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ABSTRACT 

The regenerative response of the va~ious components of the TMJ to 

injury have not been fully elucidated. The main purpose of the present 

study was to develop a non-human primate model system for the study of 

the regenerative response of TMJ to injury such as discal perforation. 

Eight adult Macaca fascicularis monkeys were used in this study. Four 

monkeys were use.d as a control group. Each TMJ of the four experimental 

monkeys was .surgically exposed and 4-6mm perforation in the 

posterolateral part of the disc was produced by electrosurgery. Control 

and experimental monkeys were fed their routine diets. All the monkeys 

were anesthetized and then perfused with Karnovsky's fixative. The Jour 

control monkeys were sacrificed prior to the experimental animals. The 

latter were sacrificed 11 weeks (two monkeys)and 12.weeks (two monkeys) 

following disc perforation. The TMJ' s were excised, decalcified and 

then saggital sections were studied under a stereomicroscope. They were 

then photographed before they were processed for light microscopic 

studies using H & E, resorcin-fuchsin and Alcian blue stains. The 

stereoscopic and microscopic observations· of the control joints revealed 

a marked similarity to human TMJ' s. The stereoscopic study of the 

experimental joints revealed that the perforations had increased 

markedly in size in five joints, complete loss of the disc in two 

jqints, and healing of the perforation in one joint. Thickening of the 

synovial membrane and uneven roughened thickening of the fibrous 

covering of the articular surfaces were seen in five joints. Denudation 

of articular surfaces and bone to bone contact was seen in two joints. 

Histologically the following changes were observed: fibrillation of the 

articular surf aces with diminished proteoglycans; moderate to severe 

iv 



thickening of the synovial membrane; synovial cells migrating on the 

surface of the , disc; thi~kening of the fibroelastic coverings of the 

condyle and the temporal articular surfaces; marked cellularity and 

vascularization of the disc close to the perforation; and chondrocytic 

clustering in both the disc and the fibrous covering of the articular 

surfaces. Loose synovial enchondromatosis were also seen in four 

joints. The body of the disc degenerated completely in two joints. 

Most of these changes are consistent with the diagnosis of 

osteoarthrosis. In conclusion, (1) disc perforations can lead to 

osteoarthrosis of .the TMJ, (2) disc perforations can heal spontaneously, 

(3) synovial membrane has the greatest regeneration response in TMJ, (4) 

this model system for osteoarthrosis should be used in the future to 

study the mechanism of development and the reversibility of the 

pathological changes. 
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I. INTRODUCTION: 

A. Statement of the Problem and Aim: 

Temporomandibular joint (TMJ) pa1n comprises a large portion of the 

complaints presented to the general dentist and to specialists such as 

oral surgeons, ne.urologists, rheumatologists, otolaryngologists and 

family practitioners. 

TMJ pain can be part of generalized head and neck pain problems, or 

caused by pathosis of one or more ~f the joint structures. Internal 

pathosis might be caused by TMJ dysfunction due to loss of teeth, 

malocclusion, trauma, subluxation, dislocation and disc displacement 

with or without reduction. All these factors may lead to degenerative 

joint diseases (216) referred to as secondary osteoarthritis (263). It 

is less common to have primary osteoarthritis. of the TMJ (40,232,78). 

It was found that degenerative joint disorders occur in 

approximately 1.5% of the American population under age 45 and 15% of 

those over 45 years of age (57). De~iation in the form of the 

articulating bones is a common sequelae of these diseases (280). 

Deviation in form was particularly prevalent in the discal and temporal 

components of the joint (113). 

One of the most common lesions of the TMJ disc· associated with 

osteoarthritis is perforation. The pres~nce of clinically palpable 

crepitus is believed to be an indication of disc perforation (198, 296). 

Variations exist in the reported incidence of TMJ disc perforations. 

Oberg (211) and Jagger (137) reported incidence of 20%. Weisngreen 

(298) reported an incidence of 15%. Mohl (201) reported 71% and 

Norgaard (209) reported 64%. The wide range of values from these 

reports might be related to the diagnostic modalities that were 
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utilized. The recent- introduction of precise arthrographic techniques 

(292, 298, 299, 300, 303, 306, 301, 85, 81) made it possible to observe 

more cases of previously undiagnosed disc perforations. Thus, the, 

reports of higher incidence could be explained on this basis. It is not 

known whether disc perforation is a sequelae of osteoarthritis or -the 

cause of osteoarthritis. Also the response of various components of 

primate TMJ to injury such as disc perforation has not been studied. 

The. present study had attempted .to answer the following questions: 

(1) Will surgically perforated TMJ discs undergo regeneration or 

repair in the area of the perforation? 

(2) If healing occurs, what elements within the TMJ contribute to 

the regenerative process seen in the perforated discs? 

(3) Will osteophytes and arthritic changes observed i~ the human 

TMJ with' pathologically perforated discs also occur as a 

sequela to the experimentally produced perforation in monkeys? 
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B. Review of Literature: 

Before presenting the review of the literature related to disc 

perforation, a brief review of the functional anatomy of the human TMJ 

will be presented with special emphasis on the TMJ disc. 

1. Definitions: 

a. Functional Anatomy of the TMJ: 

The TMJ is classified as a compound ginglimo-diarthrodial joint 

(299). It is considered to be a compound joint which necessitates the 

presence of at least three articulating bones. In the TMJ the disc acts 

like a third bone. interposed between the condyle of· the mandible and the 

glenoid fossa of the temporal bone. The superior surface of the disc is 

a true articular facet that articulates with a similar but larger facet 

on the temporal bone. The inferior surface of the disc is also a true 

articular facet. Ginglimus refers to the rotary hinge movement that 

takes place mainly in the condylo-discal complex i.e. in the inferior 

joint compartment. The word arthrodial refers primarily to the 

translatory 

compartments 

movements that occur mainly in 

i.e. between the glenoid fossa 

the superior joint 

and the 

complex. The word synovial refers to the presence 

condylodiscal 

of a synovial 

membrane which lines. parts of the joint and facilitates movement and 

nutrition of its parts (16). 

In fact, the two compartments of the TMJ have several structures in 

common, (299) namely: 

1. The articular disc and the retrodiscal tissue separate the TMJ 

into two distinct compartments. 
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2. The capsule and its ligaments which encapsulate separately the 

two compartments, thus confining the synovial fluid to these 

synovial compartments and, 

3. The musculature which provides stability in movement of both 

joints. 

As indicated in the Nomina Anatomica (1955), the word "disc" is 

used to denote a circular structure with or without central 

per;forations, and the word "meniscus" is used to denote a semilunar 

shaped element with on·e concave and one flat surface (175). From thes~ 

definitions the TMJ contains a disc rather than a meniscus (16). Also 

we have to observe that a perforation in the TMJ disc is a pathological 

sign (88, 124, 196, 235) while it is considered a normal finding in both 

the sternoclavicular joint and the acromioclavicular joint (175). 

Many important functions were suggested for intra-articular discs 

and menisci (16, 17, 44, 47, 55, 137, 175, 244). Some of these are: 

1. They act as "pads" (washers), filling the wedge like gaps 

created by the rounded bony edges of the joint, ·and thus .they 

stabilize the joint during rotation and translation. 

2. They provide maximal joint contact and thus reduce the contact; 

stresses on the load-bearing surfaces of the joint. For 

example, it. was found that the knee. menisci provide 

approximately 70% of the total joint contact area in a normal 

joint and that the contact area is reduced by one half by 

surgical menisectomy (44), 

3. They establish adaptation between the bony articular surfaces, 

4. They reduce the space between the articular surfaces so that a 

fluid film of lubrication is maintained, 
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5. They are attached to tissues surrounding the joint that seem 

to provide a mean for drawing tissue into the interarticular 

space when the condyle is moved forward. 

6. They facilitate the movements of the _bony parts although they 

are not a determinant of these movements (in the normal 

joint). 

7. They allow a variety of different movements within the same 

joint. 

It cannot be said that a diarthodial joint is truly frictionless, 

but some joints have very low frictional resistance. For example, the 

-coefficient of friction in an animal diarthodial joint is about 0. 02, 

which is slightly less than that of a skate on ice (0.03). The 

coefficient of friction of a good plain engineering bearing is 0. 2 

(285). Toller (285) mentioned that the film of lubricant in the knee 

would be only 50 microns thick. Jones (144) has shown that on movement 

this film can resist a . shearing load of up to 900 pounds per square 

inch, which is, greater than the crushing strength of bone. Much more 

synovial fluid is present but this is only_ needed to fill the space and 

to provide a reservoir (285). From this fact it is concluded that 

failure of a synovial joint will be expected if the disc is perforated 

or its continuity is interrupted (299). This is by altering its 

functions through disruption of the normal hydrodynamics of the synovial 

fluid (126, 277). 

2. Clinical Problems Associated with TMJ Disc Perforation: 

Dystrophic changes can significantly alter the appearance and 

function of the disc. Although the causes of these degenerative changes 

remain obscure, it is established that an unhealthy disc becomes thin 
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and flabby and has a tendency to wrinkle and fold during excursive 

movements of the condylar head (134)-. Also its normal calor changes 

from glistening white to a pale, pinkish-blue. These dystrophic changes 

are I associated frequently with TMJ pain that is resistant to 

conservative treatment and that poses a challenge to surgical correction 

(134). Degenerative changes a~pear to occur more frequently in the 

bilaminar zone (134) of the disc which may contribute to the forward 

migration or dislocation of the body of the disc. Factors producing 

this laxity or· stretching may involve excessive traumatic forces 

! 
produced by the habit of over-protruding the jaw. The degenerative 

changes may also -involve the disc in its entirety (134). It has been 

suggested that tears observed in the bilaminar zone of the disc are 

probably the result of excessive traumatic forces (134). 

The site of most disc perforations. or tears is in the thinner,. 

avascular, central zone. Summa (27 6) stressed that p·erforation of the 

human TMJ disc begins in a predictable location, namely the .external 

lateral angle. In humans perforations are · accompanied by degenerative 

changes that affect both the condyle and glenoid articular surfaces (97, 

134). 

Morgan (79) suggested· that traumatic inJury to the TMJ might 

include significant trauma (usually compressive, crushing or tearing in 

nature) to the articular disc. Since the TMJ disc is avascular (79) it 

is understandable that traumatic perforation an.d/or necrosis (because of 

crushing trauma) of the disc is not an uncommon sequela of TMJ trauma. 

Disc perforation which results in bone-on-bone contact · of the 

articulating surfaces may lead to chronic TMJ disease. The latter may 
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manifest as clicking, popping or grating noises accompanied by pain and 

dysfunction .of the TMJ (87, 124, 134, 173, 235, 292). 

Damage to the articular disc may include roughening, thinning, 

perforation, fracture and adhesion (79, 299). Roughening of the disc 

causes a grating interfere~ce throughout the translatory cycle (299). 

Thinning of the disc may be accompanied by elongation of discal 

ligaments and subsequent discal perforation (299). Increased loading of 

the TMJ articular tissues which is as'sumed · to follow loss of molar 

support, may stimulate remodelling of the tissues (112). This 

remod-elling involves the increased synthesis of proteoglycans as well as 

a thickening of the soft tissue layer due mainly to cartilage formati,on 

which makes the tissues more resistant to compressive forces (112). 

Remodeling is frequent in the posterolateral part of the temporal 

articular eminence and the 'anterolateral part of the condyle, which is 

supposed to bear the greatest load (211). Undifferentiated mesenchymal 

cells in the temporal and condylar joint~ components are thought to play 

an important part in the remodeling process (211). However, Zarb et ~1 

(97) suggested that the human TMJ d'isc _lacks ·this reserve remodeling 

capacity and is frequently involved first in osteoarthrosis (97). Long 

standing abnormal compressive forces applied to the disc could lead to 

cell necrosis, intercellular matrix degradation, thinning of the 

affected areas and , eventually perforation (97). The thinning of the 

disc increases the strain on the other opposing components and if their 

adaptability is exceeded, osteoarthrosis develops (97). 

3. Role of synovial membrane in regeneration of intra 

articular structures including menisci and discs: 
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In the knee it has been shown that the synovial membrane can 

regenerate after being surgically removed or chemically obliterated 

(148,275). Nelson (205) concluded that the synovial tissue was 

reconstituted in about 60 days by metaplasia of the underlying 

connective tissue elements in the area rather than by ingrowth from the 

remaining synovium. In the knee joint the synovial tissue was found to 

be capable of forming a new meniscus after surgical excision (71, 149 

170,291,303). However, patients in which total synovectomy and medial 

menisectomy of the knee joint were performed simultaneously or 

separately revealed that normal appearing ~enisci were not regenerated 

during a 12 week observation period (149) • 

. In the knee joint 80% of the meniscus is avascular and 20% (at the 

periphery) is vascular (71). This is true for both medial and lateral 

menisci. The peripheral meniscus is a relatively vascular .structure and 

the synovium is even more vascular (71). Thus, with the relatively 

abundant adjacent blood supply, healing of a p~ripheral attachment of 

the meniscus occurs. In the knee, clinical studies (205, 271) reported 

healing of peripherally detached menisci. There was meniscal repair in 

an area of relative good vascularity. However, the most· common 

longitudinal ,meniscal tears probably occurred at the junction of 

vascular and avascular portions, which resulted in poor healing. 

Kulkarni and Chard (142) have noted that degenerative tears do not 

extend to the peripheral capsular border of the menisci. Similarly, in 

the knee, Meachim (191,196) observed that fraying and splitting of the 

menisci occurred primarily on the inner surface although they also could 

occur on the peripheral rim of the menisci. Since the inner portion of 

the disc is avascular (71) it is assumed that the synovial fluid is 
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fundamental for its nutrition. This nutrition is mainly by the process 

of diffusion of the synovial fluid into the central portion of the 

meniscus. Disruption of this diffusion could promote horizontal 

cleavage in this inner area (12). 

Wheat et al (300) (in monkeys) concluded that mandibular condylar 
r 

hyperplasia results from experimental removal of the disc, and that the 

presence of the meniscus influences the normal condylar morphology. 

In these monkeys the overgrowth of the condyle oc.curred in a 

horizontal direction only and does not resemble the hyperplastic 

response seen in humans. Therefore, damage to the-disc is probably not 

responsible· for the type of hyperplasia seen in humans. 

King (150Y studied the healing of meniscal tears in the knee joint 

and correlated the ability to heal with the proximity of the tear to the 

synovial membrane. He concluded that tears which are limited to the 

semilunar cartilage probably never heal. A torn meniscus can be filled 

in with connective tissue if the tear communicates laterally with the 

synovial membrane. He also concluded that a complete transverse or 

oblique te,ar results in some separation of the fragments, but the 

intervening space fills in with connective tissue arising from the 

synovial membrane. King (150) also found that a meniscus which is 

partially torn from its peripheral attachment heals in the normal ~ 

anatomical position. Cox and Cordeln (6 7) found that healed meniscal 

tears protect the articular surface of the joint from any degenerative 

changes; however, ·if a tear was severe, it probably interfered with the 

normal mechanics of the joint and degenerative changes resulted. 

Elmer et al (82) .demonstrated a correlation -between regeneration of 

the knee meniscus and the absence of degenerative joint changes. They 
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observed ~hat in those animals in which regeneration of the menisci did 

not occur the remaining articular tissue exhibited fibrillation of the 

tibial joint surfaces and peripheral osteophyte formation. 

Sprinz (269) showed that the rabbit TMJ discs have very little 

regenerative power. However, if damage to the disc was minimal and 

related to the periphery (i.e. close to the area of synovial 

vascularity) repair was observed (269). This regeneration was in the 

form of vascul~rization followed by fibrous repair. He also found that 

' if the damage to the disc was more extensive or if a small piece .of the 

disc was removed, no regeneration occured. In fact, areas of cartilage 

cells which are not normally found in the disc of the rabbit and areas 

of calcification a·ppeared . instead of normal dis cal tissues. These 

findings confirmed the observations of Dobecq (77) and correspond to the 

findings of Bowman (37). 

The appearance of calcified areas and necro~is in the human TMJ 

disc was demonstrated also by Bauer (18). Bauer (18) indicated that 

. these areas are signs of degener·ative joint disease. However, Sprinz 

(269) concluded from his experiment on rabbits that these changes are 

the direct consequences of localized ischemia resulting from the 

surgical procedure, as well as a traumatic effect following alterations 

in the pressure falling on the disc. Recently Tsunemi (286) 

demonstrated a lack of repair following microinjuries of' monkey TMJ 

discs when the injury was confined to the articular surface. However, 

when the wound communicates with the lateral synovial lining, immature 

mesench:Ymal cells began to invade along the bottom of the incisive 

cleavage from the lining synovium adjacent to the wound ( ). In these 

experiments a special type of knife was used to produce microtrauma. Two 

-10-



types of defects were produced, one was within the confines of the 

articular surface of the disc, and the other was beyond the articular 

surface over the lateral synovial lining (286). The defects were not 

through and through but rather superficial. After two weeks these cells 

had imigrated to the incisive cleavage near the central portion of the 

articular disc. After six weeks the fibroblasts had differentiated and 

secreted collagen. fibers in the incision wound space. After 12 weeks 

the amount of fibers had increased in the wound area, but the original 

fibrous structure of the articular disc was not restored. 

Healey (119) concluded that an essential prelude to meniscal 

healing in the rabbit knee joint was the invasion of synovial cells. 

However, King (150) found that extending a central incision in the knee 

joint meniscus as far as the synovium did not necessarily result in 

healing along. the entire length of the incision. Healey (119) found 

that healing was likely to follow when a small incision in the anterior 

horn was extended as far as the synovium; whereas a large incision which 

reached back to the medial ligament was less likely to heal. Similarly, 

with surgical excision, when the amount of meniscus excised from the 

anterior horn is small, then healing is probable. As might be expected, 

healing occurs more quickly and with less scar.ring when sutures are 

used. When large peripheral defects were created it seemed essential to 

use sutures in order to provide stability and to reduce the gap (119). 

The sutures also appeared to act as bridges for the passage of synovial 

cells to the meniscus. The disadvantage o~ sutures is that they cause 

further cell death in the meniscus. Heal'ey (119) also observed that 

even in unsuccessful cases, a layer of synovial cells was always found 

lining the cut edge of the meniscus. Healing seemed to occur 
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circumferential initially, cells proliferated at the synovial ma~gin and 

then they migrated along the cut meniscal edge gradually closing the 

defect from both sides. Very few blood vessels were found in the newly 

formed fibrous tissue and 1arge areas seemed completely avascular. 

Presumably, the invading cells derive their nutrition largely from 

synovial fluid. Whether or not healing occurs seems to depend on the 

actual type of cells invading the damaged area rather than the presence 

of a vascular supply. Synovial cells proliferate readily while 

cartilage cells have only limited ability to undergo mitosis. The 

proliferating synovial cells form fibrous tissue which is very cellular , 

initially but later becomes more fibrous and may occasionally be 

transformed into fibrocartilage. This transformation may ·result from 

compression (119). In summary, cells derived from synovium are capable 

of healing an incision in the substance of the rabbit's knee meniscus 

provided these cells can migrate to the wound area (119). 

Hamberg et al (110) observed during surgery of knee joints that the 

surface of old meniscal tears were covered with fibrous scar tissue. 

Thus, he recommended debriding an old tear so that revascularization can 

occur and increase the chance for healing. Cabaud et al. (48) concluded 

that certain meniscal tears, particularly those involving ·the 

vascularized periphery, can heal and may be repaired rather than treated 

by menisectomy. They found that the damaged menisci healed by means of 

a fibrovascular scar although the fibrovascular did not contain normal 

ground substance and organized collagen, yet the healed menisci did 

protect the underlying articular surface. Russell and Martin (244) 

observed that canine meniscal tears healed within ten weeks as 

granu1ation tissue penetrates the defect by migration from the 
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vascularized periphery. In addition, the superficial synovial fringe 

hypertrophies and grows into the meniscal lesion to aid in the repair 

process. 

The importance of synovial tissue in the healing of meniscal and 

discal lesions is clear. The relationship of the tear to the synovial 

membrane explains why some tears heal while others do not. Limited work 

has been done in the area of TMJ discal regeneration. It was suggested 

by Healey (119) ·that operations in the knee joint should be qesigned to 

allow into ingrowth of synovial cells for some knee meniscal tears. 

Perhap·s the same surgical principles can be applied to the repair of TMJ 

discal tears. 

4. Incidence and Sex Preference of TMJ Perforations: 

Variations exist in the reported incidence of TMJ disc 

perforations. Oberg et al. (211) reported that perforations were found 

in 20% of the examined human TMJ cadavers, and Jagger (137) reported 

the same percentage in his study on post-mortem TMJ materials. 

Weisengreen (298) in a post-mortum study of 198 TMJ discs reported a 

perforation incidence of 15%. Mohl (201) found disc perforations :in 

five of seven (approximately · 71%) cadaver specimens. Norgaard (209) 

recorded 16 disc perforations in a series of 25 patients (64%) that were 

undergoing surgical treatment. Boman (37) reported that 3 of 58 

patients (52%) had perforations which were treated by surgical disc 

extirpation. In an extensive investigation of the TMJ by means of 

arthrography, Norgaard (209) recorded 16 disc . perforations in 71 

untreated cases (22-5%) and 6 perforations in a series of 25 surgically 

treated patients (24%). 
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Weisengreert (298) found an astonishingly high incidence of 

bilateral disc perforations which is in contrast to the low incidence of 

bilateral disc perforation found in other studies (2.09) to many 

investigative reports. Females have a higher incidence of TMJ · discal 

perforation than do males 'in most of thes,e studies. · Weisengreen. (298) 

suggested that additional inf-luences may contribute to discal 

degeneration in women. Disc perforation is found to be most marked in 

the 4th, 5th and 6th decades (298). 

5. The present surgical approach for· treatment of 

perforations of the TMJ di~c: 

Some groups prefer men'isectomy for the· treatment. _of· the. perforated 

disc (61, 225 ,-. 234, 269, 290). Osteoarthritis and limited mov.ement 
I • , 

within the joint were a common sequela of this ·approach (269, 300, 306). 

Attempts to repair disc lesions by suturing the defects have proved 

inadequate (134) since.the disc has .no apparent capability for healing 

especially in the perforat·ed area, and since the sutures become 

dislodged eventually' under the stresses of mandibular · function. 

Moreover, suturing discal defects in the articular zones or reinforcing 

the meniscal defects with alloplastic materials is associated with a low 

incidence of success (134). Silas tic sheets, fashioned to fit snugly 

beneath the undersurface of the disc and secured by sutures in the walls 

of the capsule afford excellent results for varying periods of ti~e 

(123). However, in a high percentage of cases the sutures eventually 

pull free of the capsule wall and the sheets dislodge and migrate, 

necessiating surgical removal of the disc (134). 
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6. Osteoarthritis and its Association with Disc Perforation: 

Since perforation of the monkey TMJ discs has· been shown to result 

in osteoarthrosis, a brief review of the literature on degenerative 

arthritis follows. 

This is a pathological state with great antiquity. The disease is 

umbiguitous. . The presence of the disease had been observed in the tail 

vertebrae of dinosaurs which existed on earth some 50 million years ago. 

Its occurance had also been observed in Egyp~ian mummies and Neanderthal" 

man (202, 272). 

Straus, et al. (272) considered it a common ailment of Palaeolithic 

man and they stated that numerous non-human Palaeolithic mammals were 

victims of osteoarthritis and human ske.letons of all known perio~s both 

pre-historic and historic had its manifestations regardless of different 

dietary and environmental factors (272). 

No single term or.classification system of degenerative arthritis 

is universally accepted. Originally the term arthritis deforman was 

utilized (238) as descriptive term for both degenerative arthritis and 

rheumatoid arthritis, but since the joint deformation can be a sequala 

of many other pathological processes, this term is certainly not 

appropriate (238). ·The.term arthrosis ·defermans.was introd~ced recently 

and is still used· by· European literature (18, 97). At present. the term 

degenerative arthritis, degenerative arthrosis, degenerative joint 

disease, osteoarthritis and osteoarthrosis are the terms ·that are 

commonly used. 

Resenick et al. (238)' preferred the _term degeneJ;ative joint disease 

in describing degenerative alterations in any type of articula,tion. 

These alterations may appear in fibrous, cartilagenous or synovial 
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articulations. They suggested that the terms osteoarthrosis and 

I 

osteoarthritis should be reserved·for degenerative diseases of synovial 

joints (238). Although in most of these joints inflammatory changes are 

not pronounced, the term osteoarthritis is still widely used in the 

u.s.A. (238, 97). 

Sokoloff (262, 263) wrote that "although the name osteoart-hritis is 

a misnomer insofar as it implies an inherently infiammatory pro.ces,s it 

has enjoyed many decades of common use in the English speaking world and 

will probably continue to do so because it has greater consumer appeal 

than the more accurate term degenerative joint disease". 

Sokoloff (262) defined osteoarthritis as a non-inflammatory 

disorder of movable joints characterized by deterioration and abrasion 

of art-icular cartilage and also by the formation of a new bone or 

osteophytes at the joint surfaces. 

Nichols and· Richardson (206) made clear distinction between two· 

forms of chronic arthrosis which we now use in naming rheumatoid 

arthritis and osteoarthrosis. Th~y (206) wrote that these joints (of 

chronic non-tubercular deforming arthritis) can be divided into two 

pathological groups: (1) Those which ar'ise from primary proliferative 

changes in the joint· chiefly in the synovi_al membrane and. perichondrion 

and (2) Those which arise primarily as a degeneration of joint 

cartilage. 

It is to be observed that these concepts have remained virtually 

the same to this day. It is generally acce,pted that rheumatoid 

arthritis is prima~ily a disease of synovial tissue and osteoarthritis a 

disease of articular cartilage (206). But secondary changes are als.o 
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seen in the cartilage in rheumatoid arthritis and in the synovial 

membrane in osteoarthrosis (206). 

In an epidemiologic survey in north England, results showed that 

50% of the population had radiographic findings .interpreted as signs of 

osteoarthritis in the hands, feet, back, knees and hips (163). 

It was observed that not every radiological positive osteoarthritic 

lesion is clinically symptomatic (97). In an epidemiological study ·of 

the hands, wrists and knees only 30% of those patients with marked 

radiographic changes were found to complain of pains at the involved 

regions in the past five years (62). 

The frequency of osteoarthritis found at autopsy increases 1with age 

in most jo~nts (20) including the TMJ (262, 28, 36, 133, 211, 153, 154). 

The disease is seldom ~eveloped before the age of fourty (97). However, 

Sokoloff (264) states "even during the third decade of life fibrillation 

may occur on the surfac-e of the patella". Feroze (81) also noted· that 

frequency and severity of osteoarthritis increases almost linearly with 

age until by the sixth decade it is virtually universal. Ericson and 

Lundberg (84) found that. 44% of 80 symptom ·free individuals had 
' '' 

radiographic changes in .the· TMJ including ·osteoarthritis". A significant 

relationship was ·observed between the degree of radiographic changes of 

osteoarthrosis and clinical symptoms (163, 172). The frequency, of 

radiographic findings interpreted as indicative of TMJ osteoarthritis 

was found to increase with age (1, 122, '155). 

TMJ creditation which was regarded as the most reproducible 

clinical sign of TMJ osteoarthritis (97) was noted in 24% of a 

population of 1069 persons examined (114). This figure agreed with the 

frequency of macroscopic osteoarthritis lesions found in an autopsy 
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material consisting of 102 individuals between 19 and 93 years of age 

(211). Frequency of osteoarthritis radiographic findings was seen to 

range from 22% to 44% (233, 34, 84). 

The inconcordance between the radiographical data should be related 

for the different criteria of the radiographic signs of osteoarthritis 

taken in each study. In clinical materials consisted of patients 

seeking treatment for TMJ disorders radiographic signs of osteoarthritis 

were observed in up to 10% (278, 52, 2, 122). It is to be concluded 

that no generally accepted radiographic criteria are available for 

osteoarthritis of the TMJ, which has made the diagnosis of the disease 

uncertain (212). 

It was fbund that (105) the sex distribution of osteoarthritis is 

relatively equal for mos~ joints of the body, however the frequency has 

been found to ·be higher in hand joints of females (1). In the TMJ the 

sex distribution ,is not certain. Autopsy studies had revealed a higher 

frequency of osteoarthritis in TMJ of females (84, 288, 211). 

Lysell (17 2) sho-wed that the prevalence is equal in both sexes. 

Westesson (216) had found an association between partial· or complete 

anter~or displacement of· the disc, as well as deformation of the disc 

and osteoarthrosis. He (216) concluded that in the progression of 

internal derangement to osteoarthrosis, not only the position but also 

to a considerable extent, the configuration of the disc might be 

involved. 

Osteoarthrosis, particularly of large diarthrodial joints, is 

usually subclassified into primary (idiopathic) and secondary varieties 

(88, 263, 238). The secondary varieties develops in a joint which is 

already altered by trauma or disease (175, 88). In contrast to 
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.secondary osteoarthrosi-s, primary ' osteoarthrosis develops in a joint 

free from. previous disease or, mechanical abnormality (88). The exact· 

etiology of primary osteoar~hr:Ltfs is unknown (206, 264, 163, 262, 88, 

97). Many factors particularly genetic seem to be involved. This 

appears to be true in both mice (265) and also man (146). 

Feroze felt that wear and tear play the major role in etiology of 

osteoarthrosis (88). His thoughts are in good agreement with Collins 

(63) and Jaffe (135). They all agreed that normal daily use of joints 

leads to a wearing and tearing of cartilage which is limited and more or 

less symptom free in most individuals • However, in some individuals 

other factors e. g. genetic factors . and abuse are superimposed which 

accelerates this process leading to more severe symptoms producing 

cartilage destruction that is called osteoarthrosis. In concordance of 

this theory, it has been frequently pointed out in old and recent 

literature (63, 254) that (12) the degree to which an articulation is 

used is a major factor of· the severity of osteoarthritic changes, (16) 

abuse of joints or excessive mechanical stresses generated by virtue of 

malformation, occupation or obesity expedites osteoarthritic changes 

which finally becomes more severe, arid (17) restriction of joint use may 

protect a joint from developing osteoarthrosis (40). 

This is seen in patients who developed hemiplegia where there is an 

arrest of progression of osteoarthro.sis in the paralyzed limb whil~ in 

the non-paralyzed limb osteoarthritic changes progress in extent and 

severity (66). 

Collins (63) recognized four grades of destructive changes in 

joints. 
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Grade I: Destruction of superficial cartilage confined to areas of 

greatest pressure and movement - tangential flaking, early fibrillation, 

shallow pits or grooves. Small blisters beneath surface. No marginal 

hyperpJasia of bone or cartilage. Normal capsule, synovial membrane and 

articular contour. 

Grade II: More extensive destruction of cartilage but still 

confined to pressure and movement areas and not devading bone. Deep 

fibrillation and notable loss of cartilage substance in regions affected 

in Grade I. Superficial flaking, pitting and blistering of othe.r areas 

not previously involved. Early marginal hyperplasia beading or 

ridging along the edges of the surfaces most affected by cartilage 

destruction. No large osteophyte. No gross remodeling of bone ends. 

Grade III: Total loss of cartilage in one or more pressure areas 

with exposure and usually eburnation of bones. Widespread fibrillation 

and flaking of remaining cartilage through regions of unaffected 

cartilage often survive in parts subjected to pressure and movements. 

Obvious osteophyte at right margins. Alteration. of contour ·.of articular 

surf aces. Sclerosis of subchondral bone. Fibrous of capsule 

occasionally increase visosity of synovial membrane. 

Grade IV: Complete loss of cartilage from large areas of joint 

surface. Eburnation of exposed bone. Gross unevenness of surface from 

surviving islets of cartilage, epi-articular osteophytes, a4aptation to 

irregularities of opposing joint surface, and remodelling of contour of 

bone end. Prominent marginal osteophytes, lips, shelves of spurs. 

Fibrosis of capsule and synovial membrane. Occasional groups of 

enlarged vascular or adipose villi. Usually excess of highly mucinous 

joint fluid. 
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It is to be noted that these pathological grading are not exactly 

correlated with clinical signs and symptoms (88) and he (63) said 

"broadly speaking however, Grade I is clinically silent, Grade II rarely 

causes notable symptoms, Grade III is usually symptomatic and-Grade IV 

invariably constitutes disability." 

Involvement of the Intraarticular Fibrocartilagenous Discs and Menisci 

in Osteoarthritis: 

In cert-ain joints (knee, wrist, sternoclavicular, acromioclavicular 

and TMJ) Sokoluff (262) found that their fibrocartilagenous discs or 

menisci might be a subject to fibrillation and errosion in· company with I 

advanced changes in the articular surfaces. They may also degenerate 

especially in older persons following significant trauma (256, 113, 56). 

Zarb (97) mentioned that thinning of the disc increases the strain 

on the other opposing components and if their adaptability is exceeded 

osteoarthritis develops. 

Hyperplasia, hypertrophy and cellular degeneration within the 

fibrocartilage are associat:ed with microscopic or macroscopic tears 

(206). 

Calcification related to calcium pyrophosphate dehydrate cry!3tal 

deposition may be observed (206). The intraarticular discs can show 

extensive fragmentation and even disappeare Commonly such severe 

changes can be accompanied by equally significant degenerative c~anges 

elsewhere in the joint (158). In these cases it is not known if, 

meniscal degeneration is a complication of ostebarthrosis (167) or if 

osteoarthritis is a complication of meniscal degeneration (268) • 

. Lidge (167) suggested that meniscus degeneration is a complication 

of osteoarthritis but Franklin, et al. (268) suggested that a remote 
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meniscus injury may cause osteoarthritis. In a series of 400 .random 

necropsy. Knee joints it was found that there is association of 

osteoarthritis with horizontal cleavage (degenerative type·of tears and 

not trumatic) of the medial knee meniscus in 68% (male) and in 53% 

(females). In Jonathan et al (269) study the severity of horizontal 

cleavage was seen to increase with the severity of osteoarthritis. 

Experiments designed to alter the load bearing on joints also have· 

led to degenerative changes (210) compression presumably hinders the 

normal movement of interstitial fluid and diffusion of metabolities 

necessary for the nutrition of the chondrocytes (262). 

The preponderant view (283) is that abnormal pressures or 

functional forces are required for osteoarthritic changes to develop. 

Instability resulti~g after surgical disruption of the cru~iate 

ligaments was used to produce osteoarthritis (130, 187). The stresses 

taking place in diarthrodial joints have_ not been measured directly 

(264). 

Pauwels and his coworkers (214) have computed stress due to joint 

movement from in order to demonstrate the abnormal distribution and 

excessive forces on the hip in the development of .osteoarthrosis. 

Different studies were done to measure the same in the knee (257). 

Direct studies on the distribution of·stress in the intervertebral 

discs have been ·made in vivo and in vitro (203). It was found that the 

nucleus pulposus served through its hydrostatic properties to ditribute 

the loads pniformily on the surrounding tissues (48). This purpose was 

effectively served even in the presence of moderative degenerative 

changes in the disc (264). Only in severe disease was the hydrostatic 

function of the disc found to be decreased (264). 
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- C. Rationale: 

The Macaca monkeys have TMJs that are· very similar to the huma,n 

TMJ. From the anatomical and functional points of view we believe that 

it is a good- animal model for our experiments. We used ·monkeys that 

were 9-12 years of age because these monkeys are comparable in age to 

human patients between 35 and 45 years of age (211). This human age 

-group shows a high incidence of perforations. The sacrifice time was 

11-12 weeks after perforation. This time was based on the work of 

Russell and Martin (244) who observed healing of meniscal lesions after 

ten weeks. The stains that were used to study the histopathological 

changes in the joints were highly selective for staining synovial 

tissue, elastic and oxytalan fibers. In pilot studies we found that the 

elastic and oxytalan stain had the ability to differentiate structure 

containing true elastin from other non-specific stained structures. 

Alcian blue (pH 2.5) and H & E were tised. in light microscopic study of 
i 

the repair of the .repair of the medial meniscus of the animal knee (47). 

Since we are proposing a role for the synovial tissues in the repair of 

TMJ disc perforation t~e same stains will be used as comparison of the 

two studies. We used electrosurgery unit ·rather than surgical blades 

for the perforations in order to have better control over the diameter 

of the experimental perforation. Also, we plan to open· the s1,1perior 

joint space without disturbing the inferior space (except for the 

perforations). 

Since the peripheral part of the disc is vascularized by a dense 

peridiscal capillary plexus and since extension of vascular synovial 

fringes exist in those regions (40) we expect that the synovial tissue 

might seal the discal perforation by scar formation. Arnoczky (12) 
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showed that following complete transverse sectioning of knee menisci (in 

Mongrel dogs), vessels from the perimeniscal capillary plexus and 

synovial fringe proliferate to provide the vascular origin for the 

connective tissue scar needed for healing of the meniscal lesion. 

D. Specific Aims~ 

1. To develop an animal model system from which the sequela 

of TMJ disc perforation can be observed. 

2. To examine and compare histologically and grossly the TMJ 

discs and articular bones of the control animal.s with 

those of the experimental animals. 
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II. MATERIALS AND METHODS: 

A. Animals: 

Three adult male and one.adult female Macaca fasicularis comprised 

experimental group. Four Macaca fasicularis male monkeys were used as 

controls. The control joints were obtained from monkeys that underwent 

intracarotid perfusion with a cacodylate buffered glutaraldhyde 

containing 0. 25% tannic acid. Tissue blocks containing these control 

TMJ's were stored in cacodylate buffer and will be processed.with the 

joints from the experimental group (as described later). 

The monkeys range from 9-12 years of age. The monkeys were caged 

individually in an air conditioned room at the MCG vivarium facility. 

They were fed Purina Monkey Chow supplemented fresh fruits and water was 

available ad libitum. 

B. Procedure: 

The eight experimental joints were opened surgically to produce 

perforations of the TMJ discs. 

1. Surgery: 

The animals were anesthetized with Ketamine (100 mg/ml) 0. 35 ml 

initially with 0.25 ml as a supplement and Xylozine (20 mg/ml) 0.35 ml 

initially with 0.25 ml as a supplement by experienced vivarium 

personnel. The preauricular areas of the face were shaved and scrubbed 

with an antiseptic solution for ten minutes. The monkeys were drapped 

with sterile towels to expose only the field of surgery (Fig. 1). The 

operator and his assistant were scrubbed and dressed standard aseptic 

techniques for operating rooms. A transverse incision over the 

zygomatic arch was made (Fig. 2). The incision was 2-3 mm deep. The 

incision was deepened superiorly using blunt and sharp dissection until 
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the temporal fascia was exposed. Inferiorly, the incision was deepened 

by dissecting the tissue from the external auditory canal and reflecting 

the parotid gland inferiorly and laterally (Fig. 3). The facial nerve 

was protected and it was kept in the inferior flap (Fig. 3). The 

dissection was continued downward and backward until the lateral surface 

of the articular capsule was exposed (Fig. 3). We used a retractor 

especially designed to separate the componet parts of the TMJ and widen 

the operating field (Fig. 4). A horizontal incision was made through 

the capsule approximately l-2mm below the zygomatic process of temporal 

bone to expose the superior compartment (Fig. 5). The incision was 

extended anteriorally to the articular emine~ce. The capsule-was gently 

dissected from the lateral border of the meniscus, exposing the superior 

joint space (Fig. 6). An electro-surgery unit Electrotom 225 ME -

Parkell, Electronic Division, Farmingd_ale, N.Y. 11735 equipped ~ith a 

fine point (1/16 inch diameter electrode base) electrode was used to 

produ~e a through and through perforation of the disc (Fig. 7,8,9). The 

perforation was in the ppsterolateral region of the disc (this is the 
( 

area where perforations commonly occur in humans). The diameter of the 

perforation was about 3-5 mm. The perforation was probed to make sure 

it penetrated through ·the· whole thickness of the meniscus. Sterile 

saline was then used to debride the joint cavity. 

The joint ca~sule was sutured (Fig. 10), the surgical flap was 

approximated and deep resorbable sutures were placed (Fig~ 11). 

Interrupted skin sutures were used to close the skin wound. Pressure 

was applied to the wound area with ice bags for approximately one half 

hour following the surgery. The same protocol was repeated for the 
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other side. The animal was returned to its cage arid observed until 

~ully recovered from the anesthesia. 

2. Animal Sacrifice: 

Two experimental monkeys were sacrificed 11 weeks following the 

surgery (animal nos. 13, 10) and the other two experimental monkeys 

(nos. 4683 and 5299) were sacrificed 12 weeks following the surgical 

perforation of the TMJ discs. The control monkeys and the experimental 

monkeys were anesthetized profoundly with ketamine. A central incision 

in the midline of the neck was made and with blunt dissection, the 

carotid sheaths on each sides of the neck was exposed. The common 

carotid artery, the internal jugular vein and the external jugular vein 

was cleaned of connective tissue and 00 black silk ligatures were placed 

around each vessel. The common carotid artery was clamped with a 

bulldog clamp distally and then ligated proximally. A· small incision 

was made in the isolated segment and a plastic cannula was introduced 

into the artery (bilaterally) as the clamp was released. The cannula 

was secured in the artery by tying the ligatures around the cannulated 

artery. Both right and left cannulae were connected to a perfusion 

pump. In the meantime the internal jugular veins were ligated and the 

external jugular veins incised to allow drainage of the ·blood and 

perfusate. Heparinized saline was pumped into the arteries at a rate of 
I 

50-75 ml/min until clear saline drains from the e~ternal jugular veins. 

The monkey was then killed·with an intracardiac injection of saturated 

KCl solution and perfused with either Karnovsky's solution or with 3% 

glutaraldehyde containing 0.25% tannic acid. Subcutaneous injections at 

the site of the TMJ were used to supplement the perfusion procedure • 
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Each perfused monkey was decapitated. The head was placed in 

Karnovsky's solution for about two weeks. Then a band saw was used to 

make a saggital cut through the head. The joint area was removed _en 

bloc by making a superior cut 2 em above the zygomatic arch, an inferior 

cut 2 em below the arch, a posterior cut at the external auditory 

meatus, an anterior cut at the coronoid area and a medial cut at the 

apex of petrous portion of the temporal bone. The tissue blocks were 

decalcified in a solution containing 50% formic acid and 50% sodium 

citrate. The formic acid was prepared by diluting the formic acid 1 to 

1 with distilled water. The sodium citrate solution combined 200 mg 

sodium citrate per 100 ml of di~tilled water. This mixture of formic 

acid and sodium citrate is considered to be' a mild decalcifying solution 

that requires 5-6 weeks for ·decalcification. 

3. Staining Techniques: 

After decalcification each block was cut into three to.four 3-5 mm 

macroscopic thick sections using a sharp razor blade. Each of these 

sections was photographed using a Zeiss dissecting scope equlpped with 

fibre-optic light cables and an automatic camera. Any gross changes in 

the normal topography of the TMJ was recorded. The tissue was then 

p~ocessed for paraffin embedding and 5 micron thick sections·were made 

and stained with the following: 

A. Routine Harris Hematoxylin and Eosin stain (H&E): 

This technique was used to demonstrate the general histology 

of the different components. 

appear blue with some 

In the H & E sections the nuclei 

metachromasia. Cytoplasm and 

intercellular fibers stain various shades of pink allowing 

different tissue components to be identified. 
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B. Alcian Blue at pH 2.5: This stain was used to demonstrate the 

presence of acid mucopolysaccharide or any change of its 

normal distribution caused by the perforation. The alcian 

blue stained the synovium ·and therefore enabled us to trace 

any synovial tissue response following perforation. 

C. Resorcin-Fuchsin (Puchlter Technique) (226): The TMJ disc is 

made primarily · of collagen fibers along with elastic and 

oxytalan fibers (125, 117). The anatomical distribution of 

both oxytalan and elastic fibers have not . been fully 

investigated in the TMJ even though both kinds of fibers have 

been implicated as being · important in the physiology and 

pathology of the TMJ. Puchtler et al (226) have modified the 

resorcin fuchsin technique for the identification of elastic 

tissue. They found that by using 70% ethanol with the orcein 

dye both elastic and ps~udo~lastic tissues. The latter were 

presumed to be procollagen, cartilage and mucin. If 100% 

ethanol was ·used to dissolve the orcein dye, they found. that 

the elastic tissues would not stain and the only stained 

fibrils were the pseudoelastic ones. We used this technique 

to study the distribution of elastic.and psuedoelastic tissues 

in the normal and perforated discs. Oxytalan fibers were 

~ocalized according to the technique of Fulmer (93). The 

investigation of these elastin and oxytalan fibers in primate 

TMJ discs in health and disease should add considerably to our 

understanding of TMJ function. 
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III. RESULTS .(CONTROL TEMPOROMNDIBULAR JOINT): 

A. Stereoscopic Examinations: 

The monkey joint was divided into a superior joint space and an 

inferior joint space (Fig. 16). The superior space was seen between the 

temporal articular surface and the superior surface of the articular 

disc (Figs. 12, 16)., The inferior space was found between the condylar 

articular surface and the inferior surface of the disc (Figs. 12, 16). 

The di~c was intact in both anteroposterior and mediolateral directions. 

The different components of the TMJ will be separately described. 

1. Articular Capsule: 

The capsule could be seen as a dense wall laterally and posteriorly 

(Figs. 13, 19). The lateral capsule looked as a dense wall running from 

the lateral margin of temporal articular fossa and eminence (temporal 

articular facets). tt was inserted inferiorly into the . neck of the 

condyle (Fig. 13). 

Laterally the capsule was ··seen to be reinforced by a thicker·white 

band that ran anteropost~riorly in a slightly oblique direction. 

Superiorly it was attached to lateral margin of the articular eminence. 

Its inferior attachment was seen to be the posterior condylar neck. 

This structure seemed to correspond to the oblique layer of the human 

TMJ ligament. Medially the capsule ·could, be seen as a white delicate 

wall that was bordered posteriorly by the auditory canal and inferiorly 

by the postglenoid lobe of the parotid gland. The medial aspect of the 

capsule appeared less organized than the lateral aspect. Anteriorly a 

clear capsular wall could not always be seen (Fig~?. 12 ,. 15, 16). At 

this region the superior head of the lateral ~pterygoid blended in with 

anterior superior discal attachment which attachs to the articular 
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eminence. The superior head of the lateral pterygoid also blended with 

the anterior inferior discal attachment to the condyle (Figs. 21, 16). 

2. Disc 

The articular disc adapted itself perfectly to the shape of the 

articular bones (Figs. 15, 16, 19). It could be divided 

anteroposteriorly into four regions: anterior ··and posterior thick 

bands, intermediate thin band, posterio'r thick band and a bilaminar zone 

(Figs. 21, 23, 16, 19). 

The anterior band filled the space between the anterior horizontal 

extension of the eminence and the anterior slope of the condyle (Figs. 

15, 19). The intermediate thin band was closely adapted to the shape of 

the bony projections of the area just anterior to the summit of the 

condyle on one. side and the anterior slope of the eminence from the 

other. The posterior thiek band with the overlying "thick synovial 

tissue filled the gap between the transverse ridge of the condyle and 

the articular fossa (Fig. 15). 

The disc was attached at its periphery to the margins of both the 

condylar and temporal articular facets. It was also supported by the 

fibrous capsule. In the anterior region, the .. disc received some 

attachments from the adjacent superior head of the lateral pterygoid 

(Fig. 12), masseter profundus (Fig. 14) and temporalis muscles (Fig. 22, 

15). Both the superior and inferior articular surfaces of the dtsc were 

smooth and glistening (Figs. 12, 15, 16). 

3. The Condylar Articular Surface: 

The condylar articular surface appeared smooth and glistening (Fig. 

12). It was apparently of even thickness both anteroposteriorly and 
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latera-medially. The condylar covering was easily distinguished from 

the underlying condylar bone (Fig. 12) 

4. Temporal Articular Surface: 

The temporal articular component of the TMJ was composed of 

articular fossa and anterior horizontally extended eminence (Fig. 12). 

Compared to human, the fossa is shallower and the eminence is less 

steep. Also the summit of the eminence was almost equal to the depth of 

the fossa (Fig. 19). Like the condylar articular surface, ·the temporal 

articular surface appeared smooth .with glistening covering. It was also 

of even thickness (Fig. 15). 

5. Joint Spaces: 

a. Superior Space: 

Sagittal. sections through the most lateral aspect · of the TMJ 

exposed the superior joint space_, and as expected the inferior space was 

. not apparent. ·This revealed the more lateral position of the most 

inferior aspect of the superior space (Fig. 14). The superior joint 

space progressively increased in anteroposterior direction as the 

sections were taken more medially (Fig. 16). The superior joint space 

was larger than the inferior space (Fig. 12, 19). However the medial 

extension of the superior joint space did not seem to overlap · the 

inferior space (Fig. 17). This is a different arrangement than the one 

described in the human joint. The posterior boundary of the joint space 

appeared to be the attachment of the superior stratum of the bilaminar 

zone to both the petrotympanic suture and the postglenoid pro'cess 

(Fig. 18). The anterior extension of the space was seen to follow the 

most horizontal extension of the articular eminence (also known as 

preglenoid plane) (Fig. 12). The superior joint space is bounded 
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anteriorly by the attachment of the disc to the capsule and the latter 

to the most anterior part of the eminence (Fig. 16). In the most medial 

section of the TMJ the anterior portion of the superior space extended 

less in the anteroposterior direction (Fig. 20) and the superior space 

extended more medially than did the inferior space (Fig.-17). 

b. Inferior Joint Space: 

The inferior joint space was much smaller than the superior joint 

space and its posterior recess extended for a considerable distance 

along the posterior slope of the condyle (Fig. 18). This recess was 

bordered anteriorly by the condyle and posteriorly by the inferior 

stratum of the bilaminar zone (Fig. 12, 18). Anteriorly the inferior 

space extended for a shorter distance than the superior space (Fig. 12, 

16) The anterior inferior recess was oriented in a. horizontal 
.. 

direction rather· than. in a vertical direction as described for human 

TMJ. (Fig. 12). The anteroinferior recess was also parallel to the 

anteroposterior axis of the anterior discal band (Fig. 12). The 

anterior inferior limit of the recess was bounded by both the discal and 

capsular attachment to· the condyle (Fig. 12). In midsagittal sections 

of the TMJ the anterior inferior recess of the lower joint space on a 

plane higher than the posterior recess with respect to the condyle 

(Figs. ~2, 19, 15). These detailed descriptions of joint spaces may 

have an important ~mplication in the interpretation of primate TI1J 

arthrography which may be done with other experimental studies. 

B. Histological Examination: 

1. TMJ Disc: 

The examination of histological sections of the TMJ at low 

magnification complimented the results of the stereoscopic examinations 
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of thick sections which were described in the previous section of this 

thesis (Fig. 24). The disc was consistently composed of anterior, ·and 

posterior tpick zones (or bands) with an intermediate thin zone. The 

retrodiscal pad consisted of a bilaminar zone that consisted of a 

superior stratum and an inferior stratum (Fig. 24). 

In a sagittal section the superior str~tum could be differentiated 

from the posterior capsule by observing the direction of collagen 

fibers. The fibers of the capsule ran from the condyle directly to the 

postglenoid area (Fig. 26). The superior stratum had fibers that ran 

from the retrodiscal zone to the lips of the \petrotympanic suture and 

postglenoid process (Fig. 25, 26). The inferior stratum of the 

bilaminar zone was seen to run from the retrod~scal zone to. the 

posterior inferior surface of the condyle at a higher point than the 

posterior capsule (Fig. 26). 

The anterior band of the disc received attachment of some fibers 

from the superior head of the lateral pterygoid muscle (Fig. 27). 

Moreover, the anterior portion of the capsule, the discal attachment to 

the condyle and articular eminence and the superior pterygoid attachment 

were very clos~ly related. It was not possible to readily distinguish 

one component from the other. In addition the complexity of this region 

was further increased by the presence of the temporalis and masseter 

profundus muscle that contributed to the formation of the anterior 

discal band and the capsule. 

At hfgher magnification the disc appeared to be composed primarily 

of eosinophilic collagen bundles. The anterior, intermediate and 

posterior bands were avascular.' However, blood vessels began to appear 

at the junction of the posterior band with the bilaminar zone (Fig. 24). 
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The bilaminar zone was rich in blood vessels especially the inferior 

stratum (Figs. 27, 28, 29, 30). Anteriorly where the anterior band was 

blending with the capsule, blood vessels were also seen. 

Dense collagen bundles distinguished the disc proper · (anterior, 

intermediate and posterior band) from the retrodiscal tissue (Fig. 30, 

32). The inferior stratum of the bilaminar zone consisted of collagen 

fibers that appear more dense than those in the band as· the superior 

stratum (Figs. 26, 29, 35). In mqst of the examined discs the collagen 

bundles showed the following pattern of organization: parallel 

horizontal bundles of collagen along the superior and inferior 

peripheral surfaces of the disc and interwoven or interlacing bundles in 

the middle portion (Figs. 33, 34). The latter observation applied to 

the collagen orientation in the middle of both the anterior and 

posterior bands, but the intermediate band showed less interwoven 

collagen bundles (Fig. 31). All the fiber systems appeared to be well 

anchore.d to each other in a densely ·interwoven pattern (Fig. 32). The 

upper and lower surfaces of the disc had an undulating configuration 

with elevations running in one direction (Fig. 34). 

In addition to collagen fibers, elastic fibers were observed in the 

TMJ discs. The. elastic fibers were .. most abundant in the superior 

stratum of the bilaminar zone followed by the inferior stratum (Figs. 

35, 36). Elastic fibers were also localized at the insertion site of 

the lateral pterygoid muscle to the condyle and the disc (Fig. 37). The 

elastic fibers were less abundant in the disc proper (anterior 

intermediate and posterior bands) (Fig. 38). It showed a very fine 

branching pattern of elastic fibers. The fibers appeared to be randomly 

arranged with extensive branching (Fig. 38). 
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The cells of the disc appeared to be of two major types. The first 

type constituted the majority of the cells present and appeared to 

occupy lacunae and hence they referred to as chondrocyte-like cells 

(Figs. 31, 32, 39). The second type was a spindle shaped cell and will 

be referred to as fibroblasts. Most of the chondrocyte-like cells 

occupied a single lacuna and were distributed in the body (disc proper) 

of the disc (Figs. 31, 32, 39) •. Each chondrocyte-like cell contained a 
I 

large basophilic nucleus and a thin rim of cytoplasm. The fibroblasts 

appeared to be a little larger than the chondrocyte-like cells and they 

contained an abundant amount of basophilic cytoplasm (Figs. 31, 32, 

39). 

The fibroblasts were more abundant at the periphery of the superior 

and inferior. surfaces of the discs (Figs. 31, 32, 39). 'Fewer 

fibroblasts were seen scattered in the body of the disc (Fig. 32). In 

alcian blue stained sections blue zones were seen encircling the lacunae 

of the chondrocyte-like cells stained positive •. · These areas appeared as 

blue zones around these cells (Fig. 40). In coronal sections alcian 

blue positive areas were also observed in the intermediate zone of the 

discs, and the stain was distributed throughout the mediolateral 

dimensions of the disc. Iri sagittal sections, it was observed that the 

alcian blue areas were concentrated (Fig. 41) in the intermediate thin 

band and the posterior thick band. The later was seen to be ladened with 

chondrocyte-like cells (Fig. 32). The retrodiscal zone and the anterior 

discal band showed much less alcian blue positive material. In sectiQns 

counterstained with the nuclear fast red.stain Kernectrot.the nuclei of 

fibroblasts and chondrocyte-like cells took the red color (Fig. 40). 

2. Synovial Membranes: 
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True synovial membranes could easily be seen in all four recesses 

of the TMJ. In coronal sections of the joint (Figs. 24, · 42, 43, 44) 

synovial membranes could be seen lining the inner surface of the fibrous 

capsule in the lateral (Fig.· 42) and medial joint recesses (Fig. -43, 

44). 

The synovial membranes were lined with an intimal cell layer which 

faced the joint spaces. The cells were elongated or polygonal in shape 

{Figs. 46, 4 7, · 48). However, the synovial intimal layer was not 

populated by a uniform cell type (Fig. 41). Although the sxnovial 

intimal cells formed a compact layer it was not: a continuous layer as in 

surface epithelium (Fig •. 47) gaps could be seen between these intimal 

cells (Figs. 46, . 4 7). Such gaps exposed the underlying subintimal 

matrix and connective tissue to the joint space,(Figs. 46, 47). 

The subintimal tissue of the synovial membrane in the posterior 

recess was mostly fibroareolar in nature (Fig. 46) while that of the 

anterior recess was mostly of the areoloadipose variety (Fig. 48). It 

was o'Qserved that the synovial tissue covered the anterior extension of 

the anterior discal thick band (Fig. 27, 48). The posterior superior 

recess had the most extensive synovial membrane followed by the anterior 

superior recess. In the posterior superior recess synovial tissue 

appeared as finger-like extensions or villi that projected forward and 

almost filled the recess (Fig. 45).' In this recess the synovial tissue 

was also seen to extend anteriorly and cover the posterior wall of the 

articular fossa for a short distance. 

In the coronal sections the synovial tissue of the lateral superior 

joint recess was a dense fibrous type of tissue (Fig. 42) while the 

synovial tissues in the lateral inferior recess was of the fibroareolar 
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type. Medially the superio~ recess synovial membrane was of the 

fibroadipose type (Fig. 43) while the inferior recess synovial membrane 

was fibroareolar in nature (Fig. 46). In both the late~al and medial 

recesses the synovial membranes were extended onto the discs for short 

distances (Figs. 42, 44). 

The microscopic examination of synovial territorial matrix at 

higher magnification showed a small amount of alcian blue positive 

material. Synovial cells stained bright red with the nuclear fast stain 

(Kernectrot) (Figs. 45, 47, 48). Sections stained.with resorcin fuchsin 

showed very delicate elastic fibers that supported the synovial villi. 

The walls of the synovial blood vessels also possessed well stained 

external and internal elastic membranes (Figs. 25, 27, 35). 

3. Condyle: 

The articular surface of the condyle was covered with fibrous 

connective tissue of uniform thickness (Figs. 30, 49, 5.0, 53). The 

connective tissue covering showed regularly arranged bundles of collagen 

running mostly in an anteroposterior direction (Fig. 49). It was 

remarkable that the fibrous covering was a vascular (Figs. 29, 30, 49). 

The major cell type present was a flattened, fusiform cell consistent in 

appearance with fibroblasts (Fig. 50). Scattered lacunar cells best 

described as chondrocyte-like cells were also seen (Fig. 51). 

The cellularity of this tissue increased toward the interface 

between the connective tissue and the underlying hyaline cartilage. The 
'· 

cells at this location were more rounded and formed a distinct two-three 

cells thick layer. The latter was designated as the prechondrocytic 

resting cell layer or the undifferentiated mesenchymal cell layer 

(Fig. 50, 51) • 
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The most superficial cells that could be recognized as chondrocytes 

were those seen just beneath the resting layer (Fig. 51). These cells 

were relatively small, round cells that were lodged in lacunae. and 

surrounded by a small amount of ground substance. These cells did not 

.form a continuous layer as is seen in the reserve zone of other hyaline 

cartilage (Figs. 49, 51). Below this zone was a thin layer of slightly 

larger chondrocytes of uniform size described as a "proliferative zone" 

(Figs. 49, 50, 51). Deep to this layer the chondrocytes increased in 

size and formed orderly palisades or columns (Fig. 52) • This was the 

zone of hypertrophy. The basal cells of this layer were.surrounded by 

either osteoid material or bone and formed the zone of calcification 

(Fig. 52). 

There were variable numbers of alcian blue positive cells. Only 

the perilacunar spaces of these cells were intensely stained (Fig. 50). 

Th~ alcian blue positive.matrix did not extend into the lacunar spaces 

nor into the superficial layer of the cartilage (Figs. 50, 52). The 

ratio of stained to unstained cells varied with the distance from the 

surface. It was observed that the diameter of the individual lacunae in 

the various zones was largest in the middle zone and decreased on either 

side. There was an apparent decrease in the amount of stain seen in 

the proliferative zone (Figs. 50, 52). The fibrous . tissue covering 

bound the alcian blue stain in a focal .patchy pattern. The cartilage 

was also seen (beneath the. fibrous covering) along a short. distance of 

the inferior posterior surface of the condyle. Deeper along the 

inferior posterior recess the reserve cell layer of the condyle was 

thicker while the mature cartilage cells were much reduced in numberQ 
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Sections stained with resorcin fuchsin showed a scattered pattern 

of elastic fine fibers interwoven with the collagenous bundles in the 

fibrous covering (Fig. 54). A plexus-like pattern of fine elastic fiber 

·was observed in the deep layer of the fibrous covering (Fig. 54). 

Anteriorly the lateral pterygoid muscle attachment was very rich in 

elastic fibers (Fig. 37). There was a gradual decrease in the number of 

elastic fibrils moving. posteriorly toward 7he non-articulating surface 

of the condyle. In these areas the fibrous cover was seen to be 

increased in thickness and of less cellularity. 

4. Temporal Articular Surface: 

Sections s·tained with H & E and alcian blue showed a thicker 

articular surface covering than that of the condyle (Fig. 57). I~ was 

much thicker along the posterior slope, of the articular eminence (Fig. 

55) and became thinner along the· preglenoid plane until it reached the 

anterior capsular wall (Fig. 59). In the dept? of the glenoid fossa the 

fibrous covering was also thin (Fig. 55). In general, the temporal 

fibrous coverin~ was less cellular than the covering on the condyle 

(Fig. 59). Cells that resembled chondrocytes were seen scattered along 

the articular eminence (Fig. 56) but not the glenoid fossa (Fig. 61). 

Those most superficial cells in the fibrous covering were fibroblasts 

(Fig. 56). 

There was no well organized subfibrous hyaline cartilage present 

that resembled that described in the condyle (Fig. 56). No reserve cell 

layer or proliferating zone could be seen (Fig. 56). 

Bone was seen directly beneath the articular surface covering of 

the glenoid 

hypertrophied 

fossa and 

cartilage 

the 

zone 

eminence (Fig. 56) with no interposed 

(Figs. 56, 57, 60). Fibroblasts were 
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increased in number toward the preglenoid area, and also in the depth of 

the glenoid fossa (Fig. 61). 

In the preglenoid area the fibrous covering was almost gevoid of 

alcian blue positive material (Fig. 59). On the anterior slope of the 

articular eminence, perilacunar spaces were alcian blue positive (Fig. 

57)~ At the sumit of the eminence high concentrations of the· stain 

could be·· seen around both cartilage-like cells and the deeper cells 

(Fig. 55). Some large ~cartilage·-like · cell_s could be seen deep, in the 

interface between bone and the superficial fibrous covering (Fig. 57). 

The more we moved posteriorly the less positive areas could be seen 

(Fig.· 55). The posterior part of the fibrous covering was almost devoid 

of alcian blue positive material (Fig. 55). 

The organized fibrous and subfibrous cartilage had the same 

histological character in the mediolateral plane. There was no well 

organized cartilage on the temporal joint component along the entire 

lateromedial dimension in contrast to the well organized cartilage on 

the condyle starting from the lateral to the extreme medial condylar 

pole (Fig. 60). 

Sections stained with resorcin fuchsin contained fewer elastic 

fibers in the temporal fibrous covering than in the condylar covering 

(Fig. 58). The elastic fibers were relatively abundant in the covering 

of the glenoid fossa (Fig. 62) becoming denser at the site where the 

superior stratum of the bilaminar zone inserts. The dense plexus that 

could be seen between the fibrous covering of the condyle and the 

underlying cartilage could not be identified here. Instead some elastic 

fibers could be seen among a paucity of deeply scattered chondrocyte

like cells (Fig. 62). 
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In coronal sections, elastic fibers were not seen in the central 

part of the glenoid fossae They were concentrated in the lateral and 

medial parts of the temporal . articular -surface, especially where the 

collateral ligaments and the articular capsule were inserted. 

Sections stained with resorcin fuchsin after periodic acid 

oxidation showed a pattern of oxytalan fiber distribution v~ry similar 

to the distribution pattern for elastic fibers. - 'f'he'se oxytalan fibers 

were of fine diameter and most o~·them were branched. They could not be 

seen at low magnification but could be _ seen at higher _magnification 

(Figs. 64, 65). 

C. Stereoscopic Examination of Decalcified Thick Sections of 

Experimental Monkeys TMJ: 

This section describes the appearance of :-the TMJs with perforated 

discs. Before the joints were sectioned into lateral, middle and medial 

sections, they were .observed intact with the dissecting stereoscope. 

All eight experimental joints exhibited thickening of their articular 

capsule laterally (Figs. 66, 67) and anteriorly (Figs. 68, 69, 70). The 

fibrous tissue in the anterior part of the capsule was remarkably 

thicker in the experimental tissues observed. After the first lateral 

section was made, -the joint could be opened under the stereoscope for 

further observations. Five out ,of the eight discs that were perforated 

earlier could be stereoscopically identified (Figs. 78, 79, 82). 

In two joints from one monkey (No. 10 that was sacrificed 11 weeks 

postoperatively) the discs almost completely degenerated and bone to 

bone contact was observed (Figs. 76, 77). In contrast the perforation 

on one side of another monkey, (No. 52'99) that was sacrificed twelve 

weeks postoperatively had apparently healed (Fig. 69). In five joints 
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the perforations increased in size both medially and anteroposteriorly 

(Figs. 71, 77). Adhesion of the perforated discs to the underlying 

condyle were seen in five joints (In the.lateral one-third of the first 

five joints where-perforation could be identified) (Figs. 78, 79, 81). 

Complete adhesion of the anterior lip of the perforation to the condyle 

were seen in three of these five joints (Fig. 79) while the other two 

joints showed adhesion of the posterior lip of the perforation to the 

condyle (Fig. 78). In the section from the middle of the TMJ the 

perforation had ragged margins with thin edges (Figs. 71, 73, 87). 

Thickening and irregularities of the condylar articular covering 

and the temporal articular surfaces were seen in all of the five joints 

that showed perforation (Figs. 68 - 72, 74, 75). _Thjs was clearly seen 

in the lateral two thirds of each joint. In the two joints (of animal 

No. 10) were the discs were almost completely degenerated, the coverings 

of the articular surfaces were denuded or much thinner than normal 

·.joints (Fig. 77) in one joint. The other side (left side) also showed 

denudation along the whole joint except at its most anterior part where 

there was an area of thickened coverings (Fig. 76). On many occasions 

the thickened articular covering of the condyle fit into the discal 

perforation and seemed to abut into the reverse configuration on the 

temporal surface i.e. to restore the interupted discal continuity (Figs. 

68, 72, 73, 75, 85, 91). 

Compared to controls, the condylar head was deformed in seven of 

the eight experimental joints (Figs. 74, 77, 79, 80). The temporal· 

articular surfaces were deformed in the same seven joints (Figs. 72, 77, 

79, 82). Interestingly in one joint where the disc was apparently 
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healed there was minimal morphological deformation in the shape of 

either condyle or the temporal bone (Fig. 83). 

Synovial proliferation was seen as globular depositions filling 

mostly the anterior and/or posterior recesses (Figs. 84) of five joints. 

The remaining three experimental joints also showed synovial 

proliferations but to a lesser extent. _(Figs. 68, 69). The superior 

lamina of the bilaminar · zone seemed. to have a more anteriorly oriented 

attachment to the glenoid fossa than the control joints (Figs. 85, 86}. 

The posterior inferior recesses of five joints with perforated discs 

were more shallow than those in the control joints (Figs. 78, 79, 80, 

85' 87). 

The medial sections. of the TMJ were beyond· the perforations in 

seven joints and appeared to have near normal topography (Figs. 80, 88, 

90). Only slight morphological changes could be seen in these sections 

e.g. roughness of the anterior superior surface of the disc in four of· 

the seven joints (F~g. 90). In addition there was a slight roughness 

and thickening of the condylar articular covering (Fig. 89) and a slight 

roughness along the temporal articular surfaces (Fig. 89). 

Perforations had ragged margins with transparent edges (Figs. 71, 

73, 92). 

D. Histopathological Observation~: 

The experimental. joints will be divided into three groups: (1) 

Joints where steroscopic examinations revealed perforations (five joints 

or 63%) (2) Joints where the disc was completely degenerated (two 

joints 25%), and (3) Joints where the disc perforation was found to heal 

(one joint or 12.5%). 
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Group I: Joints where stereoscopic examination revealed 

perforations (five joints 63%). Three joints showed the temporal 

articular coverings to be markedly thickened (almost three times that of 

the control) (Figs. 93, 94, 95). In contrast to control j o~nts there 

was a marked increase in the number of cells in the fibrous·coverings of 

these experimental joints (Fig. 95). This cellularity was more obvious 

along the anterior slope of the articular eminence than in other areas 

of the joints· (Figs. 96). The cells although they were widely 

distributed throughout the fibrous tissue covering looked very similar 

to the cells of the reserve cell zone- seen in the control joints (Figs. 

95). The ·cells were rounded and contained large h·asophilic nuclei. 

Most of these cells did not occupy lacunae an~ therefore did not 

resemble chondrocytes. In contrast to the control joints the thickened 

fibrous tissue of the experimental joints was highly vascular (Figs. 93, 

96, 101). The blood vessels observed were mostly the capillaries 

varieties (Fig. 96). The blood vessels were most numerous at the 

interface between the fibrous 6overing and the underlying ~one (Figs. 

97). Unlike the control joints, cartilagenous cells appeared deep to 

the vascular fibrous tissue along the articular eminence in the 

experimental joints (Fig. 98, 99). The cartilage extended to the 

preglenoid plane and even to the attachment of the thickened fibrous 

capsule anteriorly (Fig. 99). 

Deep to the fibrous covering the bone surface was abnormally 

irregular and broken in its continuity (Fig. 101). The areas that were 

previously occupied by bone appeared to be replaced by cell rich 

vascular fibrous tissue (Figs. 101). Hyali~e cartilage-like areas were 

observed particularly close to areas of what appeared to be new bone 
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formation (Fig. 99). The new bone formation was evident by the 

duplication of the tide mark (the interface between the calcified and 

non-calcified cartilage (Figs. 102, 103). 

The alcian blue stained sections revealed that the ground substance 

did not possess metachromatsia except .in deep ·areas close to the new 

bone (Fig. 104). The reduced metachromatsia corresponded.to the matrix 

area which appe~~ed pale in the H & E stained sections (Fl.g. 105) •. 

Chondrocytes with alcian blue positive lacunae were observed in spotty 

distribution close to areas of newly formed bone (Fig. 100). Evidence 

of proliferation of chondrocytes was manifested by the presence of 

several small chondrocytes within a· large. loculated lacuna (262) 

(referred to in the literature as "brood capsule"). (Fig. 106, 107). 

This histologic appearance was more common in the vicinity of the 

minute fissures observed in the surface of the fibrillated articular 

surface (Fig. 108) (vid infra). The clusters of chondrocytes were 

sometimes surrounded by corona of hematoxylin stained blue matrix 

(Fig. 109}. 

The surface of the fibrous covering was frequently fibrillated. 

Fibrillation is a term used to describe the general change in 

architecture and appearance of collagen fibrils in aging · articular 

surfaces of a joint (264). Although the general architecture and 

appearance of the collagen fibrils are preserved in fibrillated areas, 

looser packing and occassional fragmentation is seen in superficial 

layers (264). The latter constitute as microscars and increase in 

number in advanced osteoarthritis. In the present study superficial 

fibrillation or flaking was seen to occur tangential to the collagen 

bundles of the fibrous covering (Fig. 108). 
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The flakes or strands of the articular surfaces were projecting 

from the surface into the joint space (Fig. 108, 109). Fibrillation was 

not restricted to the surface but was also found deep in the fibrous 

covering, cracks, fissures, ravines. or clefts were frequently oriented 

perpendicular to the surface (Figs. 109, 110). Such vertical 

fibrillation reflects the radial orientation of some fibers in this 

region· (.control group did not show- clear radially oriented collagen 

pattern. Later there was splitting in some thick areas of the articular 

which sometimes appeared tb be completely detached and free in the joint 

space (Fig. 111, .112). 

In some fibrillated areas projections of collagenous masses in a 

sheaf-like arrangement very similar. to what was called asbestos-like 

degeneration or amianthoid in other arthritic joints were frequently 

seen (Figs. 113, 114, 115). The cellular content of fibrillated areas 

was different from non-fibrillated areas. There were more cells in the 

fibrillated areas, some of which appeared necrotic. In addition there 

were more clusters of chondrocytes in th~ fibrillated areas (Figs. 10.8, 

109). No inflamma·tory cell infiltrate was seen in the fibrillated 

surfaces (Fig. 109). 

Solitary areas of bone resorption were seen in the posterior slope 

of the articular eminence and at the depth of the glenoid fossa (Fig. 

116). The resorbed areas were characterized by the presence of 

granulation tissue, osteoclasts in Howship's lacunae and multiple 

reversal lines. (Fig. 117). In some areas of bone resorption granulation 

tissues were seen to be connected with joint spaces (Fig. 118). In 

areas where cartilage was present, chondroclastic activity was 

manifested by a focal dissolution of the matrix around the lacunae were 
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noted. The dissolved ma·trix was replaced·. by a loosely arranged fibrous. 

tissue. This type of chondr.al resorption is known in arthritis 

literature as Weichselbaum's lacunar resorption (264) (Fig. 119). Small 

bone cysts or pseudocysts of rounded or pireform patterns were seen 

frequently' (Fig. 120) •. Patent openings could be found in a number of 

cysts though they .were sometimes tortuous and very oblique into the 

articular bone lamellae (Fig. 121). 

Occasionally it was possible to recognize pieces of cartilage 

within the cyst cavity (Figs .121). Other cyst cavities were seen to 

contain loose fibrous tissues ·(Fig. 205). In two joints-with perforated 

discs of two animals the areas of fibrous thickening described 

previously was found to alternate with areas of focal denudation (Fig. 

122). 

The denuded bone surface appeared to be smooth. Similar regions 

are described in the arthritis literature as resulting from the process 

of eburnation (ivory-like) since the bone a~peared glossy and sclerotic 

(Fig. 123). The osteocytic lacunae were emptY' in the, eburnated areas 

(Fig. 123). Pitting of the articular surfaces pf the denuded areas were 

seen. The pitting corresponded with ruptured osteocytic lacunae that 

opened into the joint cavity. 

The latter observations were mostly seen at the posterior 
{ 

(Fig. 124) and anterior (Fig. 122) slopes of the articular eminence. 

· Little or no eburnation was seen along the horizontal extension of the 

eminence, the preglenoid pl~ne and the depth of the glenoid fossa (Figs. 

122, 124). These areas were covered with the previously described thick 

vascularized cellular covering. Areas of osteophytes were observed. on 
I 

the temporal articular surfaces of two joints. One of these osteophytes 
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was fibrous in nature while the other was of the fibroosseous nature 

(Figs.'l25, 126). 

In the experimental joints the superior band in the retrodiscal 

area had a more· anterior attachment than . did the. control superior 

border. The attachment was seen to occupy the posterior third of the 

articular fossa (Figs. 198, 199). In this area synovial proliferation 

was seen. There also was marked thickening o.f the fibrous tissue in 

this area underlying the fibrous bone resorption was seen beneath ·the 

fibrous covering (Figs.· 200, 201). 

The condyle in the three joints with temporal components with 

thickened surfaces covering also showed adhesion with th~ ant~rior lip 

of the perforated _disc examination (Figs. 132, 134). Under these 

adhesions bone resorption was seen to take place (Fig. 134). The 

resorption at the latter sites lead to observable deformities in the 

shape of the condyles (Figs. 134, 148). Along the summit of the 

condyles there were marked thickenings of the subsurface hyaline 

cartilage-like areas (Figs. 127, 128). The thickening was at the 

expense of the underlying bone (Figs. 127, 128). On addition, there was 

a decrease in the amount of collagen and a loss of collagen bundle 

orientation was seen. Instead sparce fibers scattered among the hyaline 

cartilage-like areas (Fig. 129). At some focal areas mainly along the 

anterior slope of the· condyle a thickened . cellular c.overing was seen 

(Figs. 127, 165). The cells of the latter regions appeared similar to 

those of the. control reserve zone (Fig. 129). The thickened 

fibrocellular covering showed different patterns of vascularity at 

different areas (Fig. 129). 
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The honey condyle was interrupted at many points by either 

proliferating vascular fibrous-like tissue (Figs. 149, 132) or by the 

thickened hyaline cartilage-like tissue (Fig. 128). Active bone 

formation was observed deep to the thickened condylar surface coverings 

.(Fig. 136). 

It was also observed that the condylar surface was very irregular 

.(Figs. 128, 132, 156). ~some of the areas that showed marked thickening 

of the fibrous, covering also showed complementary· patterns to both the 

perforated disc and the temporal articular surf~ce (Figs. 130, 131).' In 

two joints in this group the posterior lip of the perforated disc was 

seen to be fused with the condyle .(Fig. 137). A bone reaction was also 

observed at the area of the insertion of the inferior stratum of the 

bilaminar zone (Fig. 138). Hyaline cartilage-like cells were seen in a 

focal distribution-in these condyles. It appeared along the posterior 

inferior slope of the condyle (Fig. 135). In contrast, in the _control 

joints the posterior-inferior surface of the condyle did not have this 

arrangement of cartilage but rather a reserve cell layer was present 

under a regularly arranged fibrous covering. 

In the latter two joints there was reduced metachromasia that 

corresponded with the reduced staining of the matrix by H & E. Partial 

or incomplete obliteration of the posterior inferior recess that was 

observed stereoscopically was confirmed by histological examination 

(Figs. 134, 139, 140). 

The level of the deepest point of the posterior inferior recess was 

much higher than control (Figs. 135, 139, 140). , Vascular granulation 

tissues with many osteoclasts were observed at focal areas where 

condylar bone was severely resorbed (Figs. 143, 144). In between these 
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areas d.enuded bone was sometimes seen (Figs. 142, 144). Some of these 

osteoclast rich areas were seen to communicate directly with the joint 

space (Fig. 144). Lacunar resorption· was also seen into the focal 

cartilagenous areas (Figs. 145, 146). 

In these five joints the condyle did not show the severe flaking or 

fibrillation that was seen in the temporal articular surface (Figs. 141, 

142). Clustering of the chondrocytes was occassionally observed (Fig. 

142). Osteophytic deposition was seen in these five joints. Depending 

on the plane of the examined section, fibrous (Fig. 147) or mixed 

fibro-osseous osteophytes could be seen (Fig. 148). One of these 

osteophytes took the shape of a·raised pedunculated core of bone covered 

by dense vascularized fibrous tissue at the posterior superior aspect of 

the condyle (Figs. 149-151). Their osteophyte compressed the posterior 

lip of the disc making a depression in it (Fig. 149). 

The sections that were made medial to those that showed fusion of 

either the anterior or posterior lips of the perforated disc to the 

condyle showed the free edges of the perforation to be highly vascular 

(Figs. 154, 155). The free margins of the perforation were covered by 

numerous small epitholoid-like rounded or polygonal basophilic cells 

· (Figs. 158, 159). The same type of cells covered the superior and 

inferior surfaces of the lips of the·perforated discs (Figs. 154~ 156, 

157). 

In four joints metaplastic bone was seen in the margins of the 

perforation (Figs. 159, 160). 

to dystrophic bone · (Fig. 

The bone appeared morphologically similar 

161). In one joint the dystrophic 

calcification seemed to occur as homogenous basophilic areas next ·to the 

cellular margins of the perforated disc (Fig. 162, 163). 
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In more medial sections the discs appeared intact and vascular in 

contrast discs which were avascular (Fig. 181, 182). There was also 

increased cellularity in the vicinity of these vessels. Despite an 

intact disc in these medial sections, the condylar and temporal 

·articular surfaces showed pathological changes. For example, cystic 

changes (Fig. 206), epurnation (Fig. 207) and osteoclastic bone (Fig. 

208) destruction were seen. In the medial sections next to the medial 

margin of the perforations the perforated ·discs were frayed and 

fragmented (Fig. 164, 165). 

Marked synovial membrane hypertrophy was seen in all joint recess~s 

but was more pronounced on the anterior superior recess (Figs. 166, 167, 

168). Synovial cells in this recess migrated in an anterior direction 

using the body of the disc as a scaffold (Fig. 168). Accompanying these 

cells were numerous blood vessels (Figs. 167, 168). These cells could 

be traced along the whole length of the perforated disc. They also 

ensheathed the free margins of the perforation (Figs. 152, 169). 

The hypertrophied synovial villi were sometimes sectioned in such a 

way that artifactual free synovial islands appeared in the joints (Figs. 

170, 171). These_islands were of synovial tissue highly cellular (Fig. 

171). In four joints these islands showed evidence of enchondromatosis 

(Fig. 171). Also evidence of free synovial osteoenchondromatosis was 

found (Figs. 172, 173, 174). Gradual transformation of these islands 

from the cellular stage to moderately osteochondroid bodies was also 

seen in some joints (Figs. 175, 176). 

When these synovial islands were carefully examined areas of what 

appeared as vital bone containing some blood cell producing bone marrow 

were observed (Fig. 177). Also their surfaces were covered by 
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fibrocariilage (Fig. 177). Some of these islands contained dense 

collagenous connective tissue in which a few to a moderate number of 

blood vessels were s·een (Fig. 172). Some of the fibrous tissue islands 

were covered by multiple layers of flattened cells typical. of those 

found in synovial lining (Fig. 175). In some . of these islands· the 

cartilage was seen to be. arranged in a lobular pattern with intervening 

fibrous septae (Fig. 177). Plump multinucleated and binucleated cells 

were seen also (Fig. 178). Transitional zones where plump connective 

tissue cells undergoing transfo'rmation (metaplasia) into cartilage were 

seen (Fig. 176). This pattern suggests that their growth occurs from 

multiplication of metaplastic cells and not by accretion from additional 

metaplasia. 

In three joints the synovial osteoenchondromatosis were accompanied 

by observable amount of eosinophilic effusion (Fig. 144, 154). 

Clinically the monkeys were observed closely for the first two weeks. 

During this period no observable swelling was noticed. After the first 

two weeks the animals appeared healthy and were observed once per week 

just to examine their general activity and also the extent of their 

mouth openings. The fluid did not reveal any specific histopathological 

features other than being eosinophilic, non-cellular mucoprotemcious in · 

nature. 

These synovial islands were observed in three joints in the 

anterior joint recess of three and in one joint the posterior joint 

recess of one joint. 

Synovial proliferation was also seen in the anterior inferior 

recess (Figs. 202, 203). The latter was observed under the fused 

anterior lip of the disc to the condyle. 
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In all five joints the fibrous . capsule WC!S · s,een to be thickened both · 

anteriorly and laterally (Fig. 179, l80). Minute cracks ·could be seen 

sometimes in the lateral capsule. 

Group II: Two Joints in One Animal Where the Stereoscopic Examination 

Revealed the Absence of the Disc: 

In this monkey (both sides) the disc dege~erated completely in both 

joints from the lateral aspect of the joint to the extreme medial 

aspect. The bony surfaces of the temporal articular surface were seen 

to be completely ,denuded from their articular covering along the 

anteroposterior length of the joint except the most posterior aspect of 

the articular fossa where thickened fibrous tissue was seen (Fig.· 183, 

184). This part of the fossa is considered a non-articular region. 

Pitting of the surface was seen along . the denuded areas. The pits 

appeared to be osteocytic lacunae that opened the joint space. 

Little or no rich vascularized fibrous tissue covering could be 

seen in these joints. The bone appeared glossy and hyalinized with many 

empty lacunae (Fig. 183). Minute cracks and cystic changes could also 

be o~served (Figs. 183, 185). The condylar articular surface was also 

denuded of a fibrous covering. The latter showed vascular granulation 

tissue rich in osteoclasts in focal areas (Figs. 183, 185) • 

. The granulation tissue did not project into the surface of the bone 

i.e. there was no thickened fibrous covering overlying them (Figs. 184, 

185, 186). Instead they invaded deep into the bony trabeculae. 

In the left joint of this animal an anterior spur or lipping was 

observed (Fig. 187). This spur was covered by very thick fibrous tissue' 

(Fig. 188). The fibrous tissue had a globular pattern. This thickening 

was observed very clearly during the stereoscopic examination (Fig. 76). 
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Group III: Joint Where the Disc Perforation Healed 

Histological examinations revealed that the bony articular surfaces 

appeared almost normal (Fig. 189). Slight thickening in the fibrous 

covering of the posterior inferior aspect of · the condyle was noticed 

(Fig. 189). Cartilagenous cells also were observed in the ·latter region 

(Fig. 190). It was observed that the site of the perforation in this 

disc was accidently made further posteriorly than those in Group I & II 

i.e. at the area of the retrodiscal region (Figs. 189, 204). 

The continuity of the disc was restored by a highly cellular 

fibrous tissue (Figs. 189, 191). The cells even bridged over a necrotic 

calcified part of the disc (in the anterior lip of what was a 

perforation) (Figs. 189, 192). This bridge of cells seemed to act as a 

splint for stabilizing the growing cellular tissue that was seen in the 

cleft like perforation in this region (Figs. 193, 195). 

The defect seemed to be filled by these cellular tissue from the 

top to the bottom (Fig. 191) The anterior lip of the old perforation 

showed some evidence of calcification (Figs. 190, 192, 193). The part 

of the anterior lip of the perforation that was calcified was ·seen to be 

mainly the inferior part toward the condylar articular surface (Fig. 

193). 

Severe synovial proliferation was seen in the posterior superior 

recess of that joint (Fig. 189) • The proliferation took the form of 

multiple villi (Figs. 196, 197). The synovium contained fibroadispose 

tissue and was very vascularized (Figs. 196, ·197). It was observed also 

that the site of attachment of the superior stratum of the bilaminal 

zone was more a~teriorly located than that in the control joint 

(Fig. 196). 
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It was observed that the fibrous scar (that filled the perforated 

disc) became more apparent when we moved laterally (Fig. 191) while the 

calcified part of the disri increased toward thi medial aspect (Fig. 192, 

193). 

Marked increase in both elastic and oxytalan fibers were seen in 

the disc around the perforation (Fig. 207). An apparent increase of 

both fibers were also seen in the fibrous covering of the condyle and 

temporal articular surfaces (Figs. 208, 209). Similarly, the synovial 

villi showed an increase in their content of elastic fibers which both 

elastin and oxytalan fibers were markedly declined at the site of 

lateral pterygoid muscle insertion (Fig. 210). 
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IV. DISCUSSION: 

The age of the monkeys used in this study ranged from 9-12 years. 

This age group is comparable in human with the age range of 35-45 years 

(112). Humans in this age range showed a high incidence of both disc 

perforation and osteoarthritis (27?, 298, 33, 123). 

Macaca-monkeys were used both for control and experimental groups 

(83) in this study. Enlow (83) mentioned that Macaca are similar to man 

in forms of the structure, function and growth of the orofacial complex. 

He ·also found sufficient similarities in the anatomy, function and 

growth of the masticatory complex of Macaca and man that experimental · 

manipulation may closely resemble clinical treatment. 

The experimental monkeys were sacrificed 11-12 weeks 

post-perforation. The same time period has been used by many 

investigators of similar research. For example, Aronczky (12) in his 

study of knee meniscal response to damage found the optimal response 

after 12 weeks. Similarly, the study of the effects of rabbit knee 

joint synovectomy upon regeneration of the meniscus included a group of 

animals that were sacrificed after twelve weeks. 

To surgically expose the temporomandibular joint (TMJ) in the 

monkeys we usea a horizontal incision made parallel to the zygomatic 

arch, instead of the preauricular approach recommended for humans. When 

we tried the latter approach in a pilot study, the parotid gland with 

its vascular and neural contents were difficult to protect. Also, 

unlike the human joint, the monkey joint was found to lie in a 

transverse plane far below the ala-tragal line. The latter facts made 

both the preauricular and postauricular approaches difficult. Use of 

the horizontal zygomatic incision was found to be advantageous because 
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we could . dissect and · deflect the upper border of the parotid gland 

intact from the zygomatic arch. It was also far easier to reflect the 

gland after severing the temporalis fascia along the arch. 

Electrosurgery was . used to produce the disc perforation. This 

technique allowed. better control of the consistency of the diameter of 

the perforation, better ll).aneuverability in the joint space, and less 

tissue debris within the joint space. 

Resorbable suture materials were used to suture tissue layers •. 

Thes.e were used so that the animal would not be anesthetized once more 

only to remove the sutures. Although there were no exposed skin 

sutures, two of the animals gained access to the subcutaneous suture on 

one side and opened the superficial skin incision. Healing of the skin 

by secondary intention was observed in these two animals. We chose to 

perfuse the animals because the specimen block was too large to be fixed 

only by immersion in fixative. To ensure that the joints were well 

fixed in addition to intracarotid perfusion, we injected different 

volumes of the same fixative into and around the joints. The injections 

were done ten minutes after the perfusion began to avoid hardening of 

the vessels, which would have made the perfusion difficult. 

The entire .bone olock containing the TMJ was decalcified, rather 

than sectioning them beforehand. 

the blocks, then cut them 

In our pilot study, we tried to freeze 

by a rotary saw, followed by the 

decalcification~ We found that it was very hard to cut undecalcified 

blocks without distorting the organization of the various hard and soft 

tissue components of the joint. 

To the best of our knowledge there is no published work that has 

dealt in detail with the stereoscopic _anatomy of normal monkey TMJ. 
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Most of the previous histological studies of monkeys' joints did not 

include stereoscopic observation (132, · 230). Our study of the Macaca 

fasicularis monkey TMJ showed great similarities to the human TMJ 

studies published by Bauer (16), Angel (10), Rees · (234), Griffin and 

Sharpe (108), Choukas and Sieber (58), Toller, (285), Dixon (76), 

Moffett, et al. (198), Blackwood, (29, 30), Boyer, et al. (40), and 

Youdelis (308, 309) ~ The monkey disc was seen to have an anterior. 

thick band, an intermediate thin band, posterior thick band and a 

bilaminar zone. The latter had a superior stratum which was seen to 

attach to the postglenoid process and the lips of the squamotympanic 

suture. The inferior stratum was attached to the posterior inferior 

surface of the condyle. The fibrocartilagenous nature ·of the disc 

described in the above mentioned studies of human joints, and in others 

.(27, 298) was also seen in our study. However, unlike the. human discs 

(302) the monkey disc showed a separate, distinct attachment with the 

superior head of the lateral pterygoid muscle. Prentiss (224) claimed 

that the entire superior head of the lateral pterygoid muscle is 

attached to the meniscus, therefore . he called it the sphenomeniscal 

muscle. Arstad' s (14) study led him to believe that there is no 

attachment of any fibers of the lateral pterygoid muscle to the disc. 

However, most investigators are of the opinion that there is an 

attachment of some fibers of the superior head of the lateral pterygoid 

muscle to the disc (89, 253). Choukas and Sicher (58) found that only 

the most medial and superior fibers of the superior head of the lateral 

pterygoid muscle are attached to the medial anterior corner of the ·disc. 

These findings are in good agreement with Moffett's study (199), who 
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found that a. sm~ll medial portion of the disc is derived from the 

posterior extension of the lateral pterygoid muscle. 

All the above mentioned investigators who found fibers of the 

superior head · of the lateral pterygoid muscle attached to the disc 

correlated the forward movement of the disc to the contraction of the 

muscle (58). In this study, we observed the position of the disc in 

relationship to the temporal articular surface in closed, open and 

partially opened position of perfused fixed monkey heads. Little or no 

forward movement of the disc could be observed. This observation is· 

similar to Landa's work with human cadaver TMJ (160). These 

observations, along with recent EMG studies (189, 190) support the view 

that the superior head of the lateral pterygoid may maintain a balanced 

position of the disc during mastication as previously suggested by 

Chowkas (58). 

The anterior capsule and anterior part. of the monkey TMJ discs 

showed a close relationship to both the temporalis and masseter 

profundissimus muscles. The latter muscle was first described. in the 

English translation of Japanese articles (311, 282, 183). 

The masseter profundissimus muscle originates from the lower 

surface of approximately the posterior- two thirds of the zygomatic arch. 

(That area in the monkey includes the root of zygomatic arch and the 

attachment of the articular capsule of the TMJ.) Although the muscle is 

wide at its origin, the muscle gradually decreases in width as it 

descends. It becomes tendineous at about the middle of its belly and 

inserts by a tendon into the posterior half of the masseteric fossa of 

the ascending mandibular ramus. The same muscle was referred to as the 

zygomaticomandibularis muscle by Toldt (284) and a similar muscle in 
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human as maxillomandibularis by Yoshikawa (307). The same relationship 

both of the masseter and temporalis muscle to the anterior capsule and 

the disc of the monkey TMJ was observed in man by-Griffin (107). 

Some authors claimed that the masseter profundus is found in 75% of 

human beings and that those 25% who do not possess this muscle might be 

more prone to TMJ dysfunctions (171). 

The articular capsule of the monkey joint was seen to be much 

thicker than the human j oin·t. This might be related to the larger range 

of movements experienced by monkey joints (23). 

A thick white collagenous band was seen to support the capsule 

laterally. This might be similar to the oblique band of the human TMJ 

ligament. In man this band functions by restraining the posterior 

movement of the condyle (107,299). With the resorcin fuchsin technique 

to demonstrate elastic fibers, the capsule shows elastic fibers that are 

very similar in distribution to those seen in human joints (125,103). 

The synovial membrane of the, monkey TMJ showed some differences 

from that of man. A synovial membrane of fibrous type was seen to line 

the superior and inferior surfaces of the intermediate and posterior 

bands in man (203). In these areas the synovial cells resembled 

fibroblasts. There were no blood vessels associated with the fibrous 

type of synovial membrane e Synovial membrane of the -fibrous type is· 

usually found over ligaments, tendons and other areas subject to 

pressure (111). 

Although synovial membrane of the areolar type was seen to line the 

internal surfaces of the medial, lateral, anterior and posterior parts 

of capsules as well as the surfaces of the anterior thick band of the 

disc in human TMJ (107). Griffin, et al (107) also demonstrated in 
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human TMJ synovial villi projecting from the internal surfaces of the 

joint capsule. These ·v.illi were observed to possess a core of dense 

fibrous tissue that was lined by a synovial membrane intermediate 

between the fibrous and areolar types (107). They contained blood 

vessels of the articular and capillary type and were markedly cellular 

at their base (107). 

In contrast to the above mentioned anatomical facts about the human 

synovial membrane, the monkey synovial membrane showed the following 

differences. The synovial membrane of the anterior joint recess is of 

the fibro-adipose type (similar to that of the knee joint) (88), whereas 

·that of the posterior ·superior, lateral inferior and medial superior 

recesses was fibroareolar in nathre. The synovial membrane lining the 

lateral capsule at the lateral superior recess was of. a dense fibrous 

type. The latter was found to be associated with stress bearing 

structures such as ligaments (111). 

The shape of the mandibular condyle in the monkey was similar to 

the human. It; was seen to be broader mediolaterally than. 

anteroposteriorly and was seen generally to be ellipsoidal. However, 

the condylar neck was seen to be much shorter than the human. Rylander 

(131) attributed this feature to the fact that in human the condylar 

neck receives compressive forces along its posterior surface, and 

simultaneously, tensile forces _along its anterior surface duri~g 

forceful mandibular elevation associated with mastication and incisal 

biting. Rylander and Bays (132), using strain guages, demonstrated tha-t 

the mandibular condyle of the Macaca monkey is loaded differentially 

during isometric biting and mastication, depending on the location of 

the food bolus. They (132) proposed that the differential loading might 
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be responsible for charac~eristic morphological difference in the length 

and shape of the condylar neck (30, 261) •. 

The appearances that we observed in our study of the fibrous or 

fibrocartilagenous coverings of joint articular surfaces were similar to 

the results of MaNamara (190), Zeilinski (295) and Carlson et al (50). 

The existance of reserve cell zone the condylar c,ov~ring in our 

study was confirmed by the study of Stockli et al (270) who referred to 

it as intermediate zone. In humans this layer was seen to exist even 

until old age (211, 53, 112, 113). Hansson (113) referred to this layer 

in humans as the proliferative layer and suggested that its existance 

was important for the adaptive response of the tissue to overload. 

-The histological appearance of the fibrous layers that were 

covering the temporal articular surface were also described by MaNamara 

(188), Zeilinski (295) and Carlson et al (50). 

The absenc~ of the reserve cell laye~ we noted in our study was 

also observed by Stockli' et al (270). In human specimens the absence of 

this proliferative layer was also seen in a number of studies (112, 211, 

53, 113). 

The articular eminence was observed to be flat in our animals. 

According to Phillips (219), flattening of the articular eminence in 

Macaca monkeys occurs ·after eruption of the ;first molars, between 2 and 

2~ years of age. 

It was found that the Stone Age man's glenoid fossa ·is shallow, the 

articular eminence is flat, therefore lateral mandibular excursions 

during chewing were extensive and wide. This might also be applied to 

the monkeys. On the other hand, civilized man's glenpid fossa is 

smaller and deeper and the articular eminence extends down much 
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lower than the center .of depression of the glenoid . fo.ssa. 

mandibular mast'icatory movements are more restricted. 

Thus, 

The stereoscopic and histopathological results demonstrated that 

bilateral disc perforation in monkeys produced changes in the majori~y 

of the joints studied (87.5%) consistent with a disease known as 

osteoarthrosis. The changes that were observed are similar to 

osteoartheritic changes described in experimental models (268, ~69, 300, 

306, 270, 222, 100, 243, 230, 169) and also in humans (1, 28, 34, 35, 

36, 37, 44, 57, 62, 67). The degenerative joint changes were not 

unexpected, because several investigators have demonstrated a 

relationship between loss of the joint meniscus and degenerative joint 

diseases (300, 306). Wheat, et al (300) examined grossly TMJs of Macaca 

fasicularis following unilateral menisectomye He noticed 

anteroposterior condylar enlargement and concluded that the presence of 

the disc influences condylar morphology. 

Yaillen et al (306) produced degenerative joint · changes by 

performing unilateral menisectomy in Macaca fasicularis. Sprinz (269) 

observed marked changes in the mandibular condylar shape after partial 

menisectomy. Sprinz also reported complete disc degeneration in one of 

his animals (rabbit) in response to excision of half of the disc. 

Dubecq (77) stated that in one of his animals the trauma to the disc led 

to its complete disintegration. This was also observed in two joints in 

one of our exp.erimental monkeys -in response to surgical perforation. 

Stevenson et al (274) and Silbermann (257) observed that severe 

degenerative changes occur in human TMJ's in the absence of the 

meniscus. They also reported fibrous ankylosis as a sequela of disc 

disintegration. 
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Lufti (169) observed in monkeys that knee articular cartilages are 

, more liable to undergo arthritic changes when they ate deprived of 

meniscal protectirin. 

Appel (11) reported degenerative arthritis to be more common in 

persons with meniscectomized knees than control knee subjects. Moffe·t 

(198) observed (without much experimental evi~ence) that following 

thinning of the .disc and perforation in the human TMJ, degenerative 

changes appeared. Yaillen (306) observed a similar sequence of events 

in three of his experimental monkeys. 

Because we have not altered the dental occlusion of the animals to 

produce overload of the joints, one may raise the question as to how a 

simple perforation could produce osteoarthrosis. It has been found that 

the synovial lubrication the joints cuts friction between joint 

components as much as fifteen fold (140). Therefore, one may postulate 

that the surgically created disc perforation has interfered with 

distribution of synovial lubricant and therefore increased the friction 

resistance between the bony components of the joints, which may have led 

to the adaptive and deg~nerative changes observed in this study. 

Bruce and Wa~nesley (42) suggested that the primary function of the 
i 

meniscus is to distribute synovial fluid over the articular surface. 

Goose (103) also proposed that the disc re9,uces the space between the 

articular . surfaces so that fluid film lubrication can take place. 

Inasmuch as we did not immobilize the joints following surgery, their 

mobility may have accelerated and exaggerated the degenerative response. 

It is known that the joint mo.rphology is modified by personal habit, 

posture and occupational stresses (140). 
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Although the expe;rimental animals showed no limitation of jaw 

movements, it is· hard to assess whether or not .they were suffering from 

pain. It is to be remembered that the innervation of the lateral 

capsule was interferred with during surgery and this. may have reduced 

their pain experience. However, it is also possible that the observed 

osteoarthrosis may have been painless. Several investigators have 

observed that human osteoarthrosis can be clinically silent (102, 9, 

179, 180). 

The results showed that after disc perforation the temporal, 

articular surfaces were more affected by the osteoarthritic changes than 

the condyles. · Also the posterior slope of the eminence was the most 

affected part of the temporal component. In humans the mandibular 

condyle has a higher remodelling capacity than the temporal component 

(115). Hansson and Nordstrom (115) found th~t in joints with devi~tions 

in form (highly remodelled), the areas exposed to the iargest load had 

much fewer undifferentiated mesenchymal cells than the healthy joints 

(113). The amount of undifferentiated mesenchymal cells varied 

inversely with the thickness of the soft tissue covering. This 

suggested that the a~ility to proliferate and form new cartilage, 

formation can be impaired by excessive overloading of the joints (115). 

It was also observed that the transformation of the fibrous tissue into 

fibrocartilage only occurred in those parts of the joint which were 

considered to be articulating or pressure bearing (86). 

The observed artheritic changes in the posterior slope of the 

articular eminence could be due to excessive loading and pressure at 

this site following the perforation. In humans the reactive capacity of 

disc, condyle and temporal articular surfaces to biomechanical pressures 
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were different. The condyle responded with a deviation in form while 

the temporal com~onent reacted by forming more fibrous tissue. These 

differences were correlat'ed with the presence of undifferentiated 

mesenchymal cells in the condyle and its absence from the tempo~·al 

surface and the disc (211, 53, 112, 113).. Higher frictional loading 

between the disc and temporal component than· between the disc and 

condyle was also considered a factor in modifying the . human joint 

response '(113). 

In our experiment we observed that the pathological changes 

extended from the most lateral t·o the most medial sections. Changes 

were also observed in the most medial sections in the joint that had a 

healed disc. ·-In man, Hansson (113) observed that temporal arthritic 

lesions were more localized laterally. He could not see changes in the 

medial cuts. 

(22). In 

These findings of humans were also1 supported by Bean et al 

man the latter was attributed to the fact that the 

mediolateral aspect of the condyle is less extensive than the temporal 

component (211). In human joints, the condyle is localiz·ed laterally in 

the temporal component and its lateral pole appeared to lie higher than 

its medial pole (211). 

Blackwood {28) proposed that in osteoart;hrosis, condylar lesions 

start first, resulting in roughening of ·the condyle. The latter, in 

turn, causes disruptio'n of the intraarticular disc and most of the. 

arthritic changes · observed in the ~rticular fossa appeared to be 

.secondary to the changes in the condyle and the disc. In our experiment 

we induced the disc lesion first, but we believe that the condyle 

responded first for the same reasons. Hansson (113) mentioned that the 

condyles in five of eight experimental joints showed thickening of its 
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fibrous covering and the reserve cell zone were seen to increase in 

number in focal areas. Cartilage .cells were also increased in certain 

areas along the condylar surface. This might well be described as 

remodelling response to the interrupted joint incongruity. 

Carlsson and Oberg (53) stated that if demands placed on the TMJ 

tissues exceed the remodelling capacity of the joint to respond to 

stimuli, degenerative changes may develop. In our experiment it was 

proven that joint perforation is a strong stimulus to both remodelling 

and degenerative responses of the monkey joint. The latter response was 

seen in two joints as complete denudation and in two O·thers as 

alternating areas of thickenings· in the fibrocartilagenous cover with 

denuded areas. Carlsson and Oberg (53) distinguished degenerative 

changes from remodelling by an alteration of articular surface 

integrity. 

The pattern of the fibrous thickenings of the condyle and. the 

temporal articular surfaces of the five joints that showed perforations 

under the stereoscope appeared to complement .the pattern of the disc 

perforations. This may be explained as an abortive attempt of these 

articular . coverings to restore the synovial fiber thickn-ess. The 

cartilage that appeared along the posterior surface of the condyle in 

our experiment was also observed by Daniel after menisectomy in monkeys 

{306). Ramfj ord (230) who fixed the mandible of monkeys by gold spint 

in anterior position observed resorption and repair on the distal aspect 

of the condyle. He (230) also proposed that the distal area of the 

condyle is liable to trauma. In his experimental monkeys he observed 

that both the condylar cartilage as well as the articular portion of the 

temporal bone to exhibit marked 
( 

compensatory tissue response to 
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reestablish the. former topographic relationship of the mandibular 

articulation following the experimentally produce'd anterior displacement 

of the mandible. Ramfjord (230) also observed that the posterior part 

of the condylar fibrous covering increased five times the thickness of 

the anterior part, thus the condyle had a posterior bulging shape. The 

temporal portion of the joints of his experimental monkeys . showed an 

obvious tissue reaction toward restitution of the original topographic 

relationship between the condyle and fossa. · These observations are in 

good agreement with our results since we have also seen cartilage along 

the posterior inferior aspect of. the condyle and areas of bone 

reso~ption and fusion of the posteri~r band of the disc to the condyle~ 

In the posterior part of the glenoid fossa we have also observed marked 

bone remodelling where the superior stratum of the bilaniinar zone 

inserts. The superior stratum was seen to attach in a more anterior 

position than in normal. This might be explained as a response to the 

different pattern of stresses dictated by the osteoarthritic changes in 

the joints with the perforated discs. 

Toller considered the cellular activi.ty at the posterior part of 

the human condyle as a r~modelling process (286) and .not directly part 

of the degenerative disease. He observed that change to be a consistent 

finding with advancing age (286). 

In the TMJ literature it was hard to find a clear cut demarcation 

between remodelling and osteoarthritic changes. For example, Bauer (18) 

regarded resorption of the subarticular bone and fibrosis of the 

adjacent bone marrow spaces in humans as being indicative of 

osteoarthritis. This was considered by Blackwood (28) a part of the 

normal remodelling and growth especially when they are not accompanied 
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by changes in the art-icular cartilage.. Blackwood (28) recorded in his 

study that lesions (human TMJ) of the condyle in osteoarthritis tend to 

start on the upper posterior articular surface· of the mandibular condyle 

and gradually spread from there to involve the whole head of the 

condyle. 

In our study most of the changes are considered pathological rather 

than remodelling inasmuch as we did not see similar changes in the 

control. Also in the one joint where the disc spontaneously healed, few 

or no bony changes were observed. · Furthermore, we observed 

osteoarthritic changes in the fibrocartilagenous articular tissues such v 

as fibrillation, flaking, ~e~bernation, and synovial osteochondromatosis, 

as well as dystrophic, calcification of the perforated discs~ Our 

observations also agree with the pattern of spreading of osteoarthritic 

changes described by Blackwood (28). Since the perforations in our 

study were ·placed at the posterolateral aspect of the discs, the first 

area that should be in contact with the perforation and therefore be 

more affected was the posterior articular surfaces of the condyle and a 

temporal bone. 

Blackwood (28) also explained the thickening and the irregularities 

in the articular surface as a result of repair by proliferation of the 

overlying articular tissue downwards into the resorbing areas of the 

subarticular bone. The thickening of the fibrous coverings of the 

condyle and most of the temporal articular surface (particularly the 

posterior slope of the articular eminence) was a consistent feature of 

five of the eight experimental joints. We advance the hypothesis that 

~'' 

the reserve undifferentiated mesenchymal cells observed in the condylar 

covering of the cont,rol have undergone differentiation into fibroblast 
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which may be responsible for the excess-collagen observed. However, the 

same hypothesis could not be applied to the fibrous covering and the 

area of new cartilage observed at the temporal surfaces because. the 

undifferentiated mesenchymal cell layer was not found. in these areas.· 

Toller (2~5) proposed that new fibrous surfaces can grow in from 

the edges ·of the synovial membrane in order to cover the denuded 

articular bone. He also observed that the TMJ degenerative arthritis is 

focal in nature, and that a degenerative arthritic lesion could be seen 

adjacent to an area showing reparative change. He also cautioned that a 

histological appearance of a particular focus in the affected joint must 

not be judged typical of the joint as a whole. This explanation is 

consistent with our results in the two joints that ·showed alternated 

areas of thickening and denudation along the articular surfaces. Our 

results also·adds more support to Toller's theory regarding the role of 

synovial membrane in providing cells that cause the thickenings of the 

temporal surface inasmuch as synovial membrane hypertrophy was a 

consistent finding in the experimental joints. 

Feroze (88) proposed an alternate source for the tissue. He 

suggested that it may arise from the marrow spaces and cover parts of 

denuded bone and islands of residual cart-ilage. We could not confirm or 

deny this hypothesis. from the morphological results of this study. 

Evidence has been accumulating for over a century that a change in 

the forces acting on a tissue can modify the nature and properties of 

that tissue (248). This is a major characteristic of the tissues of 

mesenchymal origin whose . cells have as their primary function the 

production of the intercellular matrices that provide the mechanical 

framework and sup_port of ·the tissue (248-). Changes in the surrounding 
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physical forces (that might have been induced by disc perforation) that 

alter the properties of tissues already present have been reported in 

varie-ty of tissues (248). Ampirno (5) showed that explants of chick 

embryo scleral mesenchyme that underwent excessive traction showed 

differentiation into fibrous tissue instead of the typical scleral 

cartilage. Dense fibrous tissue was shown to change into fibrocartilage 

over the attachments of tendons and ligaments to bone (236, 297, 217, 

249, 151). As noted by Pringle, it is widely accepted that the 

predominance of uridirectional tensional forces on connective ti_ssue 

causes the production of dense fibrous tissue (248). For example, a . 

combination of rotational and compressive forces leads to a change from 

an elongated arrangement of connective .tissue to more rounded pattern 

containing cartilage cells (248). Thus, the hypothesis that a different 

type of matrix is produced at different locations in the same cells so 

that the shape of the cell helps to determine which matrix producing 

mechanism can operate. 

The latter explanation might be applicable to our joints especially 

when the functional theory of development of osteoarthritis (24-, 206) is 

considered. That theory considers that the abnormal functional forces 

applied to the TMJ under certain anatomical or constitutional conditions 

(in our case due to disc perforation) may lead to osteoarthrosis. 

The fibrillation we observed in the experimental joints was 

mentioned in the literature as the first osteoarthritic change (97). 

However, Zarb (97) mentioned that fibrillation does not necessarily 

advance to osteoarthritis. Collins (-63), Meachim (193) and Byers (46) 

accepted the belief that osteoarthritis starts in _superficial articular 

surface; ·while Radin (228, 229) proposed that microfractures may result 
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in hardening of the s~bchondral bone, thus precipitating lesions in the 

articular surface. It was found that fibrillation is associated with 

degradation of proteoglycans (228, ·133). The major sequala of 

proteoglycan des,truction is decreased resistance 'to compressive loading 

generated during joint· function (147). The depletion of 

glycosaminoglycans cause the tissue to be deformed and then subjects the 

collagen mesh to excessive amounts of strains (91). This process can 

progress until the complete denudation of the articular soft tissue. 

Toller (286) proposed that fibrillation commences in the area of 

articular contact (through ·which passes the greatest load). He also 

described the loosening of the peripheral fibers in the articular 

fibrous surface which run parallel with that surface. The lack of 

cohesion between the collagen bundles allows fluid to collect in between 

the bundles. Bauer . (20) referred to that process as intraarticular 

"blisters" which will then fray off into the synovial cavity. The edema· 

may also extend deeply into the underlying cartilage and affect it 

similar to collagen. Recent immunohistological studies have indicated 

that aging chondrocytes in vitro synthesize type I collagen instead of 

the type II collagen characteristic of normal cartilage (96, 126, 304). 

Also, aging chondrocytes synthesize more keratin sulphate than 

chondroitin-4 sulphate. Such differences in the character of the matrix 

perhaps affect the capability of tissues to withstand external 

mechanical forces leading to fraying of fibers with fibrillation. 

Another explanation for the fibrillation seen in osteoarthrosis and 

aging is that type I collagen instead of type ii collagen ~s produced 

there· as an increase in ·the amount of keratin sulphate produced and. a 

decline in the amounts of the other proteoglycans (258) which alters the . 
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coverings of the articular surfaces in such a way that mechanical 

stresses now become detriment.al to their integrity (96, 126, 304). Our 

results showed a loss in metachromsia and alcian blue stained -acid 

mucopolysaccharide and may lend support to the idea that biochemical 

changes in the fibrocartilagenous coverings along with the biomechanical 

forces, lead to the fibrillation and fraying of that tissue. A similar 

explanation can be offered for the flaking of fibrocartilage observed in 

the experimental joints. It was shown (140) that there was extensive 

los~ of sulphated mucopolysaccharides and a masking of collagen causing 

rearrangement of the fibers. This change was found to move water in and 

out of the· surface zone leading to· a mechanism of leaching out the 

polysaccharides. 

(1, 31). We 

Then the collagen could be lost by physical stripping 

have observed loss of metachromasia associated with 

fibrillation and flaking in the experimental joints and an inc·rease in 

areas. It is interesting to note that it vascularity of the affec.ted 

has been mentioned that excessive percolation of fluid might be 

the fibrocartilage , (normally associated with vascularizatiqn of 

avascular) which may enhance the leaching process of the disc fibrillar 

components (270). 

The phenomenon of chondrocytic clustering which was observed in the 

experimental joints is a common finding in joints affected with 

osteoarthrosis. The clustering was more marked in the .weight bearing 

area than in the non-weight bearing areas. Sokoloff (264) also observed 

that clusters of weight· b~aring areas tend to be smaller in size and 

·contain fewer cells than clusters of the non-weight bearing areas. How 

clusters formed is. a matter of speculation. Feroze (88) desc-ribed 

clustering as indicative of a compensatory proliferative 
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response to injury. Crelin (69) have demonstrated a few mitosis in the 

cartilage of compressed joints. Anders (7) found tritiated thymidine 

labelled cluster cells in experimentally produced osteoartherosis in 

knee joints of rabbits. In rat TMJ Blackwood (32) had shown by 

radioautography labelled cells in normal mature articular zone of the 

mandibular condyles. Also, Silbermann et al (256) observed many 

chondrocytic clusters in mouse mandibular condyles. In control, 

presumably normal monkeys we have not observed chondrocytic clustering. 

Therefore we regard this phenomenon as a patholog~cal sequela to disc 

perforation and part of the osteoartherotic change. 

Two joints of one animal· in the experimental group showed what can 

--
be classified as severe osteoarthrosis. Complete denudation of fibrous 

covering of articular surfaces and eburnation were observed. Denudation 

was also seen in focal areas of another two joints. Both denudation and 

eburnation was explained in the osteoarthritis literature on the basis 

of a degenerative change caused by excessive biomechanical torces (88). 

Johnson (140) observed that thickness of the · coverings of ar.ticular 

surfaces are maintained the same throughout life. He suggested that 

shedding due to wear and tear must be balanced ~y new synthesis. If 

there is shedding with no replacement, then denudation takes place. In 

, the present study, we observed a complete degeneration of the disc in 

the two joints. Therefore, bone to bone contact without the shock 

absorber effect of one intact'disc may have caused physical stripping 

and denudating of the fibrous covering of the articular surfaces. 

Similar degenerative changes were noted clinically after surgical 

menisectomy (306). 
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The bone. under the cartilage of the condyle (subchondral bone) 

showed a high degree of cellularity and hypervascularity in the 

experimental joints. Similar observation was reported in artheritic 

subchondral bone of the knee joint (238). Also the disorientation of 

the subchondral bone trabeculae we observed. can be attributed partly to 

microfracture of the bone weakened -by the hypervascularity (135, 218, 

139). Flattening of the bone and venous obstruction of the engorged 

blood vessels may be the underlying cause of sclerosis associated with 

eburnation (13, 135, 139, 141, 168, 68, 117, 70, 21). 

In one of our experimental joints an anterior bony spur or a bulge 

was seen. This has been described in the arthritis literature as 

lipping. Different explanations were cited in literature to explain the 

mechanism of lipping. Bauer (20) found that vascularization of the 

damaged cartilage is followed by ossification giving rise to the 

development of marginal lipping and may be covered by cartilage or may 

be without cartilage. It is to be noted that in our experimental monkey 

the condylar lipping was seen to be covered with marked fibrous 

thickening and connected with anterior capsule with its synovium. Bauer 

(20) has observed the same finding in humans. 

According to Nicols (206) spurs area result of perichondral or 

subchondral proliferation and d'evelop by ossification of cartila,genous 

overgrowth. Pommer (221) proved that the marginal lippings arise from 

the subchondral bone marrow after vascularization of the damaged and 

metablastic articular cartilag·e. Bauer (19) believe·d . that the 

overgrowth originates as a result of the proliferation of the marginal 

area of the cartilage which later is transformed into true bone. 
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Parker (213) believed that "flattening of the surface which is in 

contact with the opposing joint surface causes the edge of bone to 

project outward as a shelf and depending on weight, pressure and 

position, the projection may curl or bend over the edge. Johnson (140) 

summarized the mechanisms ·of lipping as follows: upward and lateral 

cartilage growth as in remodeling; local periosteal new bone formation; 

chondrification· followed by ossification of a tendon or capsule; more 

than one of the above. 

Histological evidence of hope destruction was observed in some 

areas of the condyle and the temporal surfaces. .Both osteoclastic bone 

resorption and chondrocytic lacunar resorption were observed. The 

stimulus for suGh resorption cannot be deduced with certainity but can 

be attributed to excessive biomechanical forces due to bone to bone 

contacts following disc perforation. It is to be remembered that in 

most experimental joints the perforations were increased in diame.ter and 

in some cases was partially or completely degenerated. The tissue 

damage caused by the overloading of the joint may lead to release 

cellular lysosomal hydrolytic enzymes which can cause further 

degeneration (227). 

Ali, et al (3) proposed that the chondrocytic damage leads to 

release of proteolytic enzymes from the lysosomes which are capable of 

degrading the proteoglycans, thus lacunar resorption might be explained 

on this basis. Another _explanation for osteo·lysis in osteoarthrosis was 

presented by Pugh (227). He proposed that when the subchondral bone in 

the absence of· intact fibrocartilagenous covering is subjected to 

stress, fatigue microfracture occurs and granulatiqn tissue invades the 
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affected bone. Bauer (20) proposed that intensive use of the joint will 

lead to osteoclastic resorpti<;>n of the suhchondral bony plate. 

We observed a marked synovial proliferation with many cells of the 

synovium migrating over the articular surface. A mild degree of 

synovitis was thought to cause bone destruction due to release of 

proteolytic enzymes (e.g. cathepsins) from the lysosomes of degenerating 

cells (86). The lysosomes are thought to be formed in respo~se to 

increased phagocytic activity of synovial cells in osteoarthrosis (126). 

Though we observed a marked increase in synovial cells, subcellular 

content of lysosomes could not be revealed at the light microscopic 

level. 

Bone microcysts were a prominent finding in the experimental 

joints. Similar change was in osteoartheritis and has been give~ 

different names such as synovial cyst (68). Subchondral cyst (117), 

subarticular pseudocytes (70) godes (238), Ely's cyst (120, 106). The 

mechanism of formation of these bony cysts are not known. However, 

several explanations and speculations were offered in the literature. 

Freud (92) was the first investigator to suggest that elevated 

intraarticular pressure might lead to intrusion of synovial fluid into 

the subchondral bone through gaps in the articular surface with 

secondary resorption (preasure cysts). Toller (286) found that when 

bone perforated or thinned out to the extent that the articular cavity 

and the underlying marrow . spaces were no longer separated, immediate 

fibrotic reaction within these cancellulous spaces appear. Toller (286) 

proposed that the synovium had a fibrosing effect on the cancellulous 

spaces,. The intraarticular pressure of normal movements may induce the 

formation of.small cysts·which gradually enlarge. It was observed that 
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at first cysts might be lined with fibrous layer.but walls may give way 

later with. generalized bone destruction (264). 

We observed in one of the cysts a piece of cartilage. Gorlin (106) 

had a similar observation in arthritis of the knee joint. He thought 

that a piece of the articular cartilage might have been displaced into 

the cyst or an actual chondr~metaplasia may occur. 

The microcysts were consistently round or pyriform suggested that 

with a persistant opening the fluid pressure would tend to convert the 

irregular outline . of the cystic spaces into the smoothy round or 

pyriform outlines. 

The microcysts observed in this study were not only seen in 

osteoarthrosis. Johnson (140) reported the presence of subchondral 

cysts in cases of bone remodelling and he had also seen different 

sequestra into these cysts. In our attempt to explain the mechanism· .. o:f:· 

cyst formation, Johnson (142) found that these bone cysts originate as 

dysplastic foci of bone marrow undergoing mucinous degeneration •. Heine 

(121) found that· the earliest change is edema of the subchondral·marrow 

followed by proliferation and development of a mucirous, fibrillary 

marrow. Increasing mucoid material leads to increased fluid content 

until the center is liquified and the fibrillary elements are composed 

about the margins to produce a hollow cavity. 

was associated with osteoclastic activity 

trabeculae followed by osteoblastic activity. 

Expansion of the cavity 

of neighbouring bone 

This exp'rains well our 

observation of the new bone that was seen surrounding all these cystic 

cavities in the experimental group. 

Calcific deposits in the human intraarticular discs and menisci are 

uncommon (64, 242, 277, 293, 219). However, in·· rodents it is a common 
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finding in the knee mensci (277, 216). Concerning the nature of the 

intrameniscal ossicles in human knee joints, two main views have been 

expressed (277). Some authors consider it to be a sesamoid bone which 

normally develops in the meniscus as·a vestigial structure anolognous to 

those of menisci of the rodents (216, 242). Others however believe that 

the ossicles is the result of ossification of an acquired lesion of the 

meniscus. Symonides (277). considered trauma as an etiological factor. 

He also reported increased vascularity and fibroblastic ac-tivity. 

Similar changes were observed at the dysplastic areas in the margins of 

the perforation in this study. Bruce and Walmsley (42) considered also 

these changes metaplastic in nature and a change response to mechanical 

stresses. In joints affected by osteoarthritics pyrophosphate has been 

found in high concentrations in the synovial fluid (4). 

It was ~ound that pyrophosphate content increases with the severity 

of osteoarthritis (54). In combination with Capp, crystals are formed 

which are often deposited in articular tissue. Schube·rt and Pras (350) 

have shown that a loss of chondritin sulphate is characteristic of 

intervertebral disc degeneration and that is predisposing to calcium 

phosphate precepitators. McCarty and Hogan (186) supported the latter 

findings. 

Mindful of the above informa"tion, we· believe that the calcification 

pattern that was seen in · perforated discs in our ~tudy to be a 

dysplastic change in response to .abnormal forces trumatizing its 

margins. The wide range of leached organic and inorganic substances 

released into the affected joint might aid this pattern of calcificat~on 

i.e. the damaged margin might act as an promotor indus. fo·r dystrophic 

calcification. Calcific deposits were observed by others to occur in 
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the TMJ disc. Carlesson et al (54) observed calcification and 

metaplastic cartilage and bone formation in excised· TMJ discs of 

patients that had long history of pain and TMJ dysfunction. 

Ramfjord (250) observed dystrophic calcific deposits in the monkey 

TMJ discs after displacing their mandibles anteriorly using gold 

splints. Sprinz (268) observed calcific deposits in rabbit TMJ discs 

after performing partial menisectomy. Bauer (20), Bowman (39) and 

MacAlister (173) reported different percentage of these calcific 

deposits in their examined TMJ discs in joints affected by degenerative 

joint diseases. 

Johanthon (143)' examined one ·hundred necropsy menisci and found 

that 34% of them manifeste4 calcification at different regions. So it 

appears that whatever the mechanism is for dystrophic calcification, the 

TMJ disc is not a rare site for such pathological changes. 

Our observation of an increase in vascularity of the body of the 

disc next to the perforation were reported in many human studies (104, 

60, 54). Goran (104) noticed that discs affected by osteoarthritis to 

show variable degree of vascularization in areas that were previously 

nonvascular. Carlsson (54) observed increased vascularization in 

damaged human TMJ discs. He interpreted that as a sign of disc repair. 

None of these reports explained the source of these blood vessels. 

We observed numerous small rounded cells- t'o migrate on the surface · 

of the perforated discs. These cells also· ensheathed the free margins 

of -the perforations. It was common to find the blood vessels underneath 

the migrating cells. These cells were traced back to the synovial 

intimal cells. In a pilot study, most of these cells stained with 

methylpyromine (stain for RNA) which indicate their origin from type B 
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cells of the synovium. Therefore, we believe that the blood vessels 

originated from the subsynovial vascular connective tissue in an attempt 

to repair the disc perforation. In this aspect we agree with Carlsson 

(54) that vascularization of injured discs are regenerative response. 

Synovial chondromatosis that was described in the synovial membrane 

of both anterior and · posterior joint recesses of our expe.rimental 

monkeys was described as a sign of degenerative joint diseases . (238, 

262, 263). The condition might also arise de ~ in a previously 

healthy joint.. The knee and elbow are the most commonly· involved sites 

although involvement of other joints such as the hip, wrist and ankle 

has been reported (311). Twenty-nine cases of synovial chondromatosis 

have been reported to occur in the human TMJ.' 

Lanner and Brodie (241) first described the lesion and thought it 

to be neoplastic. Axhausen (Fortschr. Zanheilk, 9, 184, 1933) described 

the first case of synovial chondromatosis affecting the TMJ. The lesion 

was defined as chronic, progressive synovial metaplasia that will not 

resolve spontaneously. Most of the cases reported in the TMJ were 

associated with distended capsule. During surgery a cloudly fluid was 

observed (200, 241, 15). This might explain the eosinophilic proteneous 

effusion that was seen in· our experimental joints that_ showed synovial 

enchondromatos.is. 

In otherwise healthy joint chondroost·eoid metaplasia of synovial 

tissues was seen though the mechanism of formation of such lesion is 

unknown. It hs been mentioned that fibroblasts can transform into 

osteoblasts or chondroblasts and thereby produce bone br cartilge tissue 

which does not normally occur (180, 240). 
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Ronald (241) on the other hand, believed that the synovial 

enchondromatosis arises from metaplasia o.f mesenchymal cell rests in the 

underlying connective tissue of the synovial membrane (126). In this 

study the cartilage content of synovial chondromatosis showed 

transitional zones. The presence of the latter was suggested by Ronald 

(241) ·to be an essential evidence for diagnosing synovial 

chondromatosis. 

Our observation of plump giant cells in the area of chondromatosis 

is not without precedent. Ronald (241) and Mohammed (200) had similar 

observation in human TMJ's affected with synovial chondromatosis. 

It was observed in our study that the disc perforations had 

increased in size and their margins were irregular and transparent. 

This might be related to friction loading along the perforated disc 

margins. This could be considered as an etiological factor of that 

fraying especially if we consider the disc calcification to be rubbing 

during movements. So friction will increase between the condyle, 

temporal articular surface and the calcified edges of the perforation. 

These events will lead to more fraying and expansion of the 

perforations. 

Bennett (25) noted' the particular susceptibility of the free inner 

edge of the menisci to· fraying even in young adults. He also observed 

that a macroscopically apparent disint.igration of the medial or lateral 

meniscus of the knee joint can occur in some elderly subjects. The 

latter studies support our mechanical theory for explaining widening of 

perforations diameters. 

The synovial membrane of the experimental joints showed a 

consistent response to disc perforation. The size, cellularity and 
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vascularity of the membrane were seen to markedly increase in all joint 

recesses. The synovial response will be called synovial hypertrophy. 

In one occasion, .the nature of the synovial villi in the ·posterior 

superior recess was found to change from fibroareolar to ·fibroadipose. 

This happened in the joint where the disc perforation was found to heal. 

The synovial hypertrophy is regarded as part of the osteoarthritic 

changes occured following · disc perforation. Other factors which 

traumatize the TMJ components such as extraction of posterior teeth, was 

found to cause osteoartheritic changes including synovial hypertrophy 

(60). Ramfjord (230) also reported synovial hypertrophy in the anterior 

inferior recesses of monkey TMJ's after chronic anterior displacement of 

their mandibles. "Siguard also observed . synovial hypertrophy in the 

anterior inferior recesses of the monkey joints (after displacing their 

mandibles anteriorly). Holund (127) in his experimental osteoarthritis 

rabbit model also observed increased number of subsynovial vessels with 

increased synoviocytes. The syno~iocytes were also seen to be larger in 

size. Fibronectin was found to increase around these cells. In tissue 

healing, large amounts of fibronectin has been localized (159, . 129). 

Sokoloff (262) pointed out that synovitis is usually not ·a prominant 

feature of osteoarthritis, but mild synovitis might be caused by the 

presence of articular debris in the diseased joints. However, fibrous 

thickening and villows hypertrophy of the synovium were found in 

advanced cases of ,osteoarthritis (238, 262). Sokoloff (262) observed 

proliferation of the fibroadipose synovium of osteoarthritic joints. He 

also described the myxoid appearance of these areas. This is similar to 

our observation in the joint that showed healing of the disc perforation 

where massive· proliferation of fibroadipose synovial tissue in the 
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posterior superior recess was found. It is important to remember that 

in the control animals the synovium of that recess wa~ seen to be of the 

fibre-areolar variety. · Whether or not this type of transformation is 

necessary for the healing to. take place is not known, but the most 

active synovial proliferation in all the experimental joints was that at 

the anterior recesses and that was seen in contr0l a~imal~ to be of the 

fibroareolar type. 

We think that the synovial proliferation we observed in our 

experiments is an attempt to repair the discal perforations. Johathon 

(143) found that synovial membranes proliferate into planes of cleavage 

of human knee menisci. ·He also observed the association of blood 

vessels and round cell proliferation. We had also demonstrated 

epitheloid rounded cells to migrate over both the anterior and posterior 

margins of the perforation. These cells were found to migrate toward 

the perforation site accompanied by large numbers of minute blood 

vessels. In more medial sections we could see these vessels to be 

incorporated into the main body of the disc i.e. the normal nonvascular 

areas. 

The cellularity_ of the perforated discs particularly at. the· margins 

of the perforation was markedly increased. The cells a~peared as 

typical fibroblasts. Similar cells were noted in injured menesci of 

other joints (40, 68). The ultrastructure of these cells revealed that 

they appear as myofibroblasts. Since we have not done electromicroscopy 

we could not confirm the myofibroblast nature of these cells. The 

origin of these cells could be the synovial proliferating-cells. Veth 

(254) observed that invasion of synovial cells to be important in repair 

of injured meniscis and he noted this to occur in the case of wedge 
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shaped lesions with a base adjacent to the capsule than in longitudinal 

lesions. 

In our healed joint we found that we did our perforation more 

posterior than the others. This was seen to be a very vascular area and 

is capable of undergoing repair. Since no sutures were used the cells 

could not fill the gap completely. This is evidence by rich cellular 

fibrous tissue that was seen to.fill the perforation gap laterally. The 

more we moved me~ially the anterior perforation margin showed . less 

cellular scar tissue but ·more dystrophic calcification. 

The TMJ tissues that normally contained elastic and oxytalan fibers 

showed an increase after disc perforation except for those found in 

relation to the lateral pterygoid muscle insertion. We attribute the 

increase in elastic and oxytalan fibers to the noted increase in 

cellularity of the affected tissues. The latter were also subjected to 

abnormal biomechanical forces following disc perforation. . It is known 

that fibroblasts, chondrocytes of elastic cartilage and endothelial 

cells can synthesize elastic fibers (70). We have observed an increase 

in all these cell types in the exp~rimental tissues. 

The anatomical distribution of . oxytalan fibers in animal tissues 

suggest their role in providing reselience to.applied mechanical forces. 

This view is supported by Booij (38) who removed crowns of rat molars in 

order to increase the stress applied to the TMJ's and found an increase 

of 40% in the oxytalan content of the articular components. He 

. suggested that the increase in oxytalan fibers reflect an adaptive 

. response to the stronger forces fallen on the joint ,after removing the· 

crowns of the molars. 
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We also suggest that the increase in ela~tic fiber content of the 

perforated disc may play a role in the formation of the dystrophic 

calcification found in the affected discs. Elastic fibers in tissues 

other than the TMJ were shown to attract calcium and form globular 

deposits (203). This property was found to increase by age (238) and in 

arteriosclerosis (200}. 
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V. CONCLUSIONS: 

1. Macroscop~c and microscopic study of the Macaca fasicularis 

monkey TMJ revealed a joint that is markedly similar to the 

human TMJ. 

2. Surgical creation of bilateral disc perforation in Macaca 

fasicularis monkeys resulted in pathological alterations in 

the majority of the experimental joints (87.5%) which is 

consistent with the diagnosis of secondary osteoarthritis or 

degenerative joint disease. Therefore, we propose this 

procedure for the development of a non-human primate 

experimental model for secondary osteoarthritis of TMJ. 

3. Perforated discs may have the capacity for repair since one of 

our experimental disc perforations healed spontaneously. 

4. The synovial membrane appeared to be the tissue that showed 

most of .the regenerative response to injury. 

5. After discal injury the synovial .cells behave like 

undifferential mesenchymal cells in that they become highly 

proliferative and apparently attempt to repair the disc 

perforation. 
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NOTE: ALL MAGNIFICATIONS ARE ORIGINAL e 

PLATE 1 

Figure 1 

Figure 2 

Figure 3 

Draped animal. Prepared surgical field. The probe points 

to the planned line of incision. 

Superficial skin incision. 

The joint- capsule is exposed (C). The zygomatic arch (Z) · 

is in tl:te upper border of the field. Masseter muscle 

(Mass) is labelled for orientation .• 

The surgical spreader was applied and fixed to both the 

condyle and eminence using S.S. pins. The superior joint 

space is now exposed (ar.row). 
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Figure 5 

Figure 6 

Figure 7 

Figure·8 

PLATE 2 

Superior joint space is exposed and the ·lateral border of 

the disc can be seen (arrow). 

The disc is pulled by a tissue forcep. 

The same as Figure 5 but the disc is pulled laterally. 

The disc (D) is exposed through the"' superior joint space. 

The zygomatic arch can also be seen (Z).· 
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Figure 9 

Figure 10 

Figure 11 

Figure 12 

PLATE 3 

The perforation (arrow) was made in the postero-lateral 

region of the disc. The zygomatic arch is labelled Z for 

orientation. 

The capsule (C) is sutured and the joint is closed. 

The subcutaneous sutures are placed. 

Stereoscopic picture of control TMJ. It shows the 

articular eminence (E) , bilaminar zone of the disc (BL) , 

posterior band (P), anterior band (A), insertion of fibers 

of the superior (S) head of the lateral pterygoid muscle to 

the disc and to the condyle (pt), condylar head (C), 

anterior inferior joint recess (arrow) , and inferior head 

of lateral pterygoid attachment to the condyle (pt). 
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Figure 13 

Figure 14 

Figure 15 

Figure 16 

PLATE 4 

Stereoscopic view of control joint. The articular capsule 

(AC) and zygomatic arch (Z) are labelled for orientation. 

The masseter profundus intiscle (M) takes orig~n from the 

zygomatic arch and inserts into the sigmoid notch of the 

mandible. The temporalis (T) can be seen. 

Stereoscopic picture of control joint. A most lateral 

section sho"tving the superior joint space (arro"t-7) under the · 

articular eminence (E). The lateral aspect of intact 

articular disc (D) is exposed. Portions of the zygomatic 

(Z) and fibers of the temporalis (T) and masseter (M). 

muscles are seen. 

St.ereoscopic photograph of control joint. ·The mouth is 

partially opened. The articular eminence (E), condyle (C) 

and both anterior (A) and posterior (P) thick bands of the 

disc are seen. Note the different texture of the bilaminar 

zone (BL) in comparison to the posterior band portion of 

the disc. Attachment of the superior head of the la·teral 

pterygoid to the disc (pt) and the adjacent fibers of the 

temporalis (T) can be seen. 

Stereoscopic photograph of control joint showing the 

relationship of the articular eminence (E) to the posterior 

band (P), intermediate band (I) and anterior band (A) of 

the disc. Note the even thickness of the fibrous coverings 

(C) of a healthy joint. Fibers of lateral pterygoid (pt) 

are mingled with anterior capsule (AC). The synovial 

membrane can be seen in the superior joint space (S). 
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Figure 17 

Figure 18 

Figure 19 

Figure 20 

PLATE 5 

Stereoscopic photograph of coronal section of a control 

joint showing the medial aspect of the joint. ·The spine of 

the sphenoid bone (SPs) is medial.. The articular capsule 

(AC) inserts into the most medial aspect of the glenoid 

fossa (G). The medial attachment of the disc · (D) ·to the 

condyle (C) is clearly seen. 

Stereoscopic photograph of saggital section of a control 

joint. The condyle (C) was pulled down to open the joint. 

Note the inverted V shape of the glenoid fossa (G) and the 

shallow articular eminence (E). In this section the 

anterior capsule (AC) is loosely organized. The anterior 

(A) , intermediate (I) , posterior (P) bands and bilaminar 

(BL) zone of the disc divides the joint space into superior 

and inferior compartments. 

Stereoscopic photograph of saggital section of a control 

joint. The synovial tissue (SV) of the posterior superior 

recess is clearly evident. 

Stereoscopic photograph of saggital section of a control 

joint. The bilaminar zone (BL) and the insertions of the 

superior stratum (S) into the glenoid fossa (G) and the 

inferior stratum (In) into the condyle (C) can be seen. 
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Figure 21 

Figure 22 

Figure 23 

Figure 24 

PLATE 6 

Stereoscopic photograph of control· joint while the teeth 

are in occlusion (mouth closed). The intermediate band of 

the disc is opposi~e to the posterior slope of the 

articular eminence (E). The anterior band (A) fill ·the 

anterior joint space while the posterior band (P) and the 

bilaminar zone (BL) fill the p~sterior joint space. The 

summit of the condyle (C) abut against the posterior band. 

In this lateral section the fibers of the superior head. (S) 

of lateral pterygoid · (pt) insert into the condyle similar 

to the inferior head (In). 

Stereoscopic photograph of ~aggital section of a control 

joint. The fibers of the lateral pterygoid muscle · (pt). 

penetrate through the articular capsule (AC) to reach the 

condyle (C). The posterior fibers of the temporalis muscle 

is closely related to the anterior joint capsule. 

Photograph of a saggital section of an isolated· disc 

showing superior pterygoid muscle attachment to the 

anterior band of the disc. 

Photomicrograph of control saggital section. Articular 

eminence (E), condyle (C), anterior thick band of the disc 

(A), intermediate band (I), posterior band (P), synovial 

membrane of the superior recess (SV), superior band (S) of 

the bilaminar (BL) and inferior stratum of the bilaminar 

(In). (3X) 

-99-





PLATE 7 

Figure 25 Photomicrograph of saggital section of control joint. It 

shows the squamotympanic fissure (*), the fibroareolar 

synovial membrane (SV) of the posterior superior recess,. 

the ·superior stratum of the bilaminar zone (S), the 

articular capsule (AC) ,- and the fibrous covering of the 

glenoid fossa (G). (H & E). (16X) 

Figure 26 Photomicrograph of saggital section of control joint 

stained with resorcin fuchsin. It. shows the posterior band 

of the disc (P), bilaminar zone (BL), superior stratum of 

the· bilaminar zone (S), the . articular. capsule (AC) and 

blood ves·sels (BV) in the inferior stratum of the bilaminar 

zone. (16X) 

Figure 27 Photomicrograph · of saggital section of control joint 

stai~ed with resorcin fuchsin. It shows the anterior band 

of the disc (A), synovial membrane that covers the anterior 

band (arrow SV) • Superior head of the lateral pterygoid 
I 

muscle (S) and inferior head of lateral pterygoid insert on 

the conclyle (In). Observe that the superior head of the 

lateral pterygoid has a separate discal attachment. (16X) 

Figure 28 Photomicrograph of saggital section of control joint 

stained with resorcin fuchsin. Different calibers of blood 

vessels (arrows) in the inferior stratum of the bilaminar 

zone can be seen. (16X) 
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Figure_30 

Figure 31 

Figure 32 

PLATE 8 

Photomicrograph of saggital section of control joint 

stained with alcian blue. It shows the inferior stratum of 

the bilaminar zone (IN) and the posterior inferior joint 

recess(*). Note that the posterior inferior surface of the. 

condyle ·(C) does not have any cartilage. (16X) 

Photomicrograph of saggital · section .of control joint 

stained with aician blue. The section shows the superior 

(SB) and inferior (Is) strata of the bilaminar zone (BL) 

and the pterygoid muscle {pt). The disc with its posterior 

band (P), intermediate band (I) and anterior band (A) can 

also be seen. (3X) 

Photomicrograph of saggital section of TMJ disc stained 

with alcian blue. Two types of cells can be seen, the 

lacunae occupying cells (arrows) or chondrocytes and the 

fibroblast-like cells (arrowheads). Note the collagen 

fibers orientation is mostly in an anteroposterior 

direction. (64X) 

Photomicrograph of saggital section of control disc. The 

lacunae occupying chondrocytes (arrows) and fibroblast-like 

cells (arrowheads) are more numerous and the collagen 

orientation'is different than those seen in Figure 31. (64X) 
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Figure 33 

Figure 34 

Figure 35 

Figure 36 

PLATE 9 

Photomicrograph of saggital section of control disc 

(H & E). Note the direction of the collagen fibers in the 

superior aspect in comparison to the body of the disc. (64X) 

Photomicrograph of saggital sections of control joint 

(H & E). Note the undulation along both the superior and 

inferior surfaces (arrows) of the disc. (16X) 

Photomicrograph of saggital section · of control joint 

stained with resorcin fuchsin. The superior stratum of the 

bilaminar (SS) is rich in elastic fibers (arrows). Less 

elastic fibers are seen in the inferior stratum of the 

bilaminar zone (In). (6X) 

High magnification photomicrograph of control saggital 

section of control disc at the bilaminar zone stained with 

resorcin fuchsin. The elastic fibers of the bilaminar 

region are demonstrated (arrows). (40X) 
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Figure 37 

Figu~e 38 

Figure 39 

Figure 40 

PLATE 10 

Photomicrograph of saggital section of control joint 

stained with resorcin fuchsin. It shows the area of· 

insertion of the superior head of ~he pterygoid muscle (Pt) 

into the condyle (C). Elastic fibers (arrow) are abundant 

in this region. (lOOX) 

_Photomicrograph of saggital section· of control disc stained 

with resorcin fuchsin. The disc contains multidirectional 

elastic fibers (arrows). (lOOX) 

Photomicrograph of 

stained with H & E. 

saggital section of control joint 

It shows the fibroblast-like cells 

(arrowsheads) of the· disc and also the chondrocyte-like 

cells (arrows).' (40X) 

Photomicrograph of saggital section of control disc. It 

shows the intermediate band of the disc and the alcian blue 

pos·itive areas around the chondrocyte-like cells (arrows). 

(64X) 
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PLATE 11 

Figure 41 A photomicrograph of a saggital section of control joint 

stained with alcian blue. Note the presence of cartilage 

under the fibroelastic covering of the head of the condyle 

(C). In contrast, the temporal articular surface (E) lacks 

cartilage. (16X) 

A photomicrograph o.f a coronal section of control joint 

stained with.H & E. It. shows the lateral superior recess 

of the joint. Note the dense fibrous nature of the 

synovial membrane that lines the articular capsule (AC) and 

reflects on the articular surface of the eminence for a 

. long distance. (16X) 

Figure 43 . A photomicrograph of a coronal section of control joint 

stained with alcian blpe.. It shows the superior medial 

recess. Note the fibroadipose nature of the synovial 

membrane that covers that inner aspect of the articular 

capsule (AC) • A portion of the disc (D) _and the fibrous 

covering (FC) of the temporal surface are also seen. (16X) 

Figure 44 A photomicrograph of a control coronal -section of control 
·'-'•·,. 

r. ·. -~~~-. 

joint (H & E). It shows the medial inferior recess. Note 

the fibroareolar nature of the synovial membrane that lines 

the capsule (AC) and the disc (D). (16X) 
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PLATE 12 

Figure 45 A photomicrograph of a saggital section of control joint 

stained with alcian blue. It shows the posterior superior 

joint recess. The fibroareolar synovial membrane (SV) 

overlies the disc(D) and occupies the depth of the gleno~d 

fossa (G). The fibrous covering (FC) of the posterior 

slope of the eminence is also seen. (16X). 

Figure 46 A photomicrograph of a saggital section of control joint 

stained with alcian blue. It shows the fibroareolar 

synovial membrane of the posterior superior recess. 

Polygonal synovial cells can be seen (arrows). Gaps 

between the cells can also be seen (arrowheads). Blood 

vessels (BV) in the subintimal tissue are abundant. (lO.OX) 

Figure 47 A higher magnification of the intimal lining of synovial 

membrane stained with alcian blue. Rounded synovcytes can 

be seen (arrow). (160X) 

Figure 48 A pho-tomicrograph of a saggital section of control joint 

stained with alcian blue. It shows the fibroadipose 

syt;1ovium of the. anterior superior recess (SV). The arrow 

points to_ the adipose tissue of the synovial subintimal 

' tissue. Fibrous tissue covering (FC) of the articular 

eminence is seen. (16X) 
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Figure 49 

Figure 50 

Figure 51 

Figure 52 

PLATE 13 

A photomicrograph of a s'a·ggital section of control 

mandibular condyle stained with H & E. The fibrous 

covering (FC) and the condylar cartilage (CR) are seen. (lOOX) 

A photomicrograph of a saggit~l section of control 

mandibular condyle . (Alcian blue) • It shows the fibrous 

covering (FC) and the condylar cartilage (CR) (from above, 

the reserve cell layers, transition zone, proliferative 

zone and zone of hypertrophy). (16X) 

A photomicrograph of a saggital section of control 

mandibular condyle stained with alcian blue. It shows 

fibrous covering (FC), .mandibular condylar cartilage (CR) 

and reserve cell layers (Res). (256X) · 

A photomicrograph of saggital section of control mandibular 

condyle (Alcian blue). It shows the fibrous covering (FC), 

reserve cell layers (Res) and the zone of hypertrophy·of 

the condylar cartilage (CR). (160X) 
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Figure 53 

Figure 54 

Figure 55 

Figure 56 

PLATE 14 

A photomicrograph of saggital section of control condyle 

stained with alcian .. blue. It shows the alcian positive 

intercellular matrix (arrows} of the condylar cartilage 

(CR) • (256X) 

A photomicrograph of a saggital section of control condyle 

stained with resorcin fuchsin. ~t shows the elastic fiber 

content ·of the condylar fibrocartilagenous cap (arrows). 

Note the plexus-lik~ elastic pattern at the interface 

between the fibrous covering and the cartilage. (IOOX) 

A photomicrograph of a saggital section of control temporal 

articular surface stained with alcian blue. It shows the 

thick fibrous coverlng (Fe} of the posterior slope of the 

eminence (E) and the ·thin covering at the depth of the 

glenoid fossa (G). (4X) 

A photomicrograph of a saggital section of control 

articular eminence stained with H & E. It shows the bone 

(B) of the eminence, chondrocyte-like cells of 

fibrocartilage (arrows) and fibroblast-like cells in the 

fibrous covering (arrowheads). Note the lack of any 

organized cartilage and also the absense of reserve zone. 

(lOX) 
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Figure 57 

Figure 58 

Figure 59 

Figure 60 

PLATE 15 

A photomicrograph of a control temporal articular eminence 

(Alcian blue). Note the lack of well organized cartilage. 

The alcian blue positive intercellular matrix is only at 

the interface (arrows) between the bone and the overlying 

fibrocartilage. (lOX) 

A photomicrograph of a control temporal articular eminence 

(Resorcin-fuchsin). The elastic fibers in the eminence 

.(arrows) is less pronounced than the condyle. (4X) 

A photomicrograph of an anterior superior recess of a 

control joint (alcian blue) • It shows the fibrous covering 

(Fe) of the anterior slope of the eminence (E). Note the 

lack of any cartilage between the fibrous covering and the 

bone (B). The disc (D) and synovial membrane (SV) are 

labelled for orientation. (4X) 

A photomicrograph of a coronal section of a control joint 

(Alcian blue). It shows the difference between the 

condylar cartilage (C) and the temporal articular surface 

(at the post slope of the eminence) • Note the thick 

fibrous covering (arrows) of the eminence. (4X) 
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Figure 61 

Figure 62 

Figure 63 

Figure 64 

-I 

PLATE 16 

A photomicrograph of control articular eminence (Alcian 

blue). Fibroblast-like cells are seen on the surface 

(arrowheads) and chondrocyte-like· cells (arrows) that are 

lacunae occupying close to the bone (B).- (64X) 

A photomicr?graph of a control . articular eminence 

(Resorcin-fuchsin). The· rich elastic pattern (arrows) of 

the anterior slope of the eminence near the anterior wall 

of the fibrous capsule are clearly demonstrated. (16X) 

A photomicrograph· of a control posterior- slope of the 

eminence (Resorcin-fuchsin) • The sparse elastic fibers 

(arrows) of the pos.terior slope of the eminence can be 

. seen. ( 40X) 

A photomicrograph of a control section (Resorcin fuchsin· 

after prior oxidation). The oxytalan fibers (arrows) are 

seen within the fibrous covering of the posterior slope of 

, the eminence. (16X) 
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Figure 65 

Figure 66 

Figure 67 

Figure 68 

PLATE 17 

A photomicrograph of a control section (Resorcin fuchsin 

after prior oxidation) • The section shows the oxytalan 

fibers of retrodiscal region of the disc (arrows). (lOX) 

Stereoscopic picture of the lateral aspect of the TMJ 

capsule of experimental animal No.- 13 (right side) • It 

shows a markedly thickened articular capsule (AC) • Note 

the close relation of the temporalis muscle (T) to the 

capsule and the eminence (E). 

Stereoscopic picture of lateral section of the TMJ of 

experimental a~imal No. 4683 (right side). It shows marked 

thickenning of the anterior and lateral aspects of the 

articular capsule (AC) • The lateral pole of the condyle 

(C) is seen. 

Stereoscopic picture of a lateral section (right side) of 

the TMJ of animal no. 5299 (female). It shows thickening 

of the anterior capsular wall · (AC) • Thickening . of the 

articular covering of the eminence (E) and disc perforation 

can be seen (arrows). Note the roughness and irregularity 

of the condylar covering underneath the .perforation. T~e 

superior · stratum of the disc inserts in a more anterior 

position than control (*). 
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Figure 69 

' Figure 70 

Figure 71 

Figure 72 

PLATE 18 

Stereoscopic photograph of a middle cut of TMJ of the 

experimental animal no. 5299 (female) • It shows slight 

thickening of the anterior capsule (A), some thickening 

along· the anterior part of the emin·ence (arrowhead) and the 

condyle (arrows). Medial to the perforation shown in 

figure 68, the anterior (A) intermediate (I) and posterior 

(P) bands of the disc_appear intact. 

Stereoscopic photograph of middle cut in the experimental 

joint of animal no. 10 (right side). It shotvs thickening 

of the articular capsule anteriorly (AC) • It also shows 

marked thickening of both condyle and temporal. articular 

coverings (arrows). No disc can be seen.· 

Stereoscopic photograph of middle cut of the experimental 

joint of animal no. 13 (left side). It shows thickening of 

the articular condylar coverings (C). · In -this· cut the 

medial margin of the widened disc (D) perforation can be 

seen (arrow). 

Stereoscopic photograph of a medial cut of the experimental 

animal no. 4683 (right side). It shows the disc 

perforation (arrows). It also shows thickening of the 

condylar articular covering (*). Note that the thickening 

of the articular covering is seen to abut into the 

perforated disc i.e. filling the perforation gap. Note 

also the step like depression on the condyle. 
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Figure 73 

Figure 74 

Figure 75 

Figure 76 

PLATE 19 

I Stereoscopic picture · of a lateral cut of the TMJ from 
I 

experimental animal no. 4683 I (right side). 
,I 

The section 

shows the thickening of the co~dylar articular covering (C) 
I 
I 

that apparently abuts into thel discal perforation (arrow). 

There is marked thickenings 1 · of the covering -of the · 
I i 

articular fossa (G). 1 

I \ 

I 

! 
I 

I 

Stereoscopic photograph of I lateral cut of TMJ from 

experimental animal no. 101 (left side). It shows 

thickening of the condylar (C) • al!'ticular covering Note 
I 

the thickened articular capsule and also the adhesion 

(arrow) between the disc (D) and articular fossa (G). 

Stereoscopic photograph of lateral cut of TMJ from 

experimental animal no. 5299 (right side). It shows 

thickenings ·of the articular capsule. (AC), articular 

covering of the condyle (C) and temporal articular surface-

(E). The disc is also shown (D). 

Stereoscopic picture of middle cut of TMJ from experimental 

animal no. 10 (right side). It shows thickening of the 

articular coverings anteriorly (arrows) and severe 

aburnation or thining of the fibrous covering of the 

glenoid fossa (G) and denudation of some areas. 
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Figure 77 

Figure 78 

Figure 79 

Figure 80 

PLATE 20 

Stereoscopic picture of experimental joint from animal no. 

10 (left side). It shows no disc, denuded or thinned 

condylar covering (C) and thinned irregular eminence 

covering (E) with no intervening disc. 

Stereoscopic pict~re of experimental joint fr?m animal no. 

5299. It shows ·adhesion of the poste"rior part of the disc 

to the condyle (*) and the thickened condylar covering (C). 

The posterior band (P) of the disc is also seen •. 

Stereoscopic photograph of experimental joint from animal 

no. 13. It shows thickened condylar covering (C), fused 

anterior lip of. the· perforation to the condyle (C) and 

thickened eminence cover (E). 

Stereoscopic picture of experimental joint from animal no. 

5299. It shows shallow posterior inferior recess (arrow). 

The disc (D), eminence (E) and deformed condyle (C) are 

seen. 
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Figure 81 

Figure 82 

Figure 83 

Figure 84 

PLATE 21 

Stereoscopic photograph of experimental joint from animal 

no. 13. It shows adhesion (arrow) of the posterior lip _of 

the disc to the condyle (C). The articular eminence (E) 

also shows thickening of its covering. Thickenings and 

irregularities of the condylar (C) co~ering is also seen. 

Stereoscopic photograph of experimental joint from animal 

no.' 13. No disc can be seen. Synovial membrane (SV) is 

thickened. The temporal articular covering shows globular 

masses (arrows) in comparison to the smooth and even 

covering of the control joint. 

Stereoscopic photograph of experimental joint from animal 

no. 5299. It shows almost normal ·condyle (C), healed disc 

(D) and eminence (E). 

Stereoscopic photograph of experimental animal no. 10. It 

shows synovial membrane hypertrophy (SV) and thickenings of 

condylar articular cover (C). It appears as if the 

irregularities of the condylar articular surface fit those 

of the temporal surface (*). 
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Figure 85' 

Figure 86 

Figure 87 

Figure 88 

PLATE 22 

Stereoscopic photograph of an experimental joint of animal 

no. 10. The perforation (arrow), adhesion of the superior 

stratum of bilaminar zone to glenoid fossa (arrowheads), 

deformation of the head of the condyle (C) and the 

thickening of the covering of the articular eminence (E) 

are all clearly demonstrated. 

Stereoscopic photograph of an experimental joint of animal 

no. 4683 in a cut medial to the perforation. It shows 

almost normal joint topography. The superior stratum seems 

to have more anterior attachment (*). 

Stereoscopic photograph of an expe~imental joint of animal 

no. 4683. It shows (arrows) the posterior lip of the 

,perforated disc (D) and the deformed posterior surface of 

the condyle (C). 

Stereoscopic photograph of a medial cut of a joint of 

experimental animal no. 5299. It shows almost normal 

eminence.(E), condyle (C), disc (D) and glenoid fossa (G).· 
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Figure 89 

Figure 90 

Figure 91 

Figure 92 

PLATE 23 

Stereoscopic photograph of experimental joint of animal no. 

13. It shows almost normal_ joint anatomy. Slight 

thickening is seen on the articular eminence (E) and slight 

thickening of the condylar (C) covering (arrows). The disc 

(D) is intact. 

Stereoscopic photograph of experimental joint of animal no. 

10. It shows almost normal joint but slight roughness of 

the superior aspect of the disc (arrowheads). Shallow 

posterior inferior recess (arrow) is observed. 

Stereoscopic photograph of experimental joint of animal no. 

10. No disc is seen. 

covering (arrow) that 

condyle (C) •. 

There is thickening, of the eminence 

abuts into depression into the 

Stereoscopic photograph of experimental joint of animal no. 

4683. It shows ragged margins of the perforation (arrows). 
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Figure 93 

Figure· 94 

Figure 95 

Figure 96 

PLATE 24 

Microphotograph of experimental joint showing anterior 

superior joint recess (*). Note the vascularity of the 

abnormally thick fibrous tissue covering of the eminence · 

(arrows). The superior surface of the anterior lip of the 

disc (D) is seen. (H & E). (26X) 

Microphotograph of experimental joint · showing the highly 

cellular edematous fibrous covering of the eminence (FC) , 

anterior superior joint recess (*) and synovial cells 

(arrows) migrating over the anterior margin of the disc .(D) 

(H & E) • (16X) 

Microphotograph of experimental joint showing · the fibrous 

covering of the eminence (FC), cytic changes in the 

condylar head (Cy) and the abnormal presence of blood 

vessels (short arrows) into the anterior band of the disc 

(A). The intermediate band (I) is thinned out (H & E). (26X) 

Microphotograph of · experimental joint showing cystic 

changes (CY) in the bon.e of the glenoid fossa (G), blood 

vessels . (BV) in the fibrous covering (FC) of the glenoid 

fossa. , Cartilage appears between the fibrous covering arid 

bone (Cr). Synovial cells (SV) with their blood vessels 

(BV) are found along the superior surface of anterior 

margin of perforated disc (H & E). (26X) 
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Figure 97 

Figure 98 

Figure 99 

Figure 100 

PLATE 25 

Photomicrograph of an experimental joint showing cystic 

changes (CY) in the eminence. The communication of the 

cyst (*) to the overlying fibrous tissue as seen. The tide 

mark indicative of bone remodelling (arrowhead) and the 

vas.cular and highly cellular fibrous covering of the 

art.icular eminence are induca ted. (SlX) 

Photomicrograph of an experimental joint at 'the articular 

eminence area showing doubling . of the tide mark 

(arr~wheads), thick fibrous tissue cover with many blood 

vessels (BV) (H & E). (SlX) 

Photomicrograph of an experimental joint showing cartilage 

(CR) along with the anterior extension of the eminence, 

vascular fibrous covering (FC) , anterior margin of the 

perforated disc (D), and synovial proliferation (*) -. 

(H & E) • (16X) 

Photomicrograph of an experimental joint articular eminence 

stained with alcian blue to demonstrate the presence of 

cartilage. (lOX) 
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PLATE 26 

Figure 101 Photomicrograph of an experimental joint showing the 

vascular covering of 'the eminence (E) and synovial 

proliferation (SV) over the anterior margin of . the 

perforated disc (D) (H & E). (lOX) 

'.I 

Figure 102 

Figure !'03 

Figure 104 

Photomicrograph of an experimental joint temP.oral articular 

surface showing doubling ~ of the tide mark (arrows), pew 

bone (B) and cartilage (CR). (H & E). (lOOX) 

Photomicrograph of an experimental joint showing cartilage 

(CR) in. the eminence, doubling of the tide mark (arrows) 

and cellular fibrous ·covering (FC) (H & E). (16X) 

Photomicrograph of an experimental joint showing cartilage 

(CR) along the eminence and synovial cell prolifera~ion 

(SV) migrat'ing with their blood vessels on the anterior 

margin of the perforated disc (alcian blue). (lOX) 
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Figure 105 

Figure 106 

Figure 107 

Figure 108 

i 

I 
I 

i 

A 

PLATE 27 

photomicrograph of an experimental joint showing 

cartilage (CR) next ·to the bone of the articular eminence 

~B) • Notice the difference in the staining character of 

I 
the superficial and deep· tissue (H & E). (6"4X) 

A photomicrograph of an experimental joint showing the 
\ 

~osterior slope of the eminence (E) and cell clustering 
! 
l 

'!brood capsules" (arrows) (H & E). (26X) 
I 

4 photomicrograph of an experimental joint showing a higher 
I 

niagnification of the "brood capsules". (Resorcin-Fuchsin). 

(lOOX) 

A photomicrograph of an experimental joint · showing the 

I 

posterior slope of the articular eminence (E) and the 

~ibrillated .fibro~s covering (arrow) (H & E). (26X) 
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Figure 109: 

PLATE 28 

A photomicrograph of an experimental 

fibrillated articular eminence and 

joint showing a 

an increase ··of 

basophilic staining around the clusters of proliferated 

chondrocytes (ar~ows) ·(Alcian blue). (lOX) 

Figure 110 A photomicrograph of our. experimental joint showing denuded 

articular eminence (Resorcin-Fuchsin). (16X) 

Figure 111 A photomicrograph of an experimental joint showing flaking 

of the fibrous covering of the eminence (E) (Alcian blue). 

Figure 112 

(26X) 

A photomicrograph of an experimental joint showing a loose 

fibrous segment into the joint space (arrows). The fibrous 

covering of the glenoid fossa is also seen (FC) (H & E). (64X) 
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Figure 113 

Figure 114 

Figure 115 

Figure 116 

PLATE 29 

A photomicrograph of an experimental joint showing the 

articular eminence (E) and amianthoid or asbestos~like 

degeneration (arrows), superior joint space (**). (H & E). 

(64X) 

A phot'omicrograph of an experimental joint showing 

asbestos-like degeneration (H & E). (16X) 

A photomicrograph of an experi~ental joint showing higher 

magnification of an area of amianthoid (H & E). (205X) 

A photomicrograph of an experimental joint showing the 

posterior. lip of the p-erforated disc (D) and thickening of 

the fibrous tissue (F) overlying the glenoid (G). Note the 

transition from thickening to denudation (H & E). (16X) 
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Figure 117 

Figure 118 

PLATE 30 

A photomicrograph of an experimental joint showing the area 

between the fibrous covering (FC) and the bone of the 

glenoid fossa. Numerous blood vessels (BV)I and 

osteoclasts (arrow) are seen (H & E) •. (26X) 

A photomicrograph of an experimental joint showing an area 

of the glenoid fossa (G) covered by vascular fibrous tissue 

rich in osteoclasts. The cavity has a direct connection 

with the joint space (*) (H & E).. (16X) 

Figure 119 A photomicrograph of an experimental .joint showing cystic 

cavity (CY) in the eminence and a displaced piece of 

cartilage (Cr) into the cystic space (Alcian blue). (40X) 

Figure 120 A photomicrograph of an experimental joint showing a- cystic 

change (Cy) in the glenoid fossa (G). It also shows a 

highly cellular fibrous covering (FC). (20X) 
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PLATE 31 

Figure 121. A photomicrograph of an experimental joint showing a cystic 

cavity (CY) and its communication ·channel with the fibrous 

tissue (arrows) and a piece of cartilage into the cystic 

cavity (arrowhead) (H & E). (26X) 

Figure 122 

Figure 123 

A photomicrograph of an experimental joint showing a 

fibrillated anterior slope of the eminence (E) (arrowheads) 

and deformed condyle (C), displaced neurotic bone fragments 

(arrows) and the anterior margin of perforated disc (D) and 

area of bone destruction in the glenoid fossa (G). (lOX) 

A photomicrograph of an experimental animal showing 

superior joint recess (*), clustering along the posterio.r 

slope of the denuded eminence (arrow) and empty bone 

lacunae (arrowheads). (H & E). ~6X) 

Figure 124 A photomicrograph of an experimental joint showing the 

glenoid fossa (G), posterior margin of the perforated disc 

(*) and deformed condyle (C). (lOOX) 
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Figure 125 

Figure 126 

Figure 127 

Figure 128 

PLATE 32 

A photomicrograph of an experimental joint showing a 

fibrous osteophyte on the articular eminence (E) •. The 

posterior margin of perforated disc is also seen (D) 

(H & E). (16X) 

A photomicrograph ·of an experimental animal showing a 

fibro~osseous osteophyte (arrow) on the posterior slope of 

the eminence (E) (H & E). (16X) 

A phot'omicrograph of an ·experimental joint showing the 

glenoid (G), thickened fibrous covering (F) of the condyle. 

(C), cartilage (*} and synovial hypertrophy (SV) (H & E). 

(26X) 

A photomicrograph of an experimental joint showing fibrous 

covering of the condyle (F) and cartilage (Cr). (H & E). 

(26X) 
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Figure 129 

Figure 130 

PLATE·33 

A photomicrograph of an experimental joint showing condylar 

cartilage (Cr). Note the increase in lacunae occupying 

cells (arrows) and · the .sparce collagen (arrowheads) 

(H & E) • (16X) 

A photomicrograph of an experimental joint showing 

n. 
posterior margin of perforated disc (D) a1~i&. the posterior f 3~1 

I' ·.~ .. 

aspect of the deformed condyle (C) (H & E)!~ (:f:6X). 

Figure 131 A photomicrograph of an experimental joint showing the 

Figure 132 

,glenoid fossa (G), posterior aspect of the condyle (C) and 

thickened fibrous covering (F) (H &. E). (16X) 

A photomicrograph of an experimental joint showing the 

posterior aspect of the condyle (C), cellular fibrous 

covering (FC) and new bone (B) (H & E). (lOX) 
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PLATE 34 

Figure 133 
.. ,.J 

A photomicrograph of an experimental joint showing deformed 

condyle (C), posterior margin of perforated disc (D), area 

of fusion of the disc with the condyle (arrowhead) and the 

glenoid fossa (G) ( .H & -E). (16X)-

Figure 134 A photomicrograph o"f an experimental joint showing deformed 

condyle (C) fused anterior margin of the disc to the 

condyle (D), fibrillated fibrous covering'of the eminence 

(E) and bone resorption along anterior aspect of the 

condyle (arrowheads) (H & E). (16X) 

Figure 135 A photomicrograph of an experimental joint showing the 

posterior-inferior aspect _of the condyle (C), cartilage 

(Cr) and fused inferior stratum (In) of the disc to the 

condyle (H & E)~ (21X) 

Figure 136 A photomicrograph of an experimental joint showing the 

glenoid fossa(G), condyle, new bone (*) and posterior 

margin of perforated disc (D) that has dystrophic 

calcification (arrowhead) (H & E)~ (lOX) 
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PLATE 35 

Figure 137 A photomicrograph of an experimental joint showing a fused 

posterior lip of the disc (D) to the condyle (C) and area 

of complete fusion (arrow) (Alcian blue). (lOX) 

Figure 138 A photomicrograph at high magnification of the posterior 

aspect of the condyle (C) and the fused posterior margin of 

the perforated disc (In) (H & E). (16X) 

Figure 139 A photomicrograph of an experimental joint showing the 

posterior aspect of ~he condyle (C) and fused posterio.r lip 

of the perforated disc to the condyle (arrow) and shallow 

posterior inferior recess (In) • (lOX) 

Figure 140 A photomicrograph of an experimental animal showing the 

same as Figure 139 but at higher magnification. Note the 

highly cellular synovial proliferation and the fusion of 

the the disc with fibrous covering of the condyle 

(arrowheads) • (16X) 
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PLATE 36 

Figure 141 A photomicrograph of an experimental joint condyle showing 

clustering of cells on the condylar surface (arrow) and 

fibrillation (arrowheads) (H & E). (lOOX) 

Figure 142 A photomicrograph of an experimental joint showing anterior 

lip of the disc (D)~ clustering on the surface of the 

condyle (arrowheads) and condylar bone (arrow) exposed to 

the joint space (C) (H & E). (16X) 

Figure 143 

Figure 144 

A photomicrograph of an experimental joint showing highly 

cellular and thickened fibrous covering (Fe) -of the condyle 

(C) and osteoclastic· (OC) bone resorption (H & E).· (16X) 

A photomicrograph of an experimental joint showing 

clustering (arrows) and exposed bone (arrowhead) into the 

joint cavity (H & E). (26X) 
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PLATE 37 

Figure 145 · A photomicrograph of an experimental joint showing the 

condyle (C), glenoid fossa(G), cystic change (Cy) and a 

communicating. channels (arrow) (Alcian blue). (16X) 

.I 

Figure 146 A photomicrograph of an experimental joint showing the 

thickened fibrous covering (F) of the condyle, cartilage 

(Cr) and the loose collagen fibers (arrows) (H & E). (21X) 

Figure 14 7 A photomicrograph of an experimental joint showing the 

thickened fibrous covering (F) of the condyle (C) (H & E). 

(lOX) 

Figure 148 A photomicrograph of an experimental joint showing a 

deformed condyle (C), glenoid (G) and the thickened fibrous 

covering at the depth ~f the glenoid fossa (F) (H & E). (16X) 
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PLATE 38 

Figure 149 A photomicrograph of an experimental joint showing the 

condyle (C), osteophyte (0) a~d the posterior margin of the 

perforated disc (D) (H & E). (21X) 

Figure 150 A photomicrograph of an experimental joint showing a higher 

power of the osteophyte (0) on the posterior aspect of the 

condyle (C). Note the indentation of the disc (D). (21X) ... 

Figure 151 A photomicrograph of an experimental joint showing a higher 

magnification of· the osteophyte. (H & E) • (128X) 

Figur.e 152 A photomicrograph of an experimental joint showing the 

anterior and posterior margins of the perforated disc (D), 

the arrow points to the free effusion. Notice the synovial 
. 

cells (SV) covering the free margins of the perforation 

(Alcian blue) • . (lOX) 
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PLATE 39 

/' 
I 

Figure 153 A photomicrograph of an experimental joint showing anterior 

margin of the perforated disc (D) and blood vessels (BV) 

(Alcian blue). Note the high cellularity within and on the 

surface of the disc. (SIX) 

Figure 154 A photomicr~graph ·of an experimental ~nimal showl:ng the 

posterior margin of the perforated disc (D), blood vessels 

(BV) and the hyperplastic synovial eells (arrows) (H & E). 

(16X) 

Figure 155 A photomicrograph ·of· an experimental joint showing the 

glenoid fossa (G), posterior· lip of· the perforated disc 

(D), superior posterior· joirit space with no dis.c (*), 

synovial hyperplasia (SV) and the· condyle (C) (Alcian 

blue) • ( 13X) 

Figure 156 A photomic~ograph. ·of· an experimental joint showing the 

anterior· lip of· the· ·perforated· disc (D), synovial cells 

(arrowheads) , condyle ·and condylar fibrous covering (F) 

(H & E)· (16X) 
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Figure 157 

Figure 158 

! 

PLATE 40 

A photomicrograph of an experimental joint showing denuded 

glenoid fossa (G) and posterior margin of the perforated 

disc (D},is also-seen (H & E). (16X) 

A photomicrograph of an experimental joint showing a higher· 

power for the fibroblast-like cells found at the margins of 

the peTforation (H & E).(l60X) 

Figure 159 A photomicrograph of an experimental joint showing the 

anterior margin of perforated disc (D) and also showing 

areas of dystrophic calcification (**) (H & E). (40X) 

Figure 160 High power magnification of the anterior margin of the 

perforated disc and the dystrophic calcification (*) 

(H & E) • (lOOX) 
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PLATE 41 

Figure 161 A photomicrograph of an experimental joint showing areas of 

dystrophic calcification into the anterior margin · of the 

perforated disc (**) (H & E). (64X) 

Figure 162 A photomicrograph of an experimental joint showing 

posterior margin of perforated disc (D). Notice the high 

cellularity at the edge of the perforation(*) (H & E). (16X) 

Figure 163 A higher magnification of posterior·margiri of a perforated 

disc (shown in Fig. 162) showing the almost ·acellular old 

disc (D) and the highly cellular regenerating margin (**) 

(H & E). (40X)· 

Figure 164 A photomicrograph of an experimental' joint showing the 

condyle (C), anterior margin of the perforated disc (D) and 

the vascular fibrous covering of the articular eminence (E) 

(H & E). (1.6X) 
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PLATE 42 

Figure 165 A photomicrograph of an experimental joint showing the 

glenoid (G),_ frayed disc (D) and condyle (C) (H ~ E). (40X) 

F~gure 166 A photomicrograph ·of· an experimental joint showing the 

superior surface of· perforated· disc (D) covered with 

synovial cells (SV) (H & E). (lOX) 

Figure 167 A photomicrograph of· an experimental joint showing 

posterior margin of· the perforated disc (D), covered with 

hypert.rophied synovial villi (SV) (H & E) • (51X) 

Figure 168 A photomic~ograph ·of·' an. experimental joint show~ng the 

superior· surface of· the· perforated disc (D), blood vessels 

(BV) and several layers of· synovial cells (arrows) (H & E). 

(160X) 
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PLATE 43 

Figure 169 A photomicr.ograph of an experimental joint showing an 

attempt :by synovial cells to cross the edges (arrows) of 

the perforated disc (D). (64X) 

Figure 170 A photomic~ogi:aph ·of· an experimental joint showing the 

anterior ·superior· recess (*) almost filled with 

hypertrophied synovial villi (SV). A'portion of the frayed 

disc is seen (H & E). (SlX) 

Figure 171 A photomicr.ogi:aph of· an experimental joint. showing a loose 

synovial island that contains bone-like material (B) 

(H & E). (16X) 

Figure 172. A photomicrograph ·of· an experimental joint showing loose 

synovial islands (SV and arrows) (H & E). (51X) 
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Figure 173 

PLATE 44 

A photomicrograph of an experimental joint showing the disc 

(D), articular capsule · (AC) and osteochondroid metaplasia 

(*) (H & E). (lOX) 

Figure 174 A photomic~ograpn of' an experimental joint showing a higher 

magnification.of.the osteochondroid metaplasia (H & E). (128X) 

Figure 175 A photomic~·ograpn ·of an experimental joint showing the 

bilaminar zone of.the.disc (BL) and areas of osteochondroid 

metaplasia (*) Cli & E) • (16X) 

Figure 176 A photomicrograph of· an experimental joint showing 

osteochondroid metaplasia (Och). positively stained with 

alcian blue. (21X). 
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Figure 177 

PLATE 45 

A photomicr-ograph of an experimental joint ·:·~hawing a loose 

body within the joint cavity that shows bone (B), fibrous 

septa (F) and blood· vessels (H & E). (26X) 

Figure 178 A photomicrograph at. a higher magnification of one of the 

loose bodies showing vascular fibrous. (BV) tissue with 

plump giant cells (arrows) (H & E). (lOOX) 

Figure 179 A photomicrograph of an exp~rimental joint showing the 

articular capsule (AC), the anterior inferior joint space 

(In).,. disc (D) (H. & E). (13X.) 

Figure 180 A photomicrograph of an experimental joint showing 

thickened fibrous wall of the articular caps.ule (F). (16X) 
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PLATE 46 

Figure 181 A photomicrograph of an experimental joint showing an 

intact disc (D), blood vessels are seen within the body of 

the disc (arrows) and the fibrous covering. of the condyle 

(C) (H & E). (26X) 

Figure -182 A photomicrograph of an experimental joint showing the 

posterior band of the disc (D) and the abnormal large 

number of blood vessels (BV) (H & E). (51X) 

Figure 183 A photomicrograph of an experimental joint showing denuded 

glenoid fossa (G), an area of clefts and fissures (arrow) 

and the underlying denuded condyle (H & E) • (16X) 

Figure 184 A photomicrograph of an experimental joint showing denuded 

glenoid fossa (G), notching (arrows) and cystic cavities 

lined by dense fib~ous tissue (*) (H & E). (lOX) 

-179-





' ..... III'J 

PLATE 47 

Figure 185 A photomicrograph of an experimental joint showing denuded 

articular surfaces of both the condyle (C) and the glenoid 

fossa (G). . It also shows notching- (arrow) (H & E). (16X) 

Figure 186 A photomicrograph of an experimental joint showing denuded 

articular surfaces with apparent condylar bone destruction 

(C) covered by a thick fibrous tissue (F). The glenoid 

fossa (G) also shows bone destruction (H & E). (lOX) 

Figure 187 

Figure 188 

A photomicrograph of ·an experimental joint showing the 

condyle (C), thick fibrous tissue c_overing (F), synovial 

hypertrophy (SV) and lipping (B) (H & E). (16X) 

A photomicrograph of an experimental joint showing the 

condylar lipping (C) at a higher magnification, fibrous 

covering (FC) and synovial hypertrophy (H & E). (26X) 
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PLATE 48 

Figure 189 A photomicrograph of an experimental joint showing the 

glenoid fossa (G), the healed disc (D), articular capsule· 

(AC), superior stratum of the bilaminar zone (S), and 

inferior stratum of the bilaminar zone (In). The rectangle 

score is the area of the old perforation (H & E). (16X) 

Figure 190 A photomicrograph of an experimental joint showing the disc 

(D) and dystrophic calcification in the anterior margin of 

the old perforation (A). The fibrous tissue area which is 

filling the perforation gap (*) and the condyle (C) are 

seen (H & E) • (26X) 

Figure 191 A photomicrograph of an experimental joint showing the area 

of healed disc (D) (H & E).. (26X) · 

Figure 192 A photomicrograph of an experimental joint showing the area 

of the disc that showed dystrophic. calcification (D) and 

the condyle (H & E). (21X) 
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Figure 193 

Figure 194 

PLATE 49 

A photomicrograph of an experimental joint showing the 

healed old perforation of the disc (D) and the fibrous 

tissue filling the gap of the perforation (*) (H & E). (16X) 

A photomicrograph of an experimental joint showing the 

anterior margin of the perforated disc (D) and the highly 

cellular regenerating fibrous tissue that is filling the 

gap (F) (H & E). (51X) 

Figure 195 A photomicrograph of an experimental joint showing a higher 

magnification of the cellular fibrous tissue. A large 

. number of fibroblasts (Fb) ·and delicate collagen fibers are 

demonstrat·ed (H & E). (160X) 

Figure 196 A photomicrograph of an experimental joint showing the disc 

(D), marked synovial hyperplasia (SV), blood vessels 

(arrows), glenoid fossa(G) and superior posterior joint 

recess (S) (H & E). (26X) 
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Figure 197 

PLATE 50 

A photomicrograph of an experimental joint showing the 

fibroadipose synovial hyperplasia (SV) of the posterior 

superior recess (*) and synovial cells (arrowhead) (H & E). 

(13X) 

Figure 198 A photomicrograph of an experimental joint showing the 

bilaminar zone of the disc (BL), superior stratum of the 

bilaminar zone (S) and the double tide mark (arrowheads). 

Osteoblast-like cells are found to line the bone (arrows) 

(H & E) • (21X) 

.Figure 199 A photomicrograph of an experimental joint showing the 

glenoid fossa (G), fibroadipose synovial hyperplasia (SV), 

the disc (D) and the anterior attachment of the superior 

stratum of the bilaminar zone (arrow) (H & E). ~4X) 

Figure 200 A photomicrograph of an experimental joint showing the 

glenoid fossa (G) and the attachment of the posterior 

superior stratum of the bilaminar zone (S). (40X) 
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PLATE 51 

Figure 201 A photomicrograph of an experimental joint showing the 

glenoid fossa (G), cystic change (Cy), fibrous covering 

(FC), the superior band of the bilaminar zone (S) and 

apparent bone remodelling activity (ar·rows) (H & E). (SlX) 

Figure 202 A photomicrograph of an experimental joint . showing the 

anterior inferior recess. The rectangle score shows an 

. area of synovial hyperplasia (H & E) • (13X) 

Figure 203 

Figure 204 

A photomicrograph of an experimental joint showing· a higher 

power of the area scored in Figure 202, anterior inferior 

joint recess (In), condyle (C) and synovial hyperplasia 

(SV) are seen (H & E)., (40X) 

A photomicrograph of an experimental joint 'showing the disc 

(D), fibrous covering of the posterior·inferior surface of 

the condyle (F), abnormal presence of cartilage (Cr) and. 

the condyle (C). (40X) 
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Figure 205 A photomicrograph of an experimental joint showing a cystic 

change in the condyle (Cy) and osteoclast (Oc) rich area on 

the surface of the condyle (H & E). (16X) 

Figure 206· A photomicrograph of an experimental joint sectioned medial 

to the perforation showing an intact disc (D), thickened 

fibrous covering of · the eminence (E) and cystic change 

. (arrow) in the condyle (C) (H & E). (lOX) 

Figure 207 A photomicrograph of an experimeneal joint showing an 
\ 

intact disc (D), condyle (C) and eburnated glenoid (G) 

(H &. E) • (lOX) 

Figure 208- A photomicrograph of an experimental joint sectioned medial 

to. the perforation showing a highly cellular disc (DY and 

the thick fibrous tissue of the condyle (C). (16X) 
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PLATE 53 

Figure 209 A photomicrograph of an experimental joint showing the. 

anterior edge, .of perforated disc (D). Elastic fibers (E) 

are mo:re " .abundant than in the control disc 

(Resorci~-Fuchsin). (160X) 

"Figure 210 A . photomicrograph of an experimental joint showing an 

increase in the elastic content of the fibrous covering of 
. . 

the eminence (arrows) (Resorcin-Fuchsin). (40X) 

Figure 211 A photomicrograph of an experimental joint showing an 

increase "in the elastic content of the condylar fibrous 

covering (E and arrows) • (40X) · 

Figure 212 A photomicrograph of an experimental joint showing 

increased oxytalan content of the bilaminar region of the 

disc (arrows). (26X) 
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