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Methodical Instruction for LESSON № 18 (2 hours)
Theme: CONNECTION BETWEEN SKULL BONES. ATLANTOOCCIPITAL AND ATLANTOAXIAL JOINTS .TEMPOROMANDIBULAR JOINT.

Professional orientation for students: Knowledge of connections of skull bones, structures and biochemical features of temporo-mandibular joint it is necessary for neurosurgeons, oral and maxillofacial surgeons, stomatologists.

Aim: To study anatomical structure of connections of skull bones, including temporo-mandibular joint. To pay attention, that between skull bones there are all types of connections: syndesmoses, synchondroses, synostoses and diarthroses. During examination of temporo-mandibular joint to note presence and understand function of intra-articulation disk and features of joint ligaments. To teach students correctly describe X-ray of scull with the purpose to distinguish sutures and vascular canals from the skull fractures. To be able to find, name and show on roentgenograms the image of separate bones and their parts, connections of bones of the trunk.

The student should know:

- Latin terminology of the theme;

- the general arthrosyndesmology:

· development of bones connections;

· classification of bones connection;

· types of bones connections (continuous, interrupted, semiinterrupted);

· basic elements of joints;

· auxiliary elements of joints;

· biomechanics of joints;

· classification of joints and their characteristic;

· classification of joints on axes of movement and the form of articulation surfaces; on amount of articulation surfaces.

- the anatomical characteristic of skull bones, 1 and 2 cervical vertebrae;

- the characteristic of atlanto-occipital  and atlanto-axial joints, the name, character of jointed surfaces, places of fixation of articulation capsule, type of joints, function of joints, structure and features of ligaments. Obligatory and additional elements of joints;

- the characteristic of bones connections of skull by means of syndesmoses (sutures, their classification on direction and under the form), synchondroses, synostoses;

- the characteristic of connections of skull bones of newborn by means of fontanels. To know their locatiog and functions;

- the characteristic of the temporo-mandibular joint: name, character of jointed surfaces, places of fixation of articular capsule, type and function of joint, function of intraarticular disk and articular tubercle, the characteristic of ligaments.

The student should be able to name and show:

- various types of connections (synarthroses, diarthrosises, symphises);

- types of movement in joints;

- examples of types of joints (simple, complex, combined and compound);

- correct functional position of studied connections on the skull and trunk;

- articular surfaces of the various shapes and name the amount of axes of movement in dependence on shape of articulation surface;

- places of fixation of articular capsule of each connection on bones of the trunk and skull;

- points of fixation of muscles and ligaments to bones of the trunk;

- ligaments, strengthening given connections;

- places of connections of skull bones, vertebrae (body, arch), ribs with thoracic vertebrae and sternum, connections of false ribs;

- ligaments, strengthening given connections;

- X-ray of vertebral column connections with skull and connections of bones of skull, X-ray of vertebral column and thoracic cage;

- correctly use the scalpel and the forceps;

- layer-by-layer prepare joints of various regions, correctly dissect capsules of joints.

- prepare connections of skull, temporo-mandibular joint, atlanto-occipital and atlanto-axial joints.

Questions of initial level:

1. Classification of bones.

2. The bone as the organ. Chemical composition of the bone.

3. What is the diaphysis, epiphysis, metaphysis and apophysis?

4. As how as where it is possible to find an articulation surface?

5. Stages of skeleton bones development during phylogenesis.

6. The methods used in anatomy (fixation, dissection, preparing, roentgenography, etc.).

7. Rules for use of anatomical instruments.

8. Stages of development of bone connections. 

9. Categorize connections of bones on development, structure and functions.

10. Three groups of continuous bone connections.

11. What are the syndesmoses and what connections to them are related?

12. Symphysis. Features of structure, examples.

13. What is the diarthrosises? Name basic elements of joints.

14. Auxiliary elements of joints.

15. What is the intraarticular cartilages, their types.

16. Classification of joints by amount of axes of movement (biomechanical classification).

17. Classification of joints on axes of rotation and the form of articulate surfaces.

18. Uniaxial joints, their characteristic, examples.

19. Biaxial joints, their characteristic, examples.

20. Multiaxial joints, their characteristic, examples.

21. Classification of joints by amount of articulation surfaces: simple, complex, combined and compound joints.

22. Stages of characteristic of any joint (the plan of description of joints).

23. Vertebral column, its departments, flexures. Functions of columns and flexures.

24. Basic features of structure of occipital bone.

25. Explain structure of mandible.

26. The basic formations of temporal bone.

27. Structure of 1-2 cervical vertebrae.

28. Preparing procedure of temporo-mandibular, atlanto-occipital and atlanto-axial joints.

Equipment: skeleton, skull, separate bones, specimens (atlanto-occipital, temporomandibular, sterno-costal, costo-vertebral joints), X-ray of skull, vertebral column, thorax.

Content of topic

Allanto-occipital Articulation : he right and left atlanto-occipital articulation is a combined joint between the atlas and the occipital bone, which in shape corresponds to an ellipsoid joint. The articular surfaces are the superior articular facets of the atlas and the occipital condyles .

The Joint capsules are lax and permit sideways bending and forward and bachward movements. This "upperhead joint" is secured by ligaments, just like the "lower head joint" .

Atlanto-axial Articulation The so-called "lower head joint" consists of the conjoined median and lateral atlanto-axlal articulations. Functionally it is a rotary joint in which movement of 26° to each side is possible from the midposition. In the lateral joints the articular facets are the inferior articular facets of the atlas and the superior articular facets of the axis .

The incongruity of the articular surfaces is reduced by a cartilaginous covering and meniscoid synovial folds. The folds appear triangular in sagittal section. The articular facets of the median atianto-axial joints include the anterior articular facet of the dens of the axis, and the fovea dentis on the posterior surface of the anterior arch of the atlas .

In addition, in the region of the transverse ligament of the alias , which extends behind the dens, there is another articular surface on the dens. The lower head joint, like the upper joint, is secured by ligaments .

The ligaments of both joints are the apical ligaments of the dens, which extends from the apex of the dens to the anterior margin of the foramen magnum. The transverse ligament of the atlas connects the two lateral masses of the atlas. It passes posterior to the dens and stabilizes it. The transverse ligament is strengthened by longitudinal bands which run upward to the anterior margin of the foramen magnum and downward to the posterior surface of the body of the 2nd cervical vertebra. The longitudinal bands and the transverse ligament of the atlas together form the cruciform ligament of the atlas .

The alar ligaments are paired ligaments that arise on the dens and ascend to the lateral margin of the foramen magnum. They have a protective function, preventing excessive rotation between the atlas and the axis. The lectortal membrane is a broad band that arises on the clivus and descends to join the posterior longitudinal ligament .

The anterior and posterior atlanto-occipital membranes consist of broad connective tissue fiber bands extending between the anterior and the posterior arches of the atlas, respectively, and the occipital bone .

Vertebral Column Considered as a Whole In the sagittal plane the vertebral column of the adult shows two anteriorly convex curvatures, lordoses, and two posteriorly convex curvatures, kyphoses .

The lordoses are in the cervical and lumbar regions and the kyphoses in the thoracic and sacral regions. The intervertebra! Disk between the 5th lumbar vertebra and the sacrum is sometimes called the promontory .

Clinical Tips: The curvature in the cervical region is quite variable. Three types occur between the ages of 20 and 30 years. The "Irut" lordosis usually illustrated is actually very uncommon. A double lordosis, also called a lordotic bend, is the most common and is typical of adults in the 3rd decade of life. In addition, there may be almost a complete absence of lordosis, the attenuated form. Investigation of differences between the sexes has shown that true lordosis is east common in females, that double lordosis occurs with equal frequency in both sexes, and that the attenuated type Is more common in females than in males (Drexler), A lateral curvature is known as scolfosis. A slight degree of scoliosis is often present in radiographs, deviation to the right of the median sagittal plane being more common than to the left. The commonest pathological finding is increased kyphosis (adolescent kyphosis, kyphosis of old age) .

The curvatures of the vertebral column develop as a result of the stresses of sitting and standing. Its load capacity isdependeni on the degree of ossification of the vertebrae, so that the final posture is not achieved until after puberty. The line of the center of gravity lies partly in front of and partly behind the vertebral column. In a child of ten months the curvatures are already present, but the line at the center of gravity lies behind the vertebral column. In infants of three months the curvatures are only indicated .

In adults the vertebral column is like an elastic rod, the mobility ot which is restricted by ligaments. During the ageing process the vertebral column undergoes various changes, so that in the elderly a reduction in the thickness of the disks produces a rather uniform kyphosis of the entire vertebral column, and so reduces its mobility .

Movements of the Vertebral Column Forward and backward bending (flexion and extension) occur primarily in the cervical and lumbar spine. Backward bending is particularly marked between the lower cervical vertebrae, the 11th thoracic and 2nd lumbar vertebrae and the lower lumbar vertebrae. Because of the greater mobility in this region, damage and injury to the spinal column due to overstrain is more frequent here than at other levels. In forward bending (blue) and backward bending (yellow) of the cervical and lumbar spins changes are seen in the intervertebral disks, which are subject to considerable stress. The degree of lateral flexion in the cervical and lumbar regions is approximately equal, but it is greatest in the thoracic region .

Rotation is possible in the thoracic and cervical region and particularly in the "lower head joint" area. Head rotation always goes hand in hand with movement of the "lower head joint", movement of the cervical and slight movement of the thoracic spine. Naw research (Putz) has shown that rotation is also possible in the lumbar region. Movement of 3 to 7 degrees may occur between two vertebrae .

Sutura is that form of articulation where the contiguous margins of the bones are united by a thin layer of fibrous tissue; it is met with only in the skull. When the margins of the bones are connected by a series of processes, and indentations interlocked together, the articulation is termed a true suture (sutura vera); and of this there are three varieties: sutura dentata, serrata, and limbosa. The margins of the bones are not in direct contact, being separated by a thin layer of fibrous tissue, continuous externally with the pericranium, internally with the dura mater. The sutura dentata is so called from the tooth-like form of the projecting processes, as in the suture between the parietal bones. In the sutura serrata the edges of the bones are serrated like the teeth of a fine saw, as between the two portions of the frontal bone. In the sutura limbosa, there is besides the interlocking, a certain degree of bevelling of the articular surfaces, so that the bones overlap one another, as in the suture between the parietal and frontal bones. When the articulation is formed by roughened surfaces placed in apposition with one another, it is termed a false suture (sutura notha), of which there are two kinds: the sutura squamosa, formed by the overlapping of contiguous bones by broad bevelled margins, as in the squamosal suture between the temporal and parietal, and the sutura harmonia, where there is simple apposition of contiguous rough surfaces, as in the articulation between the maxillæ, or between the horizontal parts of the palatine bones.  Section across the sagittal suture .

Articulation of the Mandible (Articulatio Mandibularis; Temporomandibular Articulation) This is a ginglymo-arthrodial joint; the parts entering into its formation on either side are: the anterior part of the mandibular fossa of the temporal bone and the articular tubercle above; and the condyle of the mandible below. 
The Articular Capsule (capsula articularis; capsular ligament).—The articular capsule is a thin, loose envelope, attached above to the circumference of the mandibular fossa and the articular tubercle immediately in front; below, to the neck of the condyle of the mandible .

The Temporomandibular Ligament consists of two short, narrow fasciculi, one in front of the other, attached, above, to the lateral surface of the zygomatic arch and to the tubercle on its lower border; below, to the lateral surface and posterior border of the neck of the mandible. It is broader above than below, and its fibers are directed obliquely downward and backward. It is covered by the parotid gland, and by the integument .

The Sphenomandibular Ligament is a flat, thin band which is attached above to the spina angularis of the sphenoid bone, and, becoming broader as it descends, is fixed to the lingula of the mandibular foramen. Its lateral surface is in relation, above, with the Pterygoideus externus; lower down, it is separated from the neck of the condyle by the internal maxillary vessels; still lower, the inferior alveolar vessels and nerve and a lobule of the parotid gland lie between it and the ramus of the mandible. Its medial surface is in relation with the Pterygoideus internus .

The Articular Disk (discus articularis; interarticular fibrocartilage; articular meniscus) is a thin, oval plate, placed between the condyle of the mandible and the mandibular fossa. Its upper surface is concavo-convex from before backward, to accommodate itself to the form of the mandibular fossa and the articular tubercle. Its under surface, in contact with the condyle, is concave. Its circumference is connected to the articular capsule; and in front to the tendon of the Pterygoideus externus. It is thicker at its periphery, especially behind, than at its center. The fibers of which it is composed have a concentric arrangement, more apparent at the circumference than at the center. It divides the joint into two cavities, each of which is furnished with a synovial membrane .

The Synovial Membranes.—The synovial membranes, two in number, are placed one above, and the other below, the articular disk. The upper one, the larger and looser of the two, is continued from the margin of the cartilage covering the mandibular fossa and articular tubercle on to the upper surface of the disk. The lower one passes from the under surface of the disk to the neck of the condyle, being prolonged a little farther downward behind than in front. The articular disk is sometimes perforated in its center, and the two cavities then communicate with each other .

The Stylomandibular Ligament (ligamentum stylomandibulare); stylomaxillary ligament is a specialized band of the cervical fascia, which extends from near the apex of the styloid process of the temporal bone to the angle and posterior border of the ramus of the mandible, between the Masseter and Pterygoideus internus. This ligament separates the parotid from the submaxillary gland, and from its deep surface some fibers of the Styloglossus take origin. Although classed among the ligaments of the temporomandibular joint, it can only be considered as accessory to it 

The nerves of the temporomandibular joint are derived from the auriculotemporal and masseteric branches of the mandibular nerve, the arteries from the superficial temporal branch of the external carotid .

Movements.—The movements permitted in this articulation are extensive. Thus, the mandible may be depressed or elevated, or carried forward or backward; a slight amount of side-to-side movement is also permitted. It must be borne in mind that there are two distinct joints in this articulation—one between the condyle and the articular disk, and another between the disk and the mandibular fossa. When the mouth is but slightly opened, as during ordinary conversation, the movement is confined to the lower of the two joints. On the other hand, when the mouth is opened more widely, both joints are concerned in the movement; in the lower joint the movement is of a hinge-like character, the condyle moving around a transverse axis on the disk, while in the upper joint the movement is of a gliding character, the disk, together with the condyle, gliding forward on to the articular tubercle, around an axis which passes through the mandibular foramina. These two movements take place simultaneously, the condyle and disk move forward on the eminence, and at the same time the condyle revolves on the disk. In shutting the mouth the reverse action takes place; the disk glides back, carrying the condyle with it, and this at the same time moves back to its former position. When the mandible is carried horizontally forward, as in protruding the lower incisor teeth in front of the upper, the movement takes place principally in the upper joint, the disk and the condyle gliding forward on the mandibular fossa and articular tubercle. The grinding or chewing movement is produced by one condyle, with its disk, gliding alternately forward and backward, while the other condyle moves simultaneously in the opposite direction; at the same time the condyle undergoes a vertical rotation on the disk. One condyle advances and rotates, the other condyle recedes and rotates, in alternate succession .

The mandible is depressed by its own weight, assisted by the Platysma, the Digastricus, the Mylohyoideus, and the Geniohyoideus. It is elevated by the Masseter, Pterygoideus internus, and the anterior part of the Temporalis. It is drawn forward by the simultaneous action of the Pterygoidei internus and externus, the superficial fibers of the Masseter and the anterior fibers of the Temporalis; and backward by the deep fibers of the Masseter and the posterior fibers of the Temporalis. The grinding movement is caused by the alternate action of the Pterygoidei of either side .

Methodology of Practical Class 
The student has to do the notes according to all items of independent work (to write the dictionary of anatomical terms; to describe studied joint according plan of description)

The program of independent work.

	Training tasks
	Concrete definition of tasks

	1. To study classification of joints.
	1. To give the characteristic for interrupted and none interrupted connections.

	2. To study questions of the general artrosyndesmology.
	1. Types of connections. The characteristic of synarthroses and symphyses.

2. Structure of the typical joint.

3. Types of joints.

4. Biomechanics of joints.

5. The functional characteristic of joints.

6. Points in description of joint structure.

	3. To study the general questions of bone connections.
	1. To find articulating surfaces on various bones of skeleton and approximate places of ligaments and muscles attachment.

	4. To make natural preparations of joints.
	1. To make preparation of joints.

	5. To study connections of skull with atlas and atlas with axial vertebra: to pay attention on forms of connections, on features of ligaments.
	1. To describe joints according to the plan of description.

	6. To study the temporo-mandibular joint, pay attention to character of jointed articulating surfaces, features of capsule structure, and also the ligaments of joint.
	1. To describe the joint according to the plan of description.

	7. To study connections of skull bones by means of syndesmoses, synchondroses and synostoses.
	1. To give the characteristic and classification of the sutures.

2. Find temporal and permanent synchondroses.

	8. To study bone connections of newborn skull.
	1. To give the characteristic of fontanels, determine their function.

	9. To consider the X-ray images of the skull.
	1. On anterior view image to find shadows of skull bones, teeth and enlightenments on the place of pneumatic cavities.

2. On lateral view image to find parts of neurocranium and viscerocranium, sutures between bones, wavy enlightenments corresponding to intraosteal canals of diploic veins.


Tests and situational tasks: 
1. Adjactent archs of vertebrae are joined together using: 
A. Yellow ligament;
 B. Intraspine ligaments ; 
C. Intratransversal ligaments ;
 D.; Supraspinal ligaments

 E. intervertebral discus  .

2. The form of Temporo-Mandibular joint is: 
A. Globular
 B. spiral
 C. Prosessual

 D. Cylindrical 
E.  Capform 

3. After the fall from the height the victim has compression fracture of lumbar vertebra. This dramatically increased lordosis curvature lumbar spine. May the violation of any communications be accompanied by a change of curvature of the spine? 
A. Intertransversre lig.; 
B. The anterior longitudinal ligament 
C.  Posterior longitudinal ligament; 
D. Yellow lig.;
 E. Supraspinal ligaments
4. The patient has trauma fracture of disc of temporo-madibular joint. To what type of joints this kind of connection belongs to? 
A. Complex 
B. Combination 
C. Simple
D. Compound 
E. Multiaxial  
5. After a car accident injured person cannot bend his head forward and backward. Determine which joint damage occurred?
A. Atlantao-occipital 
B. Atlantoaxial lateral 
C. Duhovidrostkovyh joints 
D. Atlant-axial median 
E. intervertebral
Correct answers to tests and situational tasks: A. 1., 2. C., D. 3. 4. A. 5. A .

References:
 а) basic 

1. Gray's Anatomy for Students / Richard L. Drake Ph.D, A. Wayne Vogl, Adam W.M. Mitchell, - 2010, 2092 p .

2. Clinically Oriented Anatomy / by Keith L. Moore, Anne M. R. Agur, 2013 .

3. Atlas of Human Anatomy / Frank H. Netter,- 5 edition, - 2011 by Saunders, an Imprint of Elsevior Inc .

4. Materials preparation for lectures 6. Materials preparation for practical classes 

b) additional

1. Lecture .

2. Human anatomy & physiology / Elaine N. Marieb, Katja Hoehn., San Francisco : Benjamin Cummings, 2010., 8th edition .
3.   "Human Anatomy", V.G.Koveshnikov, 2011
4  "Atlas of Human Anatomy", Sobotta, 2010
5  "A Color Atlas of Human Anatomy", R.M.H.McMinn, R.T.Hutchings, J.Pegington, 2006
6  "Gray's Anatomy", Henry Gray F.R.S., 2001
Control questions

1. How the form of thoracic cage is related to the type of body build?  

2. Show connecting parts 1, 2 cervical vertebrae and occipital bone, describe their form and name amount of axes of movement in atlanto-occipital joint.

3. Name the basic ligaments of these joints. 

4. Show articulating surfaces of temporo-mandibular joint. Name features of this joint.

5. Name features of bones of newborn skull.

6. Find separate skull bones on X-ray in frontal and lateral projections.

7. Tests and clinical tasks on theme.

Control of knowledge with the help of situational tasks

1.  The 20-years old student has dived in a shallow place, has hit a head and immediately die. On autopsy damage of atlanto-axial joint and the dens of axis, a wound of spinal cord is revealed. What ligament was damaged first of all?

A. Lig. alaris dextra.

B. Lig. cruciforme atlantis.

C. Lig. apicis dentis.

D. Lig. alaria sinistra.

E. Lig. transverseum atlantis.

4. The traumatologist puts the big fingers wrapped up in gauze on chewing surfaces of the inferior molars, the second fingers grasps the inferior edge of a mandible and strongly pulls it downwards, and the chin at this time returns upwards. Then the jaw is allocated back. What does the traumatologist treat?

A. Gingival inflamation 
B. Fracture of the base of mandible

C. Fracture of the body of mandible

D. Artrosis of a temporomandibular joint

E. Dislocation of a mandible

3. At a patient there is bilateral dislocation of temporomandibular joint. What the basic ligaments of a joint will be damaged?

A. Clinoidomandibular ligament.

B. Pterigomandibular ligament.

C. Stylomandibular ligament.

D. Intraarticular ligaments.

E. Lateral ligaments.

2. The child is about 2 years old. Mother has addressed to the pediatrist with the complaint to revealing of soft area on parietal. What from fontanels was not close by this time?

A. Anterior (frontal) fontanel

B. Posterior (occipital) fontanel

C. Anterior and posterior

D. Anterio-lateral (clinoid)

E. Posterio-lateral (mastoid)

5. After falling at the child the anterior fontanel has been injured. What kind of connection of bones of a skull was broken?

A. Synhondrosis

B. Syndesmosis

C. Synostosis

D. Synsarcosis

E. Hemiarthrosis

NEXT TOPIC: CONNECTION OF THE RIS WITH STERNUM AND VERTEBRA. ThE THORAXIC CAGE AS A WHOLE
