significance unknown) also can be observed. Force
applications either have no effect on eruption, as in this subject, or produce a transient depression of eruption that lasts less than 2
minutes. (A redrawn from Risinger RK, Proffit WR. Arch Oral Biol 41:779-786, 1996. B redrawn from Gierie WV, Paterson RL, Proffit WR.
Arch Oral Biol 44:423-428, 1999.)
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The amount of tooth eruption after the teeth have come into occlusion equals the vertical growth of the ramus in a
patient who is growing normally. Vertical growth increases the space between the jaws, and the maxillary and mandibular teeth nor-
mally divide this space equally. Note the equivalent eruption of the upper and lower molars in this patient between age 10 (black) and
14 (red). This is a normal growth pattern.

HEIVN=mc A, In this patient whose premolars were con-

genially absent, the mandibular right 2nd primary molar became
ankylosed well before eruption of the other teeth was completed.
Its apparent submergence is really because the other teeth have
erupted past it. Note that the lower permanent first molar has
tipped mesially over the submerged primary molar. In the max-
illary arch the 2nd primary molar has erupted along with the per-
manent canine and first molar. B, In this patient, an ankylosed
maxillary 2nd primary molar has delayed eruption of the 2nd pre-
molar but is resorbing, and the mandibular 2nd primary molar
that has no permanent successor also is ankylosed and
submerging.




The first molar in this 15-year-old girl

ceased erupting soon after its emergence into the mouth
at age 6 or 7. When the dentist placed an occlusal restora-
tion, the tooth was apparently in or near occlusion, well
into the oral cavity. This dramatically illustrates the
amount of eruption that must occur after the initial
occlusal contact of first molars.

again by the gingiva as other teeth erupt and the alveolar
process increases in height (Figure 3-29).

Since the rate of eruption parallels the rate ofjaw growth,
it is not surprising that a pubertal spurt in eruption of the
teeth accompanies the pubertal spurt in jaw growth. This
reinforces the concept that after a tooth is in occlusion, the
rate of eruption is controlled by the forces opposing erup-
tion, not those promoting it. After a tooth is in the mouth,
the forces opposing eruption are those from chewing, and
perhaps in addition, soft tissue pressures from lips, cheeks,
or tongue contacting the teeth. If eruption only occurs
during quiet periods, the soft tissue pressures (from tongue
position during sleep, for instance) probably are more
important in controlling eruption than the heavy pressures
during chewing. Light pressures of long duration are more
important in producing orthodontic tooth movement (see
Chapter 10), so it also seems logical that light but prolonged
pressures might affect eruption. What would be the source
of this type of pressure? Perhaps the way the tongue is posi-
tioned between the teeth during sleep?

When the pubertal growth spurt ends, a final phase in
tooth eruption called the adult occlusal equilibrium is
achieved. During adult life, teeth continue to erupt at an
extremely slow rate. If its antagonist is lost at any age, a tooth
can again erupt more rapidly, demonstrating that the erup-
tion mechanism remains active and capable of producing
significant tooth movement even late in life.

Wear of the teeth may become significant as the years
pass. If extremely severe wear occurs, eruption may not com-
pensate for the loss of tooth structure, so that the vertical
dimension of the face decreases. In most individuals,
however, any wear of the teeth is compensated by additional
eruption, and face height remains constant or even increases
slightly in the fourth, fifth, and sixth decades of life (see the
section on maturation and aging in Chapter 4).

CHAPTER 3

EARLY STAGES OF DEVELOPMENT

ERUPTION SEQUENCE AND
TIMING (TABLE 3-3)

The transition from the primary to the permanent dentition
begins at about age 6 with the eruption of the first perma-
nent molars, followed soon thereafter by the permanent inci-
sors. The permanent teeth tend to erupt in groups, and it is
less important to know the most common eruption
sequence than to know the expected timing of these erup-
tion stages. The stages are used in the calculation of dental
age, which is particularly important during the mixed den-
tition years. Dental age is determined from three character-
istics. The first is which teeth have erupted. The second and
third, which are closely related, are the amount of resorption
of the roots of primary teeth and the amount of develop-
ment of the permanent teeth.

The first stage of eruption of the permanent teeth, at
dental age 6, is illustrated in Figure 3-30. The most common
eruption sequence is the eruption of the mandibular central
incisor, closely followed by the mandibular first permanent
molar and the maxillary first permanent molar. These teeth
normally erupt at so nearly the same time, however, that it
is quite within normal variation for the first molars to
slightly precede the mandibular central incisors or vice versa.
Usually, the mandibular molar will precede the maxillary
molar. The beginning eruption of this group of teeth char-
acterizes dental age 6.

In the second stage of eruption at dental age 7, the max-
illary central incisors and the mandibular lateral incisors
erupt. The maxillary central incisor is usually a year behind
the mandibular central incisor, but erupts simultaneously
with the mandibular lateral incisor. At dental age 7, root for-
mation of the maxillary lateral incisor is well advanced, but
it is still about 1 year from eruption, while the canines and



SECTION 1l

premolars are still in the stage of crown completion or just
at the beginning of root formation.

Dental age 8 (Figure 3-31) is characterized by the erup-
tion of the maxillary lateral incisors. After these teeth come
into the arch, there is a delay of 2 to 3 years before any further
permanent teeth appear.

Since no teeth are erupting at that time, dental ages 9 and
10 must be distinguished by the extent of resorption of the
primary canines and premolars and the extent of root devel-
opment of their permanent successors. At dental age 9, the
primary canines, first molars, and second molars are present.
Approximately one third of the root of the mandibular
canine and the mandibular first premolar is completed. Root
development is just beginning, if it has started at all, on the
mandibular second premolar (Figure 3-32). In the maxillary
arch, root development has begun on the first premolar but

TABLE 3-3

Chronology of Tooth Development, Permanent Dentition

THE DEVELOPMENT OF ORTHODONTIC PROBLEMS

is just beginning, ifit is present at all, on both the canine and
the second premolar.

Dental age 10 is characterized by a greater amount ofboth
root resorption of the primary canines and molars, and root
development oftheir permanent successors. At dental age 10,
approximately one half of the roots of the mandibular
canine and mandibular first premolar have been completed;
nearly half the root of the upper first premolar is complete;
and there is significant root development of the mandibular
second premolar, maxillary canine, and maxillary second
premolar.

Teeth usually emerge when three fourths of their roots are
completed.?® Thus a signal that a tooth should be appearing
in the mouth is root development approaching this level. It
takes 2 to 3 years for roots to be completed after a tooth has
erupted into occlusion.

CALCIFICATION CROWN ROOT
BEGINS COMPLETED ERUPTION COMPLETED
Tooth Max. Mand. Max. Mand. Max. Mand. Max. Mand.
Central 3 mo. 3 mo. 4y, 3Y,yr. T ayr. 6/ 4yr. 10%/yr. 9%/pyr.
Lateral 11 mo. 3 mo. 5/,yr. 4yr. 8Y4yr. 7oy, 1dyr. 10yr.
Canine 4 mo. 4 mo. Byr. 5%/,yr. 11%,yr. 10Y,yr. 13',yr 12%/yr.
1st Premolar 20 mo. 22 mo. 7yr. 634y 10%4yr. 10%,yr. 13Y,yr. 13,yr.
2nd Premolar 27 mo. 28 mo. 73layr. 7Hoyr. 11yr. 11Y,yr. 14 ,yr. 15yr.
1st Molar 32wk. in utero 32wk. in utero 4 ,yr., 3%,yr. 6%/ayr. Byr. 10%yr. 10%yr.
2nd Molar 27 mo. 27 mo. 73layr. 7Hyr. 12 Yyr. 12yr. 15%,yr. 16yr.
3rd Molar 8yr. 9yr. 14yr. 14yr. 20yr. 20yr. 22yr. 22yr.

RV =N The first stage of eruption of the permanent teeth, at age 6, is characterized by the near-simultaneous eruption of
the mandibular central incisors, the mandibular first molars, and the maxillary first molars. A, Drawing of right side. B, Panoramic

radiograph.



Another indicator of dental age 10, therefore, would be
completion of the roots of the mandibular incisor teeth and
near completion of the roots of the maxillary laterals. By
dental age 11, the roots of all incisors and first permanent
molars should be well completed.

Dental age 11 (Figure 3-33) is characterized by the erup-
tion of another group of teeth: the mandibular canine,
mandibular first premolar, and maxillary first premolar,
which all erupt more or less simultaneously. In the mandibu-
lar arch, the mandibular canine most often appears just
ahead of the first premolar, but the similarity in the time of
eruption, not the most frequent sequence, is the important
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point. In the maxillary arch, on the other hand, the first pre-
molar usually erupts well ahead of the canine. At dental age
11, the only remaining primary teeth are the maxillary
canine and second molar, and the mandibular second molar.

At dental age 12 (Figure 3-34), the remaining succeda-
neous permanent teeth erupt. Succedaneous refers to perma-
nent teeth that replace primary predecessors; thus a canine
is a succedaneous tooth, whereas a first molar is not. In addi-
tion, at age 12 the second permanent molars in both arches
are nearing eruption. The succedaneous teeth complete their
eruption before the emergence of the second molars in
most but by no means all normal children. Although

Hlelb{=mXPl At dental age 9, the maxillary lateral incisors have been in place for 1 year, and root formation on other incisors and
first molars is nearly complete. Root development of the maxillary canines and all second premolars is just beginning, while about one
third of the root of the mandibular canines and all of the first premolars have been completed.
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[RICIVN=cC Dental age 11 is characterized by the more or less simultaneous eruption ofthe mandibular canines, mandibular first

premolars, and maxillary first premolars.

RCIVN=C" M Dental age 12 is characterized by eruption of the remaining succedaneous teeth (the maxillary canine and the maxil-
lary and mandibular second premolars) and, typically a few months later, the maxillary and mandibular second molars.

mineralization often begins later, it is usually possible to note
the early beginnings of the third molars by age 12.

Dental ages 13, 14, and 15 are characterized by the extent
of completion of the roots of permanent teeth. By dental age
15 (Figure 3-35), if a third molar is going to form, it should
be apparent on the radiographs, and the roots of all other
permanent teeth should be complete.

Like all other developmental ages (discussed in more
detail in paragraphs following), dental age correlates with
chronologic age—but the correlation for dental age is one of

the weakest. In other words, the teeth erupt with a consid-
erable degree of variability from the chronologic age stan-
dards. It remains true, however, that the teeth erupt in the
stages described above. A child who has precocious dental
development might have the mandibular central incisors
and first molars erupt at age 5 and could reach dental age 12
by chronologic age 10. A child with slow dental development
might not reach dental age 12 until chronologic age 14.

A change in the sequence of eruption is a much more reli-
able sign of a disturbance in normal development than a
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RCIVN=NcEI By dental age 15, the roots of all permanent teeth except the third molars are complete, and crown formation of third

molars often has been completed.

generalized delay or acceleration. The more a tooth deviates
from its expected position in the sequence, the greater the
likelihood of some sort of problem. For example, a delay in
eruption of maxillary canines to age 14 is within normal
variation if the second premolars are also delayed, but if the
second premolars have erupted at age 12 and the canines
have not, something is probably wrong.

Several reasonably normal variations in eruption
sequence have clinical significance and should be recognized.
These are: (1) eruption of second molars ahead of premo-
lars in the mandibular arch, (2) eruption of canines ahead
of premolars in the maxillary arch, and (3) asymmetries in
eruption between the right and left sides.

Early eruption of the mandibular second molars can be
unfortunate in a dental arch where room to accommodate
the teeth is marginal. The eruption of the second molar
before the second premolar tends to decrease the space for
the second premolar and may lead to its being partially
blocked out of the arch. Some dental intervention may be
needed to get the second premolar into the arch when the
mandibular second molar erupts early.

If a maxillary canine erupts at about the same time as the
maxillary first premolar (remember that this is the normal
eruption sequence of the lower arch but is abnormal in the
upper), the canine probably will be forced labially. Labial
positioning of maxillary canines often occurs when there is
an overall lack of space in the arch, because this tooth is the
last to erupt normally; but displacement of the canine also
can be an unfortunate consequence of an eruption sequence
abnormality.

An asymmetry in the rate of eruption on the two sides of
the dental arch is a frequent enough variation to approach
the bounds of normal. A striking illustration of genetic

influences on eruption timing is seen in identical twins, who
frequently have mirror-image asymmetries in the dentition
at the various stages of eruption. For example, if the pre-
molars erupt a little earlier on the left in one of the twins,
they will erupt a little earlier on the right in the other. The
normal variation is only a few months, however. As a general
rule, if a permanent tooth on one side erupts but its coun-
terpart on the other does not within 6 months, a radiograph
should be taken to investigate the cause of the problem.
Although small variations from one side to the other are
normal, large ones often indicate a problem.

Space Relationships in Replacement of
the Incisors

If a dissected skull is examined, it can be seen that in both
the maxillary and mandibular arches, the permanent incisor
tooth buds lie lingual as well as apical to the primary inci-
sors (Figure 3-36; also see Figure 3-21). The result is a ten-
dency for the mandibular permanent incisors to erupt
somewhat lingually and in a slightly irregular position, even
in children who have normal dental arches and normal
spacing within the arches. In the maxillary arch, the lateral
incisor is likely to be lingually positioned at the time of its
emergence and to remain in that position if there is any
crowding in the arch. The permanent canines are positioned
to lie more nearly in line with the primary canines. If there
are problems in eruption, these teeth can be displaced either
lingually or labially, but usually they are displaced labially if
there is not enough room for them.

The permanent incisor teeth are considerably larger than
the primary incisors that they replace. For instance, the
mandibular permanent central incisor is about 5.5 mm in
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This photograph of the dissected skull of a

child of approximately 6 years of age shows the relationship of
the developing permanent tooth buds to the primary teeth. Note
that the permanent incisors are positioned lingual to the roots
of the primary incisors, while the canines are more labially
placed. (From van der Linden FPGM, Deuterloo HS. Develop-
ment of the Human Dentition: An Atlas. New York: Harper &
Row; 1976.)

THE DEVELOPMENT OF ORTHODONTIC PROBLEMS

width, whereas the primary central it replaces is about 3 mm
in width. Because the other permanent incisors and canines
are each 2 to 3 mm wider than their primary predecessors,
spacing between the primary incisors is not only normal, it
is critically important (Figure 3-37). Otherwise, there will
not be enough room for the permanent incisors when they
erupt.

Spacing in the primary incisor region is normally dis-
tributed among all the incisors, not just in the "primate
space" locations where permanent spaces exist in most mam-
malian species (see Figure 3-21). This arrangement of the
primary incisor teeth with gaps between them may not be
very pretty, but it is normal. All dentists sooner or later meet
a mother like Janie's, who is very concerned that her child
has crowded permanent incisors. Her frequent comment is,
"But Janie had such beautiful baby teeth!" What the mother
means is that Janie's primary incisors lacked the normal
spacing. An adult appearing smile in a primary dentition
child is an abnormal, not a normal finding—the spaces are
necessary for alignment of the permanent teeth.

RCEIVNCEIM  Spacing of this magnitude between the primary incisors is normal in the late primary dentition and is necessary to
provide enough room for alignment of the permanent incisors when they erupt. At age 6 a gap-toothed smile, not a "Hollywood smile"

with the teeth in contact, is what you would like to see.
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Graphic representation of the average amount of space available within the arches in boys (left) and girls (right). The
time of eruption of the first molar (MJ, central and lateral incisors (\, and /;), and canines (C) are shown by arrows. Note that in the
mandibular arch in both sexes, the amount of space for the mandibular incisors is negative for about 2 years after their eruption,
meaning that a small amount of crowding in the mandibular arch at this time is normal. (From Moorrees CFA, Chadha JM. Angle

Orthod 35:12-22, 1965.)

Changes in the amount of space anterior to the canine
teeth are shown graphically in Figure 3-38. Note the excess
space in the maxillary and mandibular arches before the per-
manent incisors begin to erupt. In the maxillary arch, the
primate space is mesial to the canines and is included in the
graph. In the mandibular arch, the primate space is distal to
the canine, which adds nearly another millimeter to the total
available space in the lower arch. The total amount of
spacing in the two arches therefore is about the same. The
primary molars normally have tight contacts, so there is no
additional spacing posteriorly.

When the central incisors erupt, these teeth use up essen-
tially all of the excess space in the normal primary dentition.
With the eruption of the lateral incisors, space becomes tight
in both arches. The maxillary arch, on the average, has just
enough space to accommodate the permanent lateral inci-
sors when they erupt. In the mandibular arch, however, when
the lateral incisors erupt, there is on the average 1.6 mm less
space available for the four mandibular incisors than would
be required to perfectly align them (see Figure 3-38). This
difference between the amount of space needed for the inci-
sors and the amount available for them is called the "incisor
liability." Because of the incisor liability, a normal child will
go through a transitory stage of mandibular incisor crowd-
ing at age 8 to 9 even ifthere will eventually be enough room
to accommodate all the permanent teeth in good alignment
(Figure 3-39). In other words, a period when the mandibu-
lar incisors are slightly crowded is a normal developmental
stage. Continued development of the arches improves the
spacing situation, and by the time the canine teeth erupt,
space is once again adequate.

Where did the extra space come from to align these mildly
crowded lower incisors? Most jaw growth is in the posterior,
and there is no mechanism by which the mandible can easily
become longer in its anterior region. Rather than from jaw

growth per se, the extra space comes from three sources

(Figure 3-40)2°:

1. A slight increase in the width of the dental arch across the
canines. As growth continues, the teeth erupt not only
upward but also slightly outward. This increase is small,
about 2 mm on the average, but it does contribute to the
resolution of early crowding of the incisors. More width
is gained in the maxillary arch than in the mandibular,
and more is gained by boys than by girls. For this reason,
girls have a greater liability to incisor crowding, particu-
larly mandibular incisor crowding.

2. Labial positioning of the permanent incisors relative to
the primary incisors. The primary incisors tend to stand
quite upright. As the permanent incisors replace them,
these teeth lean slightly forward, which arranges them
along the arc of a larger circle. Although this change is
also small, it contributes 1 to 2 mm of additional space in
the average child, and thus helps resolve crowding.

3. Repositioning of the canines in the mandibular arch.
As the permanent incisors erupt, the canine teeth
not only widen out slightly but move slightly back
into the primate space. This contributes to the slight
width increase already noted because the arch is wider
posteriorly, and it also provides an extra millimeter of
space. Since the primate space in the maxillary arch is
mesial to the canine, there is little opportunity for a
similar change in the anteroposterior position of the
maxillary canine.

It is important to note that all three of these changes
occur without significant skeletal growth in the front of the
jaws. The slight increases in arch dimension during normal
development are not sufficient to overcome discrepancies of
any magnitude, so crowding is likely to persist into the per-
manent dentition if it was severe initially. In fact, crowding
of the incisors—the most common form of Angle's Class |
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| FIGURE 3.30 I NRVITT irregularity ofthe mandibular incisors, ofthe magnitude pictured here, is normal at age 7 to 8, when the per-
manent incisors and first molars have erupted but the primary canines and molars are retained. B, Age 10, loss of the remaining primary
teeth provides extra space. C, Age 14, alignment has improved but, as usually is the case, rotations of incisors have not completely cor-

rected spontaneously.

ROVl Tooth sizes and arch dimensions in the transi-

tion to the permanent dentition. The additional space to align
mandibular incisors, after the period of mild normal crowding, is
derived from three sources: (i) a slight increase in arch width
across the canines, (2) slight labial positioning ofthe central and
lateral incisors, and (3) a distal shift of the permanent canines
when the primary first molars are exfoliated. The primary molars
are significantly larger than the premolars that replace them, and
the "leeway space" provided by this difference offers an excellent
opportunity for natural or orthodontic adjustment of occlusal rela-
tionships at the end of the dental transition. Both arch length (L),
the distance from a line perpendicular to the mesial surface of the
permanent first molars to the central incisors, and arch circum-
ference (C) tend to decrease during the transition (i.e., some of
the leeway space is used by mesial movement of the molars).

malocclusion—is by far the most prevalent form of
malocclusion.

The mandibular permanent central incisors are almost
always in proximal contact from the time that they erupt. In
the maxillary arch, however, there may continue to be a
space, called a diastema, between the maxillary permanent
central incisors. A central diastema tends to close as the
lateral incisors erupt but may persist even after the lateral
incisors have erupted, particularly if the primary canines
have been lost or if the upper incisors are flared to the labial.
This situation is another of the variations in the normal
developmental pattern that occur frequently enough to be
almost normal. Since the spaced upper incisors are not very
esthetic, this is referred to as the "ugly duckling stage" of
development (Figure 3-41).

The spaces tend to close as the permanent canines
erupt. The greater the amount of spacing, the less the
likelihood that a maxillary central diastema will totally close
on its own. As a general guideline, a maxillary central
diastema of 2 mm or less will probably close spontaneously,
while total closure of a diastema initially greater than 2 mm
is unlikely.?®
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In some children, the maxillary incisors flare laterally and are widely spaced when they first erupt, a condition often
called the "ugly duckling" stage. A, Smile appearance, age 9. B, Dental appearance. C, Panoramic radiograph. The position of the inci-
sors tends to improve when the permanent canines erupt, but this condition increases the possibility that the canines will become

impacted.

Space Relationships in Replacement of Canines
and Primary Molars

In contrast to the anterior teeth, the permanent premolars
are smaller than the primary teeth they replace (Figure 3-
42). The mandibular primary second molar is on the average
2 mm larger than the second premolar, while in the maxil-
lary arch, the primary second molar is 1.5 mm larger. The
primary first molar is only slightly larger than the first pre-
molar, but does contribute an extra 0.5 mm in the mandible.
The result is that each side in the mandibular arch contains
about 2.5 mm of what is called leeway space, while in the
maxillary arch, about 1.5 mm is available on the average.

When the second primary molars are lost, the first per-
manent molars move forward (mesially) relatively rapidly,
into the leeway space. This decreases both arch length and
arch circumference, which are related and commonly con-
fused terms. The difference between them is illustrated in
Figure 3-40. Even if incisor crowding is present, the leeway
space is normally taken up by mesial movement of the per-
manent molars. An opportunity for orthodontic treatment
is created at this time, since crowding could be relieved by
using the leeway space (see Chapter 12).

The size difference between the primary

molars and permanent premolars, as would be observed in a
panoramic radiograph.

Occlusal relationships in the mixed dentition parallel
those in the permanent dentition, but the descriptive terms
are somewhat different. A normal relationship of the
primary molar teeth is the flush terminal plane relationship
illustrated in Figure 3-43. The primary dentition equivalent
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of Angle's Class Il is the distal step. A mesial step relationship
corresponds to Angle's Class |. An equivalent of Class Il is
almost never seen in the primary dentition because of the
normal pattern of craniofacial growth in which the mandible
lags behind the maxilla.

At the time the primary second molars are lost, both the
maxillary and mandibular molars tend to shift mesially into
the leeway space, but the mandibular molar normally moves
mesially more than its maxillary counterpart. This con-
tributes to the normal transition from a flush terminal plane
relationship in the mixed dentition to a Class | relationship
in the permanent dentition.

Differential growth ofthe mandible relative to the maxilla
is also an important contributor to the molar transition. As
we have discussed, a characteristic of the growth pattern at
this age is more growth of the mandible than the maxilla, so
that a relatively deficient mandible gradually catches up.
Conceptually, one can imagine that the upper and lower
teeth are mounted on moving platforms, and that the plat-
form on which the lower teeth are mounted moves a bit
faster than the upper platform. This differential growth of
the jaws carries the mandible slightly forward relative to the
maxilla during the mixed dentition.

If a child has a flush terminal plane molar relationship

early in the mixed dentition, about 3.5 mm of movement of
the lower molar forward relative to the upper molar is

Class |
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RV Y S Occlusal relationships of the primary

and permanent molars. The flush terminal plane rela-
tionship, shown in the middle left, is the normal relation-
ship in the primary dentition. When the first permanent
molars erupt, their relationship is determined by that of
the primary molars. The molar relationship tends to shift
at the time the second primary molars are lost and the
adolescent growth spurt occurs, as shown by the arrows.
The amount of differential mandibular growth and molar
shift into the leeway space determines the molar rela-
tionship, as shown by the arrows as the permanent den-
tition is completed. With good growth and a shift of the
molars, the change shown by the solid black line can be
expected. (Modified from Moyers RE. Handbook of
Orthodontics, ed 3, Chicago, 1973, Mosby-Yearbook.)

required for a smooth transition to a Class | molar relation-
ship in the permanent dentition. About half of this distance
can be obtained from the leeway space, which allows greater
mesial movement of the mandibular than the maxillary
molar. The other half must be supplied by differential
growth of the lower jaw, carrying the lower molar with it.

Only a modest change in molar relationship can be pro-
duced by this combination of differential growth of the jaws
and differential forward movement of the lower molar. It
must be kept in mind that the changes described here are
those that happen to a child experiencing a normal growth
pattern. There is no guarantee in any given individual that
differential forward growth of the mandible will occur, nor
that the leeway space will close so that the lower molar moves
forward relative to the upper molar.

The possibilities for the transition in molar relationship
from the mixed to the early permanent dentition are sum-
marized in Figure 3-43. Note that the transition is usually
accompanied by a one-half cusp (3 to 4 mm) relative forward
movement of the lower molar, accomplished by a combina-
tion of differential growth and tooth movement. A child's
initial distal step relationship may change during the transi-
tion to an end-to-end (one-half cusp Class Il) relationship
in the permanent dentition but is not likely to be corrected
all the way to Class |. It also is possible that the pattern of
growth will not lead to greater prominence of the mandible,



in which case the molar relationship in the permanent den-
tition probably will remain a full cusp Class I1.

Similarly, a flush terminal plane relationship, which pro-
duces an end-to-end relationship of the permanent molars
when they first erupt, can change to Class | in the perma-
nent dentition but can remain end-to-end in the permanent
dentition if the growth pattern is not favorable.

Finally, a child who has experienced early mandibular
growth may have a mesial step relationship in the primary
molars, producing a Class | molar relationship at an early
age. It is quite possible for this mesial step relationship to
progress to a half-cusp Class |Il during the molar transition
and proceed further to a full Class Il relationship with con-
tinued mandibular growth. On the other hand, if differen-
tial mandibular growth no longer occurs, the mesial step
relationship at an early age may simply become a Class |
relationship later.

For any given child, the odds are that the normal growth
pattern will prevail, and that there will be a one-half cusp
transition in the molar relationship at the time the second
primary molars are lost. It must be understood that although
this is the most likely outcome, it is by no means the only
one. The possibility that a distal step will become Class Il
malocclusion or that a flush terminal plane will become end-
to-end is very real. Class Il malocclusion is much less
common than Class |1, but a child who has a mesial step rela-
tionship at an early age is also at some risk of developing
Class Il malocclusion as time passes.

Assessment of Skeletal and Other
Developmental Ages

As noted previously, dental development correlates reason-
ably well with chronologic age but occurs relatively inde-
pendently. Of all the indicators of developmental age, dental
age correlates least well with the other developmental
indices. Physical growth status also varies from chronologic
age in many children but does correlate well with skeletal
age, which is determined by the relative level of maturation
of the skeletal system. In planning orthodontic treatment it
can be important to know how much skeletal growth
remains, so an evaluation of skeletal age is frequently needed.

An assessment of skeletal age must be based on the mat-
urational status of markers within the skeletal system.
Although a number ofindicators could theoretically be used,
the ossification of the bones of the hand and the wrist was
for many years the standard for skeletal development (Figure
3-44). A radiograph of the hand and wrist provides a view
of some 30 small bones, all of which have a predictable
sequence of ossification. Although a view of no single bone
is diagnostic, an assessment of the level of development of
the bones in the wrist, hand, and fingers can give an accu-
rate picture of a child's skeletal development status. To do
this, a hand-wrist radiograph of the patient is simply com-
pared with standard radiographic images in an atlas of the
development of the hand and wrist.?” The description is in
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A radiograph of the hand and wrist can be used

to assess skeletal age by comparing the degree of ossification of
the wrist, hand, and finger bones to plates in a standard atlas of
hand-wrist development.

exactly the same terms as a description of the status of the
dentition: skeletal age 10 at chronologic age 12, for instance.

Recently, a similar assessment of skeletal age based on the
cervical vertebrae, as seen in a cephalometric radiograph, has
been developed.?® The characteristics on which vertebral
aging is based are described and illustrated in Figure 3-45.
Since cephalometric radiographs are obtained routinely for
orthodontic patients, this method has the advantage that a
separate radiograph is not needed, and the assessment of
skeletal age from vertebral development seems to be as accu-
rate as with hand-wrist radiographs.

Developmental ages based on any of a large number of
criteria can be established, if there is some scale against
which a child's progress can be measured. For instance, one
could measure a child's position on a scale of behavior,
equating behavior of certain types as appropriate for 5-year-
olds or 7-year-olds. In fact, behavioral age can be important
in the dental treatment of children, since it is difficult to
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GH. Growth and Development of Children, ed 6. Chicago:
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render satisfactory treatment if the child cannot be induced
to behave appropriately and cooperate. The assessment of
behavioral age is covered more completely in the section on
social and behavioral development in Chapter 2.

The correlation between developmental ages of all types
and chronologic age is quite good, as biologic correlations
go (Figure 3-46). For most developmental indicators, the
correlation coefficient between developmental status and
chronologic age is about 0.8. The ability to predict one char-
acteristic from another varies as the square of the correla-
tion coefficient, so the probability that one could predict the
developmental stage from knowing the chronologic age or
vice versa is (0.8)? = 0.64. You would have two chances out
of three of predicting one from the other. The correlation of
dental age with chronologic age is not quite as good, about
0.7, which means that there is about a 50% chance of pre-
dicting the stage of dental development from the chrono-
logic age.

It is interesting that the developmental ages correlate
better among themselves than the developmental ages cor-
relate with chronologic age. Despite the caricature in our
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society of the intellectually advanced but socially and phys-
ically retarded child, the chances are that a child who is
advanced in one characteristic—skeletal age, for instance—
is advanced in others as well. The mature looking and behav-
ing 8-year-old is quite likely, in other words, also to have an
advanced skeletal age and is reasonably likely to have preco-
cious development of the dentition. What will actually occur
in any one individual is subject to the almost infinite variety
of human variation, and the magnitude of the correlation
coefficients must be kept in mind. Unfortunately for those
dentists who want to examine only the teeth, the variations
in dental development mean that it often is necessary to
assess skeletal, behavioral, or other developmental ages in
planning dental treatment.
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ADOLESCENCE: THE EARLY
PERMANENT DENTITION YEARS

Adolescence is a sexual phenomenon, the period oflife when
sexual maturity is attained. More specifically, it is the tran-
sitional period between the juvenile stage and adulthood,
during which secondary sexual characteristics appear, the
adolescent growth spurt takes place, fertility is attained, and
profound physiologic changes occur. All these developments
are associated with the maturation of the sex organs and the
accompanying surge in secretion of sex hormones.

This period is particularly important in dental and ortho-
dontic treatment, because the physical changes at adoles-
cence significantly affect the face and dentition. Major events
in dentofacial development that occur during adolescence
include the exchange from the mixed to the permanent den-
tition, an acceleration in the overall rate of facial growth, and
differential growth of the jaws.

Initiation of Adolescence

The first events of puberty occur in the brain, and although
considerable research progress has been made in this area,
the precise stimulus for their unfolding remains unknown.
For whatever reason, apparently influenced both by an inter-
nal clock and external stimuli, brain cells in the hypothala-
mus begin to secrete substances called releasing factors. Both
the cells and their method of action are somewhat unusual.
These neuroendocrine cells look like typical neurons, but
they secrete materials in the cell body, which are carried by
cytoplasmic transport down the axon toward a richly vascu-
lar area at the base of the hypothalamus near the pituitary
gland (Figure 4-1). The substances secreted by the nerve cells
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pass into capillaries in this vascular region and are carried
the short distance to the pituitary by blood flow. It is unusual
in the body for the venous return system to transport sub-
stances from one closely adjacent region to another, but here
the special arrangement of the vessels seems made to order
for this purpose. Accordingly, this special network of vessels,
analogous to the venous supply to the liver but on a much
smaller scale, is called the pituitary portal system.

In the anterior pituitary, the hypothalamic releasing
factors stimulate pituitary cells to produce several related but
different hormones called pituitary gonadotropins. Their
function is to stimulate endocrine cells in both the adrenal
glands and the developing sex organs to produce sex hor-
mones. In every individual a mixture of male and female sex
hormones is produced, and it is a biologic fact as well as an
everyday observation that there are feminine males and mas-
culine females. Presumably this represents the balance of the
competing male and female hormones. In the male, differ-
ent cell types in the testes produce both the male sex
hormone testosterone and female sex hormones. A different
pituitary gonadotropin stimulates each of these cell types. In
the female, the pituitary gonadotropins stimulate secretion
of estrogen by the ovaries, and later progesterone by the
same organ. In the female, male sex hormones are produced
in the adrenal cortex, stimulated by still another pituitary
hormone, and possibly some female hormones are produced
in the male adrenal cortex.

Under the stimulation of the pituitary gonadotropins, sex
hormones from the testes, ovaries and adrenal cortex are
released into the bloodstream in quantities sufficient to
cause development of secondary sexual characteristics and
accelerated growth of the genitalia. The increasing level of
the sex hormones also causes other physiologic changes,
including the acceleration in general body growth and
shrinkage of lymphoid tissues seen in the classic growth
curves described in Chapter 2. Neural growth is unaffected
by the events of adolescence, since it is essentially complete
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H[eBN=WAE Diagrammatic representation ofthe

cascade of endocrine signals controlling sexual
development. Releasing factors from the hypothala-
mus are carried via the pituitary portal circulation to
the anterior pituitary gland, where they initiate the
release of pituitary gonadotropic hormones. These in
turn stimulate cells in the testes, ovaries, and adren-
als, which secrete the steroid sex hormones.
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Growth curves for the maxilla and mandible
shown against the background of Scammon's curves. Note that
growth of the jaws is intermediate between the neural and
general body curves, with the mandible following the general
body curve more closely than the maxilla. The acceleration in
general body growth at puberty, which affects the jaws, parallels
the dramatic increase in development ofthe sexual organs. Lym-
phoid involution also occurs at this time.

by age 6. The changes in the growth curves for the jaws,
general body, lymphoid and genital tissues, however, can be
considered the result of the hormonal changes that accom-
pany sexual maturation (Figure 4-2).

The system by which a few neurons in the hypothalamus
ultimately control the level of circulating sex hormones may



Height gain, cm. per year

T
B B 10 12 14 16 18
Age, years

HICIVN =R Sl \elocity curves for growth at adolescence,
showing the difference in timing for girls and boys. Also indi-

cated on the growth velocity curves are the corresponding stages
in sexual development (see text). (From Marshall WA, Tanner JM.
Puberty. In: Falkner F, Tanner JM, eds. Human Growth, vol 2, ed
2. New York: Plenum Publishing; 1986.)

seem curiously complex. The principle, however, is one uti-
lized in control systems throughout the body and also in
modern technology. Each of the steps in the control process
results in an amplification of the control signal, in a way
analogous to the amplification of a small musical signal
between the tape head and speakers of a stereo system. The
amount of pituitary gonadotropin produced is 100 to 1000
times greater than the amount of gonadotropin releasing
factors produced in the hypothalamus, and the amount of
sex hormones produced is 1000 times greater than the
amount of the pituitary hormones themselves. The system,
then, is a three-stage amplifier. Rather than being a complex
biologic curiosity, it is better viewed as a rational engineer-
ing design. A similar amplification of controlling signals
from the brain is used, of course, in all body systems.

Timing of Puberty

There is a great deal of individual variation, but puberty and
the adolescent growth spurt occur on the average nearly 2
years earlier in girls than in boys (Figure 4-3).> Why this
occurs is not known, but the phenomenon has an important
impact on the timing of orthodontic treatment, which must
be done earlier in girls than in boys to take advantage of the
adolescent growth spurt. Because of the considerable indi-
vidual variation, however, early maturing boys will reach
puberty ahead of slow maturing girls, and it must be remem-
bered that chronologic age is only a crude indicator of where
an individual stands developmentally. The stage of develop-
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ment of secondary sexual characteristics provides a physio-
logic calendar of adolescence that correlates with the indi-
vidual's physical growth status. Not all the secondary sexual
characteristics are readily visible, of course, but most can be
evaluated in a normal fully clothed examination, such as
would occur in a dental office.

Adolescence in girls can be divided into three stages,
based on the extent of sexual development. The first stage,
which occurs at about the beginning of the physical growth
spurt, is the appearance of breast buds and early stages of the
development of pubic hair. The peak velocity for physical
growth occurs about 1 year after the initiation of stage I, and
coincides with stage Il of development of sexual character-
istics (see Figure 4-3). At this time, there is noticeable breast
development. Pubic hair is darker and more widespread, and
hair appears in the armpits (axillary hair).

The third stage in girls occurs 1 to 1%/, years after stage I
and is marked by the onset of menstruation. By this time,
the growth spurt is all but complete. At this stage, there is
noticeable broadening of the hips with more adult fat dis-
tribution, and development of the breasts is complete.

The stages of sexual development in boys are more diffi-
cult to specifically define than in girls. Puberty begins later
and extends over a longer period—about 5 years compared
with 3%/, years for girls (see Figure 4-3). In boys, four stages
in development can be correlated with the curve of general
body growth at adolescence.

The initial sign of sexual maturation in boys usually is the
"fat spurt." The maturing boy gains weight and becomes
almost chubby, with a somewhat feminine fat distribution.
This probably occurs because estrogen production by the
Leydig cells in the testes is stimulated before the more abun-
dant Sertoli cells begin to produce significant amounts of
testosterone. During this stage, boys may appear obese and
somewhat awkward physically. At this time also, the scrotum
begins to increase in size and may show some increase or
change in pigmentation.

At stage |1, about 1 year after stage |, the spurt in height
is just beginning. At this stage, there is a redistribution and
relative decrease in subcutaneous fat, pubic hair begins to
appear, and growth of the penis begins.

The third stage occurs 8 to 12 months after stage Il and
coincides with the peak velocity in gain in height. At this
time, axillary hair appears and facial hair appears on the
upper lip only. A spurt in muscle growth also occurs, along
with a continued decrease in subcutaneous fat and an obvi-
ously harder and more angular body form. Pubic hair dis-
tribution appears more adult but has not yet spread to the
medial of the thighs. The penis and scrotum are near adult
size.

Stage IV for boys, which occurs anywhere from 15 to 24
months after stage Ill, is difficult to pinpoint. At this time,
the spurt of growth in height ends. There is facial hair on the
chin as well as the upper lip, adult distribution and color of
pubic and axillary hair, and a further increase in muscular
strength.
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The timing of puberty makes an important difference in
ultimate body size, in a way that may seem paradoxical at
first: the earlier the onset of puberty, the smaller the adult
size, and vice versa. Growth in height depends on endo-
chondral bone growth at the epiphyseal plates of the long
bones, and the impact of the sex hormones on endochon-
dral bone growth is twofold. First, the sex hormones stimu-
late the cartilage to grow faster, and this produces the
adolescent growth spurt. But the sex hormones also cause an
increase in the rate of skeletal maturation, which for the long
bones is the rate at which cartilage is transformed into bone.
The acceleration in maturation is even greater than the accel-
eration in growth. Thus during the rapid growth at adoles-
cence, the cartilage is used up faster than it is replaced.
Toward the end of adolescence, the last of the cartilage is
transformed into bone, and the epiphyseal plates close. At
that point, of course, growth potential is lost and growth
stops.

This early cessation of growth after early sexual matura-
tion is particularly prominent in girls. It is responsible for
much of the difference in adult size between men and
women. Girls mature earlier on the average, and finish their
growth much sooner. Boys are not bigger than girls until they
grow for a longer time at adolescence. The difference arises
because there is slow but steady growth before the growth
spurt, and so when the growth spurt occurs, for those who
mature late, it takes off from a higher plateau. The epiphy-
seal plates close more slowly in males than in females, and
therefore the cutoff in growth that accompanies the attain-
ment of sexual maturity is also more complete in girls.

The timing of puberty seems to be affected by both
genetic and environmental influences. There are early- and
late-maturing families, and individuals in some racial and
ethnic groups mature earlier than others. As Figure 4-4
shows, Dutch boys are about 5 cm taller than their American
counterparts at age 10, and it is likely that both heredity and
environment play a role in producing that considerable dif-
ference. In girls, it appears that the onset of menstruation
requires the development of a certain amount of body fat.
In girls of a slender body type, the onset of menstruation can
be delayed until this level is reached. Athletic girls with low
body fat often are slow to begin their menstrual periods, and
highly trained female athletes whose body fat levels are quite
low may stop menstruating, apparently in response to the
low body fat levels.

Seasonal and cultural factors also can affect the overall
rate of physical growth. For example, everything else being
equal, growth tends to be faster in spring and summer than
in fall and winter, and city children tend to mature faster
than rural ones, especially in less developed countries. Such
effects presumably are mediated via the hypothalamus and
indicate that the rate of secretion of gonadotropin-releasing
factors can be influenced by external stimuli.

In the description above, the stages of adolescent devel-
opment were correlated with growth in height. Fortunately,
growth of the jaws usually correlates with the physiologic
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HeVx=W®W Growth can be affected by racial, ethnic,

national and other variables. As this graph shows, the average
10-year-old boy in the Netherlands (blue lines) is nearly 5cm
(2 inches) taller than his American counterpart (green lines).
Cross-sectional data of this type are most useful for one-time
comparisons of an individual with the group. Because of the
smoothing effect of the averages, these curves do not represent
the velocity changes any individual is likely to experience during
growth spurts (see Figure 2-7).

events of puberty in about the same way as growth in height
(Figure 4-5). There is an adolescent growth spurt in the
length of the mandible, though not nearly as dramatic a
spurt as that in body height, and a modest though dis-
cernible increase in growth at the sutures of the maxilla. The
cephalocaudal gradient of growth, which is part of the
normal pattern, is dramatically evident at puberty. More
growth occurs in the lower extremity than in the upper, and
within the face, more growth takes place in the lower jaw
than in the wupper. This produces an acceleration in
mandibular growth relative to the maxilla and results in the
differential jaw growth referred to previously. The maturing
face becomes less convex as the mandible and chin become
more prominent as a result of the differential jaw growth.

Although jaw growth follows the curve for general body
growth, the correlation is not perfect. Longitudinal data
from studies of craniofacial growth indicate that a signifi-
cant number of individuals, especially among the girls, have
a "juvenile acceleration" in jaw growth that occurs 1 to 2
years before the adolescent growth spurt (Figure 4-6).2 This
juvenile acceleration can equal or even exceed the jaw growth
that accompanies secondary sexual maturation. In boys, if a
juvenile spurt occurs, it is nearly always less intense than the
growth acceleration at puberty.
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On the average, the spurt in growth of the jaws
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mandible in one girl, taken from the Burlington growth study in
Canada, demonstrates an acceleration of growth at about 8 years
of age (juvenile acceleration) equal in intensity to the pubertal
acceleration between ages 11 and 14. Changes of this type in the
pattern of growth for individuals tend to be smoothed out when
cross-sectional or group average data are studied. (From Wood-
side DC In: Salzmann JA, ed. Orthodontics in Daily Practice.
Philadelphia: JB Lippincott; 1974.)
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Recent research has shown that sexual development really
begins much earlier than previously thought.® Sex hormones
produced by the adrenal glands first appear at age 6 in
both sexes, primarily in the form of a weak androgen
(dehydroepiandrosterone, [DHEA]). This activation of the
adrenal component of the system is referred to as adrenar-
che. DHEA reaches a critical level at about age 10 that cor-
relates with the initiation of sexual attraction. It is likely that
a juvenile acceleration in growth is related to the intensity of
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adrenarche and not surprising that a juvenile acceleration is
more prominent in girls because of the greater adrenal com-
ponent of their early sexual development.

This tendency for a clinically useful acceleration in jaw
growth to precede the adolescent spurt, particularly in girls,
is a major reason for careful assessment of physiologic age
in planning orthodontic treatment. If treatment is delayed
too long, the opportunity to utilize the growth spurt is
missed. In early-maturing girls, the adolescent growth spurt
often precedes the final transition of the dentition, so that
by the time the second premolars and second molars erupt,
physical growth is all but complete. The presence of a juve-
nile growth spurt in girls accentuates this tendency for sig-
nificant acceleration of jaw growth in the mixed dentition.
If most girls are to receive orthodontic treatment while they
are growing rapidly, the treatment must begin during the
mixed dentition rather than after all succedaneous teeth have
erupted.

In slow-maturing boys, on the other hand, the dentition
can be relatively complete while a considerable amount of
physical growth remains. In the timing of orthodontic treat-
ment, clinicians have a tendency to treat girls too late and
boys too soon, forgetting the considerable disparity in the
rate of physiologic maturation.

GROWTH PATTERNS IN THE
DENTOFACIAL COMPLEX

Dimensional Changes

Growth of the Nasomaxillary Complex

Growth of the nasomaxillary area is produced by two basic
mechanisms: (1) passive displacement, created by growth in
the cranial base that pushes the maxilla forward, and (2)
active growth of the maxillary structures and nose (Figure
4-7).°

Passive displacement of the maxilla is an important
growth mechanism during the primary dentition years but
becomes less important as growth at the synchondroses of
the cranial base slows markedly with the completion of
neural growth at about age 7. Total forward movement ofthe
maxilla and the amount resulting from forward displace-
ment are shown in Table 4-1. Note that during the entire
period between ages 7 and 15, about one third of the total
forward movement of the maxilla can be accounted for on
the basis of passive displacement. The rest is the result of
active growth of the maxillary sutures in response to stimuli
from the enveloping soft tissues (see Chapter 2).

The effect of surface remodeling must be considered
when active growth of the maxilla is considered. Surface
changes can either add to or subtract from growth in other
areas by surface apposition or resorption respectively. In fact,
the maxilla grows downward and forward as bone is added
in the tuberosity area posteriorly and at the posterior and
superior sutures, but the anterior surfaces of the bone are
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HEVN=0 el Diagrammatic representation of a major mech-
anism for growth of the maxilla: Structures of the nasomaxillary

complex are displaced forward as the cranial base lengthens and
the anterior lobes of the brain grow in size. (Redrawn from Enlow
DH, Hans MG. Essentials of Facial Growth. Philadelphia: WB
Saunders; 1996.)

TABLE 4-1

Maxillary Length Changes

TOTAL FORWARD FORWARD
MOVEMENT (MM) DISPLACEMENT
(BASION-ANS (MM) (BASION-PNS
INCREMENT) INCREMENT)
Age Male Female Male Female
7 13 2.1 0.0 0.8
8 15 18 0.9 11
9 16 0.4 0.4 0.4
10 18 2.0 0.8 0.2
11 19 1.0 0.2 0.2
12 2.0 13 0.4 11
13 2.1 12 10 -0.1
14 11 15 0.3 0.1
15 12 11 0.4 0.8

Data from Riolo ML, et al. An Atlas of Craniofacial Growth. Ann
Arbor, Mich: University of Michigan, Center for Human Growth and
Development; 1974.
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VN As the maxilla is translated downward and

forward, bone is added at the sutures and in the tuberosity area
posteriorly, but at the same time, surface remodeling removes
bone from the anterior surfaces (except for a small area at the
anterior nasal spine). For this reason, the amount of forward
movement of anterior surfaces is less than the amount of dis-
placement. In the roof of the mouth, however, surface remodel-
ing adds bone, while bone is resorbed from the floor of the nose.
The total downward movement of the palatal vault, therefore, is
greater than the amount of displacement. (Redrawn from Enlow
DH, Hans MG. Essentials of Facial Growth. Philadelphia: WB
Saunders; 1996.)

resorbing at the same time (Figure 4-8). For this reason, the
distance that the body of the maxilla and the maxillary teeth
are carried downward and forward during growth is greater
by about 25% than the forward movement of the anterior
surface of the maxilla. This amount of surface remodeling
that conceals the extent of relocation ofthe jaws is even more
prominent when rotation of the maxilla during growth is
considered (see the following sections).

The nasal structures undergo the same passive displace-
ment as the rest of the maxilla. However, the nose grows
more rapidly than the rest of the face, particularly during the
adolescent growth spurt. Nasal growth is produced in part
by an increase in size of the cartilaginous nasal septum. In
addition, proliferation of the lateral cartilages alters the
shape of the nose and contributes to an increase in overall
size. The growth of the nose is extremely variable, as a
cursory examination of any group of people will confirm.
Average increases in nasal dimensions of white Americans
are illustrated in Table 4-2. Comparison with Table 4-1
shows that nasal dimensions increase at a rate about 25%
greater than growth of the maxilla.



TABLE 4-2

Length and Height of the Nose

NOSE LENGTH VERTICAL HEIGHT
(NASION TO TIP) OF NOSE

Age Male Female Male Female
6 43.3 41.1 36.0 34.2
9 47.7 45.2 40.1 37.0

12 51.7 50.2 43.5 41.1

15 54.9 54.4 46.6 44.3

18 60.2 57.8 49.0 46.1

Data from Subtelny JD. Am J Orthod 45:481, 1959.

TABLE 4-3

Mandibular Length Changes

BODY LENGTH
INCREASE (MM)

RAMUS HEIGHT
INCREASE (MM)

(GONION- (CONDYLAR-
POGONION) GONION)

Age Male Female Male Female
7 2.8 17 0.8 12
8 17 2.5 14 14
19 11 15 0.3
10 2.0 2.5 12 0.7
11 2.2 17 18 0.9
12 13 0.8 14 2.2
13 2.0 18 2.2 0.5
14 25 11 2.2 17
15 16 11 11 23
16 2.3 1.0 3.4 16

Data from Riolo ML, et al. An Atlas of Craniofacial Growth. Ann Arbor,
Mich: University of Michigan, Center for Human Growth and
Development; 1974.

Mandibular Growth

Growth of the mandible continues at a relatively steady rate
before puberty. On the average, as Table 4-3 shows, ramus
height increases 1 to 2mm per year and body length
increases 2 to 3 mm per year. These cross-sectional data tend
to smooth out the juvenile and pubertal growth spurts,
which do occur in growth of the mandible (see previous
discussion).

One feature of mandibular growth is an accentuation of
the prominence of the chin. At one time, it was thought that
this occurred primarily by addition of bone to the chin, but
that is incorrect. Although small amounts of bone are added,
the change in the contour of the chin itself occurs largely
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because the area just above the chin, between it and the base
of the alveolar process, is a resorptive area. The increase in
chin prominence with maturity results from a combination
of forward translation of the chin as a part of the overall
growth pattern of the mandible and resorption above the
chin that alters the bony contours.

An important source of variability in how much the chin
grows forward is the extent of growth changes at the glenoid
fossa. Ifthe area of the temporal bone to which the mandible
is attached moved forward relative to the cranial base during
growth, this would translate the mandible forward in the
same way that cranial base growth translates the maxilla.
However, this rarely happens. Usually, the attachment point
moves straight down, so that there is no anteroposterior dis-
placement of the mandible, but occasionally it moves poste-
riorly, thus subtracting from rather than augmenting the
forward projection of the chin.® In both the patients shown
in Figure 4-9, for instance, there was an approximate 7 mm
increase in length of the mandible during orthodontic treat-
ment around the time of puberty. In one of the patients, the
temporomandibular (TM) joint did not relocate during
growth and the chin projected forward 7mm. In the other
patient, the TM joint moved posteriorly, resulting in only a
small forward projection of the chin despite the increase in
mandibular length.

Timing of Growth in Width, Length, and Height

For the three planes of space in both the maxilla and
mandible, there is a definite sequence in which growth is
"completed"” (i.e., declines to the slow rate that characterizes
normal adults). Growth in width is completed first, then
growth in length, and finally growth in height. Growth in
width of both jaws, including the width of the dental arches,
tends to be completed before the adolescent growth spurt
and is affected minimally if at all by adolescent growth
changes (Figure 4-10). Intercanine width is more likely to
decrease than increase after age 12.” There is a partial excep-
tion to this rule, however. As the jaws grow in length poste-
riorly, they also grow wider. For the maxilla, this affects
primarily the width across the second molars, and if they are
able to erupt, the third molars in the region of the tuberos-
ity as well. For the mandible, both molar and bicondylar
widths show small increases until the end of growth in
length. Anterior width dimensions of the mandible stabilize
earlier.

Growth in length and height of both jaws continues
through the period of puberty. In girls, the maxilla grows
slowly downward and forward to age 14 to 15 on the average
(more accurately, by 2 to 3 years after first menstruation),
then tends to grow slightly more almost straight forward
(Figure 4-11).7 In both sexes, growth in vertical height of the
face continues longer than growth in length, with the late
vertical growth primarily in the mandible. Increases in facial
height and concomitant eruption of teeth continue through-
out life, but the decline to the adult level (which for vertical
growth is surprisingly large [see the following section]) often
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Cephalometric tracings showing growth in two patients during the orthodontic correction of moderate Class Il maloc-
clusion (superimposed on sphenoethmoid triad in cranial base). A, Changes from age n years 10 months to age 14 years 11 months.
In this patient, approximately 7 mm of mandibular growth was expressed entirely as forward movement of the chin, while the area of
the temporomandibular (TM) joint remained in the same anteroposterior position relative to the cranial base. B, Changes from age 11
years 8 months to age 15 years o months. This patient also had approximately 7 mm of mandibular growth, but the TM joint area moved
downward and backward relative to the cranial base, so that much ofthe growth was not expressed as forward movement of the chin.

(Courtesy Dr. V. Kokich.)
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molar widths in both sexes during growth. Molar widths are
shown in blue, canine widths in green. (From Moyers RE, et al.
Standards of Human Occlusal Development. Ann Arbor, Mich:
University of Michigan Center for Human Growth and Develop-
ment; 1976.)

does not occur until the early twenties in boys, somewhat
earlier in girls.

Rotation of Jaws During Growth

Implant Studies of Jaw Rotation

Until longitudinal studies of growth using metallic implants
in the jaws were carried out in the 1960s (see Chapter 2), pri-
marily by Bjork and coworkers in Copenhagen, the extent to
which both the maxilla and mandible rotate during growth
was not appreciated. The reason is that the rotation that
occurs in the core of each jaw, called internal rotation, tends
to be masked by surface changes and alterations in the rate
of tooth eruption. The surface changes produce external
rotation. Obviously, the overall change in the orientation of
each jaw, as judged by the palatal plane and mandibular
plane, results from a combination of internal and external
rotation.

The terminology for describing these rotational changes
is itself confusing. The descriptive terms used here, in an
effort to simplify and clarify a complex and difficult subject,
are not those Bjork used in the original papers on this



CHAPTER 4

LATER STAGES OF DEVELOPMENT

3
T

[REIVN= SN Mean growth tracks [+

of anterior and posterior maxillary
implants relative to the cranial base
and its perpendicular, in a group of
Danish girls. The two tracks are
shown with their origins superim- [
posed to facilitate comparison. Note
that the posterior implant moves
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TABLE 4-4
Terminology, Rotational Changes of the Jaws
Condition Bjork Study

Anterior growth greater than posterior

Posterior growth greater than anterior

Forward rotation

Backward rotation

Clockwise rotation

Counterclockwise rotation

Bjork

Solow, Houston

Proffit

Rotation of mandibular core relative
to cranial base

Rotation of mandibular plane relative
to cranial base

Rotation of mandibular plane relative

Total rotation

Matrix rotation

Intramatrix rotation

to core of mandible

True rotation

Apparent rotation

Angular remodeling of lower border

Internal rotation

Total rotation

External rotation

Proffit: Total rotation = internal rotation - external rotation
Bjork: Matrix rotation = total rotation - intramatrix rotation

Solow: Apparent rotation = true rotation - angular remodeling of lower border

subject, or exactly the same as suggested in some previous
papers.®® See Table 4-4 for a comparison of terms.

It is easier to visualize the internal and external rotation
of the jaws by considering the mandible first. The core of the
mandible is the bone that surrounds the inferior alveolar
nerve. The rest of the mandible consists of its several func-
tional processes (Figure 4-12). These are the alveolar process
(bone supporting the teeth and providing for mastication),
the muscular processes (the bone to which the muscles of

mastication attach), and the condylar process, the function
in this case being the articulation of the jaw with the skull.
If implants are placed in areas of stable bone away from the
functional processes, it can be observed that in most indi-
viduals, the core of the mandible rotates during growth in a
way that would tend to decrease the mandibular plane angle
(i.e., up anteriorly and down posteriorly).

Bjork and Skieller'® distinguished two contributions to
internal rotation (which they called total rotation) of the
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Temporalis

Masseter

Condylar
process
(articulation)

Internal pterygoid

Mylohyoid

[HIEIVIN=0' R The mandible can be visualized as consisting of a core of bone surrounding the inferior alveolar neurovascular bundle
and a series of functional processes: the alveolar process, serving the function of mastication; the muscular processes, serving for
muscle attachments; and the condylar process, serving to articulate the bone with the rest of the skull.

Cranial base

FIGURE 4-13 Internal rotation ofthe mandible (i.e., rotation

of the core relative to the cranial base) has two components:
A, Rotation around the condyle, or matrix rotation. B, Rotations
centered within the body of the mandible, or intramatrix rotation.
(Redrawn from Bjork A, Skieller V. Eur J Orthod 5:1-46, 1983.)

mandible: (1) matrix rotation, or rotation around the
condyle; and (2) intramatrix rotation, or rotation centered
within the body of the mandible (Figure 4-13). By conven-
tion, the rotation of either jaw is considered "forward" and
given a negative sign ifthere is more growth posteriorly than
anteriorly. The rotation is "backward" and given a positive
direction if it lengthens anterior dimensions more than pos-
terior ones, bringing the chin downward and backward.
One of the features of internal rotation of the mandible
is the variation between individuals, ranging up to 10 to 15
degrees. The pattern of vertical facial development, discussed

in more detail later, is strongly related to the rotation ofboth
jaws. For an average individual with normal vertical facial
proportions, however, there is about a -15 degree internal
rotation from age 4 to adult life. Of this, about 25% results
from matrix rotation and 75% results from intramatrix
rotation.

During the time that the core of the mandible rotates
forward an average of 15 degrees, the mandibular plane
angle, representing the orientation of the jaw to an outside
observer, decreases only 2 to 4 degrees on the average. The
reason that the internal rotation is not expressed in jaw
orientation, of course, is that surface changes (external
rotation) tend to compensate. This means that the posterior
part of the lower border of the mandible must be an area
of resorption, while the anterior aspect of the lower border
is unchanged or undergoes slight apposition. Studies of
surface changes reveal exactly this as the usual pattern of
apposition and resorption (Figure 4-14). On the average,
then, there is about 15 degrees of internal, forward rotation
and 11 to 12 degrees of external, backward rotation produc-
ing the 3 to 4 degree decrease in mandibular plane angle
observed in the average individual during childhood and
adolescence.

It is less easy to divide the maxilla into a core of bone and
a series of functional processes. The alveolar process is cer-
tainly a functional process in the classic sense, but there
are no areas of muscle attachment analogous to those of
the mandible. The parts of the bone surrounding the air
passages serve the function of respiration, and the
form-function relationships involved are poorly under-
stood. If implants are placed above the maxillary alveolar
process, however, one can observe a core of the maxilla that
undergoes a small and variable degree of rotation, forward
or backward (Figure 4-15).%2* This internal rotation is anal-
ogous to the intramatrix rotation of the mandible. Matrix
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Superimposition on implants for an individual
with a normal pattern of growth, showing surface changes in the
mandible from ages 4 to 20 years. For this patient there was
-19 degrees internal rotation but only -3 degrees change in the
mandibular plane angle. Note how the dramatic remodeling
(external rotation) compensates for and conceals the extent of
the internal rotation. (From Bjork A, Skieller V. Eur J Orthod 5:1-
46, 1983))

11 yrs. 10 mos.
14yrs. 11 mos.
————— 17 yrs. 10 mos.

REVN=NSEE Superimposition on implants in the maxilla

reveals that this patient experienced a small amount of backward
internal rotation of the maxilla (i.e., down anteriorly). A small
amount of forward rotation is the more usual pattern, but back-
ward rotation occurs frequently. (From Bjork A, Skieller V. Am J
Orthod 62:357, 1972.)

rotation, as defined for the mandible, is not possible for the
maxilla.

At the same time that internal rotation of the maxilla is
occurring, there also are varying degrees of resorption of
bone on the nasal side and apposition of bone on the palatal
side in the anterior and posterior parts of the palate. Similar
variations in the amount of eruption of the incisors and
molars occur. These changes amount, of course, to an exter-
nal rotation. For most patients, the external rotation is oppo-
site in direction and equal in magnitude to the internal
rotation, so that the two rotations cancel and the net change
in jaw orientation (as evaluated by the palatal plane) is zero
(see Figure 3-27). Until the implant studies were done, rota-
tion of the maxilla during normal growth had not been
suspected.
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8 yrs. 10 mos,
12 yrs. 10 mos.
— === 15 yrs. 10 Mos.

RV S Cranial base superimposition shows the char-

acteristic pattern of forward mandibular rotation in an individual
developing in the "short face" pattern. The forward rotation flat-
tens the mandibular plane and tends to increase overbite. (From
Bjork A, Skieller V. Am J Orthod 62:344, 1972.)

Although both internal and external rotation occur in
everybody, variations from the average pattern are common.
Greater or lesser degrees of both internal and external
rotation often occur, altering the extent to which external
changes compensate for the internal rotation.*? The result is
moderate variation in jaw orientation, even in individuals
with normal facial proportions. In addition, the rotational
patterns of growth are quite different for individuals who
have what are called the short face and long face types of ver-
tical facial development.*®

Individuals of the short face type, who are characterized
by short anterior lower face height, have excessive forward
rotation of the mandible during growth, resulting from both
an increase in the normal internal rotation and a decrease in
external compensation. The result is a nearly horizontal
palatal plane and mandibular morphology of the "square
jaw" type, with a low mandibular plane angle and a square
gonial angle (Figure 4-16). A deep bite malocclusion and
crowded incisors usually accompany this type of rotation
(see following sections).

In long face individuals, who have excessive lower ante-
rior face height, the palatal plane rotates down posteriorly,
often creating a negative rather than the normal positive
inclination to the true horizontal. The mandible shows an
opposite, backward rotation, with an increase in the
mandibular plane angle (Figure 4-17). The mandibular
changes result primarily from a lack of the normal forward
internal rotation or even a backward internal rotation. The
internal rotation, in turn, is primarily matrix rotation (cen-
tered at the condyle), not intramatrix rotation. This type of
rotation is associated with anterior open bite malocclusion
and mandibular deficiency (because the chin rotates back as
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SV SV The pattern of jaw rotation in an individual with

the "long face" pattern of growth (cranial base superimposition).
As the mandible rotates backward, anterior face height increases,
there is a tendency toward anterior open bite, and the incisors
are thrust forward relative to the mandible. (From Bjork A,
Skieller V. Eur J Orthod 5:29, 1983.)

well as down). As one would expect, changes in face height
correlate better with changes in the mandibular plane angle
(which reflects total rotation) than with changes in the
corpus axis (which reflects internal rotation). This is another
reflection of the fact that the total change is determined by
the interaction between internal and external changes. Back-
ward rotation of the mandible also occurs in patients with
abnormalities or pathologic changes affecting the temporo-
mandibular joints. In these individuals, growth at the
condyle is restricted. The interesting result in three cases
documented by Bjork and Skieller*®* was an intramatrix rota-
tion centered in the body of the mandible, rather than the
backward rotation at the condyle that dominated in indi-
viduals of the classic long face type. Jaw orientation changes
in both the backward-rotating types, however, are similar,
and the same types of malocclusions develop.

Interaction Between Jaw Rotation and

Tooth Eruption

As we have discussed, growth of the mandible away from the
maxilla creates a space into which the teeth erupt. The rota-
tional pattern of jaw growth obviously influences the mag-
nitude of tooth eruption. To a surprising extent, it can also
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Average velocity of continued eruption
and translocation of maxillary incisors

mm/year
3
+ 2 SE
25 55
—|slcr1.:{
ik
V]
8 10 12 14 16 18 20 22 24

Midpoints of age intervals years

HCVN=WREN The average velocity of continued eruption
(movement of the incisors relative to implants in the maxilla) and

translocation (movement away from the cranial base) of maxil-
lary incisors in Danish girls, from a mixed longitudinal sample.
(Redrawn from Solow and Haluk. In: Davidovitch S, Norton L,
eds. Biological Mechanisms of Tooth Movement and Craniofa-
cial Adaptation. Boston, Mass: Harvard Society for Advancement
of Orthodontics; 1996.)

influence the direction of eruption and the ultimate antero-
posterior position of the incisor teeth.

The path of eruption of the maxillary teeth is downward
and somewhat forward (see Figure 4-11). In normal growth,
the maxilla usually rotates a few degrees forward but fre-
quently rotates slightly backward. Forward rotation would
tend to tip the incisors forward, increasing their prominence,
while backward rotation directs the anterior teeth more pos-
teriorly than would have been the case without the rotation,
relatively uprighting them and decreasing their prominence.
Movement of the teeth relative to the cranial base obviously
could be produced by a combination of translocation as the
tooth moved along with the jaw in which it was embedded,
and true eruption, movement of the tooth within its jaw. As
Figure 4-18 shows, translocation contributes about half the
total maxillary tooth movement during adolescent growth.

The eruption path of mandibular teeth is upward and
somewhat forward. The normal internal rotation of the
mandible carries the jaw upward in front. This rotation alters
the eruption path of the incisors, tending to direct them
more posteriorly than would otherwise have been the case
(Figure 4-19). Because the internal jaw rotation tends to
upright the incisors, the molars migrate further mesially
during growth than do the incisors, and this migration is
reflected in the decrease in arch length that normally occurs
(Figure 4-20). Since the forward internal rotation of the
mandible is greater than that of the maxilla, it is not sur-
prising that the normal decrease in mandibular arch length
is somewhat greater than the decrease in maxillary arch
length.
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17 yrs. 10 mos

FIeVN=WSCN Superimposition on mandibular implants

shows the lingual positioning ofthe mandibular incisors relative
to the mandible that often accompanies forward rotation during
growth. (From Bjork A, Skieller V. Am J Orthod 62:357, 1972.)

11 yrs. 7 mos.
14 yrs. 7 mos
—-—— =17 yrs. 7 mos

Cranial base superimposition for a patient with

the short face pattern of growth. As the mandible rotates upward
and forward, the vertical overlap of the teeth tends to increase,
creating a deep bite malocclusion. In addition, even though both
the upper and lower teeth do move forward relative to cranial
base, lingual displacement of incisors relative to the maxilla and
mandible increases the tendency toward crowding. (From Bjork
A, Skieller V. Am J Orthod 62:355, 1972.)

Note that this explanation for the decrease in arch length
that normally occurs in both jaws is different from the tra-
ditional interpretation that emphasizes forward migration of
the molar teeth. The modern view places relatively greater
importance on lingual movement of the incisors and rela-
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FleVIN=W'OLl Superimposition on the maxilla reveals

uprighting of the maxillary incisors in the short face growth
pattern (same patient as Figure 4-20). This decreases arch length
and contributes to progressive crowding. (From Bjork A, Skieller
V. Am J Orthod 62:355, 1972.)

tively less importance on the forward movement of molars.
In fact, the same implant studies that revealed the internal
jaw rotation also confirmed that changes in anteroposterior
position of the incisor teeth are a major influence on arch
length changes.

Given this relationship between jaw rotation and incisor
position, it is not surprising that both the vertical and
anteroposterior positions of the incisors are affected in short
face and long face individuals. When excessive rotation
occurs in the short face type of development, the incisors
tend to be carried into an overlapping position even if they
erupt very little; hence the tendency for deep bite malocclu-
sion in short face individuals (Figure 4-21). The rotation also
progressively uprights the incisors, displacing them lingually
and causing a tendency toward crowding. In the long face
growth pattern, on the other hand, an anterior open bite will
develop as anterior face height increases unless the incisors
erupt for an extreme distance. The rotation of the jaws also
carries the incisors forward, creating dental protrusion.

The interaction between tooth eruption and jaw rotation
explains a number of previously puzzling aspects of tooth
positioning in patients who have vertical facial dispropor-
tions. This topic is discussed from an etiologic perspective in
Chapter 5 and is reviewed from the point of view of treat-
ment planning in Chapter 8.

MATURATIONAL AND AGING CHANGES

Maturational changes affect both the soft and hard tissues of
the face and jaws, with greater long-term changes in the soft
tissues. There are important effects on the teeth, their sup-
porting structures and the dental occlusion itself, as well as
changes in jaw relationships as slow growth continues in
adult life.

Changes in Facial Soft Tissues

An important concept is that changes in facial soft
tissues not only continue with aging, they are much larger in
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Maxillary incisor exposure on smile at (A) age 15 and (B) age 25. An important characteristic of facial aging is the
downward movement of the lips relative to the teeth, so that the maxillary incisors have progressively decreased exposure over time
after adolescent growth is completed. (From Proffit WR, White RP, Sarver DM. Contemporary Treatment of Dentofacial Deformity. St.

Louis: Mosby; 2003.)

magnitude than changes in the hard tissues of the face
and jaws.

The change of most significance for orthodontists is that
the lips, and the other soft tissues of the face, sag downward
with aging (Figure 4-22). The result is a decrease in exposure
of the upper incisors, and an increase in exposure of the
lower incisors, both at rest and on smile (Figures 4-23 and
4-24). Since exposure of all the upper incisors and a small
amount of gingiva on smile is both youthful appearing
and esthetic, it is important to remember in orthodontic
treatment that the vertical relationship of the lip to the teeth
will change because of the soft tissue change. Leaving the
upper incisors somewhat more exposed than the ideal adult
relationship is necessary in treatment of an adolescent, if
in fact this relationship is to be ideal later in life (see
Figure 8-46).

With aging, the lips also become progressively thinner,
with less vermilion display (Figure 4-25).

The same thinking applies to where the teeth should be
placed to support the lips in an adolescent: if the lips are not
somewhat prominent when treatment ends in adolescence,
they are likely to appear too thin in the years to come. This
must be kept in mind when retraction of protruding inci-
sors is planned.

Changes in Teeth and Supporting Structures

At the time a permanent tooth erupts, the pulp chamber is
relatively large. As time passes, additional dentin slowly
deposits on the inside of the tooth, so that the pulp chamber
gradually becomes smaller with increasing age (Figure 4-26).
This process continues relatively rapidly until the late
teens, at which time the pulp chamber of a typical perma-
nent tooth is about half the size that it was at the time
of initial eruption. Because of the relatively large pulp
chambers of young permanent teeth, complex restorative
procedures are more likely to result in mechanical exposures
in adolescents than in adults. Additional dentin continues to
be produced at a slower rate throughout life, so that in old
age, the pulp chambers of some permanent teeth are all but
obliterated.

Maturation also brings about greater exposure of the
tooth outside its investing soft tissues. At the time a perma-
nent first molar erupts, the gingival attachment is high on
the crown. Typically, the gingival attachment is still well
above the cementoenamel junction when any permanent
tooth comes into full occlusion, and during the next few
years more and more of the crown is exposed. This relative
apical movement of the attachment (in normal circum-
stances) results more from vertical growth of the jaws and
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HICIV=RWZCl Incisor display at rest as a function of age. With aging, both men and women show less of their upper incisors and

more of their lower incisors, so display of upper incisors is a youthful characteristic. (Redrawn from Vig RG, Brundo GC. Kinetics of
anterior tooth display. J Prosthet Dent 39:502-504, 1978.)

I TTL

S[CIVS=IW. 2”8  |ncisor exposure on smile (A) at the completion of orthodontic treatment at age 30, and (B) 20 years later, at age
50. Note that downward movement of the facial soft tissues continues, so that the lower incisors are seen more prominently with
increasing age.
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A decrease in the fullness of the lips is an obvious sign of aging. A, Age 20. B, Age 40. C, Age 70.

the accompanying eruption of the teeth, than from down-
ward migration of the gingival attachment. As we have noted
previously, vertical growth of the jaws and an increase in face
height continue after transverse and anteroposterior growth
have been completed. By the time the jaws all but stop
growing vertically in the late teens, the gingival attachment
is usually near the cementoenamel junction. In the absence
of inflammation, mechanical abrasion, or pathologic
changes, the gingival attachment should remain at about the
same level almost indefinitely. In fact, however, most indi-
viduals experience some pathology of the gingiva or perio-
dontium as they age, and so further recession of the gingiva
is common.

At one time, it was thought that "passive eruption”
occurred, defined as an actual gingival migration of the
attachment without any eruption of the tooth. It now
appears that as long as the gingival tissues are entirely
healthy, this sort of downward migration of the soft tissue
attachment does not occur. What was once thought to be
apical migration of the gingiva during the teens is really
active eruption, compensating for the vertical jaw growth
still occurring at that time (Figure 4-27).

Both occlusal and interproximal wear, often to a severe
degree, occurred in primitive people eating an extremely

coarse diet. The elimination of most coarse particles from
modern diets has also largely eliminated wear of this type.
With few exceptions (tobacco chewing is one), wear facets
on the teeth now indicate bruxism, not what the individual
has been eating.

Changes in Alignment and Occlusion

Individuals in primitive societies who experienced wear of
the teeth lost tooth substance interproximally as well as from
the occlusal surfaces. The alveolar bone bends during heavy
mastication, allowing the teeth to move relative to each other
(see Chapter 9 for more details). On a coarse diet, this move-
ment causes both interproximal and occlusal wear. The
result in many primitive populations was a reduction in arch
circumference of 10 mm or more after completion of the
permanent dentition at adolescence.

When this type of interproximal wear occurs, spaces do
not open up between the posterior teeth, although some
spacing may develop anteriorly. Instead, the permanent
molars migrate mesially, keeping the contacts reasonably
tight even as the contact points are worn off and the
mesiodistal width of each tooth decreases.



The size of the pulp chambers of

permanent teeth decreases during adolescence then
continues to fill in more slowly for the rest of adult life.
A, Age 16. B, Age 26.

In modern populations, there is a strong tendency for
crowding of the mandibular incisor teeth to develop in the
late teens and early twenties, no matter how well aligned the
teeth were initially. Mild crowding of the lower incisors tends
to develop if the teeth were initially well aligned, or initially
mild crowding becomes worse (Figure 4-28). These changes
appear as early as age 17 to 18 in some individuals and as
late as the mid-twenties in others. Three major theories to
account for this crowding have been proposed:

1. Lack of "normal attrition" in the modern diet. As
noted in Chapter 1, primitive populations tend to have a
much smaller prevalence of malocclusion than do contem-
porary populations in developed countries. If a shortening
of arch length and a mesial migration of the permanent
molars is a natural phenomenon, it would seem reasonable
that crowding would develop unless the amount of tooth
structure was reduced during the final stages of growth.
Raymond Begg, a pioneer Australian orthodontist, noted in
his studies of the Australian aborigines™* that malocclusion
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is uncommon but large amounts of interproximal and

occlusal attrition occurred (Figure 4-29). He concluded that
in modern populations the teeth became crowded when
attrition did not occur with soft diets, and advocated wide-
spread extraction of premolar teeth to provide the equiva-
lent of the attrition he saw in aborigines. More recent
observations have shown that when Australian aborigines
change to a modern diet, as happened in most of this group
by the late 20th century, occlusal and interproximal wear all
but disappears. Late crowding rarely develops,'® although
periodontal disease does become a major problem. It has
been observed in other population groups that late crowd-
ing may develop even after premolars are extracted and arch
length is reduced by modern orthodontic treatment. Thus
the Begg theory, though superficially attractive, does not
explain late crowding.

2. Pressure from third molars. Late crowding develops at
about the time the third molars should erupt. In most indi-
viduals, these teeth are hopelessly impacted because the jaw



SECTION I

THE DEVELOPMENT OF ORTHODONTIC PROBLEMS

HEVN=¥8 The increasing crown height of permanent teeth during adolescence was once thought to result from a downward
migration of the gingival attachment but now is recognized to occur mostly from tooth eruption in response to vertical growth. A, Age

10. B, Age i6.

length did not increase enough to accommodate them via
backward remodeling of the ramus (Figure 4-30). It has
seemed entirely logical to dentists and patients that pressure
from third molars with no room to erupt is the cause of late
incisor crowding. It is difficult to detect such a force,
however, even with modern instrumentation that should
have found it if it exists.’® In fact, late crowding of lower inci-
sors can and often does develop in individuals whose lower

third molars are congenitally missing. There is some evi-
dence that incisor crowding may be lessened by early
removal of second molars, which presumably would relieve
pressure from third molars, but pressure from third molars
clearly is not the total explanation either.!’

3, Late mandibular growth. As a result of the cephalo-
caudal gradient of growth discussed in Chapter 2, the
mandible can and does undergo more growth in the late
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In this patient with a prolonged pattern of excessive mandibular growth (A), the lower incisors were increasingly tipped
lingually as the mandible grew forward and were noticeably retroclined (B) by the end of adolescent growth. This is a more obvious
demonstration of what often happens under normal circumstances, when a small amount of late mandibular growth occurs in the late
teens after maxillary growth stops. Late mandibular growth is a major cause of the mandibular incisor crowding that frequently devel-

ops at that time.

teens than the maxilla. Is it possible that late mandibular
growth somehow causes late mandibular incisor crowding?
If so, how? Bjork's implant studies have provided an under-
standing of why late crowding occurs and how it indeed
relates to the growth pattern of the jaw.

The position of the dentition relative to the maxilla and
mandible is influenced by the pattern of growth of the jaws,
a concept explored in some detail in previous sections. When
the mandible grows forward relative to the maxilla, as it
usually does in the late teens as well as earlier, the mandibu-
lar incisor teeth tend to be displaced lingually (see Figure 4-
19), particularly if any excessive rotation is also present.

In patients with a tight anterior occlusion before late
mandibular growth occurs, the contact relationship of the
lower incisors with the upper incisors must change if the
mandible grows forward. In that circumstance, one of three
events must occur: (1) the mandible is displaced distally,
accompanied by a distortion of temporomandibular joint
function and displacement of the articular disc; (2) the
upper incisors flare forward, opening space between these
teeth; or (3) the lower incisors displace distally and become
crowded.

All three of these phenomena have been reported. The
second response, flaring and spacing of the maxillary inci-
sors, is the least common. Posterior displacement of a
"trapped mandible" can happen and may occasionally be

related to myofascial pain and dysfunction, but despite the
claims of some occlusion theorists, this too seems to be quite
rare. Distal displacement of the lower incisors, with con-
comitant crowding and a decrease in the lower intercanine
distance, is the most likely response.

It is not even necessary for the incisors to be in occlusal
contact for late crowding to develop. This also occurs com-
monly in individuals who have an anterior open bite and
backward, not forward, rotation of the mandible (see Figure
4-20). In this situation, the rotation of the mandible carries
the dentition forward, thrusting the incisors against the lip.
This creates light but lasting pressure by the lip, which tends
to reposition the protruding incisors somewhat lingually,
reducing arch length and causing crowding.

The current concept is that late incisor crowding almost
always develops as the mandibular incisors, and perhaps the
entire mandibular dentition, move distally relative to the
body of the mandible late in mandibular growth. This also
sheds some light on the possible role of the third molars in
determining whether crowding will occur, and how severe it
will be. If space were available at the distal end of the
mandibular arch, it might be possible for all the mandibular
teeth to shift slightly distally, allowing the lower incisors to
upright without becoming crowded. On the other hand,
impacted third molars at the distal end of the lower arch
would prevent the posterior teeth from shifting distally, and
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Australian aboriginal mandibles for (A) a child approximately at dental age 8, (B) an adolescent at approximately dental
age 14, and (C, D) an adult of indeterminate age. Note the increasing attrition of the teeth in the younger specimens and the severe
attrition ofthe adult's teeth, with interproximal as well as occlusal wear. Arch length in this population shortened by 1 cm or more after
adolescence because of the extensive interproximal wear. (Specimens from the Begg Collection, University of Adelaide; Courtesy Prof.
W. Sampson.)

REIVN=F N It seems reasonable that a horizontally

impacted third molar would provide pressure against the
dental arch, but it is highly unlikely that there is enough pres-
sure from this source to cause the crowding of mandibular
incisors that often develops in the late teens.
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Growth changes in adults. A, Changes in a male from age 37 (black) to age 77 (red). Note that both the maxilla and
mandible grew forward, and the nose grew considerably. B, Growth changes in a woman between age 34 (black) and 83 (red). Note that
both jaws grew forward and somewhat downward, and that the nasal structures enlarged. (From Behrents RG. A Treatise on the
Continuum of Growth in the Aging Craniofacial Skeleton. Ann Arbor, Mich: University of Michigan Center for Human Growth and

Development; 1984.)

if differential mandibular growth occurred, their presence
might guarantee that crowding would develop. In this case,
the lower third molars could be the "last straw" in a chain of
events that led to late incisor crowding. As noted previously,
however, late incisor crowding occurs in individuals with no
third molars at all, and so the presence of these teeth is not
the critical variable. The extent of late mandibular growth is.
The more your mandible grows after other growth has essen-
tially stopped, the greater the chance your lower incisors will
become crowded.

Facial Growth in Adults

until recently, although some anthropologists in the 1930s
had reported small amounts of growth continuing into
middle age, it was generally assumed that growth ofthe facial
skeleton ceased in the late teens or early twenties. In the early
1980s, Behrents'® succeeded in recalling over 100 individu-
als who had participated in the Bolton growth study in
Cleveland in the 1930s and late 1940s, more than 40 years
previously. Most had never had orthodontic treatment; a few
did. While they were participants in the study, the growth of
these individuals had been carefully evaluated and recorded,

by both measurements and serial cephalometric films. The
magnification in the radiographs was known precisely, and
it was possible to obtain new radiographs more than 4
decades later with known magnification, so that precise
measurements of facial dimensions could be made.

The results were surprising but unequivocal: facial growth
had continued during adult life (Figure 4-31). There was an
increase in essentially all of the facial dimensions, but both
size and shape of the craniofacial complex altered with time.
Vertical changes in adult life were more prominent than
anteroposterior changes, whereas width changes were least
evident, and so the alterations observed in the adult facial
skeleton seem to be a continuation ofthe pattern seen during
maturation. In a point of particular interest, an apparent
deceleration of growth in females in the late teens was fol-
lowed by a resumption of growth during the twenties. It
appears that a woman's first pregnancy often produces some
growth of her jaws. Although the magnitude of the adult
growth changes, assessed on a millimeters per year basis, was
quite small, the cumulative effect over decades was surpris-
ingly large (Figure 4-32).

The data also revealed that rotation of both jaws con-
tinued into adult life, in concert with the vertical changes



SECTION 1l THE DEVELOPMENT OF ORTHODONTIC PROBLEMS

Sl EYA Growth changes in adults. A, Mean dimen-

sional changes in the mandible for males in adult life. It is appar-
ent that the pattern ofjuvenile and adolescent growth continues
at a slower but ultimately significant rate. B, The mean positional
changes in the maxilla during adult life, for both sexes combined.
Note that the maxilla moves forward and slightly downward, con-
tinuing the previous pattern of growth. (From Behrents RG. A
Treatise on the Continuum of Growth in the Aging Craniofacial
Skeleton. Ann Arbor, Mich: University of Michigan Center for
Human Growth and Development; 1984.)

and eruption of teeth. Because implants were not used in
these patients, it was not possible to precisely differentiate
internal from external rotation, but it seems likely that both
internal rotation and surface changes did continue. In
general, males showed a net rotation of the jaws in a forward
direction, slightly decreasing the mandibular plane angle,
whereas females had a tendency toward backward rotation,
with an increase in the mandibular plane angle. In both

groups, compensatory changes were noted in the dentition,
so that occlusal relationships largely were maintained.

Both a history of orthodontic treatment and loss of
multiple teeth had an impact on facial morphology in these
adults and on the pattern of change. In the smaller group of
patients who had orthodontic treatment many years previ-
ously, Behrents noted that the pattern of growth associated
with the original malocclusion continued to express itself
even in adult life. This finding is consistent with previous
observations of growth in the late teens but also indicates
how a gradual worsening of occlusal relationships could
occur in some patients long after the completion of ortho-
dontic treatment.

As expected, changes in the facial soft tissue profile were
greater than changes in the facial skeleton. The soft tissue
changes involved an elongation of the nose (which often
became significantly longer during adult life), flattening of
the lips, and an augmentation of the chin. A knowledge of
soft tissue changes during aging is important in planning
modern orthodontic treatment, and this is reviewed in detail
in Chapter 6.

In the light of Behrents' findings, it seems clear that the
view of facial growth as a process that ends in the late teens
or early twenties must be revised. It is correct, however, to
view the growth process as one that declines to a basal level
after the attainment of sexual maturity, that continues to
show a cephalocaudal gradient (i.e., more mandibular than
maxillary changes in adult life), and that affects the three
planes of space differently. Growth in width is not only the
first to drop to adult levels, usually reaching essential com-
pletion by the onset of puberty, but the basal or adult level
observed thereafter is quite low.'® Anteroposterior growth
continues at a noticeable rate for a longer period, declining
to basal levels only after puberty, with small but noticeable
changes continuing throughout adult life. Vertical growth,
which had previously been observed to continue well after
puberty in both males and females, continues at a modest
level far into adult life. The existing data are not adequate to
answer the question of whether growth rates are greater in
early than late adult life, but even if they are, skeletal growth
comes much closer to being a process that continues
throughout life than most observers had previously
suspected.
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Malocclusion is a developmental condition. In most
instances, malocclusion and dentofacial deformity are
caused, not by some pathologic process, but by moderate
distortions of normal development. Occasionally a single
specific cause is apparent, as for example, mandibular defi-
ciency secondary to a childhood fracture of the jaw or the
characteristic malocclusion that accompanies some genetic
syndromes. More often these problems result from a
complex interaction among multiple factors that influence
growth and development, and it is impossible to describe a
specific etiologic factor (Figure 5-1).

Although it is difficult to know the precise cause of most
malocclusions, we do know in general what the possibilities
are, and these must be considered when treatment is con-
sidered. In this chapter, we examine etiologic factors for
malocclusion under three major headings: specific causes,
hereditary influences, and environmental influences. The
chapter concludes with a perspective on the interaction of
hereditary and environmental influences in the development
of the major types of malocclusion.

SPECIFIC CAUSES OF MALOCCLUSION

Disturbances in Embryologic Development

Defects in embryologic development usually result in death
of the embryo. As many as 20% of early pregnancies termi-
nate because of lethal embryologic defects, often so early that
the mother is not even aware of conception. Only a relatively
small number of recognizable conditions that produce
orthodontic problems are compatible with long-term sur-
vival. The more common of these conditions and their
embryologic origins are discussed briefly and illustrated in
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Chapter 3. Further details are provided in current texts on
facial syndromes® and dentofacial deformity.?

A variety of causes exist for embryologic defects, ranging
from genetic disturbances to specific environmental insults.
Chemical and other agents capable of producing embry-
ologic defects if given at the critical time are called terato-
gens. Most drugs do not interfere with normal development
or, at high doses, kill the embryo without producing defects,
and therefore are not teratogenic. Teratogens typically cause

Known cause
5%

Malocclusion
cause
unknown
60%

Normal
occlusion
35%

REVN=3l From a broad perspective, only about one third
of the U.S. population has normal occlusion, while two thirds

have some degree of malocclusion. In the malocclusion group,
a small minority have problems attributable in a specific
known cause; the remainder are the result of a complex and
poorly-understood combination of inherited and environmental
influences.

TABLE 5-1

Teratogens Affecting Dentofacial Development

THE ETIOLOGY OF ORTHODONTIC PROBLEMS

specific defects if present at low levels but if given in higher
doses, do have lethal effects. Teratogens known to produce
orthodontic problems are listed in Table 5-1.

Problems that can be traced to embryologic defects,
though devastating to the affected individual, fortunately are
relatively rare. The best estimate is that fewer than 1% of
children who need orthodontics had a disturbance in
embryologic development as a major contributing cause.

Skeletal Growth Disturbances

Fetal Molding and Birth Injuries

Injuries apparent at birth fall into two major categories: (1)
intrauterine molding and (2) trauma to the mandible during
the birth process, particularly from the use of forceps in
delivery.

Intrauterine Molding. Pressure against the developing
face prenatally can lead to distortion of rapidly growing
areas. Strictly speaking, this is not a birth injury, but because
the effects are noted at birth, it is considered in that category.
On rare occasions an arm is pressed across the face in utero,
resulting in severe maxillary deficiency at birth (Figure 5-2).
Occasionally a fetus' head is flexed tightly against the chest
in utero, preventing the mandible from growing forward
normally. This is related to a decreased volume of amniotic
fluid, which can occur for any of several reasons. The result
is an extremely small mandible at birth, usually accompa-
nied by a cleft palate because the restriction on displacement
of the mandible forces the tongue upward and prevents
normal closure of the palatal shelves.

This extreme mandibular deficiency at birth is termed the
Pierre Robin anomalad or sequence. Itis not a syndrome that

Teratogens Effect
Aminopterin Anencephaly
Aspirin Cleft lip and palate

Cigarette smoke (hypoxia) Cleft lip and palate

Cytomegalovirus Microcephaly, hydrocephaly, microphthalmia
Dilantin Cleft lip and palate
Ethyl alcohol Central mid-face deficiency

6-Mercaptopurine Cleft palate

13-cis Retinoic acid (Accutane)
Collins syndrome

Rubella virus

Thalidomide

Toxoplasma

X-radiation Microcephaly
Valium Cleft lip and palate

Vitamin D excess

Premature suture closure

Retinoic acid syndrome: malformations virtually same as hemifacial microsomia, Treacher

Microphthalmia, cataracts, deafness
Malformations similar to hemifacial microsomia, Treacher Collins syndrome

Microcephaly, hydrocephaly, microphthalmia
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Midface deficiency in a 3-year-old, still apparent
though much improved from the severe deficiency that was

present at birth because of intrauterine molding. Prior to birth,
one arm was pressed across the face. (From Proffit WR, White
RP, Sarver DM. Contemporary Treatment of Dentofacial Defor-
mity. St. Louis: Mosby; 2003.)

has a defined cause; instead, multiple causes can lead to the
same sequence of events that produce the deformity. The
reduced volume of the oral cavity can lead to respiratory
difficulty at birth, and it may be necessary to perform a tra-
cheostomy so the infant can breathe.®* Early mandibular
advancement via distraction osteogenesis has been used
recently in these severely affected infants to provide more
space for an airway so that the tracheostomy can be closed.*

Because the pressure against the face that caused the
growth problem would not be present after birth, there is the
possibility of normal growth thereafter and perhaps eventu-
ally a complete recovery. Some children with Pierre Robin
sequence at birth do have favorable mandibular growth
thereafter. Others never make up the deficit (Figure 5-3) and
surgical intervention is needed. It has been estimated that
about one-third of the Pierre Robin patients have a defect in
cartilage formation and can be said to have Stickler syn-
drome. Not surprisingly, this group have limited growth
potential. Catch-up growth is most likely when the original
problem was mechanical growth restriction that no longer
existed after birth.

Birth Trauma to the Mandible. Many deformity pat-
terns now known to result from other causes once were
blamed on injuries during birth. Many parents, despite
explanations from their doctors, will refer to their child's

This girl was diagnosed at birth as having the
Pierre Robin anomalad, consisting of a very small mandible,

airway obstruction and cleft palate. Some children with this con-
dition have enough postnatal mandibular growth to largely
correct the jaw deficiency, but the majority do not. At age 9, her
mandibular deficiency persists but the initial airway problems do
not. (From Proffit WR, White RP, Sarver DM. Contemporary
Treatment of Dentofacial Deformity. St. Louis: Mosby; 2003.)

facial deformity as being caused by a birth injury even if a
congenital syndrome pattern is evident. No matter what the
parents say later, Treacher Collins syndrome or Crouzon's
syndrome (see Chapter 3) obviously did not arise because of
birth trauma.

In some difficult births, however, the use of forceps to the
head to assist in delivery might damage either or both the
temporomandibular joints. At least in theory, heavy pressure
in the area of the temporomandibular joints could cause
internal hemorrhage, loss of tissue, and a subsequent under-
development of the mandible. At one time this was a
common explanation for mandibular deficiency. If the car-
tilage of the mandibular condyle were an important growth
center, of course, the risk from damage to a presumably
critical area would seem much greater. In light of the con-
temporary understanding that the condylar cartilage is not
critical for proper growth of the mandible, it is not as easy
to blame underdevelopment of the mandible on birth
injuries.

It is interesting to note that although the use of forceps
in deliveries has decreased considerably over the last 50
years, the prevalence of Class Il malocclusion due to
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mandibular deficiency has not decreased. In short, injury to
the mandible during a traumatic delivery appears to be a rare
and unusual cause of facial deformity. Children with defor-
mities involving the mandible are much more likely to have
a congenital syndrome.

Childhood Fractures of the Jaw
The falls and impacts of childhood can fracture jaws just like

other parts of the body. The condylar neck of the mandible
is particularly vulnerable, and fractures of this area in child-
hood are relatively common. Fortunately, the condylar
process tends to regenerate well after early fractures. The best
human data suggest that about 75% of children with early
fractures of the mandibular condylar process have normal
mandibular growth, and therefore do not develop malocclu-
sions that they would not have had in the absence of such
trauma (see Chapter 2). Interestingly, the prognosis is better
the earlier the condylar fracture occurs, perhaps because the
growth potential is greater early in life. From the number of
children with later growth problems whose original fracture
was not diagnosed, it appears that many early fractures of
the condylar process go completely unnoticed. It seems to be
relatively common for a child to crash the bicycle, chip a
tooth and fracture a condyle, cry a bit, and then continue to
develop normally, complete with total regeneration of the
condyle.

When a problem does arise following condylar fracture,
it usually is asymmetric growth, with the previously injured
side lagging behind (Figure 5-4). A survey of patients seen
in the Dentofacial Clinic at the University of North Carolina
indicates that only about 5% of patients referred for evalu-
ation of severe mandibular deficiency have clinical and/or
historical evidence of an early fracture of the jaw.® This sug-
gests that childhood jaw fractures, though potentially a cause
of severe orthodontic problems, do not make a large contri-
bution to the total pool of patients with malocclusion.

It is important to understand the mechanism by which
trauma can produce a distortion in subsequent growth. The
maxilla normally grows downward and forward because of
a combination of push from behind by the lengthening
cranial base (which is largely complete at an early age) and
pull from in front by anteriorly positioned tissue elements
(probably including but not limited to the cartilaginous
nasal septum). The mandible seems to be almost entirely
pulled forward by the soft tissue matrix in which it is embed-
ded. After an injury, growth problems arise when there is
enough scarring in the area to restrict the normal growth
movements, so that the maxilla or, more frequently, the
mandible cannot be pulled forward along with the rest of
the growing face. If there is more scarring and restriction on
one side, subsequent growth will be asymmetric.

This concept is highly relevant to the management of
condylar fractures in children. It suggests, and clinical expe-
rience confirms, that there would be little if any advantage
from surgical open reduction of a condylar fracture in a
child. The additional scarring produced by surgery could
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Mandibular asymmetry in an 8-year-old boy, due
to deficient growth on the affected side after fracture of the left

condylar process, probably at age 2. For this patient, growth was
normal despite the complete loss ofthe mandibular condyle until
age 6, when an attachment of the condylar process to the under-
side of the zygomatic arch on the injured side began to restrict
growth; then facial asymmetry developed rapidly. (From Proffit
WR, White RP, Sarver DM. Contemporary Treatment of Dentofa-
cial Deformity. St. Louis: Mosby; 2003.)

make things worse. The best therapy therefore is conserva-
tive management at the time of injury and early mobiliza-
tion of the jaw to minimize any restriction on movement.
An old condylar fracture is the most likely cause of asym-
metric mandibular deficiency in a child, but other destruc-
tive processes that involve the temporomandibular joint
such as rheumatoid arthritis (Figure 5-5), or a congenital
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Rheumatoid arthritis is an uncommon cause of facial asymmetry, but in the polyarticular form of the disease (multi-
ple joints affected), the TM joints often are involved, and asymmetry may develop as one side is affected more than the other. A, Facial
appearance age 12, 2 years after the diagnosis of polyarticular rheumatoid arthritis. B, P-A ceph, age 12. Note the jaw asymmetry.

absence of tissue as in hemifacial microsomia (see Chapter
3), also can produce this problem.

Muscle Dysfunction

The facial muscles can affect jaw growth in two ways. First,
the formation of bone at the point of muscle attachments
depends on the activity of the muscle; second, the muscula-
ture is an important part of the total soft tissue matrix whose
growth normally carries the jaws downward and forward.
Loss of part of the musculature can occur from unknown
causes in utero or as a result of a birth injury, but is most
likely to result from damage to the motor nerve (the muscle
atrophies when its motor nerve supply is lost). The result
would be underdevelopment of that part of the face (Figure
5-6).

Excessive muscle contraction can restrict growth in much
the same way as scarring after an injury. This effect is seen
most clearly in torticollis, a twisting of the head caused by
excessive tonic contraction of the neck muscles on one side
(primarily the sternocleidomastoid) (Figure 5-7). The result
is a facial asymmetry because of growth restriction on the
affected side, which can be quite severe unless the contracted
neck muscles are surgically detached at an early age.® Con-
versely, a major decrease in tonic muscle activity (as in mus-
cular dystrophy, some forms of cerebral palsy, and various
muscle weakness syndromes) allows the mandible to drop

downward away from the rest of the facial skeleton. The
result is increased anterior face height, distortion of facial
proportions and mandibular form, excessive eruption of the
posterior teeth, narrowing of the maxillary arch and anterior
open bite (Figure 5-8).”

Acromegaly and Hemimandibular Hypertrophy

In acromegaly, which is caused by an anterior pituitary
tumor that secretes excessive amounts of growth hormone,
excessive growth ofthe mandible may occur, creating a skele-
tal Class Il malocclusion in adult life (Figure 5-9). Often
(but not always—sometimes the mandible is unaffected)
mandibular growth accelerates again to the levels seen in the
adolescent growth spurt, years after adolescent growth was
completed.® The condylar cartilage proliferates, but it is dif-
ficult to be sure whether this is the cause of the mandibular
growth or merely accompanies it. Although the excessive
growth stops when the tumor is removed or irradiated, the
skeletal deformity persists and orthognathic surgery to repo-
sition the mandible is likely to be necessary (see Chapter 19).

Occasionally, unilateral excessive growth of the mandible
occurs in individuals who seem metabolically normal. Why
this occurs is entirely unknown. It is most likely in girls
between the ages of 15 and 20, but may occur as early as age
10 or as late as the early 30s in either sex. The condition for-
merly was called condylar hyperplasia, and proliferation of
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RIEIVN=-TW Facial asymmetry in an 11-year-old boy whose masseter muscle was largely missing on the left side. The muscle is an
important part of the total soft tissue matrix; in its absence growth of the mandible in the affected area also is deficient. A, Age 4. B,
Age n. C, Age 17 after surgery to advance the mandible more on the left than right side. The soft tissue deficiency from the missing

musculature on the left side still is evident.

SHIEVN=TA Facial asymmetry in a 6-year-old girl with torti-
collis. Excessive muscle contraction can restrict growth in a way

analogous to scarring after an injury. Despite surgical release of
the contracted neck muscles at age |, moderate facial asymme-
try developed in this case, and a second surgical release of the
muscles was performed at age 7. Note that the asymmetry affects
the entire side ofthe face, not just the mandible.

the condylar cartilage is a prominent aspect; however,
because the body of the mandible also is affected (Figure 5-
10), hemimandibular hypertrophy now is considered a more
accurate descriptive term.® The excessive growth may stop
spontaneously, but in severe cases removal of the affected
condyle and reconstruction of the area is necessary.

Disturbances of Dental Development

Disturbances of dental development may accompany major
congenital defects but are most significant as contributors to
isolated Class | malocclusion. Significant disturbances
include:

Congenitally Missing Teeth
Congenital absence of teeth results from disturbances during
the initial stages of formation of a tooth—initiation and
proliferation. Anodontia, the total absence of teeth, is the
extreme form. The term oligodontia refers to congenital
absence of many but not all teeth, whereas the rarely used
term hypodontia implies the absence of only a few teeth.
Since the primary tooth buds give rise to the permanent
tooth buds, there will be no permanent tooth if its primary
predecessor was missing. It is possible, however, for the
primary teeth to be present and for some or all the perma-
nent teeth to be absent.

Anodontia or oligodontia, the absence of all or most of
the permanent teeth, is usually associated with a systemic
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S A, Lengthening of the lower face typically occurs in patients with muscle weakness syndromes, as in this 15-year-old
boy with muscular dystrophy. B, Anterior open bite, as in this patient, usually (but not always) accompanies excessive face height in

patients with muscular weakness.

Profile view and cephalometric radiograph of a 32-year-old man with acromegaly, which was diagnosed 3 years previ-
ously after he went to his dentist because his lower jaw was coming forward. After irradiation of the anterior pituitary area, elevated
growth hormone levels dropped and mandibular growth ceased. Note the enlargement of sella turcica and loss of definition of its bony
outline in the cephalometric radiograph (arrow), reflecting the secretory tumor in that location. (From Proffit WR, White RP, Sarver DM.
Contemporary Treatment of Dentofacial Deformity. St. Louis: Mosby; 2003.)

abnormality, ectodermal dysplasia. Individuals with ectoder-
mal dysplasia have thin, sparse hair and an absence of sweat
glands in addition to their characteristically missing teeth
(Figure 5-11). Occasionally, oligodontia occurs in a patient
with no apparent systemic problem or congenital syndrome.
In these children, it appears as if there is a random pattern
to the missing teeth.

Anodontia and oligodontia are rare, but hypodontia
is a relatively common finding. A recent review concludes

that a polygenic multifactorial model of etiology is the
best explanation of etiology.’® As a general rule, if only
one or a few teeth are missing, the absent tooth will be
the most distal tooth of any given type. If a molar tooth
is congenitally missing, it is almost always the third molar;
if an incisor is missing, it is nearly always the lateral; if
a premolar is missing, it almost always is the second
rather than the first. Rarely is a canine the only missing
tooth.
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V=G A, Facial asymmetry in this 21-year-old woman developed gradually in her late teens, after orthodontic treatment for
dental crowding during which there was no sign of jaw asymmetry, due to excessive growth of the mandible on the right side. B, The
dental occlusion shows an open bite on the affected right side, reflecting the vertical component of the excessive growth. C, Note the

grossly enlarged mandibular condyle on the right side. Why this type of excessive but histologically normal growth occurs, and why it
is seen predominantly in females, is unknown.

HIEV[X=EM A, A child with ectodermal dysplasia, in addition to the characteristic thin and light-colored hair, is likely to have an
overdosed appearance because of lack of development of the alveolar processes. B, Panoramic radiograph of the same boy, showing
the multiple missing teeth. When this many teeth are congenially missing, ectodermal dysplasia is the most likely cause.
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Disproportionately small (A) or large (B) max-

illary lateral incisors are relatively common. This creates a tooth-
size discrepancy that makes normal alignment and occlusion
almost impossible. It is easier to build up small laterals than
reduce the size of large ones, because dentin is likely to
be exposed interproximal® after more than 12 mm in width
reduction.

Malformed and Supernumerary Teeth

Abnormalities in tooth size and shape result from
disturbances during the morphodifferentiation stage of
development, perhaps with some carryover from the
histodifferentiation stage. The most common abnormality is
a variation in size, particularly of maxillary lateral incisors
(Figure 5-12) and second premolars. About 5% of the total
population have a significant "tooth size discrepancy”
because of disproportionate sizes of the upper and lower
teeth. Unless the teeth are matched for size, normal occlu-
sion is impossible. As might be expected, the most variable
teeth, the maxillary lateral incisors, are the major culprits.
The diagnosis oftooth size discrepancy, discussed in Chapter
6, is based on comparison of the widths of teeth to published
tables of expected tooth sizes.

Occasionally, tooth buds may fuse or geminate (partially
split) during their development. Fusion results in teeth with
separate pulp chambers joined at the dentin, whereas gemi-
nation results in teeth with a common pulp chamber. The
differentiation between gemination and fusion can be diffi-
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cult and is usually confirmed by counting the number of
teeth in an area. Ifthe other central and both lateral incisors
are present, a bifurcated central incisor is the result of either
gemination or, less probably, fusion with a supernumerary
incisor. On the other hand, if the lateral incisor on the
affected side is missing, the problem probably is fusion of the
central and lateral incisor buds. Normal occlusion, of course,
is all but impossible in the presence of geminated, fused or
otherwise malformed teeth.

Supernumerary or extra teeth also result from distur-
bances during the initiation and proliferation stages of
dental development. The most common supernumerary
tooth appears in the maxillary midline and is called a mesio-
dens. Supernumerary lateral incisors also occur; extra pre-
molars occasionally appear; a few patients have fourth as well
as third molars. The presence of an extra tooth obviously has
great potential to disrupt normal occlusal development
(Figure 5-13), and early intervention to remove it is usually
required to obtain reasonable alignment and occlusal rela-
tionships. Multiple supernumerary teeth are most often seen
in the congenital syndrome of cleidocranial dysplasia (see
Figure 3-23), which is characterized by missing clavicles
(collar bones), many supernumerary and unerupted teeth,
and failure of the succedaneous teeth to erupt (see further
discussion following).

Interference With Eruption

For a permanent tooth to erupt, the overlying bone as
well as the primary tooth roots must resorb, and the tooth
must make its way through the gingiva. Supernumerary
teeth, sclerotic bone, and heavy fibrous gingiva can obstruct
eruption.

All of these interferences are present in cleidocranial dys-
plasia. The multiple supernumerary teeth contribute an
element of mechanical interference. More seriously, children
with this condition have a defect in bone resorption, and the
gingiva is quite heavy and fibrous.*! If the eruption path can
be cleared, the permanent teeth will erupt (see Figure 3-23).
To accomplish this, it is necessary not only to extract any
supernumerary teeth that may be in the way but also to
remove the bone overlying the permanent teeth and reflect
the gingiva so that the teeth can break through into the
mouth.

In patients with less severe interferences with eruption,
delayed eruption of some permanent teeth contributes
to malocclusion only when other teeth drift to improper
positions in the arch. In 5% to 10% of U.S. children, at least
one primary molar becomes ankylosed (fused to the bone)
before it finally resorbs and exfoliates. Although this delays
eruption of its permanent successor, there is usually no
lasting effect, but a primary molar that becomes ankylosed
at a young age can become totally submerged. In that case,
the primary molar is unlikely to exfoliate, the permanent
premolar is severely delayed, and drift of other permanent
teeth into the space of the delayed tooth can create a signif-
icant malocclusion.
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VNS EN  The maxillary midline is the most common location for a supernumerary tooth, which can be of almost any shape.
The supernumerary may block the eruption of one or both the central incisors, or as in this girl, may separate them widely and also

displace the lateral incisors.

Ectopic Eruption

Occasionally, malposition of a permanent tooth bud can lead
to eruption in the wrong place. This condition is called
ectopic eruption and is most likely to occur in the eruption
of maxillary first molars. If the eruption path of the maxil-
lary first molar carries it too far mesially at an early stage,
the permanent molar is unable to erupt, and the root of the
second primary molar may be damaged (Figure 5-14). The
mesial position of the permanent molar means that the arch
will be crowded unless the child receives treatment.

Ectopic eruption of other teeth is rare but can result
in transposition of teeth or bizarre eruption positions.
Mandibular second premolars sometimes erupt distally, and
can end up beneath the permanent molars or even in the
ramus (Figure 5-15).> A poor eruption direction of other
teeth, especially maxillary canines, usually is due to the erup-
tion path being altered by a lack of space.

Early Loss of Primary Teeth

When a unit within the dental arch is lost, the arch tends
to contract and the space to close. At one time, this space
closure was attributed entirely to mesial drift of posterior
teeth, which in turn was confidently ascribed to forces from
occlusion. Although a mesially-directed force when posterior
teeth are brought together,*® it probably is not a major factor
in closure of spaces within the dental arches.

FUCIVN=R-S8 Ectopic eruption of the permanent maxillary

first molar apparently results from mesial position or inclination
ofthe tooth bud. This causes the eruptive path ofthe first molar
to contact the root ofthe primary second molar, as in this 8-year-
old boy. The result is a delay in eruption of the first molar and
root resorption of the second primary molar.

The contemporary view is that mesial drift is a phenom-
enon of the permanent molars only. The major reason these
teeth move mesially when a space opens up is their mesial
inclination, so that they erupt mesially as well as occlusally.
Experimental data suggest that, rather than causing mesial
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A, Mandibular second premolars tend to erupt tipped distally, and are prone to horizontal impaction, especially if the
first molar is lost prematurely, but orthodontic correction is possible. B, Ifthe first molar is lost prematurely and the unerupted second
premolars are tipped distally, the second premolar can migrate back against the second molar, and may erupt in tight contact with it.
C, Rarely, the premolars migrate distally beneath the permanent molars, and D, extreme migration into the mandibular ramus, even to
the point that a premolar is found at the top of the coronoid process, is possible. (D, Courtesy Dr. K. Mitchell.)

drift, forces from occlusion actually retard it."* In other
words, a permanent molar is likely to drift mesially more
rapidly in the absence of occlusal contacts than if they are
present.

Mesial drift of the permanent first molar after a primary
second molar is lost prematurely (Figure 5-16) can signifi-
cantly contribute to the development of crowding in the pos-
terior part of the dental arch. This has been a significant
cause of crowding and malalignment of premolars in the
past. For this reason, maintenance of the space after a
primary second molar has been lost is indicated (see Chapter
11).

When a primary first molar or canine is lost prematurely,
there is also a tendency for the space to close. This occurs
primarily by distal drift of incisors, not by mesial drift of
posterior teeth (Figure 5-16, B). The impetus for distal drift
appears to have two sources: force from active contraction of
transseptal fibers in the gingiva, and pressures from the lips
and cheeks.'® The pull from transseptal fibers probably is the
more consistent contributor to this space closure tendency,
whereas lip pressure adds a variable component (see the fol-
lowing section on equilibrium). If a primary canine or first
molar is lost prematurely on only one side, the permanent

teeth drift distally only on that side, leading to an asymme-
try in the occlusion as well as a tendency toward crowding.

From this description, it is apparent that early loss of
primary teeth can cause crowding and malalignment within
the dental arches. Is this a major cause of Class | crowding
problems? The impact of fluoridation and other caries-
preventive treatment on the prevalence of malocclusion
indicates that it is not. Although fluoridation greatly reduced
caries and early loss of primary teeth in typical U.S. com-
munities, there was little or no impact on the prevalence of
malocclusion. Even without fluoridation, in other words,
most crowding problems are not caused by early loss of
primary teeth.

Traumatic Displacement of Teeth

Almost all children fall and hit their teeth during their form-
ative years. Occasionally, the impact is intense enough to
knock out or severely displace a primary or permanent
tooth. Dental trauma can lead to the development of mal-
occlusion in three ways: (1) damage to permanent tooth
buds from an injury to primary teeth, (2) drift of permanent
teeth after premature loss of primary teeth, and (3) direct
injury to permanent teeth.
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A, In this child's maxillary arch, early loss of the
left second primary molar led to marked mesial drift of the per-

manent first molar. Note the space closure on the patient's left
side (the right side ofthis mirror image photo), where almost no
room for the second premolar remains. B, In this child's
mandibular arch, early loss of the left primary canine led to a shift
of the permanent incisors lingually and to the left.

Trauma to a primary tooth can displace the permanent
tooth bud underlying it. There are two possible results. First,
if the trauma occurs while the crown of the permanent tooth
is forming, enamel formation will be disturbed and there
will be a defect in the crown of the permanent tooth.

Second, if the trauma occurs after the crown is complete,
the crown may be displaced relative to the root. Root for-
mation may stop, leaving a permanently shortened root.
More frequently, root formation continues, but the remain-
ing portion of the root then forms at an angle to the trau-
matically displaced crown (Figure 5-17). This distortion of
root form is called dilaceration, defined as a distorted root
form. Dilaceration may result from mechanical interference
with eruption (as from an ankylosed primary tooth that does
not resorb), but its usual cause, particularly in permanent
incisor teeth, is trauma to primary teeth that also displaced
the permanent buds.

If distortion of root position is severe enough, it is almost
impossible for the crown to assume its proper position—that
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FICUINSVA Distortion of the root (termed dilaceration)

of this lateral incisor resulted from trauma at an earlier age that
displaced the crown relative to the forming root.

might require the root to extend out through the alveolar
bone. For this reason, it may be necessary to extract a severely
dilacerated tooth. Traumatically displaced permanent teeth
in children should be repositioned as early as possible (see
Chapter 12). Immediately after the accident, an intact tooth
usually can be moved back to its original position rapidly
and easily. After healing (which takes 2 to 3 weeks), it is dif-
ficult to reposition the tooth, and ankylosis may develop that
makes it impossible.

GENETIC INFLUENCES

A strong influence of heredity on facial features is obvious
at a glance—it is easy to recognize familial tendencies in
the tilt of the nose, the shape of the jaw, and the look of the
smile. Certain types of malocclusion run in families. The
Hapsburg jaw, the prognathic mandible of this European
royal family, is the best known example (Figure 5-18), but
dentists routinely see repeated instances of similar maloc-
clusions in parents and their offspring. The pertinent ques-
tion for the etiology of malocclusion is not whether there are
inherited influences on the jaws and teeth, because obviously
there are, but whether different types of malocclusion can be
directly caused by inherited characteristics.

For much of the 20th century, thoughts about how mal-
occlusion could be produced by inherited characteristics
focused on two major possibilities. The first would be an
inherited disproportion between the size of the teeth and the
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Mandibular prognathism in the Hapsburg family became known as the Hapsburg jaw as it recurred over multiple
generations in European royalty and was recorded in many portraits. A, Phillip Il and Prince Ferdinand, 1575 (Titian). B, Phillip IV, 1638
(Velasquez). C, Charles IV and family, 1800 (Goya). Note the strong lower jaw in baby, father, and grandmother, but not in mother.

size of the jaws, which would produce crowding or spacing.
The second would be an inherited disproportion between
the size or shape of the upper and lower jaws, which would
cause improper occlusal relationships. The more independ-
ently these characteristics are determined, the more likely
that disproportions could be inherited. Could a child inherit
relatively large teeth but a jaw too small to accommodate
them, for instance, or a large upper jaw and a small lower
one? That would be quite possible ifjaw and tooth sizes were
inherited independently, but if dentofacial characteristics
tended to be linked, an inherited mismatch of this type
would be unlikely.

Primitive human populations in which malocclusion is
less frequent than in modern groups are characterized by
genetic isolation and uniformity. If everyone in a group
carried the same genetic information for tooth size and jaw
size, there would be no possibility of a child inheriting dis-
cordant characteristics. In the absence of processed food, one
would expect strong selection pressure for traits that pro-
duced good masticatory function. Genes that introduced
disturbances into the masticatory system would tend to
be eliminated from the population (unless they conferred
some other advantage). The result should be exactly what is
seen in primitive populations: individuals in whom tooth
size-jaw size discrepancies are infrequent, and groups in
which everyone tends to have the same jaw relationship (not
necessarily one that produces ideal dental occlusion). Dif-
ferent human groups have developed impressive variations
in facial proportions and jaw relationships. What happens,
then, when there is outbreeding between originally distinct
human population groups?

One of the characteristics of civilization is the collection
of large groups of people into urban centers, where the
opportunities for mating outside one's own small popula-
tion group are greatly magnified. If inherited disproportions
of the functional components of the face and jaws were fre-
quent, one would predict that modern urban populations
would have a high prevalence of malocclusion and a great
variety of orthodontic problems. The United States, reflect-
ing its role as a "genetic melting pot,” should have one of the
world's highest rates of malocclusion—which it does. In the
1930s and 1940s, as knowledge of the new science of genet-
ics developed, it was tempting to conclude that the great
increase in outbreeding that occurred as human populations
grew and became more mobile was the major explanation
for the increase in malocclusion in recent centuries.

This view of malocclusion as primarily a genetic problem
was greatly strengthened by breeding experiments with
animals carried out in the 1930s. By far the most influential
individual in this regard was Professor Stockard, who
methodically crossbred dogs and recorded the interesting
effects on body structure (Figure 5-19).'® Present-day dogs,
of course, come in a tremendous variety of breeds and sizes.
What would happen if one crossed a Boston terrier with a
collie? Might the offspring have the collie's long, pointed
lower jaw and the terrier's diminutive upper jaw? Could
unusual crowding or spacing result because the teeth of one
breed were combined in the offspring with the jaw of the
other? Stockard's experiments indicated that dramatic mal-
occlusions did occur in his crossbred dogs, more from jaw
discrepancies than from tooth size-jaw size imbalances.
These experiments seemed to confirm that independent
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HEVIN=SCN In breeding experi-

ments with dogs in the 1930s, Profes-
sor Stockard demonstrated that severe
malocclusions could be developed
by crossing morphologically different
breeds. His analogy to human maloc-
clusion was a powerful influence in the
rejection of the prevailing belief of the
1920s that improper jaw function
caused malocclusion. (From Stockard
CR, Johnson AL. Genetic and
Endocrinic Basis for Differences in
Form and Behavior. Philadelphia: The
Wistar Institute of Anatomy and
Biology; 1941.)

inheritance of facial characteristics could be a major cause
of malocclusion and that the rapid increase in malocclusion
accompanying urbanization was probably the result of
increased outbreeding.

These dog experiments turned out to be misleading,
however, because many breeds of small dogs carry the gene
for achondroplasia. Animals or humans affected by this
condition have deficient growth of cartilage. The result is
extremely short extremities and an underdeveloped midface.
The dachshund is the classic achondroplastic dog, but most
terriers and bulldogs also carry this gene. Achondroplasia is
an autosomal dominant trait. Like many dominant genes,
the gene for achondroplasia shows variable expressivity,
meaning simply that the trait will be expressed more dra-
matically in some individuals than in others. Most of the
unusual malocclusions produced in Stockard's breeding
experiments can be explained not on the basis of inherited
jaw size but by the extent to which achondroplasia was
expressed in that animal.

Achondroplasia is rare in humans, but it does occur, and
it produces the expected changes (Figure 5-20). In addition
to short limbs, the cranial base does not lengthen normally
because of the deficient growth at the synchondroses, the
maxilla is not translated forward to the normal extent, and
a relative midface deficiency occurs. In a number of relatively
rare genetic syndromes like achondroplasia, influences
on the form of the face, jaws and teeth can be discerned,*
but those cause only a small percentage of orthodontic
problems.

A careful examination of the results of outbreeding in
human populations also casts doubt on the hypothesis that
independently inherited tooth and jaw characteristics are a
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FEIO =0 In this 14-year-old girl with moderately severe

achondroplasia, note the deficient midface, particularly at the
bridge of the nose. This results from decreased growth of carti-
lage in the cranial base, with a resulting lack of forward transla-
tion of the maxilla. (From Proffit WR, White RP, Sarver DM.
Contemporary Treatment of Dentofacial Deformity. St. Louis:
Mosby; 2003.)

major cause of malocclusion. The best data are from inves-
tigations carried out in Hawaii by Chung et al.?° Before
its discovery by the European explorers of the eighteenth
century, Hawaii had a homogeneous Polynesian population.
Large scale migration to the islands from Europe, China and
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Japan, as well as the arrival of smaller numbers of other racial
and ethnic groups, resulted in an exceptionally heteroge-
neous modern population. Tooth size, jaw size, and jaw
proportions were all rather different for the Polynesian,
Asian, and European contributors to the Hawaiian melting
pot. Therefore iftooth and jaw characteristics were inherited
independently, a high prevalence of severe malocclusion
would be expected in this population.

The prevalence and types of malocclusion in the current
Hawaiian population, though greater than the prevalence of
malocclusion in the original population, do not support this
concept. The effects of interracial crosses appear to be more
additive than multiplicative. For example, about 10% of the
Chinese who migrated to Hawaii had Class |11 malocclusion,
whereas about 10% of the Polynesians had crowded teeth.
The offspring of this cross seem to have about a 10% preva-
lence of each characteristic, but there is no evidence of dra-
matic facial deformities like those seen in the crossbred dogs.
In other words, if malocclusion or a tendency to malocclu-
sion is inherited, the mechanism is not the independent
inheritance of discrete morphologic characteristics like
tooth and jaw sizes.

The classic way to determine to what extent a character-
istic is determined by inheritance is to compare monozygotic
(identical) with dizygotic (fraternal) twins. Monozygotic
twins occur because of the early division of a fertilized egg,
so each individual has the same chromosomal DNA and the
two are genetically identical. Any differences between them
should be solely the result of environmental influences.
Twins also occur when two eggs are released at the same time
and fertilized by different spermatozoa. These dizygotic
twins are not more similar than ordinary siblings except
that they have shared the same intrauterine and family
environment.

By comparing identical twins, fraternal twins and
ordinary siblings, an estimate of the heritability of any
characteristic can be determined. That is, the proportion of
the variability in that characteristic due to heredity can
be estimated. Studies of this type are limited in several
ways. Not only is it difficult to obtain the twin pairs for study,
but also it can be difficult to establish zygosity and confirm
that the environments were in fact the same for both
members of a twin pair. Lauweryns et al,*® summarizing a
number of research investigations of this type, concluded
that about 40% of the dental and facial variations that lead
to malocclusion can be attributed to hereditary factors. A
more recent Australian study found that the hereditary
component for variations in spacing and tooth position
within the dental arches was 69% to 89%. It was 53%
for overbite, but only 28% for overjet (which therefore
appears to have a greater environmental component than
crowding/spacing or overbite).*? Corrucini and coworkers?
have argued that with appropriate corrections for unsus-
pected environmental differences within twin pairs, the
heritability for some dental characteristics such as overjet
is almost zero.

THE DEVELOPMENT OF ORTHODONTIC PROBLEMS

The other classic method of estimating the influence of
heredity is to study family members, observing similarities
and differences between mother-child, father-child, and
sibling pairs. From an examination of longitudinal cephalo-
metric radiographs and dental casts of siblings who partici-
pated in the Bolton-Brush growth study (carried out
between the late 1930s and the early 1970s), Harris and
Johnson®* concluded that the heritability of craniofacial
(skeletal) characteristics was relatively high, but that of
dental (occlusal) characteristics was low. For skeletal charac-
teristics, the heritability estimates increased with increasing
age; for dental characteristics, the heritability estimates
decreased, indicating an increasing environmental contribu-
tion to the dental variation. These findings were confirmed
and extended in a recent study of heritability in Icelandic
families.?” To the extent that the facial skeleton determines
the characteristics of a malocclusion, therefore, a hereditary
component is likely to be present. When parent-child corre-
lations are used to assist in predicting facial growth, errors
are reduced, which in itself strongly indicates the hereditary
influence on these dimensions.?® Purely dental variation,
however, seems to be much more environmentally
determined.

As was noted in European royal families (see Figure 5-18),
the influence of inherited tendencies is particularly strong
for mandibular prognathism. In one reasonably representa-
tive group of families with Class Il problems, one third of
the children who presented with severe Class Il malocclu-
sion had a parent with the same problem, and one sixth had
an affected sibling.?* The long face pattern of facial defor-
mity seems to be the second most likely type of deformity to
run in families. In general, siblings are likely to have severe
malocclusions, perhaps because their genetically influenced
facial types and growth patterns lead to similar responses to
environmental factors.?®

Is there a gene for mandibular prognathism? Almost
certainly multiple genes interact in the development of this
condition, just as they do for other aspects of growth. In
addition, it is quite likely that there are different sub-types
of this problem, and that the expression of genes is different
depending on the sub-type. Today's researchers have at their
disposal many techniques to successfully map genes, and
the success of these methods in identifying the genetic basis
of congenitally missing teeth is impressive.?® A similar strat-
egy can be applied toward unraveling the genetic basis of
mandibular prognathism. Mouse studies already have shown
that distinct quantitative trait loci (QTL) determine the
shape of the mandible.?” As it becomes clearer what genes are
involved in excessive mandibular growth, it is highly likely
that genetic analysis will contribute to our knowledge of how
to manage patients with this problem. Knowing the type of
growth associated with different genetic patterns could help
greatly with both the type and timing of orthodontic and
surgical treatment.

Beyond prognathism, the extent to which other types of
malocclusion are related to genetic influences is less clear.
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The long face pattern of facial growth, which tends to
produce anterior open bite malocclusion, also runs in fami-
lies but is less clearly a largely inherited problem. If dental
variations that contribute to malocclusion are not tightly
linked to gene expression, a condition like open bite could
be largely due to external influences, for example, sucking
habits or tongue posture. Let us now examine the role of the
environment in the etiology of malocclusion.

ENVIRONMENTAL INFLUENCES

Environmental influences during the growth and develop-
ment of the face, jaws, and teeth consist largely of pressures
and forces related to physiologic activity. Function must
adapt to the environment. For example, how you chew and
swallow will be determined in part by what you have to eat;
pressures against the jaws and teeth will occur during both
activities and could affect how jaws grow and teeth erupt.

A relationship between anatomic form and physiologic
function is apparent in all animals. Over evolutionary time,
adaptations in the jaws and dental apparatus are prominent
in the fossil record. Form-function relationships at this level
are controlled genetically and, though important for a
general understanding of the human condition, have little to
do with any individual's deviation from the current norm.

On the other hand, there is every reason to suspect that
form-function relationships during the lifetime of an indi-
vidual may be significant in the development of malocclu-
sion. Although the changes in body form are minimal, an
individual who does heavy physical work as an adolescent
has both heavier and stronger muscles and a sturdier skele-
tal system than one who is sedentary. If function could affect
the growth of the jaws, altered function would be a major
cause of malocclusion, and it would be logical for chewing
exercises and other forms of physical therapy to be an impor-
tant part of orthodontic treatment. But if function makes
little or no difference in the individual's pattern of develop-
ment, altering his or her jaw function would have little if any
impact, etiologically or therapeutically. Because ofits impor-
tance in contemporary orthodontics, particular emphasis is
placed here on evaluating potential functional contributions
to the etiology of malocclusion and to possible relapse after
treatment.

Equilibrium Theory and Development of the
Dental Occlusion

Equilibrium theory, as applied in engineering, states that an
object subjected to unequal forces will be accelerated and
thereby will move to a different position in space. It follows
that if any object is subjected to a set of forces but remains
in the same position, those forces must be in balance or equi-
librium. From this perspective, the dentition is obviously in
equilibrium, since the teeth are subjected to a variety of
forces but do not move to a new location under usual cir-

THE ETIOLOGY OF ORTHODONTIC PROBLEMS

145

cumstances. Even when teeth are moving, the movements are
so slow that a static equilibrium can be presumed to exist at
any instant in time.

The effectiveness of orthodontic treatment is itself a
demonstration that forces on the dentition are normally in
equilibrium. Teeth normally experience forces from masti-
catory effort, swallowing and speaking, but do not move. If
a tooth is subjected to a continuous force from an ortho-
dontic appliance, it does move. From an engineering point
of view, the force applied by the orthodontist has altered the
previous equilibrium, resulting in tooth movement. The
nature of the forces necessary for tooth movement is dis-
cussed in detail in Chapter 9.

Equilibrium considerations also apply to the skeleton,
including the facial skeleton. Skeletal alterations occur all the
time in response to functional demands and are magnified
under unusual experimental situations. As discussed in
Chapter 2, the bony processes to which muscles attach are
especially influenced by the muscles and the location of the
attachments. The form of the mandible, because it is largely
dictated by the shape of its functional processes, is particu-
larly prone to alteration. The density of the facial bones, like
the skeleton as a whole, increases when heavy work is done
and decreases in its absence.

Equilibrium Effects on the Dentition

Equilibrium effects on the dentition can be understood
best by observing the effect of various types of pressures.
Although one might think that force multiplied by duration
would explain the effects, this is not the case. The duration
of a force, because of the biologic response, is more impor-
tant than its magnitude.

This important point is made clearer by examining the
response to the forces applied during chewing. When heavy
masticatory forces are applied to the teeth, the fluid-filled
periodontal ligament acts as a shock absorber, stabilizing the
tooth for an instant while alveolar bone bends and the tooth
is displaced for a short distance along with the bone. If the
heavy pressure is maintained for more than a few seconds,
increasingly severe pain is felt, and so the biting force is
released quickly. This type of heavy intermittent pressure has
no impact on the long-term position of a tooth (see Chapter
9 for more detail). A number of pathologic responses to
heavy intermittent occlusal contacts on a tooth may occur,
including increased mobility and pain, but as long as the
periodontal apparatus is intact, forces from occlusion are
rarely prolonged enough to permanently move the tooth to
a new position.

A second possible contributor to the equilibrium that
governs tooth position is pressure from the lips, cheeks, and
tongue. These pressures are much lighter than those from
masticatory function, but are also much greater in duration.
Experiments suggest that even very light forces are success-
ful in moving teeth, if the force is of long enough duration.
The duration threshold seems to be between 4 and 8 hours
in humans, with 6 hours as the best guess. Since the light
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pressures from lips, cheeks, and tongue at rest are main-
tained most of the time, one would expect these pressures to
affect tooth position.

It is easy to demonstrate that this is indeed the case. For
example, if an injury to the soft tissue of the lip results in
scarring and contracture, the incisors in this vicinity will be

FICIVX =488 Scarring of the corner of the mouth in this child
will occur as the burn from biting an electrical cord heals. From

equilibrium theory, one would expect a distortion in the form of
the dental arch in the region of the contracting scar, and exactly
this occurs after an injury of this type.
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moved lingually as the lip tightens against them (Figure 5-
21). On the other hand, if restraining pressure by the lip or
cheek is removed, the teeth move outward in response to
unopposed pressure from the tongue (Figure 5-22, A). Pres-
sure from the tongue, whether from an enlargement of the
tongue from a tumor or other source or because its posture
has changed, will result in labial displacement of the teeth
even though the lips and cheeks are intact, because the equi-
librium is altered (Figure 5-22, B).

These observations make it plain that, in contrast to
forces from mastication, light sustained pressures from lips,
cheeks, and tongue at rest are important determinants of
tooth position. It seems unlikely, however, that the intermit-
tent short-duration pressures created when the tongue and
lips contact the teeth during swallowing or speaking would
have any significant impact on tooth position. As with mas-
ticatory forces, the pressure magnitudes would be great
enough to move a tooth, but the duration is inadequate
(Table 5-2).

Another possible contributor to the equilibrium could be
pressures from external sources, of which various habits and
orthodontic appliances would be most prominent. As an
example, an orthodontic appliance that created light pres-
sure on the inside ofthe dental arch might be used to expand
the teeth laterally and anteriorly, creating enough space to
bring all teeth into alignment. After a certain amount of arch
expansion, cheek and lip pressure begins to increase. One

<

The effect of a change in lip/tongue force on the dentition. Constant light pressure from soft tissues can move teeth.
The key is not so much the pressure magnitude as its duration. A, In this unfortunate individual, a large portion of the cheek was lost
because of a tropical infection. Note the outward splaying of the teeth when the restraining force of the check was lost. (Courtesy Prof.
J.P. Moss). B, After a paralytic stroke, this patient's tongue rested against the mandibular posterior teeth. Before the stroke, the occlu-
sion was normal. In this patient, an outward splaying of the teeth occurred on the affected side because of the increase in resting tongue
pressure. (Courtesy Dr. T. Wallen.)
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TABLE 5-2

Possible Equilibrium Influences: Magnitude and Duration
of Force Against the Teeth During Function

Possible equilibrium Force Force
influence maghnitude duration
Tooth contacts

Mastication Very heavy Very short
Swallowing Light Very short
Soft tissue pressures

of lip, cheek, and tongue

Swallowing Moderate Short
Speaking Light Very short
Resting Very light Long
External pressures

Habits Moderate Variable
Orthodontics Moderate Variable
Intrinsic pressures

PDL fibers Light Long
Gingival fibers Variable Long

could expect that as long as the appliance remained in place,
even though it no longer exerted any active force, it would
serve as a retainer to counter these increased forces. When
the appliance was removed, however, the equilibrium would
again be unbalanced, and the teeth would collapse lingually
until a new position of balance was reached.

Whether a habit can serve in the same way as an ortho-
dontic appliance to change the position of the teeth has been
the subject of controversy since at least the first century AD,
when Celsus recommended that a child with a crooked tooth
be instructed to apply finger pressure against it to move it to
its proper position. From our present understanding of equi-
librium, we would expect that this might work, ifthe child
kept the finger pressure against the tooth for 6 hours or more
per day.

The same reasoning can be applied to other habits: if a
habit like thumbsucking created pressure against the teeth
for more than the threshold duration (6 hours or more per
day), it certainly could move teeth and might affect the direc-
tion of jaw growth (Figure 5-23). On the other hand, if
the habit had a shorter duration little or no effect would
be expected, no matter how heavy the pressure. Whether
a behavior pattern is essential or nonessential, innate or
learned, its effect on the position of the teeth is determined
not by the force that it applies to the teeth but by how long
that force is sustained.

This concept also makes it easier to understand how
playing a musical instrument might relate to the develop-
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REIS=N- 72 A large tongue, as in this patient with a history

of thyroid deficiency from infancy onward, may contribute to
the development of mandibular prognathism by causing the
mandible to be positioned forward at all times.

ment of a malocclusion. In the past, many clinicians have
suspected that playing a wind instrument might affect the
position of the anterior teeth, and some have prescribed
instruments as part of orthodontic therapy. Playing a clar-
inet, for instance, might lead to increased overjet because of
the way the reeds are placed between the incisors, and this
instrument could be considered both a potential cause of a
Class Il malocclusion and a therapeutic device for treatment
of Class Ill. String instruments like the violin and viola
require a specific head and jaw posture that affects tongue vs
lip/cheek pressures and could produce asymmetries in arch
form. Although the expected types of displacement of teeth
8 even in this group the
effects are not dramatic, and little or no effect is observed in

are seen in professional musicians,?

most children.?® It seems quite likely that the duration of
tongue and lip pressures associated with playing the instru-
ment is too short to make any difference, except in the most
devoted musician.

Another possible contributor to the dental equilibrium is
the periodontal fiber system, both in the gingival tissues and
within the periodontal ligament. We have already noted that
if a tooth is lost, the space tends to close, in part because of
force created by the transseptal fibers in the gingiva. The
importance of this force has been demonstrated experimen-
tally in monkeys by extracting a tooth and then making
repeated incisions in the gingiva so that the transseptal fiber
network is disrupted and cannot reestablish continuity.
Space closure is almost completely abolished under these
circumstances.*°
fiber
during orthodontic treatment and tends to pull the teeth

The same gingival network stretches elastically
back toward their original position. Clinical experience has
shown that after orthodontic treatment, it is often wise to
eliminate this force by making gingival incisions that sever
the stretched transseptal fibers, thereby allowing them to
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heal with the teeth properly aligned (see Chapter 17). In the
absence of a space created by extraction or orthodontic tooth
movement, however, the gingival fiber network apparently
has minimal effects on the dental equilibrium.

The periodontal ligament itself can contribute to the
forces that make up the dental equilibrium. Exactly how the
eruption mechanism works is still not completely under-
stood, but it seems clear now that the eruptive force is gen-
erated within the periodontal ligament. This force is large
enough and sustained enough to move a tooth. It seems
likely that the same metabolic activity can and does produce
forces that serve as a part of "active stabilization" for teeth,
directly contributing to the equilibrium. The extent to which
this occurs in teeth that are not erupting is not known. It is
known, however, that the eruption mechanism remains at
least potentially active throughout life, since a tooth can
begin to erupt again many years after eruptive movements
have apparently ceased, if its antagonist is extracted. Thus
there is at least the potential for metabolic activity in the
periodontal ligament to affect equilibrium.

Consideration of eruptive forces leads to a final aspect of
the dental equilibrium: the effect of forces against the teeth
must be considered, not only in the anteroposterior and
transverse planes of space that relate to the position of a
tooth within the arch, but also vertically in relation to how
much or how little a tooth erupts. The vertical position of
any tooth, of course, is determined by the equilibrium
between the forces that produce eruption and those that
oppose it. Forces from mastication are the primary ones
opposing eruption, but lighter, more sustained forces from
soft tissues such as the tongue interposed between the teeth
probably are more important, just as they are for the hori-
zontal equilibrium.

Equilibrium Effects on Jaw Size and Shape

The jaws, particularly the mandible, can be thought of as
consisting of a core of bone to which functional processes
are attached (see Figure 4-12). The functional processes
of bones will be altered if the function is lost or changed.
For example, the bone of the alveolar process exists only to
support the teeth. If a tooth fails to erupt, alveolar bone
never forms in the area it would have occupied, and ifatooth
is extracted, the alveolus in that region resorbs until finally
it completely atrophies. When one of a pair of opposing teeth
is extracted, the other usually begins to erupt again, and even
as bone is resorbing in one jaw where the tooth was lost, new
alveolar bone forms in the other as the erupting tooth brings
bone with it. The position of the tooth, not the functional
load on it, determines the shape of the alveolar ridge.

The same is true for the muscular processes: the location
of the muscle attachments is more important in determin-
ing bone shape than mechanical loading or degree of activ-
ity. Growth of the muscle, however, determines the position
of the attachment, and so muscle growth can produce a
change in shape of the jaw, particularly at the coronoid
process and angle of the mandible.
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If the condylar processes of the mandible can be consid-
ered functional processes serving to articulate the mandible
with the rest of the facial skeleton, as apparently they can,
the intriguing possibility is raised that altering the position
of the mandible might alter mandibular growth. The idea
that holding the mandible forward or pressing it backward
would change its growth has been accepted, rejected, and
partially accepted again during the past century. Obviously,
this theory has important implications for the etiology of
malocclusion. For example, if a child positions his mandible
forward on closure because of incisor interferences or
because his tongue is large, will this stimulate the mandible
to grow larger and ultimately produce a Class |l malocclu-
sion? Would allowing a young child to sleep on his stomach,
so that the weight of the head rested on the chin, cause
underdevelopment of the mandible and a Class |l
malocclusion?

The effect of force duration is not as clear for equilibrium
effects on the jaws as for the teeth. It appears, however, that
the same principle applies: the magnitude of force is less
important than its duration. Positioning the jaw forward
only when the teeth are brought into occlusion means that
most of the time, when the mandible is in its rest position,
there is no protrusion. We would expect no effects on a func-
tional process from repeated intermittent force because
of the short total duration, and the condylar process
seems to respond in accordance with this principle. Neither
experimental nor clinical evidence suggests that mandibular
growth is any different because of occlusal interferences
(though it should be kept in mind that tooth eruption, and
thereby the final position of the teeth, can be altered).

Ifthe mandible were protruded at all times, as might well
be the case if the tongue were unusually large, the duration
threshold could be surpassed, and growth effects might be
observed. On clinical examination, individuals who appear
to have a large tongue almost always have a well-developed
mandible, but it is very difficult to establish tongue size. Only
in extreme cases, as with a patient with early-onset thyroid
deficiency, is it possible to be reasonably sure that an
enlarged tongue contributed to excessive growth of the
mandible (Figure 5-24). This is unlikely to be a major cause
of mandibular prognathism.®!

It was widely believed in Edward Angle's era that pres-
sures against the mandible from various habits, particularly
sleeping on the stomach, interfered with growth and caused
Class Il malocclusion. Little or no evidence supports this
contention. Growth of the soft tissue matrix that moves the
mandible forward and creates a space between the condyle
and the temporal fossa is the normal mechanism by which
growth occurs. Inhibition of mandibular growth by pressure
is not a feature of normal development and is much harder
to achieve, if indeed it is possible at all.

From the perspective of equilibrium theory, then, we can
conclude that intermittent pressures or forces have little if
any effect on either the position of the teeth or the size and
shape of the jaws. Density of bone in the alveolar process and
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In this pair of identical twins, one sucked her thumb up to the time of orthodontic records at age 11 while the other
did not. A, Occlusal relationships in the non-thumbsucking and (B) the thumbsucking girl. Note the increased overjet and forward dis-
placement of the maxillary dentition in the thumbsucker. C, Cephalometric tracings of the two girls superimposed on the cranial base
for the two girls. As one would expect with identical twins, the cranial base morphology is nearly identical. Note the forward displace-
ment of not only the maxillary dentition but also the maxilla itself. (Courtesy Dr. T. Wallen.)

throughout the basal areas ofthe jaws should differ as a func-
tion of masticatory forces, but shape should not. Neither
masticatory forces nor soft tissue pressures during swallow-
ing and speaking should have any major influence on tooth
position.

Major equilibrium influences for the teeth should be the
light but long-lasting pressures from tongue, lips, and cheeks
at rest. In addition, significant equilibrium effects should be
expected from the elasticity of gingival fibers and from meta-
bolic activity within the periodontal ligament (see Table 5-
2). These equilibrium influences would affect the vertical as
well as horizontal position ofthe teeth and could have a pro-
found effect on how much tooth eruption occurred as well
as where a tooth was positioned within the dental arch. The
major equilibrium influences on the jaws should be posi-
tional changes affecting the functional processes, including
the condylar process.

In the remainder of this section, functional patterns and
habits that might produce malocclusion are examined as
potential etiologic agents from the perspective of equilib-
rium theory.

Functional Influences on
Dentofacial Development

Masticatory Function

The pressures generated by chewing activity potentially
could affect dentofacial development in two ways: (1) greater
use of the jaws, with higher and/or more prolonged biting

force, could increase the dimensions of the jaws and dental
arches. Less use of the jaws might then lead to underdevel-
oped dental arches, and to crowded and irregular teeth; (2)
decreased biting force could affect how much the teeth erupt,
thereby affecting lower face height and overbite/open bite
relationships. Let us now examine both possibilities in more
detail.

Function and Dental Arch Size. Equilibrium theory, as
reviewed earlier, suggests that the size and shape of the mus-
cular processes of the jaws should reflect muscle size and
activity. Enlargement of the mandibular gonial angles can be
seen in humans with hypertrophy of the mandibular eleva-
tor muscles (Figure 5-25), and changes in the form of the
coronoid processes occur in children when temporalis
muscle function is altered after injuries, so there is no doubt
that the muscular processes of the jaws are affected by
muscle function in humans. Equilibrium theory also sug-
gests that heavy intermittent forces produced during masti-
cation should have little direct effect on tooth positions, and
therefore that size of the dental arches would be affected by
function only if their bony base were widened. Does the
extent of masticatory activity affect the width of the base of
the dental arches?

It seems likely that differences between human racial
groups, to some extent, reflect dietary differences and the
accompanying masticatory effort. The characteristic cranio-
facial morphology of Eskimos, which includes broad dental
arches, is best explained as an adaptation to the extreme
stress they place on jaws and teeth, and changes in craniofa-
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VNS Hypertrophy of the masseter muscles leads to excessive bone formation at the angles of the mandible, as would be
expected in a bony area that responds to muscle attachment. Note the enlargement, especially on the right side of the face.

cial dimensions from early to modern human civilizations
have been related to the accompanying dietary changes.®* A
number of studies by physical anthropologists indicate that
changes in dental occlusion, and an increase in malocclu-
sion, occur along with transitions from a primitive to
modern diet and lifestyle, to the point that Corrucini labels
malocclusion a "disease of civilization."®® In the context of
adaptations to changes in diet over even a few generations,
it appears that dietary changes probably have played a role
in the modern increase in malocclusion.

Whether masticatory effort influences the size of the
dental arches and the amount of space for the teeth during
the development of a single individual is not so clear. Verti-
cal jaw relationships clearly are affected by muscular activity
(the effect on tooth eruption is discussed below); the effect
on arch width is not so clear.®

Animal experiments with soft versus hard diets show that
morphologic changes can occur within a single generation
when diet consistency is altered. When a pig, for instance, is
raised on a soft rather than a normal diet, there are changes
in jaw morphology, in the orientation of the jaws to the rest
of the facial skeleton, and in dental arch dimensions.®®
Whether similar effects exist in humans remains unclear. If
dietary consistency affects dental arch size and the amount
of space for the teeth as an individual develops, it must do
so early in life, because dental arch dimensions are estab-
lished early. The intercanine distance, the key dimension for
the alignment or crowding of incisors that is the major com-
ponent of non-skeletal malocclusion, increases only mod-
estly after the primary canines erupt at age 2 and tends to
decrease after the permanent canines erupt (see Chapter 4).
Is it possible that a child's masticatory effort plays a major
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RICIVN=g*l Comparison of occlusal force for swallowing,

simulated chewing, and maximum effort at 25 mm molar sepa-
ration in normal-face (blue) and long-face (green) adults. Note
that the normal subjects have much greater occlusal force during
swallowing and chewing as well as at maximum effort. The dif-
ferences are highly significant statistically. (From Proffit WR,
Fields HW, Nixon WL. Occlusal forces in normal and long face
adults. J Dent Res 62:566-571, 1983.)

role in determining dental arch dimensions? That seems
unlikely. Genetic drift toward smaller jaw sizes, accelerated
by the dietary changes that have occurred, is a more plausi-
ble explanation, but the precise relationship remains
unknown.

Biting Force and Eruption. Patients who have excessive
overbite or anterior open bite usually have posterior teeth
that are infra- or supra-erupted, respectively. It seems rea-
sonable that how much the teeth erupt should be a function
of how -much force is placed against them during function.
Is it possible that differences in muscle strength, and there-
fore in biting force, are involved in the etiology of short- and
long-face problems?

It was noted some years ago that short-face individuals
have higher, and long-face persons lower, maximum biting
forces than those with normal vertical dimensions. The dif-
ference between long-face and normal-face patients is highly
significant statistically for occlusal tooth contacts during
swallow, simulated chewing, and maximum biting (Figure 5-
26).%¢ Such an association between facial morphology and
occlusal force does not prove a cause-and-effect relationship.
In the rare muscle weakness syndromes discussed earlier,
there is a downward and backward rotation of the mandible
associated with excessive eruption of the posterior teeth, but
this is almost a caricature of the more usual long-face con-
dition, not just an extension of it. If there were evidence of
decreased occlusal forces in children who were showing the
long-face pattern of growth, a possible causative relationship
would be strengthened.

It is possible to identify a long-face pattern of growth in
pre-pubescent children. Measurement of occlusal forces in
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this group produces a surprising result: there are no differ-
ences between children with long faces and normal faces, nor
between either group of children and long-face adults.®” All
three groups have forces far below those of normal adults
(Figure 5-27). Therefore it appears that the differences in
occlusal force arise at puberty, when the normal group gains
masticatory muscle strength and the long-face group does
not. Because the long-face growth pattern can be identified
before the differences in occlusal force appear, it seems more
likely that the different biting force is an effect rather than a
cause of the malocclusion.

These findings suggest that the force exerted by the mas-
ticatory muscles is not a major environmental factor in con-
trolling tooth eruption and not an etiologic factor for most
patients with deep bite or open bite. The effect of muscular
dystrophy and related syndromes shows that there can be
definite effects on growth if the musculature is abnormal,
but in the absence of syndromes of this type, there is no
reason to believe that how a patient bites is a major deter-
minant of either dental arch size or vertical dimensions.

Sucking and Other Habits
Although almost all children engage
nutritive sucking, prolonged sucking habits can lead to
malocclusion. As a general rule, sucking habits during the
primary dentition years have little if any long-term effect. If
these habits persist beyond the time that the permanent teeth
begin to erupt, however, malocclusion characterized by
flared and spaced maxillary incisors, lingually positioned
lower incisors, anterior open bite, and a narrow upper arch
is the likely result. The characteristic malocclusion associated
with sucking arises from a combination of direct pressure on
the teeth and an alteration in the pattern of resting cheek
and lip pressures.

When a child places a thumb or finger between the teeth,

normal in non-

it is usually positioned at an angle so that it presses lingually
against the lower incisors and labially against the upper
incisors (Figure 5-28). This direct pressure is presumably
responsible for the displacement of the incisors. There can
be considerable variation in which teeth are affected and how
much, depending on which teeth are contacted. How much
the teeth are displaced should correlate better with the
number of hours per day of sucking than with the magni-
tude of the pressure. Children who suck vigorously but
intermittently may not displace the incisors much if at all,
whereas others who produce 6 hours or more of pressure,
particularly those who sleep with a thumb or finger between
the teeth all night, can cause a significant malocclusion.
The anterior open bite associated with thumbsucking
arises by a combination of interference with normal erup-
tion of incisors and excessive eruption of posterior teeth.
When athumb or finger is placed between the anterior teeth,
the mandible must be positioned downward to accommo-
date it. The interposed thumb directly impedes incisor erup-
tion. At the same time, the separation of the jaws alters the
vertical equilibrium on the posterior teeth, and as a result,
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Comparison of occlusal forces in normal-face children (NC, blue), long-face children (LC, aqua), normal-face adults
(NA, green), and long-face adults (LA, light green). Values for both groups of children and the long-face adults are similar; values for
normal adults are significantly higher than any of the other three groups. The implication is that the differences in occlusal force in
adults result from failure ofthe long-face group to gain strength during adolescence, not to the long condition itself. (From Proffit WR,
Fields HW. Occlusal forces in normal and long face children. J Dent Res 62:571-574, 1983.)

A child sucking his thumb usually places it
against the roof of the mouth, causing pressure that pushes the
lower incisors lingually and the upper incisors labially. In addi-
tion, the jaw is positioned downward, providing additional
opportunity for posterior teeth to erupt, and cheek pressure is
increased while the tongue is lowered vertically away from the
maxillary posterior teeth, altering the equilibrium that controls
width dimensions. Ifthe thumb is placed on one side instead of
in the midline, the symmetry ofthe arch may be affected.

there is more eruption of posterior teeth than might other-
wise have occurred. Because of the geometry of the jaws, 1
mm of elongation posteriorly opens the bite about 2 mm
anteriorly, so this can be a powerful contributor to the devel-
opment of anterior open bite (Figure 5-29).

Although negative pressure is created within the mouth
during sucking, there is no reason to believe that this is
responsible for the constriction of the maxillary arch that
usually accompanies sucking habits. Instead, arch form is
affected by an alteration in the balance between cheek and
tongue pressures. If the thumb is placed between the teeth,
the tongue must be lowered, which decreases pressure by the
tongue against the lingual of upper posterior teeth. At the
same time, cheek pressure against these teeth is increased as
the buccinator muscle contracts during sucking (Figure 5-
30). Cheek pressures are greatest at the corners ofthe mouth,
and this probably explains why the maxillary arch tends to
become V-shaped, with more constriction across the canines
than the molars. A child who sucks vigorously is more likely
to have a narrow upper arch than one who just places the
thumb between the teeth.

Although sucking habits can be a powerful contributor
to malocclusion, sucking by itself does not create a severe
malocclusion unless the habit persists well into the mixed
dentition years. Mild displacement of the primary incisor
teeth is often noted in a 3- or 4-year-old thumbsucker, but
if sucking stops at this stage, normal lip and cheek pressures
soon restore the teeth to their usual positions. If the habit
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Cephalometric tracing showing the effects of

posterior eruption on the extent of anterior opening. The only dif-
ference between the red and black tracings is that the first molars
have been elongated 2 mm in the red tracing. Note that the result
is 4 mm of separation of the incisors, because of the geometry
of the jaw.
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pressures in the molar region in a child with a sucking habit. As
the tongue is lowered and the cheeks contract during sucking,
the pressure balance against the upper teeth is altered, and the
upper but not the lower molars are displaced lingually.

persists after the permanent incisors begin to erupt, ortho-
dontic treatment may be necessary to overcome the result-
ing tooth displacements. The constricted maxillary arch is
the aspect of the malocclusion least likely to correct sponta-
neously. In many children, if the maxillary arch is expanded
transversely, both the incisor protrusion and anterior open
bite will improve spontaneously (see Chapter 12). There is
no point in beginning orthodontic therapy, of course, until
the habit has stopped.

Many other habits have been indicted as causes of mal-
occlusion. As noted previously, a "sleeping habit" in which
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The typical appearance of a "tongue thrust

swallow" with the lip pulled back. Note the tongue tip between
the incisors protruding forward toward contact with the elevated
lower lip.

the weight of the head rested on the chin once was thought
to be a major cause of Class Il malocclusion. Facial asym-
metries have been attributed to always sleeping on one side
of the face or even to "leaning habits," as when an inatten-
tive child leans the side of his face against one hand to doze
without falling out of the classroom chair.

It is not nearly as easy to distort the facial skeleton as these
views implied. Sucking habits often exceed the time thresh-
old necessary to produce an effect on the teeth, but even pro-
longed sucking has little impact on the underlying form of
the jaws. On close analysis most other habits have such a
short duration that dental effects, much less skeletal effects,
are unlikely.

Tongue Thrusting

Much attention has been paid at various times to the tongue
and tongue habits as possible etiologic factors in malocclu-
sion. The possible deleterious effects of "tongue thrust swal-
lowing" (Figure 5-31), defined as placement of the tongue
tip forward between the incisors during swallowing, received
particular emphasis in the 1950s and 1960s.

Laboratory studies indicate that individuals who place the
tongue tip forward when they swallow usually do not have
more tongue force against the teeth than those who keep the
tongue tip back; in fact, tongue pressure may be lower.*® The
term tongue thrust is therefore something of a misnomer,
since it implies that the tongue is forcefully thrust forward.
Swallowing is not a learned behavior, but is integrated and
controlled physiologically at subconscious levels, so what-
ever the pattern of swallow, it cannot be considered a habit
in the usual sense. It is true, however, that individuals with
an anterior open bite malocclusion place the tongue between
the anterior teeth when they swallow while those who
have a normal incisor relationship usually do not, and it is
tempting to blame the open bite on this pattern of tongue
activity.
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Maturation of oral activities, including swallowing, has
been discussed in some detail in Chapter 2. The mature or
adult swallow pattern appears in some normal children as
early as age 3, but is not present in the majority until about
age 6 and is never achieved in 10% to 15% of a typical pop-
ulation. Tongue thrust swallowing in older patients superfi-
cially resembles the infantile swallow (described in Chapter
3), and sometimes children or adults who place the tongue
between the anterior teeth are spoken of as having a retained
infantile swallow. This is clearly incorrect. Only brain
damaged children retain a truly infantile swallow in which
the posterior part of the tongue has little or no role.

Since coordinated movements of the posterior tongue
and elevation of the mandible tend to develop before pro-
trusion of the tongue tip between the incisor teeth disap-
pears, what is called "tongue thrusting" in young children is
often a normal transitional stage in swallowing. During the
transition from an infantile to a mature swallow, a child can
be expected to pass through a stage in which the swallow is
characterized by muscular activity to bring the lips together,
separation of the posterior teeth, and forward protrusion of
the tongue between the teeth. This is also a description of
the classic tongue thrust swallow. A delay in the normal
swallow transition can be expected when a child has a
sucking habit.

When there is an anterior open bite and/or upper incisor
protrusion, as often occurs from sucking habits, it is more
difficult to seal off the front of the mouth during swallow-
ing to prevent food or liquids from escaping. Bringing the
lips together and placing the tongue between the separated
anterior teeth is a successful maneuver to close off the front
of the mouth and form an anterior seal. In other words, a
tongue thrust swallow is a useful physiologic adaptation if
you have an open bite, which is why an individual with an
open bite also has a tongue thrust swallow. The reverse is not
true—a tongue thrust swallow is often present in children
with good anterior occlusion. After a sucking habit stops, the
anterior open bite tends to close spontaneously, but the posi-
tion of the tongue between the anterior teeth persists for a
while as the open bite closes. Until the open bite disappears,
an anterior seal by the tongue tip remains necessary.

The modern viewpoint is, in short, that tongue thrust
swallowing is seen primarily in two circumstances: in
younger children with reasonably normal occlusion, in
whom it represents only a transitional stage in normal phys-
iologic maturation; and in individuals of any age with dis-
placed incisors, in whom it is an adaptation to the space
between the teeth. The presence of overjet (often) and ante-
rior open bite (nearly always) conditions a child or adult to
place the tongue between the anterior teeth. A tongue thrust
swallow therefore should be considered the result of dis-
placed incisors, not the cause. It follows, of course, that cor-
recting the tooth position should cause a change in swallow
pattern, and this usually happens. It is neither necessary nor
desirable to try to teach the patient to swallow differently
before beginning orthodontic treatment.

THE DEVELOPMENT OF ORTHODONTIC PROBLEMS

This is not to say that the tongue has no etiologic role in
the development of open bite malocclusion. From equilib-
rium theory, light but sustained pressure by the tongue
against the teeth would be expected to have significant
effects. Tongue thrust swallowing simply has too short a
duration to have an impact on tooth position. Pressure by
the tongue against the teeth during a typical swallow lasts for
approximately 1 second. A typical individual swallows about
800 times per day while awake but has only a few swallows
per hour while asleep. The total per day therefore is usually
under 1000. One thousand seconds of pressure, of course,
totals only a few minutes, not nearly enough to affect the
equilibrium.

On the other hand, if a patient has a forward resting
posture of the tongue, the duration of this pressure, even if
very light, could affect tooth position, vertically or horizon-
tally. Tongue tip protrusion during swallowing is sometimes
associated with a forward tongue posture. If the position
from which tongue movements start is different from
normal, so that the pattern of resting pressures is different,
there is likely to be an effect on the teeth, whereas if the pos-
tural position is normal, the tongue thrust swallow has no
clinical significance.

Perhaps this point can best be put in perspective by com-
paring the number of children who have an anterior open
bite malocclusion with the number of children of the same
age reported to have a tongue thrust swallow. As Figure 5-32
shows, at every age above 6, the number of children reported
to have a tongue thrust swallow is about 10 times greater
than the number reported to have an anterior open bite.
Thus there is no reason to believe that a tongue thrust
swallow always implies an altered rest position and will lead
to malocclusion. The odds are approximately 10 to 1 that this
is not the case for any given child. In a child who has an open
bite, tongue posture may be a factor, but the swallow itself
is not.

Respiratory Pattern
Respiratory needs are the primary determinant of the
posture of the jaws and tongue (and of the head itself, to a
lesser extent). Therefore it seems entirely reasonable that an
altered respiratory pattern, such as breathing through the
mouth rather than the nose, could change the posture of the
head, jaw, and tongue. This in turn could alter the equilib-
rium of pressures on the jaws and teeth and affect both jaw
growth and tooth position. In order to breathe through the
mouth, it is necessary to lower the mandible and tongue, and
extend (tip back) the head. If these postural changes were
maintained, face height would increase, and posterior teeth
would super-erupt; unless there was unusual vertical growth
of the ramus, the mandible would rotate down and back,
opening the bite anteriorly and increasing overjet; and
increased pressure from the stretched cheeks might cause a
narrower maxillary dental arch.

Exactly this type of malocclusion often is associated with
mouth breathing (note its similarity to the pattern also
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FIGURE 5-32 Prevalence of anterior open bite, thumbsuck-

ing, and tongue thrust swallowing as a function of age. Open bite
occurs much more frequently in blacks than in whites. Note that
the prevalence of anterior open bite at any age is only a small
fraction of the prevalence of tongue thrust swallowing and is also
less than the prevalence of thumbsucking. (Data from Fletcher
SG, et al. J Speech Hear Disord 26:201-208, 1961; Kelly JE, et al.
DHEW Pub No [HRA] 77-144, 1977.)

blamed on sucking habits and tongue thrust swallow). The
association has been noted for many years: the descriptive
term adenoid fades has appeared in the English literature for
at least a century, probably longer (Figure 5-33). Unfortu-
nately, the relationship between mouth breathing, altered
posture, and the development of malocclusion is not so
clear-cut as the theoretical outcome of shifting to oral respi-
ration might appear at first glance.®® Recent experimental
studies have only partially clarified the situation.

In analyzing this, it is important to understand first that
although humans are primarily nasal breathers, everyone
breathes partially through the mouth under certain physio-
logic conditions, the most prominent being an increased
need for air during exercise. For the average individual, there
is a transition to partial oral breathing when ventilatory
exchange rates above 40 to 45L/min are reached. At
maximum effort, 80 or more L/min of air are needed, about
half of which is obtained through the mouth. At rest,
minimum airflow is 20 to 25L/min, but heavy mental
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H[ElBX=l The classic "adenoid fades," characterized by

narrow width dimensions, protruding teeth and lips separated at
rest, has often been attributed to mouth breathing. Since it is
perfectly possible to breathe through the nose with the lips sep-
arated, simply by creating an oral seal posteriorly with the soft
palate, the facial appearance is not diagnostic of the respiratory
mode. On careful study, many of these patients are found not to
be obligatory mouth breathers.

concentration or even normal conversation lead to increased
airflow and a transition to partial mouth breathing.

During resting conditions, greater effort is required to
breathe through the nose than through the mouth—the
tortuous nasal passages introduce an element of resistance
to airflow as they perform their function of warming and
humidifying the inspired air. The increased work for nasal
respiration is physiologically acceptable up to a point, and
indeed respiration is most efficient with modest resistance
present in the system. If the nose is partially obstructed, the
work associated with nasal breathing increases, and at a
certain level of resistance to nasal airflow, the individual
switches to partial mouth breathing. This crossover point
varies among individuals, but is usually reached at resistance
levels of about 3.5 to 4cm H-2-O/L/min.*° The swelling of



156 SECTION I

@ or
_E sk I}_I]i
a z F f
s 3 _

il & 2+ 35\
j:ﬂ- 2+ gl.- IE |II
o 8
E 1 * \f—{._}o——i
S o3
o

o | T T T L I IR T T T J

0:00 0:30 1:00 1:30 2:00 2:30 3:00
Time (hr:min)

FIGURE 534 Data from an experiment with dental students,
showing the immediate change in head posture when the nos-

trils are totally blocked: the head tips back about 5 degrees,
increasing the separation of the jaws. When the obstruction is
relieved, head posture returns to its original position. (From Vig
PS, et al. Am J Orthod 77:258-268, 1980.)

the nasal mucosa accompanying a common cold occasion-
ally converts all of us to mouth breathing at rest by this
mechanism.

Chronic respiratory obstruction can be produced by pro-
longed inflammation of the nasal mucosa associated with
allergies or chronic infection. It can also be produced by
mechanical obstruction anywhere within the nasorespira-
tory system, from the nares to the posterior nasal choanae.
Under normal conditions, the size of the nostril is the lim-
iting factor in nasal airflow. The pharyngeal tonsils or ade-
noids normally are large in children, and partial obstruction
from this source may contribute to mouth breathing in chil-
dren. Individuals who have had chronic nasal obstruction
may continue to breathe partially through the mouth even
after the obstruction has been relieved. In this sense, mouth
breathing can sometimes be considered a habit.

If respiration had an effect on the jaws and teeth, it should
do so by causing a change in posture that secondarily altered
long-duration pressures from the soft tissues. Experiments
with human subjects have shown that a change in posture
does accompany nasal obstruction.** For instance, when the
nose is completely blocked, usually there is an immediate
change of about 5 degrees in the craniovertebral angle
(Figure 5-34). The jaws move apart, as much by elevation
of the maxilla because the head tips back, as by depression
of the mandible. When the nasal obstruction is removed, the
original posture immediately returns. This physiologic
response occurs to the same extent, however, in individuals
who already have some nasal obstruction, which indicates
that it may not totally result from respiratory demands.

Experiments with growing monkeys have shown that
totally obstructing the nostrils for a prolonged period in this
species leads to the development of malocclusion but not
of the type commonly associated with mouth breathing
in humans.*? Instead, the monkeys tend to develop some
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HES=- < Cephalometric superimposition showing the

effect of total nasal obstruction produced by a pharyngeal flap
operation (for cleft palate speech) that sealed off the nose pos-
teriorly. From age 12 (black) to 16 (red), the mandible rotated
downward and backward as the patient experienced considerable
growth. (Redrawn from McNamara JA. Influences of respiratory
pattern on craniofacial growth. Angle Orthod 51:269-300, 1981.)

degree of mandibular prognathism, although their response
shows considerable variety. Placing a block in the roof of a
monkey's mouth, which forces a downward position of the
tongue and mandible, also produces a variety of malocclu-
sions. It seems clear that altered posture is the mechanism
by which growth changes were produced. The variety of
responses in the monkeys suggests that the type of maloc-
clusion is determined by the individual animal's pattern of
adaptation.

In evaluating these experiments, it must be kept in mind
that mouth breathing of any extent is completely unnatural
for monkeys, who will die if the nasal passages are obstructed
abruptly. To carry out the experiments, it was necessary to
gradually obstruct their noses, giving the animals a chance
to learn how to survive as mouth breathers. Total nasal
obstruction is also extremely rare in humans.

There are only a few well-documented cases of facial
growth in children with long-term total nasal obstruction,
but it appears that under these circumstances the growth
pattern is altered in the way one would predict (Figure 5-35).
Because total nasal obstruction in humans is so rare, the
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Nasal respiration (percent)

Comparison of the percentage of nasal respiration in long-face versus normal-face adolescents. About a third of the
long-face group have less than 50% nasal respiration, whereas none of the normal-face group have such a low nasal percentage. But
most of the long-face group are predominantly nasal breathers. The data suggest that impaired nasal respiration may contribute to the
development of the long-face condition but is not the sole or even the major cause. (Data redrawn from Fields HW, Warren DW, Black
K, Phillips C.Relationship between vertical dentofacial morphology and respiration in adolescents. Am J Orthod Dentofac Orthop 99:147-
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important clinical question is whether partial nasal obstruc-
tion, of the type that occurs occasionally for a short time in
everyone and chronically in some children, can lead to mal-
occlusion; or more precisely, how close to total obstruction
does partial obstruction have to come before it is clinically
significant?

The question is difficult to answer, primarily because it is
difficult to know what the pattern of respiration really is at
any given time in humans. Observers tend to equate lip sep-
aration at rest with mouth breathing (see Figure 5-35), but
this is simply not correct. It is perfectly possible for an indi-
vidual to breathe through the nose while the lips are apart.
To do this, it is only necessary to seal off the mouth by
placing the tongue against the palate. Since some lip separa-
tion at rest (lip incompetence) is normal in children, many
children who appear to be mouth breathers may not be.

Simple clinical tests for mouth breathing can also be mis-
leading. The highly vascular nasal mucosa undergoes cycles
of engorgement with blood and shrinkage. The cycles alter-
nate between the two nostrils: when one is clear, the other is
usually somewhat obstructed. For this reason, clinical tests
to determine whether the patient can breathe freely through
both nostrils nearly always show that one is at least partially
blocked. One partially obstructed nostril should not be
interpreted as a problem with normal nasal breathing.

The only reliable way to quantify the extent of mouth
breathing is to establish how much of the total airflow goes
through the nose and how much through the mouth, which
requires special instrumentation to simultaneously measure
nasal and oral airflow. This allows the percentage of nasal or

oral respiration (nasal/oral ratio) to be calculated, for the
length of time the subject can tolerate being continuously
monitored. It seems obvious that a certain percentage of oral
respiration, maintained for a certain percentage of the time,
should be the definition of significant mouth breathing,
but despite years of effort such a definition has not been
produced.

The best current experimental data for the relationship
between malocclusion and mouth breathing are derived
from studies of the nasal/oral ratio in normal versus long-
face children.*® The relationship is not nearly as clear-cut as
theory might predict. It is useful to represent the data as in
Figure 5-36, which shows that both normal and long-face
children are likely to be predominantly nasal breathers under
laboratory conditions. A minority of the long-face children
had less than 40% nasal breathing, while none of the normal
children had such low nasal percentages. When adult long-
face patients are examined, the findings are similar: the
number with evidence of nasal obstruction is increased in
comparison to a normal population, but the majority are
not mouth breathers in the sense of predominantly oral
respiration.

It seems reasonable to presume that children who require
adenoidectomy and/or tonsillectomy for medical purposes,
or those diagnosed as having chronic nasal allergies, would
have some degree of nasal obstruction (although it must be
kept in mind that this has not been documented). Allergic
children tend to have increased anterior face height and the
increased overjet/decreased overbite that accompanies it.**
Studies of Swedish children who underwent adenoidectomy
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Normal
Require adenoidectomy

Average cephalometric tracings for a group of
Swedish children requiring adenoidectomy for medical purposes,

compared with a group of normal controls. The adenoidectomy
group had statistically significantly greater anterior face height
and steeper mandibular plane angles than the controls, but the
differences were quantitatively not large. (From Linder-Aronson
S. Adenoids: their effect on mode of breathing and nasal airflow
and their relationship to characteristics of the facial skeleton and
dentition. Acta Otolaryngol Scand [suppl]:265, 1970.)

showed that on the average, children in the adenoidectomy
group had a significantly longer anterior face height than
control children (Figure 5-37). They also had a tendency
toward maxillary constriction and more upright incisors.*
Furthermore, when children in the adenoidectomy group
were followed after their treatment, they tended to return
toward the mean ofthe control group, though the differences
persisted (Figure 5-38). Similar differences from normal
control groups were seen in other groups requiring ade-
noidectomy and/or tonsillectomy.*®

Although the differences between normal children and
those in the allergy or adenoidectomy groups were statisti-
cally significant and undoubtedly real, they were not large.
Face height on the average was about 3 mm greater in the
adenoidectomy group. Earlier English workers indicated that
the percentage of children with various malocclusions was
about the same in a group being seen in an ear, nose, and
throat clinic as in controls without respiratory problems.*’

It appears therefore that research to this point on respi-
ration has established two opposing principles, leaving a
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group of postadenoidectomy children compared with normal
controls. Note that the differences existing at the time of ade-
noidectomy decreased in size but did not totally disappear. (From
Linder-Aronson S. In: Cook JT, ed. Transactions of the Third Inter-
national Orthodontic Congress. St. Louis: Mosby; 1975.)

large gray area between them: (1) total nasal obstruction
is highly likely to alter the pattern of growth and,lead to
malocclusion in experimental animals and humans, and
individuals with a high percentage of oral respiration are
over-represented in the long-face population; but (2) the
majority of individuals with the long-face pattern of defor-
mity have no evidence of nasal obstruction and must there-
fore have some other etiologic factor as the principal cause.
Perhaps the alterations in posture associated with partial
nasal obstruction and moderate increases in the percentage
of oral respiration are not great enough by themselves to
create a severe malocclusion. Mouth breathing, in short, may
contribute to the development of orthodontic problems but
is difficult to indict as a frequent etiologic agent.

It is interesting to consider the other side of this rela-
tionship: can malocclusion sometimes cause respiratory
obstruction? Sleep apnea has been recognized recently as a
more frequent problem than had been appreciated, and it is
apparent that mandibular deficiency can contribute to its
development. Its etiology, however, is by no means deter-
mined just by orofacial morphology—obesity, age/gender,
and cephalometric characteristics seem to be important, in
that order.*®

ETIOLOGY IN CONTEMPORARY PERSPECTIVE

Changing Views of Etiologic Possibilities

Part of the philosophy of the early orthodontists was their
beliefin the perfectibility of man. Edward Angle and his con-
temporaries, influenced by the romanticized view of primi-
tive peoples commonly held 100 years ago, took it for
granted that malocclusion was a disease of civilization and
blamed it on improper function of the jaws under the
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"degenerate"” modern conditions. Changing jaw function in
order to produce proper growth and change facial propor-
tions was an important goal of treatment—which unfortu-
nately proved difficult to achieve.

Classical (Mendelian) genetics developed rapidly in the
first part of the twentieth century, and a different view
of malocclusion gradually replaced the earlier one. This
new view was that malocclusion is primarily the result of
inherited dentofacial proportions, which may be altered
somewhat by developmental variations, trauma, or altered
function, but which are basically established at conception.
If that were true, the possibilities for orthodontic treatment
also would be rather limited. The orthodontist's role would
be to adapt the dentition to the existing facial structures,
with little hope of producing underlying changes.

In the 1980s, there was a strong swing back toward the
earlier view, as the failure of heredity to explain most varia-
tion in occlusion and jaw proportions was appreciated and
as the new theories of growth control indicated how envi-
ronmental influences could operate by altering posture. The
earlier concept that jaw function is related to the develop-
ment of malocclusion was revived and strengthened, both by
the evidence against simple inheritance and by a more opti-
mistic view of the extent to which the human skeleton can
be altered. Clinical applications, some already recognized as
unfortunate, reflected extreme optimism about arch expan-
sion and growth modification.

As the 21st century moves ahead, a more balanced view
seems to be emerging. Contemporary research has refuted
the simplistic picture of malocclusion as resulting from inde-
pendent inheritance of dental and facial characteristics, but
the research findings consistently have shown also that there
are no simple explanations for malocclusion in terms of oral
function. Mouth breathing, tongue thrusting, soft diet, sleep-
ing posture—none can be regarded as the sole or even the
major reason for most malocclusions. Along the same lines,
it is fair to say that the research has not yet clarified the
precise role of heredity as an etiologic agent for malocclu-
sion. The relatively high heritability of craniofacial dimen-
sions and the relatively low heritability of dental arch
variations now have been established, but exactly how this
relates to the etiologic process of malocclusions that have
both skeletal and dental components remains unknown.
Conclusions about the etiology of most orthodontic prob-
lems are difficult, because several interacting factors proba-
bly played a role.

The following summary discussion is an attempt to
synthesize present knowledge into a contemporary overview
and is offered in full awareness that the facts do not yet allow
definite conclusions.

Etiology of Crowding and Malalignment

Crowding of the teeth, the most common type of malocclu-
sion at present, undoubtedly is related in part to the contin-
uing reduction in jaw and tooth size in human evolutionary
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development, but that cannot be a major factor in the
increased crowding of quite recent years. Increased out-
breeding can explain at least part of the increase in crowd-
ing in recent centuries. The additive effects on malocclusion
seen in the Hawaiian studies indicate how outbreeding could
lead to an increased prevalence of malocclusion even ifinde-
pendent inheritance of dentofacial characteristics did not
occur. Jaw dimensions do seem to have a strong genetic
control, and the transverse dimensions directly affect the
amount of space for the teeth.

Environmental factors must have played some role in the
recent increase in crowding of the dental arches, however,
and it is not clear what these are. There is no theoretical
explanation of how a coarser diet and more powerful jaw
function could significantly alter the dimensions of the
dental arches. Perhaps the relatively recent alterations in
diet, which without question have reduced the functional
demands on the jaws, have accelerated the trend toward
reduction in jaw size that was already occurring. Mouth
breathing might conceivably contribute to crowding by
altering the tongue-lip/cheek equilibrium as the mandible
rotated down and back but obviously is not a major cause.

The judgment that inherited characteristics contribute to
small jaw size relative to the size of the teeth is an important
one in planning orthodontic therapy, for it implies that a
significant number of patients will continue to require
extractions to provide space for aligning the remaining teeth.
Physical therapy to make the dental apparatus grow larger
seems an unlikely alternative. In the era when all malocclu-
sions were attributed to a degenerate environment, extrac-
tion of teeth was never recommended, and orthodontic
expansion was the routine treatment. At the height of enthu-
siasm for inherited characteristics as determinants of
malocclusion, the majority of patients were treated with
extractions to provide enough space for the other teeth. At
present there again is great enthusiasm for expanding dental
arches, on the theory that soft tissue adaptation will allow
the expansion to be maintained. It seems clear that the
truth—and the appropriate extraction percentage for chil-
dren with crowded teeth—is somewhere in between.

Other types of Class | (nonskeletal) problems—
crosshites, individual tooth malalignments—appear to arise
from an interaction between the initial position of tooth
buds and the pressure environment that guides eruption of
the teeth. Forces from the lips, cheek, tongue, fingers, or
other objects can influence tooth position, both vertically
and horizontally, if the pressures are maintained for a long
enough time. A small increment of continuous pressure can
be quite effective in displacing teeth. Any individual tooth or
all teeth in a section ofthe arch can be displaced buccally or
lingually, or caused to erupt more or less than might other-
wise have been the case. The conclusion is, therefore, that
minor Class | problems, especially nonskeletal crossbhites,
often are caused primarily by alterations in function.
Major problems usually have an additional genetic or
developmental component.
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Etiology of Skeletal Problems

Skeletal orthodontic problems, those resulting from malpo-
sitions or malformations of the jaws rather than just from
irregularity of the teeth, can arise from a number of causes.
Inherited patterns, defects in embryologic development,
trauma, and functional influences can and apparently do
contribute. Specific genetic syndromes or congenital defects
involving the jaws are rare, as are malocclusions caused
primarily by trauma. The fact that ideal occlusion does not
necessarily occur in primitive populations suggests that
variations from an idealized occlusal scheme are quite com-
patible with normal function. Perhaps greater variations in
the jaws are tolerated now, with the change in diet, than were
once compatible with long-term survival and reproductive
success.

It seems reasonable to view the majority of moderate
skeletal malocclusions as being the result of an inherited
pattern which, although not consonant with our concept of
ideal occlusion, is compatible with acceptable function.
Fifteen to 20% ofthe contemporary U.S. and northern Euro-
pean population have a Class Il malocclusion, and it is likely
that for most of these individuals, there is an inherited ten-
dency toward retrognathic facial proportions. Only a few
Class Il malocclusions are caused by some specific interfer-
ence with growth, and there is little reason to believe that
any significant number are the result of functional causes
alone—which is not to say that functional alterations in
equilibrium cannot accentuate Class |l tendencies when they
are present. The more severe cases probably fall into this cat-
egory of inherited tendencies made worse by environmental
effects.

There is a definite familial and racial tendency to
mandibular prognathism. Excessive mandibular growth
could arise because of mandibular posture, since constant
distraction of the mandibular condyle from the fossa may be
a stimulus to growth. Functional mandibular shifts affect
only tooth position, but constant posturing because of
respiratory needs, tongue size or pharyngeal dimensions
may affect the size of the jaw. In the final analysis it may not
matter whether the inherited tendency is for a large
mandible primarily, or for a large tongue or other charac-
teristics that lead secondarily to a large mandible. Why max-
illary deficiency occurs is almost entirely unknown, but a
simple environmental cause appears unlikely, and like Class
Il problems, the majority of Class |1l problems are related to
inherited jaw proportions.

Altered function has traditionally been associated with
vertical growth problems, especially anterior open bite. A
child with an anterior open bite of moderate severity should
be presumed to have a sucking habit until proved otherwise.
Open bite also may be related to tongue posture, although
not to tongue activity during swallowing. The postural
changes dictated by partial nasal obstruction may also play
a role. Excessive eruption of posterior teeth predisposes any
individual to anterior open bite, and downward posturing of
the mandible and tongue can allow excessive posterior erup-
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tion. However, vertical jaw proportions are inherited just as
are anteroposterior proportions, with very similar heritabil-
ity. Anterior open bite is much more common in blacks than
whites, whereas deep bite is much more common in whites
(see Chapter 1). It seems reasonably clear that this reflects a
different inherent facial morphology rather than environ-
mental influences. Perhaps posture and the associated equi-
librium effects interact with inherited jaw proportions to
produce open bite or deep bite in some individuals.

A final word on etiology: whatever the malocclusion, it is
nearly always stable after growth has been completed. If an
orthodontic problem is corrected in adult life, which can be
difficult because so much of treatment depends on growth,
a surprising amount of change is also stable. The etiologic
agents, in other words, are usually no longer present when
growth is completed. Malocclusion, after all, is a develop-
mental problem.
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SECTION

DIAGNOSIS AND TREATMENT
PLANNING

he process of orthodontic diagnosis and treatment

planning lends itself well to the problem-oriented

approach. Diagnosis in orthodontics, as in other dis-
ciplines of dentistry and medicine, requires the collection of
an adequate database of information about the patient and
the distillation from that database of a comprehensive but
clearly stated list of the patient's problems. It is important
to recognize that both the patient's perceptions and
the doctor's observations are needed in formulating the
problem list. Then the task of treatment planning is to
synthesize the possible solutions to these specific problems
(often there are many possibilities) into a specific treatment
strategy that would provide maximum benefit for this
particular patient.

Keep in mind that diagnosis and treatment planning,
though part of the same process, are different procedures
with fundamentally different goals. In the development of
a database and formulation of a problem list, the goal is
truth—the goal of scientific inquiry. At this stage there is no
room for opinion or judgment. Instead, a totally factual
appraisal of the situation is required. On the other hand, the
goal of treatment planning is not scientific truth, but
wisdom—the plan that a wise and prudent clinician would
follow to maximize benefit for the patient. For this reason,
treatment planning inevitably is something of an art form.
Diagnosis must be done scientifically; for all practical pur-
poses, treatment planning cannot be science alone. Judg-

ment by the clinician is required as problems are prioritized
and as alternative treatment possibilities are evaluated. Wise
treatment choices, of course, are facilitated if no significant
points have been overlooked previously and if it is realized
that treatment planning is an interactive process, requiring
that the patient be given a role in the decision-making
process.

We recommend carrying out diagnosis and treatment
planning in a series of logical steps. The first two steps con-
stitute diagnosis:

1. Development of an adequate diagnostic database.

2. Formulation of a problem list—the diagnosis—from the
database. Both pathologic and developmental problems
may be present. If so, pathologic problems should be sep-
arated from the developmental ones so that they can
receive priority for treatment—not because they are more
important but because pathologic processes must be
under control before treatment of developmental prob-
lems begins. The diagnostic process is outlined in detail
in Chapter 6.

Once a patient's orthodontic problems have been identified
and prioritized, four issues must be faced in determining the
optimal treatment plan: (1) the timing of treatment, (2) the
complexity of the treatment that would be required, (3) the
predictability of success with a given treatment approach,
and (4) the patient's (and parents') goals and desires. Con-
sidering these briefly in turn:
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Orthodontic treatment can be carried out at any time
during a patient's life and can be aimed at a specific problem
or be comprehensive. Usually it is comprehensive (i.e., with
a goal of the best possible occlusion, facial esthetics, and sta-
bility) and is done in adolescence, as the last permanent teeth
are erupting. There are good reasons for this choice. At this
point, for most patients there is sufficient growth remaining
to potentially improve jaw relationships, and all permanent
teeth including the second molars can be controlled and
placed in a more or less final position. From a psychosocial
point of view, patients in this age group often are reaching
the point of self-motivation for treatment, which is evident
in their improved ability to cooperate during appointments
and in appliance and oral hygiene care. A reasonably short
course of treatment in early adolescence, as opposed to two
stages of early and later treatment, fits well within the coop-
erative potential of patients and families. Even though not
all patients respond well to treatment during adolescence,
treatment at this time remains the "gold standard" against
which other approaches must be measured. For a child with
obvious malocclusion, does it really make sense to start treat-
ment early in the preadolescent years? Obviously, that will
depend on the specific problems. Issues in the timing of
treatment are reviewed in detail in Chapter 8.

The complexity of the treatment that would be required
affects treatment planning especially in the context of who
should do the treatment. In orthodontics as in all areas of
dentistry, it makes sense that the less complex cases would

DIAGNOSIS AND TREATMENT PLANNING

be selected for treatment in general or family practice, while
the more complex cases would be referred to a specialist. The
only difference in orthodontics is that traditionally the
family practitioner has referred a larger number of ortho-
dontic cases. In family practice, an important issue is how
you rationally select patients for treatment or referral.
Chapter 7 includes a formal scheme for separating patients
most appropriate for treatment in family practice from those
more likely to require complex treatment.

The third special issue is the predictability of treatment
with any particular method. If alternative methods of treat-
ment are available—as usually is the case—which one should
be chosen? Data gradually are accumulating to allow choices
to be based on evidence of outcomes rather than anecdotal
reports and the claims of advocates of particular approaches.
Existing data for treatment outcomes, as a basis for deciding
what the best treatment approach might be, are emphasized
in Chapter 8.

Finally but most important, treatment planning must be
an interactive process. No longer can the doctor decide, in a
paternalistic way, what is best for a patient. Both ethically
and practically, patients must be involved in the decision-
making process. Ethically, patients have the right to control
what happens to them in treatment—treatment is some-
thing done for them, not to them. Practically, the patient's
compliance is likely to be a critical issue in success or failure,
and there is little reason to select a mode of treatment that
the patient would not support. Informed consent, in its
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modern form, requires the involvement of the patient in

the treatment planning process. This is emphasized in the

procedure for presenting treatment recommendations to

patients in Chapter 7.

The logical sequence for treatment planning, with these
issues in mind, is;

1. Prioritization of the items on the orthodontic problem
list, so that the most important problem receives highest
priority for treatment

2. Consideration of possible solutions to each problem, with
each problem evaluated for the moment as if it were the
only problem the patient had

3. Evaluation of the interactions among possible solutions
to the individual problems

4. Development of alternative treatment approaches, with
consideration of benefits to the patient versus risks, costs,
and complexity

5. Determination of a final treatment concept, with input
from the patient and parent, and selection of the specific
therapeutic approach (appliance design, mechanother-
apy) to be used.

This process culminates with a level of patient-parent under-

standing of the treatment plan that provides informed

consent to treatment. In most instances, after all, orthodon-
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tic treatment is elective rather than required. Rarely is there
a significant health risk from no treatment, so functional and
esthetic benefits must be compared to risks and costs. Inter-
action with the patient is required to develop the plan in this
way.

This diagnosis and treatment planning sequence is illus-
trated diagrammatically in the figure on p. 164.

The chapters of this section address both the important
issues and the procedures of orthodontic diagnosis and
treatment planning. Chapter 6 focuses on the diagnostic
database and the steps in developing a problem list. Chapter
7 addresses the issues of timing and complexity, reviews the
principles of treatment planning and evaluates treatment
possibilities for preadolescent, adolescent and adult patients.
Chapters 6 and 7 provide an overview of orthodontic
diagnosis and treatment planning that every dentist needs.
Chapter 8 goes into greater depth relative to decisions that
often are made in specialty practice. In it, we examine the
quality of evidence on which clinical decisions are based,
discuss controversial areas in current treatment planning
with the goal of providing a consensus judgment to the
extent this is possible, and outline treatment for patients
with special problems related to injury or congenital prob-
lems like cleft lip and palate.
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THE PROBLEM-ORIENTED APPROACH

In diagnosis, whether in orthodontics or other areas of den-
tistry or medicine, it is important not to concentrate so
closely on one aspect of the patient's overall condition that
other significant problems are overlooked. In an orthodon-
tic context, it is important not to characterize the dental
occlusion while overlooking a jaw discrepancy, developmen-
tal syndrome, systemic disease, periodontal problem, psy-
chosocial problem or the cultural milieu in which the patient
is living. The natural bias of any specialist (and one does not
have to be a dental specialist to already take a very special-
ized point of view) is to characterize problems in terms of
his or her own special interest. This bias must be recognized
and consciously resisted. Diagnosis, in short, must be com-
prehensive, not focused only on a single aspect of what in
many instances can be a complex situation. Orthodontic
diagnosis
situation.

requires a broad overview of the patient's

The problem-oriented approach to diagnosis and treat-
ment planning has been widely advocated in medicine and
dentistry as a way to overcome the tendency to concentrate
on only one part of a patient's problem. The essence of
the problem-oriented approach is the development of a
comprehensive database of pertinent information so that no
problems will be overlooked. From this database, the list of
problems that is the diagnosis is abstracted.

For orthodontic purposes, the database may be thought
of as derived from three major sources: (1) questions of
the patient (written and oral), (2) clinical examination of the
patient, and (3) evaluation of diagnostic records, including
dental casts, radiographs and photographs. Since all possible
diagnostic records will not be obtained for all patients, one
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of the goals of clinical examination is to determine what
additional information is required. The steps in assembling
an adequate database are presented below in sequence. A dis-
cussion of which diagnostic records are needed is included.

At all stages of the diagnostic evaluation, a specialist may
seek more detailed information than would a generalise and
in fact this is a major reason for referring a patient to a
specialist. The specialist is particularly likely to obtain more
extensive diagnostic records, some of which may not be
readily available to a generalist. In orthodontics, cephalo-
metric radiographs are an example. Nevertheless, the basic
approach is the same. A competent generalist will follow the
same sequence of steps in evaluating a patient as a special-
ist, and will use the same approach in planning treatment, if
he or she will provide that aspect of the patient's care. After
all, from both legal and moral perspectives, there is only one
standard of care.

In the material that follows, the minimum examination
that any generalist should employ for any patient with an
orthodontic problem is indicated, and then supplemental
information likely to be needed by specialists is discussed.

QUESTIONNAIRE/INTERVIEW

The first step in the interview process should be to establish
the patient's chief complaint (major reason for seeking con-
sultation and treatment), usually by a direct question to the
patient or parent. In orthodontic specialty practice, it can be
quite helpful to use a form to begin the process of finding
out exactly why this particular patient has sought consulta-
tion, especially if facial esthetics may be a concern (Figure
6-1). Further information should be sought in three major
areas: (1) medical and dental history, (2) physical growth
status, and (3) motivation, expectations, and other sociobe-
havioral factors.

Chief Complaint

There are three major reasons for patient concern about the
alignment and occlusion of the teeth: impaired dentofacial
esthetics that can lead to psychosocial problems, impaired
function, and a desire to enhance dentofacial esthetics and
thereby the quality of life. Although more than one of these
reasons often may contribute to seeking orthodontic treat-
ment, it is important to establish their relative importance
to the patient. The dentist should not assume that esthetics
is the patient's major concern just because the teeth appear
unesthetic. Nor should the dentist focus on the functional
implications of, for instance, a crossbite with a lateral shift
without appreciating the patient's concern about what seems
to be a trivial space between the maxillary central incisors.
For an individual with what may appear to be reasonably
normal function and esthetics and reasonable psychosocial
adaptation, the major reason for treatment may well be a
desire to improve appearance beyond the normal. The
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greater orientation of modern family practice toward cos-
metic dentistry increases the chance that a patient may be
referred to an orthodontist for comprehensive treatment to
improve dental and facial appearance.

When patients inquire about whether they need ortho-
dontic treatment, a series of leading questions, beginning
with, "Do you think you need braces? Tell me what bothers
you about your face or your teeth,” may be necessary to
clarify what is important to the patient. The dentist or
orthodontist may or may not agree with the patient's assess-
ment—that judgment comes later. At this stage the objective
is to find out what is important to the patient.

Medical and Dental History

Orthodontic problems are almost always the culmination of
a developmental process, not the result of a pathologic
process. As the discussion in Chapter 5 illustrates, often it is
difficult to be certain of the etiology, but it is important to
establish the cause of malocclusion if this can be done, and
at least to rule out some of the possible causes. A careful
medical and dental history is needed for orthodontic
patients both to provide a proper background for under-
standing the patient's overall situation and to evaluate
specific orthodontically related concerns.

The outline of an appropriate medical and dental history
is presented in Figure 6-2. A number of the items are anno-
tated to explain their implications for an orthodontic
patient.

Two areas deserve a special comment. First, although
most children with condylar fractures recover uneventfully,
remember that a growth deficit related to an old condylar
injury is the most probable cause of facial asymmetry
(Figure 6-3). It has become apparent in recent years that
early fractures of the condylar neck of the mandible occur
more frequently than was previously thought (see Chapter
5). A mandibular fracture in a child often is overlooked in
the aftermath of an accident that caused other trauma, so
a jaw injury may not have been diagnosed at the time.
Although old jaw fractures have particular significance,
trauma to the teeth may also affect the development of the
occlusion and should not be overlooked.

Second, it is important to note whether the patient is
on long-term medication of any type, and if so, for what
purpose. This may reveal systemic disease or metabolic
problems that the patient did not report in any other way.
Chronic medical problems in adults or children do not con-
traindicate orthodontic treatment if the medical problem is
under control, but special precautions may be necessary if
orthodontic treatment is to be carried out. For example,
orthodontic treatment would be possible in a patient with
controlled diabetes but would require especially careful
monitoring, since the periodontal breakdown that could
accompany loss of control might be accentuated by ortho-
dontic forces (see Chapter 8). In adults being treated
for arthritis or osteoporosis, high doses of prostaglandin
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Patient Name:

Are you interested in: (Please indicate all that apply)

[ 1 Information
[ ] Treatment at this time

ORTHODONTIC DIAGNOSIS: THE DEVELOPMENT OF A PROBLEM LIST

Date:

[ ] Clarification of previously received or conflicting information

If your child's teeth were to be changed, how would you like them changed?

] Upper teeth Forward/Backward
] Lower teeth Forward/Backward
] Upper teeth up because gums show too much
] Close spaces Upper/Lower
]
]

[
[
[
[
[ 1 Straighten crowded teeth Upper/Lower
[

Improve the appearance of chipped/cracked/stained/dark/pointed teeth

Do you realize that growth has a strong influence on the success of orthodontic treatment?

Yes No

Is it likely that your son or daughter will be an early maturer or late maturer?

Early Late

How tall do you think this child will be when growth is completed? ft inches

Are you aware that orthodontic treatment can to some extent alter facial appearance?

Yes, No

If any features of the face could be changed, what would you like to see:
[ 1 Upper lip Forward/Backward

[ ] Lower lip Forward/Backward

[ 1 Upper jaw Forward/Backward

[ 1 Lower jaw Forward/Backward

[ 1 Chin Larger/Smaller

[ 1 Nose Larger/Smaller/Different Shape

Would you prefer that facial appearance NOT be discussed in front of your child?

Yes No

Is there any significant family history of jaw or teeth problems?

Are you interested in improving the appearance of the teeth at this time even if more

treatment will be needed later? Yes

Signature

No

Relationship to Patient

"Why are you here?" and "Why now?" are important questions at the initial orthodontic interview. A form of this type
that patients or parents fill out in advance can be very helpful in determining what they really want. (Adapted from Dr. Alan Bloore.)

inhibitors or resorption-inhibiting agents may impede
orthodontic tooth movement (see Chapter 10).

Physical Growth Evaluation

A second major area that should be explored by questions to
the patient or parents is the individual's physical growth
status. This is important for a number of reasons, not the
least of which is the gradient of facial growth discussed in
Chapters 2 to 4. Rapid growth during the adolescent growth
spurt facilitates tooth movement, but growth modification
may not be possible in a child who is beyond the peak of the
growth spurt.

Growth Charts
For normal youths who are approaching puberty, questions
about how rapidly the child has grown recently, whether
clothes sizes have changed, whether there are signs of sexual
maturation, and when sexual maturation occurred in older
siblings usually provide the necessary information about
where the child is on the growth curve. Valuable information
can also be obtained from clinical examination, particularly
from observing the stage of secondary sexual characteristics
(see below).

If a child is being followed for referral to an orthodontist
at the optimum time, or by an orthodontist for observation
of growth before beginning treatment, recording height and
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SECTION III

-DIAGNOSIS AND TREATMENT PLANNING

MEDICAL HISTORY
(Child/Adolescent)

PATIENT NAME: DATE:
BIRTH DATE:
Name of your child's physician: Office Phone:
Address of your child's physician: Date of last exam:
1. Is your child in good health?........................ Yes No Don't know
2. Does your child have a health problem?........................... Yes No Don't know
If yes, explain;
3. Has your child ever been hospitalized, had general anesthesia, or emergency room
VISIES?. ..o Yes No Don't know
If yes, explain;
4. Are your child's immunizations up to date?....................... Yes No Don't know
5. Does your child have allergies to medications (drugs), medical products (latex), or the environment
(dust, mites, pollen, mold)?....................cccoooiiiii Yes No Don't know
If yes, please list:
6. List past medications taken by child:
7. List daily medications child is now taking:
8. Has your child ever had or been treated by a physician for:
Check one for each condition
Yes | No | 7 Yes | No | 7
a. Problems at birth p. Cancer
b. Hean murmnur | g. Cerebral palsy
c. Hear disease | r. Seizures
d. Rheumatic fever 5. Asthma
e, Anemia 1. Cleft lip/palate
f. Sickle cell anemia u. Speech or hearing problems
g. Bleedinghemophilia v. Eye problems/contact lenses
h. Blood transfusion w. Skin problems
i. Hepatitis | x. Tonsil'adencid/sinus problems
j. AIDS or HIV+ | y. Sleep problems
k. Tuberculosis z. Emotional/behavior problems
I. Liver disease aa. Radiation therapy
m. Kidney disease bb. Growih problems
n. Diabates cc. Alention deficit disorders
o. Arhritis |
9. Has your child had any recent rapid growth? If so, how much?
10. Parents: (Father) Ht: Wt: (Mother) Ht: Wt
11. Older brothers and sisters: (1) Ht: Wt: (2) Ht: Wt: (3) Ht: Wt:
12. Females: Has menstruation begun? If yes, when? Pregnant?
Using birth control pills?
13. If yes to any above, please explain this or any other problem:
14. Child's grade in school: Child's school:
15. Do you consider your child to be (check one): Advanced in learning___ Progressing normally___

Slow learner

FclV =073 Form for obtaining medical/dental history for young orthodontic patients. A separate but similar form is needed for
adult patients. Annotated comments, explaining why some of the questions are asked, are placed immediately below the form and are
keyed by number to the question to which they refer.
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DENTAL HISTORY

16. What is your main concern about your child's dental condition?

17. Has your child been to a dentist before? No Yes If yes, date of last visit:

18. Regular dentist's name;

19. Check one for each condition:

Yes | No | 7 | =

| | a. Has your chi Id ever had dental x- ra',.rs" Date of last x- r’i_.ls.7

'__I}_.__'@-"._'_u!l_}.y:_u_r_qg]!ld be uncooperative? If yes, explain

€. Has your child experienced any complications following dental treatment? If yes,

explain

d. Has your child had cavities and / or loothaches?

@. Are your child's teeth sensitive to temperature or food?
I. Did you or your child ever get instructions in brushing?

g. Do your child's gums blead when brushed?

h. Does your chil d use flucride products: rinses dTD[:IS tabs?
i. Does or has your child had any clicking or pain in the jaw |r_~|m"

j. Does or has your child had any prol)lerr's opening or closing Ir'elr"rnonrh"«‘

k. Has your child inherited any family facial or dental charactenstics? If yas explam

| H-|-. your child ever in ur&d his/ Her1eerh"«‘
e B = _ -
| | m. Has your child ever nmured his/her jaws or face?

| n. Does or did your child use a pacifier?

{
|
|
|
|
1

[ 0. Does or did your child suck his/er fingers nr thumb?

20. Does your child have any other dental problems we should know about? Please explain:
21. Whom may we thank for referring you to our office?
22. PERSON COMPLETING THIS FORM: Signature

Relationship to patient:

ANNOTATIONS ON SELECTED QUESTIONS

2. This helps establish the patient's social-emotional status.

3. This helps establish a history of trauma.

4. In the instance of oral-facial trauma the DPT status is critical. Soft tissue injury is increased with appliances in place.

5. This helps identify allergies to all types of allergens. One must also consider latex used in dental treatment gloves and elastics. This sensitivity is
increasing rapidly in the population.

8b,c,d,f: These patients need antibiotic coverage during banding and debanding procedures.

8g,h,i,j,k. With modern infection control procedures, these patients can be treated, but the treatment may need to be modified.

80. This may relate to mandibular growth and development.

8p. This will help determine treatments using radiation or chemotherapy that can alter dental development, jaw growth, or somatic growth,
depending on the site of the lesion and the treatment.

8x. This can help with evaluation of respiratory problems and tooth sensitivity.

8aa. Radiation therapy to the jaws can greatly alter local dental and skeletal development. The risks of osteoradioecrosis is also a risk in these
patients depending on the radiation dosage and the type of treatment under consideration.

8bb. Some children with growth problems may be treated with growth hormones, which can have implications for growth modification treatment
timing. In some cancer patients, growth hormones can be part of the post-radiation treatment regime. This, too, can affect treatment timing.

8cc. Attention Deficit Disorders can be treated with numerous drugs. The affect on growth of some of these medications is unclear.

9-12. These questions help establish growth status and timing. Birth control pills can be rendered ineffective by antibiotics used for SBE
prevention and oral infections. Patients should be alerted to this problem.

16. The chief complaint is critical to determine why the patient is seeking care. This must be considered carefully in the planning of the treatment.
19a. Reduction in unnecessary radiation is critical to the highest quality care. Many practitioners will request films as part of the examination
procedures. Patients seeking second opinions often have already had some records obtained.

19g. Orthodontic treatment in the face of periodontal disease, either acute or chronic, is contraindicated until the disease stage is either controlled
or reversed.

19i. A previous history of TMJ problems or treatment merits pretreatment investigation,

19j. Limitations or problems with opening or closing can indicate TMJ problems.

19k. Familial tendency is indicated in some skeletal patterns, and missing teeth have a documented genetic component.

191. Dental trauma may have implications during tooth movement due to the increased possibility of root resorption.

19n,0. Habits may explain some aspects of the malocclusion.

22. This helps establish the authenticity of the historian.

EEVH=N cont'd

71
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A, Facial asymmetry developed in this boy after fracture ofthe left mandibular condylar process at age 5, because scar-
ring in the fracture area prevented normal translation ofthe mandible on that side during growth (see Chapter 2). B, Note the cant to
the occlusal plane, which develops as failure ofthe mandible to grow vertically on the affected side restricts eruption of both maxillary
and mandibular teeth. Trauma is the most frequent cause of asymmetry of this type.

weight changes in the dental office provides important
insight into growth status (see Figure 2-4 for the recently
revised charts). In many instances, height-weight records
and the child's progress on growth charts can be obtained
from the pediatrician. It is important to use a standard
method to measure height, so that the child is always pos-
tured the same way on a stable surface for each measure-
ment. This is best achieved using a wall-mounted measuring
device called a stadiometer, not a scale with attached height
gauge.

Occasionally, a more precise assessment of whether a
child has reached the adolescent growth spurt is needed, and
calculation of bone age from the vertebrae as seen in a
cephalometric radiograph can be helpful (see Fig 3-45). The
primary indication for doing this is a child with a skeletal
Class Il problem whose chronologic age suggests that
adolescence should be well advanced, but who is somewhat
immature sexually and who would benefit from orthodon-
tic treatment to modify growth if that were possible (i.e., if
the child had not yet reached the peak of the adolescent
growth spurt). If the analysis of vertebral maturation shows
delayed skeletal development, the growth spurt probably still
is in the future; if the skeletal age indicates considerable
maturity, adolescent growth of the jaws probably has already
occurred.

Unfortunately, the stage of vertebral development is
less useful in establishing other factors that sometimes are
important clinically, such as a patient's position on the
growth curve before or after puberty, or whether jaw growth
has subsided to adult levels in a teenager with mandibular
prognathism. Hand-wrist radiographs are an alternative
method for evaluating skeletal maturity,? but these also are
not an acceptably accurate way to determine when growth is
completed.® Serial cephalometric radiographs offer the most

accurate way to determine whether growth has stopped or is
continuing.

Social and Behavioral Evaluation

Social and behavioral evaluation should explore several
related areas: the patient's motivation for treatment, what he
or she expects as a result of treatment, and how cooperative
or uncooperative the patient is likely to be.

Motivation for seeking treatment can be classified as
external or internal. External motivation is that supplied by
pressure from another individual, as with a reluctant child
who is being brought for orthodontic treatment by a deter-
mined mother or an older patient who is seeking alignment
of incisor teeth because her boyfriend (or his girlfriend)
wants the teeth to look better. Internal motivation, on the
other hand, comes from within the individual and is based
on his or her own assessment of the situation and desire for
treatment. Even quite young children can encounter diffi-
culties in their interaction with others because of their dental
and facial appearance, which sometimes produces a strong
internal desire for treatment. Other children with apparently
similar malocclusions perceive no problem, and therefore are
less motivated internally. Older patients usually are aware of
psychosocial difficulties or functional problems related to
their malocclusion, and so are likely to have some compo-
nent of internal motivation.

It is rare to find purely internal motivation, especially in
children who do many things because a dominant adult
requires it. Self-motivation for treatment often develops at
adolescence. Nevertheless, even in a child it is important for
a patient to have a component of internal motivation. Coop-
eration is likely to be much better if the child genuinely
wants treatment for himself or herself, rather than just
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putting up with it to please a parent. The child or adult who
feels that the treatment is being donefor him will be a much
more receptive patient than one who views the treatment as
something being done to him. Often it is necessary to follow
up the questions, "Do you think you need braces?" and
"Why?" to establish what the motivation really is. In doing
this, of course, it is important to keep in mind the psy-
chosocial developmental stages described in Chapter 2.
Establishing motivation in a preadolescent child, mid-
adolescent teenager, and adult requires different styles of
communication. Whatever the child's age, since a child
cannot legally consent to treatment, the bioethical standard
is that the child should at least assent to treatment. This
question often can be approached by asking the child "If
your parents and | think that you would benefit from ortho-
dontic treatment, are you willing to do that?"

What the patient expects from treatment is very much
related to the type of motivation and should be explored
carefully with adults, especially those with primarily cos-
metic problems. Ifthe incisor teeth are irregular, and it turns
out that the young adult expects social adjustment problems
to be solved after the teeth are straight, he or she may be a
poor risk for orthodontic treatment. It is one thing to under-
take to correct spacing between the maxillary incisors to
improve a patient's appearance and dental function, and
something else to do this so the patient will now experience
greater social or job success. If the social problems continue
after treatment, as is quite likely, the orthodontic treatment
may become a focus for resentment.

Cooperation is more likely to be a problem with a child
than an adult. Two factors are important in determining this:
(1) the extent to which the child sees the treatment as a
benefit, as opposed to something else he or she is required
to undergo; and (2) the degree of parental control. A resent-
ful and rebellious adolescent, particularly one with ineffec-
tive parents, is especially likely to become a problem in
treatment. It is important to take the time to understand
what the patient perceives his or her problems to be, and if
necessary, to help the patient appreciate the reality of the sit-
uation (see the final section of Chapter 2).

The important points to be evaluated at the interview
of a prospective orthodontic patient are summarized in
Figure 6-4.

CLINICAL EVALUATION

There are two goals of the orthodontic clinical examination:
(1) to evaluate and document oral health, jaw function, facial
proportions and smile characteristics; and (2) to decide
which diagnostic records are required.

Evaluation of Oral Health

The health of oral hard and soft tissues must be assessed
for potential orthodontic patients as for any other. The
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You need to know from the interview:

How did things get to be the way they are?
medical and/or sental istory, eridedy
What if anything is likely to change in the near future?
medical conditions Growtia status
Why is this patient seeking treatment, and why now?
ehaiek complait motivation
What does he or she expect to happen as a result of treatment?

Mterval/e vteral motivation: epectation

The key points for investigation during the initial
orthodontic interview.

general guideline is that any problems of disease or pathol-
ogy must be under control before orthodontic treatment
of developmental problems begins. This includes
medical problems, dental caries or pulpal pathology, and
periodontal disease.

It sounds trivial to say that the dentist should not over-
look the number of teeth that are present or forming—and
yet almost every dentist, concentrating on details rather than
the big picture, has done just that on some occasion. It is
particularly easy to fail to notice a missing or supernumer-
ary lower incisor. At some point in the evaluation, count the
teeth to be sure they are all there.

In the periodontal evaluation, there are two major points
of interest: indications of active periodontal disease and
potential or actual mucogingival problems. Any orthodon-
tic examination should include gentle probing through the
gingival sulci, not to establish pocket depths but to detect
any areas of bleeding. Bleeding on probing indicates active
disease, which must be brought under control before other
treatment is undertaken. Fortunately, aggressive juvenile
periodontitis (Figure 6-5) occurs rarely, but if it is present,
it is critically important to note this before orthodontic
treatment begins. Inadequate attached gingiva around
crowded incisors indicates the possibility of tissue dehis-
cence developing when the teeth are aligned, especially with
nonextraction (arch expansion) treatment (Figure 6-6). The
interaction between periodontic and orthodontic treatment
for both children and adults is discussed in Chapter 8.



SECTION |11

In this patient, whose lower incisors will have to
be advanced at least somewhat to align them, further recession
ofthe gingiva is almost certain to occur during orthodontic treat-
ment unless a gingival graft is placed. When there is adequate
attached gingiva, it is much easier to prevent stripping of tissue
away from the teeth with a graft or other periodontal therapy than
to correct it later.

DIAGNOSIS AND TREATMENT PLANNING

H[EVIN=CE  Juvenile periodontitis usually occurs as an

intensive attack on the supporting tissues around central
incisors and/or first molars. A, Intraoral appearance of a
patient who sought orthodontic consultation because ofcon-

C genially missing second premolars. B, Periapical radiograph

ofthe lower central incisor area. C, Follow-up periapical radi-
ograph ofthe same incisor area, after treatment with antibi-
otics and curettage, and then comprehensive orthodontics.
Unless periodontal probing during the orthodontist's clinical
examination detects inflammation and bone loss ofthis type
and a periapical radiograph is ordered, the severe periodon-
tal disease may be overlooked, and if it progresses, loss of
the involved teeth is inevitable. Ifthe periodontal problem is
brought under control, orthodontic treatment is feasible.

Evaluation of jaw and Occlusal Function

Three aspects of function require evaluation: mastication
(including but not limited to swallowing), speech, and
the presence or absence of temporomandibular (TM) joint
problems. It is important to note in the beginning whether
the patient has normal coordination and movements. If
not, as in an individual with cerebral palsy or other types
of severe neuromuscular disease, normal adaptation to the
changes in tooth position produced by orthodontics may not
occur, and the equilibrium effects discussed in Chapter 5
may lead to post-treatment relapse.

Patients with severe malocclusion often have difficulty in
normal mastication, not so much in being able to chew their
food (though this may take extra effort) but in being able to
do so in a socially acceptable manner. These individuals
often have learned to avoid certain foods that are hard to
incise and chew, and may have problems with cheek and lip
biting during mastication. If asked, patients report such
problems and usually indicate that after orthodontic treat -
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TABLE 6-1

Speech Difficulties Related to Malocclusion

ORTHODONTIC DIAGNOSIS: THE DEVELOPMENT OF A PROBLEM LIST

Problem

Speech sound

Related malocclusion

Isl, Iz/ (sibilants) Lisp
A/, /d/ (linguoalveolar stops)

IV, hi (labiodental fricatives) Distortion

th, sh, ch (linguodental fricatives [voiced Distortion

or voiceless))

ment they can chew better. Unfortunately, there are almost
no reasonable diagnostic tests to evaluate masticatory effi-
ciency, so it is difficult to quantify the degree of masticatory
handicap and difficult to document functional improve-
ment. Swallowing is almost never affected by malocclusion.
It has been suggested that, lip and tongue weakness may indi-
cate problems in normal swallowing, but there is no evidence
to support this contention (see Chapter 5). Measuring lip
strength or how hard the patient can push with the tongue
therefore adds little or nothing to the diagnostic evaluation.

Speech problems can be related to malocclusion, but
normal speech is possible in the presence of severe anatomic
distortions. Speech difficulties in a child, therefore, are
unlikely to be solved by orthodontic treatment. Specific rela-
tionships are outlined in Table 6-1. If a child has a speech
problem and the type of malocclusion related to it, a com-
bination of speech therapy and orthodontics may help. If
the speech problem is not listed as related to malocclusion,
orthodontic treatment may be valuable in its own right but
is unlikely to have any impact on speech.

Sleep disorders may be related to severe mandibular defi-
ciency, and occasionally this functional problem is the reason
for seeking orthodontic consultation. The relationship is dis-
cussed briefly in Chapter 5. Both the diagnosis and manage-
ment of sleep disorders requires an interdisciplinary team
and should not be attempted independently in a dental office
setting.

Jaw function is more than TM joint function, but
evaluation of the TM joints is an important aspect of the
diagnostic workup. A form for recording routine clinical
examination of TM joint function is shown in Box 6-1. As
a general guideline, if the mandible moves normally, its
function is not severely impaired, and by the same token,
restricted movement usually indicates a functional problem.*
For that reason, the most important single indicator ofjoint
function is the amount of maximum opening. Palpating the
muscles of mastication and TM joints should be a routine
part of any dental examination, and it is important to note
any signs of TM joint problems such as joint pain, noise, or
limitation of opening.

For orthodontic purposes, any lateral or anterior shifts of
the mandible on closure are of special interest. Because the

Difficulty in production

Anterior open bite, large gap between incisors

Iregular incisors, especially lingual position of
maxillary incisors

Skeletal Class I
Anterior open bite

Box 6-1

SCREENING EXAM FOR JAW FUNCTION (TMJ)

Jaw function/TM joint

complaint now: | No O Yes
If yes, specify:
History of pain: O No O Yes duration
History of sounds: O No O Yes . duration
TM joint tenderness
to palpation: O No 0 Yes O Right
O Left

Muscle tenderness to palpation: O No O Yes
If yes, where?

Range of Motion: Maximum opening mm
Right excursion mm
Left excursion mm
Protrusion mm

articular eminence is not well developed in children, it can
be quite difficult to find the sort of positive "centric relation”
position that can be determined in adults. Nevertheless, it is
important to note whether the mandible shifts laterally or
anteriorly when a child closes. A child with an apparent uni-
lateral crossbite usually has a bilateral narrowing of the max-
illary arch, with a shift to the unilateral crossbite position. It
is vitally important to verify this during the clinical exami-
nation, or to rule out a shift and confirm a true unilateral
crossbite. Similarly, many children and adults with a skeletal
Class Il relationship and an underlying skeletal Class Il jaw
relationship will position the mandible forward in a "Sunday
bite," making the occlusion look better than it really is.
Sometimes an apparent Class |1l relationship results from a
forward shift to escape incisor interferences in what is really
an end-to-end relationship (Figure 6-7). These patients are
said to have pseudo-Class Il malocclusion.

Occlusal interferences with functional mandibular move-
ments, though of interest, are less important than they would
be if treatment to alter the occlusion were not being
contemplated. Balancing interferences, presence or absence
of canine protection in lateral excursions, and other such
factors take on greater significance if they are still present
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REICI=CTAN The anterior crossbite in this 5-year-old child
results largely from an anterior shift of the mandible because of

incisor interferences: A, Initial contact. B, Forward and lateral
shift into occlusion. This shift into anterior crossbite is often
referred to as a pseudo-Class Il relationship because it fre-
quently is not a reflection of a true Class Il jaw relationship.

when the occlusal changes produced by orthodontic treat-
ment are nearing completion.

Evaluation of Facial and Dental Appearance

A systematic examination of facial and dental appearance

should be done in three steps:

1. The face in all three planes of space (macro-esthetics).
Examples of problems that would be noted in that first
step would be asymmetry, excessive or deficient face
height, mandibular deficiency or excess, etc.

2. The smile framework (mini-esthetics). The smile frame-
work is bordered by the upper and lower lips on smile
animation and includes such assessments as excessive
gingival display on smile, inadequate anterior tooth
display, inappropriate gingival heights, and excessive
buccal corridors.

3. The teeth (micro-esthetics). This includes assessment of
tooth proportions in height and width, gingival shape
and contour, connectors and embrasures, black triangu-
lar holes, and tooth shade.

DIAGNOSIS AND TREATMENT PLANNING

Facial Proportions: Macro-Esthetics
The first step in evaluating facial proportions is to take a
good look at the patient, examining him or her for develop-
mental characteristics and a general impression. With faces
as with everything else, looking too quickly at the details
carries the risk of missing the big picture.

Assessment of Developmental Age. In a step particu-
larly important for children around the age of puberty when
most orthodontic treatment is carried out, the patient's
developmental age should be assessed. Everyone becomes
a more or less accurate judge of other people's ages—we
expect to come within a year or two simply by observing the
other person's facial appearance. Occasionally, we are fooled,
as when we say that a 12-year-old girl looks 15, or a 15-year-
old boy looks 12. With adolescents, the judgment is of phys-
ical maturity.

The attainment of recognizable secondary sexual charac-
teristics for girls and boys and the correlation between stages
of sexual maturation and facial growth are discussed in
Chapter 4, and are summarized in Table 6-2. The degree of
physical developmentis much more important than chrono-
logic age in determining how much growth remains.

Facial Esthetics versus Facial Proportions. Because a
major reason for orthodontic treatment is to overcome psy-
chosocial difficulties relating to facial and dental appearance
and enhance the quality of life in doing so, evaluating dental
and facial esthetics is an important part of the clinical exam-
ination. Whether a face is considered beautiful is greatly
affected by cultural and ethnic factors, but whatever the
culture, a disproportionate face becomes a psychosocial
problem. For that reason, it helps to recast the purpose of
this part of the clinical evaluation as an evaluation of facial
proportions, not esthetics per se. Distorted and asymmetric
facial features are a major contributor to facial esthetic prob-
lems, whereas proportionate features are acceptable if not
always beautiful. An appropriate goal for the facial examina-
tion therefore is to detect disproportions.

Frontal Examination. The first step in analyzing facial
proportions is to examine the face in frontal view. Low set
ears, or eyes that are unusually far apart (hypertelorism) may
indicate either the presence of a syndrome or a microform
of a craniofacial anomaly. If a syndrome is suspected, the
patient's hands should be examined for syndactyly, since
there are a number of dental-digital syndromes. In the
frontal view, one looks for bilateral symmetry in the fifths
of the face and for proportionality of the widths of the
eyes/nose/mouth (Figure 6-8).

A small degree of bilateral facial asymmetry exists in
essentially all normal individuals. This can be revealed most
readily by comparing the real full face photograph with com-
posites consisting of two right or two left sides (Figure 6-9).
This "normal asymmetry,” which usually results from a small
size difference between the two sides, should be distin-
guished from a chin or nose that deviates to one side, which
can produce severe disproportion and esthetic problems (see
Figure 6-3).
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TABLE 6-2

ORTHODONTIC DIAGNOSIS: THE DEVELOPMENT OF A PROBLEM LIST

Adolescent Growth Stages versus Secondary Sexual Characteristics

Total duration of adolescent growth: 3%, years

Stage 1

Beginning of adolescent growth

Stage 2 (about 12 months later)
Peak velocity in height

Stage 3 (12-18 months later)

Growth spurt ending

Appearance of breast buds, initial pubic hair

Noticeable breast development, axillary hair, darker/more abundant pubic hair

Menses, broadening of hips with adult fat distribution, breasts completed

Total duration of adolescent growth: 5 years

Stage i

Beginning of adolescent growth

Stage 2 (about 12 months later)
Height spurt beginning

Stage 3 (8-12 months later)

Peak velocity in height
body form

Stage 4 (15-24 months later)

Growth spurt ending

"Fat spurt" weight gain, feminine fat distribution

Redistribution/reduction in fat, pubic hair, growth of penis

Facial hair appears on upper lip only, axillary hair, muscular growth with harder/more angular

Facial hair on chin and lip, adult distribution/color of pubic and axillary hair, adult body form

Prior to the advent of cephalometric radiography, dentists
and orthodontists often used anthropometric measurements
(i.e., measurements made directly during the clinical exam-
ination) to help establish facial proportions (Figure 6-10).
Although for orthodontists, this method was largely replaced
by cephalometric analysis for many years, the recent empha-
sis on soft tissue proportions has brought soft tissue
evaluation back into prominence. Farkas' modern studies of
Canadians of northern European origin provided the data
for Tables 6-3 and 6-4.°

Note that some of the measurements in Table 6-3 could
be made on a cephalometric radiograph, but many could
not. When there are questions about facial proportions, it is
better to make the measurements clinically rather than
waiting for the cephalometric analysis, because soft-tissue
proportions, as seen clinically, determine facial appearance.

The proportional relationship of facial height to width
(the facial index), more than the absolute value of either,
establishes the overall facial type and the basic proportions
of the face. It is important to remember that face height
cannot be evaluated unless face width is known—and face
width often is not taken into account when a cephalometric
radiograph is analyzed.

The normal values for the facial index and other propor-
tions that may be clinically useful are shown in Table 6-4.
Differences in facial types and body types obviously must
be taken into account when facial proportions are assessed,
and variations from the average ratios can be compatible
with good facial esthetics. An important point, however, is
to avoid treatment that would change the ratios in the wrong
direction—for example, treatment with interarch elastics
that could rotate the mandible downward in a patient whose
face already is too long for its width.

Finally, the face in frontal view should be examined from
the perspective of the vertical facial thirds. The artists of the
Renaissance period, primarily da Vinci and Durer, estab-
lished the proportions that should be used in drawing
anatomically correct human faces (Figure 6-11). They con-
cluded that the distance from the hairline to the base of the
nose, base of nose to bottom of nose, and nose to chin should
be the same. Farkas' studies show that in modern Caucasians
of European descent, the lower third is very slightly longer.
The artists also saw that the lower third has a proportion of
15 to ?/3, and the Farkas data show that this is still true.

It is important to note the cause of vertical problems such
as excessive display of the maxillary gingiva, which is done
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TABLE 6-3

Facial Anthropometric Measurements (Young Adults)

Parameter Male Female

1. Zygomatic width (zy-zy) (mm) 137 (4.3) 130 (5.3)

2. Gonial width (go-go) 97 (5.8) 91 (5.9)
3. Intercanthal distance 33 (2.7) 32 (2.4)
4. Pupil-midfacial distance 33 (2.0) 31 (1.8)
5. Nasal base width 35 (2.6) 31 (1.9)
6. Mouth width 53 (3.3) 50 (3.2)
7. Face height (N-gn) 121 (6.8) 112 (5.2)
8. Lower face height 72 (6.0) 66 (4.5)
(subnasale-gn)
9. Upper lip vermilion 8.9 (1.5) 8.4 (1.3)
10. Lower lip vermilion 10.4 (1.9) 9.7 (1.6)
11. Nasolabial angle (degrees) 99 (8.0) 99 (8.7)

12. Nasofrontal angle (degrees) 131 (8.1) 134 (1.8)

Data from Farkas LG: Anthropometry of the head and face in medicine,
New York, 1981, Elsevier Science Publishing Co.

Facial proportions and symmetry in the frontal Measurement§ gre |!Iu§trated n Flgure 6-10.
; . o . Standard deviation is in parenthesis.

plane. An ideally proportional face can be divided into central,

medial, and lateral equal fifths. The separation of the eyes and

the width of the eyes, which should be equal, determine the

central and medial fifths. The nose and chin should be centered

within the central fifth, with the width of the nose the same as

or slightly wider than the central fifth. The inter-pupillary distance

(dotted line) should equal the width ofthe mouth.

Composite photographs are the best way to indicate normal facial asymmetry. For this boy, whose mild asymmetry
rarely would be noticed and is not a problem, the true photograph is in the center. On the right is a composite of the two right sides,
while on the left is a composite of the two left sides. This technique dramatically illustrates the difference in the two sides. Although
the normal asymmetry usually is less than in this boy, mild asymmetry is the rule rather than the exception. Usually, the right side of
the face is a little larger than the left, rather than the reverse as in this individual.
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FIEIVN=NCS N Facial measurements for anthropometric analysis are made with either bow calipers (A) or straight calipers (B). C to
E, Frequently-used facial anthropometric measurements (numbers are keyed to Table 6-3).

best by examining the position of lips and teeth relative to
the vertical thirds of the face (Figure 6-12).

Dental-facial characteristics that should be noted as part
of the facial examination are shown in Box 6-2. This check-
list is just that: a list of things that should be noted system-
atically during the clinical examination. As in many other
things, ifyou don't look for it, you won't see it. Precise meas-
urements are not necessary, but deviations from the normal
should be taken into account when the problem list is devel-
oped. Current computer programs already make it possible
for an assistant to quickly enter positive findings as the

doctor reviews them, and have them "flow through" to the
preliminary problem list.

Profile Analysis. A careful examination of the facial
profile yields the same information, though in less detail for
the underlying skeletal relationships, as that obtained from
analysis of lateral cephalometric radiographs. For diagnostic
purposes, particularly to identify patients with severe dis-
proportions, careful clinical evaluation is adequate. For this
reason, the technique of facial profile analysis has sometimes
been called the "poor man's cephalometric analysis." This
is a vital diagnostic technique for all dentists. It must be
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TABLE 6-4

Facial Indices (Young Adults)

Index Measurements Male Female

Facial n-gn/zy-zy 88.5 (5.1) 86.2 (4.6)
Mandible-face width go-gol/zy-zy 70.8 (3.8) 70.1 (4.2)
Upper face n-sto-/zy-zy 54.0 (3.1) 524 (3.1)
Mandibular width-face height go-go/n-gn 80.3 (6.8) 81.7 (6.0)
Mandibular sto-gn/go-go 51.8 (6.2) 49.8 (4.8)
Mouth-face with ch-ch x 100/zy-zy 38.9 (2.5) 38.4 (2.5)
Lower face—face height sn-gn/n-gn 59.2 (2.7) 58.6 (2.9)
Mandible-face height sto-gn/n-gn 41.2 (2.3) 40.4 (2.1)
Mandible-upper face height sto-ng/n-sto 67.7 (5.3) 66.5 (4.5)
Mandible-lower face height sto-ng/sn-gn 69.6 (2.7) 69.1 (2.8)
Chin-face height sl-gn x 100/sn-gn 25.0 (2.4) 25.4 (1.9)

From Farkas LG, Munro JR: Anthropometric facial proportions in medicine. Spring field, I11, 1987, Charles C
Thomas.
Standard deviation is in parenthesis.

ICIVH=NCANEN  Vertical facial proportions in the frontal and lateral views are best evaluated in the context of the facial thirds, which
the Renaissance artists noted were equal in height in well-proportioned faces. In modern Caucasians, the lower facial third often is
slightly longer than the central third. The lower third has thirds: the mouth should be one-third ofthe way between the base ofthe nose
and the chin.
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&

REVN=CEPIN There are two possible causes of excessive

display of maxillary gingiva. The usual cause (A) is a long face
due to excessive downward growth of the maxilla, which results
in a disproportionately long lower third of the face. This should
not be confused with (B) a short upper lip, which can result in
excessive gingival display in a patient with normal facial thirds.

ORTHODONTIC DIAGNOSIS: THE DEVELOPMENT OF A PROBLEM LIST

mastered by all those who will see patients for primary care
in dentistry, not just by orthodontists.

There are three goals of facial profile analysis, approached
in three clear and distinct steps. These are:

1. Establishing whether the jaws are proportionately
positioned in the anteroposterior plane of space. This step
requires placing the patient in the physiologic natural head
position, the head position the individual adopts in the
absence of other cues. This can be done with the patient
either sitting upright or standing, but not reclining in a
dental chair, and looking at the horizon or a distant object.
With the head in this position, note the relationship between
two lines, one dropped from the bridge of the nose to the
base of the upper lip, and a second one extending from that
point downward to the chin (Figure 6-13). These line seg-
ments should form a nearly straight line. An angle between
them indicates either profile convexity (upper jaw promi-
nent relative to chin) or profile concavity (upper jaw behind
chin). A convex profile therefore indicates a skeletal Class Il
jaw relationship, whereas a concave profile indicates a skele-
tal Class Ill jaw relationship.

If the profile is approximately straight, it does not matter
whether it slopes either anteriorly (anterior divergence) or
posteriorly (posterior divergence) (Figure 6-14). Divergence
of the face (the term was coined by the eminent orthodon-
tist-anthropologist Milo Hellman®) is influenced by the
patient's racial and ethnic background. American Indians
and Asians, for example, tend to have anteriorly divergent
faces, whereas whites of northern European ancestry are
likely to be posteriorly divergent. A straight profile line,
regardless of whether the face is divergent, does not indicate
a problem. Convexity or concavity does.

2. Evaluation of lip posture and incisor prominence.
Detecting excessive incisor protrusion (which is relatively
common) or retrusion (which is rare) is important because
of the effect on space within the dental arches. Ifthe incisors
protrude, they align themselves on the arc of a larger circle
as they lean forward, whereas if the incisors are upright or
retrusive, less space is available (Figure 6-15). In the extreme
case, incisor protrusion can produce ideal alignment of the
teeth instead of severely crowded incisors, at the expense of
lips that protrude and are difficult to bring into function
over the protruding teeth. This is bimaxillary dentoalveolar
protrusion, meaning simply that in both jaws the teeth pro-
trude (Figure 6-16). Dentists often refer to the condition as
just bimaxillary protrusion, a simpler term but a misnomer
since it is not the jaws but the teeth that protrude. (Physical
anthropologists use bimaxillary protrusion to describe faces
in which both jaws are prominent relative to the cranium.
Such a face would have an anteriorly divergent profile if jaw
sizes were proportional.)

Determining how much incisor prominence is too much
can be difficult but is simplified by understanding the rela-
tionship between lip posture and the position of the incisors.
The teeth protrude excessively if (and only if) two conditions
are met: (1) the lips are prominent and everted, and (2) the
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CHECKLIST OF FACIAL DIMENSIONS TO EVALUATE DURING CLINICAL EXAMINATION

Frontal at Rest Frontal Smile

e Lip vermilion display

* Maxillary incisor display (lips relaxed)
* Lower face height

« Philtrum length

< Commissure height

* Chin height

To mid-sagittal plane * Maxillary incisor display * Alar base Lower face

* Nasal tip * Maxillary incisor crown height * Nasal tip * Maxillary projection

* Maxillary dental mid-line * Gingival display e Buccal corridor « Mandibular projection
* Mandibular dental mid-line * Smile arc » Chin projection

e Chin (mid-symphysis) * Occlusal plane cant? * Lower face height
Vertical Nose

* Lip separation (lips relaxed) * Nasal radix

Frontal Widths Profile

¢ Nasal dorsum contour
* Nasal tip projection

Lips
e Lip fullness
¢ Labiomental sulcus

Throat form

e Chin-throat angle

e Throat length

e Submental contour (fat pad)

Convex

Straight

Concave

REVN=ZEN Profile convexity or concavity results from a disproportion in the size ofthe jaws, but does not by itself indicate which
jaw is at fault. A convex facial profile (A) indicates a Class Il jaw relationship, which can result from either a maxilla that projects too
far forward or a mandible too far back. A concave profile (C) indicates a Class Il relationship, which can result from either a maxilla

that is too far back or a mandible that protrudes forward.

lips are separated at rest by more than 3 to 4 mm (which is
sometimes termed lip incompetence). In other words, exces-
sive protrusion of the incisors is revealed by prominent lips
that are separated when they are relaxed, so that the patient
must strain to bring the lips together over the protruding
teeth (see Figure 6-16). For such a patient, retracting the
teeth tends to improve both lip function and facial esthetics.
On the other hand, if the lips are prominent but close over
the teeth without strain, the lip posture is largely independ-

ent of tooth position. For that individual, retracting the
incisor teeth would have little effect on lip function or
prominence.

Like facial divergence, lip prominence is strongly influ-
enced by racial and ethnic characteristics. Whites of north-
ern European backgrounds often have relatively thin lips,
with minimal lip and incisor prominence. Whites of south-
ern European and middle eastern origin normally have more
lip and incisor prominence than their northern cousins.
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Divergence of the face is defined as an anterior or posterior inclination of the lower face relative to the forehead.
Divergence of a straight profile line does not indicate facial or dental disproportions: all the individuals pictured here have normal
dental occlusion and an acceptable dental and facial appearance. To some extent, facial divergence is a racial and ethnic characteristic.
It must be distinguished from the profile convexity or concavity that does indicate disproportions. A, Despite this boy's posteriorly diver-
gent profile, he has only minimal overjet and no complaints about facial esthetics. This facial pattern is particularly likely in northern
Europeans. B, A straight profile produces a strong chin and a more masculine appearance. It is seen more frequently in
whites of eastern and southern European descent, and is the usual finding in those of Asian and African descent. C, An anteriorly
divergent profile is uncommon in whites but often is seen in those of Asian and African descent. It is quite compatible with normal

dental occlusion.

UCIVI=RNCHEN If the incisors flare forward, they can align

themselves along the arc of a larger circle, which provides more
space to accommodate the teeth and alleviates crowding. Con-
versely, if the incisors move lingually, there is less space, and
crowding becomes worse. For this reason, crowding and protru-
sion of incisors must be considered two aspects of the same
thing: how crowded and irregular the incisors are reflects both
how much room is available and where the incisors are posi-
tioned relative to supporting bone.

Greater degrees of lip and incisor prominence normally
occur in individuals of Asians and African descent, so a lip
and tooth position normal for Asians or blacks would be
excessively protrusive for most whites.

Lip posture and incisor prominence should be evaluated
by viewing the profile with the patient's lips relaxed. This is
done by relating the upper lip to a true vertical line passing
through the concavity at the base of the upper lip (soft tissue
point A) and by relating the lower lip to a similar true ver-
tical line through the concavity between the lower lip and
chin (soft tissue point B) (Figure 6-17). If the lip is signifi-
cantly forward from this line, it can be judged to be promi-
nent; if the lip falls behind the line, it is retrusive. If the lips
are both prominent and incompetent (separated by more
than 3 to 4 mm), the anterior teeth are excessively protrusive.

In evaluating lip protrusion, it is important to keep in
mind that everything is relative, and in this case the rela-
tionships that count are the lip relationships with the nose
and chin. The larger the nose, the more prominent the chin
must be to balance it, and the greater the amount of lip
prominence that will be esthetically acceptable (Figure 6-18).
Vertical facial and dental relationships also play a role here.
Some patients with short lower face height have everted and
protrusive lips because they are over-closed and the upper
lip presses against the lower lip, not because the teeth
protrude.
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Bimaxillary dentoalveolar protrusion is seen in the facial appearance in three ways: A, Excessive separation ofthe lips
at rest (lip incompetence). The general guideline (which holds for all racial groups) is that lip separation at rest should be not more
than 4 mm. B, Excessive effort to bring the lips into closure (lip strain): and prominence of lips in the profile view (as in both A and B).
Remember that all three soft tissue characteristics must be present to make the diagnosis of dental protrusion, not just protruding
teeth as seen in a cephalometric radiograph (C, the ceph for the same girl). Different racial groups, and individuals within those groups,
have different degrees of lip prominence that are independent oftooth position. As a result, excessive dental protrusion must be a clin-
ical diagnosis. It cannot be made accurately from cephalometric radiographs.

HICVIN=CEVAY Lip prominence is evaluated by observing the
distance that each lip projects forward from a true vertical line

through the depth ofthe concavity at its base (soft tissue points For this girl with Class Il malocclusion, retrac-
A and B) (i.e., a different reference line is used for each lip, as tion ofthe maxillary incisors would damage facial appearance by
shown here). Lip prominence of more than 2 to 3 mm in the pres- making the relatively large nose look even bigger. The size of the
ence of lip incompetence (excessive separation of the lips at rest, nose must be considered when the position of the incisors and
as in this girl), indicates dentoalveolar protrusion. amount of lip support are evaluated.
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Throat form is evaluated in terms ofthe contour ofthe submental tissues (straight is better), chin-throat angle (which
ideally should be close to 90% and throat length (longer is better, up to a point). Both submental fat deposition and a low tongue
posture contribute to a stepped throat contour, which becomes a "double chin" when extreme. A, For this boy whose Class Il maloc-
clusion has a component of mandibular deficiency, throat contour and the chin-throat angle are good but throat length is short (as
usually is the case when the mandible is short). B, For this girl with a similar Class Il malocclusion but better jaw proportions, throat
contour is affected by submental fat and the chin-throat angle is somewhat obtuse, but throat length is good.

Not only the prominence of the chin, but also the sub-
mental soft tissue contours, should be evaluated. Throat
form is an important factor in establishing optimal facial
esthetics, and poor throat form is a major contributor to
esthetic impairment in patients with mandibular deficiency
(Figure 6-19).

3. Re-evaluation ofvertical facial proportions, and eval-
uation of mandibular plane angle. Vertical proportions can
be observed during the full face examination (see above) but
sometimes can be seen more clearly in profile. In the clini-
cal examination, the inclination of the mandibular plane to
the true horizontal should be noted. The mandibular plane
is visualized readily by placing a finger or mirror handle
along the lower border (Figure 6-20). This is important
because a steep mandibular plane angle usually indicates
long anterior facial vertical dimensions and a skeletal open
bite tendency, while a flat mandibular plane angle often
correlates with short anterior facial height and deep bite
malocclusion.

Facial form analysis carried out this way takes only
a couple of minutes but provides information that simply
is not present from dental radiographs and casts. Such an
evaluation by the primary care practitioner is an essential
part of the evaluation of every prospective orthodontic
patient.

HEVN=N The mandibular plane angle can be visualized
clinically by placing a mirror handle or other instrument along

the border ofthe mandible. For this patient the mandibular plane
angle is normal, neither too steep nor too flat.
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RLEICISI=NGAB A cant to the occlusal plane can be seen in both frontal (A) and oblique (B) views. It becomes an esthetic problem if
it is noticeable, and lay observers do notice a cant of this degree of severity.

Tooth-Lip Relationships: Mini-Esthetics

Tooth-Lip Relationships. Itis importantto evaluate not
only the characteristics of the face, but the relationship of
the dentition to the face (see Box 6-2). This can begin with
an examination of symmetry, in which it is particularly
important to note the relationship of the dental midline of
each arch to the skeletal midline of that jaw (i.e., the lower
incisor midline related to the midline of the mandible, and
the upper incisor midline related to the midline of the
maxilla). Dental casts, even if mounted on an articulator, will
show the relationship of the midlines to each other but
provide no information about the dental-skeletal midlines.
This must be recorded during the clinical examination.

A second aspect of dental to soft tissue relationships is the
vertical relationship of the teeth to the lips, at rest and on
smile. At a minimum, the amount of incisor display should
be noted. For patients with excessive incisor display, the
usual cause is a long lower third of the face, but of course
that is not the only possibility—a short upper lip could
produce the same thing (see Figure 6-12). Recording lip
height at the philtrum and the commissures can clarify the
source of the problem.

A third important relationship to note is whether an up-
down transverse rotation of the dentition is revealed when
the patient smiles or the lips are separated at rest (Figure
6-21). This often is called a transverse cant of the occlusal
plane, but is better described as a transverse roll of the

esthetic line of the dentition (see the section of this chapter
below on classification by dentofacial traits). Neither dental
casts nor a photograph with lip retractors will reveal this.
Dentists detect a transverse roll at 1Imm from side to side,
where laypersons are more forgiving and see it only at
3mm—but at that point, it is a problem.”

Smile Analysis. Facial attractiveness is defined more by
the smile than by soft tissue relationships at rest. For this
reason, it is important to analyze the characteristics of the
smile, and to think about how the dentition relates to the
facial soft tissues dynamically as well as statically. There are
two types of smiles: the posed or social smile, and the emo-
tional smile. The social smile is reproducible, and is the one
that is presented to the world routinely. The emotional smile
varies with the emotion being displayed (for instance, the
smile when you're introduced to a new colleague differs
from the smile when your team just won in the year's
biggest upset). The social smile is the focus of orthodontic
diagnosis.

In smile analysis, the oblique (%) view as well as the
frontal and profile views are important. Three things need to
be considered:

Amount of Incisor and Gingival Display. The guideline
is that elevation of the upper lip on smile should stop at or
near the gingival margin, so that all of the upper incisor is
seen. Some display of gingiva is acceptable, and can be both
esthetic and youthful appearing. Lip elevation that does not
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F[EV=GE2Z A, Display of all the incisors and some maxillary gingiva on smiling is a youthful and appealing characteristic. B, Less
display is less attractive although it is not considered objectionable by lay observers.

reach 100% display of the incisor crowns is less attractive
(Figure 6-22). Although lay observers usually rate a smile as
acceptable if there is 2 mm or more display of the maxillary
incisors,” display of 75% of the crowns is about the
minimum for excellent esthetics, and it is better to display
some gingiva than too little of the incisor crowns.

It also is important to remember that the vertical rela-
tionship of the lip to the incisors will change over time, with
the amount of incisor exposure decreasing (see Chapter 4).
This makes it even more important to note the vertical
tooth-lip relationships during the diagnostic evaluation, and
to keep it in mind during treatment.

Transverse Dimensions of the Smile Relative to the
Upper Arch. Depending on the facial index, i.e., the width
of the face relative to its height, a broad smile may be more
attractive than a narrow one—but what does that mean
exactly? A dimension of interest to prosthodontists, and
more recently to orthodontists, is the amount of buccal cor-
ridor that is displayed on smile, that is, the distance between
the maxillary posterior teeth (especially the premolars) and
the inside of the cheek (Figure 6-23). Prosthodontists
consider that excessively wide buccal corridors (sometimes
called "negative space") are unesthetic, and orthodontists
have noted that widening the maxillary arch can improve the
appearance of the smile if cheek drape is significantly wider
than the dental arch. Early studies of smile esthetics in the
natural dentition did not suggest that buccal corridor width
was an important consideration.® Recent studies have indi-

cated, however, that lay persons can detect differences in
buccal corridor width, and that they tend to prefer wider
dental arches and narrower buccal corridors even though
wide corridors often are judged acceptable.®*°

It should be kept in mind, however, that arch expansion
like anything else, can be overdone. Too broad a smile, so
that there is no buccal corridor, is unesthetic and can be
characterized as making the natural dentition look like a
cheap denture. The transverse width of the dental arches,
therefore, can and should be related to the width of the face
(Figure 6-24). The relationship of the cheeks to the poste-
rior teeth on smile is just another way of evaluating this
relationship.

The Smile Arc. The smile arc is defined as the contour of
the incisal edges of the maxillary anterior teeth relative to
the curvature of the lower lip during a social smile (Figure
6-25). For best appearance, the contour of these teeth should
match that of the lower lip. If the lip and dental contours
match, they are said to be consonant.

Good evidence exists now that a consonant (ideal) smile
arc is an important aspect of smile esthetics. Lay observers
significantly prefer an ideal smile arc, and a flattened smile
arc decreases the attractiveness of a male or female smile.® A
flattened smile arc can pose either or both of two problems:
Itis less attractive, and it tends to make the patient look older
(because older individuals often have wear of the incisors
that tends to flatten the arc of the teeth). The characteristics
of the smile arc must be monitored during orthodontic
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FHICIVN=NZEI A, Prior to treatment, this girl had a narrow maxillary arch with wide buccal corridors. She was treated with arch expan-
sion. B, On 5-year recall, the broader smile (with narrow but not obliterated buccal corridors) is part ofthe esthetic improvement created
by orthodontic treatment.

The width of the maxillary dental arch, as seen on smile, should be proportional to the width of the mid-face. A, A
broad smile is appropriate for a face with relatively large width across the zygomatic arches, while (B) a narrower smile is preferred
when the face width is narrow. The patient in B was appropriately treated with maxillary premolar extraction to prevent over-expansion
during treatment.
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SHIEPIN=2 W The smile arc is the relationship of the curvature of the lower lip to the curvature of the maxillary incisors. The
appearance ofthe smile is best when the curvatures match. A, A flattened smile arc is less attractive in both males and females. B, The
improvement in this girl's smile was created solely by lengthening her maxillary incisors—in her case, with dental laminates rather than

orthodontics.

treatment because it is surprisingly easy to flatten it in the
pursuit of other treatment objectives. The data indicate that
this is much more important as a factor in smile esthetics
than buccal corridor width.

Dental Appearance: Micro-Esthetics

Subtleties in the proportions and shape of the teeth and asso-
ciated gingival contours have been emphasized in the bur-
geoning literature on "cosmetic dentistry" in recent years. A
similar evaluation is necessary in the development of an
orthodontic problem list if an optimal esthetic result is to be
obtained. Treatment planning to correct problems of this
type is discussed in Chapter 8.

Tooth Proportions. The smile, of course, reveals the
maxillary anterior teeth, and two aspects of proportional
relationships are important components of their appear-
ance: the tooth widths in relation to each other, and the
height/width proportions of the individual teeth.

Width Relationships and the "Golden Proportion." The
apparent widths of the maxillary anterior teeth on smile, and
their actual mesio-distal width, differ because of the curva-
ture of the dental arch. Particularly, only a portion of the
canine crown can be seen in a frontal view. For best appear-
ance, the apparent width of the lateral incisor (as one would
perceive it from a direct frontal examination) should be 62%
of the width of the central incisor, the apparent width of the
canine should be 62% of that of the lateral incisor, and the

(VM= Ideal tooth width proportions when viewed

from the front are one of many illustrations of the "golden pro-
portion,” 1.0:0.62:0.38:0.24, etc. In this close-up view of attrac-
tive teeth on smile, it can be seen that the width of the lateral
incisor is 62% of the width of the central incisor; the (apparent)
width ofthe canine is 62% ofthe width ofthe lateral incisor; and
the (apparent) width of the first premolar is 62% ofthe width of
the canine.

apparent width of the first premolar should be 62% of that
of the canine (Figure 6-26). This ratio of recurring 62% pro-
portions appears in a number of other relationships in
human anatomy, and sometimes is referred to as the "golden
proportion." Whether or not it has any mystic significance,
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A, Height-width proportions for maxillary central incisors. The width of the tooth should be about 80% of its height.
B, This patient's central incisors look almost square, because their width is normal but their height is not. Increasing crown height
would be a goal of comprehensive orthodontic treatment. How to do that would depend on mini- and macro-esthetic considerations.

it is an excellent guideline when lateral incisors are dispro-
portionately small or (less frequently) large, and the width
ratios of the central and lateral are the best way to determine
what the post-treatment size of the lateral incisor should be.
The same judgment is used when canines are narrowed to
replace missing lateral incisors.

Height-Width Relationships. The range in height-
width relationships for maxillary central incisors is shown in
Figure 6-27. Note that the width ofthe tooth should be about
80% ofits height. In examining an orthodontic patient, it is
important to note both height and width, because if dispro-
portions are noted, this allows a determination of which
parameter is at fault. The central incisor seen in Figure 6-27,
B looks almost square. Its width measures 8.7 mm and its
height 85mm. From the table, the 8 mm width is in the
middle of the normal range, and the height is short. There
are several possible causes: incomplete eruption in a child
(which may correct itself with further development), loss of
crown height from attrition in an older patient (which may
indicate restoration of the missing part of the crown), exces-
sive gingival height (best treated with crown lengthening),
perhaps an inherent distortion in crown form (which sug-
gests a more extensive restoration, with facial laminates or a
complete crown) (see Chapter 8). The disproportion, and its
probable cause, should be included in the patient's problem
list, to focus attention on doing something about it before
orthodontic treatment is completed.

Gingival Heights, Shape and Contour. Proportional
gingival heights are needed to produce a normal and attrac-
tive dental appearance (see Figure 6-25). Generally, the
central incisor has the highest gingival level, the lateral
incisor is approximately 1.5 mm lower and the canine gingi-
val margin again is at the level of the central incisor. Main-
taining these gingival relationships becomes particularly
important when canines are used to replace missing lateral

For ideal appearance, the contour of the

gingiva over the maxillary central incisors and canines is a half-
ellipse, with the zenith (the height of contour) distal to the mid-
line of the tooth. The maxillary lateral incisor, in contrast, has a
gingival contour of a half-circle, with the zenith at the mid-line of
the tooth. (From Sarver DM, Yanosky M. Am J Orthod Dentofac
Orthop 126:85-90, 2005.)

incisors, or when other tooth substitutions are planned. Dif-
ferences of more than 2 mm are readily recognized by both
laypersons and dentists.

Gingival shape refers to the curvature ofthe gingiva at the
margin of the tooth. For best appearance, the gingival shape
of the maxillary lateral incisors should be a symmetrical
half-oval or half-circle. The maxillary centrals and canines
should exhibit a gingival shape that is more elliptical and ori-
ented distally to the long axis of the tooth (Figure 6-28). The
gingival zenith (the most apical point of the gingival tissue)
should be located distal to the longitudinal axis of the max-
illary centrals and canines, while the gingival zenith of the
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H[CIV =7l The contact points of the max-

illary teeth move progressively gingivally from the
central incisors to the premolars, so that there
is a progressively larger incisal embrasure. The
connector is the area that looks to be in contact
in an unmagnified frontal view. Note that this
decreases in size from the centrals posteriorly.
Connectors that are too short often are part ofthe
problem when "black triangles" appear between
the teeth because the gingival embrasures are not
filled with gingival papillae.

maxillary laterals should coincide with their longitudi-
nal axis.

Connectors and Embrasures. These elements, illus-
trated in Figure 6-29, also can be of real significance in the
appearance of the smile and should be noted as problems if
they are incorrect. The connector (also referred to as the
interdental contact area) is where adjacent teeth appear to
touch, and may extend apically or occlusally from the actual
contact point. In other words, the actual contact point is
likely to be a very small area, and the connector includes the
contact point and the areas above and below that are so close
together they look as if they are touching. The normal con-
nector height is greatest between the central incisors, and
diminishes from the centrals to the posterior teeth, moving
apically in a progression from the central incisors to the pre-
molars and molars. The embrasures (the triangular spaces
incisal and gingival to the contact) ideally are larger in size
than the connectors, and the gingival embrasures are filled
by the interdental papillae.

Embrasures: Black Triangles? Short interdental papillae
leave an open gingival embrasure above the connectors, and
these "black triangles" can detract significantly from the
appearance of the teeth on smile. Current data indicate that
lay observers readily detect open gingival embrasures of 3
mm or more and judge them unesthetic.

Black triangles in adults usually arise from loss of gingi-
val tissue related to periodontal disease, but when crowded
and rotated maxillary incisors are corrected orthodontically
in adults, the connector moves incisally and black triangles
may appear, especially if severe crowding was present (Figure
6-30). For that reason, both actual and potential black tri-
angles should be noted during the orthodontic examination,
and the patient should be prepared for reshaping of the teeth
to minimize this esthetic problem.

ORTHODONTIC DIAGNOSIS: THE DEVELOPMENT OF A PROBLEM LIST

Tooth Shade and Color. The color and shade of the teeth
changes with increasing age. The teeth appear lighter and
brighter at a younger age, darker and duller as aging pro-
gresses. This is related to the formation of secondary dentin
as pulp chambers decrease in size and to thinning of the
facial enamel, which results in a decrease in its translucency
and a greater contribution of the darker underlying dentin
to the shade of the tooth. A normal progression of
shade change from the midline posteriorly is important
contributor to an attractive and natural appearing smile. The
maxillary central incisors tend to be the brightest in the
smile, the lateral incisors less so, and the canines the least
bright. The first and second premolars are lighter and
brighter than the canines, more closely matched to the lateral
incisors.

At present, even young patients are quite likely to be
aware of the possibility of bleaching the teeth to provide a
more youthful appearance, and may benefit from this at the
end of orthodontic treatment. If color and shade of the teeth
are a potential problem, this should be on the orthodontic
problem list, so that it is included in the final treatment plan.

Probably there is no better example in orthodontics ofthe
principle of "If you don't look for it, you won't see it" than
the evaluation of dental micro-esthetics". Of course, if you
don't see it, it won't appear on the problem list. You and the
patient may or may not decide to include these things in the
treatment plan, but it is important to note them and discuss
them with the patient.

Which Diagnostic Records Are Needed?

Orthodontic diagnostic records are taken for two purposes:
to document the starting point for treatment (after all, ifyou
don't know where you started, it's hard to tell where you're
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FlEV=GRN A, Crowded and rotated maxillary incisors at the beginning of orthodontic treatment for an adult. B, After alignment
of the incisors, a black triangle was present between the central incisors. C, With the orthodontic appliance still in place, the incisors
were reshaped so that when the contact point would be moved apically the midline connector would be lengthened. D, After the space

was closed the black triangle was no longer apparent.

going), and to add to the information gathered on clinical
examination. It is important to remember that the records
are supplements to, not replacements for, the most impor-
tant source of information for clinical diagnoses, the clinical
examination.**

If a determination of skeletal age is needed, this can be
done now from the cephalometric radiograph (see Chapter
3), and there is little reason to obtain a special hand-wrist
radiograph for that purpose. Although there is an 80%
chance of less than 1 mm further growth after radius fusion
is seen on hand-wrist radiographs, the possible error still is
too great enough to rely on this to indicate when a patient
would be ready for implants or surgery for mandibular prog-
nathism.® Vertebral maturation almost surely suffers from
the same limitation.

Orthodontic records fall into three major categories:
those for evaluation of the (1) health of the teeth and oral
structures, (2) alignment and occlusal relationships of the
teeth, and (3) facial and jaw proportions, which includes
both cephalometric radiographs and facial photographs.
Digital images now are rapidly replacing film, but both are
acceptable as records.

Health of Teeth and Oral Structures

A major purpose of intraoral photographs, which should
be obtained routinely for patients receiving complex ortho-
dontic treatment, is to document the initial condition of the
hard and soft tissues. Five standard intraoral photographs
are suggested: right, center, and left views with the teeth in
occlusion, and maxillary and mandibular occlusal views (see
Figure 6-77). Maximum retraction of the cheeks and lips is
needed. Ifthere is a special soft-tissue problem (for instance,
no attached gingiva in the lower anterior), an additional
photograph of that area may be needed.

A panoramic radiograph is valuable for orthodontic eval-
uation at most ages. The panoramic image has two signifi-
cant advantages over a series of intraoral radiographs: it
yields a broader view and thus is more likely to show any
pathologic lesions and supernumerary or impacted teeth,
and the radiation exposure is much lower. It also gives a view
of the mandibular condyles, which can be helpful, both in
its own right and as a screening image to determine if other
TM joint radiographs are needed.

The panoramic radiograph should be supplemented with
periapical and bitewing radiographs only when greater detail
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TABLE 65

U.S. Public Heath Service Guidelines: Dental
Radiographic Examination for Pathology

Condition Recommended radiographs

Regular dental care
No previous caries
No obvious pathology
History of fluoridation

Panoramic radiograph only

Previous caries
Obvious caries

Add bitewings

Deep caries
Periodontal disease

Add periapicals, affected area only

American Dental Association/U.S. Food and Drug Administration.
Guidelines for Prescribing Dental Radiographs, revised 2004."

is required. Current American recommendations for dental
radiographic screening for pathology (posted on the Inter-
net in November 2004 by the U.S. Food and Drug Adminis-
tration), are shown in Table 6-5.'% In addition, for children
and adolescents, periapical views of incisors are indicated if
there is evidence or suspicion of root resorption or aggres-
sive periodontal disease. The principle is that periapical
radiographs to supplement the panoramic radiograph are
ordered only if there is a specific indication for doing so.

A common problem that deserves radiographic follow-up
is localization of an unerupted maxillary canine that cannot
be palpated in the buccal vestibule.®® A periapical radiograph
combined with the panoramic image allows localization via
the vertical shift rule, but palatally impacted canines are
localized better with the combination of an occlusal and a
periapical radiograph, which allows use of the horizontal
shift method.® As cone-beam computed tomography
becomes available, it is likely to replace the use of periapical
and occlusal radiographs for localizing canines. Both the
position of the impacted tooth and the extent of damage to
the roots of other teeth can be evaluated better with true
3-D images.”

Radiographs of the temporomandibular joint should be
reserved for patients who have symptoms of dysfunction of
that joint that may be related to internal joint pathology. In
that case, CT or MRI scans are likely to be more useful
than transcranial or laminagraphic TM joint radiographs.
Routine TM joint radiographs simply are not indicated for
orthodontic patients. Imaging of the TM joint, and recom-
mendations for current practice, are covered in detail in a
position paper by the American Academy of Oral and Max-
illofacial Radiology.*®

Dental Alignment and Occlusion

Evaluation of the occlusion requires impressions for dental
casts or for digitization into computer memory, and a record
of the occlusion so that the casts or images can be related to
each other. Direct scans of the arches into computer memory
are just becoming possible and have not yet been perfected

ORTHODONTIC DIAGNOSIS: THE DEVELOPMENT OF A PROBLEM LIST

to the point of routine use. For orthodontic diagnosis,
maximum displacement of soft tissues, created by maximum
extension of the impression, is desired. The inclination ofthe
teeth, not just the location of the crown, is important. If
the impression is not well extended, important diagnostic
information may be missing.

At the minimum, a wax bite or polysiloxane record of the
patient's usual interdigitation (maximum intercuspation)
should be made, and a check should be made to be sure that
this does not differ significantly from the initial contact posi-
tion. An anterior shift of 1 to 2 mm from the retruded posi-
tion is of little consequence, but lateral shifts or anterior
shifts of greater magnitude should be noted carefully and a
bite registration in an approximate centric relation position
should be made for these patients. After the casts are poured,
the bite registration is used to trim them so that when
the casts are placed on their backs, the teeth are in proper
occlusion.

Dental casts for orthodontic purposes are usually
trimmed so that the bases are symmetric (Figure 6-31) and
then are polished (or, if electronic records are used, the
images are prepared to look like trimmed and polished
casts). There are two reasons for doing this: (1) if the casts
are viewed with a symmetric base that is oriented to the
midline of the palate, it is much easier to analyze arch form
and detect asymmetry within the dental arches; and (2)
neatly trimmed and polished casts are more acceptable for
presentation to the patient, as will be necessary during any
consultation about orthodontic treatment.

Whether it is necessary or even desirable to mount casts
on an adjustable articulator as part of an orthodontic diag-
nostic evaluation is a matter of continuing debate. There are
two reasons for mounting casts on articulators. The first is
to record and document any discrepancy between the
occlusal relations at the initial contact of the teeth and
the relations at the patient's full or habitual occlusion. The
second is to record the lateral and excursive paths of the
mandible, documenting these and making the tooth rela-
tionships during excursions more accessible for study.

Knowing the centric occlusal relationship when the
condyles are positioned "correctly" obviously is important
for orthodontic diagnostic purposes if there is a significant
difference between it and the usual intercuspation. Unfortu-
nately, there is no current agreement as to what the "correct"
centric position is, though the "muscle-guided" position (the
most superior position to which a patient can bring the
mandible using his or her own musculature), seems most
appropriate for orthodontic purposes. It is now generally
accepted that in normal individuals this neuromuscular
position is anterior to the most retruded condylar position.*®
Lateral shifts or large anterior shifts are not normal and
should be recorded. Articulator-mounted casts are one way,
but not the only way, to do that.

The second reason for mounting casts—to record the
excursive paths—is very important when restorative
dentistry is being planned because the contours of the
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A, Orthodontic casts have traditionally been trimmed with symmetric bases. The backs are trimmed perpendicular to
the midsagittal line, most easily visualized as the midpalatal raphe for most patients. The angles shown for the casts are suggested
values; symmetry is more important than the precise angulation. B, Digital casts, produced from laser scans of impressions or inter-
mediate casts, are displayed with symmetric bases—partly to emphasize that they are equivalent to physical casts, partly because the
symmetric base helps the observer detect asymmetries within the dental arches.

replacement or restored teeth must accommodate the path
of movement. This is much less important when tooth posi-
tions and jaw relationships will change during treatment.

The current consensus is that for preadolescent and early
adolescent patients (i.e., those who have not completed their
adolescent growth spurt), there is little point in an articula-
tor mounting. In these young patients, the contours of the
TM joint are not fully developed, so that condylar guidance
is much less prominent than in adults. The shape of the tem-
poral fossa in an adult reflects function during growth. Thus
until mature canine function is reached and the chewing
pattern changes from that of the child to the normal adult,
completion of the articular eminence and the medial con-
tours of the joint should not be expected (see Chapter 3). In
addition, the relationships between the dentition and the
joint that are recorded in articulator mountings change
rapidly while skeletal growth is continuing and tend to be
only of historic interest after orthodontic treatment.

The situation is different when growth is complete or
largely complete. In adults with symptoms of TM dysfunc-
tion (clicking, limitation of motion, pain), articulator-
mounted casts may be useful to document significant
discrepancies between habitual and relaxed mandibular
positions. These patients often need therapy to reduce
muscle spasm and splinting before the articulator mounting
is done. An articulator mounting may also be needed for
surgical treatment planning (see Chapter 19).

Facial and Dental Appearance

For any orthodontic patient, facial and jaw proportions, not
just dental occlusal relationships, must be evaluated. This is
done best by a careful clinical evaluation of the patient's face
(as described above), but both a cephalometric radiograph
and facial photographs are needed as records to support the
clinical findings.

Like all radiographic records, cephalograms should be
taken only when they are indicated. Comprehensive ortho-
dontic treatment almost always requires a lateral cephalo-
metric radiograph, because it is rare that jaw relationships
and incisor positions would not be altered during the
treatment, and the changes cannot be understood without
cephalometric superimpositions. It is irresponsible to under-
take growth modification treatment in a child without a pre-
treatment lateral cephalometric radiograph. For treatment
of minor problems in children, or for adjunctive treatment
procedures in adults, cephalometric radiographs usually
are not required, simply because jaw relationships and
incisor positions would not be changed significantly.
The major indication for a frontal (posteroanterior, not
anteroposterior) cephalometric radiograph is facial
asymmetry.’® Routine P-A cephalometric radiographs are
not recommended.

A series of facial photographs has been a standard part
of orthodontic diagnostic records for many years. The
minimum set is three photographs, frontal at rest, frontal
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smile and profile at rest, but it can be valuable to have a
record of tooth-lip relationships in other views (see Figure
6-76). The oblique smiling photo, for instance, provides an
excellent view ofboth vertical tooth-lip relationships and the
smile arc.

With the advent of digital records, it is easy now to obtain
a short segment of digital video as the patient smiles and
turns from a frontal to a profile view. The resulting set of
images allows a detailed analysis of facial relationships at rest
and in function and provides the preferred photographic
record set. Even good photographs, however, are never a sub-
stitute for careful clinical evaluation—they are just a record
of what was observed clinically, or what should have been
observed and recorded.

Intra-oral photographs are particularly needed to docu-
ment soft tissue findings that would not be apparent on
dental casts or radiographs. The typical set of five images of
frontal, lateral and occlusal views of the dentition should be
supplemented with good photographs of soft tissue areas
that pose health concerns, for instance, minimal attached
gingival tissue in the lower incisor region. Often the view of
the gingiva is obscured when cheek retractors are used to
obtain the standard five intraoral images.

In summary; minimal diagnostic records for any ortho-
dontic patient consist of dental casts trimmed to represent
the occlusal relationship (or their electronic equivalent), a
panoramic radiograph supplemented with appropriate peri-
apical radiographs, and data from facial form analysis. A
lateral cephalometric radiograph and facial/intraoral photo-
graphs are needed for all patients except those with minor
or adjunctive treatment needs.

ANALYSIS OF DIAGNOSTIC RECORDS

Comments on the analysis of intraoral radiographs appear
in the previous section on clinical evaluation, as does
information about intraoral and facial clinical findings
that were recorded photographically. In this section, the
focus is on three things: (1) dental cast analysis to evaluate
space excess or deficiency and symmetry within the dental
arches, (2) cephalometric analysis of dentofacial relation-
ships, and (3) integration of information from all sources
into the problem-oriented format that facilitates treatment
planning.

Cast Analysis: Symmetry and Space

Symmetry

An asymmetric position of an entire arch should have been
detected already in the facial/esthetic examination. An asym-
metry of arch form also may be present even ifthe face looks
symmetric. A transparent ruled grid placed over the upper
dental arch and oriented to the midpalatal raphe can make
it easier to see a distortion of arch form in either physical
(Figure 6-32) or virtual casts.
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Asymmetry within the dental arch, but with symmetric
arch form, also can occur. This usually results either from
lateral drift of incisors or from drift of posterior teeth on one
side. The ruled grid also helps in seeing where drift of teeth
has occurred. Lateral drift of incisors occurs frequently in
patients with severe crowding, particularly if a primary
canine was lost prematurely on one side. This often results
in one permanent canine being blocked out of the arch while
the other canine is nearly in its normal position, with all the
incisors shifted laterally. Drift of posterior teeth is usually
caused by early loss of a primary molar, but sometimes
develops even when primary teeth were exfoliated on a
normal schedule.

Alignment (Crowding): Space Analysis

It is important to quantify the amount of crowding within
the arches, because treatment varies depending on the sever-
ity of the crowding. Space analysis, using the dental casts, is
required for this purpose. Such an analysis is particularly
valuable in evaluating the likely degree of crowding for a
child in the mixed dentition, and in that case it must include
prediction of the size of unerupted permanent teeth.

Principles of Space Analysis. Since malaligned and
crowded teeth usually result from lack of space, this analysis
is primarily of space within the arches. Space analysis
requires a comparison between the amount of space avail-
able for the alignment of the teeth and the amount of space
required to align them properly (Figure 6-33).

The analysis can be done either directly on the dental
casts or by a computer algorithm after appropriate digitiza-
tion of the arch and tooth dimensions. Digital models make
this almost automatic, but whether the space analysis is done
manually or in the computer, the first step is calculation of
space available. This is accomplished by measuring arch
perimeter from the mesial of one first molar to the other,
over the contact points of posterior teeth and incisal edge of
anteriors. There are two basic ways to accomplish this man-
ually: (1) by dividing the dental arch into segments that can
be measured as straight line approximations of the arch
(Figure 6-34), or (2) by contouring a piece of wire (or a
curved line on the computer screen) to the line of occlusion
and then straightening it out for measurement. The first
method is preferred for manual calculation because of its
greater reliability. Either method can be used with an appro-
priate computer program.

The second step is to calculate the amount of space
required for alignment of the teeth. This is done by measur-
ing the mesiodistal width of each erupted tooth from contact
point to contact point, estimating the size of unerupted per-
manent teeth, and then summing the widths of the individ-
ual teeth (Figure 6-34, B). If the sum of the widths of the
permanent teeth is greater than the amount of space avail-
able, there is an arch perimeter space deficiency and crowd-
ing would occur. If available space is larger than the space
required (excess space), gaps between some teeth would be
expected.
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HICIVN=RNGXYA Placing a transparent ruled grid over the dental cast so that the grid axis is in the midline makes it easier to spot
asymmetries in arch form (wider on the patient's left than right, in this example) and in tooth position (molars drifted forward on the

right).
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(HICIV[{ =Rl A comparison of space available versus space

required establishes whether a deficiency of space within the arch
will ultimately lead to crowding, whether the correct amount of
room is available to accommodate the teeth, or whether excess
space will result in gaps between the teeth.

Space analysis carried out in this way is based on three
important assumptions: (1) the anteroposterior position of
the incisors is correct (i.e., the incisors are neither excessively
protrusive nor retrusive), (2) the space available will not
change because of growth; and (3) all the teeth are present
and reasonably normal in size. None of these assumptions
can be taken for granted. All of them must be kept in mind
when space analysis is done.

With regard to the first assumption, it must be remem-
bered that incisor protrusion is relatively common and that
retrusion, though uncommon, does occur. There is an inter-
action between crowding of the teeth and protrusion or
retrusion: if the incisors are positioned lingually (retruded),
this accentuates any crowding; but if the incisors protrude,
the potential crowding will be at least partially alleviated (see
Figure 6-17). Crowding and protrusion are really different
aspects of the same phenomenon. If there is not enough
room to properly align the teeth, the result can be crowding,
protrusion, or (most likely) some combination of the two.
For this reason, information about how much the incisors
protrude must be available from clinical examination
to evaluate the results of space analysis. This information
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HIEVI=NGEZA| A, Space available can be measured most

easily by dividing the dental arch into four straight line segments
as shown. Each segment is measured individually with a sharp-
pointed measuring instrument (dividers, as used in architectural
drafting, are best; a sharpened Boley gauge is acceptable).
B, Space required is the sum of the mesiodistal widths of all
individual teeth, measured from contact point to contact point.

comes from facial form analysis (or from cephalometric
analysis if available).

The second assumption, that space available will not
change during growth, is valid for most but not all children.
In a child with a well-proportioned face, there is little or no
tendency for the dentition to be displaced relative to the jaw
during growth, but the teeth often shift anteriorly or poste-
riorly in a child with a jaw discrepancy. For this reason, space
analysis is less accurate and less useful for children with
skeletal problems (Class Il, Class Ill, long face, short face)
than in those with good facial proportions. This important
topic is reviewed in detail in Chapter 4 (see Figures 4-16 to
4-21 for illustrations of the interaction between the pattern
of jaw growth and the path of tooth eruption).

Even in children with well-proportioned faces, the posi-
tion of the permanent molars changes when primary molars
are replaced by the premolars (see Chapter 3 for a detailed
review). If space analysis is done in the mixed dentition, it is
necessary to adjust the space available measurement to
reflect the shift in molar position that can be anticipated.
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The third assumption can (and must) be checked by clin-
ical and radiographic examination, looking at the teeth as a
set rather than as individual units. Anomalies in tooth size
have significant implications for space in the dental arches
(see Figure 5-12).

Estimating the Size of Unerupted Permanent Teeth.
There are three basic approaches to doing this:

1. Measurement of the teeth on radiographs. This requires
an undistorted radiographic image, which is more easily
achieved with individual periapical radiographs than
with panoramic radiographs. Even with individual radi-
ographs, it is often difficult to obtain an undistorted view
of the canines, and this inevitably reduces the accuracy.
With any type of radiograph, it is necessary to compen-
sate for enlargement of the radiographic image. This can
be done by measuring an object that can be seen both in
the radiograph and on the casts, usually a primary molar
tooth (Figure 6-35). A simple proportional relationship
can then be set up:

Truewidth ofprimar molar =

Apparent width of primary molar

True width of unerupted premolar

Apparent width of unerupted premolar

Accuracy is fair to good depending on the quality of the
radiographs and their position in the arch. The technique
can be used in maxillary and mandibular arches for all ethnic
groups.

2. Estimation from proportionality tables. There is a rea-
sonably good correlation between the size of the erupted
permanent incisors and the unerupted canines and
premolars. These data have been tabulated for white
American children by Moyers (Table 6-6). To utilize the
Moyers prediction tables, the mesiodistal width of the
lower incisors is measured and this number is used to
predict the size of both the lower and upper unerupted
canines and premolars. The size of the lower incisors cor-
relates better with the size of the upper canines and pre-
molars than does the size of the upper incisors, because
upper lateral incisors are extremely variable teeth. Despite
a tendency to overestimate the size of unerupted teeth,
accuracy with this method is fairly good for the northern
European white children on whose data it is based. No
radiographs are required, and it can be used for the upper
or lower arch.

Tanaka and Johnston developed another way to use the
width of the lower incisors to predict the size of unerupted
canines and premolars (Box 6-3). For children from a
European population group, the method has good accuracy
despite a small bias toward overestimating the unerupted
tooth sizes. It requires neither radiographs nor reference
tables (once the simple equation is memorized), which
makes it very convenient. The method, however, is less
accurate for other population groups, and appears to have
systematic errors for specific race and gender. It will
over-estimate the required space for Caucasian females in
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Moyers Prediction Values (75% level)

DIAGNOSIS AND TREATMENT PLANNING

Total mandibular-incisor width 195 20.0 20.5 21.0 215 22.0 22.5 23.0
Predicted width of Maxilla 20.6 20.9 21.2 21.3 21.8 22.0 22.3 22.6
canine and premolars  Mandible 20.1 20.4 20.7 21.0 21.3 21.6 21.9 22.2
From Moyers RE: Handbook of orthodontics, ed 3, Chicago, 1973, Mosby.
Box 6-3

H[CIU=INGKM To correct for magnification in films, the same

object is measured on the cast (B) and on the film (A), which will
yield the percentage of magnification. This ratio is used to correct
for magnification on unerupted teeth.

both arches and under-estimate the space required in the
lower arch for African-American males.*

Most computer algorithms for space analysis are based on
correlations of tooth sizes, and should be used with caution
if the radiographs show anything unusual (unless the com-

TANAKA AND JOHNSTON PREDICTION VALUES

One half ofthe +105m = estimated width of mandi-
mesiodistal bular canine and premolars
width of the in one quadrant
four lower +11.0mm = estimated width of maxillary
incisors canine and premolars in

one quadrant

From Tanaka MM, Johnston LE: J Am Dent Assoc 88:798, 1974.

puter program allows for introduction of radiographic

information).

3. Combination of radiographic and prediction table
methods. Since the major problem with using radi-
ographic images comes in evaluating the canine teeth,
it would seem reasonable to use the size of permanent
incisors measured from the dental casts and the size of
unerupted premolars measured from the radiographs to
predict the size of unerupted canines. A graph developed
by Staley and Kerber from lowa growth data (Figure 6-
36) allows canine width to be read directly from the sum
of incisor and premolar widths. This method can be used
only for the mandibular arch and, of course, requires
periapical radiographs. For children of European ances-
try, it is quite accurate.

Which of these methods is best for an individual patient
depends on the circumstances. The prediction tables work
surprisingly well when applied to the population group from
which they were developed. The Moyers, Tanaka-Johnston,
and Staley-Kerber predictions are all based on data from
white school children of northern European descent. If the
patient fits this population group, the Staley-Kerber method
will give the best prediction, followed by the Tanaka-
Johnston and Moyers approaches that are the basis of
most computer algorithms. These methods are superior to
measurement from radiographs. On balance, the Tanaka-
Johnston method probably is most practical for manual cal-
culation because no radiographs are required and the simple
ratio can be printed right on the space analysis form, so that
no reference tables must be consulted.

On the other hand, if the patient does not fit the popula-
tion group, as an African or Asian child would not, direct
measurement from the radiographs is the best approach and
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235 24.0 245 25.0 255 26.0 26.5 27.0 275 28.0 28.5 29.0
22.9 23.1 23.4 23.7 24.0 24.2 24.5 24.8 25.0 25.3 25.6 25.9
22.5 22.8 23.1 23.4 23.7 24.0 24.3 24.6 24.8 25.1 25.4 25.7
Hixon and Oldfather prediction graph TABLE 6-J
(Staley and Kerber revision)
Tooth Size Relationships
4 I A Maxillary Mandibular Maxillary Mandibular
anterior anterior total sum total sum
23 |- . sum of 3-3 sum of 3-3 of 6-6 of 6-6
& 40 30.9 86 78.5
~ 22 b
o 41 31.7 88 80.3
2=
NE AP E 42 32.4 90 82.1
B E
E 43 33.2 92 84.0
2 20p .
5 - 44 34.0 94 85.8
19 |- / - 45 34.7 96 87.6
- 46 35.5 98 89.5
18 -
r 47 36.3 100 91.3
17 l L L L : . 4 . L 48 37.1 102 93.1
22 23 24 25 26 27 28 239 30 N
(mm) 49 37.8 104 95.0
Sum of tooth numbers 25, 26, X28, X29 50 38.6 106 96.8
or sum of 23, 24, X20, X21
51 39.4 108 98.6
Standard error of estimate = 0.44 mm 52 40.1 110 100.4
Graph showing relationship between size of 53 40.9
lower incisors measured from cast plus lower first and second 54 41.7
premolars measured from radiographs (x-axis) and size of canine 55 42,5

plus premolars (y-axis). (Redrawn from Staley RN, Kerber RE. Am
J Orthod 78:296-302, 1980.)

computer analysis should be avoided unless a modified
equation from Tanaka-Johnston is available for that partic-
ular group. In addition, if obvious anomalies in tooth size or
form are seen in the radiographs, the correlation methods
(which assume normal tooth size relationships) should not
be used.

A contemporary form for mixed dentition space analysis
is shown in Figure 6-37. Note that: (1) a correction for mesial
movement of the lower molars following the exchange of the
dentition is included, (2) the Tanaka-Johnston method for
predicting the size of unerupted canines and premolars is
used, and (3) the result from facial form analysis is requested
to check for appropriateness of the entire method and for
interpretation of the results. A screen capture from computer
analysis is shown in Figure 6-38. Computer analysis is faster
and easier, but its accuracy will depend on how well the
patient meets the assumptions that underlie its approach.

Tooth Size Analysis

For good occlusion, the teeth must be proportional in size.
If large upper teeth are combined with small lower teeth, as
in a denture setup with mismatched sizes, there is no way to
achieve ideal occlusion. Although the natural teeth match
very well in most individuals, approximately 5% of the
population have some degree of disproportion among
the sizes of individual teeth. This is defined as tooth size
discrepancy. An anomaly in the size of the upper lateral inci-
sors is the most common cause, but variation in premolars
or other teeth may be present. Occasionally, all the upper
teeth will be too large or too small to fit properly with the
lower teeth.

Tooth size analysis, sometimes called Bolton analysis after
its developer,?® is carried out by measuring the mesiodistal
width of each permanent tooth. A standard table (Table
6-7) is then used to compare the summed widths of the
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HElB)SGR  Space analysis now can be accom-

plished by a computer algorithm. The data for arch
dimensions and tooth widths can be entered into a
template on the computer screen so that the computer
does the calculations, but if laser scans have created
digital casts, the information already is present and
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space analysis based on correlations in tooth sizes
becomes just a matter of requesting it.
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HIEP[=GEM Tooth-size analysis (Bolton analysis) also is

readily available from digital casts.

maxillary to the mandibular anterior teeth and the total
width of all upper to lower teeth (excluding second and third
molars). One advantage of measuring individual tooth
widths into the computer template during space analysis is
that the computer then can quickly provide a tooth size
analysis (Figure 6-39).

A quick check for anterior tooth size discrepancy can
be done by comparing the size of upper and lower lateral
incisors. Unless the upper laterals are wider, a discrepancy
almost surely exists. A quick check for posterior tooth size
discrepancy is to compare the size of upper and lower second
premolars, which should be about equal size. A tooth size
discrepancy of less than 15 mm is rarely significant, but
larger discrepancies create treatment problems and must be
included in the orthodontic problem list.

Cephalometric Analysis

The introduction of radiographic cephalometrics in 1934 by
Hofrath in Germany and Broadbent in the United States
provided both a research and a clinical tool for the study of
malocclusion and underlying skeletal disproportions (Figure
6-40), The original purpose of cephalometrics was research
on growth patterns in the craniofacial complex. The con-
cepts of normal development presented in Chapters 2 and 3
were largely derived from such cephalometric studies.

It soon became clear, however, that cephalometric radi-
ographs could be used to evaluate dentofacial proportions
and clarify the anatomic basis for a malocclusion. The ortho-
dontist needs to know how the major functional compo-
nents of the face (cranial base, jaws, teeth) are related to each
other (Figure 6-41). Any malocclusion is the result of an
interaction between jaw position and the position the teeth
assume as they erupt, which is affected by the jaw relation-
ships (see Chapter 4 for a discussion of dental compensation
or adaptation). For this reason, apparently similar maloc-
clusions as evaluated from the dental occlusions may turn
out to be quite different when evaluated more completely
(Figure 6-42). Although careful observation of the face can
provide this information, cephalometric analysis allows
greater precision.

Cephalometric radiographs are not taken as a screen for
pathology, but the possibility of observing pathologic
changes on these radiographs should not be overlooked.
Occasionally, previously-unsuspected anomalies in the
cervical spine (Figure 6-43) or degenerative changes in the
vertebrae are revealed in a cephalometric radiograph, and
sometimes other pathologic changes in the skull, jaws or
cranial base can be observed.?

Perhaps the most important clinical use of radiographic
cephalometrics is in recognizing and evaluating changes
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Film plane

Film cassatta
or digital image
device

Patient in
head positioning device

SVl Diagrammatic representation of the American standard cephalometric arrangement. By convention, the distance from
the x-ray source to the subject's midsagittal plane is 5 feet. The distance from the midsagittal plane to the cassette can vary in many

machines but must be the same for each patient every time.

RCIV=CT A The structural components of the face, shown

superimposed on the anatomic drawing. The cranium and
cranial base (1), the skeletal maxilla and nasomaxillary complex
(2), and the skeletal mandible (3) are parts of the face that exist
whether or not there is a dentition. The maxillary teeth and alve-
olar process (4) and the mandibular teeth and alveolar process
(5) are independent functional units, which can be displaced
relative to the supporting bone of the maxilla and mandible,
respectively. The goal of cephalometric analysis is to establish
the relationship of these components in both the anteroposte-
rior and vertical planes of space.

brought about by orthodontic treatment. Superimpositions
taken from serial cephalometric radiographs before, during,
and after treatment can be superimposed to study changes
in jaw and tooth positions retrospectively (Figure 6-44). The
observed changes result from a combination of growth and
treatment (except in nongrowing adults). It is all but impos-
sible to know what is really occurring during treatment of
a growing patient without reviewing cephalometric super-
impositions, which is the reason that cephalometric
radiographs are required for comprehensive orthodontic
treatment of children and adolescents.

For diagnostic purposes, the major use of radiographic
cephalometrics is in characterizing the patient's dental and
skeletal relationships. In this section, we focus on the use of
cephalometric analysis to compare a patient to his or her
peers, using population standards. The use of cephalometric
predictions to estimate orthodontic and surgical treatment
effects is covered in Chapter 8.

Development of Cephalometric Analysis
Cephalometric analysis is commonly carried out, not on
the radiograph itself, but on a tracing or digital model that
emphasizes the relationship of selected points. In ess.ence,
the tracing or model is used to reduce the amount of
information on the radiograph to a manageable level. The
common cephalometric landmarks and a typical tracing are
shown in Figures 6-45 and 6-46.

Cephalometric landmarks can be represented as a series
of points, which are usually defined as locations on a phys-
ical structure (for example, the most anterior point on the
bony chin), or occasionally as constructed points such as the
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The ideal relationships of the facial and dental components can be represented as shown in A. Cephalometric analy-
sis can distinguish and clarify the differing dental and skeletal contributions to malocclusions that present identical dental relation-
ships. A Class Il division 1 malocclusion, for example, could be produced by (B) protrusion of the maxillary teeth although the jaw
relationship was normal, (C) mandibular deficiency with the teeth of both arches normally related to the jaw, (D) downward-backward
rotation of the mandible produced by excessive vertical growth of the maxilla, or a number of other possibilities. The objective of
cephalometric analysis is to visualize the contribution of skeletal and dental relationships to the malocclusion in this way, not to gen-

erate a table of numbers that are estimators of relationships. Measurements and other analytic procedures are a means to the end of
understanding dental and skeletal relationships for an individual patient, not ends in themselves.
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Vertebral pathology can be observed in
cephalometric radiographs, and sometimes is discovered by the
orthodontist. This patient has fusion of the ist and 2nd cervical
vertebrae, with the odontoid process extending into the margin
of foramen magnum. This is a potentially life-threatening situa-
tion, because a blow to the head or extreme positioning of the
head could lead to damage to the spinal cord at the foramen
level.

intersection of two planes (for example, the intersection of
the mandibular plane and a plane along the posterior margin
of the ramus). The x,y coordinates of these points are
used to enter cephalometric data in a computer-compatible
format. Computer analysis now is the usual method in most
private offices. An adequate digital model is required, which
means that 50 to 100 landmark locations should be specified
(Figure 6-47).

The principle of cephalometric analysis, however, is not
different when computers are used. The goal is to determine
the skeletal and dental relationships that exist in an individ-
ual patient and contribute to his or her malocclusion. How
do you do that? One way is to compare the patient with a
normal reference group, so that differences between the
patient's actual dentofacial relationships and those expected
for his or her racial or ethnic group are revealed. This type
of cephalometric analysis was first popularized after World
War Il in the form of the Downs analysis, developed at the
University of lllinois and based on skeletal and facial pro-
portions of a reference group of 25 untreated adolescent
whites selected because of their ideal dental occlusions.?

DIAGNOSIS AND TREATMENT PLANNING

SRS

FCEIVIN=NC" Y The three major cephalometric superimposi-

tions showing tracings of the same individual at an earlier (black)
and later (red) time. A, Superimposition on the anterior cranial
base along the SN line. This superimposition shows the overall
pattern of changes in the face, which result from a combination
of growth and orthodontic treatment in children receiving ortho-
dontic therapy. Note in this patient that the lower jaw grew down-
ward and forward, while the upper jaw moved straight down. This
allowed the correction of the patient's Class Il malocclusion.
B, Superimposition on the maxilla. This view shows changes of
the maxillary teeth relative to the maxilla. In this patient's case,
minimal changes occurred, the most notable being a forward
movement of the upper first molar when the second primary
molar was lost. C, Superimposition on the mandible, specifically
on the inner surface of the mandibular symphysis and the outline
of the mandibular canal and unerupted third molar crypts. This
superimposition shows both changes of the mandible and
changes of the mandibular teeth relative to the mandible. Note
that the mandibular ramus increased in length posteriorly,
while the condyle grew upward and backward. As would be
expected, the mandibular molar teeth moved forward as the tran-
sition from the mixed to the early permanent dentition occurred.
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HEVIN=F I Definitions of cephalometric landmarks (as they

would be seen in a dissected skull): Point A, the innermost point on
the contour of the premaxilla between anterior nasal spine and the
incisor tooth. ANS (anterior nasal spine), the tip of the anterior nasal
spine (sometimes modified as the point on the upper or lower contour
of the spine where it is 3 mm thick: see Harvold analysis). Point B, the
innermost point on the contour of the mandible between the incisor
tooth and the bony chin; Ba (basion), the lowest point on the anterior
margin of foramen magnum, at the base ofthe clivus; Gn (gnathion),
the center of the inferior point on the mandibular symphysis (i.e., the
bottom ofthe chin); Na (nasion), the anterior point of the intersection
between the nasal and frontal bones; PNS (posterior nasal spine), the
tip of the posterior spine of the palatine bone, at the junction of the
hard and soft palates; Pog (Pogonion), the most anterior point on the
contour of the chin.

Definitions of cephalometric landmarks (as seen in a lateral cephalometric tracing): 7. Bo (Bolton point), the highest
point in the upward curvature of the retrocondylar fossa of the occipital bone; 2. Ba (basion), the lowest point on the anterior margin
of the foramen magnum, at the base ofthe clivus; 3. Ar (articular), the point of intersection between the shadow of the zygomatic arch
and the posterior border of the mandibular ramus; 4. Po (porion), the midpoint of the upper contour of the external auditory canal
(anatomic porion); or, the midpoint of the upper contour ofthe metal ear rod of the cephalometer (machine porion); 5. SO (sphenoc-
cipital synchondrosis), the junction between the occipital and basisphenoid bones (if wide, the upper margin); 6. S (sella), the mid-
point ofthe cavity of sella turcica; 7. Ptm (pterygomaxillary fissure), the point at the base of the fissure where the anterior and posterior
walls meet; 8. Or (orbitale), the lowest point on the inferior margin of the orbit; 9. ANS (anterior nasal spine), the tip of the anterior
nasal spine (sometimes modified as the point on the upper or lower contour of the spine where it is 3 mm thick; see Harvold analy-
sis); 70. Point A, the innermost point on the contour of the premaxilla between anterior nasal spine and the incisor tooth; 77. Point B,
the innermost point on the contour of the mandible between the incisor tooth and the bony chin; 72. Pog (pogonion), the most ante-
rior point on the contour of the chin; 73. Me (menton), the most inferior point on the mandibular symphysis (i.e., the bottom of the
chin); 14. Go (gonion), the midpoint of the contour connecting the ramus and body of the mandible.
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VNI The standard lateral and frontal digitization models used in a cephalometric analysis and prediction program (Dento-
facial Planner [DFP]). Similar digital models, which usually can be customized to provide specific points that the clinician wants, are

used in all current programs.

From the very beginning, the issue of how to establish the
normal reference standards was difficult. It seems obvious
that patients with severe cranial disproportions should be
excluded from a normal sample. Since normal occlusion is
not the usual finding in a randomly selected population
group, one must make a further choice in establishing the
reference group, either excluding only obviously deformed
individuals while including most malocclusions, or exclud-
ing essentially all those with malocclusion to obtain an ideal
sample. In the beginning, the latter approach was chosen.
Comparisons were made only with patients with excellent
occlusion and facial proportions, as in the 25 individuals
chosen for the Downs standards. Perhaps the extreme of
selectivity in establishing a reference standard was exempli-
fied by Steiner, whose original ideal measurements were
reputedly based on one Hollywood starlet. Although the
story is apocryphal, if it is true, Dr. Steiner had a very good
eye, because recalculation of his original values based on
much larger samples produced only minor changes.

The standards developed for the Downs, Steiner, and
Wits analyses are still useful but have largely been replaced
by newer standards based on less rigidly selected groups. A
major database for contemporary analysis is the Michigan
growth study, carried out in Ann Arbor and involving a

typical group of children including those with mild and
moderate malocclusions.?® Other major sources are the
Burlington (Ontario) growth study,? the Bolton study in
Cleveland,?® and several smaller growth studies, along with
numerous specific samples collected in university projects to
develop standards for specific racial and ethnic groups.?®'?’

Remember the goal of cephalometric analysis: it is to eval-
uate the relationships, both horizontally and vertically, of the
five major functional components of the face (see Figures 6-
41 and 6-42): the cranium and cranial base, the skeletal
maxilla (described as the portions of the maxilla that would
remain if there were no teeth and alveolar processes), the
skeletal mandible (similarly defined), the maxillary dentition
and alveolar process, and the mandibular dentition and alve-
olar process. In this sense, any cephalometric analysis is a
procedure designed to yield a description of the relation-
ships among these functional units.

There are two basic ways to approach this goal. One is the
approach chosen originally in the Downs analysis and fol-
lowed by most workers in the field since that time. This
is the use of selected linear and angular measurements
to establish the appropriate comparisons. The other is to
express the normative data graphically rather than as a series
of measurements and to compare the patient's dentofacial
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form directly with the graphic reference (usually called a
template). Then any differences can be observed without
making measurements.

Both approaches are employed in contemporary cephalo-
metric analysis. In the sections following, contemporary
measurement approaches are discussed first, and then
cephalometric analysis via direct comparison with a refer-
ence template is presented.

Measurement Analysis

Choice of a Horizontal (Cranial) Reference Line. In any
technique for cephalometric analysis, it is necessary to estab-
lish a reference area or reference line. The same problem was
faced in the craniometric studies of the nineteenth century.
By the late 1800s, skeletal remains of human beings had been
found at many locations and were under extensive study. An
international congress of anatomists and physical anthro-
pologists was held in Frankfort, Germany in 1882, with the
choice of a horizontal reference line for orientation of skulls
an important item for the agenda. At the conference, the
Frankfort plane, extending from the upper rim of the exter-
nal auditory meatus (porion) to the inferior border of the
orbital rim (orbitale), was adopted as the best representation
of the natural orientation of the skull (Figure 6-48). This
Frankfort plane was employed for orientation of the patient
from the beginning of cephalometrics and remains com-
monly used for analysis.

In cephalometric use, however, the Frankfort plane
suffers from two difficulties. The first is that both its ante-
rior and posterior landmarks, particularly porion, can be dif-
ficult to locate reliably on a cephalometric radiograph. A
radiopaque marker is placed on the rod that extends into the
external auditory meatus as part of the cephalometric head
positioning device, and the location of this marker, referred
to as "machine porion" is often used to locate porion. The
shadow of the auditory canal can be seen on cephalometric
radiographs, usually located slightly above and posterior to
machine porion. The upper edge of this canal can also be
used to establish "anatomic porion," which gives a slightly
different (occasionally, quite different) Frankfort plane.

An alternative horizontal reference line, easily and reliably
detected on cephalometric radiographs, is the line from sella
turcica (S) to the junction between the nasal and frontal
bones (N). In the average individual, the SN plane is oriented
at 6 to 7 degrees upward anteriorly to the Frankfort plane.
Another way to obtain a Frankfort line is simply to draw it
at a specific inclination to SN, usually 6 degrees. However,
although this increases reliability and reproducibility, it
decreases accuracy.

The second problem with the Frankfort plane is more
fundamental. It was chosen as the best anatomic indicator of
the true or physiologic horizontal line. Everyone orients his
or her head in a characteristic position, which is established
physiologically, not anatomically. As the anatomists of a
century ago deduced, for most patients the true horizontal
line closely approximates the Frankfort plane. Some indi-
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FUCIVN=T M A, The Frankfort plane as originally described

for orientation of dried skulls. This plane extends from the upper
border ofthe external auditory canal (A) (porion) anteriorly to the
upper border of the lower orbital rim (orbitale) (B). B, Using
"machine porion," the upper surface of the ear rod of the
cephalometric headholder, can give a different Frankfort plane
than using "anatomic porion," the upper surface of the shadow
of the auditory canal. Both porion and orbitale, the landmarks for
the Frankfort plane, are difficult to locate accurately on cephalo-
metric films, making Frankfort a relatively unreliable reference for
cephalometric analysis.

viduals, however, show significant differences, up to 10
degrees.

For their long-dead skulls, the anatomists had no choice
but to use an anatomic indicator of the true horizontal. For
living patients, however, it is possible to use a "true hori-
zontal" line, established physiologically rather than anatom-
ically, as the horizontal reference plane. This approach
requires taking cephalometric radiographs with the patient
in natural head position (i.e., with the patient holding his
head level as determined by the internal physiologic mecha-
nism). This position is obtained when relaxed individuals
look at a distant object or into their own eyes in a mirror
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and incline their heads up and down in increasingly
smaller movements until they feel comfortably positioned.
The natural head position can be reproduced within 1 or 2
degrees.”®

In contemporary usage, cephalometric radiographs
should be taken in the natural head position (NHP), so that
the physiologic true horizontal plane is established (Figure
6-49). Although NHP is not as precisely reproducible as ori-
enting the head to the Frankfort plane, the potential errors
from lower reproducibility are smaller than those from inac-
curate head orientation.?® The inclination of SN to the true
horizontal plane (or to the Frankfort plane if true horizon-
tal plane is not known) should always be noted, and if the
inclination of SN differs significantly from 6 degrees, any
measurements based on SN should be corrected by this
difference.

Steiner Analysis. The Steiner analysis, developed and
promoted by Cecil Steiner in the 1950s, can be considered
the first of the modern cephalometric analyses for two
reasons: it displayed measurements in a way that emphasized
not just the individual measurements but their interrela-
tionship into a pattern, and it offered specific guides for use
of cephalometric measurements in treatment planning.
Elements of it remain useful today.

In the Steiner analysis, the first measurement is the angle
SNA, which is designed to evaluate the anteroposterior
position of the maxilla relative to the anterior cranial base
(Figure 6-50). The "norm" for SNA is 82 * 2 degrees. Thus
if a patient's SNA were greater than 84 degrees, this would
be interpreted as maxillary protrusion, while SNA values of
less than 80 degrees would be interpreted as maxillary retru-
sion. Similarly, the angle SNB is used to evaluate the antero-
posterior position of the mandible, for which the norm is
78 + 2 degrees. This interpretation is valid only if the SN
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REV=CTEN If the cephalometric film is taken

with the patient in natural head position (NHP), a
line perpendicular to the true vertical (shown by the
image of the freely-suspended chain that is seen on
the edge of the film) is the true (physiologic)
horizontal line. NHP is preferred in modern
cephalometrics to anatomic head positioning.

[TX

SIEVIM=CEON In the Steiner analysis, the angles SNA and

SNB are used to establish the relationship of the maxilla and
mandible to the cranial base, while the SN-MP (mandibular
plane) angle is used to establish the vertical position of the
mandible.

plane is normally inclined to the true horizontal (or if the
value is corrected as described above) and the position of N
is normal.

The difference between SNA and SNB—the ANB angle—
indicates the magnitude of the skeletal jaw discrepancy, and
this to Steiner was the measurement of real interest. One can
argue, as he did, that which jaw is at fault is of mostly theo-
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The ANB angle can be misleading when nasion
is displaced anteriorly, as in this individual. Note that the ANB

angle is only 7 degrees, but the A-B difference projected to the
true horizontal is 14mm. ANB, at best, is an indirect measure-
ment of the A-B difference, and must be used with full awareness
of its limitations.

retical interest: what really matters is the magnitude of the
discrepancy between the jaws that must be overcome in
treatment, and this is what the ANB angle measures.

The magnitude of the ANB angle, however, is influenced
by two factors other than the anteroposterior difference in
jaw position. One is the vertical height of the face. As the ver-
tical distance between nasion and points A and B increases,
the ANB angle will decrease. The second is that if the antero-
posterior position of nasion is abnormal, the size of the angle
will be affected (Figure 6-51). In addition, as SNA and SNB
become larger and the jaws are more protrusive, even if their
horizontal relationship is unchanged, it will be registered as
a larger ANB angle. The validity of these criticisms has led
to use of different indicators of jaw discrepancy in the later
analyses presented in the following sections.

The next step in the Steiner analysis is to evaluate the rela-
tionship of the upper incisor to the NA line and both the
lower incisor and the chin to the NB line, thus establishing
the relative protrusion of the dentition (Figure 6-52), Tweed
had earlier suggested that the lower incisor should be
positioned at 65 degrees to the Frankfort plane, thus
compensating in the incisor position for the steepness of the
mandibular plane. In the Steiner analysis, both the angular
inclination of each incisor and the millimeter distance of the
incisal edge from the vertical line are measured. The mil-
limeter distance establishes how prominent the incisor is
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Angle of
/ inclination
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mm
distance

T Angle of

inclination

In the Steiner analysis, the relationship of the
upper incisor to the NA line is used to establish the position of
the maxillary dentition relative to the maxilla. Both the millime-
ter distance that the labial surface ofthe incisor is in front of the
line and the inclination of the long axis of the incisor to the line
are measured. The position of the lower incisor relative to the
mandible is established by similar measurements to the line NB.
In addition, the prominence of the chin is established by meas-
uring the millimeter distance from the NB line to pogonion, the
most prominent point on the bony chin.

relative to its supporting bone, while the inclination indi-
cates whether the tooth has been tipped to its position or has
moved there bodily. The prominence of the chin (pogonion)
compared with the prominence of the lower incisor estab-
lishes the balance between them: the more prominent the
chin, the more prominent the incisor can be, and vice versa.
This important relationship is often referred to as the Hold-
away ratio. The final measurement included in the Steiner
analysis is the inclination of the mandibular plane to SN, its
only indicator of the vertical proportions of the face (see
Figure 6-50). Tabulated standard values for five racial groups
are given in Table 6-8.

The various measurements incorporated in the Steiner
analysis from the beginning were represented graphically as
"Steiner sticks" or "chevrons," a convenient shorthand for
presenting the measurements. Steiner calculated what com-
promises in incisor positions would be necessary to achieve
normal occlusion when the ANB angle was not ideal. This
was a major step in applying cephalometrics to .routine
treatment planning. The Steiner compromises, and the
method for establishing them for any given patient, are illus-
trated in Figure 6-53. These figures can be helpful in estab-
lishing how much tooth movement is needed to correct any
malocclusion.

However, it should not be overlooked that relying on
tooth movement alone to correct skeletal malocclusion,



SECTION 11l

TABLE 6-8
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Cephalometric Values for Selected Groups (All Values in Degrees Except As Indicated)

American American Chinese
white black Israeli (Taiwan) Japanese
SNA 82 85 82 82 81
SNB 80 81 78 79 7
ANB 2 4 4 3 4
1-NA 4mm 7mm 5mm 5mm 6mm
22 23 24 24 24
T-NB 4mm 10mm 6mm 6mm 8mm
25 34 29 27 31
lto T 131 119 124 126 120
GoGn-SN 32 32 35 32 34
T-MnPL. 93 100 93 93 96
T-FH 62 51 57 57 57
Y axis 61 63 61 61 62
] 4 % 0 2 4 ]
1}} 0 2;\.: 22\ 4 24 6 26\'\_\3 28" . 10 :u:\ 12
™ F s, Fat /
29 ,ff :-\ 27 J,f’i.ﬁ\'- 25"{_.-;’r \ i Efr_.-"r.a. % o a o\ 19 ,"i.é\ 17/ ;;ﬂ \
/ / Y,

In the Steiner analysis, the ideal relationship of the incisors is expected when the ANB angle is 2 degrees, as indi-
cated in the third diagram from the left. The inclination of the upper incisor to the NA line in degrees and its prominence in millime-
ters are shown on the second vertical line (22 degrees and 4mm for an ANB of 2 degrees). The inclination of the lower incisor to the
NB line and its prominence in millimeters are shown on the third line (25 degrees and 4mm for an ANB of 2 degrees). If the ANB
angle is different from 2 degrees, the different positioning ofthe incisors given by the inclination and protrusion figures will produce a
dental compromise that leads to correct occlusion despite the jaw discrepancy. The fact that this degree of compensation in tooth posi-
tion for jaw discrepancy can be produced by orthodontic treatment does not, of course, indicate that these compromises are neces-

sarily the best possible treatment results.

particularly as the skeletal discrepancies become large, is not
necessarily the best approach to orthodontic treatment. It is
usually better to correct skeletal discrepancies at their source
than to attempt only to achieve a dental compromise or cam-
ouflage (see Chapter 8 for further discussion of this impor-
tant point). It is fair to say that the Steiner compromises
reflect the prevailing attitude of Steiner's era, that the effects
of orthodontic treatment are almost entirely limited to the
alveolar process.

Sassouni Analysis. The Sassouni analysis was the first
cephalometric method to emphasize vertical as well as hor-
izontal relationships and the interaction between vertical
and horizontal proportions. Sassouni pointed out that the
horizontal anatomic planes—the inclination of the anterior
cranial base, Frankfort plane, palatal plane, occlusal plane,
and mandibular plane—tend to converge toward a single
point in well-proportioned faces. The inclination of these
planes to each other reflects the vertical proportionality of
the face (Figure 6-54).

If the planes intersect relatively close to the face and
diverge quickly as they pass anteriorly, the facial proportions
are long anteriorly and short posteriorly, which predisposes
the individual to an open bite malocclusion. Sassouni coined
the term skeletal open bite for this anatomic relationship.
If the planes are nearly parallel, so that they converge far
behind the face and diverge only slowly as they pass anteri-
orly, there is a skeletal predisposition toward anterior deep
bite, and the condition is termed skeletal deep bite.

In addition, an unusual inclination of one of the planes
stands out because it misses the general area of intersection.
Rotation of the maxilla down in back and up in front may
contribute to skeletal open bite, for instance. The tipped
palatal plane reveals this clearly (Figure 6-55).

Sassouni evaluated the anteroposterior position of the
face and dentition by noting the relationship of various
points to arcs drawn from the area of intersection of the
planes. In a well-proportioned face, the anterior nasal spine
(representing the anterior extent of the maxilla), the maxil-
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HIIUI=S"8  Sassouni®® contributed

the idea that if a series of horizontal
planes are drawn from the SN line at the
top to the mandibular plane below they
will project toward a common meeting
point in a well-proportioned face.

-

(H[CIVIN{=0NCZ 0 Inspection ofthe horizontal planes

for this patient makes it clear that the maxilla is
rotated downward posteriorly and the mandible
rotated downward anteriorly. These rotations of the
jaws contribute to an open bite tendency, so the
skeletal pattern revealed here is often referred to as
"skeletal open bite."

lary incisor, and the bony chin should be located along the
same arc. As with vertical proportions, it could be seen visu-
ally if a single point deviated from the expected position, and
in what direction. Unfortunately, as a face becomes more
disproportionate, it is more and more difficult to establish
the center for the arc, and the anteroposterior evaluation
becomes more and more arbitrary.

Although the total arcial analysis described by Sassouni is
no longer widely used, his analysis of vertical facial propor-
tions has become an integral part of the overall analysis of a
patient. In addition to any other measurements that might

be made, it is valuable in any patient to analyze the diver-
gence of the horizontal planes and to examine whether one
of the planes is clearly disproportionate to the others.
Harvold Analysis, Wits Analysis. Both the Harvold and
Wits analyses are aimed solely at describing the severity or
degree ofjaw disharmony. Harvold, using data derived from
the Burlington growth study, developed standards for the
"unit length" of the maxilla and mandible. The maxillary
unit length is measured from the posterior border of the
mandibular condyle to the anterior nasal spine, while the
mandibular unit length is measured from the same point to
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the anterior point of the chin (Figure 6-56). The difference
between these numbers provides an indication of the size
discrepancy between the jaws. In analyzing the difference
between maxillary and mandibular unit lengths, it must be
kept in mind that the shorter the vertical distance between
the maxilla and mandible, the more anteriorly the chin
will be placed for any given unit difference, and vice versa.
Harvold did quantify the lower face height to account for this

T

~. Pogonion

Menton =~

H[e[V[x=El Measurements used in the Harvold analysis.

Maxillary length is measured from TMJ, the posterior wall of the
glenoid fossa, to lower AN5, defined as the point on the lower
shadow ofthe anterior nasal spine where the projecting spine is
3 mm thick. Mandibular length is measured from TMJ to prog-
nathion, the point on the bony chin contour giving the maximum
length from the temporomandibular joint (close to pogonion),
while lower face height is measured from upper AN5, the similar
point on the upper contour of the spine where it is 3 mm thick,
to mentor). n

TABLE 6-9

Harvold Standard Values (mm)

DIAGNOSIS AND TREATMENT PLANNING

factor. The position of the teeth has no influence on the
Harvold figures (Table 6-9).

The Wits analysis was conceived primarily as a way to
overcome the limitations of ANB as an indicator of jaw dis-
crepancy. It is based on a projection of points A and B to the
occlusal plane, along which the linear difference between
these points is measured. If the anteroposterior position of
the jaws is normal, the projections from points A and B will
intersect the occlusal plane at very nearly the same point. The
magnitude of a discrepancy in the Class Il direction can be
estimated by how many millimeters the point A projection
is in front of the point B projection, and vice versa for
Class I11.

The Wits analysis, in contrast to the Harvold analysis, is
influenced by the teeth both horizontally and vertically—
horizontally because points A and B are somewhat influ-
enced by the dentition and vertically because the occlusal
plane is determined by the vertical position of the teeth. It is
important for Wits analysis that the functional occlusal plane,
drawn along the maximum intercuspation of the posterior
teeth, be used rather than an occlusal plane influenced by the
vertical position of the incisors. Even so, this approach fails
to distinguish skeletal discrepancies from problems caused
by displacement of the dentition or specify which jaw is at
fault if there is a skeletal problem, and if the Wits analysis is
used, these limitations must be kept in mind.

The cephalometric approach developed by Ricketts in the
1960s was used in the original computer cephalometric
system, and was widely employed at one time. Its greatest
weakness was that the normative data for many of the meas-
urements were based on unspecified samples collected by
Ricketts, and the method therefore had limited scientific
validity.

MALE FEMALE
Mean Standard Mean Standard
Age value deviation value deviation
Maxillary length (temporomandibular point to ANS) (see Figure 6-40) 6 82 3.2 80 3.0
9 87 3.4 85 3.4
12 92 3.7 90 4.1
14 96 4.5 92 3.7
16 100 4.2 93 3.5
Mandibular length (temporomandibular point to prognathion) 6 99 3.9 97 3.6
9 107 4.4 105 3.9
12 114 4.9 113 5.2
14 121 6.1 117 3.6
16 127 8.8 119 4.4
Lower face height (ANS-Me) 6 59 3.6 57 3.2
9 62 4.3 60 3.6
12 64 4.6 62 4.4
14 68 5.2 64 4.4

16 71 5.7 65 4.7
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Measurements

Maxillary protrusion (mm distance from nasion perpendicular-point A)
Maxillary incisor protrusion (mm distance from line parallel to nasion perpen- 4 mm

dicular to labial surface of incisor)
Maxillary length

Mandibular length

Lower face height (LFH)

I Max

»/ protrusion

%
)

Incisor
protrusion

Mean

2 mm

As in Harvord analysis

H[CIV=NNEYAl Measurements used in the McNamara analysis: Maxillary protrusion (mm distance from nasion perpendicular-point
A), mean is 2 mm; maxillary incisor protrusion (mm distance from line parallel to nasion perpendicular to labial surface of incisor),
mean is 4 mm; maxillary length, mandibular length, and lower face height (LFH) as in Harvold analysis.

McNamaraAnalysis. The McNamara analysis, originally
published in 1983,* combines elements of previous
approaches (Ricketts and Harvold) with original measure-
ments to attempt a more precise definition of jaw and tooth
positions. In this method, both the anatomic Frankfort plane
and the basion-nasion line are used as reference planes. The
anteroposterior position of the maxilla is evaluated with
regard to its position relative to the "nasion perpendicular,”
a vertical line extending downward from nasion perpendi-
cular to the Frankfort plane (Figure 6-57). The maxilla
should be on or slightly ahead of this line. The second step
in the procedure is a comparison of maxillary and mandibu-
lar length, using Harvold's approach. The mandible is posi-
tioned in space utilizing the lower anterior face height
(ANS-menton). The upper incisor is related to the maxilla
using a line through point A perpendicular to the Frankfort
plane, similar to but slightly different from Steiner's rela-
tionship of the incisor to the NA line. The lower incisor
is related as in the Ricketts analysis, primarily using the
A-pogonion line (Figure 6-58).

The McNamara analysis has two major strengths:

1. It relates the jaws via the nasion perpendicular, in essence
projecting the difference in anteroposterior position of

the jaws to an approximation of the true vertical line.

(Using a true vertical line, perpendicular to the true hor-

izontal rather than anatomic Frankfort, would be better

yet; the major reason for not doing so in constructing the
analysis is that the cephalometric radiographs from
which the normative data were derived were not taken in

NHR) This means that anteroposterior differences in jaw

relationships are measured along the dimension (nearly

true horizontal) in which they are visualized by both the
patient and the diagnostician.

2. The normative data are based on the well-defined Bolton
sample, which is also available in template form, meaning
that the McNamara measurements are highly compatible
with preliminary analysis by comparison with the Bolton
templates.

Counterpart Analysis. A major problem with any analy-
sis based on individual measurements is that any one meas-
urement is affected by others within the same face. Not only
are the measurements not independent, it is quite possible
for a deviation in one relationship to be compensated wholly
or partially by changes in other relationships. This applies
to both skeletal and dental relationships. Compensatory
changes in the dentition to make the teeth fit in spite of the



SECTION 11

DIAGNOSIS AND TREATMENT PLANNING

True

fact that the jaws do not are well known, and often are the
goal of orthodontic treatment. Compensatory changes in
skeletal components of the face are less well known, but
occur frequently, and can lead to incorrect conclusions from
measurements if not recognized.

The basic idea of interrelated dimensions leading to
an ultimately balanced or unbalanced facial pattern was
expressed well by Enlow in the 1960s, in his "counterpart
analysis.”** As Enlow et al pointed out, both the dimensions
and alignment of craniofacial components are important in
determining the overall facial balance. Consider dimensions
first (Figure 6-59). If anterior face height is long, facial
balance and proper proportion are preserved if posterior
face height and mandibular ramus height also are relatively
large. On the other hand, short posterior face height can lead
to a skeletal open bite tendency even if anterior face height
is normal, because the proportionality is disturbed. The
same is true for anteroposterior dimensions. If both maxil-
lary and mandibular lengths are normal but the cranial base
is long, the maxilla will be carried forward relative to the
mandible and maxillary protrusion will result. By the same
token, a short maxilla could compensate perfectly for a long
cranial base. Alignment would affect both the vertical and
a-p position of the various skeletal units and could com-
pensate for or worsen a tendency toward imbalance. For
example, if the maxilla were rotated down posteriorly, a long
ramus and acute gonial angle would compensate and allow
normal facial proportions and normal occlusion, but even a

harizontal

SIS Analysis of a 12-year-old male,

using the McNamara approach.

slightly short ramus would produce downward-backward
mandibular rotation and a long face-open bite tendency.

One way to bring the insights of counterpart analysis into
clinical practice is from examination of the patient's pro-
portions versus those of a "normal" template (see Figure 6-
60). Another, increasingly popular in the last few years, is the
use of "floating point" norms for measurements.®* The idea
is to use standards derived from the individual's facial type
rather than relating individual cephalometric values to pop-
ulation means, taking advantage of the correlations between
the individual values. Rather than judging normality or
abnormality based on individual values, the judgment
then would be based on how the values were related to each
other—some combinations would be acceptable as normal
even if the individual measurements were outside the
normal range. Other combinations could be judged as
reflecting an abnormal pattern even though the individual
measurements were within the normal -range. Assessing
skeletal relationships in this way is particularly valuable for
patients who are candidates for growth modification therapy
or orthognathic surgery.

In the half-century that cephalometrics has been used
clinically, dozens if not hundreds of other patterns of meas-
urements have been published as named analyses.?**’ In
some of these methods, it is apparent what relationship the
measurements are supposed to estimate, and it is clear where
the normative data came from. In others, both the measure-
ments and the norms take on almost mystical properties.
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H[CIVI=MCE M Enlow's counterpart analysis emphasizes the

way changes in proportions in one part ofthe head and face can
either add to increase a jaw discrepancy or compensate so that
the jaws fit correctly even though there are skeletal discrepan-
cies. For example, ifthe maxilla is long (measurement 6), there
is no problem ifthe mandible (7) also is long, but malocclusion
will result if the mandibular body length is merely normal. The
same would be true for anterior versus posterior vertical dimen-
sions (1-3). If these dimensions match each other, there is no
problem, but ifthey do not, whether short or long, malocclusion
will result.

Unless one is careful, it is easy to lose sight of the goal of
cephalometric analysis: to estimate the relationships, verti-
cally and horizontally, of the jaws to the cranial base and to
each other, and the relationships of the teeth to their sup-
porting bone. Unfortunately, analyses based on a limited set
of standard measurements often differ in their assessment of
both skeletal and dental relationships, even when there are
significant dentofacial deviations. This occurs because of dif-
ferences among the samples from which the analysis was
derived, and especially because often there was no control
for vertical face height, which has a distinct influence on
anteroposterior relationships.

An approach that addresses this problem is available now
for patients with a northern European (Caucasian) ancestry.
First, determine from facial analysis whether the patient has
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TABLE 6-10

Anteroposterior Cephalometric Values for Caucasian
Males and Females Ages 10-18 With Normal Vertical
Proportions

Measure Classification Range
ANB°® Class | 0.1 to 3.6°
Class I >3.6°
Class Il <0.1°
McNamara Class | -3.3 to 2.8 mm
(A-Pog horizontal Class I >2.8mm
distance) Class il <-3.3 mm
WITS Class | -4 to 2.1mm
(A-B difference) Class I >2.1 mm
Class 1l <-4mm
APDI Class | 97.9 to 83.6
Class I <83.6
Class llI >97.9
Unit Class | 26.9 to 32.7
mm
Difference Class Il <26.9mm
Class il >32.7mm

normal vertical facial proportions. If so, an anteroposterior
evaluation can be made using one of the common cephalo-
metric methods and norms (Table 6-10) that were derived
by ROC curve evaluation for 10-18 year old Caucasian sub-
jects who had facial and dental relationships that were com-
patible (i.e., Class | faces with Class | dentitions, Class Il faces
with Class Il dentitions, etc.) and normal face height. The
ROC method evaluates the diagnostic ability of a test and is
an objective way to detect the trade-offs between sensitivity
and specificity for the cephalometric measures. It was used
to determine a "cut point" (the cephalometric value) which
distinguished between Class | and Class Il or Class IlI
skeletal relationships. This is the value with the maximum
statistical probability for the point where one skeletal
classification changes to another (e.g., Class | changes to
Class I1). These norms were derived and validated on inde-
pendent samples and have proven to be less discordant (con-
flicting) when applied to individual Caucasian patients.**
The benefit from using these standards is that one set of
values can be used for each measurement regardless of the
age or gender of the patient, and the performance will be
equal to or better than using traditional values.

Template Analysis

In the early years of cephalometric analysis, it was recognized
that representing the norm in graphic form might make it
easier to recognize a pattern of relationships. The "Moorrees
mesh," which was developed in the 1960s and updated more
recently, presents the patient's disproportions as the
distortion of a grid.**** In recent years, direct comparison
of patients with templates derived from the various growth
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studies has become a reliable method of analysis, with the
considerable advantage that compensatory skeletal and
dental deviations within an individual can be observed
directly.

One ofthe objectives of any analytic approach is to reduce
the practically infinite set of possible cephalometric meas-
urements to a manageably small group that can be compared
with specific norms and thereby provide useful diagnostic
information. From the beginning it was recognized that
the measurements for comparison with the norms should
have several characteristics. The following were specifically
desired: (1) the measurements should be useful clinically in
differentiating patients with skeletal and dental characteris-
tics of malocclusion; (2) the measurements should not be
affected by the size of the patient (i.e., proportions should
be preserved between small and large individuals.) This
meant an emphasis on angular rather than linear measure-
ments; and (3) the measurements should be unaffected, or
at least minimally affected, by the age of the patient. Other-
wise, a different table of standards for each age would be
necessary to overcome the effects of growth.

As time passed, it became apparent that a number of
measurements that fulfilled the first criterion of diagnostic
usefulness did not meet either the second or third criteria.
Linear measurements could be used as proportions to make
them size-invariant, but more and more linear measure-
ments not used proportionally crept into diagnostic use.
Note, for instance, the increasing proportion of linear meas-
urements in the transition from Steiner to Harvold/Wits to
McNamara analysis. As excellent samples of children who
had participated in growth studies became available and
were used for the construction of cephalometric reference
standards, it was observed that some relationships previously
thought to be invariant with age changed during growth.
Like it or not, it was inappropriate to compare cephalomet-
ric standards for a 9-year-old child with those of adults, or
vice versa. There was obviously an advantage in using stan-
dards that changed at various ages, because this allowed a
number of clinically useful linear as well as angular meas-
urements to be included.

Any individual cephalometric tracing easily can be repre-
sented as a series of coordinate points on an (x)y) grid
(which is what is done when a radiograph is digitized for
computer analysis). But of course cephalometric data from
any group also could be represented graphically by calculat-
ing the average coordinates of each landmark point, then
connecting the points. The resulting average or composite
tracing often is referred to as a template.

Templates of this type have been prepared using the data
from the major growth studies, showing changes in the face
and jaws with age. At present, templates exist in two forms:
schematic (Michigan, Burlington) and anatomically complete
(Broadbent-Bolton, Alabama). The schematic templates
show the changing position of selected landmarks with age
on a single template. The anatomically complete templates,
a different one for each age, are particularly convenient for
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direct visual comparison of a patient with the reference

group while accounting for age. The Bolton templates, which

are readily available (Dept. of Orthodontics, Case-Western

Reserve School of Dentistry, Cleveland, Ohio 44106) are

most often used for template analysis.

The first step in template analysis, obviously, is to pick the
correct template from the set of age-different ones that rep-
resent the reference data. Two things must be kept in mind:
(1) the patient's physical size and (2) his or her develop-
mental age. The best plan usually is to select the reference
template initially so that the length of the anterior cranial
base (of which the SN distance is a good approximation) is
approximately the same for the patient and the template and
then to consider developmental age, moving forward or
backward in the template age if the patient is developmen-
tally quite advanced or retarded. In almost all instances,
correcting for differences between developmental and
chronologic age also leads to the selection of a template that
more nearly approximates the anterior cranial base length.

Analysis using a template is based on a series of super-
impositions of the template over a tracing of the patient
being analyzed. The sequence of superimpositions follows:
1. Cranial base superimposition, which allows the relation-

ship of the maxilla and mandible to the cranium to be
evaluated (Figure 6-60). In general, the most useful
approach is to superimpose on the SN line, registering the
template over the patient's tracing at nasion rather than
sella if there is a difference in cranial base length. (For
growth prediction with templates, it is important to use
the posterior superimposition points described with the
prediction method. For analysis, registering SN at N is
usually preferable.)

With the cranial base registered, the anteroposterior and
vertical position of maxilla and mandible can be observed
and described. It is important at this stage to look, not at the
position of the teeth, but at the position of the landmarks
that indicate the skeletal units (i.e., anterior nasal spine and
point A for the anterior maxilla, posterior nasal spine for the
posterior maxilla; point B, pogonion and gnathion for the
anterior mandible, and gonion for the posterior mandible).
The object is to evaluate the position of the skeletal units.
The template is being used to see directly how the patient's
jaw positions differ from the norm. Compensations within
the individual's skeletal pattern are observed directly,

2. The second superimposition is on the maximum contour
of the maxilla to evaluate the relationship of the maxil-
lary dentition to the maxilla (Figure 6-61). Again, it is
important to evaluate the position of the teeth both ver-
tically and anteroposteriorly. The template makes it easy
to see whether the teeth are displaced vertically, informa-
tion often not obtained in measurement analysis
techniques.

3. The third superimposition is on the symphysis of the
mandible along the lower border, to evaluate the rela-
tionship of the mandibular dentition to the mandible
(Figure 6-62). If the shadow of the mandibular canal is
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IRICIV{=gN 0l Cranial base superimposition of the standard

Bolton template for age 14 (red) on the tracing of a 13-year-old
boy. The age 14 template was chosen because it matches cranial
base length. Note that from a comparison of the template with
this patient, the considerable increase in the lower face height
and downward rotation of the mandible can be seen clearly. It
also is apparent that the patient's maxilla is rotated down pos-
teriorly. This comparison of a patient's tracing to a template is a
direct approach toward describing the relationship of functional
facial units.

H[CIBX=CTY  Superimposition ofthe Bolton template on the

maxilla (primarily, the anterior palatal contour) of the patient
shown in Figure 6-60. This superimposition clearly reveals the
forward protrusion of the maxillary incisors but shows that the
vertical relationship of the maxillary teeth to the maxilla for this
patient is nearly ideal.

shown on the templates, a more accurate orientation can
be obtained by registering along this rather than the lower
border posteriorly. Both the vertical and the anteroposte-
rior positions of the anterior and posterior teeth should
be noted.
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Superimposition ofthe Bolton template on the
mandible of the patient in Figure 6-46. This superimposition
indicates that the patient's mandible is longer than the ideal, but
the ramus is shorter and inclined posteriorly. All the mandibular
teeth have erupted more than normal, especially the incisors.

Template analysis in this fashion has two advantages: first,
it allows the easy use of age-related standards and second, it
quickly provides an overall impression of the way in which
the patient's dentofacial structures are related. Sometimes,
the reason for making measurements, which is to gain an
overall understanding of the pattern of the patient's facial
relationships, is overlooked in a focus on acquiring the
numbers themselves. Comparing the patient to a template is
an excellent way to overcome this hazard and be sure that
one does not miss the forest while observing the trees.

Template analysis often is thought of as somehow less sci-
entific than making a series of measurements, but really that
is not so. Remember that the template contains exactly the
same information as a table of measurements from the same
data base (for the anatomic templates, very extensive tables).
The information is just expressed in a different way. The dif-
ference is that with the template method, there is greater
emphasis on the clinician's individual assessment of what-
ever about the patient may be abnormal, and a correspon-
ding de-emphasis of specific criteria.

Templates easily can be used with computer analysis as
well. The technique would be to store the templates in
computer memory, then pull up the appropriate template
for comparison to the patient's digitized tracing, and use
the computer to make the series of superimpositions.
The clinician, looking at the superimpositions, should be
stimulated to make his own assessment of interactions
among the various components of the face, incorporating
the insights of counterpart analysis and floating norms at
that point.
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Summary of Contemporary
Cephalometric Methodology
In its early years, cephalometric analysis was correctly criti-
cized as being just a "numbers game," leading to orthodon-
tic treatment aimed at producing certain numbers on a
cephalometric radiograph. That might or might not repre-
sent the best treatment result for that patient. Totally accept-
ing the Steiner compromises and setting treatment goals
solely in terms of producing these numbers could certainly
be criticized on that basis. At present, competent clinicians
use cephalometric analysis to better understand the under-
lying basis for a malocclusion. To do this, they look not just
at individual measurements compared with a norm but at
the pattern of relationships, including soft tissue relation-
ships. Any measurements are a means to this end, not the
end in itself.

Whatever the later steps (measurement or template
superimposition), the place to begin cephalometric analysis

is by drawing the Sassouni horizontal planes and examining
their interrelationships. This simple step highlights rotations
of the jaws (remember that both the maxilla and mandible
can be rotated) and makes vertical proportions more
apparent.

At that point, the analysis should turn to the anteropos-
terior relationships of the jaws and the dentition of each jaw.
Superimposition of Bolton (or other) templates is one way
to do that. The same information can be obtained by using
a true vertical line across the front of the face as a reference,
as in McNamara analysis, which is a straightforward way to
establish skeletal relationships without having the measure-
ments affected by tooth position. Moving the true vertical
line so that it passes through point A, and then through point
B, reveals the amount of dental protrusion or retrusion of
the maxillary and mandibular teeth respectively.

Finally, any other measurements needed to clarify
relationships that are not clear should be made. Often
this includes measurements of face height, maxillary and
mandibular unit lengths or other components of the various
analyses that have been discussed. The goal of modern
cephalometrics is to evaluate the relationship of the func-
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tional units shown in Figure 6-40 and to do whatever is nec-
essary to establish the position, horizontally and vertically,
of each of those units. Because what is required amounts to
pattern analysis, almost never can any single measurement
be viewed in isolation. Instead, the interrelationship among
various measurements and observed relationships must be
taken into account. In a measurement analysis system, the
appropriate floating norms always should be employed.

ORTHODONTIC CLASSIFICATION

Classification has traditionally been an important tool in the
diagnosis-treatment planning procedure. An ideal classifica-
tion would summarize the diagnostic data and imply the
treatment plan. In our concept of diagnosis, classification
can be viewed as the (orderly) reduction of the database to
a list of the patient's problems (Figure 6-63).

Development of Classification Systems

The first useful orthodontic classification, still important
now, was Angle's classification of malocclusion into Classes
I, I, and |1l (see Chapter 1). The basis of the Angle classifi-
cation was the relationship of the first molar teeth and the
alignment (or lack of it) of the teeth relative to the line of
occlusion. Angle's classification thus created four groups:

Normal occlusion Normal (Class I) molar relationship,
teeth on line of occlusion

Normal (Class I) molar relationship,
teeth crowded, rotated, etc.

Lower molar distal to upper molar,
relationship of other teeth to line
of occlusion not specified

Lower molar mesial to upper molar,
relationship of other teeth to line

of occlusion not specified

Class | malocclusion

Class Il malocclusion

Class Ill malocclusion

The Angle system was a tremendous step forward, not
only because it provided an orderly way to classify maloc-

S golal i o Diagnosis

Conceptually, classification can be viewed as an orderly way to derive a list of the patient's problems from the

database.
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elusion but also because for the first time it provided a
simple definition of normal occlusion, and thereby a way to
distinguish normal occlusion from malocclusion.

Almost immediately, it was recognized that the Angle
classification was not complete, because it did not include
important characteristics of the patient's problem. The defi-
ciencies in the original Angle system led to a series of infor-
mal additions at an early stage. A series of subdivisions of
Class | were proposed by Martin Dewey, initially Angle's
protege but later his rival. Gradually Angle's classification
numbers were extended to refer to four distinct but related
characteristics: the classification of malocclusion, as in the
original plan; the molar relationship; the skeletal jaw rela-
tionship; and the pattern of growth (Figure 6-64). Thus a
Class Il jaw relationship meant the mandible was positioned
distally relative to the maxilla. This was usually found in con-
nection with a Class Il molar relationship but occasionally
could be present despite a Class | molar relationship. Simi-
larly, a Class Il growth pattern was defined as a downward
and backward growth direction of the mandible, which
would tend to create and maintain Class Il jaw and molar
relationships. Class | and Class Il growth patterns show bal-
anced and disproportionate forward mandibular growth,
respectively.

In the 1960s, Ackerman and Proffit formalized the system
ofinformal additions to the Angle method by identifying five
major characteristics of malocclusion to be considered
and systematically described in classification (Figure 6-65).
The approach overcame the major weaknesses of the Angle
scheme. Specifically, it (1) incorporated an evaluation of
crowding and asymmetry within the dental arches and
included an evaluation of incisor protrusion, (2) recognized
the relationship between protrusion and crowding, (3)

Class | Class Il

Molar and jaw relationship

——

—

™

Growth
pattem

Dental malocclusion
(crowding, etc.)

Molar and jaw relationship

Skeletal and/or dental
malocclusion
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included the transverse and vertical as well as the antero-
posterior planes of space, and (4) incorporated information
about skeletal jaw proportions at the appropriate point, that
is, in the description of relationships in each of the planes of
space. Experience has confirmed that a minimum of five
characteristics must be considered in a complete diagnostic
evaluation.

Although the elements of the Ackerman-Proffit scheme
are often not combined exactly as originally proposed, clas-
sification by five major characteristics is now widely used.
Like other aspects of orthodontic diagnosis, classification is
affected by the major changes that have occurred recently,
such as the development of three-dimensional imaging and
other advances in orthodontic technology. The most impor-
tant change, however, is the greater emphasis now on evalu-
ating facial soft tissue proportions and the relationship ofthe
dentition to the lips and cheeks, on smile as well as at rest.

Recent revision of the classification scheme has focused
on broadening it to incorporate these new aspects of ortho-
dontic diagnosis.®® Forty years ago, most orthodontists
viewed their role as correcting malocclusion by straighten-
ing teeth. At present, the goal of treatment takes into account
facial and dental appearance as well as the relationships
of the teeth. Today, evaluation of dentofacial appearance
includes full-face evaluation, consideration of anterior tooth
display at rest and during smile, and assessment of soft
tissues in oblique (*/,) as well as frontal and profile views.
Little has changed regarding the description of crowding or
spacing within the dental arches, but a clearer understand-
ing of the line of occlusion in relationship to the goals of
treatment now is required. The goal of treatment no longer
is to just correct malocclusion, but to correct it while
also bringing the dentition and facial skeleton into normal

Class llI
Molar and jaw relationship

7

Skeletal and/or dental
malocclusion

The Angle classification has come to describe four different characteristics: the type of malocclusion, the molar rela-
tionship, the jaw relationship, and the pattern of growth, as shown here diagrammatically. Although the jaw relationship and growth
pattern correlate with the molar relationship, the correlations are far from perfect. It is not unusual to observe a Class | molar rela-
tionship in a patient with a Class Il jaw relationship or to find that an individual with a Class | molar and jaw relationship grows in a
Class Ill pattern, which ultimately will produce a Class Il malocclusion.
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relationships with the facial and intra-oral soft tissues—
which means that a more thorough analysis of dentofacial
traits is required.

Additions to the Five-Characteristics
Classification System

Two things particularly help this more thorough analysis: (1)
evaluating the orientation of the esthetic line of the dentition,
which is related to but different from Angle's functional line
of occlusion, and (2) supplementing the traditional three-
dimensional description of facial and dental relationships
with rotational characteristics around each plane of space.

Considering these in turn:

1. Esthetic line of the dentition. For over a century, Angle's
line of occlusion has been used to characterize the posi-
tions of the teeth within the dental arch and as a refer-
ence for assessing arch form and arch symmetry. Angle's
concept was that if the buccal occlusal line of the
mandibular dental arch was coincident with the central
fossae line of the maxillary dental arch and the teeth were
well-aligned, ideal occlusion would result. The line of
occlusion is hidden from view when the maxillary and
mandibular teeth are in contact.

In modern analysis, another curved line characterizing
the appearance of the dentition is important, the one that is

Transverse deviation
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seen when evaluating anterior tooth display (Figure 6-66).
This line, the esthetic line of the dentition, follows the facial
edges of the maxillary anterior and posterior teeth. The ori-
entation of this line, like the orientation of the head and
jaws, is best described when the rotational axes of pitch, roll
and yaw are considered in addition to transverse, antero-
posterior and vertical planes of space.

2. Pitch, roll, and yaw in systematic description. A key aspect
of our previous classification system was its incorpora-
tion of systematic analysis of skeletal and dental relation-
ships in all three planes of space, so that deviations in
any direction would be incorporated into the patient's
problem list. A complete description, however, requires
consideration of both translation (forward/backward,
up/down, right left) in three-dimensional space and rota-
tion about three perpendicular axes (pitch, roll and yaw)
(Figure 6-67). This is exactly analogous to what would be
necessary to describe the position of an airplane in space.
The introduction of rotational axes into systematic
description of dentofacial traits significantly improves the
precision ofthe description, and thereby facilitates devel-
opment of the problem list.

Pitch, roll and yaw of the esthetic line of the dentition is

a particularly useful way to evaluate the relationship of the

teeth to the soft tissues that frame their display. From this

perspective, an excessive upward/downward rotation of the

Sagittal deviation (a-p)

Intra-arch alignment-symmetry

(lateral)
-Buccal
-Palatal
-Unilateral
-Bilateral
-Dental
-Shelgtal

-Class | ant. displace
-Class |l division 1
-Class |l division 2
-Class Il

-Dental

-Crowding
-Spacing

F(CIVI=GE Sl Ackerman and  Proffit

represented the five major characteristics
of malocclusion via a Venn diagram. The
sequential description ofthe major charac-
teristics, not their graphic representation,
is the key to this classification system; but
the interaction of the tooth and jaw rela-
tionships with facial appearance must be
kept in mind.
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Maxillary

Mandibular

A, The relationship of the teeth to Angle's line of occlusion (red) has long been the basis for analysis of dental arch
symmetry and crowding. A curved (green) line along the incisal edges and cusp tips ofthe maxillary teeth, the esthetic line of the den-
tition, now is used to incorporate tooth-lip relationships into the diagnostic evaluation of tooth positions. B, In vivo submental-vertex
cone-beam computed tomographic (CBCT) view of an individual with normal occlusion, showing the maxillary dentition superimposed
on the mandibular dentition as it is in life. For this individual, the teeth are aligned and positioned so that the line of occlusion is almost
ideally placed for both arches. If a patient has an asymmetry characterized by rotation ofthe maxilla, mandible, dentition (or any or all
of the above) around the vertical axis it can be detected in this radiographic projection. The esthetic line of the dentition (green) also
can be seen in this projection, drawn as it was in A. C, A cross-sectional "block" of a CBCT image can be manipulated on the computer
screen around all three rotational axes. This is simply a different perspective ofthe image shown in B, on which the esthetic line of the

dentition is shown in its relationship to the incisal edges and cusp tips of the upper teeth.

[V In addition to relationships in the trans-

verse, antero-posterior, and vertical planes of space used in
traditional 3-dimensional analysis, rotations around axes per-
pendicular to these planes also must be evaluated. These
rotations are pitch, viewed as up-down deviations around the
antero-posterior axis; roll, viewed as up-down deviations
abound the transverse axis; and yaw, viewed as left-right
deviations around the vertical axis. The rotations should
be evaluated for the jaws and for the esthetic line of the
dentition.
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dentition relative to the lips and cheeks would be noted as
pitch (up or down, in front or back) (Figure 6-68). Pitch of
the dentition relative to the facial soft tissues must be eval-
uated on clinical examination. Pitch of the jaws and teeth
relative to each other and to the facial skeleton also can and
should be noted clinically, but this can be confirmed from
the cephalometric radiograph in the final classification step,
where pitch is revealed as the orientation of the palatal,

DIAGNOSIS AND TREATMENT PLANNING

occlusal and mandibular planes relative to the true horizon-
tal (see Figure 6-55).

Roll, which is analogous to the banking of an airplane, is
described as rotation up or down on one side or the other.
On clinical examination, it is important to relate the trans-
verse orientation of the dentition (the esthetic line) to both
the facial soft tissues and the facial skeleton. The relationship
to the facial soft tissues is evaluated clinically with the inter-

The vertical relationship of the teeth to the lips and cheeks can be conveniently described as downward or upward
translation with no pitch deviation (which is rare), as pitch upward or downward anteriorly, or as pitch upward or downward posteri-
orly. The comparison is of the esthetic line of the dentition to the inter-commissure line. A, B, Downward pitch of the anterior teeth,
so that the lower lip almost completely covers the esthetic line ofthe dentition on smile. Anterior deep bite usually accompanies a pitch
of this type. C, For this girl, who does not have anterior open bite despite her long-face skeletal pattern, the entire dentition is trans-
lated down, but a downward pitch posteriorly can be observed clinically. Note that the esthetic line of the dentition tilts down posteri-
orly relative to the inter-commissure line, and that there is greater exposure of gingiva posteriorly than anteriorly.
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commissure line as a reference. Neither dental casts nor a
photograph using an occlusal plane marker (Fox plane) will
reveal this. It is seen with the lips relaxed and more clearly
on smile, in both frontal and oblique views (Figure 6-69; also
see Figure 6-21). The relationship to the facial skeleton is
viewed relative to the inter-ocular line. The use of a Fox

i
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plane to mark a cant of the occlusal plane may make it
easier to visualize how the dentition relates to the inter-
ocular line, but with this device in place it is impossible
to see how the teeth relate to the inter-commissure line. It
is interesting that dentists detect a side-to-side roll discrep-
ancy of the teeth to the lips at 1 mm, while laypersons are

Roll describes the vertical position of the teeth when this is different on the right and left sides. A, A downward roll
of the dentition on the right side, relative to the inter-commissure line (yellow). Note that the maxillary incisors tilt to the left. The chin
deviates to the left, reflecting asymmetric mandibular growth with lengthening of the mandibular body and ramus on the right side.
The vertical position ofthe gonial angles can be confirmed by palpation. So in the case there is a skeletal component to the roll. B, Roll
of the dentition down on the right side and slightly up on the left, relative to the inter-commissure line. There is no transverse dis-
placement of the chin, but the entire right side ofthe face is larger—note that the inter-ocular line rolls opposite to the esthetic line of
the deritition. C, A Fox plane demonstrates the orientation of the occlusal plane relative to the inter-ocular line, but the relationship of
the teeth to the inter-commissure line cannot be observed while using it.
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more forgiving and see it only at 3mm—but at that point,
it is a problem.”

Rotation of the jaw or dentition to one side or the other,
around a vertical axis, produces a skeletal or dental midline
discrepancy that is best described as yaw (Figure 6-70). Yaw
of the dentition relative to the jaw, or yaw of the mandible
or maxilla that takes the dentition with it, may be present.
The effect of yaw, in addition to dental and/or skeletal
midline deviations, typically is a unilateral Class Il or Class
Il molar relationship. Extreme yaw is associated with asym-
metric posterior crossbites, buccal on one side and lingual
on the other. Yaw has been left out of all previous classifica-
tions, but characterizing transverse asymmetries in this way
makes it easier to accurately describe the relationships.

Dental midline deviations can be just a reflection of dis-
placed incisors because of crowding. This should be differ-
entiated from a yaw discrepancy in which the whole dental
arch is rotated off to one side. If a true yaw discrepancy is
present, the next question is whether the jaw itself is devi-
ated, or whether the dentition deviates relative to the jaw. A
yaw deviation of the maxilla is possible but rare; an asym-
metry of the mandible that often includes yaw is present
in 40% of patients with deficient or excessive mandibular
growth,®” and in these patients the dentition is likely to be
deviated in a compensatory direction relative to the jaw. All
of this can be detected with a careful clinical examination—
and must be, because it may not be seen clearly in typical
diagnostic records.

DIAGNOSIS AND TREATMENT PLANNING

Despite these additions to the diagnostic evaluation,
dentofacial traits still can be adequately delineated by five
major characteristics. The additional items that now must
be included in diagnostic evaluation and classification are
shown in Box 6-4. Examining the five major characteristics
in sequence provides a convenient way of organizing the

Box 6-4

CLASSIFICATION BY THE FIVE CHARACTERISTICS

OF DENTOFACIAL TRAITS

Dentofacial Appearance

Frontal and oblique facial proportions, anterior tooth display,
orientation of the esthetic line of occlusion, profile
Alignment

Crowding/spacing, arch form, symmetry, orientation of the
functional line of occlusion

Anteroposterior

Angle classification, skeletal and dental

Transverse

Crossbites, skeletal and dental

Vertical

Bite depth, skeletal and dental

A, Yaw of the maxillary dentition to the left side is apparent in this girl, who also has slight yaw of the mandible in
the same direction. Note that the yaw of the esthetic line of the dentition is greater than the yaw of the chin. In her clinical examina-
tion, it will be important to evaluate the relationship ofthe midline ofthe mandibular dentition to the chin. A compensatory yaw of the
mandibular teeth back toward the skeletal midline often is present in patients with this type of asymmetry. B, Severe yaw of the maxil-
lary dentition to the right in this woman, who has almost no yaw of the mandible. Note that she also has more elevation of the right
commissure on smile, so relative to the inter-commissure line she has a downward roll of the dentition on the right. This should be
noted in preclinical examination, because it will be important to determine whether she considers it a problem.
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diagnostic information to be sure that no important points
are overlooked.

Classification by the Characteristics
of Malocclusion

Step 1: Evaluation of Facial Proportions and Esthetics.

This step is carried out during the initial clinical exami-
nation, while facial asymmetry, anteroposterior and vertical
facial proportions, and lip-tooth relationships (at rest and
on smile) are evaluated. The evaluation has been covered
earlier in this chapter in the context of macro-, mini- and
micro-esthetic considerations. Incorporation of the data
into the classification scheme, using axes of rotation in addi-
tion to the traditional three planes of space, is described
immediately above. The results are summarized as the pos-
itive findings (problems) from this part of the examination.
The clinical findings can be checked against the facial
photographs and lateral cephalometric radiograph, which
should confirm the clinical judgment.

Step 2: Evaluation of Alignment and Symmetry Within
the Dental Arches.

This step is carried out by examining the dental arches
from the occlusal view, evaluating first the symmetry within
each dental arch and second, the amount of crowding or
spacing present. Space analysis quantitates crowding or
spacing, but these figures must be interpreted in the light of
other findings in the total evaluation of the patient. A major
point is the presence or absence of excessive incisor protru-
sion, which cannot be evaluated without knowledge of lip
separation at rest. For that reason, the dentofacial relation-
ships noted in the initial clinical examination must be con-
sidered immediately along with the relationship of the teeth
to the line of occlusion.

Step 3: Evaluation of Skeletal and Dental Relationships
in the Transverse Plane of Space.

At this stage, the casts are brought into occlusion and
the occlusal relationships are examined, beginning with the
transverse (posterior crossbite) plane of space. The objec-
tives are to accurately describe the occlusion and to
distinguish between skeletal and dental contributions to
malocclusion. At this point the evaluation is primarily of the
dental casts and radiographs, but it must be kept in mind
that both roll and yaw ofthe jaws and dentition affect dento-
facial transverse relationships. These factors should have
been noted in Step 1 of classification, and can be confirmed
in this step.

Posterior crossbite is described in terms of the position
ofthe upper molars (Figure 6-71). Thus a bilateral maxillary
lingual (or palatal) crossbhite means that the upper
molars are lingual to their normal position on both sides,
whereas a unilateral mandibular buccal crossbhite would
mean that the mandibular molars were buccally positioned
on one side. This terminology specifies which teeth
(maxillary or mandibular) are displaced from their normal
position.

ORTHODONTIC DIAGNOSIS: THE DEVELOPMENT OF A PROBLEM LIST

Palatal width
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FIGURE 6-71 Posterior crossbite can be either dental, as in a

patient with adequate palatal width (i.e., distance AB approxi-
mately equals distance CD), or skeletal because of inadequate
palatal width (i.e., distance CD is considerably larger than dis-
tance AB).

It is also important to evaluate the underlying skeletal
relationships, to answer the question, "Why does this cross-
bite exist?" in the sense of the location of the anatomic
abnormality. If a bilateral maxillary palatal crossbite exists,
for instance, is the basic problem that the maxilla itself is
narrow, thus providing a skeletal basis for the crossbite, or is
it that the dental arch has been narrowed although the skele-
tal width is correct?

The width of the maxillary skeletal base can be seen by
the width of the palatal vault on the casts. If the base of the
palatal vault is wide, but the dentoalveolar processes lean
inward, the crossbite is dental in the sense that it is caused
by a distortion of the dental arch. If the palatal vault is
narrow and the maxillary teeth lean outward but neverthe-
less are in crossbhite, the problem is skeletal in that it basically
results from the narrow width of the maxilla. Just as there
are dental compensations for skeletal deformity in the
anteroposterior and vertical planes of space, the teeth can
compensate for transverse skeletal problems.

Transverse displacement of the lower molars on the
mandible is rare, so the question of whether the mandibu-
lar arch is too wide can be used both to answer the question
of whether the mandible or maxilla is at fault in a posterior
crosshite and to implicate skeletal mandibular development
if the answer is positive. Tabulated data for normal molar
and canine widths are shown in Table 6-11. If there is a



SECTION Il

TABLE 6-H

Arch Width Measurements*

DIAGNOSIS AND TREATMENT PLANNING

AGE MALE FEMALE
MAXILLARY ARCH
Canine First premolar First molar Canine First premolar First molar

6 27.5 32.3' 41.9 26.9' 31.7+ 41.3

8 29.7 33.7f 43.1 29.1+ 33.0+ 42.4

10 30.5' 34.4f 44.5 29.8+ 33.6+ 435

12 32.5 35.7 45.3 31.5 35.1 44.6

14 32,5 36.0 45.9 31.3 34.9 44.3

16 32.3 36.6 46.6 31.4 35.2 45.0

18 32.3 36.7 46.7 31.2 34.6 43.9
MANDIBULAR ARCH

23.3! 28.7' 40.2 22.2 28.4+ 40.0

24.3 29.7" 40.9 24.0' 29.5+ 40.3

10 24.6' 30.2f 415 24.1+ 29.7+ 41.0

12 25.1 32.5 42.1 24.8 31.6 41.8

14 24.8 32.3 42.1 24.4 31.0 41.1

16 24.7 32.3 42.8 23.9 31.0 41.5

18 24.8 32.8 43.0 23.1 30.8 41.7

Data from Moyers RE et al: Standards of human occlusal development, Monograph 5, Craniofacial Growth Series. Ann Arbor, Mich., 1976, University of

Michigan, Center for Human Growth and Development.
* mm distance between centers of teeth.
TPrimary predecessor.

crossbhite and measurements across the arch show that the
mandible is wide while the maxillary arch is normal, a skele-
tal mandibular discrepancy probably is present.

Step 4: Evaluation of Skeletal and Dental Relationships
in the Anteroposterior Plane of Space.

Examining the dental casts in occlusion will reveal any
anteroposterior problems in the buccal occlusion or in
the anterior relationships. The Angle classification, in its
extended form, describes this well.

It is important to ask whether an end-to-end, Class Il or
Class Il buccal segment relationship, or excessive overjet or
reverse overjet of the incisors, is caused by a jaw (skeletal)
discrepancy, displaced teeth on well-proportioned jaws
(dental Class Il or Ill), or a combination of skeletal and
Deficient or excessive jaw growth
almost always produces an occlusal discrepancy as well, but
if the jaw discrepancy is the cause, the problem should be
described as a skeletal Class Il or Class |Il. The terminology
simply means that the skeletal or jaw relationship is the cause
of the Class Il dental occlusion. The distinction between

dental displacement.

dental and skeletal is important, because the treatment for
a skeletal Class Il relationship in a child or adult will be
different from treatment for a dental Class Il problem.

Cephalometric analysis is needed to be precise about the
nature of the problem. The object is to accurately evaluate
the underlying anatomic
(Figure 6-72).

Occasionally the molar occlusion is Class Il on one side,
and Class | on the other. Angle called this a Class Il subdi-
vision right or left, depending on which was the Class Il side.
In modern classification the subdivision label rarely is useful

basis of the malocclusion

because it does not describe the real problem. The asym-
metric molar relationship reflects either an asymmetry
within one or both the dental arches (typically due to loss of
space when one primary second molar was lost prema-
turely), or a yaw discrepancy of the jaw or dentition. These
must be distinguished and should already have been
addressed in the first or second steps in the classification
procedure.

Step 5: Evaluation of Skeletal and Dental Relationships
in the Vertical Plane of Space.

With the casts in occlusion, vertical problems can be
described as anterior open bite (failure of the incisor teeth
to overlap), anterior deep bite (excessive overlap of the ante-
rior teeth), or posterior open bite (failure of the posterior
teeth to occlude, unilaterally or bilaterally). As with all
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HICVI=MNy#7l Cephalometric analysis combining ele-

ments of the measurement approaches presented earlier. A
description in words ofthis patient's problems would be that
the maxilla is quite deficient relative to the mandible and
the cranial base, but the maxillary teeth are reasonably well
related to the maxilla. The mandible is fairly well related in
the anteroposterior plane of space to the cranial base, but the
mandibular teeth protrude relative to the mandible. Vertical
proportions are good.

aspects of malocclusion, it is important to ask, "Why does
the open bite (or other problem) exist?" Since vertical prob-
lems, particularly anterior open bite, can result from envi-
ronmental causes or habits, the "why" in this instance has
two important components: at what anatomic location is the
discrepancy, and can a cause be identified?

It is obvious that if the posterior teeth erupt a normal
amount but the anterior teeth do not, there will be a pitch
discrepancy of the line of occlusion and the esthetic line of
the dentition. This would result in two related problems:
an anterior open bite and less than the normal display of
the maxillary anterior teeth. Upward pitch anteriorly of the
maxillary dentition is possible but rarely is the major reason
for an anterior open bite. Instead, anterior open bite patients
usually have at least some excessive eruption of maxillary
posterior teeth. If the anterior teeth erupt a normal amount
but the posterior teeth erupt too much, anterior open bite is
inevitable. In this case, the relationship of the anterior teeth
to the lips would be normal, and there would be excessive
display of the posterior teeth. The line of occlusion and the
esthetic line of the dentition then would be pitched down
posteriorly (see Figure 6-67).

This leads to an important but sometimes difficult
concept: a patient with a skeletal open bite will usually have
an anterior bite malocclusion that is characterized by exces-
sive eruption of posterior teeth, downward rotation of the
mandible and maxilla, and normal (or even excessive) erup-
tion of anterior teeth (Figure 6-73). This facial and dental
pattern is sometimes called the "long face syndrome." The
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reverse is true in a short face, skeletal deep bite relationship
(Figure 6-74). In that circumstance, one would expect to see
a normal amount of eruption of incisor teeth but rotation
of both jaws in the opposite direction and insufficient
eruption of the posterior teeth. The skeletal component is
revealed by the rotation of the jaws, reflected in the palatal
and mandibular plane angles. If the angle between the
mandibular and palatal planes is low, there is a skeletal deep
bite tendency (i.e., a jaw relationship that predisposes to an
anterior deep bite, regardless of whether one is present).
Similarly, if the mandibular-palatal angle is high, there is a
skeletal open bite tendency.

It is important to remember that if the mandibular plane
angle is unusually flat or steep, correcting an accompanying
deep bite or open bite may require an alteration in the ver-
tical position of posterior teeth so that the mandible can
rotate to a more normal inclination. Cephalometric analysis
is required for evaluation of patients with skeletal vertical
problems, again with the goal of accurately describing skele-
tal and dental relationships. As the tracings in this chapter
illustrate, most published analyses do a much better job of
identifying anteroposterior than vertical problems. Adequate
analysis of long- or short-face patients requires additional
measurements to meet the needs of the specific case, or
careful superimposition of templates and inspection of the
relationships.

A careful clinical evaluation of the relationship of the
dentition to the soft tissues also is critically important. Open
bites and deep bites can result from almost any combination



SECTION |11 DIAGNOSIS AND TREATMENT PLANNING

‘ i 5 54
True
i harizontal
Y
'
Ba
[
i
L
( 55 True
horizontal

REVN=TEM Cephalometric analysis for a patient

with severe vertical problems. Note that the Sassouni
lines clearly indicate the skeletal open bite pattern and
that the measurements confirm both long anterior facial
dimensions and severe mandibular deficiency related to
downward and backward rotation of the mandible. Mea-
surements of the distance from the upper first molar
mesial cusp to the palatal plane confirms that excessive
eruption of the upper molar has occurred.

RV Cephalometric analysis of a patient

with short anterior vertical dimensions. The measure-
ments show excessive eruption of the lower molar
compared with the upper molar and document the
distal displacement of the lower incisor relative to the
mandible. Note that the Sassouni planes are almost
parallel, confirming the skeletal deep bite tendency.
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As a final step in diagnosis, the patient's problems

tal problems, so that the pathology can be treated first.

of skeletal and dental components, and the problem is likely
to include improper tooth-lip relationships. Careful analy-
sis is required if the approach to treatment is to be esthetic
and stable.

DEVELOPMENT OF A PROBLEM LIST

If positive findings from a systematic description of the
patient are recorded (i.e., ifthe procedure described above is
used), the automatic and important result is a list of the
patient's problems. The step-by-step procedure is designed
to ensure that the important distinctions have been made
and that nothing has been overlooked.

The problem list often includes two types of problems:
(1) those relating to disease or pathologic processes and (2)
those relating to disturbances of development that have
created the patient's malocclusion (Figure 6-75). The set of
developmental abnormalities related to malocclusion is the
orthodontic problem list. A developmental problem is just
that (e.g., mandibular deficiency), not the findings that indi-
cate its presence (e.g., posterior divergence, increased facial
convexity, and increased ANB angle all are findings, not
problems).

For efficient clinical application of the method, it is
important to group different aspects of the same thing into
a single major problem area related to the Ackerman-Proffit
classification. This means that it would be impossible for a
patient to have more than five major developmental prob-
lems, though several sub-problems within a major category
would be quite possible. For instance, lingual position of the
lateral incisors, labial position of the canines, and rotation of
the central incisors all are problems, but they can and should
be lumped under the general problem of incisor crowd-
ing/malalignment. Similarly, anterior open bite, rotation of
the maxilla down posteriorly and rotation of the mandible
down anteriorly, and extreme lip incompetence are all
aspects of skeletal open bite. Where possible, the problems

Classification h

related to pathology should be separated from the developmen-

Box 6-5

PATIENT F.P: INTERVIEW DATA

Chief Complaint
"/ don't like the way my teeth stick out and look ugly."

Medical, Dental, Social History

* Hemangioma removed from leg at age 4

* No chronic medications

» Regular dental care, no restorations

+ Lives with both parents, good progress in school, seems
well adjusted without any major social problems

Motivation

+ Largely external, mother wants treatment for a problem
that she perceives as important

» Patient agrees that she needs treatment, will have to be
convinced that this requires her cooperation

Expectation
* General improvement in appearance, seems realistic

Other Pertinent Information

« Older brother treated successfully previously; mother very
supportive of orthodontic treatment, father much less so

should be indicated quantitatively, or at least classified as
mild, moderate, or severe (i.e., 5mm mandibular incisor
crowding, severe mandibular deficiency, etc.).

The initial diagnostic records for a patient with moder-
ately severe orthodontic problems, whose primary reason for
treatment was improvement of her dental and facial appear-
ance, are shown in Figures 6-76 to 6-79 and the steps in
developing a problem list are illustrated in Boxes 6-5 to 6-8.
Similar diagnostic work-ups for patients with more severe
problems are briefly reviewed in Chapters 18 and 19.

With the completion of a problem list, the diagnostic
phase of diagnosis and treatment planning is completed, and
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HICU=GYG  Patient F.P., age 12-3, facial views prior to treatment. Note the mildly short anterior face height, lack of mandibular
projection, and the appearance ofthe maxillary incisors on smile (very upright with short clinical crowns but minimal gingival display).
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V=gl Patient F.P., age 12-3, intraoral views prior to treatment. There is moderate maxillary incisor crowding, with the
midline off due to displacement of the maxillary incisors. The maxillary incisors are tipped lingually, there is minimal overjet despite
Class Il buccal segments, and overbite is excessive. A pediatric dentist had placed a lingual arch to maintain alignment of the lower
incisors.

Box 6-6 Box 6-7

PATIENT F.P: CLINICAL EXAMINATION DATA PATIENT F.P: ANALYSIS OF DIAGNOSTIC RECORDS

Dentofacial Proportions

< Mildly short lower third of face

« Moderate mandibular deficiency

* Inadequate display of maxillary incisors

« Maxillary incisors as wide as they are tall: short maxillary
incisor crowns

* Moderate facial and dental asymmetry: mild roll down on
right and yaw to left are not severe enough to be noticed
as a problem

Health of Hard and Soft Tissues

* Hypoplastic area, upper left first premolar
* Mild gingivitis
* Moderate overgrowth of gingiva, anterior maxilla

Jaw Function

¢ Maximum opening 45 mm
¢ Normal range of motion

* No joint sounds

¢ No pain on palpation

(using the Ackerman-Proffit classification to generate
the initial problem list)

|. Facial Proportions and Esthetics

< Deficient chin projection, mandibular deficiency
< Mildly short lower third of face
* Maxillary incisors tipped lingually, short crowns

2. Dental Alignment/Symmetry

« Moderate maxillary incisor crowding
< Dental midline off, maxillary incisor displaced

3. Transverse Relationships

“ Normal arch widths, no crossbite

4. Anteroposterior Relationships

* Moderate mandibular deficiency
¢ Class Il buccal segments, minimal overjet

5. Vertical Relationships

< Deep bite, excessive eruption of lower incisors
< Mildly short face
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Patient F.P. age 12-3. Close-up views of the smile can be a valuable part of the diagnostic records when dental and
facial appearance is an important consideration in developing a treatment plan. For this patient, the short clinical crowns coupled with
almost no display of the gingiva should be noted in the problem list. Note that the oblique smile view allows an excellent view of these
characteristics.

Patient F.P. age 12-3, panoramic (A) and cephalometric (B) radiographs prior to treatment. C, Cephalometric tracing
prior to treatment. To assist in visualization of skeletal and dental relationships, drawing this set of horizontal and vertical reference
lines and evaluating relationships relative to the true horizontal line and perpendiculars to it is recommended. Note that mandibular
deficiency is the major contributor to her Class Il malocclusion, and that the deep overbite is primarily due to excessive eruption ofthe
lower incisors. The maxillary incisors are tipped lingually, which is the reason that overjet is not excessive despite the skeletal Class Il
relationship and the Class Il molar relationship.



CHAPTER 6

Box 6-8

PATIENT F.P.: PROBLEM LIST (DIAGNOSIS)

(in the order they appeared in the evaluation sequence)

Mild gingivitis, mild gingival overgrowth
Hypoplastic area maxillary left premolar
Mandibular deficiency

Maxillary incisors tipped lingually, short crowns
Moderate maxillary incisor crowding

Class Il buccal segments, minimal overjet

Deep bite, excessive eruption mandibular incisors

the more subjective process of treatment planning begins.
Thorough diagnostic evaluation means that all problems
have beenidentified and characterized at this stage, omitting
nothing of significance. The steps in treatment planning and
the outcome oftreatment for the patient above are presented
at the end of Chapter 7, Boxes 7-1 to 7-7, and Figures 7-25
to 7-28.
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TREATMENT PLANNING CONCEPTS
AND GOALS

Orthodontic diagnosis is complete when a comprehensive

list of the patient's problems has been developed and patho-
logic and developmental problems have been separated. At
that point, the objective in treatment planning is to design
the strategy that a wise and prudent clinician, using his or
her best judgment, would employ to address the problems
while maximizing benefit to the patient and minimizing cost
and risk.

It is important to view the goal of treatment in that way.
Otherwise, an inappropriate emphasis on some aspect of the
case is likely, whether the proposed treatment is medical,
dental, or just orthodontics. For example, consider a patient
who seeks dental care because she is concerned about the
status of old restorations. For that individual, controlling
periodontal disease might be more beneficial than replacing
old amalgams, and this should be emphasized when a treat-
ment plan is discussed with the patient, even though he or
she initially sought only restorative treatment. The same
principle applies when orthodontic treatment is planned.
The orthodontic treatment plan should be developed, in col-
laboration with the patient, to do what, on balance, would
be best for that individual.

When a group of dentists and dental specialists meet to
plan treatment for a patient with complex problems, impor-
tant orthodontic questions often asked are, "Could you
retract the incisors enough to correct the overjet?" or "Could
you develop incisal guidance for this patient?" To a question
phrased as, "Could you . . .?" the answer often is yes, given
an unlimited commitment to treatment. The more appro-
priate question is not"Couldyou ...?"but"Shouldyou ...?"
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Interaction with the patient and parent, so that they are involved in the decisions that lead to the final plan, is the key to informed

consent.

or "Would it be best for the patient to . ..?" Cost-benefit and
risk-benefit analyses are introduced appropriately when the
question is rephrased.

A treatment plan in orthodontics, as in any other field,
may be less than optimal if it does not take full advantage of
the possibilities or if it is too ambitious. There is always a
temptation to jump to conclusions and proceed with a
superficially obvious plan without considering all the perti-
nent factors. The treatment planning approach advocated
here is specifically designed to avoid both missed opportu-
nities (the false negative or undertreatment side of treatment
planning) and excessive treatment (the false positive or
overtreatment side), while appropriately involving the
patient in the planning process (Figure 7-1).

For the patient whose diagnostic work-up is illustrated at
the end of Chapter 6, the development of a treatment plan
and the treatment outcome are shown below in the section
on comprehensive treatment (see Figures 7-22,7-25 to 7-28).
At this point, let us examine some important concepts that
underlie treatment planning more generally.

Need for Treatment

Indications for Orthodontic Treatment

In broad terms, there are six reasons for orthodontic treat-
ment, in the approximate order of their frequency as the
reason that patients seek treatment: to (1) remove, or at least
alleviate, the social handicap created by an unacceptable
dental and/or facial appearance; (2) enhance dental and
facial appearance in individuals who already are socially
acceptable but wish to improve their quality of life; (3) main-
tain as normal a developmental process as possible; (4)
improve jaw function and correct problems related to func-

tional impairment; (5) reduce the impact on the dentition
of trauma or disease, and (6) facilitate other dental treat-
ment, as an adjunct to restorative, prosthodontic or peri-
odontal therapy. These are discussed in Chapter 1, and
references to the appropriate literature are provided there.
The goal here is to summarize what is known about need for
orthodontic treatment.

Psychosocial Indications. Research has documented the
effect of an unfortunate facial appearance on both social
interactions and self-perception, and orthodontic treatment
is justifiable on this basis when the appearance of the face
and/or teeth creates a psychosocial problem for the patient.
Although the severity of the malocclusion correlates with its
psychosocial effect, measuring how much the teeth protrude
or how irregular they are is not sufficient to determine indi-
vidual treatment need. This is case- and patient-specific. A
malocclusion that is not a problem for one individual can be
a significant problem for another. The major reason patients
seek treatment is their concern about appearance and its
impact on their life adjustment.

Developmental Indications. Problems related to the
development of the dentition occur relatively frequently, and
often orthodontic treatment is needed to maintain dental
health and continue normal development. For example, it is
much better to extract maxillary primary canines early to
improve the chance that the permanent canine will erupt in
that area than to correct it after the tooth becomes impacted
or erupts far from its normal position (Figure 7-2). Treat-
ment to control the attrition of tooth structure that can
occur when a tooth is out of position, or to control loss of
space ifatooth is missing or lost, also is easilyjustified. Prob-
lems of dental development almost always should be cor-
rected when noticed.
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FClVIN=ye 8 Unilateral (A) and bilateral (B) impacted maxillary canines in young adults. The permanent canines moved mesial to
the primary canines rather than replacing them. Extraction of the primary canines at the time the mesial position of the permanent
canines was just developing probably could have prevented impaction.

Functional Indications. Severe malocclusion affects
function, usually not by making it impossible, but by making
it more difficult for the affected individual to breathe, incise,
chew, swallow and speak normally (see Chapter 5). The
reverse also is true: alterations or adaptations in function can
be etiologic factors for malocclusion, by influencing the
pattern of growth and development. The extent to which
improved function justifies orthodontic treatment remains
poorly defined. Current thinking can be summarized as
follows:

¢ Respiration—There seem to be numerous weak rela-

tionships between respiratory mode and malocclusion,
but the more refined and rigorous the investigations,
the more questionable specific links become. The evi-
dence does not support orthodontic referrals of chil-
dren for surgery to open the nasal airway (by removing
adenoids, turbinates, or other presumed obstacles to
nasal airflow), because the effect on the future facial
growth pattern is unpredictable. For the same reason,
expanding the maxillary dental arch by opening the
midpalatal suture, which also widens the nasal passages,
cannot be supported as an effective way of changing the
respiratory pattern toward nasal breathing and away
from mouth breathing.

¢ Chewing, jaw function, and temporomandibular joint

dysfunction (TMD)—It seems obvious that chewing
should be easier and more efficient with good dental
occlusion, but individuals expend the effort necessary

to accomplish important tasks like chewing, and there
is little evidence to support any impact of malocclusion
on nutritional status. Except for the most extreme mal-
occlusions, the effect appears to be increased work to
prepare a satisfactory bolus for swallowing. Masticatory
effort is difficult to measure accurately, so there are no
good data for how much difference it makes to have
mild, moderate, or severe malocclusion.

It is possible that functional problems related to maloc-
clusion would appear as temporomandibular dysfunction.
Little or no data support the idea that orthodontic treatment
is needed at any age to prevent the development of TMD. A
recent population-based study in Germany, with a sample of
7008 individuals from a population of 212,157, found essen-
tially no link between malocclusion or functional occlusion
and TMD.! Some studies have found correlations between
some types of malocclusion and TMD, but they are not
strong enough to explain even a small fraction of TMD
problems.

« Swallowing/speech—Both the pattern of activity in
swallowing and tongue-lip function during speech are
affected by the presence of the teeth. The most effective
way to eliminate a "tongue thrust swallow" is to retract
protruding incisors and close an open bite, so ortho-
dontics can have an effect on swallowing, but rarely is
this a reason for treatment. Normal speech is possible
in the presence of extreme anatomic deviations. Certain
types of malocclusion are related to difficulty with spe-
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cific sounds (see Chapter 6, Table 6-1), and occasion-
ally a reason for orthodontic treatment is that it would
facilitate speech therapy. Usually, however, speech prob-
lems are not a reason for orthodontics.

Traumal/Disease Control Indications. At one time it was
thought that malocclusion contributed to the development
of periodontal disease, but this link is so tenuous that almost
never is it a reason for orthodontic treatment. In older
patients, orthodontics as an adjunct to periodontal therapy
may be indicated. In children and adolescents, orthodontics
cannot be justified for disease control. Contact of the lower
incisors with the palatal mucosa or the upper incisors with
the mandibular anterior gingiva, which often occurs in deep
overbite, can lead to loss of soft tissue and periodontal
defects. Correcting tissue impingement by the teeth, there-
fore, can be a benefit from orthodontic treatment at any
age—but better data are needed to clarify the amount of
benefit. Although there is ample evidence that protruding
incisors are more likely to be damaged, the severity of the
injury varies greatly, and often is trivial. Only in the most
accident-prone child is this a valid reason for reducing
overjet.

Adjunctive Treatment Indications. Especially in adults
who need extensive restorations or replacement of missing
teeth, conventional dental treatment often is destined to fall
short of an optimal result because oftooth positions that can
be improved by limited orthodontic treatment. For example,
redistributing space within the dental arches makes better
restorations possible, periodontal conditions or therapy can
be altered by moving teeth adjacent to bony defects, and
traumatically displaced teeth can be repositioned to improve
their prognosis and provide better endodontic access.

The bottom line: orthodontic treatment almost always is
elective, but it can produce significant benefits in psychoso-
cial well-being, normal development, jaw function,
dental/oral health and improved outcomes in the treatment
of dental disease. Orthodontics is needed ifit would produce
these benefits—and not needed if it would not.

Type of Treatment: Evidence-Based Selection

If treatment is needed, how do you decide what sort of treat-
ment to use? The present trend in health care is strongly
toward evidence-based treatment, that is, treatment proce-
dures should be chosen on the basis of clear evidence that
the selected method is the most successful approach to that
particular patient's problem(s).? The better the evidence, of
course, the easier the decision.

The problem-oriented approach to diagnosis and treat-
ment planning is built around identifying the patient's prob-
lems, then considering and evaluating the possible solutions
to those specific problems. The best way to evaluate alterna-
tive treatment methods is with a randomized clinical trial, in
which great care is taken to control variables that might
affect the outcomes, so that differences attributable to the
treatment procedures become apparent. A second acceptable
way to replace opinion with evidence is from careful study
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of treatment outcomes under well-defined conditions. Clin-
ical trial data are just becoming available in orthodontics,
and not all decisions about alternative treatment possibili-
ties can be based on good evidence of any type. In Chapter
8, the quality of clinical evidence relative for current ortho-
dontic procedures is examined in detail. In this and the sub-
sequent chapters, recommendations for treatment are based
insofar as possible on solid clinical evidence. Where this is
not available, the authors' current opinions are provided and
labeled as such.

Treatment Goals: The Soft Tissue Paradigm

A paradigm can be defined as "a set of shared beliefs and
assumptions that represent the conceptual foundation of an
area of science or clinical practice The re-orientation of
orthodontics from the Angle paradigm that dominated the
20th century toward the soft tissue paradigm was reviewed
briefly in Chapter 1, and the differences between the Angle
and soft tissue paradigms are tabulated there (see Table 1-1).
As clinicians increasingly now accept the new paradigm,
which states that both the goals and limitations of ortho-
dontic treatment are established more by soft tissue consid-
erations than skeletal/dental relationships, treatment
planning inevitably is affected.

What difference does the soft tissue paradigm make in
planning treatment? There are several major effects.

The primary goal of treatment becomes soft tissue rela-
tionships and adaptations, not Angle's ideal occlusion. The
broader goal is not incompatible with Angle's ideal occlu-
sion, but it acknowledges that in order to provide maximum
benefit for the patient, ideal occlusion cannot always be the
major focus of a treatment plan. Soft tissue relationships,
both the proportions ofthe soft tissue integument ofthe face
and the relationship of the dentition to the lips and face, are
the major determinants of facial appearance. Soft tissue
adaptations to the position of the teeth (or lack thereof)
determine whether or not the orthodontic result will be
stable. Keeping this in mind while planning treatment is crit-
ically important.

The secondary goal of treatment becomes functional
occlusion. What does that have to do with soft tissues? Tem-
poromandibular dysfunction, to the extent that it relates to
the dental occlusion, is best thought of as due to injury to
the patient from clenching and grinding the teeth. Given
that, an important goal of treatment is to arrange the occlu-
sion to minimize the chance of injury. In this also, Angle's
ideal occlusion is not incompatible with the broader goal—
but deviations from the Angle ideal may provide greater
benefit for some patients, and should be considered when
treatment is planned.

The thought process that goes into "solving the patient's
problems" is reversed. In the past, the clinician's focus was
on dental and skeletal relationships, with the tacit assump-
tion that if these were correct, the soft tissue relationships
would take care of themselves. With the broader focus on
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facial and oral soft tissues, the thought process is to establish
what these soft tissue relationships should be, and then
determine how the teeth and jaws would have to be arranged
to meet the soft tissue goals.

This approach is entirely compatible with problem-
oriented diagnosis and treatment planning. The problem list
will reflect soft tissue considerations in a way that it might
not have previously, and this has been emphasized in the pre-
vious chapter. The goal of treatment is exactly the same: to
solve those problems in a way that maximizes benefit to the
patient, with benefit defined from the broader perspective.

Major Issues in Planning Treatment

Once a patient's orthodontic problems have been identified
and prioritized, three issues must be faced as treatment
planning begins: (1) the complexity of the treatment that
would be required, (2) the predictability of success with a
given treatment approach, and (3) the patient's (and
parents') goals and desires. Considering these briefly in turn:

Complexity of Treatment

The complexity of the treatment that would be required
affects treatment planning especially in the context of who
should do the treatment. In orthodontics as in all areas of
dentistry, it makes sense that the less complex cases would
be selected for treatment in general or family practice, while
the more complex cases would be referred to a specialist. In
family practice, an important issue is how you rationally
select patients for treatment or referral. A formal scheme is
presented below for separating patients most appropriate for
orthodontic treatment in family practice from those more
likely to require complex treatment.

Predictability of Treatment

If alternative methods of treatment are available—as usually
is the case—which one should be chosen? Data gradually are
accumulating to allow choices to be based on evidence of
outcomes rather than anecdotal reports and the claims of
advocates of particular approaches. The quality of evidence
for clinical decisions, and how to evaluate the data as evalu-
ations of treatment become available, are emphasized in
Chapter 8.

Patient Input

Finally but most important, treatment planning must be an
interactive process. No longer can the doctor decide, in a
paternalistic way, what is best for a patient. Both ethically
and practically, patients must be involved in the decision-
making process. Ethically, patients have the right to control
what happens to them in treatment—treatment is some-
thing done for them, not to them. Practically, the patient's
compliance is likely to be a critical issue in success or failure,
and there is little reason to select a mode of treatment that
the patient would not support. Informed consent, in its
modern form, requires the involvement of the patient in the
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treatment planning process. This is emphasized in the pro-
cedure for presenting treatment recommendations that is
presented below.

Orthodontic Triage: Distinguishing Moderate
From Complex Treatment Problems

For a patient with malocclusion, the first question is whether
orthodontic treatment is needed. If the answer is yes, the
second question, typically faced by the family dentist seeing
a child who needs orthodontic intervention now, is who
should do the treatment. Does this patient warrant referral
to a specialist?

In military and emergency medicine, triage is the process
used to separate casualties by the severity of their injuries.
Its purpose is twofold: to separate patients who can be
treated at the scene of the injury from those who need trans-
portation to specialized facilities, and to develop a sequence
for handling patients so that those most likely to benefit
from immediate treatment will be treated first. Since ortho-
dontic problems almost never are an emergency, the process
of sorting orthodontic problems by their severity is analo-
gous to triage in only one sense of the word. On the other
hand, it is very important for the primary care dentist to be
able to distinguish moderate from complex problems,
because this process determines which patients are appro-
priately treated within family practice and which are most
appropriately referred to a specialist.

As with all components of dental practice, a generalist's
decision of whether to include orthodontic treatment as a
component of his or her services is an individual one, best
based on experience and ability. The principle that the less
severe problems are handled within the context of general
practice and the more severe problems are referred should
remain the same, however, regardless of the practitioner's
interest in orthodontics. Only the cutoff points for treating
a patient in the general practice or referral should change.

This section presents a logical scheme for orthodontic
triage for children, to select children for referral on the basis
of the severity of their malocclusion and the likely complex-
ity of their evaluation and treatment. It is based on the diag-
nostic approach developed in Chapter 6 and incorporates
the principles of determining treatment need that are dis-
cussed above. An adequate database and a thorough problem
list, of course, are necessary to carry out the triage process.
A cephalometric radiograph is not required, but appropriate
dental radiographs are needed (usually, a panoramic film;
occasionally, bitewings supplemented with anterior occlusal
radiographs). A flow chart illustrating the steps in the triage
sequence accompanies this section.

Step 1: Syndromes and

Developmental Abnormalities

The first step in the triage process is to separate out patients
with facial syndromes and similarly complex problems
(Figure 7-3). From physical appearance, the medical and



CHAPTER 7 ORTHODONTIC TREATMENT PLANNING: FROM PROBLEM LIST TO SPECIFIC PLAN

ORTHODONTIC TRIAGE: CHILD
STEP 1

Severe Problems Moderate Problems

Complaint; Orthodontic Problem

@Diagnuslic process

DATA BASE

N
PROBLEM LIST

Unusual Facial Appearance

Analysis of full-face
proportions

Craniofacial deformity
Complete evaluation by o or
special team with syndrome

medical consultants

i

P.A. Ceph

History of trauma?

Excess or deficient growth?
-Comprehensive orthodontics
-Surgery required

=3%

Developmental status
>87%

«—— True facial asymmetry

H[CIV=MWE Orthodontic triage, Step 1.

dental histories, and an evaluation of developmental status,
nearly all such patients are easily recognized. Examples of
these disorders are cleft lip or palate, Treacher-Collins' syn-
drome, hemifacial microsomia, and Crouzon's syndrome
(see Chapter 3). The multidisciplinary treatment approach
now considered as the standard of care for these patients
should lead to their referral to a craniofacial team of spe-
cialists at a regional medical center for evaluation and treat-
ment. The American Cleft Palate Association publishes a
directory of these teams,® who now cover the whole spec-
trum of craniofacial problems, not just cleft palate.

A similar route of referral and medical evaluation is rec-
ommended for patients who appear to be developing either
above the 97th or below the third percentiles on standard
growth charts. Growth disorders may demand that any
orthodontic treatment be carried out in conjunction with
endocrine, nutritional, or psychological therapy. For these
patients and those with diseases that affect growth, such as
juvenile rheumatoid arthritis, the proper orthodontic
therapy must be combined with identification and control
of the disease process.

Patients with significant skeletal asymmetry (not neces-
sarily those whose asymmetry results from only a functional
shift of the mandible) always fall into the severe problem cat-
egory (Figure 7-4). These patients could have a develop-
mental problem or the growth anomaly could be the result
of injury. They require evaluation including posteroanterior
and lateral cephalometric radiographs. Treatment is likely to
involve surgery in addition to comprehensive orthodontics.
Timing of intervention is affected by whether the cause of
the asymmetry is deficient or excessive growth (see Chapter
8), but early comprehensive evaluation is indicated even if
treatment ultimately is deferred.

Step 2: Facial Profile Analysis

(Figure 7-5)

Anteroposterior and Vertical Problems. Skeletal Class Il
and Class Il problems and vertical deformities of the long
face and short face types, regardless of their cause, require
thorough cephalometric evaluation to plan appropriate
treatment and must be considered complex problems
(Figure 7-6). As with asymmetry, early evaluation is
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indicated even iftreatment would be deferred, so early refer-
ral is appropriate. Issues in treatment planning for growth
modification are discussed in Chapter 8, and the appropri-
ate treatment techniques are described in Chapter 13.
Excessive Dental Protrusion or Retrusion. Severe
dental protrusion or retrusion, which also is a complex treat-

At age 8, this boy has a noticeable mandibular
asymmetry, with the chin several millimeters off to the left. A
problem ofthis type is likely to become progressively worse, and
is an indication for referral for comprehensive evaluation by a
facial deformities team. (From Proffit WR, White RP, Sarver DM.
Contemporary Treatment of Dentofacial Deformity. St. Louis:
Mosby; 2003.)
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ment problem, should be recognized during the facial profile
analysis. Excessive protrusion or retrusion of incisor teeth
often accompanies skeletal jaw discrepancies, and if protru-
sion is present in a patient who also has a skeletal problem,
this should be subordinated to the skeletal problem in plan-
ning treatment. It is also possible, however, for an individual
with good skeletal proportions to have protrusion of incisor
teeth rather than crowding (Figure 7-7). When this occurs,
the space analysis will show a small or nonexistent discrep-
ancy, because the incisor protrusion has compensated for the
potential crowding.

Excessive protrusion of incisors (bimaxillary protrusion,
not excessive overjet) usually is an indication for premolar
extraction and retraction of the protruding incisors. This is
complex and prolonged treatment. Because of the profile
changes produced by adolescent growth, it is better for most
children to defer extraction to correct protrusion until late
in the mixed dentition or early in the permanent dentition.
It is definitely an error to begin extraction early and then
allow the permanent molars to drift forward, because this
will make effective incisor retraction impossible. Techniques
for controlling the amount of incisor retraction are
described in Chapter 15.

Step 3: Dental Development
Unlike the more complex skeletal problems and problems
related to protruding incisors, problems involving dental
development usually need treatment as soon as they are dis-
covered, typically during the early mixed dentition, and
often can be handled in family practice (Figure 7-8).
Asymmetric Dental Development. Treatment for an
abnormal sequence of dental development should be
planned only after a careful determination of the underlying
cause. Asymmetric eruption (one side ahead of the other) is
significant if the difference is 6 months or more. Appropri-
ate treatment involves careful monitoring of the situation,
and in the absence of outright pathology, often requires

ORTHODONTIC TRIAGE: CHILD
STEP 2
Severe Problems Moderate Problems
Symmetric Face

@Facial profile analysis

A-P or vertical
Cephalometric analysis . ——  jaw discrepancies

-Growth modification?
-Extraction?

\ Excessive profrusion

or retrusion of incisors

Orthodontic triage, Step 2.
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RCEIVN=0WEN Patients with a skeletal problem of even moderate severity (A, Skeletal Class Il due to mandibular deficiency; B, Skele-
tal Class lll with a component of both maxillary deficiency and mandibular excess) can be picked up from examination of the profile.
A cephalometric radiograph is not necessary.

HEIVN=NWEM A, Bimaxillary dentoalveolar protrusion. Note the lip strain to bring the lips together over the teeth. The lips were sep-
arated at rest by the protruding incisors. B, C, Occlusal views. Note the spacing in the upper arch and very mild crowding in the lower
arch. For this girl, potential crowding ofthe teeth is expressed almost completely as protrusion.
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Severe Problems
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HIelVI=Wel Orthodontic triage, Step 3.

selective extraction of primary or permanent teeth. Early
intervention to promote more symmetric development of
the dental arches, as for example the early extraction of the
left mandibular primary canine after the right canine has
been lost prematurely, can circumvent the need for treating
a severe asymmetry problem at a later time (Figure 7-9), but
such a step must be taken only after careful consideration of
the total problem list for an individual patient.

A few patients with asymmetric dental development have
a history of childhood radiation therapy to the head and
neck. These patients often have extremes of delayed or asym-
metric dental development. Surgical and orthodontic treat-
ment for these patients must be planned and timed carefully
with their medical treatment providers and definitely falls
into the complex category.

Missing Permanent Teeth. A congenitally missing
permanent tooth is an actual (if the primary predecessor
is missing or lost) or potential (if the primary tooth is

still present) problem of arch asymmetry. The permanent
teeth most likely to be missing are the mandibular
second premolars and the maxillary lateral incisors, but
the treatment possibilities are the same whatever the
missing tooth: (1) maintenance of the primary tooth or
teeth; (2) replacement of the missing teeth prosthetically
or perhaps by transplantation or implant; (3) extraction
of the overlying primary teeth, and then allowing the
permanent teeth to drift; or (4) extraction of the primary
teeth followed by immediate orthodontic treatment. As with
other growth problems, early evaluation and planning is
essential, even if the decision is against aggressive treatment
at that time, so early referral is indicated. Making the correct
decision requires a careful assessment of facial profile,
incisor position, space requirements, and the status of the
primary teeth. Treatment of missing tooth problems in
mixed dentition children is discussed in more detail in
Chapter 12.
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HICIVIN=NWAN After early loss of the mandibular left primary
canine (almost surely because of root resorption as the left per-

manent lateral incisor erupted), the permanent incisors have
tipped toward the left side. As a general rule, when one mandibu-
lar primary canine is lost early for any reason, intervention by the
dentist is needed to maintain symmetry within the arch. (The
KISS rule can also be expressed for orthodontic purposes as Keep
It Symmetric, Stupid.)

For all practical purposes, ankylosed permanent teeth at
an early age or teeth that fail to erupt for other reasons (like
primary failure of eruption) fall into the same category as
missing teeth. These severe problems often require a combi-
nation of surgery and orthodontics, if indeed the condition
can be treated satisfactorily at all. Usually there is little choice
but to extract the affected teeth, and then the choices are
orthodontic space closure (if enough alveolar bone exists to
allow it) or prosthetic replacement (more likely).

Supernumerary Teeth. Ninety percent of all supernu-
merary teeth are found in the anterior part of the maxilla
(see Figure 5-13). Multiple or inverted supernumeraries and
those that are malformed often displace adjacent teeth or
cause problems in eruption. The presence of multiple super-
numerary teeth indicates a complex problem and perhaps a
syndrome or congenital abnormality like cleidocranial dys-
plasia. Early removal is indicated, but this must be done care-
fully to minimize damage to adjacent teeth. If the permanent
teeth have been displaced, surgical exposure, adjunctive peri-
odontal surgery, and possibly mechanical traction are likely
to be required to bring them into the arch after the super-
numerary has been removed.

Single supernumeraries that are not malformed often
erupt spontaneously, causing crowding problems. If these
teeth can be removed before they cause distortions of arch
form, or if the supernumerary tooth erupts outside the line
of the arch, extraction may be all that is needed. Similarly, if
an unusually large tooth (usually, a maxillary lateral incisor
or mandibular second premolar) can be reduced in size
before its presence causes displacement of other teeth, reduc-
tion of enamel may be all that is required.
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Other Eruption Problems. Ectopic eruption often leads
to early loss of a primary tooth, but in severe cases resorp-
tion of permanent teeth can result. Orthodontic reposition-
ing of the ectopically erupting tooth may be indicated. A
dramatic variation of ectopic eruption is transposition of
teeth. Early intervention can reduce the extent to which teeth
are malpositioned. These severe problems often require
a combination of surgery and orthodontics and may be
genetically linked to other anomalies.

Step 4: Space Problems?

Orthodontic problems in a child with good facial propor-
tions must involve crowding, irregularity, or malposition of
the teeth (Figure 7-10). At this stage, regardless of whether
crowding is apparent, the results of space analysis are essen-
tial for planning treatment. The presence or absence of ade-
quate space for the teeth must be taken into account when
other treatment is planned.

In interpreting the results of space analysis for patients of
any age, remember that if space to align the teeth is inade-
quate, either of two conditions may develop. One possibility
is for the incisor teeth to remain upright and well positioned
over the basal bone of the maxilla or mandible, and then
rotate or tip labially or lingually. In this instance, the poten-
tial crowding is expressed as actual crowding and is difficult
to miss (Figure 7-11). The other possibility, however, is for
the crowded teeth to align themselves completely or partially
at the expense ofthe lips, displacing the lips forward and sep-
arating them at rest (see Figure 7-7). Even if the space dis-
crepancy and therefore the potential crowding are extreme,
the teeth can always align themselves at the expense of the
lip, interfering with lip closure. This must be detected on
profile examination. If there is already a degree of protru-
sion in addition to the crowding, it is safe to presume that
the natural limits of anterior displacement of incisors have
been reached.

Space discrepancies of 5mm or more, with or without
incisor protrusion, or discrepancies smaller than 4 mm in the
presence of incisor protrusion, constitute complex treatment
problems. Depending on the circumstances, the appropriate
response to space deficiencies of 4 mm or less can be treat-
ment to regain lost space after early loss of a primary molar
or ectopic eruption, management of transitional crowding
and repositioning of the permanent incisors during the
mixed dentition, or deferral of treatment until adolescence.
Treatment planning for these moderate problems is outlined
below in the preadolescent section of this chapter.

Step 5: Other Occlusal Discrepancies

Whether other problems of dental alignment and occlusion
should be classified as moderate or severe is determined for
most children by the facial form and space analysis results
(Figure 7-12). A skeletal posterior crossbite, revealed by a
narrow palatal vault, is a severe problem, but a dental poste-
rior crossbite falls into the moderate category if no other
complicating factors (like severe crowding) are present. In a
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skeletal posterior crossbite, it is possible to widen the maxilla
itself by opening the midpalatal suture, provided the patient
is young enough to allow suture opening. This topic is dis-
cussed further in Chapter 8. Ifthe crossbite is caused by max-
illary posterior teeth that are tipped lingually, it is possible
to tip the teeth outward into proper position with a variety
of simple appliances (see Chapter 12).

Anterior crossbite usually reflects a jaw discrepancy but
can arise by lingual tipping of the incisors as they erupt.
Treatment planning for the use of removable versus fixed
appliances to correct these simple crossbites is discussed later
under mixed dentition treatment. Excessive overjet, with the
upper incisors flared and spaced, often reflects a skeletal
problem but also can develop in patients with good jaw pro-
portions. If adequate vertical clearance is present, the teeth
can be tipped lingually and brought together with a simple
removable appliance when the child is at almost any age. If
a deep overbite is present, however, the protruding maxillary
incisors can be retracted only if adequate vertical clearance
is provided. Remember that deep overbite may reflect a

skeletal vertical problem even if anteroposterior facial pro-
portions are normal. Even if skeletal vertical also is normal,
mixed dentition treatment usually involves placing a fixed
orthodontic appliance on both maxillary and mandibular
incisors and can rapidly become complex.

Anterior open bite in a young child with good facial pro-
portions usually needs no treatment, because there is a good
chance of spontaneous correction, especially if the open bite
is related to an oral habit like finger sucking. A complex open
bite (one with skeletal involvement or posterior manifesta-
tions), or any open bite in an older patient, is a severe
problem, as is deep bite at all ages.

Traumatically displaced incisors pose a special problem
because of the risk of ankylosis after healing occurs. Imme-
diate treatment is needed, and the long-term prognosis must
be guarded. Treatment planning after trauma is discussed
later in the preadolescent section of this chapter.

This triage scheme is oriented toward helping the family
practitioner decide which children with orthodontic prob-
lems to treat and which to refer. A triage scheme to help dis-
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In some patients, as in this individual (A), potential crowding is expressed completely as actual crowding (B, C) with
no compensation in the form of dental and lip protrusion. In others (see Figure 7-7), potential crowding is expressed as protrusion.
The teeth end up in a position of equilibrium between the tongue and lip forces against them (see Chapter 5).

tinguish moderate from severe orthodontic problems in
adults is presented in Chapter 18.

Now let's review treatment planning for children with
moderate problems, those selected for treatment in family
practice using the triage scheme. Treatment planning for
these non-skeletal problems is discussed in this section, and
treatment procedures are described in Chapter 12.

PLANNING TREATMENT FOR
MODERATE PROBLEMS

Space Problems

Missing Primary Teeth With Adequate Space:

Space Maintenance

If a primary first or second molar is missing, if there will be
more than a 6-month delay before the permanent premolar
erupts, and ifthere is adequate space (because there has been
no space loss or because space regaining has been com-
pleted) (see later in this section); then space maintenance is
needed. Otherwise the space is likely to close spontaneously
before the premolar can come into position.

Although space maintenance can be done with either
fixed or removable appliances, fixed appliances are preferred
in most situations because they eliminate the factor of
patient cooperation. If the space is unilateral, it can be
managed by a unilateral fixed appliance (Figure 7-13). If

molars on both sides have been lost and the lateral incisors
have erupted, it is usually better to place a lingual arch rather
than two unilateral appliances.

Early loss of a single primary canine in the mixed denti-
tion requires space maintenance or extraction of the con-
tralateral tooth to eliminate midline changes and the loss of
arch symmetry (see Figure 7-9). In this circumstance, arch
length shortens as the incisor teeth drift distally and lin-
gually. If the contralateral canine is extracted, a lingual arch
space maintainer may still be needed to prevent lingual
movement of the incisors.

Localized Space Loss (3mm or less):

Space Regaining

Potential space problems can be created by drift of perma-
nent incisors or molars after premature extraction of
primary canines or molars. In children who meet the crite-
ria for moderate problems (i.e., no skeletal or dentofacial
involvement), lost space can be regained by repositioning the
teeth that have drifted. Then, after the space discrepancy has
been reduced to zero, a space maintainer is necessary to
prevent further drift and space loss until the succedaneous
teeth have erupted. A space maintainer alone is not adequate
treatment for a space deficiency.

Space regaining is most likely to be needed when primary
maxillary or mandibular second molars have been lost pre-
maturely because of decay (Figure 7-14) or, less frequently,
because of ectopic eruption of the permanent first molar.
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SV AKI Space maintenance after early loss of a second primary molar. A, Band and loop space maintainer at age 8; B, Same
patient, age 11; C, Same patient, age 12.

N
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SIS After early loss of a primary second molar,

mesial drift of the permanent first molar nearly always occurs
rapidly, as in this child.

The permanent first molar usually migrates mesially quite
rapidly when the primary second molar has been lost, and
in the extreme case may totally close the primary second
molar extraction site. If the primary second molar has been
lost prematurely in a single quadrant, up to 3 mm of space
may be regained by tipping the molar back distally. If space
loss is bilateral, the limit of space regaining is 5-6 mm for the
total arch.

Space regaining also may be indicated after early loss of
one mandibular primary canine, because space tends to close
as the incisors drift lingually and toward the affected side
(see Figure 7-9). Asymmetric activation of a lower lingual
arch is one approach. Loss ofa primary canine usually occurs
because of root resorption caused by erupting lateral inci-
sors without enough space, so it is important to be aware of
the overall space deficiency, which should not exceed 4 mm.

Techniques for using space regaining appliances are pre-
sented in Chapter 12.

Generalized Moderate Crowding

A child with a generalized arch length discrepancy of 2-4 mm
and no prematurely missing primary teeth can be expected
to have moderately crowded incisors. Unless the incisors are
severely protrusive, the long-term plan would be generalized
expansion of the arch to align the teeth. The major advan-
tage of doing this in the mixed dentition is esthetic, and the
benefit is largely for the parents, not the child.

If the parents strongly desire early treatment for moder-
ate crowding, in the mandibular arch an adjustable lingual
arch is the appliance of choice for simple expansion. In the
maxilla, either a removable or fixed appliance can be
employed. Keep in mind that rotated incisors usually will not
correct spontaneously even if space is provided, so early cor-
rection would require bonded attachments for these teeth.

Other Tooth Displacements

Spaced and Flared Maxillary Incisors
In children with spaced and flared maxillary incisors who
have Class | molar relationships and good facial proportions,
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space analysis should show that the space available is exces-
sive rather than deficient. This condition often is found in
the mixed dentition after prolonged thumb-sucking and fre-
quently occurs in connection with some narrowing of the
maxillary arch. A thumb or finger habit should be eliminated
before attempting to retract the incisors. Physiologic adap-
tation to the space between the anterior teeth requires that
the tongue be placed in this area to seal off the gap for suc-
cessful swallowing and speech. This "tongue thrust" is not
the cause of the protrusion or open bite and should not be
the focus of therapy. If the teeth are retracted, the tongue
thrust will disappear.

If the upper incisors are flared forward and there is no
contact with the lower incisors, the protruding upper inci-
sors can be retracted quite satisfactorily with a removable
appliance (see Chapter 13). On the other hand, if there is a
deep overbite anteriorly, protruding upper incisor teeth
cannot be retracted until it is corrected. The lower incisors
biting against the lingual of the upper incisors prevents the
upper teeth from being moved lingually. Even if anteropos-
terior jaw relationships are Class |, a skeletal vertical problem
may be present, and complex treatment is likely to be
required.

Maxillary Midline Diastema

A maxillary midline diastema (Figure 7-15) can pose a
special management problem. Small spaces between the
maxillary incisors are normal before eruption of the maxil-
lary canines (see Chapter 4 and the discussion of the "ugly
duckling" stage of development). In the absence of deep
overbite, these spaces normally close spontaneously. If the
space between the maxillary central incisors is greater than
2mm, however, spontaneous closure is unlikely.4 Persistent
spacing between the incisors correlates with a cleft in the
alveolar process between the central incisors into which
fibers from the maxillary labial frenum insert. For larger
diastemas, it may be necessary to surgically remove the frenal
attachment to obtain a stable closure of the midline
diastema.

The best approach, however, is to do nothing until the
permanent canines erupt (unless crowding or the appear-
ance of the teeth becomes a major issue). If the diastema
does not close spontaneously at that time, an appliance can
be used to move the teeth together, and a frenectomy should
be considered then if there is excessive tissue bunched up in
the midline. Early frenectomy should be avoided.

Posterior Crossbite

Posterior crossbites in mixed dentition children usually
result from a narrowing of the maxillary arch and are often
observed in children who have had prolonged sucking
habits. If the child shifts on closure or the constriction is
severe enough to significantly reduce space within the arch,
early correction is indicated. If not, especially if other prob-
lems suggest that comprehensive orthodontics will be
needed later, treatment can be deferred until adolescence.
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A diastema between the maxillary central incisors often is present when these teeth first erupt, and closes or reduces
in size as the permanent canines erupt. A, Age 8 and (B) age 12 in a girl with a developing Class Ill problem who had no treatment
during this period. Note the change in inclination of the central incisors and closure of the diastema. For a diastema of more than 2
mm, which is unlikely to completely close spontaneously, surgical removal of excessive tissue between the teeth may be needed. The
preferred treatment approach is to move the teeth together at about the time the permanent canines are erupting and decide about
frenum surgery at that point. C, A diastema ofthis severity in an older patient will require surgery to reposition the frenum. This surgery
is most effective if done after the teeth have been brought together so they can be held together while healing occurs.

Both removable and fixed appliances can be effective in
correcting posterior crosshites. Whether a fixed or removable
appliance is used, the maxillary arch should be slightly over-
expanded and then held passively in this overexpanded
position for approximately 3 months before the appliance
is removed. Techniques for both removable and fixed
appliances to expand the maxillary arch are illustrated in
Chapter 12.

Anterior Crossbite

Anterior crossbite, particularly crossbite of all the incisors, is
rarely found in children who do not have a skeletal Class |1
jaw relationship. A crossbite relationship of one or two ante-
rior teeth, however, may develop in a child who has good
facial proportions. The maxillary lateral incisors tend to
erupt to the lingual and may be trapped in that location,
especially if there is not enough space (Figure 7-16). In
this situation, extracting the adjacent primary canine
prior to complete eruption of the lateral incisor usually
leads to spontaneous correction of the crossbite. Lingually
positioned incisors limit lateral jaw movements and they or
their mandibular counterparts sometimes suffer significant

incisal abrasion, so early correction of the crossbite is
indicated.

It is important to evaluate the space situation before
attempting to correct any anterior crosshite. The prognosis
for successfully pushing a 7 mm maxillary lateral incisor into
a 4 mm space is not good. Frequently, even if there is enough
space overall within the arch, it is necessary to remove the
maxillary primary canines prematurely to bring lateral inci-
sors out of crossbite. If enough space is available, a maxillary
removable appliance to tip the upper incisor(s) facially is
usually the best mechanism to correct a simple anterior
crossbhite. Rotational changes and bodily movement are not
effectively produced by removable appliances and require
fixed appliance therapy.

Anterior Open Bite

A simple anterior open bite is one that is limited to the ante-
rior region in a child with good facial proportions. The
major cause of such an open bite is prolonged thumb-
sucking, and the most important step in obtaining correc-
tion is to stop sucking habits if they are present. For this
purpose, behavior modification techniques are appropriate.
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In a child with a narrow maxillary arch, inter-
ferences on initial contact of the incisors (A) often lead to a shift
laterally and anteriorly (B) that leaves one incisor in crossbite. It
is better to correct the shift before an erupting permanent incisor
is trapped in a lingual position. Often relieving premature con-
tacts on the primary canines is all that is required.

Several approaches are possible (see Chapter 12). When the
sucking habit stops, the open bite usually gradually closes
without the need for intra-oral appliances (Figure 7-17).

If an intra-oral appliance is needed, the preferred method
is a maxillary lingual arch with an anterior crib device,
making it extremely difficult for the child to place the thumb
or other object in the mouth (Figure 7-17, E). It is impor-
tant to present such a device to the child as an aid, not as a
punishment, and to provide psychological support to help
him or her adjust to it.

In about half of the children for whom such a crib is
made, thumb-sucking stops immediately and the anterior
open bite usually begins to close relatively rapidly thereafter.
In the remaining children, thumb-sucking persists for a few
weeks, but the crib device is eventually effective in extin-
guishing thumb-sucking in 85% to 90% of patients.® It is a
good idea to leave the crib in place for 6 months after the
habit has apparently been eliminated. Further details on
fabrication and use of this appliance are provided in
Chapter 12.
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Over-Retained Primary Teeth and Ectopic Eruption

The eruption of a permanent tooth can be delayed if its
primary predecessor is retained too long. When this
happens, the obvious treatment is to remove the primary
tooth. As a general guideline, a permanent tooth should
erupt when approximately three-fourths of its root is com-
pleted. If root formation of the permanent successor has
reached this point while a primary tooth still has consider-
able root remaining, the primary tooth should be extracted.
This problem is most likely to arise when the permanent
tooth bud is slightly displaced away from its primary pred-
ecessor (as in the canine ectopic eruption problems dis-
cussed next). In some children, the pace of resorption of the
primary teeth is slow, for whatever reason, and occasionally
almost all the primary teeth have to be removed to allow
timely eruption of their permanent successors.

If a primary tooth is removed quite prematurely, a layer
of relatively dense bone and soft tissue may form over the
unerupted permanent tooth (see Figures 7-13 and 7-14).
This usually delays but does not prevent the eruption of the
permanent tooth, and intervention is rarely indicated. If
eruption of a permanent tooth has been delayed until its root
formation is complete, it may still erupt on its own and
should be given a chance to do so. It may be necessary,
however, to place an attachment on it and gently pull it into
the arch (Figure 7-18).

The eruption of permanent molars and canines can be
delayed by malposition of the permanent tooth (ectopic
eruption). The most common site is the maxillary molar
region, where the second primary molar blocks the first per-
manent molar and suffers root resorption in the process
(Figure 7-19).° If the permanent molar does not self-correct
(often it does), it should be repositioned as described in
Chapter 12 or, if all else fails, the primary molar extracted.
If the primary molar is extracted, rapid space loss will result
in a need for space regaining or premolar extraction.

Ectopic eruption of maxillary canines, which occurs rel-
atively frequently, can permanently damage the roots of
lateral incisors (Figure 7-20). The abnormal eruption path
may also leave the unerupted canine in a lingual position
nearer the midline than normal. It is much easier to prevent
these problems than to correct them later. Research has
shown that extracting the maxillary primary canines when
radiographs disclose that the permanent canines are over-
lapping the permanent lateral incisor roots is likely to have
a positive influence on the permanent tooth's eruption path
(although the more the overlap, the less the chance of even-
tual normal eruption).”

Adjunctive Treatment for Adults. A triage scheme for
adults, and the treatment of moderate problems selected
from its use, are discussed in Chapter 18. For these patients,
orthodontic treatment almost always is an adjunct to treat-
ment for other problems. Adjunctive orthodontic treatment
is often within the scope of general dental practice and can
be of considerable importance in the management of adults
with periodontal disease and restorative needs.
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A to D, Photos at 1-year intervals of a child who stopped sucking his thumb at the time the first photo was taken.
Gradual closure ofthe open bite, without a need for further intervention, usually occurs in patients with normal facial proportions after
habits stop. E, Ifa sucking habit persists, a crib ofthis type can be used to help extinguish the habit. A crib is most effective in a child
who wants to stop the thumb- or finger-sucking and accepts the crib as a reminder not to do so.

PLANNING COMPREHENSIVE
ORTHODONTIC TREATMENT

Steps in _Planning Complex Treatment

Diagnosis results in a comprehensive list of the patient's
problems. Although any number of pathologic problems
might be noted, if the five characteristics of malocclusion are
used to structure the problem list, there can be a maximum
of five major developmental problems. Most patients will

not have that many. As the problem list is developed, the
findings related to malocclusion can and should be grouped
as the classification scheme suggests, to make the treatment
planning process work efficiently. Having too many overlap-
ping problems on the problem list only creates confusion.

The goal of treatment is to deal with the problems in a
way that creates maximum benefit to the patient—not just
to straighten the teeth. Using a logical sequence of steps on
the way from the problem list to the final plan, keeping this
goal in mind, is strongly recommended. The steps are (see
Figure 7-1):
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SCV=WAEN A, Extreme displacement of the maxillary left second premolar at age 13, after long-term ankylosis of the secondary

primary molar. Note the space loss as the first molar has tipped mesially over the extraction of the ankylosed primary molar. B, The

upper left second molar has been extracted to allow the first molar to be moved distally, opening space for the premolar now erupting;
C, Second premolar in place at age 15, despite the root dilaceration.

BCV=WAICN Ectopic eruption of the permanent first

molar produces resorption of the distal root of the primary
second molar. This occurs much more frequently in the
upper arch but can happen in the lower arch.
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When maxillary canines erupt mesial to the roots of the primary canines, as often occurs, there is a risk of damage
to the lateral incisors. Early extraction ofthe primary canines is recommended when the permanent canines are mesial to the midline
of the primary canine crowns. A, Age 8 and (B) age 12 in a child who had no intervention until the erupting canines had severely damaged
the lateral incisors. C, Age 8 and (D) age 10 in a child in whom mesial movement ofthe permanent canines continued and led to severe
damage. E, Age 9, mesial position of canines that indicates early extraction ofthe primary canines. F, Age n in same patient, showing

reasonably normal eruption of the canines without damage to the lateral incisors, after the early extraction of the primary canines.
(A-D, Courtesy Dr. K. Lieberman.)

1. Separation of pathologic from developmental (ortho-

Consideration of possible solutions to each problem, with
dontic) problems

each problem evaluated for the moment as if it were the
2. Prioritization of the items on the orthodontic problem only problem the patient had
list, so that the most important problem receives highest

Evaluation of the interactions among possible solutions
priority for treatment

to the individual problems
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Box 7-1

PATIENT F.P.: PROBLEM LIST (DIAGNOSIS)

In the order they appeared in the evaluation sequence
+ Mild gingivitis, mild gingival overgrowth

» Hypoplastic area maxillary left premolar

* Mandibular deficiency

* Maxillary incisors tipped lingually, short crowns

* Moderate maxillary incisor crowding

» Class Il buccal segments, minimal overjet

« Deep bite, excessive eruption mandibular incisors

5. Development of alternative treatment approaches, with
consideration of benefits to the patient vs. risks, costs, and
complexity

6. Determination of a final treatment concept, with input
from the patient and parent, and

7. Selection of the specific therapeutic approach (appliance
design, mechanotherapy) to be used.

Interaction with the patient is required to develop the
plan in this way and to obtain true consent for treatment.
Let us now consider this sequence, and the logic behind it,
in some detail.

Pathologic versus Developmental Problems

An important principle is that a patient does not have to be
in perfect health to have orthodontic treatment, but any
problems related to disease and pathology must be under
control (i.e., the progression of any acute or chronic condi-
tions must be stopped). For this reason, pathologic problems
must be addressed before treatment of orthodontic (devel-
opmental) problems can begin. Thus in a treatment
sequence, orthodontic treatment must appear after control
of systemic disease, periodontal treatment (at least to the
extent of bringing periodontal disease under control), and
restoration of dental lesions. The sequencing of orthodon-
tics with other types of treatment and the implications of
certain types of systemic and oral pathology are discussed in
Chapter 8. Multi-disciplinary treatment of adults with
complex problems is illustrated in Chapters 18 and 19.

Let us continue with treatment planning for the patient
whose initial records, diagnostic evaluation and develop-
ment of a problem list are illustrated at the end of Chapter
6 (see Figures 6-71 to 6-74). Her problem list, which is the
diagnosis, is repeated here in Box 7-1.

The first step in treatment planning is to separate patho-
logic from developmental (orthodontic) problems. Even
when pathologic problems are as mild as those for this girl,
they must not be overlooked in the treatment plan. For this
patient (Box 7-2), the plan for the pathologic problems
would be oral hygiene instruction, monitoring of the hyper-
plastic gingiva during orthodontic treatment and scheduling
gingival surgery toward the end of treatment if it is needed,

ORTHODONTIC TREATMENT PLANNING: FROM PROBLEM LIST TO SPECIFIC PLAN

Box 7-2

PATIENT F.P.. PATHOLOGIC PROBLEMS/PLAN

+ Mild gingivitis
Hygiene instruction

* Hypoplastic area, upper left first premolar
Restore at end of orthodontic treatment

Box 7-3

PATIENT F.P.: PRIORITIZED PROBLEM LIST

Tentative: awaiting parent/patient interaction

+ Malaligned and unesthetic maxillary incisors

» Skeletal Class Il, excess overjet—mandibular deficiency

* Anterior deep bite—excessive eruption of mandibular
incisors

and restoration of the hypoplastic premolar after orthodon-
tics is completed. For patients with more complex disease-
related problems, the plan often is appropriate referral to
another practitioner, which must be done in a timely
manner.

Setting Priorities for the Orthodontic
Problem List

Putting the patient's orthodontic (developmental) problems
in priority order is the most important single step in the
entire treatment planning process. In order to maximize
benefit to the patient, the most important problems must be
identified, and the treatment plan must focus on what is
most important for that particular patient. The patient's per-
ception of his or her condition is important in setting these
priorities. For example, if a patient's major reason for seeking
dental treatment is protruding and irregular incisors, this
condition probably should receive higher priority than
missing molar teeth needing prosthetic replacement. On the
other hand, if the protruding and irregular incisors are no
problem to the patient but difficulty in chewing is, replacing
the missing teeth should receive higher priority.

It is always difficult for the clinician to avoid imposing his
or her own feelings at this stage, and it is not totally inap-
propriate to do so; but ignoring the patient's chief complaint
can lead to serious errors in planning treatment. For
instance, consider the patient who complains of a protrud-
ing chin and who has a Class Il malocclusion. If the clini-
cian formulates the problem as Class IlII malocclusion and
concentrates on bringing the teeth into correct occlusion
while ignoring the chin, it is not likely that the patient will
be happy with the treatment result. The plan did not deal
with the patient's problem.

The prioritized problem list for the patient whose case we
are following is shown in Box 7-3. Note that on the priori-
tized list, the most important problem is not exactly what
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Box 7-4

PATIENT F.P.: POSSIBLE SOLUTIONS

Malaligned and unesthetic maxillary incisors

« Align, lingual root torque, reduce overjet and overbite

» Remove excess gingiva?

Skeletal Class Il

Growth modification: Differential forward growth of mandible

» Headgear?

* Herbst appliance?

« If unfavorable growth: Orthodontic camouflage? Orthog-
nathic surgery??

Anterior deep bite

+ Absolute intrusion: If needed, only for lower incisors

» Relative intrusion: Allow lower molar eruption as mandible
grows vertically, prevent further lower incisor eruption

the patient and her parents identified as their chief com-
plaint. Her mandibular deficiency is a key element in making
the upper incisors unattractive, and that must be recognized
at the planning stage. The doctor does not have to agree with
the patient's initial thoughts as to what is most important.
Indeed, as in this case, often it is necessary to educate the
patient about the nature of the problems. But the impor-
tance of various problems must be discussed, and informed
consent to treatment has not been obtained unless the
patient agrees that the focus of the plan is what he or she
wants (see below).

Treatment Possibilities

The next step in the planning process is to list the possibili-
ties for treatment of each of the problems, beginning with
the highest priority problem. At this stage each problem is
considered individually, and for the moment the possible
solutions are examined as if this problem were the only one
the patient had. Broad possibilities, not details of treatment
procedures, are what is sought at this stage. The more
complex the total situation, the more important it is to be
sure no possibilities are overlooked.

Possible solutions to our example patient's problems are
shown in Box 7-4. As we continue to develop her treatment
plan, references to aspects of treatment that have not yet
been presented in the text are inevitable. The first-time
reader is urged to follow the logic rather than concentrate
on details that will be discussed more fully in the following
chapters.

Consider the possible solutions to this patient's most
important problem, the appearance of the maxillary incisors
and unattractive smile. Correcting this will require align-
ment of the teeth, but proper anterior tooth relationships
cannot be achieved until overjet is reduced and the deep bite
is corrected. The best solution to the first problem, therefore,
can be determined only after the impact of possible solutions
to overjet and overbite have been considered.

DIAGNOSIS AND TREATMENT PLANNING

There are three ways that the Class Il jaw relationship and
overjet can be treated (Figure 7-21): (1) differential forward
growth of the mandible, which is ideal if it can be achieved;
(2) orthodontic camouflage, retracting the maxillary incisors
and proclining the mandibular incisors to make the teeth fit
even though the jaws do not; and (3) orthognathic surgery
to correct the jaw position. Since our patient has not yet
reached the adolescent growth spurt, growth modification
would be the primary possibility, with camouflage and
surgery as possibilities if growth modification did not
succeed.

Class Il growth modification can be done in several ways,
which are discussed in detail in Chapter 8. For the patient
whose work-up we have been following, differential forward
growth of the mandible, while maintaining vertical control
of the maxillary posterior teeth and bringing the maxillary
incisors downward and facially, would increase the display of
the maxillary incisors and the prominence of the chin
(Figure 7-22). The two most effective ways to do that would
be high pull headgear or a fixed functional appliance like the
Herbst appliance. The functional appliance would be more
likely to move the lower incisors forward, which is undesir-
able for this patient, so headgear would be preferred if she
would agree to wear it.

There also are three ways to correct the anterior overbite
(Figure 7-23): (1) absolute intrusion of the upper and lower
incisors, moving their root apices closer to the nose and
lower border of the mandible respectively; (2) relative intru-
sion of the incisors, keeping them where they are while the
mandible grows and the posterior teeth erupt; and (3) extru-
sion of the posterior teeth, which would rotate the mandible
downward and backward. Relative intrusion of incisors and
extrusion of posterior teeth are identical in terms of the
tooth movement. The difference is whether vertical growth
of the ramus compensates for the increase in molar height
(i.e., whether the mandibular plane angle is maintained [rel-
ative intrusion] or increases as the mandible rotates down-
ward and backward [extrusion]).

In an immature 12-year-old like our patient, vertical
growth can be expected, so relative intrusion would be the
preferred approach. It is significant that in the absence of
growth, leveling the arches by extrusion of posterior teeth
would cause the mandible to rotate downward and back-
ward, accentuating a Class Il tendency (Figure 7-24), which
would be highly undesirable for this patient. Controlling the
vertical position of the maxillary posterior teeth, so that the
vertical space between the jaws created by growth could be
used largely for elongation of the lower molars, would facil-
itate leveling by relative intrusion. So the high pull headgear
that appears to be the best approach to the skeletal Class Il
problem also would facilitate correction of the deep bite, if
used along with a fixed appliance to level the lower arch.

Often, the same problem list prioritized differently results
in a different treatment plan. For this patient, if the Class Il
malocclusion was considered the most important problem
and the relationship of the upper incisors to the lip and
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The possibilities for correction of a skeletal Class Il problem include the following: A, Differential forward growth of
the mandible, which is the ideal method ifthe patient has not yet gone through the adolescent growth spurt; B, Camouflage by retrac-
tion of the maxillary incisors, which can be quite successful if the other facial features allow it; and C, Orthognathic surgery to move
the mandible forward to a normal relationship. In the absence of growth, camouflage and surgery are the only possibilities.

gingiva was not considered important, Class Il camouflage
might be chosen as the most efficient approach to treatment.
Class |l elastics, with or without premolar extraction, would
correct the malocclusion but might harm rather than
enhance the dental and facial appearance.

The objective at this stage of treatment planning is to be
sure that no reasonable possibilities are overlooked. It is easy
to develop the mindset that "For this problem, we always ..."
Sometimes an alternate approach would be better, but is
overlooked unless a conscious effort is made to keep an open



SECTION 111

DIAGNOSIS AND TREATMENT PLANNING

suripcal Movernents: Sarver Test

Computer predictions of growing patients often are inaccurate because of the difficulty of predicting growth, but

nevertheless can be used to help the patient and parents understand what is expected to occur. A, Patient F.P., cephalometric tracing
merged with facial profile image, using the Orthotrac imaging system; B, Prediction oftreatment with forward growth of the mandible
while the maxilla is held in place and the upper incisors tipped facially and elongated. An adolescent is more likely to cooperate with
treatment if he or she understands exactly what is desired and what the benefit would be—and images of changes in your own face are
easier to understand than word descriptions, pictures of a different patient, or other generalized educational materials.

mind. In this patient's case, if obtaining proper soft tissue
relationships to the upper incisors is not a priority in treat-
ment, an optimal result is unlikely.

Factors in Evaluating Treatment Possibilities

Four additional factors that are pertinent in evaluating treat-
ment possibilities now must be considered:

Interaction Among Possible Solutions

The interaction among possible solutions to the patient's
various problems is much easier to see when the possibili-
ties are listed as described above. As in the case of the girl
above, it will be clear for nearly every patient that some pos-
sible solutions to a high-priority problem would also solve
other problems, while others would not and might even
make other things worse.

Consider the opposite situation to our example patient, a
patient with an anterior open bite (see Figure 7-24). Often
this problem is due, not to decreased eruption of incisors,
but to excessive eruption of posterior teeth and downward-
backward rotation of the mandible. If so, using vertical elas-
tics to elongate the anterior teeth is not a solution. Treatment
should be aimed at depressing the elongated posterior teeth,
or preventing them from erupting further while everything
else grows (relative intrusion). This would allow the
mandible to rotate upward, bringing the incisor teeth

together. But if the mandible rotates upward, it also will
come forward—which would be good if the patient had a
skeletal Class Il malocclusion to begin with but bad if the
malocclusion was Class | or Class II1.

Another important interaction, which also came into play
in the case example, is the relationship between incisor
prominence and facial appearance, especially on smile. If the
teeth are crowded, is expansion of the arches indicated to
gain the space needed to align them? That depends on the
relationship of the teeth to their soft tissue environment. In
developing the treatment plan, it is necessary to plan the final
position of the incisors and then determine what is needed
in order to put them in the desired position. Quantifying the
extent of the crowding does not tell you what to do about it.
You have to look at the effect of the possible treatments on
the patient's appearance.

Compromise
In patients with many problems, it may not be possible to
solve them all. This type of compromise has nothing to do
with the clinician's skill. In some cases, no plan of treatment
will solve all of the patient's problems. Then careful setting
of priorities from the problem list is particularly important.
In a broad sense, the major goals of orthodontic treat-
ment are ideal occlusion, ideal facial esthetics, and ideal sta-
bility of result. Often it is impossible to maximize all three.
In fact, attempts to achieve an absolutely ideal dental occlu-
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1. Absolute
intrusion

f 2. Relative intrusion
(growth required)

3. Extrusion

H[elV[:=MWecl There are three possible ways to level out a

lower arch with an excessive curve of Spee: (I) absolute intru-
sion; (2) relative intrusion, achieved by preventing eruption of
the incisors while growth provides vertical space into which the
posterior teeth erupt; and (3) elongation of posterior teeth, which
causes the mandible to rotate downward in the absence of
growth. Note that the difference between (2) and (3) is whether
the mandible rotates downward and backward, which is deter-
mined by whether the mandibular ramus grows longer while the
tooth movement is occurring.
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sion, especially if this is taken to prohibit extractions, can
diminish both facial esthetics and stability after treatment.
In the same way, efforts to achieve the most stable result
after orthodontic treatment may result in less than optimal
occlusion and facial esthetics, and positioning the teeth to
produce ideal facial esthetics may detract from occlusion and
stability.

One way to avoid having to face compromises ofthis type,
of course, is to emphasize one of the goals at the expense of
the others. In the early twentieth century, Edward Angle, the
father of modern orthodontics, solved this problem by
focusing solely on the occlusion and declaring that facial
esthetics and stability would take care of themselves. Unfor-
tunately, they did not. Echoes of Angle's position are encoun-
tered occasionally even now, particularly among dentists
strongly committed to avoiding extraction at all costs.

As important as dental occlusion is, it is not the most
important consideration for all patients. Sometimes ideal
occlusion must be altered, by extraction or otherwise, to gain
acceptable esthetics and stability. Adjustments in the other
goals also may be needed. It is quite possible that placing the
teeth for optimal facial esthetics may require permanent
retention because they are not stable in that position, or
alternatively, that placing the teeth in a position of maximum
stability is likely to make the facial appearance worse, not
better.

If various elements of a treatment plan are incompatible,
benefit to the patient is greatest if any necessary compro-
mises are made so that the patient's most important prob-
lems are solved, while less important problems are deferred
or left untreated. If all of the three major goals of ortho-
dontic treatment cannot be reached, those of greatest impor-
tance to that patient should be favored. Doing this
successfully requires judgment and thought on the part of
the clinician and input from the patient and parent. For our
example patient, would better stability of the result if the
incisors were retracted to correct the excess over jet be worth
the negative impact on the facial appearance? Given her chief
complaint, almost certainly not.

Cost-Risk/Benefit Analysis

Practical considerations related to the difficulty of various
treatment procedures compared with the benefit to be
gained from them also must be considered in evaluating
treatment possibilities. The difficulty should be considered
in both risk and cost to the patient (not just in money, but
also in cooperation, discomfort, aggravation, time, and other
factors that can be collectively labeled as the "burden of
treatment”). These must be contrasted to the probable
benefit from that procedure.

For instance, for a patient with anterior open bite, jaw
surgery to decrease face height has greater cost and risk than
elastics to elongate the incisors or occlusal reduction of the
posterior teeth, two other possibilities for correcting the bite
relationship. But if the simpler and less risky procedures
would provide little real benefit to the patient, while jaw
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There is a strong interaction between the vertical position of the maxilla and both the anteroposterior and vertical
positions ofthe mandible, because the mandible rotates backward as it moves downward (A) and forward as it moves upward (B). The
superimposition in A is the actual growth of this particular patient in whom excessive vertical growth of the maxilla and downward-
backward rotation of the mandible occurred. The superimposition in B shows what would happen if the maxilla were moved upward
(this would require surgery). Note that this would improve the apparent mandibular deficiency.

surgery would provide considerable benefit, the cost- Box 7-5
risk/benefit analysis might still favor the more difficult pro-
cedure. "Is it worth it?" is a question that must be answered
not only from the point of view of what is involved, but in TREATMENT POSSIBILITIES
terms of the benefit to the patient.

PATIENT F.P.: INTERACTION OF

« Repositioning the maxillary incisors for better appearance

will increase overjet and require greater use of the mechan-
Other Considerations ics for Class Il correction.

At this stage, it is important to take into account any perti-

Extrusive mechanics to correct the deep bite may lead to a

nent special considerations about the individual patient. more vertical growth direction for the mandible, compro-

Should the treatment time be minimized because of possi- mising the Class Il correction.

ble exacerbation of periodontal disease? Should treatment + Correcting the deep bite with any intrusion ofthe maxillary

options be left open as long as possible because of uncer- :nC|sors would compromise the smile arc, which is excel-
ent now.

tainty of the pattern of growth? Should visible orthodontic
appliances be avoided because of the patient's vanity, even if
it makes treatment more difficult? Such questions must be
addressed from the perspective of the individual patient.

Other Considerations in Planning Treatment

< Patient is immature, growth modification will be more effi-
cient if timed with growth spurt.

« Rotating the maxilla down anteriorly will improve incisor
possibilities and other important factors influencing the display and smile appearance.

treatment plan have been considered.

Rational answers can be obtained only when the treatment

For our example patient, interactions, thoughts about
necessary compromises, and other considerations (which in
her case are quite minor) are shown in Box 7-5. The infor-
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Box 7-6

PATIENT F.P.. OUTLINE OF CASE PRESENTATION

Goal: To appropriately involve the patient and parents in
the treatment decisions, which is necessary to obtain
informed consent. The points to be discussed (in this
sequence) are:

General and Oral Health

There are three minor problems with oral health:
Mild gingivitis: Better oral hygiene is required to prevent
damage to the teeth during orthodontic treatment
Hypoplastic area in first premolar: May require restoration in
the future, no treatment needed now

+ Overgrowth of maxillary gingiva: May require surgical removal
at the end of orthodontic treatment if it does not resolve
spontaneously

Orthodontic Problems

Appearance of upper incisors: Tipped back and not
aligned properly, which partially conceals their relative
protrusion

Lower jaw has not grown forward properly, which is the
reason the upper incisors appear to protrude

Overbite: Lower front teeth have erupted too much, into the
palate

Most Important Problem

Upper incisor protrusion and crowding (do you agree?)
This is largely due to lower jaw that has not grown as much
as the upper jaw

ORTHODONTIC TREATMENT PLANNING: FROM PROBLEM LIST TO SPECIFIC PLAN

Plan to Correct the Most Important Problem

* Restrain downward and forward growth of the upper jaw
during the adolescent growth spurt to maxilla so the
mandible can catch up

Requires favorable growth and cooperation

Correction of Other Problems

« Alignment of teeth and correction of bite
+ Requires braces on all the teeth
« Overgrowth of gums
May require surgery for correction later

Benefits from Treatment

« Improved facial and dental appearance
For an adult patient, this is the place to show computer image
predictions

+ More normal jaw movements and incisor function

Risks of Treatment

Discomfort after appliance adjustment
+ Decalcification if hygiene is inadequate
= Root resorption, especially maxillary incisors
Any other pertinent items
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