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The goal of the lesson:
1. To introduce history of development of plastic surgery, its modem tasks and possibilities. 

2. To analyze main indications and contraindications for reconstructive and esthetic surgery.

3. To introduce main types and methods of local pedicle flap surgery.

4. To analyze main options of surgery depending on character, location and size of the defect.

5. To describe the treatment of clefts.

The plan of the lesson:
1. Definition of the concept, brief historical essay on development of plastic surgery.

2. Aims and tasks of reconstructive surgery.

3. Indications and contraindications for surgery.

4. Principles of Z-plasty in restorative surgery of the face and neck.

5. Learn about reconstructive surgery of cleft lip and palate.

The comprehensive treatment of cleft lip and palate deformities requires thoughtful consideration of the anatomic complexities of the deformity and the delicate balance between intervention and growth.

Comprehensive and coordinated care from infancy through adolescence is essential in order to achieve an ideal outcome, and surgeons with formal training and experience in all of the phases of care must be actively involved in the planning and treatment. Specific goals of surgical care for children born with cleft lip and palate include the following:

• Normalized esthetic appearance of the lip and nose

• Intact primary and secondary palate

• Normal speech, language, and hearing

• Nasal airway patency

• Class I occlusion with normal masticatory function

• Good dental and periodontal health

• Normal psychosocial development

Successful management of the child born with a cleft lip and palate requires coordinated care provided by a number of different specialties including oral/maxillofacial surgery, otolaryngology, genetics/dysmorphology, speech/language pathology, orthodontics, prosthodontics, and others.4 In most cases care of patients with congenital clefts has become a subspecialty area of clinical practice within these different professions. In addition to surgery for cleft repair, treatment plans routinely involve multiple treatment interventions to achieve the above-stated goals. Because care is provided over the entire course of the child’s development, long-term followup is critical under the care of these different health care providers. The formation of interdisciplinary cleft palate teams has served two key objectives of successful cleft care: (1) coordinated care provided by all of the necessary disciplines, and (2) continuity of care with close interval followup of the patient throughout periods of active growth and ongoing stages of reconstruction.

The best outcomes are achieved when the team’s care is centered on the patient, family, and community rather than a particular surgeon, specialty, or hospital. The idea of having an objective team that does not revolve around the desires of one particular individual or discipline is sometimes impeded by competitive interactions between surgical specialties. Historic battles over surgical domains between surgical specialties and economic factors contribute to these conflicts and negatively affect the work of the team. Healthy team dynamic and optimal patient care are achieved when all members are active participants, when team protocols and referral patterns are equitable and based on the surgeons’ formal training and experience instead of specialty identity, and when the needs of the child are placed above the needs of the team. 
This chapter presents an overview of the concepts for reconstruction of the cleft lip and palate deformity. The surgical reconstruction of clefts requires that the surgeon undertaking this important work maintain a cognitive understanding of the complex malformation itself, the varied operative techniques employed, facial growth considerations, and the psychosocial health of the patient and family. The objectives of this chapter will be to present the overall staged reconstructive approach for repair of cleft lip and palate from infancy through the time of skeletal maturity, as well as a focused discussion of the specific surgical procedures involved in primary cleft lip and palate repair. 
Embryology
To understand the goals of lip and palate repair from an anatomic standpoint the cleft surgeon must have an appreciation for the failure of embryogenesis that results in clefting. There are critical points in the development of the fetus when the fusion of various prominences creates continuity and form to the lip, nose, and palate. Anomalies occur when the normal developmental process is disturbed between these components. Each of these prominences is made up of ectomesenchyme derived from neural crest tissue of the mesencephalon and rhombencephalon. Mesoderm is also present within these prominences as mesenchymal tissue. The prescribed destiny of each of these cells and tissues is controlled by various genes to alter the migration, development, and apoptosis and form the normal facial tissues of the fetus. At the molecular level there are many interdependent factors such as signal transduction, mechanical stress, and growth factor production that affect the development of these tissues. Currently only portions of this complex interplay of growth, development, and apoptosis are clear. 
At approximately 6 weeks of human embryologic development the median nasal prominence fuses with the lateral nasal prominences and maxillary prominences to form the base of the nose, nostrils, and upper lip. The confluence of these anterior components becomes the primary palate. When this mechanism fails, clefts of the lips and/or maxilla occur. At approximately 8 weeks the palatal shelves elevate and fuse with the septum to form the intact secondary palate. When one palatal shelf fails to fuse with the other components, then a unilateral cleft of the secondary palate occurs. If both of the palatal shelves fail to fuse with each other and the midline septum, then a bilateral cleft of the palate occurs. Fusion occurs when programmed cell death (apoptosis) occurs at the edges of the palatal shelves. The ectodermal component disintegrates and the mesenchyme fuses to form the intact palate. Soon after this the anterior primary palate fuses with the secondary palate and ossification occurs. At any point, if failure of fusion occurs with any of the above components, a cleft will occur of the primary and/or secondary palates. Clefts may be complete or incomplete based on the degree of this failure of fusion.
Genetics and Etiology
Clefts of the upper lip and palate are the most common major congenital craniofacial abnormality and are present in approximately 1 in 700 live births. Although inheritance may play a role, cleft lip and palate is not considered a single-gene disease. Instead clefts are thought to be of a multifactorial etiology with a number of potential contributing factors. These factors may include chemical exposures, radiation, maternal hypoxia, teratogenic drugs, nutritional deficiencies, physical obstruction, or genetic influences. 

One prevailing theory relates the process of clefting as a threshold in which multiple factors come together to raise the individual above a threshold at which time the mechanism of fusion fails. Recently multiple genes have been implicated in the etiology of clefting. Some of these genes include the MSX, LHX, goosecoid, and DLX genes. Additional disturbances in growth factors or their receptors that may be involved in the failure of fusion include fibroblast growth factor, transforming growth factor-, platelet-derived growth factor, and epidermal growth factor. Clefts of the lip occur more commonly in males than in females. In addition left-sided cleft lips are more common than right-sided cleft lips, and unilateral cleft lips are more common than the bilateral cleft of the lip. Bilateral clefts of the lip are most often associated with clefting of both the primary and secondary palates. 

Cleft palate alone is seen in approximately 1 in 2,000 live births and this incidence is similar in all racial groups. Significant differences in the prevalence of clefts exist when specific ethnic/racial populations are examined. For example, African Americans have a birth prevalence that is less common than the total population, but Asians tend to have a higher prevalence. In the majority of cases unilateral cleft lip and palate is an isolated nonsyndromic birth defect that is not associated with any other major anomalies. By comparison a much greater proportion of patients with an isolated cleft palate will have an associated syndrome or sequence. Some of the more common syndromes seen in this group include Stickler’s, Van der Woude’s, or DiGeorge syndromes. It is important to identify the diagnosis early, as functional issues may arise early in life and go unnoticed. For example, patients with an isolated cleft palate should be evaluated early by an experienced pediatric ophthalmologist to evaluate the possibility of Stickler’s syndrome. Patients with Stickler’s syndrome may have ocular abnormalities that lead to retinal detachment. In an otherwise healthy-appearing child these findings may be difficult to diagnose and so early visual loss may go unnoticed. In many cases long-term genetics follow-up is necessary to make a definitive diagnosis and to provide genetic counseling. The chances of a recurrence of clefting within a family are dependent on many factors, including family history, severity, gender, degree of relationship to the affected individual, and the expression of a syndrome. 

Predicting the inheritance patterns of families who have a history of cleft lip and/or palate can be complicated. A skilled geneticist/dysmorphologist is best equipped to make these determinations based on pedigree analysis and genetic testing. Since most clefts are sporadic the chances of a family having another child with a cleft after having a child with a unilateral cleft lip and palate in which there was no family history of clefting is approximately 2 to 4%. The chances are higher if additional family history is present or if the cleft is bilateral. The nature of any genetic influence will have an effect on the presence of a cleft. Such is the case in patients with autosomal dominant syndromes such as Stickler syndrome where 50% of the children may express the syndrome if one of the parents carries the altered gene.
Classification
The typical classification system used clinically to describe standard clefts of the lip and palate is based on careful anatomic description. Clefts can be unilateral or bilateral; microform, incomplete, or complete; and may involve the lip, nose, primary palate, and/or secondary palates. The presentation of clefts is extremely variable, and the individual repairs are custom-tailored to achieve the best symmetry and balance. More severe facial clefting is most commonly described using Tessier’s orbitocentric system of numbering. Other systems exist that are based on embryologic fusion planes, but these are cumbersome to use in routine clinical practice.
Prenatal Counseling
Recent advances in ultrasound imaging have revolutionized prenatal care and maternal-fetal medicine. Currently ultrasound images of clefts of the lip can be visualized as early as 16 weeks. Diagnostic images of the palate are more difficult to acquire, making the correct prenatal diagnosis of a cleft palate less predictable. Palatal structures may be visualized using sagittal and coronal views, but this currently requires the very latest technology and a skilled ultrasonographer with experience performing this type of study. 
When the diagnosis of cleft lip is made during pregnancy the family can then be referred to an experienced surgeon for a prenatal discussion. A prenatal consultation provides an excellent opportunity to explain the diagnosis, review the different stages of cleft lip and palate reconstruction that may be necessary, and prepare the parents for practical considerations such as feeding of a child with a cleft palate. This gives the family the opportunity to ask questions, calm fears, and learn about feeding techniques that will be important during the first week of life for their baby. Parents are empowered with this new knowledge, and the preparations made during a prenatal consultation allow them to anticipate the delivery of their baby with a greater comfort level regarding the necessary care of the child during the early postnatal period. The family is then referred to a cleft and craniofacial team in order to undergo a more thorough interdisciplinary approach. 
Critical to this process is consultation with a geneticist/dysmorphologist to further discuss the issues associated with the birth and the possibility of other associated deformities. Additional testing may be warranted to evaluate the possibility of associated deformities, syndromes, or sequences that could affect the birthing process. Exceptionally skilled ultrasonographers can visualize airway development and other abnormalities that may require early intervention with fetal surgery, exit procedures, extracorporeal membrane oxygenation, or surgical airway management (tracheotomy) at the time of delivery. In some medical centers fetal diagnosis and treatment teams are in place to deal with issues associated with various deformities diagnosed in the prenatal period. These teams foster a cohesive environment where information is exchanged through consultation. Much like in the environment of a cleft and craniofacial team, families can get the best information available to consider their child’s treatment decisions using an interdisciplinary care model that is patient (mother and fetus), family, and community oriented.
Lip Adhesion
Some surgeons attempt to surgically approximate the segments of the cleft lip prior to definitive lip repair in an attempt to achieve a better relationship of both the lip structures and the dental arches. This is achieved by advancing small flaps of tissue across the cleft site. While some surgeons advocate the use of this technique in wide bilateral clefts, it is rarely performed in unilateral cases.When used, the lip adhesion is usually completed at 3 months of age. In most cases this will convert a wide complete cleft into a wide incomplete cleft as the scar will eventually be excised from the cleft site recreating a similar wide deformity. The definitive lip repair is then completed 3 to 9 months later by excising the scar and reapproximating the remaining lip structures. Furthermore at the second procedure there is usually less supple tissue to work with when performing the definitive repair due to scarring. As with most endeavors in cleft surgery, repeated early interventions tend to complicate later refinements due to excessive scarring. In general adequate mobilization of the flaps in one stage will make tension-free skin closure possible in almost every case without the need for taping, presurgical orthopedic appliances, and/or lip adhesion.
Unilateral Cleft Lip Repair
Clefts of the lip and nose that are unilateral present with a high degree of variability, and thus each repair design is unique. The basic premise of the repair is to create a three-layered closure of skin, muscle, and mucosa that approximates normal tissue and excises hypoplastic tissue at the cleft margins. Critical in the process is the reconstruction of the orbicularis oris musculature into a continuous sphincter. The Millard rotation-advancement technique has the advantage of allowing for each of the incision lines to fall within the natural contours of the lip and nose. This is an advantage because it is difficult to achieve “mirror image” symmetry in the unilateral cleft lip and nose with the normal side immediately adjacent to the surgical site. A Z-plasty technique such as the Randall- Tennison repair may not achieve this level of symmetry because the Z-shaped scar is directly adjacent to the linear nonclefted philtrum. Achieving symmetry is more difficult when the rotation portion of the cleft is short in comparison to the advancement segment. Primary nasal reconstruction may be considered at the time of lip repair to reposition the displaced lower lateral cartilages and alar tissues. Several techniques are advocated, and considerable variation exists with respect to the exact nasal reconstruction performed by each surgeon. 

The primary nasal repair may be achieved by releasing the alar base, augmenting the area with allogeneic subdermal grafts, or even a formal open rhinoplasty. Since lip repair is done at such an early point in growth and development, the authors prefer minimal surgical dissection due to the effects of scarring on the subsequent growth of these tissues. McComb described a technique that has become popular, consisting of dissecting the lower lateral cartilages free from the alar base and the surrounding attachments through an alar crease incision. This allows the nose to be bolstered and/or stented from within the nostril to improve symmetry.
Bilateral Lip Repair
Bilateral cleft lip repair can be one of the most challenging technical procedures performed in children with clefts. The lack of quality tissue present and the widely displaced segments are major challenges to achieving exceptional results, but superior technique and adequate mobilization of the tissue flaps usually yields excellent esthetic results. 

Additionally the columella may be quiteshort in length, and the premaxillary segment may be significantly rotated. Adequate mobilization of the segments and attention to the details of only using appropriately developed tissue will yield excellent results even in the face of significant asymmetry. Some surgeons have used aggressive techniques to surgically lengthen the columella and preserve hypoplastic tissue using banked fork flaps. Early and aggressive tissue flaps in the nostril and columella areas do not look natural after significant growth has occurred and result in abnormal tissue contours. While surgical attempts at lengthening the columella may look good initially, they frequently look abnormally long and excessively angular later in life. 

Revision of these iatrogenic deformities is difficult and some of the contour irregularities will not be able to be revised adequately. Usually if the hypoplastic tissue is excised and incisions within the medial nasal base and columella are avoided, the long-term esthetic results are excellent. The authors prefer a primary nasal reconstruction that can be performed in a similar fashion to the unilateral technique described by McComb. This allows for release and repositioning of the lower lateral cartilages and alar base on both sides without aggressive degloving of the entire nasal complex. Other open rhinoplasty techniques have been suggested using either direct incision on the nasal tip or through prolabial unwinding techniques. As with most early maneuvers aggressive rhinoplasty at this time may incur early scarring that affects the growth potential of the surrounding tissues, making revision more difficult and long-term esthetics less than ideal.
Cleft Palate Repair
The term primary palate is used to describe the anatomic structures anterior to the incisive foramen (eg, the alveolar ridge, maxilla, piriform rim). The term secondary palate refers to those structures posterior to the incisive foramen. Therefore, when surgeons refer to the initial or “primary” cleft palate repair, they are actually describing the closure of the secondary palate structures that include the hard palate, soft palate, and uvula. The structures of the embryologic primary palate are reconstructed later in childhood during the cleft maxillary/ alveolar bone graft procedure. There are two main goals of cleft palate repair during infancy: (1) the water-tight closure of the entire oronasal communication involving the hard and soft palate; and (2) the anatomic repair of the musculature within the soft palate that is critical for normal creation of speech. The soft palate, or velum, is part of the complex coupling and decoupling of the oral and nasal cavities involved in the production of speech. 
When a cleft of the soft palate is present there are abnormal muscle insertions located at the posterior edge of the hard palate. Surgery must not simply be aimed at closing the palatal defect but rather at the release of abnormal muscle insertions. Muscle continuity with correct orientation should be established so that the velum may serve as a dynamic structure. The exact timing of repair of a palate cleft is controversial. Generally the velum must be closed prior to the development of speech sounds that require an intact palate. On average this level of speech production is observed by about 18 months of age in the normally developing child. If the repair is completed after this time, compensatory speech articulations may result. Repair completed prior to this time allows for the intact velum to close effectively, appropriately separating the nasopharynx from the orophayrynx during certain speech sounds. 
In patients with cleft palate, concerns for normal speech development are frequently balanced with the known biologic consequences of surgery during infancy; namely, the problem of surgery during the growth phase resulting in maxillary growth restriction. When repair of the palate is performed between 9 and 18 months of age, the incidence of associated growth restriction affecting the maxillary development is approximately 25%. If repair is carried out earlier than 9 months of age, then severe growth restriction requiring future orthognathic surgery is seen with greater frequency. At the same time proceeding with palatoplasty prior to 9 months of age is not associated with any increased benefit in terms of speech development so the result is an increase in growth-related problems with an absence of any functional benefit. 

Using only the chronologic age it seems that carrying out the operation during the 9 to 18 months timeline best balances the need to address functional concerns such as speech development with the potential negative impact on growth. To date no case-controlled rigorous clinical trial has examined what is likely the most critical factor in dictating the exact timing of cleft repair—the individual child’s true language age. In cases where significant developmental delay is present surgery should be delayed since speech formation is not yet an issue and there is a likely benefit in terms of growth of the maxilla. Delaying palatal closure is relevant in situations where the cleft palate is associated with other complex medical conditions, neurodevelopmental delay, complex craniofacial anomalies, and/or the presence of a tracheotomy. Another approach used to balance speech issues with growth-related concerns is to stage the closure of the secondary palate with two operations. Generally this involves the repair of the soft palate early in life as an initial step, followed by closure of the hard palate later in infancy. 

The idea is that timely repair of the soft palate, which is critical for speech, is accomplished while hard palate repair with mucoperiosteal stripping is delayed until growth is further along. Although this technique is not advocated by the majority of surgeons, some surgeons may feel that repairing the hard palate portion later may offer the advantages of less growth restriction, easier repair of larger clefts, and less chance for fistula formation.No convincing data exist to favor this approach over a single-stage repair, but the practice is continued by some centers where anecdotal evidence suggests that there may be some benefit. In contrast most North American speech and language pathologists prefer closure of the palate as a single operation. 
Cleft palate reconstruction requires the mobilization of multilayered flaps to reconstruct the defect due to the failure of fusion of the palatal shelves. Generally when the initial palate closure is performed, this refers to closure of the tissues posterior to the incisive foramen. This is done in a layered fashion by first closing the nasal mucosa and then the oral mucosa. Since the main function of the palate is to close the space between the nasopharynx and oropharynx during certain speech sounds, the surgeon must also reconstruct the musculature of the velopharyngeal mechanism. The musculature of the levator palatini is abnormally inserted on the posterior aspect of the hard palate and therefore must be disinserted and reconstructed in the midline. Therefore, the soft palate is closed in three layers by approximating the nasal mucosa, levator musculature, and the oral mucosa. The hard palate portion is closed in two layers using nasal mucosa flaps and then oral mucosa flaps. Both the hard and soft palate repairs must be done in a tension-free manner to avoid wound breakdown and fistula formation. Adequate mobilization of the flaps during the dissection is essential to achieve tension-free closure. At times some surgeons may elect to incorporate vomer flaps into the repair if there is difficulty in mobilizing the lateral flaps to the midline. Many techniques have been described for repair of the palate. The Bardach two-flap palatoplasty uses two large fullthickness flaps that are mobilized with layered dissection and brought to the midline for closure This technique preserves the palatal neurovascular bundle as well as a lateral pedicle for adequate blood supply. 

The von Langenbeck technique is similar to the Bardach palatoplasty but preserves an anterior pedicle for increased blood supply to the flaps. This technique is also successful in achieving a layered closure but may be more difficult when suturing the nasal mucosa near the anteriorly based pedicle attachments. The authors do not favor push-back techniques as they may incur more palatal scarring, restrict growth, and do not show a measurable benefit in speech. Another common technique is the Furlow double-opposing Z -plasty, which attempts to lengthen the palate by taking advantage of a Z-plasty technique on both the nasal mucosa and the oral mucosa. This technique can be effective at closing the palate but has been reported by some to have a higher rate of fistula formation at the junction of the soft and hard palates where theoretical lengthening of the soft palate may compromise the closure. No benefit has been convincingly demonstrated with any particular repair technique when one looks at dental arch form, speech outcome, feeding, or any other functional variable. 

At this point in our understanding surgeons often consider their own experiences and training when repairing clefts, since definitive data suggesting that one repair is preferable over another are lacking. In very wide clefts some surgeons will advocate the consideration of a pharyngeal flap at the primary palatoplasty procedure to assist in closure since revision palatoplasty is sometimes unsuccessful in eradicating fistulas. Those who use this technique usually perform it in extremely wide clefts and do so very selectively. This allows the central portion of the closure to be filled with posterior pharyngeal wall tissue making the closure of the nasal and palatal mucosa easier.

 Patients with Pierre Robin syndrome or Treacher Collins syndrome may have exceptionally wide cleft that are difficult to close with no tension, and this technique may be considered. The drawbacks of using a pharyngeal flap during the repair of the palate include a significantly increased risk for complications such as bleeding, snoring, obstructive sleep apnea, or hyponasality. 
Reconstruction of the Alveolar Cleft 
In the management of patients with cleft lip and cleft palate, the decision regarding alveolar cleft grafting is one of the most controversial. Is grafting of the residual alveolar defect indicated? If so, at what age is it most appropriate, what material is most ideal, and should adjunctive procedures such as orthodontic expansion be used before or after grafting? 

Rationale for Grafting
Although some authors have advocated nongrafting techniques1 or prosthodontic approaches, the general consensus is that achieving continuity between the cleft alveolar segments has significant advantages, regardless of how and when this is accomplished. 

Potential advantages include the following:

1. Grafting achieves stability of the arch and prevents collapse of the alveolar segments. This provides improved orthodontic stability

2. Grafting preserves the health of the dentition. Grafting provides room for the canine and lateral incisors to erupt into the arch into stable alveolar bone and maintains bony support of teeth adjacent to the cleft

3. Grafting restores continuity not only of the alveolus, but also of the maxilla at the piriform rim. This supports the ala and provides improved stability and support for the nose. This may have a direct esthetic benefit and may also prove to be of long-term benefit when formal rhinoplasty procedures are performed

4. Palatal and nasolabial fistulas are often present even following palatoplasty. Grafting of the alveolar defect provides an opportunity for the surgeon to address the residual oronasal fistula. This may have potential benefit for both hygiene and speech. Many cleft patients present with chronic upper respiratory and sinus disease, which may be related to reflux into the nasal cavity and sinus. There is some evidence that the residual fistula, whether labial or palatal can have an effect on speech articulation and nasality. There is evidence that closure of the fistula and grafting the cleft defect can improve nasal emission and nasality
Timing of the Graft
Perhaps the most controversial topic in managing the alveolar cleft is when grafting should be performed. In the traditional literature, terminology is not consistent. Outcome measures for various approache  are also defined inconsistently, which makes comparison difficult. Here, alveolar grafting will be grouped according to timing as defined below. 
Primary Grafting
Some define primary alveolar bone grafting as that which is performed simultaneously with lip repair. Others have stated that any grafting that is performed at less than 2 years of age is considered primary rafting. Still others have defined primary grafting as grafting that is performed before the palate is repaired. Primary grafting performed at the time of lip repair has failed to result in acceptable outcome. Long-term studies show abnormal maxillary development with maxillary retrognathia, concave profile, and increased frequency of crossbite compared with patients without grafts. Primary grafting performed after the closure of the lip and before the closure of the palate has proven successful in a limited number of centers when a very specific protocol is followed. A prosthesis is placed before the lip is closed to mold the alveolar segments into close proximity. The lip is then closed, and this further aids in molding the segments. The segments must be in close proximity with good arch form before an onlay rib graft is placed across the labial surface of the cleft in a subperiosteal tunnel that is developed by limited dissection. 
Advocates of this approach have not experienced problems with altered facial growth and malocclusion, most likely the result of the limited dissection used in these cases. They have reported improved occlusion and graft success in these patients, compared with patients grafted at other ages. It is still difficult to wholeheartedly endorse this approach. Several additional anesthetics and surgeries are needed at a young age. This technique may not be possible in all patients, such as those with isolated alveolar clefts without palatal clefting or those patients in whom segments cannot be orthopedically aligned. In one center, because of these limitations, nearly onehalf of patients could not be treated with primary grafting. Outcomes may also not be as good as with other approaches. In one study, there was an increased incidence of malformation of permanent lateral incisors in the primary graft group and decreased success of the graft, with only 41% of primary grafts (54% if pregrafting orthopedics was included) resulting in adequate bone height when measured with a Bergland scale. This was compared with 73% success of those sites grafted in the mixed dentition stage (after eruption of the permanent central incisors and before eruption of the maxillary canine).
Early Secondary Grafting
Grafting after the child reaches 2 years of age and before 6 years is considered early secondary grafting. 
Secondary Grafting after Eruption of the Permanent Canine

(Late Secondary Grafting)
Late secondary grafting has received some support; however, data show that when all the goals of alveolar reconstruction are considered it has a less than acceptable outcome. Patients older than 12 years of age who undergo grafting have been reported to have decreased success when evaluated using the Bergland scale, loss of osseous support of teeth adjacent to the cleft, and increased morbidity. There is less opportunity to salvage the lateral incisor, and there is a delay in correction of the orthodontic condition. This delayed grafting does allow for increased options with regard to donor site for graft material, as harvest of the mandibular symphysis becomes possible. Such grafts are difficult in the mixed dentition stage, where it is difficult to obtain adequate bone without damaging unerupted teeth.
Source of Bone Graft
· Iliac Crest

· Calvarial Bone

· Allogeneic Bone and Bone Substitutes
Secondary Cleft Palate Surgery for Management of Velopharyngeal Dysfunction
Background
The secondary palate is composed of a hard (bony) palate anteriorly and a soft palate or “velum” posteriorly. Within the soft palate, the levator veli palatini muscle forms a dynamic sling that elevates the velum toward the posterior pharyngeal wall during the production of certain sounds. Other muscle groups within the velum, the tonsillar pillar region,1 and pharyngeal walls also impact resonance quality during speech formation. The combination of the soft palate and pharyngeal wall musculature jointly form what is described as the velopharyngeal (VP) mechanism. The VP mechanism functions as a sphincter valve in order to regulate airflow between the oral and nasal cavities and create a combination of orally based and nasally based sounds.
 Children born with a cleft palate have, by definition, a malformation that dramatically impacts the anatomic components of the VP mechanism. Specifically, clefting of the secondary palate causes division of the musculature of the velum into separate muscle bellies with abnormal insertions along the posterior edge of the hard palate. The initial palatoplasty is not carried out simply for closure of the palatal defect (oronasal communication) itself, but is aimed also at addressing these underlying anatomic discrepancies involving the musculature. During surgery for palatal closure, care must be taken to sharply separate the muscles off of the palatal shelves, realign them, and establish continuity in order to creat a functional palatal-levator muscle sling. Some describe this primary repair of the palatal musculature as “intravelar veloplasty,” a component of the cleft palate closure. 
Although this description helps to articulate the importance of addressing the levator muscle, it may confuse some clinicians by suggesting that muscle repair or intravelar veloplasty is a separate procedure. Irrespective of the type of cleft palate repair technique employed (von Langenbeck, Bardach, Furlow, etc), meticulous release of abnormal muscle insertions and velar muscle reconstruction must be incorporated as a critical element of the surgical procedure. Most children who undergo successful cleft palate repair during infancy (9 to 18 months) will go on to develop speech that is normal or to demonstrate minor speech abnormalities that are amenable to treatment with speech therapy. In a smaller segment of this patient population, however, the velopharyngeal mechanism will not demonstrate normal function despite surgical closure of the palate.

“Velopharyngeal insufficiency” (VPI) is defined as inadequate closure of the nasopharyngeal airway port during speech production. The exact etiology of VPI following successful cleft palate repair is a complex problem that remains difficult to completely define. Inadequate surgical repair of the musculature is one cause of VPI, but even muscles that have been appropriately realigned and reconstituted may fail to heal normally or function properly because of congenital defects with their innervation. The role of postsurgical scarring and its impact on muscle function and palatal motion is poorly understood. When using a Furlow double opposing Z-plasty procedure for the initial palate repair, the theoretical advantages include better realignment of the palatal muscles and lengthening of the soft palate, but these benefits may be negatively balanced by a velum that demonstrates less motion or elevation owing to the additional scarring associated with two separate sets of Z-plasty incisions. 

In addition, it must be considered that the repaired cleft palate is only one factor contributing to VP function, and other abnormalities related to oropharyngeal morphology, lateral and posterior pharyngeal wall motion, and nasal airway dynamics may all contribute to VP dysfunction. Certainly, these other structures may also play a role in compensating for the palatal deformity. For example, a short, scarred soft palate that does not elevate very well may be compensated for by the recruitment and hypertrophy of muscular tissue within the posterior pharyngeal wall (“activation of Passavant’s ridge”). The audible nasal air escape with resultant hypernasal speech that is associated with VPI is perhaps the most debilitating consequence of the cleft palate malformation. 

Approximately 20% of children with VPI following palatoplasty will go on to require management involving additional palatal surgery. Left untreated, nasal air escape-related resonance problems will lead to other speech abnormalities, namely, abnormal compensatory articulations. Warren’s elegant aerodynamic demands theory provides the best explanation of what occurs with severe VPI. His theory states that nasal air escape owing to inadequate VP closure will cause the patient to articulate pressure consonants at the level of the larynx or pharynx instead of within the oral cavity. These abnormal, compensatory, misarticulations further complicate problems with speech formation and decrease speech intelligibility in patients with cleft palate–related VPI.
Complications Related to Surgical Procedures for VPI
Surgery involving airway structures is always associated with the potential for complications related to postoperative hemorrhage and edema. As a result, patients who undergo attachment of a pharyngeal flap require admission to the surgical intensive care unit with continuous airway monitoring during the first 24 hours following surgery. This type of setting permits the rapid recognition and prompt management of complications that may result in airway compromise. Of all the procedures related to cleft care, the pharyngeal flap and sphincteroplasty operations carry the greatest risk for early airway compromise. Airway loss and compromise are not common but require immediate management when they are encountered in order to avoid life-threatening consequences.

Long-term postoperative complications related to the superiorly based pharyngeal flap are frequently associated with problems related to increased airway resistance. Insertion of a pharyngeal flap will decrease the size of the nasopharyngeal airway, facilitate VP closure, decrease nasal air escape, and make speech more intelligible. At the same time, however, the procedure may create a pathologic level of upper airway obstruction that leads to new problems. In several cases, patients who have undergone pharyngeal flap surgery start snoring. Snoring itself does not represent any significant pathophysiology but may concern parents or significant others who observe the patient during sleep. When the degree of upper airway resistance is more severe, the result may be postoperative obstructive sleep apnea (OSA). OSA is a cessation of breathing during sleep secondary to upper airway obstruction that disrupts the sleep cycle, compromises effective oxygenation, and may cause behavioral changes and daytime somnolence in affected individuals.
 Left untreated, OSA is associated with severe cardiac and pulmonary consequences. When OSA is suspected in a child who has previously undergone a pharyngeal flap procedure, a formal work-up including nasopharyngoscopy and sleep study (polysomnography) is indicated. Care should be taken to evaluate the entire airway in order to determine the level of the obstruction. Surgeons may initially assume that the airway obstruction is related to the flap only to discover that a more severe problem exists somewhere else in the upper airway tract. Often, a thorough clinical evaluation yields abnormal findings that contribute to the problem of OSA at multiple levels of the upper airway. Because of the complexity of these clinical problems, the decision to modify or take down a pharyngeal flap in a child with OSA must be made only after discussions between the surgeon, airway expert (eg, pediatric otolaryngologist or pediatric pulmonologist), and speech and language pathologist. Interestingly, many patients who have had pharyngeal flap placement during their childhood will tolerate surgical division of the flap without a recurrence of severe VPI or hypernasal speech. On the rare occasion when VPI does recur following flap take-down, interval treatment with a prosthetic device such as a palatal lift appliance for at least 6 months should be considered prior to embarking on any further airway surgery.
Management of the Submucous Cleft Palate
A submucous cleft palate is another form of the congenital cleft palate malformation in which the overlying mucosal layer is intact, but the underlying soft palate musculature is divided. As described by Calnan, the classic clinical findings with a submucous cleft palate are a triad of bifid uvula, hard palate bony notch, and separation along the median raphe of the soft palate especially during elevation of the velum. When a submucous cleft palate is present, the levator muscle is clefted and abnormally inserts into the posterior edge of the hard palate. 

The primary functional concern related to submucous cleft palate is the possibility that the patient will develop VPI and resultant hypernasal speech as encountered in other cleft palate patients. Despite this concern, the majority of patients with a submucous cleft palate will not require surgical intervention. In fact, 44% of patients will actually remain completely asymptomatic until childhood. 

As described above, the bifid uvula is often the most easily detected feature of the submucous cleft palate triad of clinical findings. However, a bifid uvula may also be observed in the absence of any other features of submucous clefting (eg, notched hard palate, velar separation, hypernasality). In fact, the incidence of bifid uvula is approximately 1:80 while the incidence of submucous cleft palate is 1:280.63 Previous investigation has suggested a connection between the isolated finding of a bifid uvula and VP dysfunction when otherwise asymptomatic patients were evaluated using a nasopharyngoscopic protocol. As a result, the clinical findin of an isolated bifid uvula may be considered an indicator of increased risk for VPI in a patient who is to undergo adenoidectomy. This underscores the value of a thorough clinical examination before any of these surgical procedures are undertaken and the importance of presurgical speech evaluation and family counseling regarding the potential risks of postsurgical VPI. A certain proportion of children will present with an occult submucous cleft palate. The occult submucous cleft palate does not have any of the classic triad of physical findings. In most cases, the reason for consultation is VPI-related speech difficulties that have been noted during childhood speech development or that have arisen following a surgical intervention (eg, adenoidectomy). In our experience, the proportion of children with occult submucous cleft palate approaches 10% and preoperative diagnosis is often difficult.

 Prior reports have attempted to describe characteristic facial features, cephalometric findings, and voice studies that can assist in the presumptive diagnosis of submucous cleft palate. The vast majority of patients with a submucous cleft palate will require either no treatment or speech therapy only. Surgical intervention is not undertaken simply because the diagnosis of submucous cleft palate has been made. The speech of these individuals is closely monitored during childhood with interval speech evaluations, and surgery is reserved for only those cases where VPI is diagnosed and not amenable to speech therapy. The type of specific surgical procedure used to manage submucous cleft-related VPI varies depending on the preference of the surgeon and speech pathologist. Several early procedures emphasized exploration of the soft palate through a limited midline incision with repair of the levator muscle. Contemporary methods primarily involve the use of a standard palatoplasty (two-flap, pushback, or Furlow) and repair of the velar musculature, with or without a simultaneous pharyngeal flap procedure.
Bone Graft Reconstruction of the Cleft Maxilla and Palate
Approximately 75% of all orofacial clefts will involve the maxilla.5 Despite successful lip repair and closure of the hard and soft palate during infancy, a residual nasolabial fistula and bony cleft defect that involves the alveolar ridge, maxilla, and piriform rim will remain. These residual deformities are addressed by secondary bone grafting performed during middle childhood (6 to 9 years of age). The objectives of bone graft reconstruction of the cleft maxilla are to establish adequate bony matrix for eruption of the permanent cuspid tooth, close any residual alveolar fistula communication, establish bony continuity of the maxillary ridge, and improve the underlying bony support of the nasal base. In the case of bilateral cleft lip and palate, an added benefit of bone graft reconstruction is the stabilization of the previously mobile premaxilla segment. 
Revisional Surgery for Cleft Lip 
Secondary Surgery for Cleft Lip Scar Revision
Even when the initial cleft lip repair procedure is considered to be successful, the vast majority of children will go on to require an additional operation for lip revision at some point in their lifetime. Although revisional procedures are often viewed as optional phases of cleft lip reconstruction, surgeons must advise families of this likelihood.
 As a child grows, the hard and soft tissues of the maxillofacial complex grow and change, and the repaired lip is affected. Ongoing growth often makes it difficult to predict which children will need additional lip surgery. A child’s lip may initially look satisfactory and over time demonstrate unfavorable changes necessitating revision. On the other hand, favorable changes may occur during the healing process that actually improve the appearance of the repaired cleft lip. At approximately 8 to 10 weeks following surgery, significant lip contracture may be seen during the fibroblastic phase of healing. The result is vertical shortening of the repaired cleft side that will seemingly require further surgery. If the same child is reevaluated 6 months later, after additional wound maturation, they may demonstrate perfectly acceptable lip esthetics and not be considered a candidate for revision. Ideally, only one lip scar revision is undertaken, when the child is between the ages of 5 and 15 years. 

The procedure is staged for as late in childhood as possible. When a severe deformity persists or psychosocial concerns exist, lip revision may be carried out earlier in life before the child becomes school aged. The surgical objectives of cleft lip revision include excision of residual scar, reapproximation of key anatomic landmarks such as the vermilion-cutaneous junction and vermilion-mucosal junction, and leveling of vertical lip lengths (philtral columns). Critical to an acceptable outcome is the meticulous repair of the orbicularis oris muscle as a distinct layer. The cleft surgeon must dissect and repair all layers (skin or vermilion, muscle, oral mucosa) in order to establish improved lip form and normalize lip function and animation. Often this requires complete take-down of the lip and recreation of a full-thickness defect.
Summary
Orofacial clefts are complex malformations that affect the three-dimensional anatomy of the maxillofacial hard and soft tissues and have profound functional and esthetic consequences. Successful reconstruction of these defects involves multiple stages of surgical intervention. Primary surgery is centered on initial closure of the lip and palatal defects. Secondary surgical procedures are then carried out in order to close residual oronasal communication, address VPI, reconstruct the bony maxillary cleft, normalize maxillary skeletal position and occlusion, improve lip and nasal esthetics and function, and facilitate the dental prosthetic rehabilitation of the patient. Because multiple, separate surgical interventions are carried out during active growth, thoughtful timing of each stage of reconstruction is critical in order to maximize the benefit for the patient and mitigate the potentially negative biologic consequences related to growth. Surgeons must maintain a thorough understanding of the anatomy, the intricacies of the cleft malformation, and the underlying patterns of growth and development of the craniomaxillofacial region. 

Answer the questions:
1. Define the modem concept of plastic surgery.
2. List the main tasks of restorative and reconstructive surgery.

3. What are the systemic and local contraindication to the surgery?

4. What are the causes and characteristic of defects of soft tissues of the face.

5. Determine the types and methods of plasty by means of local tissues.

6. Obtain the basic principles and indications of Z-plasty.

7. Describe the technique of management of a cleft palete.

8. Suggest the reconstructive technique for the submucosal cleft.
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