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AYMAN M. ABDEL-HAMID ALI 
Alterations of Rabbit Craniomandibuhir Joint Tissues Following 
Experimental Induction of Anterior Disk Displacement: Histochemical 
and Immunohistochemical Studies 
(Under the direction of MOHAMEJ:? M. SHARA WY) 

The purpose of this study was to test the ·hypothesis · that 

surgical induction of anterior disk displacement (ADD) in the rabbit 

craniomandibular joint (CMJ) leads to cellular and extracellular 

alterations similar to those that occur in human ADD. 

The right joint of each of 35 rabbits was exposed surgically and 

the discal attachments of the CMJ were severed except for the 

posterior attachment (bilaminar zone). Then the disks were displaced 

anteriorly and sutured to the zygomatic arch. The left joint~ were 

treated as surgical controls. Twenty joints from ten additional rabbits 

were used as non-operated controls 

The rabbits were· anesthetized, perfused with fixative 24 hours 

(5 rabbits), 1 week (10 rabbits), 2 weeks (10 rabbits) and 6 weeks 

(10 rabbits) following induction of ADD. CMJ tissues were then 

removed after fixation, processed and stained for general histology 

using H&E stain, glycos.aminoglycans (GAGs) using alcian blue stain, 

elastic fibers using resorcin-fuchsin stain and nerve fibers. using. 

silver nitrate stain. In addition, immunohistochemical localization of 
. . 

type-I, type-II, type-III, type-VI, type-IX collagens and fibronectin 

(FN) as well as various GAGs, such as keratan sulfate (KS), 

chondroitin-4-sulfate (C4S), chondroitin-6-sulfate (C6S) and 

hyaluronic acid (HA). In addition to the link protein (LP) and 



neurofilaments (NF). 

The results showed a statistically significant enla.rgement of the 

condyles in the treated joints compared to controls (P < 0.01). The 

enlargement was characterized by statistically · significant increases 

in the cartilage thickness and the surface area of the condyle when 

compared to controls (P < 0.01). In addition, the results showed 

neovascularization, cell clustering and fibrillation of the displaced 

· disks, as -weli as, fibrosis of the bilaminar zone. The subchondral bone 

showed hemorrhage, fibrosi,s and cyst formation. The osteochondral 

junction showed _ splitting from . the subchondral bone. Condylar .

cartllage in ADD joints showed neovas·cularization, cell clustering and 

hyperplasia. The· articular eminence showed. cell clustering along 

_ with hyperplasia of chondroid bone ·and synovial membrane. There 

was a loss of elastic fibers in the displaced disks and the loaded 

bilaminar zone, and there were fine elastic fibers among the 

chondrocytes in the condylar cartilage which were· not present in the 

cartilage of th~ control condyle. 

The results of the immunohistochemistry showed statistically 

significant depletion of KS, C4S, C6S, FN, HA (P < 0.05) at 2 weeks. 

Also, loss of LP, reduction. in type-II (P < 0.05), type-VI and type-IX 

collagens at 2 weeks compared to controls. Some areas even showed 

a switch in the type of collagen from type-II to type-I collagen. At 6 

weeks there was statistically significant increases in the level of C4S, 

FN, HA and type-II collagen (P < 0.05). Also, there were increases in 

type-VI and type-IX collagens levels compared to controls. In 

addition, newly formed type-III collagen was seen in the 

osteoarthritic cartilage which was absent in control condyles. Link 



protein did not reappear for up to 6 weeks. In the bilaminar zone 

there were statistically significant increases in KS, C4S, C6S, FN (P < 

· 0.05). Also, type-III, type-VI and type-IX collagens were increased 

in the experimental groups compared to controls. In additio~, the 

appearance of newly formed type-11 collagen was seen which was 

absent in control bilaminar zone. 

Histological nerve fiber staining and immunostaining both 

showed that the control and. experimental bilaminar zones were 

heavily innervated. The bilaminar zone adhesions were also 

innervated. Some nerves were seen ~perieterating the condyle. 

It is concluded that surgical induction of ADD in the rabbit CMJ 

leads to cellular and extracellular alterations comparable to those 

found in human ADD, · osteoarthritis of the human knee joint and 

induced osteoarthritis of the knee joint in various animal models~ 

Index words: Anterior disk displacement; Craniomandibular joi~t; 

Extracellular matrix; Histopathology; Immunohistochemistry; Internal 

Derangement; Rabbit; Temporomandibular joint. 
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I. Introduction 

A. Statement of the problem and 
si~:nificance of the study: 

It has been suggested from retrospective clinical studies of 

patients with temporomandibular joint (TMJ) anterior disk 

displacement (ADD), that ADD could lead to osteoarthritis or 

degenerative joint diseases (Westesson et al., 1984; Nikerson and 

Boering, 1989; Wilkes et al., 1989). However, there is no 

experimental evidence to support this claim. Little or no evidence is 

available that link ADD as an etiologic factor to the gross, cellular and 

extracellular matrix changes found in biopsies and autopsies of TMJ s 

affected with AJ?D. Therefore, it is important to induce ADD in . an 

animal joint and study the , consequences of such traumatic changes 

on the cellular and extracellular constituents of the joint. The animal 

model that was presented here provided data related to the gross, 

cellular and immunohistochemical changes in the condylar cartilage, 

articular eminence, disk and bilaminar zone following induction of 

ADD. The results show the effects of trauma on the highly elastic 

bilaminar ·zone and its transformation into a highly fibrotic disk-like 

structure known as a pseudo-disk. The localization of nerves in the 

osteoarthritic condyle and bilaminar zone following ADD in this 

animal model may point to a possible mechanism to explain the 

painful nature of the disease. 

1 
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B. Review of Literature: 

1. Gross anatomy and function of the human 

temporomandibular. joint: 

The human temporomandibular joint (TMJ) is a bilateral, 

compound, ginglymo-diarthroidal, synovial joint formed by the 

articulation between the condylar head of the mandible inferiorly, 

the glenoid fossa and articular eminence of the temporal bone 

superiorly (Sharawy, 1990). Interposed between the bony 

components of the joint is an articular disk which is a visco-elastic 

structure (Fontenol, 1985) which acts as a shock absorber (Sharawy, 

1990). 

The TMJ disk is essential for the joint to function properly. A 

clinical study of 15 patients who had TMJ pain and who had followed 

over a 29 years period showed that surgical removal of the disk 

( discectomy) leads to· osteoarthritic changes in the articular surfaces 

in all patients (Eriksson and Westesson, 1985). 

Several studies have documented the importance of the disk 

and have shown · that experimental disk perforation (Helmy et al., 

1988; Lang et al., 1993) and experimental discectomy (Sprinz, 1954, 

1961; Block et al., 1988, 1990; Hinton, 1992) leads to degenerative 

joint disease. 

The presence of the TMJ disk divides the joint space into 

superior and inferior joint spaces (Dolwick et al., 1983}. The human 

TMJ disk is a non-innervated and non-vascularized (Thilander, 1964; 

Boyer, 1964) fibro-cartilagenous structure (Sharawy, 1990): It is 
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biconcave in sagittal ~e~tion (Heffez and Jordan, 1989) and is 

composed of a thick anterior band, a thin intermediate zone and a 

thick posterior band. Since the disk is not vascularized, ~urgic.al _ 

perforation of the disk does not heal spontaneously (Wallace and 

Laskin, 1986; Helmy et al., 1988) .. 

The anterior band of the disk is continuous anteriorly with a 

ligament called the anterior foot extension which is attached to the 

temporal bone. This ligament divides the anterior joint space into 

anterior-superior and anterior inferior-recesses (Westesson et al., 

1990). 

The superior head of lateral pterygoid muscle inserts into the 

anterior band of the disk as well as to the anterior portion of the 

condyle (Marguelles-Bonnet et al., 1989; Yung et al., 1990). Spasm of 

the superior head of lateral pterygoid has been implicated as 

etiologic factor in ADD, however, studies have suggested that the 

muscle is active only in late closure of the mouth (Wilkinson, 1988). 

The posterior band is continuous with a loose fibroelastic 

connective tissue that is called the bilaminar zone, since it is 

composed of two laminae. The superior lamina is attached to the 

petrotympanic fissure of the temporal bone, while the inferior 

lamina is attached to the neck of the condyle (Rees, 1954 ). The 

bilaminar zone divides the posterior joint space into posterior-

superior and posterior-inferior recesses (Heffez and Blaustein, 1987). 

In a mid-coronal view, the disk has a central thin zone 

(intermediate zone) with medial and lateral thick bands or rims 

(Sharawy, 1990). Medially and laterally the disk is attached to the 

neck of the condyle by fibro-elastic ligaments called the medial and 
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lateral collateral ligaments or condylo-discal ligaments (Choukas, 

1960; Helmy, 1984). 

As in any synovial joint, the TMJ has a fibro-elastic capsule 

that circumscribes its periphery. It is attached superiorly to the 

temporal bone and inferiorly to the neck of the mandibular condyle 

(Sharawy, 1990). 

A synovial membrane lines the joint capsule and reflects onto 

the non-articular surfaces of the disk, condyle, fossa and articular 

eminence. The synovial membrane is composed of cellular layer 

called the intima and . vascular connective tissue called the sub

intima (Sharawy, 1990}. 

Extrinsic factors such as functional load can play an important 

role in the maturation of the TMJ tissues (Copray et al., 1983; 1986; 

1988). However, the loading seems to be essential for differentiation 

of the joint cells. Since cells can differentiate in vitro (Meikle, 1971; 

Glasstone et al., 1971). However, maturation occurs only with 

function such as eruption of teeth (Nagy and Daniel, 1992). 

There are two movements that occur in the joint during its 

function. Opening of the mouth from 0 to 6 mm involves a simple 

hinge movement between the disk and the condyle. Opening of the 

~o.uth greater· tl)an 6 mm involves anterior-inferior translation of 

the- disk-condyle complex along the arti~ular eminence. Closing of the 

mouth involves opposite movement of the articular structure (Bell, 

1990). 

During lateral movement of _the mandible, there is a hinge 

movement in the ipsilateral joint (active side) and transl~tory 

movement in the contralateral joint (balancing _side), with increase in 
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the joint loading in the balancing side which is twice as great as the 

active side (Faulkner et al., 1987). 

The lateral aspect of the condyle, therefore, receives greater 

stress than the medial aspect (Werner et al., 1991). This explains the 

presence of disk perforation on the lateral portion of the disk and 

early osteoarthritic lesion on the lateral aspect of the condyle 

(Hansson and Oberg, 1977). 

2. Histolofly of the human temporomandibular joint: 

A. Disk and discal Iieaments; Histological examination shows that 

the disk is a fibro-cartilagenous structure containing fibroblasts and 

chondrocyte-like cells surrounded by a variety of extracellular 

matrix components such as collagen fibers, elastic fibers, 

glycoproteins and glycosaminoglycans (GAGs). The collagen fibers run 

in a predominantly antero-posterior direction in the intermediate 

zone and become more random in orientation in the anterior band 

and posterior band to interlace with collagen fibers running 

predominantly in a medio-lateral direction (Thilander, 1964; Scapino, 

1983; Mills et al., 1988). 

When the disk is viewed in a cross-section, collagen fibers are 

unimodal peripherally, while in the central thin zone there is a wide 

range of sizes for the cross sectional diameter of collagen fibers 

(Berkovitz et al., 1992; 1993). Collagen fibrils are arranged in a 

three-dimentional network which makes the disk able to resist 

compressive forces (De-Bont et al., 1985). 
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The anterior band of the disk is continued anteriorly as the 

anterior foot extension, which is composed of vascularized and 

innervated loose fibroelastic connective tissue (Sharawy, 1990). 

The posterior band is continuous with the posterior discal 

attachment or the bilaminar zone which is highly elastic, particularly 

at its the posterior superior component. The bilaminar zone is well

vascularized (Parsons and Boucher, 1966; Isacsson et al., 1985; Wish

Baratz et al., 1993) and heavily innervated (Boyer et al., 1964; 

Johansson et al., 1986). Since the bilaminar zone is vascularized, 

surgical incisions in the bilaminar zone heal (Marciani et al., 1987) 

with excessive fibrous adhesions (Hall et al., 1986). In addition, the 

bilaminar zone contains fat cells and fibroblasts. Medially and 

laterally, the disk is attached to the condyle by collateral ligaments. 

These ligaments are highly elastic (Helmy et al., 1984), vascularized 

(Boyer et al., 1964) and innervated (Sharawy, 1990). 

B. Condyle; The articular surface of the condyle is composed of 

three zones: Perichondrium, hyaline cartilage and ·subchondral bone. 

a. Perichondrium; Perichondrium is a fibroelastic connective 

tissue (Silva, 1969; De-Bont et al., 1983; Wilson et al., 1984), which 

covers the condylar cartilage and is composed of three layers (Luder 

et al., 1988). 

i. Articular zone or the resting cell zone: The articular zone is 

composed of flat cells (fibroblasts) whose nuclei are oriented parallel 

to the condylar surface. -· 

ii. Polymorphic cell zone: This layer is composed of 

chondroblasts with rounded nuclei. 
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iii. Proliferative cell layer (also called the flat cell zone. reserve 

cell zone or chondroprogenitor cell layer): This layer contains 

chondroblasts with flat nuclei oriented parallel to the surface. These 

cells are. mitotically active (Blackwood, 1966; Oberg, 1967; Folke and 

Stallard, 1967; Frommer et al., 1968; Melcher,. 1971; Heeley et al., 

1983; Mizuno et al., 1992; Ben-Ami et al., 1992). These reserve 

cells are also active in collagen synthesis (Silbermann et al., 1972; 

Oberg et al., 1969). The reserve cell layer increases in thickness with 

function, but it declines in old age (Carlson et al., 1978; Lubsen et al., 

1987). 

Several studies have shown a strong negative correlation 

between thickness of the reserve cell layer or fibrous layer and 

cartilage thickness (Hansson, 1986; Hansson and Nordstrom et al., 

1977; Lubsen et al., 1985, Bibb et al., 1993). Also, the reserve cell 

layer is present even in the absence of the cartilage layer and . acts as 

a periosteum (Pullinger et al., 1990). 

The perichondrium is thinner at the periphery of the condyle 

than centrally (Hansson et al., 1977). It contains fibroblasts, 

chondroblasts and collagen fibers (Mizoguchi et al., 1990; Silbermann 

et al., 1990; Hirschmann et al., 1976; Ellis et al., 1986) and elastic 

fibers (Silva, 1967; Wilson and Gardner, 1984;_ Appleton, 1975). The 

collagen fibers are arranged horizontally (Jeffery et al., 1991). 

Ultrastructurally, the perichondrium is covered by a fibrillar

amorphous layer (articular lamina) 1.3 Jlm thick (Appleton, 1978). 

b. Hyaline cartila&e: Hyaline cartilage is composed of three 

layers (Luder et al., 1988; Marchi et al., 1991; Ben-Ami et al., 1992). 
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i. Flat chondrocyte s (chondroblastic layer): contains 

chondroblasts. 

ii. Upper hypertrophic layer (non.:.mineralized hypertrophic cell 

layer): Contains young chondrocytes. 

iii. Lower hypertrophic layer (mineralized hypertrophic cell 

layer): contains aged chondrocytes. 

The number of the cells decreases in the deeper layer relative 

to the the· superficial layer (Stockwell, 1971). The extracellular 

matrix of .the lower part of the lower hypertrophic l~yer is calcified. 

The line between the calciffed and uncalcified matrices is called the 

tide mark (Green et al., 1970) and is essential for the distribution of 

the load into a wider area (Broom and Poole, 1982). 

The collagen fibrils are arranged vertically in the deeper layer 

of the cartilage in the form of leafs, and curve to become horizontal 

and parallel to the surface in the superficial layer is called the lamina 

splendens (Debont et al., 1984; Jeffery et al., 1991). Collagen fibrils 

are of various diameters (Zambrano et al., 1982) and their density 

increases in this region with the increase in calcium concentration. It · 

is thought that this region resists direct compression and lateral 

shear (Broom and Poole, 1982). 

Two or more chondrocytes are enclosed in a capsule or 

chondron. : The . capsule is a semipermeable membrane which controls 

the diffusion of water, nutrients and waste products in and out of the 

chondrocytes (Poole, 1991 ). Chondrons are connected , by pericellular 

channels (Poole, 1984) which are tl)ought to transmit the load over a 

wider area (Poole, 1982). · Autoradiographic studies using 3H proline 
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have shown that hypertrophic chondrocytes are active in collagen 

synthesis (Melcher, 1971). 

Using 3H-thymidine autoradiography, the life-span of the 

chondrocytes starting from the surface zone to the bone marrow is 

about 5-6 days (Blackwoqd, 1966; Oberg, 1967). Hyaline cartilage is 

not vascularized in adults (Bloom and Faw~ett, 1986). However, fetal 

hyaline cartilage is vascularized (Blackwood, 1958; 1965; Thilander 

et al., 1976). 
I 

c. Subchondral bone; The lower hypertrophic chondrocytes 

fuse with the marrow spaces of the subchondral . bone and 

differentiate into chondroclasts (Durkin et al., 1969; 1972). 

Subchondral bone plays an important function of absorbing the load 

acting on the cartilage (Radin and Paul, 1971 ). Subchondral bone 

capillaries are oriented in a fan-like arrangement (Durkin, 1971). 

Oxyg~n tension in subchondral bone is higher than in the cartilage 

layer (Brighton et al., 1971). Cartilage is thought to be sensitive to 

changes in oxygen tension (Brighton, 1969), with its synthesis being 

inhibited by high oxygen partial pressures. 

C. Articular fossa and articular eminence; The articular fossa 

and eminence are composed of three layers 

a. Fibrous layer; The fibrous layer is covered· by non

vascularized (Boyer et al., 1964 ), non-innervated, fibroelastic tissue 

(Silva, 1969). This fibrous layer is subdivided into two layers: An 

outer fibrous layer composed. of collagen bundles running parallel to 

the surface, and an inner fibrous layer composed of collagen bundles 

arranged more at right angles to the surface (Sharawy, 1990). 
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b. Reserye cell · layer: The reserve cell layer is thought to 

provide cells to chondroid bone (Bibb et al., 1992). 

c. Chondroid bone; Chondroid bone is a type of bone that 

contains chondrocytes (Sharawy, 1990). 

D. Synoyial membrane; As is true of all synovial joints, the TMJ 

contains a synovial membrane which is composed of 2 layers:. 

a. The Iritima: The intima contains type-B cells or fibroblast

like cells (secretory cells) that secrete synovial fluid which supplies 

oxygen, nutrition and removes carbon dioxide and other waste 

products. Type-A cells or macrophage-like cells (absorptive cells) are 

also present in the intima which contains cathepsin B and D 

indicating the digestive capacity of these cells (Kiyosh~ma et al., 

1993). 

b. The sub-intima; The sub-intima is composed of 

vascularized (Boyer et al., 1964) and innervated connective: tissue 

(Mapp et al., 1988). 

E. Syno,vial fluid: Synovial fluid acts as a lubricant and a source of 

nutrition (Toller, 1961). Synovial fluid hydrostatic pressure in the 

resting mandibular position is subatmospheric and ( -3.8 mmHg) 

(Roth et al., 1984). However, in other than resting mandibular 

positions this pressure increases (Wart et al., 1990). 

- The oxygen tension and the pH of synovial fluid are important 

factors for determining joint health. For example, in degenerative 

joint diseases synovial fluid oxygen tension drops which causes 

intra-articular acidosis, hypoxia and impaired elimination of waste 

products (Richman et al., 1981 ). This shifts the energy pathway to 

glycolysis, and subsequently, lead to degeneration of chondrocytes 
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(Lane, 1977, Brighton et al., 1974). The viscosity of synovial fluid 

depends on its content of hyaluronic acid due to its high moleculr 

weight (Jebsen et al., 1959). 

3. Elastjc fibers: 

Elastic fibers are considered to be an important component of 

the extracellular matrix of the temporomandibular joint {TMJ) disk 

and bilaminar zone. Because of their general antero-posterior 

orientation in the bilaminar zone of the disk, it is thought that one of 

their functions is to retract the disk during closure of the mouth 

(Rees, 1954; Griffin and Sharpe, 1960; 1962; Keith, 1982). 

In the rabbit, the elastic fibers along with GAGs, are thought to 

contribute to the resilience of the disk during function (Nagy and 

Daniel, 1991 ). Elastic fibers mature with function which explains why 

the human fetal articular disk has no elastic fibers (Wong et al., 

1985). 

Elastic fibers have been found in the TMJ tissues of the human 

(Rees, 1954; Dixon, 1962; Griffin and Sharpe, 1962; Miles and 

Dawson, 1962, Helmy et al., 1984; Kino et al., 1993) and various other 

mammals (Frommer and Monroe, 1966; Silva, 1969; Gillbe, 1973; 

1975; Appleton, 1975; Keith, 1979; Helmy, 1984; O'Dell et al., 1989; 

1990; Savalle et al.~ 1990; Nagy ~and Daniel, 1991; 1992). 

Studies on other joints documented the presence of elastic 

fibers in sternoclavicular joint tissues (Dixon, 1962), intervertebral 

disks (Buckwalter et al., 1976) and knee meniscus (Ghadially, 1983). 

In addition to elastic fibers, CMJ. disks and discal · attachments 
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contain oxytalan fibers which are thought to be immature elastic 

fibers (Fullmer, 1960; Luke, 1975; Booij and Markens, 1983). 

In contrast, hyaline cartilage does not contain mature elastic 

fibers, but instead contain immature elastic fibers such as oxytalan 

and elaunin fibers, which do not mature into elastic fibers under 

normal conditions (Cotta-Pereira et al., 1984). Although hyaline 

cartilage contains no elastic· fibers, the fibrous layer of the 

mandibular condyle contains elastic fibers which run parallel to the 

surface (Silva, 1967; Miles, 1962; Appleton, 1975; Helmy, 1984). 

Ultrastructurally, elastic fibers are composed of amorphous 

protein (elastin), microfibrillar component (Albert et al., 1989) and 

emilio, a glycoprotein of a 115 kD which is located at the elastin

microfibrils interface (Bressan et al., 1983; 1993). 

Elastin (Hinek et al., 1993) and tropoelastin (Wrenn et al., 

1988) bind to a receptor of 67 kD located in plasma .membranes of 

elastin-producing cells through a polypeptide segment containing 

VGVAPG sequence ,(Mecham et al., 1989). Elastin turn-over or 

regeneration occurs very slowly (Johanson, et al., 199~). 

4. GlycosaminoKIYcans (GAGs): 

GA.Gs are long, unbranched polysaccharide. chains . composed of 

repeating disaccharide units, one of the two sugar residues in the 

repeating disaccharide is always an amino sugar (N

acetylglucosamine or N -acetylgalactoseamine ). This amino sugar is 

sulfated in almost all GAGs except hyaluronic acid is not sulfated and 

the second sugar is a uronic acid (Alberts et al., 1989). GAGs are 

essential components of condylar hyaline cartilage and discal 
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fibrocartilage. GAGs provide resilience to cartilage (Poole, 1986) and 

seems to develop only with function since neonatal cartilage does not 

contain any GAGs (Nagy and Daniel, 1990). 

Studies have shown that under loading (Hinton, 1993) or 

overloading (Saamanen et al., 1987) of articular cartilage could lead 

to a significant reduction of its GAGs content. 

GAGs are highly negatively charged sugars and highly 

hydrophilic that can reversibly bind to water and can occupy a 

volume 30-50 times their dry weight (Poole, 1986). GAGs bind 

electrostatically with collagen during fibrillogenesis (Smith et al., 

1985), but not after fibrillogenesis (Scott, 1988). 

GAGs are located predominantly in the territorial matrix of the 

chondrocyte and are. deficient · in the interterritorial matrix (Poole, 

1983 )._ Autoradiography using 35 S-sulfate has demonstrated that 

chondrocytes secrete GAGs into the extracellular matrix (Silbermann 

and Frommer, 1972; McHenry et al., 1974; Katz and Kvinnsland, 

1978). 

Every group of chondrocytes secrete. a specific type of GAG 

(Zanetti et al., 1985). GAGs are concentrated in the area of 

hypertrophic chondrocytes (Matsui et aL, 1991) and calcified 

cartilage region (Hunter, 1991). 

There are two forms of GAGs present in hyaline cartilage: 

Aggregating , GAGs: The aggregating GAGs (aggrecan) is composed of 

long chain of hyaluronic acid (Hascall and Heinegard, '1974) and, at 

specific sites on hyaluronic acid called hyaluronic acid binding 

regions (Poole et al., 1991) a core protein is attached (Roughly et al., 

1985) by a link protein (Heinegard, 1974; Poole et al., 1980; 1982). 
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This link protein acts-- as stabilizer for the aggregate , (Hardingham et 

al, 1981; 1982). GAGs are then attached to this core protein by a link 

trisacchardide (Alberts et ·al., 1989). This aggregation occurs both in-
- . I. 

vivo and in-vitro (Kimu:ra et al., 1979;. Hardingham et al, 1981; 1982; 

Bassleer et al., · 1987). 

Non-aggregating GAGs: The- non-aggregating GAGs are of molecular 

weight range of 36-38 kD such as biglycan, decorin and fibromodulin 

(Witsch-Prehm et al., 1992). These small GAGs are not associated 

with hyaluronic acid (Vilim and Krajickova, 1991) and contain 

different core proteins (Hardingham and Muir, 1974). 

Hyaline cartilage specific GAGs are mainly chondroitin-4 and-6 

sulfate and keratan sulfate (Millam et al., 1991). Kuettner et al. 

(1991) have shown that hyaline cartilage is composed of: 65-80% 

water, 10-30% collagens · and 5-1.0% GAGs by weight and the 

chondrocytes contribu-ting 2% of tb.e ~artilage volume. GAGs of the 

cartilage contain 79% chondroitin sulfate, 16% keratan sulfate and 4% 

hyaluronic acid (Poole et al., 1991). Studies have shown that there 

are more keratan sulfate in the deeper layers of hyaline cartilage 

(Stockwell et al., 1967). 

Fetal cartilage which is not normally get subjected to loading, 

contains a .relatively high concentration of chondroitin sulfate (high 

CS/KS ratio) (Rosenberg et al., 1981, 1982; Bayliss and Ali, 1981), 

particularily chondroitin-4-sulfate (Mankin and Thrasher, 1977). 

This makes the fetal cartilage softer that normal cartilage .. However, 

older cartilage contains a lower concentration of GAGs than young 

cartilage (Roughley et al, 1981; Livne et al., 1985) which makes older 

cartilage more brittle. Also, with age there is an increase in protein'· 
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synthesis (Bayliss et al., 1981, 1982; Adam et al., 1987; Roughley et 

al., 1981, 1982), an increased concentration of sialic acid (Roughly et 

al., 1981, 1982), an increased concentration of keratan sulfate 

(Bayliss et al., 1981, 1982; Adam et al., 1987; Roughley et al., 1981, 

1982; Holmes et al., 1988), but a decreased ·concentration of 

chondroitin sulfate (Roughley et al., 1981; 1982). 

Discal fibrocartilage contains GAGs such as dermatan · sulfate 

(Adams and Ho, 1987), keratan sulfate, C4S and C6S (Kopp, 1976; 

Mills and Scapino, 1988) in addition to hyaluronic acid (Granstrom et 

al., 1973; Scott et al., 1989). The TMJ disk contains about 5.4-6.2 Jlg 

hexosamine/mg dry weight (Axelsson et al. 1992). 

GAGs are distributed mainly in the load-bearing areas of the 

disk (Kopp, 1978). Nakano and Scott (1989) analysed the bovine TMJ 

articular disk biochemically and found that it contained 5% GAGs by 

dry weight. The percentage of each GAG was reported· as: 5% 

hyaluronic acid, 14% dermatan sulfate, 79% chondroitin sulfate (75% 

C6S, 25% C4S) and 2% keratan sulfate. 

It has been suggested that chondrotin sulfate is concentrated 

centrally to resist compressive stress, while dermatan sulfate is 

concentrated peripherally to resist tensile stress (Scott et al., 1989). 

In the rabbit disk, The distribution of GAGs was visualized by using 

lectins which bind to sugar residues of the GAGs (Sharawy et al., 

1991). 

Old fibrocartilage contains less chondroiti.n-6 and 4-sulfate and 

more keratan sulfate content than young fibrocartilage (Axelsson et 

al., 1992). Increase in hyaluronic acid content" (Bayliss et al., 1981, 

1982; Holmes et al, 1988; Thonar, 1978) and an. increase in link 



16 

protein (Mort et al., 1983) also occur with age. However, there are no. 

change in the core protein with age (Haynesworth et al., 1991)~ 

The chondrocyte plasma membrane contains a receptor for 

hyaluronic acid (CD44). This receptor participates in either the uptake 

and degradation of hyaluronic acid (Culty et al., 1992). Hyaluronic 

acid receptor is also anchors hyaluronic acid to chondrocyte 

membrane (Sommarin, 1983; Kanudson, 1993). Chondrocyte 

membrane also contains a receptor for GAGs called betaglycan. This 

receptor is considered as a component of the TGF-~ receptor system 

(Lopez-Casillas et al., 1991). 

Degradation of proteoglycan occurs by the action of 

metalloproteinase, containing zn++ (Murphy et al., 1990) called 

stromelysin (Hughes et al., 1991) ·which is secreted by chondrocytes 

(Lefebvre et al., 1991). This enzyme cleaves proteoglycan at the 

hyaluronic acid binding region (Poole et al., 1987) at t.he Asn241 -

p he 3 4 2 bond of aggrecan (Flannery et al., 1992 ), resulting in 

formation of G1 (56 kD) and G2 (J 10 kD) fragments (Fosang et al., 

1991). 

Chondrocytes also secrete tissue inhibitors of metallo

proteinases (TIMP), polypeptide . factors which regulate secretion and 

degradation of metalloproteinases (Cartwright et al., 1983; Lesjak 

and Ghosh, 1984 ). 

5. Glycoproteins: 

Hyaline cartilage contains a variety of adhesive glycoproteins 

that bind to cells and other matrix macromolecules and thereby help 

cells to attach to the extracellular matrix such as fibronectin (Weiss 
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and Reddi, 1981; Clemmensen et al., 1982; Livne et al., 1990; Millam 

et al., 1991). 
.) 

Fibronectin is a large fibril-forming glycoprotein. Fibronectin 

molecule is composed of two similar subunits; these subunits are 

jointed by a pair of disulfide bonds and are folded into a series of 

globular domains separated by regions of flxible polypeptide chain 

(Alberts et al., 1989). Fibronectin exists in three forms: plasma 

fibronectin, cell-surface fibronectin and matrix fibrone·ctin (Alberts 

et al., 1989). Both type-1 collagen (Dzamba et al., 1993) and type-11 

collagen (Giant et al., 1985) contain receptors for fibronectin (Woods 

et al, 1991). Cartilage fibronectin increases with age (Livne · et al, 

1985). 

The fibronectin receptor (LaFlamme et al., ·1992) is composed 

of a and 13 subunits (Ruoslahti, 1991). The receptor is composed of a 

140 kD glycoprotein (Akiyama et al., 1990) which mediates the 

attachment of fibronectin to collagen fibrils by the integrin

recognition sequence Arg-Gly-Asp . (RGD) (Loeser, 1993). The 

interaction between fibronectin and integrin mediates cell adhesion, 

cell migration, matrix assembly and intracellular cytoskeletal 

organization (Akiyama et al., 1989). Also, RGD inhibits attachment of 

articular chondrocytes to synovial fibroblasts (Ramachandn~u.la et al., 

1992). 

In addition to fibronectin, hyaline cartilage contains tenascin 

(Millam et al., 1991) an extracellular adhesive glycoprotein (Alberts 

et al., 1989), chondronectin, a glycoprotein of 180 kD (Hewitt et al., 

1982), which is thought to mediate . chondrocyte adhesion to the 

extracellular matrix (Hewitt et al., 1980). Osteonectin, a glycoprotein 
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of 38 kD, is also found _in cartilage and is· thought to be an inhibitor of 

mineralization (Copray et al, 1989; Silbermann .et al., 1990). 

Hyaline cartilage also contains chondr~calcin and osteocalcin 

(Poole et al., 1984 ), which are a calcium binding proteins (Silbermann 

et al., 1990), sialoprotein I and II (Franzen and Heinegard, 1985, 

1989), sialoprotein receptor (Oldberg, 1988), S-100 protein (Tajima 

et al., 1991) and cartilage-derived factor (Kato et al., 1980). 

Hyaline cartilage also contains a glycoprotein of 25 kD that 

inhibits cartilage vascularization (Langer et al., · 1976) called 

chondromodulin-I (Suzuki et al., 1993). In addition, hyaline cartilage 

contains a, 200 kD glycoprotein called cartilage matrix protein 

(Paulsson and Heinegard, 1979; 1981) which is rich in aspartic acid, 

glutamic acid (Hedbom et al., 1992, Morgelin et al., 1992) and B-

carboxyglutamic acid (Loeser et al., 1.992-a; 1992-b ). This 

glycoprotein is thought to bind proteoglycan to collagen fibrils 

(Goetinck et al., 1990). 

CartHage also contains 58 and 59 kD glycoproteins (Heinegard, 

et al., 1986) and .collagen binding proteins of 33 and 67 kD (Wu et al., 

1991). The discal fibrocartilage contains fibronectin, fibronectin 

receptors and tenascin (Millam et al.,_ 1991). Fibronectin is degraded 

by matrix metalloproteinase-3 (str9melysin) (Gunja-Smith et al., 

1989). 

6. Colla~:ens: 

Collagens are important elements of cartilage extracellular 

matrix. Type-11 collagen is the major type of collagen in cartilage. 

Condylar cartilage primarily contains two genetically distinct types of 
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collagen, type-I and type-II collagens. Type-I collagen was found in 

the fibrous layer, reserve cell layer, calcified cartilage and 

subchondral bone of the condyle (Silbermann et al., · 1987; Ben-Ami 

et al., 1991). Also, type-I collagen was found in the fibrous layer of 

the articular eminence (Milam et al., 1991 ), in the disk and posterior 

discal attachments or bilaminar zone (Hirschmann et al., 1976). 

Type-II collagen was found in the condylar hyaline cartilage 

(Mizoguchi et al., 1990), disk (Fuijita et al., 1989) and in the 

chondroid bone of the articular eminence ((Milam et al. ~ 1991). No 

type-II collagen was found in normal bilaminar zone tissues (Milam 

et al., 1991). 

Both types of collagens .were found in the knee joint meniscus 

(Eyre and Wu, 1983) and suprapatella (Ralphs et al., 1991). Only 

type-II collagen was found in the tibial and femoral hyaline cartilage 

(Mayne et al., 1989). Cartilage collagen is secreted by chondrocytes 

(Oberg et al., 1969; Silbermann and Frommer, 1972; Nimni, 1983; 

Copray et al., 1983). Type-II collagen develop only with the 

development of proteoglycan after loading, as studies have shown 

that neonatal cartilage does not contain type-II collagen (Nagy and 

Daniel, 1990). 

In addition, studies have shown that the linkage between 

collagen fibrils in cartilage give strength to cartilage and enzymatic 

degradation of this linkage lead~ to severe weakness of the cartilage 

(Broom and Silyn-Roberts, 1990). 

Hyaline cartilage is composed of: 65-80% water, 10-30% 

collagens (90% type-II collagen and 10% minor types of collagens) 

(Kuettner et al., 1991; Hirschmann et al., 1976; Mayne et al., 1990; 
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Eyre et al., 1987; Mizoguchi et al., 1990; Silbermann et al., 1990; 

Millam et al., 1991) which are arranged in a vertical direction 

(Jeffery et al., 1991). 

However, hyaline cartilage does not contain type-III collagen 

(Silbermann and Von der Mark, 1990). The fibrous layer of the 

mandibular con~yle contains type-1 collagen. (Mizoguchi et al., 1990, 

1992, 1993; Siibermann et al., 1987; Milam et al., 1991; Richman and 

Diewert. 1987). 

In addition to type-11 collagen, hyaline cartilage contains minor 

types of collagens which constitute about 1-3% of the total collagen. 

This minor types of collagen include type-V collagen (Evans et al., 

1983) and type-VI collage~ (Eyre et al., 1987; Silbermann et al., 

1990; Hagiwara et al., 1993). Type-IX collagen (Eyre et al., 1987; 

Poole et al., i988; Ayad et al., 1991; Yada et al., 1992; Kuettner et al., 

1991), has shown to be covalently cross linked to type-11 collagen 

(Eyre et al., 1987). 

Also, type-X collagen has been identified in the hypertrophic 
.. 

chondrocytes (Pacifiei et al., 1991; Eyre et al., 1987; Silbermann et aL, 

1990; Mayne et al., 1990; Chung et al, 1993) along with type XI 

collagen (Eyre et al.? 1987; .Mayne et al.,. 1990; Silbermann et al., 

1990; Yu et al, 1990; Thorn et al., 1991). ·Type-IX and type-XI bind 

type-II collagen molecules together and: to GAGs (Altman et al., 

1989). Hyaline cartilage also contains type-XII and type-XIV 

collagens, but the function of these newly discovered collagens is · 

unknown (Watt et al., 1992). 

The discal fibrocartilage contains a mixture of type-1 collagen 

(Millam et al., 1991) and type-11 collagen (Fujita et al.,1989; Eyre and 
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Wu, 1983). Howe.ver, some studies did not demonstrate the presence 

of type-11 collagen biochemically (Bustos et al., 1987; Hirschmann et 

al., 1976; 1988) or immunohistochemically (Millam et al., 1991). 

In .addition to major types of collagen, discal fibrocartilage 

contains some minor types of collagen such as type-III collagen 

(Hirschmann et al.,1976;· Gage et al., 1990; Carvalho et al., 1993), 

type-V and type-VI collagens (Eyre et al., 1983, 1987; Wu et al., 

1987). 

The bilaminar zone contains type-I collagen, fibronectin 

(Millam et al., 1991), collagen type-III (Gage et al., 1990) and 

perivascular type-IV collagen (Millam et al., 1991), However, it does 

not contain type-II collagen under normal conditions (Mill am et al., 

1991 ). 

The chondrocyte plasma membrane contains receptors for 

typ~-11 collagen called anchorin CII (Ben Ami et al., 1991) which is a 

collagen binding glycoprotein of 31 kD MW (Akiyama et al., 1990), 

located at the cell surface (Pfaffle et al., 1988). This receptor 

provides attachment of type-11 collagen to the chondrocytes 

(Mollenhauer et al, 1984 ). 

The fibroblast cell membrane contains a receptor for type-1 

collagen (Goldberg, 1979) and type-III collagen (Goldgerg et al., 

1982). This receptor interacts with RGD peptides (Cardarelli et al., 

1992) and require either Mg++ or Mn++ for its interaction (Enomoto 

et al., 1993). 
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7. lnneryation: 

The TMJ receives innervation from the auriculotemporal, 

masseteric and posterior deep temporal nerves (Thilander, 1964 ). 

These nerves contain thick myelinated ,· and thin unmylienated 

afferent sensory nerve fibers (McKay et al., 1992). These nerves 

· supply the anterior and the posterior discal attachments (Isacsson et 

al., 1986), joint capsule (Thilander, 1964) and synovial membrane 

(Halata, and Groth, 1976), but the disk is not innervated (Wink et al., 

1992). 

In addition to nerve fibers, the TMJ capsule contains mechano

receptors (Greenfield and Wyke, 1966; Keller and Moffett, 1968; 

Klineberg et al., 1970, 1980; Clark and Wyke, 1974; Griffin and 

Harris, 1975; Rocabado, 1983; Zimny and Onge, 1987). Fo1:1r types of 

mechanoreceptors have been i~entified: Ruffini receptors, Golgi 

tendon organs, Pacinian corpuscles and free nerve endings (Zimny, 

1988), also called nociceptors (Sessle, 1987). 

Studies using retrograde axonal tracing found that the origin of 

those nerves was found in the superior cervical sympathetic 

ganglion, stellate sympathetic ganglia, trigeminal ganglia and the 

second to fif~h dorsal root ganglia (Widenfalk and Wiberg, 1990). 

These fibers end centrally in the subnucleus caudalis (Broton et al., 

1988). 

Several reports have shown the presence of substance-P 

immuno-reactive nerve fibers in the TMJ capsule and discal 

attachments (Johansson. et al., 1986; Kido et al., 1993). Other 

neuropeptides such as calcitonin gene-related peptide (CORP), 
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neuropeptide Y (NPY), and vasoactive intestinal polypeptide (VIP) 

(Ichikawa et al., 1989) have been demonstrated in the joints tissues 

as well. These · neuropeptides are thought to be neurotransmitters for 

pain mediated pathway (Hanesch et al., 1991). 

Although, hyaline . cartilage is generally considered to not be 

innervated (Bloom and Fawcett, 1986), recent studies have shown 

evidence for the presence of opiate receptors such as prepro

enkephalin (Villiger et al., 1991) and P-endorphin (Castano et al., · 

1991) on the surface of chondrocytes. The function of these receptors 

is unknown. 

8. Enzymatic activity and cartjla2e destruction: 

A. Mitochondial enzymes. acid and alkaline phosphatases: A 

variety of mitochondrial enzymes are present in the cells of the 

mandibular condyle which are shown to be more active in the 

hypertrophic cell zone (Symons, 1965). Chondroblasts contain a high 

concentration of glycogen . and lipid droplets (Silbermann and 

Lewinson, 1978). In addition, acid phosphatase, alkaline phosphatase, 

aminopeptidases. and non-specific esterase . are present mainly in the 

hypertrophic cell layer and in the disk (Silbermann and Frommer, 

1972; Silbermann et al., 1987; Greenspan and Blackwood, 1966). 

Chondrocytes contain lysosomal acid phosphatase (Meikle, 

1975). Studies have shown that oxygen activates cartilage lysosomes 

(Sledge and Dingle, 1965). ·With age, there is an increase in lysosomal 

acid phosphatase, aryl sulfatase, but no change in alkaline 

phosphatase activity (Livne et al., 1985) in chondrocytes. .Hyaline 

cartilage also contains uridine diphospbogluco'se dehydrogenase 
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which is a key enzym~ for proteoglycan synthesis (Zemel and Nahir, 

1989). 

B. Histamine and histamine receptors: Studies have shown the 

presence of histamine receptors on the surface of chondrocytes. Both 

H 1 and H2 receptors have · been identified. Stimulation of _H 1 receptors 

causes production of prostagl~ndin E (PGE) by the chondrocytes 

(Taylor and Woolley, 1987a; Taylor et al., 1986). Histamine is p~esent 

in serum and synovial fluid of patients with osteoarthritis (Frewin et 

al., 1986). Stimulation of H2 receptors causes an increase . in 

intracellular cAMP (Taylor and Woolley, 1987b) in chondrocytes. 

The bindi~g of histamine to histamine receptors is mediated by 

pr~tein kinase C (Fukuda et al., 1991). Activation of histamine 

receptors -enhances the release of GAGs . (Fukuda, 1991) and 

hyaluronic acid (Nagata et al., 1992) from cartilage. 

C. Arachidonic acid. prosta~landin E2. and plasmin: Arachidonic 

acid is synthesized by chondrocytes (Nagao et al., 1991). Studies have · 

shown an increased in synthesis of arachidonic acid in osteoarthritic 

cartilage (Chrisman et al., 1981). Arachidonic acid is transformed into 

prostaglan.din E2 (Bandara et al., 1989) by phospholipase A2• This 

enzyme is found in excess in osteoarthritis (Vignon. et al., 1989; 

Bomalaski and Clark, 1993), in synovial fluid of patients with 

rheumatoid arthritis (Hara et al., 1989) and is secreted in response to 

IL-l (Lyons-Giordano; 1989; Bandara et al., 1992). Also, 

prostaglandin E2 and leukotriene B4 are found in excess in the 

synovial fluid of patients with TMJ dysfunction (Quinn and Bazan, 

1990). 
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Plasmin, an enzyme causes cartilage destruction (Lack and 

Rogers, 1958) and proteoglycan degradation (Mochan and Keler, 

1984) by stimulation of metalloproteinases (Werb et al., 1977). This 

ensyme is known to be formed in osteoarthritic cartilage by a factor 

called plasminogen activator (Mochan et al., 1986). Plasminogen 

activator is activated by IL-l (Martel-Pelletier et al., 1991) and is 

found in excess in the synovial fluid of patients with rheumatoid 

arthritis (Mochan and Uhl, 1984 ). 

D. Cytokines and their receptors: 

IL-l is secreted by stimulated chondrocytes and synovial 

fibroblasts {Towle et al., 1987; Seid et al., 1993), and it is the key 

cytokine responsible for activation of a variety of latent 

metalloproteinases such as collagenase, elastase, stromelysin, 

gelatinase and caseinase (Shinmei et al., 1989; Pelletier et al., 1993). 

An increase in the: levels of IL-l leads to an imbalance between 

metalloproteinases and their tissue inhibitors {Ghosh et al., 1987) 

with subsequent cartilage breakdown (Steinberg et al., 1987; 

Saklatvala, 1987). 

IL-l action is mediated by IL-l receptors (Slack et al., 1993). 

Studies have shown that the inactivation of IL-l by the immune 

mechanism is mediated by an IL-l receptor antagonist which blocks 

IL-l receptors (Firestein et al., 1992; Miller et al., 1993). IL-l is also 

capable of stimulating other interleukins ·such as IL-6 (Nietfeld et al., 

1990), which is thought to contribute to cartilage destruction 

(Shinmei et al., 1989), and which is found in excess in osteoarthritic 

cartilage (Hermann et al., 1989) and the synovial fluid of paients 

, with osteoarthritis (Miltenburg et al., 1991; Venn et al., 1993). In 
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addition to IL-6, IL-l stimulates the secretion of IL-8 (Bedard and 

Golds, 1993) which also causes cartilage destruction (Lotz et al., 

1992). 

Other cytokines, such as tumor necrosis factor a are increased 

in the synovial membrane (Deleuran et al., 1992) and synovial fluid 

(Cope et al., 1992) in patients with osteoarthritis, . and are thought to 

cause cartilage breakdown (Huet et al., 1993). The action of tumor 

necrosis · factor · is mediated by tumor necrosis factor receptor 

(Foxwell et al., 1992). 

9. Cartilaa=e a=rowth: 

Cartilage is in a continuouly remodeling throughout life~ This 

remodeling involves an adaptive response due to changes in loading. 

These changes can either result in an increases in cartilage growth 

(cell proliferation) or a decreases in cartilage growth (cell 

degeneration). 

Increases in cartilage growth can be due to an increases in cell 

number or to an increases in extracellular matrix deposition or both. 

The end result of this continuous r~modeling is a change in the size 

and shape of the condyle and the articular eminence (Moffett et al., 

19~4; Blackwood, 1966a; 1966b ): 

Chondrocytes secrete cartilage extracellular matrix both in vivo 

(Kuettner et al., 1982) and in vitro (Moskalewski, 1991). Several 

growth -factors have been shown to be secreted locally by 

chondrocytes as a result of stimulation by hormones or cytokines. 

Other studies have shown that the chondrocyte membranes contain 

growth factor receptors. 



A. Growth hormone. insulin. insulin-like ~rowth factors I. II 

and their· receptors: Growth hormone (Ohlsson et al., 1992; 

Demarquay et al., 1992; Franchimont and Bassleer, 1991) and insulin 

(Stevens et al., 1981) stimulate chondrocytes to secrete insulin-like 

growth factor-! (somatomedin-like peptide) which increases cell 

division, stimulates cartilage growth (Alarid et al., 1992), stimulates 

collagen (Curtis et al., "1992) and proteoglycan synthesis (Curtis et al., 

1992, Kato et al., 1981). 

Insulin-like growth factor-11 (multiplication-stimulating 

activity) also increase protein synthesis and secretion (Stevens et al., 

1981, Hill et al., 1992). The actions of insulin or insulin-like growth 

factor I and II are mediated· by a receptor on the chondrocyte 

plasma membrane (Stuart et al., 1979). 

B. Basic fibroblast ~rowth factor and its receptor: Basic 

fibroblast growth factor stimulate cell proliferation, DNA synthesis, 

protein synthesis and matrix deposition (Gospodarowicz et al., 1987; 

Qua tela et al., 1993 ). This action is mediated by a cell membrane 

fibroblast growth factor receptor ·(Hill et al., 1991) containing 

heparan sulfate (Kiefer et al., 1991). 

C. Transformin~ growth factors-6 and their receptors: Several 

in vitro studies have shown that transforming growth factor-P (TGF

p) is composed of two factors, p1 and p2 (Roberts and Sporn, 1988). 

Both factors can induce cartilage formation (Frenz et al., 1991) by 

transforming mesenchymal cells to chondrocytes capable of 

producing cartilage-specific collagens and GAGs (Seyedin et al., 

1986). 
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T .G F- P is a 26 kD polypeptide that is known to enhance the 

action of other growth factors (Seyedin et al., 1987; Sporn et al., 

1996; Brenner et al., 1993). TGF-P stimulates DNA synthesis, cell 

proliferation, cell division (Mankin et al., 1991; Vivien et al., 1993); 

stimulates synthesis of collagens and GAGs by chondrocytes (Hill et 

al., 1992), inhibits proliferation of epithelial cells (Roberts and Sporn, 

1988) and stimulates synthesis of actin inicrofilaments and their 

rearrangement into ·stress fibers (Humes et al., 1993). 

The action of TGF-P is mediated by three membrane receptors 

type-1, type-11 and type-III (betaglycan) (Cheifetz and Massague, 

1989; Vivien et al., 1993 ). Each receptor can regulate the binding 

capacity of other receptors (Wang et al., 1991). The type-III receptor 

(betaglycan) contains a 60 kD membrane-associated domain that 

contains the cross-linked ligand, hepa~an sulfate and chondroitin 

sulfate GAGs (Cheifetz et al., 1988). The presence of GAGs indicates 

the potential for interaction with the extracellular matrix (Segarini 

and Seyedin, 1988). · This receptor binds to both TGF-P 1 and P2 

(Andres et al., 1991). 

There is a strong inverse relationship between receptor affinity 

and the number of J:"eceptors expressed per cell (Wakefield et al., 

1987). The growth factor-receptor interaction causes activation of 

protein kinase C (Roberts and Sporn, 1988) and hydrolysis of 

inositolphosphate' glycan (lPG) (Vivien et al., 1993). 

D. Epidermal growth factor and its receptor: Epidermal growth 

factor stimulates DNA and protein synthesis (Hiraki et al., 1987). 

These actions are mediated by a cell surface epidermal growth factor 

receptor (Kinoshita et al., 1992). 
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E. Platelet-derived growth factor and its receptor: Platelet 

derived growth factor has limited action in normal cartilage (Mankin 

et al., 1991). However, in osteoarthritic joints, platelet derived 

growth factor reaches the cartilage by blood vessels that developed 

in the osteoarthritic cartilage, and augments the action of IL-l on 

. cartilage (Smith et al., 1991). It is not known if there are any 

receptors for platelet derived growth factor on the chondrocyte 

membrane. 

F. Glucocorticoids and glucocorticoid receptor: Glucocorticoids 

cause osteoporosis and osteoarthritic changes in cartilage 

(Silbermann, 1976; Tsai and Liu, 1993). These actions of 

glucocorticoids on cartila·ge are mediated by · a cell surface 

glucocorticoid receptor (Blondelon et · al., 1980; Young and Atack, 

1982). Osteoarthritic chondrocytes, however, co.ntain fewer 

, glucocorticoid receptors (DiBattista et al., 1993). 

G. Estrogen, androgen. testosterone and their receptors: 

Estrogen suppresses proteoglycan synthesis (Rosner et al., 1982), 

reduces protein content (Deniz et al.,_ 1993) and causes osteoarthritic 

changes (Rosner et al., 1986). These actions are mediated by estrogen 

receptors located on the chondrocyte nuclear membrane (Rosner et 

al., 1982) and in the human TMJ discal chondrocytes (Abubaker et 

al., 1993). However, other studies have reported the absence of 

estrogen receptors in human TMJ disks (Campbell et al., 1993). Early 

studies reported the absence of progesterone receptors (Young and 

Stack, 1982) but more recently, Abubaker et al. (1993) reported the 

presence of progesterone receptors in the human TMJ disk. 
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Testosterone stimulates both cell proliferation and matrix 

production in hyaline cartilage. Testosterone activity is mediated by 

androgen · receptors on ·the chondrocyte membranes (Sultan et al., 

1984 ). 

H. Thyroid. parathyroid hormones. calcitonin and their 

receptors: Serum-free in vitro studies showed that thy~o~ine 

stimulates growth of chondrocytes to ter~inal stage (hypertrophic 

stage), Thyroxine is also incre.ases -alkaline phosphatase activity 

(Ohlss.on et al., 1992) and the amount of type-X collagen production 

(Bohme et al., 1992). The action of thyroid hormone is mediated by a 

cell membrane thyroid hormone receptor. 

Parathyroid hormone increases the synthesis of cAMP, 

chondrocyte differentiation and GAG synthesis, but it has no effect on 

DNA synthesis (Takigawa et al., 1981). The actions of parathyroid 

hormone are mediated by a parathyroid hormone receptor 

{Takigawa, et al., 1991). ·Calcitonin. increases GAGs and type-11 

collagen synthesis (Franchimont and Bassleer, 1991). 

I. Effects of vitamins on cartilage growth: Vita~in A inhibits 

DNA synthesis and chondrocyte proliferation (Vasan and Lash, 1975). 

Vitamin D increases calcification in the subchondral bone (Suzuki et 

al., 1976) and increases alkaline phosphatase activity (Schwartz et 

al., 1993). Vitamin K is an important factor in the formation of 

several vitamin-K dependent cartilage matrix proteins (Loeser and 

Wallin, 1991). Vitamin C regulates differentiation of capillary 

endothelium of the subchondral bone (Durkin et al., 1969) and 
\ 

increases· both collagen and elastic fiber deposition in the 

extracellular matrix (Dunn and Franzblau, 1982) 



3 1 

J. cAMP. cGMP and ca++: Cyclic nucleotides such as cAMP and 

cGMP are involved in regulation of chondrocyte proliferation by the 

adenyl cyclase pathway (Howell, 1989). Increased intracellular cAMP 

reduces proliferation of chondrocytes while increased cGMP increases 

cell proliferation and matrix synthesis (Copray and Jansen, 1985). 

Studies of induced occlusal changes have shown that altered 

occlusion leads, to an increase in cell proliferation and elevation of 

cGMP, but to a decline in cAMP (Ehrlich et al., 1980). Also, 

overloading the condylar cartilage causes decline in cAMP and an 

elevation of cGMP associated with cell proliferation (Ehrlich et al., 

1980). Elevations in ca++ enhance chondrogenesis · (Kantomaa and 

Hall, 1991). 

10. Internal deranflement of the temporomandibular 
. . t JOin ; 

A. History; Anterior disk displacement (ADD), the major type .of 

internal derangement of the TMJ, was first discovered by Annandale 

(1887) during surgery on patients with jaw pain. Since then, several 

investigators have recognized ADD as a causative factor of TMJ pain 

and dysfunction, and the condition has been documented clinically 

(Pringle, 1918, 1919; Costen, 1934; Burman and Sinberg, 1946; 

Ireland, 1951; Silver, 1956; Carlson et al., 1967; Middleton, 1972; 

Kopp et al., 1976; Wilkes, 1978; Farrar and McCarthy, 1979; Dolwick 

et al., 1983; Ogus, 1987; Stegenga et al., 1992; Schiffman et al., 1992), 

histologically (Bauer, 1940; Bellinger, 1952; Moffet, 1964; Toller, 

1974; Blackwood, 1963, 1966, 1969; Kreutziger and Mahan, 1975; 

Eriksson and Westesson, 1983, 1984, 1985; Scapino, 1983; Hall et al., 
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1984;· McCoy et al., 1986), radiologically (Eriksson and Westesson, 

1983; Helms et al., 1983; 1984; Schellhas et al., 1987; Wilkes, 1989; 

Christiansen and Thompson, 1990; Katz berg and Westesson, 1993) 

and arthroscopically (Murakami et al., 1986; R9berts et al., 1987; 

Blaustein and Heffez, 1988; Clark, 1989; Thomas and Bronstein, 

1991). 

B. Definition; Internal derangement 'of the TMJ was d.efined by 

Adams (1981) as a localized mechanical fault which interferes with 

the smooth action of the joint, and by Dolwick et al. (1983) as an 

abnormal relationship of the disk to the condyle. 

C. Epidemioloey; Based on an autopsy study, Hansson et al. (1983) 

reported the incidence of the disease in young adults to be about 

11.6 %. Westesson et al. reported that the incidence of the ·disease as 

seen at autopsy was 67% in older people (1985) and 15% in young 

adults (1989). It is thought that the general incidence of the disease 

is from 10-25% for the entire population (Farrar, 1981). 

Arthroscopic studies on 141 patients with TMJ symptoms have 

shown that the incidence of osseous abnormalities in degenerative 

joint diseases is 28% (Anderson and Katzberg, 1985). Several studies 

have shown that the most common direction for disk displacement is 

antero-medially (Scapino, 1983; Hansson et al., 1983; Westesson et 

al., 1985; Solberg et al., 1985; Liedberg. et al., 1990). Females are 

more susceptible for the disease than males (Pullinger et al., 1988; 

Koidis et al., 1993 ). 

D. Etioloey: There is general agreement among clinicians concerning 

the presen,ce of mechanical trauma is involved in the etiology . of 

internal derangements (Burakoff, Kaplan, 1993) and in osteoarthritis, 
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in gene;ral (Ehrlich, 1987). Several studies have suggested on the 

association between internal derangement and malocclusion 

(Eriksson et al., 1983; Wabeke and Spruijt, 1993; Wadhwa et al., 

1993 ). 

Macro-trauma (Goddard, 1993), micro-trauma (Pullinger et al., 

1988; Seligman et al., 1988), abnormal prominence of the articular 

eminence (Hall et al., 1985), connective tissue abnormalities 

(Westling et al., 1992), systemic joint laxity (Bates et al., 1984), an 

injury to the ·bilaminar zone (Eriksson et al., 1992) singly or a 

combination of these may contribute to the etiology of this disease. · 

Development of internal derangement in children could lead to facial 

deformity (Schellhas et al., 1993). 

E. Siens and Symptoms; Pain, clicking (one click or reciprocal 

clicks), deviation during opening· to the affected side, limitation of 

mouth opening (jaw hypomobility), jaw hypermobility, facial 

deformity, muscle tenderness and crepitation due .. to bone to bone 

contact have been the common clinical finding in this condition 

(Dolwick et al.,1983). 

F. Classification; Internal derangements of the TMJ can be 

functionally classified as anterior disk displacement with and 

without reduction (Dol wick et al., 1980). 

Based on an autopsy study of 58 cadavers, internal 

derangement . was reclassified according to the position and 

configuration of the disk (Westesson et al., 1985). The disk position 

was considered to be superior in 44% of the cases, with the. center of 

the posterior band located in the 12 o'clock position with respect to 

the condyle and the fossa, or anterior in 56% of the cadavers, with 
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the center of the posterior band located anterior to the 12 o'clock 

position with respect to the condyle and the fossa. This classification 

was subclassified into partially anterior found in 22% of the cases 

and completely anterior in 34% of the cases. The disk configuration 

scheme was considered to be normal in 65% of the specimens or 

deformed in 35% of the cadavers. The deformed cases were further 

subclassified into,. reversed .(biconcave but thicker anterior band 

than posterior band), enlargement of the posterior band (biconcave), 

biplanar (even thickness), or biconvex (thickest centrally). 

G. Internal deran2ement and osteoarthritis; Osteoarthritis is a 

remodeling process defined as a non-inflammatory, focal 

degenerative disorder of synovial joints primarily affecting the 

articular cartilage and subchondral bone (Sokoloff, 1980, 1987). For 

the TMJ, it is defined as an interruption in the smooth continuity of 

the articular surfaces of the· disk, condyle and articular eminence 

(Westesson et al., 1984). 

An autopsy study of 127 older cadavers showed that disks 

· partially or completely displaced anteriorly were associated with 

osteoarthritis (Wesstesson et al., 1984 ). Other investigators have 

suggested that internal derangements due to anterior disk· 

displacement leads to osteoarthritis (Eriksson et al., 1983; Dolwick et 

al., 1983; Moffet et al., 1984; Westesson et al., 1984; Nickerson and 

Boering, 1989; Wilkes et al., 1989). 

There is no known experimental evidence to confirm these 

suggestions. While osteoarthritis is a pathological process affecting 

the articular cartilage, remodeling is a physiological process that 

occurs in the TMJ in which a process of reversible biologic adaptation 
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to altered environmental circumstances leads to changes of the 

structure or morphology of the tissue concerned (Moffet, 1964 ). 

H. Pathoeenesis; The exact pathogenesis of· internal derangement is 

not known. This is, in part, due to the lack of a suitable animal model 

in which to study the disease. 

Stegenga et al. ( 1991) have suggested that changes in the 

normally negative intra~capsular pressure which occurs in ADD, 

causes disturbances in synovial flu~d circulation (a source of nutrition 

to the cartilage), and therefore, leads to degeneration of the cartilage 

cells. The low capacity of th~ synovial cells to remove waste products 

could lead to accumulation of these products which may lead to 

degenerative changes in the joint (Quinn, 1990; Stegenga et al., 

1991). 

I. Histopathologic.al changes associated with ADD: 

a. Disk: Changes in the disk configuration (Westesson et al., 

1984, 1985; Is berg et al., 1986) include loss of parallel distribution of 

collagen fibers, hypercellularity, basophilic and myxomatous 

degeneration, focal calcificat~on and cystic spaces (lsacsson et al.; 

1986; Johanson et al., 1990), fatty degeneration (Helmy et al., 1990) 

and increased new collagen fiber formation (fibrillogenesis) (lsberg 

et al., 1986). 

Hyalinization and cartilagenous metaplasia of the disk have 

been reported by several investigators (McCoy et al., 1986; Chen et 

al., 1983; Kurita et al., 1989). Proliferation of blood vessels into the 

displaced disk (Davidson, 1964; Kurila et al., 1989), splitting of the 

disk (Kurita et al., 1989) and disruption of collagen bundles have also 

been reported (Scapino, 1983 ). Increased in alkaline phospstase 
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activity indicating pathological calcification of osteoarthritic disks 

were also been reported -in -patients with ADD (Salo et al., 1991). In 

addition, reduction in proteoglycan synthesis (Kopp, 1976) and 

degenerative changes in the disk (Blackwood,. 1969) were reported in 

displaced disks. 

b. Bilaminar zone: Histopathological studies of the bilaminar 

zone in internal derangements have shown increased collagen 

synthesis with a .reduction in the total numbers of cells in the 

bilaminar zone due to increased activity of the cells (Scapino, 1983; 

Hall et al., 1984; lsberg et al., 1986; Johanson et al., 1990). 

Several light microscopic studies have confirmed hyalinization 

(pseudo-disk formation) of the bilaminar zone in internal 

derangements (Hall et al., 1984; McCoy et al., 1986; Is berg et al., 

1986; Isacsson et al., 1986; Kurita et al., 1989; Johanson et a1., 1990) . 

. Blaustein et al. (1986) have reported that loaded bilaminar zone cells 

synthesize more GAGs and collagen than non-loaded bilaminar zone 

cells. They suggested that antero-medial displacements remodel 

differently than antero.:.lateral displacements. 

Adams (1987) has shown that hyalinized tissues have a high 

chondroitin sulfate/keratan sulfate ratio. 

Some vessels in the bilaminar zone in internal derangements 

show thick adventitia, narrow or even obliterated lumina, with 

evidence of extravasated blood (Scapino, 1983; Hall et al., 1984; 

lsberg et al., 1986; Kurita et al., 1989; Johanson et al., 1990). There 

are no blood· flow studies comparing normal and internally deranged 

joints. 
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Internal derangement is described as non-inflammatory in 

nature (Hall et al., 1984; Isberg et al., 1986; lsacsson et al., 1986; 

McCoy et al., 1986; Kurita et al., 1989; Johanson· et al., · 1990; 

Holmlund et al., 1992) which was confirmed by biochemical studies 

showing little or no inflammatory mediators in the synovial fluid of 

patients with internal derangement (Helmy et al., 1990; Quinn et 

a1.,1990). In addition,· the pH of the synovial fluid of pa~ients .with 

osteoarthritis was similar to the pH of the normal synovial 'fluid 

(Cummings and Nordby, 1966). 

In internal derangements, several reports described 

perforation of the bilaminar zone at the junction of the disk

bilaminar zone laterally (Hall et · aL, 1984; Westesson et al., 1984; 

Isberg et al., 1986; Kurita et al., 1989; Johanson et al., 1990). 

c. Articular sur.faces; The hard tissue changes are associated 

with ADD without reduction (Weste~son. et al., 1985). The 

histopathological changes in the articular surfaces of the TMJ in 

internal derangements is well · ~ocumented in the literature. Mills et 

al. ( 1990) have shown dull, grainy articular surfaces, pitting, 

discoloration, loss of · normal articular contour and adhesions 

following experimental ADD in rabbits. The severity . of · the 

histopathological ~ha:Q.ges increc;tsed with time. 

Fibrillation· (loss of interlacing capacity o~ collagen fibers) of the 

fibrous covering of articular surfac.es was shown in osteoarthritis 

(Richards et al., 1984; Isberg et al., 1986; De-Bont et al., 1986; Mills 

et al., 1990) which leads to vertical and horizontal splitting of the 

articular cartilage (Blackwood, 1963) and chondromalasia, osteo~ 
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chondritis dissecans (splitting of the articular cartilage from 

underlining bone) (Stegenga et al., 1991). 

Cartilage degener~~tion has been reported (Salo et al., 1991; 

Stegenga et al., 1991!; Brooks et al., 1992) with clustering of 

chondrocytes (Blackwood, 1963; De-Bont et al., 1986; Mills et al., 

1990). Hyperplasia of medullary canals leads to decreased bone 

density with fibrosis of the bon~ marrow, oste·ophyte formation 

(Silbermann, 1979; Mills et al., 1990) and denudation of bone 

(Flygare et al., · 1992). In addition to reduction of acid phosphatase 

activity (Salo et al., 1991), microcyst formation, flattening and 

erosion of the cortical bone and reduction in the size of the joint 

spaces were also fouJd in internal. derangement (Bellinger, 1952; 

Blackwood,· 1963; Scap~~o. 1983; Chin et al., 1983; Isacsson et al., 

1986; De-Bont et al.~ 1986; lsberg et al., 1986). Adhesion of the 

articular surfaces to disk-bilaminar zone was reported in internal 

derangements (lcacsson et al., 1986; Mills et al., 1990). Hyperplasia 

of the· connective tissuel in the posterior part of the glenoid fossa may 

occur (Isberg et al., 19j6) along with an increase in the thickness of 

the fibrous covering (Scapino, 1983). 
. . I 

Several reports h~ve shown sclerosis of the bony condyle and 
I 

articular eminence (De-:Bont et al., 1986) and flattening of the gienoid 

fossa (Chin et al., 198J; Anderson et al., 1985; De-Bont et al., 1986). 

The histopathological changes in the articular surfaces · include; 

softening, roughness, jarginal perforation, spurs, lipping, ·exostosis 

(Bellinger, 1952; De-Bont et al., 1986) and shortening of the 

ascending ramus (NickJrson and Boaring, 1989). 
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Some studies have shown depletion and degradation -of GAGs 

from the superficial la+rs of the articular surfaces (Kopp, 197 6) and 

presence of keratan sulfate in the synovial fluid of patients with 

internal der~ngement (Israel et al., 1991) with an increased 

chondroitin sulfate/keraltan sulfate ratio which lead to stiffness of 

the cartilage (Stockwell~ 1991). · 
I . 
I 

d. Synovial me n1 bran e: The histopathological changes in the 

synovial membrane inJlude chronic synovitis (McCoy et al.,1986; 
. . I 

Holmlund et ~1., 1988, 1992; Johanson et al., 1990) that lead to either 

synovial atrophy (Johalson et. al., 1990; lsacsson et al., 1986) or 

synovial hyperplasia (IMc:;Coy et al., 1986; Kurita et al., 1989; 

Holmlund et al., 1992). 

Other changes in the synovial membrane following ADD . include 

edematous changes wi h fibrinoid necrosis (lsacsson et al., 1986; 
I 

Isberg et al., 1986; ~ohanson et al., 1990) and a decrease in 

production· of synovial fluids (lsacsson et al., 1986). 
I 

Helmy et al. (1988) reported synovial hyperplasia and synovial 

cells margination folloJing experimental disk perforation. McDevit et 

. al. ( 1977) reported Jynovial hyperplasia following experimental 

sectioning of the anteriJr cruciate ligament of the knee joint. 
I 

· e. Chan2es in · elastic fibers: Biopsies from patients with 
I 

anterior disk displacement (ADD) have shown a. significant reduction 

in the number of elastib fibers in the disk and in the bilaminar zone 

(Scapino, 1983; Hall et al., 1984). In addition, newly formed elastic 

fibers appeared in tle hyaline cartilage of abnormally loaded 

condyles of ADD patients (Toller, 1977; Toller and Wilcox, 1978; De

Bont et al., 1985). I~ has been suggested that a decrease in the 
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amount of elastin or defective elastic. "fibers may lead to the 

permanent elongation of the bilaminar zone during function (Hall et 

al., 1984). 

C. The. rabbit craniomandibular j"oint as 
an experimental model for the human 
temporomandibular joint: 

An animal model for anterior disk displacement (ADD) will 

provide a system for . exploring surgical techniques for repairing or 

replacing displaced disks. This animal model would also be useful in 

the study of the pathogenesis of disk displacement and the role of 

neuropeptides in joint pain. 

It will also be helpful in studying the role of synovial proteases 

such as metalloproteinases in the osteoarthritic process, the role of 

interleukins in causing osteoarthritis, and the functional consequence. 

of the loss of elastin and GAGs due to. various synovial enzymes. 

The rabbit cranium has a squamosal bone instead of the 

temporal bone found in humans, therefore, it is inappropriate to call 

the joint temporomandibular in the rabbit. In this study the rabbit 

joint will be referred to as a craniomandibular joint. 

At the present time, only a few studies have used an animal 

model for ADD. Therefore, we have proposed the rabbit 

craniomandibular joint (CMJ) as a model for studing the human TMJ. 

Many similarities in structure and function are shared by the rabbit 

CMJ and human TMJ. However, there are also soni.e important 

structural and functional differences between the rabbit joint and 
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the human joint (Mills et al., 1988; O'Dell et al., 1989; Savalle et al., 

1991). 

Structurally, the rabbit CMJ is similar to the human TMJ in that 

both have two bones and an interposed articular disk forming the 

joint. Although the rabbit does not have a temporal bone, the 

squamosal bone (analogous to part of the human temporal bone) 

provides the articular fossa while the zygomatic process forms the 

cranial part of the CMJ. 

The articular disk of the rabbit CMJ is modified medially and 

laterally to facilitate . the functions of the joint (O'Dell et al., 1989; 

Mills et al., 1988). In addition, the differences in the posterior 

attachments in the two joints suggest significant functional 

differences in discal movements in the two joints · (Savalle et al., 

1991). 

Also, there are differences in the discal attachments to the 

cranium and to the. condyle (Mills et al., 1988; O'Dell et al., 1989), the 

shape of the articular bony components (Mills et al., 1988), and the 

muscle attachments to the disk and the joint capsule (Savalle et al., 

1990). 

Functionally, the · rabbit exhibits significant hinge, lateral and 

antero-posterior jaw movements, while many other small mammals 

such as the rat, the mouse, the cat and the dog primarily exhibit only 

hinge movements (Sprinz, 1954; Fox, 1965; O'Dell et a.l., 1970; 

Morimoto et al., 1985; Strom et aL, 1988; Weijs et al., 1981, 1987, 

1989a, 1989b). On the other hand, big mammals including the pig, 

the sheep and the cow exhibit excessive lateral movement (lshimaru 

and Goss, 1992; Bermejo et al., 1993). 
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The adult rabbit CMJ has some similarities to the human TMJ in 

the structure of the disk, the· articular surfaces ,·and the presence of a 

·fibroelastic bilaminar zone ( Mills et al., 1988; O'Dell et al., 1989). 

However, there are also, morphologic (Fox, 1965; Weijs and Dantuma~ 

1981; O'Dell et al.; 1989; Savalle .et al.,. 1990) and functional (Weijs 

and Dantoma, 1981; Sa valle et al., 1990) differences between the 

human and rabbit joints .. 

O'Dell et al. (1989) arbitrarily defined the superior lamina of 

the rabbit bilaminar zone in an attempt to compare the rabbit CMJ to 

the human CMJ using the ·terminology of .Rees (1954). However, due 

to the absence of an extensive · bony mandibular fossa over most of 

superior and lateral aspects of the rabbit joint and other morphologic 

differences, this approach was said to have has application (O'Dell et 

al., 1989). 

In addition, Savalle et al. (1990) indicated that the presence of 

elastic fibers in the inferior portion of the bilaminar zone and the 

paucity of elastic fibers in the superior portion of the bilaminar zone, 

suggesting that there were significant functional differences between 

the human and the rabbit joints. 

Based on this arrangement of elastic fibers, it appears that, in 

contrast to the human joint, the rabbit CMJ exhibits movements that 

are based on relatively tight connections of the disk to the skull and 

relatively flexible attachments of the disk to the condyle (Savalle et 

al., 1990) .. However, it appears that the bilaminar ·zone tissues are 

important to the function of both the human and the rabbit CMJ. 

We believe that the rabbit CMJ, regardless of the important 

structural and functional differences , from human TMJ, can serve as a 
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useful model for studying ADD in order to improve our 

understanding of ADD in the human TMJ. 

D. Specific Aiins: 

1. To develop an animal model for anterior disk displacement 

(ADD) without reduction by surgically inducing ADD in rabbit 

craniomandibular joint (CMJ). · 

2. To study, both qualitatively and quantitatively, the 

histopathological and immunohistochemical changes of rabbit 

CMJ tissues at 2 and 6 weeks following induction of ADD. 

3. To study the changes in the innervation of the rabbit CMJ 

tissues following ADD using · histochemical and immunohisto

chemical techniques. 



II. Materials and Methods 

A. Experimental procedures: 

1. Sur2ical procedure for inducin2 anterior disk 

displacement <ADD): 

Thirty-five adult male, New Zealand rabbits (Oryctolagus 

cuniculus), weighing 2-3 kg were subjected to surgical induction of 

ADD. Each rabbit was anesthetized by injection of a mixture of 

Xylazine (10 mg/kg) and Ketamine (50 mg/kg) into the muscles of 

the hind leg. The hair was shaved at the surgical sites, and the 

animal was draped with sterile towels. The surgical sites were 

scrubbed with antiseptic solution. 

A 2 em incisio~ was made vertically into the skin overlying the 

zygomatic process of squamosal bone. The ·zygomatico-squamosal 

bone was exposed by both sharp and blunt dissection until the 

zygomatico-squamosal suture was exposed (figure 1). The suture was 

then separated using a periosteal elevator and the bone was partially 

reflected posteriorly by fracturing the zygomatic process of the 

squamosal bone (figure 2). 

A horizontal cut was made in the body of the zygomatic process 

of the squamosal bone using small round dental bur in a low speed 

handpiece at a level below the articular eminence. The bone was 

then carefully reflected without separating the attached periosteum 

44 
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(figure 3). This surgical approach allowed a full view of the disk and 

its lateral, anterior and posterior attachments. 

A cut was then made using No. 11 Bard Parker scalpel to 

separate the disk from t~e lateral collateral ligament and its 

attachment to the masseter muscle. Bleeding from a lateral vein 

running parallel to the muscle attachment was controlled with 

hemostatic agents such as gel foam and bone wax. 

Another cut was .made anteriorly, to separate the disk from its 

attachment to the masseter muscle. A third cut was made medially, 

through the medial collateral ligament to separate the disk from both ~ 

the superior head of lateral pterygoid muscle and the periosteum 

covering the squamosal bone. 

The disk was then freed to be anteriorly repositioned. A hole 

was made in the . zygomatic arch in a position anterior to the 

. mandibular condyle, so that when the disk was pulled anteriorly and 

then fixed to the zygomatic arch (figure 4 ), the bilaminar zone was 

seated on the condylar head in both closed and opened mandibular 

positions, thus simulating what is known in humans as anterior disk 

displacement (ADD) without reduction. 

A 4-0 silk suture was passed through the disk and the hole in 

the zygomatic arch and then tightened and tied. The surgical 

procedure was considered successful when the bilaminar zone 

remained between the condyle and the articular eminence when the 

mouth was manually opened or closed prior to closure of the surgical 

wound. 

Two holes were drilled, one in the body of the zygomatic 

process of squamosal bone and the other through the body of the 
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zygomatic arch. A stainless steel wire, 0.1 mm in diameter, was 

passed through both holes to reposition the zygomatic process of 

squamosal bone back to its origin'al position (figure 5). The 

subcutaneous tissue was closed using 3-0 plain gu~, su~ure and the 

skin was closed using a 3-0 bla~k silk suture. Then the surgical area 

was , ~leaned using Zephiran chloride antiseptic solution (figure 6). 

The left CMJ was approached in a similar manner, the 

zygomatico-squamosal suture was expos·ed . and separated. The 

wound was then closed in layers using 3-0 black silk suture. This 

joint served . as a surgical control. Ten additional joints from five 

rabbits were used as non -operated controls. 

2. Post-sur~:ical care: 

An ice bag was applied to the surgical area for 10 minutes. 

· Food intake was monitored each day following induction of ADD. Each 

rabbit was given one full cup of rabbit dry food (Wayne 15% rabbit · 

ration 8630) each day. rhe rabbits received analgesics (Buprenex 

0.15 mg i.m.) for three days following induction of ADD. Each rabbit 

was weighed daily to detect any weight, loss. There was no weight 

loss during the period of the experiment. 

3. Animal sacrifice: 
"' 

Each rabbit was anesthetized by injection of , a mixture of 

Xylazine (10 mg/kg) and Ketamine (50 mg/kg). While the animal was 

under deep surgical anesthesia, the thoracic cavity was opened and 

the animal was sacrificed by perfu,sion of either 2% buffered 

formalin (Puchtler and Meloan, 1985, for immunohistochemistry and 

silver impregnation techniques) or 10% buffered formalin (for histo

chemical techniques) using an infusion pump to deliver the fixative 
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solution through the heart -.into the systemic circulation at·· a. rate 

similar to the rabbit cardiac output which is approximately 150 

ml/minute. The total volume of the fixative solution used was 400 

ml. The perfusion lasted approximately 3 minutes (described in 

detail below). 

4. Perfusion technique 

A mid-line vertical incision was made through the skin and 

sternum from the manubrium sternum to the end of the xyphoid 

pro~ess. Then a small incision was made in the pericardium of the 

heart to expose the left ventricle. 

A needle was inserted through the left ventricle and held in 

place using a black silk suture. The needle was attached to a 

polyethylene tube with an internal diameter of about 1.2 mm which 

was connected to an infusion pump. The thoracic aorta was ligated to 

allow the fixative to. circulate only through the head region while the 

junction of the right atrium to the superior vena cava was cut to 

permit drainage of the fixative from the venous side. 

Four hundered ml of normal saline solution containing 10 ml/1 

of heparin (1000 units/ml) was infused into the heart for 3 minutes 

to prevent blood coagulation. Then 400 ml of the fixative solution 

was infused. The fixed CMJ s were carefully excised en bloc. Other 

joints were dissected under the dissecting microscope and their 

components were post-fixed for 2 hours in a fresh solution of the 

same fixative used in perfusion. 
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B. Microscopic techniques: 

1. Histochemical techniques: 

A. Tissue processi"n& for paraffin stainin&: 

The 10% formalin-fixed right and left CMJs were excised en 

bloc, decalcified in formic acid for 2 weeks, sectioned sagittally and 

photographed as described under materials and methods (section II). 

Tissue blocks were dehydrated in ascending grades of ethanol, 

infiltrated in xylene, embeqded in paraffin, sectioned at a thickness 

of 5 Jlm, and then stained with hematoxylin & eosin (H&E), resorcin-

fuchsin, alcian blue or modified Masson stains. 

B. Tissue processine for silyer impreenation; 

The silver impregnation technique was performed on 2% 

formalin fixed tissues. CMJ blocks were removed under the dissecting 

microscope. Condyles were decalcified first in EDTA at pH 7.2-7.4 at 

4 °C, for 3 weeks, then washed under running water for several hours 

and sectioned together with the disk-bilaminar zone complex on a 

cryostat at a thickness of 40 J.lm and stained for detection of nerve 

fibers using silver impregnation stain. 

C. Stainin& techniques: 

i. H & E: H&E stain was used to study the histo-pathological 

changes in cells, ground substance and blood vessels . in the disk, 

bilaminar zone, condyle, articular eminence and synovial membrane. 

Sections were deparaffinized in xylene, hydrateq in descending 

grades of ethanol, incubated with Harris hematoxylin for 3 minutes, 

washed under running water and incubated with eosin for 1 minute. 
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Sections were then dehydrated in ascending grades of ethanol, 

cleared in xylene and mounted with cover slips using Permount. Cell 

cytoplasm and ground substance stained with H&E appeared red 

while nuclei appeared blue. 

ii. Resorcin-fuchsin: Resorcin-fuchsin stain was used to study 

the distribution ·of elastic fibers. Sections were deparaffinized in 

xylene, hydrated in descending grades of ethanol, incubated with 

resorcin-fuchsin stain (0.2 gm Resorcin-Fuchsin stain in 70% ethanol 

containing 1% cone HCL) for 4 hours and washed under running 

water. Sections were then dehydrated in ascending grades of ethanol, 

cleared in xylene and mounted with cover· slips using Permount. 

Elastic fibers appeared as dark purple wa~y fibers (Puchtler,1960). 

iii. Ale ian blue: Ale ian blue stain was used to detect the 

distribution of proteoglycans in general. Sections were deparaffinized 

in xylene, hydrated in descending grades of ethanol, incubated with 

acetate buffer for 3 minutes and washed under running water. 

Sections w.ere then incubated with ale ian blue stain ( 1 gm of alcian 

blue in 100 ml of acetate buffer containing 3 gm magnesium 

chloride, at pH 5.8) for 8 hours. Sections were washed in acetate 

buffer, then with water, dehydrated in ascending grades of ethanol, 

cleared in xylene and mounted with cover slips using Permount. 

Proteoglycan- containing regions in tissues appeared blue (Scott and 

Darling, 1965). 

iv. Modified Masson: Modified Masson stain was used to detect 

newly formed bone matrix. Sections were deparaffinized in xylene, 

hydrated in descending grades of ethanol, incubated with Weigert's 

hematoxylin for 20 minutes, rinsed and then washed in water and 
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incubated with modified Masson stain for 10 minutes, then washed 

in water. Sections were then incubated with phosphomolybdic acid 

for 5 minutes, washed in water and incubated with aniline blue for 5· 

minutes, rinsed in 1% acetic acid, dehydrated in ascending grades of 

ethanol, cleared in xylene and mounted with cover slips usin·g 

permount. Osteoid tissue appeared red (Goldner, 1937). 

v. Silver nitrate: Silver nitrate stain was used to detect nerve 

fibers. The slides were incubated with acetylcholine esterase (0.2 %) 

at 370C for 30 minutes, then rinsed 3 times in distilled water, placed 

in fresh 0.5% K3Fe(CN)6 for 10 minutes and rinsed 3 times in 

distilled water. Sections were then incubated in 20% aqueous AgN03 

for 30 minutes (incubation was done in a water bath in the dark), 

rinsed 3 times in distilled water, one minute each. Development was 

done using Quinol for 20 seconds and then placed in fresh Quinol for 

an additional 2 minutes. 

Sections were rinsed 3 times in distilled water, then incubated 

with 5% sodium thiosulfate for 2 minutes, rinsed 3 times in distilled 

water (5 minutes each), dehydrated in ascending grades of. ethanol 

and then cleared in xylene. · Thin unmyelinated and thick myelinated 

nerve fibers appeared as deep brown fibers (Toop, 1976). Rabbit 

trigeminal ganglia sections were used as a positive control . 

All histological slides stained with H&E, resorcin fuchsin, alcian 

blue, modified Masson· and silver impregnation were examined under 

a Zeiss Axiophot microscope. 
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2. Immunohistochemical techniques: 

A. Tissue processine: 

Immunohistochemical techniques were performed on the 2% 

buffered formalin fixed tissue. The mandibular condyle and articular 

eminence were decalcified in EDT A (pH 7.2-7.4) at 4 ° C for 3 weeks 

and then washed under running water for several hours. The 

decalcified condyle, articular eminence and disk-bilaminar zone 

complex were then sectioned in a cryostat at the thickness of 10 J.lm. 

The histological sections were immunostained with monoclonal 

antibodies using an indirect immunofluorescent technique except for 

the immunolocalization of neurofilaments, for which the avidin

biotin immunoperoxidase technique was used. 

B. Monoclonal antibodies: 

Imm~nolocalization of type-1 or type-11 collagen was done 

using goat anti-type-1 collagen or goat anti-type~II collagen 

polyclonal antibodies (Southern Biotechnology Associated, Inc., 

Birmingham, Alabama, Mizoguchi et al., 1990). Immunolocalization of 

Type-III collagen was done using· mouse· anti-type-III collagen 

monoclonal antibodies (Chemicon International, Inc., Temecula, 

California, Mizoguchi et al., 1990). Immunolocalization of type-VI or 

type-IX collagen was done using mouse anti-type-VI or mouse anti

type-IX collagen monoclonal antibodies (Developmental studies 

hybridoma bank, Iowa city, Iowa, Silbermann et al., 1990). 

Immunolocalization of chondroitin-4-sulfate, chondroitin-6-

sulfate or keratan sulfate was done using mouse anti-chondroitin-4-

sulfate, mouse anti-chondroitin-6-sulfate or mouse anti-keratan 
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sulfate monoclonal antibodies (Chemical Credential, ICN Immuno

biologicals, Costa Mesa, California, Mills et al., 1988). 

Immunolocalization of cellular fibronectin was done using 

mouse anti-fibronectin monoclonal antibodies (Sigma Immuno

chemicals, St. Louis MO, Holund, 1982). 

Immunolocalization of hyaluronic acid was done using mouse 

anti hyaluronic acid monoclonal antibodies (Serotec, Indianapolis, 

Indiana, Holund, 1982). Immunolocalization of link p~otein was done 

using mouse anti-link protein monoclonal antibodies (Developmental 

studies hybridoma bank, Iowa city, Iowa, Poole et al., 1980). 

Immunolocalization of neurofilaments was · done using mouse 

anti neurofilaments monoclonal antibodies (Chemical Credential, ICN 

Immuno-biologicals, Costa Mesa, California, Seiger et al., 1984 ). 

C. Indirect immunofluoresent technique: 

This. technique was performed following the methods of Coons 

(1958). All antibodies were diluted 1:100 in phosphate buffered 

saline (PBS) at pH 7 .2, except for antibodies against type-VI collagen, 

type IX collagen and link protein for which no dilutions were done, 

and for antibodies against hyaluronic acid where a 1:10 diluti9n was 

used. 

Incubation with primary antibodies was overnight at room 

temperature in a 100% humidity chamber. Incubation with the 

appropriate enzymes and secondary antibodies was for 2 hours at 

room temperature in a 100% humidity chamber. Sections were 

mounted on 10% poly-L-lysine coated slides which helps the sections 

to. adhere to the slide. All sections were washed in PBS prior to 

incubation with the enzyme. 
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Sections which were immunostained for type-I, type-II, type 

III, type-VI or type-IX collagen were incubated with collagenase 

type lA enzyme (Sigma Chemical Co. St. Louis, MO, 1 mg/ ml PBS at 

pH 7 .2), washed in PBS and incubated with goat anti-type-1 collagen, 

goat anti-type-11 collagen, mouse anti-type-III collagen, mouse anti

type-VI collagen or mouse anti-type-IX collagen monoclonal 

antibodies respectively. Sections were washed in PBS and incubated 

with fluorescein isothiocyanate (FITC)-labeled donkey anti -goat IgG 

for type-1 or type-11 collagen or FITC-labeled goat anti-mouse IgG 

for type-III, type-VI or type-IX collagen (Sigma Chemical Co. St. 

Louis, MO). 

Sections which were immunostained for chondroitin-4-sulfate, 

chondroitin -6-sulfate, keratan sulfate, hyaluronic acid or link protein 

were incubated with chondroitinase ABC enzyme ((Sigma" Chemical 

Co. St. Louis, MO, 0.1 U/ml in tris-acetate buffer at pH 7 .2). Sections 

were then washed in PBS and incubated with mouse anti

chondroitin -6-sulfate, mouse anti -chondroitin -4-sulfate, mouse anti

keratan sulfate, mouse anti -hyaluronic acid or mo,use anti -link 

protein monoclonal antibodies. Sections were. washed in PBS and 

incubated with FITC-labeled goat anti-mouse IgG (Sigma Chemical Co. 

St. Louis, MO). 

Sections which were immunostained for cellular fibronectin 

staining were incubated with hyaluronidase type V enzyme (Sigma 

Chemical Co. St. Louis, MO, 4000 unit/100 ml of PBS at pH 7.2) to 

expose the fibronectin molecules. Sections were then washed in PBS 

and incubated with mouse anti-fibronectin monoclonal antibodies. 
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Sections were then incubated with FITC-labeled goat anti-mouse IgG 

(Sigma Chemical Co. St. Louis, MO). 

All sections were washed in PBS, dehydrated in ascending 

grades of ethanol and mounted with cover slips using a non 

fluorescent polyvinyl alcohol (Sigma Chemical Co. St. Louis, MO, 1 

gram/1 ml distilled water). Some sections were incubated directly 

with the secondary antibody, omitting the primary antibody step; 

these slides served to test the specificity of the secondary antibody. 

All sections were examined with a Zeiss Axiophot II fluorescence 

microscope. Positive immunostaining .appeared as a green fluorescent 

structures on a black background 

D. Avidin-biotin immunoperoxidase technique: 

The avidin-biotin immmunoperoxidase technique (Vector 

laboratories. Inc., Burlingame, California) was used to localize 

neurofilaments in the condyle and disk-bilaminar zone complex, 

using mouse anti-neurofilaments monoclonal antibodies (Chemical 

Credential, ICN Immuno-biologicals, Costa Mesa, California). 

Sections were initially incubated with 0.3% hydrogen peroxide 

in methanol for 30 minutes to block endogenous peroxidase activity 

and washed in PBS. Sections were then incubated with normal horse 

serum for 30 minutes to block non-specific binding sites (150 ul/10 

ml of PBS) and washed in PBS. Sections were then incubated with 

avidin and biotin blocking solutions (Vector laboratories. Inc., 

Burlingame, California) for 15 minutes each to block endogenous 

biotin and washed in PBS. 

Sections were then incubated with mouse anti-neurofilament 

monoclonal antibodies diluted 1:10 in PBS overnight at room 
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temperature in a 100% humidity chamber and washed in PBS. 

Sections were then incubated with biotinylated anti-mouse IgG 

(Vector laboratories. Inc., Burlingame, California) diluted at 50 ul/10 

ml of PBS for 2 hours and, washed in PBS. 

Sections were then incubated with ABC (Avidin biotinylated 

horseradish peroxidase) reagent (Vector laboratories. Inc., 

Burlingame, California, 100 ul of reagent A and 100 ul of reagent B to 

5 ml of PBS) for 30 minutes and washed in PBS. Sections were then 

incubated with peroxidase substrate solution (Vector laboratories. 

Inc., Burlingame, California, started with 5 ml distilled water, then 

added 100 ul of buffer stock, 200 td of 3,3 diaminobenzidine 

tetrahydrachloride (DAB) stock, 100 ul of hydrogen peroxide and 100 

ul of nickel solution) and washed in PBS. 

Sections were dehydrated in ascending grades of ethanol, 

cleared in xylene and mounted with cover slips using permount. 

Slides were examined with the Zeiss Axiophot II microscope. 

N eurofilaments appeared as dark brown filaments. Rabbit trigeminal 

ganglia sections were used as a positive control. 



C. Histomorphometric 
evaluations: 

and 
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Densitometric 

Some· of the histomorphometric methods used here were 

described by Elias (1987). 

1. Quantitative assessment of disk .displacement: 

The degree of disk displacement was measured using 35 mm 

photographic slides of the same magnification of sagittally sectioned 

right operated joints and left surgical operated joints from each 

animal of the 24 hours, 1 week, 2 weeks and 6 weeks groups, in 

addition to the non-operated joints. 

These 35 mm slides were placed on a view box. The image 

analysis system consisted of a television camera mounted on a stand 

facing the view box, a Zenith PC, a digitizing tablet, a tracer and a 

microcomputer morphometry software system (Southern 

Instrument, Atlanta, GA) (figures 7, 8). The CMJ components were 

digitalized to facilitate morphometric analysis. A straight line was 

drawn from the mid-point of the articular condylar surface to the 

most posterior point of the disk. This distance was expressed in mm. 

2. Quantitative · assessment of chanKes in the 

condylar volume: 

The volume of each condyle was estimated using 35 mm slides 

taken from the top view of the right operated, left surgical control 

condyles for each animal of the 1 week, 2 weeks and 6 weeks groups, 

in addition to non -operated condyles, photographed at the same 

magnification using a camera mounted on the dissecting microscope. 

The condylar volume was calculated by measuring the maximum 
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diameter (D 1) and the diameter perpendicular to it (D2) . of the 

condylar surface. The formula used for calculation of the condylar 

volume was that presented by Fischer and Inke in 1956 as quoted . 

by Sharawy and Penny in 1977: 

V = 1t/6 (Dtx D2)312 

The condylar volume was expressed in mm3• 

3. Quantitative assessment of ch·ana:es ·. in the 

condylar · cartila2e: 

H&E stained histological sections (5 slides/CMJ component/ 

animal/group) of the right operated and left surgical control joints 

for each animal of the 1. week, 2 weeks and 6 weeks groups, as well 

as, non-operated control groups were evaluated using an Olympus 

microscope connected to the same system described previously 

(figure 9). 

The histomorphometric measurements included: cartilage 

surface area. expressed in mm2, thickness · of fibrous layer, thickness 

of ·reserve cell layer and thickness of hyaline cartilage layer 

expressed in 1.1 m. The measurement were taken for the anterior 

(articulating) and posterior (non-articulating) portions of the condyle, 

respectively. 

4. Semi-quantitative assessment 

intensity of histochemical 

chemical stainina:: 

of· chana:es in the 

and immunohisto-

The 35 tnm slides of known magni.fi~ation of the histological 

sections of the condyle, articular eminence and disk-bilaminar zone 

complex of the right operated, left surgical control joints of the 2 and 

6 weeks groups, ·stained , with alcian blue or immunostained with · 
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type-1, type-11 collagens, chondroitin-4-sulfate, chondroitin-6-

sulfate, keratan sulfate, hyaluronic acid and fibronectin were 

subjected to semiquantitative assessment of changes in density of 

alcian blue staining and intensity of immunostaining. 

Five independent evaluators estimated the amount of 

fluoresence of the immunostained preparations, or the density of 

alcian blue stained sections using 5 slides per stain or per 

immunostain of CMJ components per animal per group. The scale for 

evaluation was: 

0: No fluorescence 

1: Weak fluorescence 

2: Moderate fluorescence 

3: Strong fluorescence 

4: Very strong fluorescence. 

5. Statistical analysis: 

For quantitative assessment of disk displacement and condylar 

changes, statistical analysis was done using a one-way ANOV A and 

Tukey's test as a multiple comparison between the different groups 

(Daniel, 1991). P values were determined using a = 0.01. Histograms 

were drawn using the means ± SEM of each group. 

For semi-quantitative assessment of intensity of the __ immuno

histochemical and alcian blue slides, a statistical analysis was done 

using a two-way ANOV A to omit variations between evaluators and 

Tukey's test for multiple comparisons between the different groups 

(Daniel, 1991). P values were determined using a = 0.05. Histograms 

were drawn using the means ± SEM for each group. 



Plate 1 

Surgical procedure for inducing ADD in the rabbit CMJ 

Figure 1. 

Figure 2. 

Figure 3. 

,Figure 4. 

Figure 5. 

Figure 6. 

Surgical exposure of zygomatico-squamosal 
suture (arrow). 

Zygomatic process of squamosal bone was 
fractured and partially reflected posteriorly (* ). 

Al.l discal attachments were severed except for 
the posterior attachment. Disk (arrow) was ready 
for anterior repositioning. 

The free disk was sutured anteriorly (long 
arrow) to the zygomatic arch (arrow head) with 
a 4-0 silk suture (short arrow). 

Zygomatic\ proce.ss of squamozal · bone (arrow 
head) was repositioned to its original position 
using a wire 0.1 mm in diameter (arrow). 

Skin wound was closed using a 3-0 black silk 
suture (arrows). 
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. Figure 7. 

Figure 8. 

Figure 9. 

Plate 1 (continued) 

Histomorphometric technique 

Image analysis system consisted of a Zenith PC 
( arr.ow ), a digitizing table (* ), a tracer (arrow 
head) and microcomputer_ morphometry soft 
ware (two arrows). 

A television camera (arrow) facing a view box. 
(arrow head). 

A television camera (arrow) connected to an 
Olympus microscope (arrow head). 

60 



Plate 1 

(Figures 1-9) 
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D. Experimental Desi2n: 
The surgical proceure, the time and the ' method · of sacrifice, . the 

, tissue processing and data analysis including qualitative and 

quantitative assessments for each froup will ·be considered 

separately. 

1. Group 1: 

This group consisted of 5 rabbits. Each rabbit was subjected to 

surgical induction of ADD in th~.: right CMJ. The sham operated left 

CMJ served as a surgical control. All rabbits were anesthetized and 

sacrificed by perfusion of 10% buffered formalin 24 hours following 

induction of ADD as described under materials and methods· (section 

I). 

A. Tissue processing: 

Right and left joints were ex~ised en bloc, decalcified, sectioned 

sagittally, photographed, processed for paraffin embedding and 

stained with H&E as described under materials and methods (section 

II). 

B. Data analysis; 

1. Quantitative assessment of disk displacement: This 

procedure was performed on the sagittal sections joints as described 

under materials and methods (section III). The results obtained from 

the right and left joints were statistically compared to sub-groups 

IIA, IliA, IV A and VA. 

2. Qualitative histochemical evaluation: Areas indicative of 

early changes from both right and left joints were studied 
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qualitatively as described under materials and methods (section II) 

and compared to sub-groups IIA, IliA, IV A and VA. 

2. Group. II: 

This group consisted of 10 rabbits. Each rabbit was subjected to 

surgical induction of ADD in the right CMJ. each left shain operated 

CMJ served as a surgical control. All rabbits were anesthetized and 

sacrificed with 10% buffered formalin 1 week following induction of 

ADD as described under materials and methods (section 1). The 10 

animals were sub-divided into two equal sub-groups (IIA, liB). 

Sub-Group IIA; 

A. Tissue processin2: 

Tissue . processing for sub-group IIA was the same as that 

used for gro~p I. 

B. Data Analysis: 

1. Quantitative assessment of disk displacement: Similar to 

group I. The results obtained from the right and left joints were 

statistically compared to group I and sub-groups IliA, IV A ahd: VA. 

2. Q'ualitative histochemical evaluation: Joint blocks were 

processed for paraffin embedding, stained with H&E, resorcin 

fuchsin, alcian blue and modified Masson stains and studied 

qualitatively as described under materials and methods (section II). 

The results obtained from the .right and left joints were compared to 

sub-groups I, IliA, IVA and VA. 
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Sub~Group liB; 

A. Tissue processine; 

Right and left condyles, articular eminences and disk-bilaminar 

zone complexes were removed with the aid of a dissecting 

microscope and photographed with a camera mounted on this 

microscope. 

B. Data analysis; 

1. Quantitative assessment of condylar changes: This procedure 

was described under materials and methods (section III). The results 

obtained were statistically compared with sub-groups IIIB, IVB and 

VB. 

2. Qualitative histochemical evaluation: Tissue blocks were 

processed, stained and studied in a manner similar to sub-group IIA. 

The results obtained from both right and left joints· were compared 

to group I and sub-groups IIA, IliA, IV A and VA. 

3. Group III: 

This group consisted of -10 rabbits. Each rabbit was subjected to 

surgical induction of ADD in the right CMJ. The left CMJ served as a 

surgical control. All anesthetized rabbits were sacrificed with 10% 

(sub-group IliA) or 2% · (sub-group IIIB) buffered formalin 2 weeks 

following induction of ADD as described under materials and 

'methods (section I). The 10 animals were sub-divided into two equal 

sub-groups (IliA and IIIB ). 
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Sub-Group IliA; 

A. Tissue processine; 

The tissue processing for sub-group IliA was the same as that 

used for sub-group IIA. 

B. Data analysis; 

1. Quantitative assessment of disk displacement: Similar to sub

groups IIA and liB. The results obtained from the right and left 

joints were statistically compared to group I and sub-groups IIA, 

IVA and VA. 

2. Qualitative histochemical evaluation: Qualitative histo

chemical evaluation of this group was the same as that used for sub

group IIA. The results obtained were compared with group I and 

subgroups IIA, IV A and VA. 

3. Semi-quantitative assessment of changes in alcian blue 

staining: This procedure was described under materials amd methods 

(section Ill) The results obtained were compared with sub-groups 

IVA and VA.· 

Sub-Group IliB: 

A. Tissue processine; 

Right and left condyles,· articular eminences, disk-bilaminar 

zone complexes were removed . with the aid of a dissecting 

microscope and photographed. CMJ tissues e~cept for the disk

bilaminar zone complexes were decalcified. All CMJ components were 

separated sectioned sagittally into halves. 

One half of each joint containi~g a condyle, articular eminence 

and disk-bilaminar zone complex was processed for the 

histochemical localization of nerve fibers using the the silver 
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impregnation technique. Alternate se·ctions were used for 

immunohistochemical localization of type-1, type-11, type-Ill, type

VI, type-IX collagens, chondroi~in-4 and-6-sulfate, keratan sulfate, 

hyaluronic acid, link protein, fibronectin and neurofilaments were 

localized using the immunohistochemical techniques described under 
' . 

material and methods (section II). 

The other half of each CMJ was processed for paraffin 

embedding and stained with H&E, resorcin fuchsin, alcian blue and 

modified Masson as described under material and methods (section 

II) .. 

B. Data analysis; 

1. Quantitative assessment of condylar changes: Quantitative 

assessment of condylar changes for this group · was the same as that 
L 

used for sub-group II B. The results obtained frotn· the right and left 

joints were statistically compared to sub-groups liB, IVB and VB. 

2. Qualitative histochemical evaluation of nerve .fibers: 

Histochemical changes in nerve fibers were studied qualitatively 2 

weeks following induction of ADD using silver impregnation 

technique as described under materials and methods (section II). 

The results obtained were compared with sub-groups IVB and VB. 

3. Qualitative Immunohistochemical evaluation: The immuno

histochemical changes in the extracellular matrix were evaluated 

qualitatively 2 weeks following induction of ADD. The results 

obtained were compared with sub-groups IVB and VB. 

4. Semi -quantitative assessment of change in alcian blue and 
I 

immunohistochemical staining: . The semi-quantitative assessment 
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were described .under materials amd methods (section III). The 

results obtained were compared with sub-groups IVB and VB. 

Group IY: 
I 

This group consisted of 10 rabbits. Each rabbit was subjected to 

surgical induction of ADD in the right CMJ. The left CMJ served as a 

surgical control. All· rabbits were anesthetized and sacrificed with 

10% (sub-group IVA) or 2% (sub""group IVB) buffered formalin 6 

weeks following induction of ADD as described under materials and 

methods (section 1). The· 10 animals were sub-divided into two equal 

sub-groups (IV A and IVB ). 
\ 

Sub-Group IYA: 

Tissue processing and data analysis were similar to sub-group 

IliA. 

Sub-Group IYB: 

Tissue processing and data analysis were similar to sub-group 

IIIB. 

Group V (non-operated control): 

This group consisted of 10 joints from 5 additional rabbits. The 

age of this group at the time of sacrifice was the same as that for 

group IV animals. This group was used as a non-operated control 

group. The reason for including this group was to test whether or not 

the surgery on the contra-lateral joints caused histopathological 

changes that might be confused with those induced by ADD. This 

group was divided into two sub-groups of equal number of animals, 

sub-group VA and sub-group VB. 
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Sub-Group YA; 

Group VA animals were used for histochemistry only and were 

fixed with 10% buffered formalin. T.issue processing and data 

analysis were similar to sub-groups IliA and IV A .. 

Sub-Group YB; 

Group VA animals were used. for histochemistry only arid were 

fixed with 2% buffered formalin. Tissue processing and data analysis · . 

were similar to sub-groups IIIB and IVB. 
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Summary 

· Forty-five adult, male, New Zealand rabbits (Oryctolagus 

c u n i c u 1 us), weighing 5-6 pounds were used. The rabbits were 

divided into five major groups. The right CMJ of each animal was 

used as the experimental joint and the left CMJ was designated as a 

surgical control in four groups. Group V provided non-operated 

control joints. 

Groups Sacrifice Number/Gp Exp •. Manip. 

I 24 hours 5 ADD& SC 

IIA 1 week 5 ADD& SC 

liB 1 week 5 ADD& SC 

IliA 2 weeks 5 ADD& SC 

IIIB 2 weeks 5 AD])& SC 

IVA 6 weeks 5 ADD& SC 

IVB 6 weeks· 5 ADD& SC 

VA - 5 -
VB - 5 -

Total number of animals: 45 Rabbits 

Surgical induction of anterior disk displacement (ADD) 

Surgical control- (S C) 

Histochemistry (HC): This technique includes: 

Method 

DC 

DC 

DC 

DC 

IDC+HCNF 

DC 

IDC+HCNF 

HC 

IHC+HCNF 
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1. General m·orphology of cells and- extracellular matrix using H&E 

staining. 

2. Localization of- elastic fibers using· resorcin fuchsin staining. 

3. Localization of proteoglycan in general using alcian blue staining. 

4. Localization of bone matrix using modified Masson staining. 

5. Localization of· nerve fibers using silver nitrate staining. 

Histochemistry of nerve fibers (HCNF): Silver impregnation 

technique was used to detect changes in the nerve fibers following 

induction of ADD. 

Immunohistochemistry (IHC): -This technique includes: 

1. Immunohistochemical localization of type-1, type-11, type-III, 

type-VI and type-IX collagens. 

2. Immunohistochemical localization of chondroitin-4-sulfate, 

chondroitin_-6-sulfate, keratan sulfate, hyaluronic acid and link 

protein. 

3. Immunohistochemical localization of cellular fibronectin. 

4. Immunohistochemical localization of neurofilaments. 



III. Results 

A .. Gross anatomy of the 
craniomandibular joint 

control rabbit 
(CM~J): 

1. Bony and soft tissue components: 

The bony components of the control rabbit CMJs were 

composed of a condyle inferiorly, articular fossa and articular 

eminence superiorly. 

a. Condyle: The mandibular condyle was composed of a 

smooth articulating rounded portion anteriorly with accentuated 

anterior, medial and lateral ridges, and a non-articulating flat and 

elongated posterior portion. The length of the articulating portion 

was about one fifth, while the length of the po·sterior non-articulating 

portion was four-fifths of the total length of the condyle (figure 10). 

The medial aspect of the condyle was more prominent than the 

lateral aspect and contained a deep concavity for the lateral 

pterygoid muscle attachment (figure 11 ). 

In superior view, the condyle appeared as a tear-shaped 

structure. The articulating portion constituted the thick rounded 

portion, while the non-articulating portion was the narrow 

component (figure 12). 

b. Articular fossa and articular eminence; The cranial 

portion of the rabbit CMJ was composed of a V -shaped articular 

eminence which was located at the junction between the zygomatic 

process of the squamosal bone and the squamosal bone, and a small 

71 
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shallow articular fossa located posterior and medial to the articular 

eminence (figure 13). 

When the teeth were in centric occlusion, the anterior portion 

of the condyle articulated with the articular eminence (figure 14). 

From the superior view of an articulated bony joint, a space 

existed between the condyle, the zygomatic process of the squamosal 

bone and the squamosal bone. In the living animal this space was 

occupied with the masseter and lateral pterygoid muscles (figure 15). 

c. Disk-bilaminar zone complex: The articular disk was a 

fibro-cartilaginous structure. It was composed of a thick anterior 

·band, a thin translucent intermediate zone and a thick posterior 

band. The posterior attachment of the disk or the bilaminar zone was 

composed of connective tissue including some fatty tissue (Figure 

16). 

2. HistoiOKY of control rabbit CM.J: 

a. Sagittal yiew: In sagittal view, the operated control and 

the non-operated control rabbit CMJ articular disks revealed an 

anterior thick band, thin intermediate zone and thick posterior band. 

Since there was no obvious difference between the non-operated and 

the operated control joints, the term control used hereafter refers to 

either one or both of these types of control joints. 

In these control joints that were all fixed with the teeth in 

centric occlusion, the intermediate zone of the disk was located 

between the articulating portion of the condyle and the articular 

eminence. The location of the posterior attachment of the disk or the 

bilaminar zone varied depending upon the plane of section. For 

example, toward the medial aspect of the joint, the posterior-
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superior attachment of the bilaminar zone was attached to the 

squamosal bone, while more laterally, the superior attachment of the 

bilaminar zone was attached to the zygomatic process of the 
r-; 

squamosal bone, and to the connective tissue, adipose tissue and 

muscle tissue overlying the joint. 

Anteriorly, the disk was attached to the squamosal bone or its 

zygomatic process, and to the neck of the condyle through the 

anterior-superior and anterior-inferior attachments, respectively 

(figure 17). 

b. Coronal view: In a coronal view of the joint at low 

magnification, the disk was composed ·of a central zone with medial 

and lateral rims. Medially and laterally, the disk was attached to the 

condyle and to the ·zygomatic process of squamosal bone and to the 

zygomatic arch .via the medial and lateral condylo-discal ligaments 

(Figure 18). 



Plate 2 

G_ross anatomy of control rabbit CMJ 

Bony components 

Figure 10. A photograph of the lateral aspect of the control 
bony rabbit condyle illustrating anterior 
(articulating portion) (A) and posterior extension 
(non-articulating portion) (NA), mandibular 
ramus (R) and external oblique ridge (ER). X 4. 

Figure 11. A photograph of the medial aspect of the control 
bony rabbit condyle illustrating anterior 
(articulating portion) (A) and posterior extension 
(non-articulating portion) (NA), mandibular 
ramus (R) and internal oblique ridge (JR). X 4. 

Figure 12. A photograph of a superior view of the control 
bony rabbit condyle illustrating anterior 
(articulating portion) (A) and' posterior extension 
(non-articulating portion) (NA) and mandibular 
ramus (R). X 4. 

Figure 13. A ph(Jtograph of a the lateral aspect of the 
control bony cranial portion of rabbit CMJ 
illustrating zygamatic process of squamosal bone 
(ZB ), zygomatic arch (ZA), zygomatico-squamosal 
suture (ZS), squamosal bone (SB), articular fossa 
(AF), articular eminence (AE) and external 
auditory meatus of the external ear (EA). X 5. 
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Plate · 2 (col)tinued) 

Figure · 14. A photograph of a the lateral aspect of the 
control bony rabbit articulated CMJ illustrating 
zygomatic proc·ess · of squamosal bone (ZB ), 
zygomatic arch (ZA), zygomatico-squamosal 
suture (ZS), squamosal bone (SB ), articular fossa 
(AF), articulating (A) and non-articulating (NA) 
portions of the condyle. X 5. · 

Figure 15. A photograph of a superior view of the · control 
bony rabbit arttculated CMJ illustrating 
zygamatic process of squamosal .· bone (ZB ), 

· zygomatic arch (ZA), zygomatico-squamosal 
suture (arrow head), squamosal bone (SB), 
articulating (A) and non-articulating (NA) 
portions of the condyle. X 4. 

Soft tissue components 

Figure 16. A photograph of a superior view of the superior 
aspect of the control rabbit disk-bilaminar zone 
complex illustrating anterior band (AB ), 
intermediate- zone (IZ), posterior band (PB), 
condylo-discal ligament (CD) and bilaminar zone 
(BZ). Unstained tissue. X 4. 
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Plate 2 (continued) · 

Histology of control rabbit CMJ 

Figure 17. A low magnification photomicrograph of a 
sagittal section of the control .rabbit CMJ 
illustrating the differe.nt joint components. 
Articular eminence (AE), anterior band of the 
disk (AB ), intermediate zone (JZ), posterior band 
(PB), bilaminar zone ·of the disk (BZ), anterior 
attachments of the disk (AA) and the condyle 
(C). H&E staining. X 6. · 

Figure 18. A low magnification photomicrograph of a 
coronal section of the control rabbit · CMJ 
illustrating the different joint components. 
Squamosal bone (SB ), zygomatic process (Jf 
squamosal bone (ZS), ·medial· rim (arrow head), 
lateral rim (two arrow heads), intermediate zone 
(IZ), medial condylo-discal ligament (ML), · 
lateral condylo-discal _ligament ( LL) · and the 
condyle (C). J!&E staining. X 6. 
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Plate 2 

(Figures 10-18) 
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B. Gross morpholo2ical chan2es: 
1. Oualitatiye assessment of disk displacement: 

In sagittal view, the control rabbit CMJ articular disks were 

located between the articulating portion of the condyle and the 

articular eminence. The condyle consisted of a rounded , smooth 

articulating surface which extended posteriorly into a thin non

articulating surface; the latter was, covered by the posterior discal 

attachments or bilaminar zone (figure 19). 

A sagittal view of the e:x:perimental joints 24 hours following 

induction of ADD, showed the disk located anterior to both the 

condyle and the articular eminence in the closed mouth position. In 

this position, the bilaminar zone was located between the condyle 

and the articular eminence (figure 20). 

The dis~s of the experimental joints, 1, 2 and 6 weeks following 

induction of ADD, were deformed and located anterior to the condyle. 

The bilaminar zone appeared cartilaginous and was positioned 

between the condyle and articular eminence. The condyle and the 

articular eminence were deformed also (figure 21). 

2. Quantitative assessment of disk displacement: 

The distance from mid-condyle to the most posterior point of 

the disk measured in mm was 296% longer in the experimental 

groups compared to the control groups and it was statistically 

significant (P < 0.01) indicating ADD in the experimental joints. 

However, there was no statistically significant difference in <;lisk 

position between the control groups or among the experimental 

groups (figure 22). 
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_ 3. Qualitative assessment of eross morpholo&ical 

chan2es in the disk-bilaminar zo.ne complex: 

In comparison to the control disks (figure 23), the experimental 

disks, 1 week following induction of ADD, appeared deformed. The 

bilaminar zone of the experimental CMJs appeared . fibrotic (figure 

24). The bilaminar zone, 6 weeks following induction of ADD, 

appeared white and cartilaginous (figure 25). 



Plate 3 

Qualitative assessment of disk displacement 

· Figure 19. · A sagittal section of the control joint illustrating 
the different components of rabbit . CMJ. Articular 
eminence (AE), disk (D), articulating (A),· non
articulating (NA) portions of the condyle (C) and 
bilaminar zone (BZ). Unstained thick section. X 7. 

Figure 20. _ A sagittal section of the experimental joint 24 
hours following induction of ADD, printed at the 
same ·magnification as figure 19, illustrating the 
different components of the rabbit CMJ following 
indu~tion of ADD .. Articular eminence (AE), disk 
(D), articulating ·(A), non-articulating (NA) 
portions of the condyle (C) and . bilaminar zone 
(BZ). Note the position of the disk in relation to 
the co-ndyle and articular eminence following 
induction of ADD, compared to figure 19. 
Unstained thick section. X 7. 

Figure 21. A sagittal se~tion of the experimental joint 2 
weeks following induction of ADD, illustrating 
gross changes of the joint components of the 
rabbit CMJ following· induction of ADD. Articular 
eminence (AE), ·disk (D), articulating (A), non
articulating (NA) portions of the condyle (C) and 
bilaminar zone (BZ). Note the deformity of the 
disk (arrow), the articulating portion of the 
condyle (arrow head) and fibrosis of the loaded 
bilaminar zone (*) 2 weeks following induction of 
ADD, compared to figures 19 and 20. Unstained 
thick section. X 7. 
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Plate 3 

(Figures 19-21) 
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Plate 4 

Quantitative assessment of disk displacement 

Figure 22. A histogram representing the mean distance :t 
SEM from the highest point of a mid-sagittal 
condyle to the most posterior point of the disk 
measured in mm. The increase in distance was 
indicative of anterior disk displacement. * 
denotes statistically significant difference from 
the control groups (P < 0.01 ). 
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Plate 4 

(Figure 22) 
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Plate 5 

Gross morphological changes in the disk
Bilaminar zone complex 

Figure 23. A photograph of the control rabbit disk
bilaminar zone complex illustrating the shape of 
the disk (D). The disk appeared· white and 
cartilaginous · and the bilaminar zone (BZ) 
appeared fatty. Unstained tissue. X 7. 

· Figure 24. A photograph of . the experimental rabbit disk
bilaminar zone complex 1 week following 
induction of ADp, illustrating deformed disk (D). 
Note the presence of black silk (arrow) which 
was used to ligate the disk (D) anteriorly to the 
zygomatic arch. Also, note fibrosis of the 
bilaminar zone (BZ). Unstained tissue. X 7. 

Figure 25. A photograph of the e_xperimental rabbit disk
bilaminar zone complex 6 weeks following 
induction of ADD, . illustrating cartilaginous 
metaplasia of the bilaminar zone (BZ). Unstained 
tissue. X 7. 
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Plate S 

(Figures 23-26) 



C. Histom·orphometric chan~:es 

condyle followin~: induction of 
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in the 
ADD: 

The chang~es in the joints following induction of ADD, involved 

the different layers of the condyle and were both reparative and 

degenerative in nature. Histomorphometric techniques described in 

the material and methods section was used to quantify these 

changes. These changes were analyzed qualitatively as well as 

quantitatively and described below separately. 

1. Qualitative assessment of 2ross morpholo2ical 

chan2es in the condylar yolume: 

In contrast to the control condyles (figure 26), the 

experimental condyles, 1 week following induction of ADD, were 

deformed, rough and slightly enlarged, especially in the posterior 

non-articulating portion (figure 27). 

The experimental condyles, 2 weeks following induction of 

ADD, were deformed and were enlarged with medial and lateral 

erosion facets due to total loss of articular cartilage. Thickening of the 

condylar covering was seen in the non-eroded central area (figure 

28). Six weeks following induction of ADD, the condyles were 

enlarged with prominent deformities (figure 29). 

2. Quantitative assessment of 2ross morpholo2ical 

. chan2es in the condylar yolume: 

The qualitative impression of enlarged condyles following 

induction of ADD, was confirmed quantitatively. The increase in the 

mean condylar volumes measured in mm3 was 144% at 1 week, 

196% in the 2 weeks group and 427% in the 6 weeks group. There 
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were statistically significant increases in the mean condylar volumes 

between the 2 and 6 weeks groups and the rest of the groups (P < 

0.01), and between the 2 and 6 weeks groups (P < 0.01). There was 

no statistically significant difference among the control groups and 1 

week group (figure 30). 

3. Oualitatiye- assessment of histomorphometric 

chan~:es in the condylar cartila~:e: 

a. Control condyle: 

The anterior-inferior lip of the condyle which was found in 

juxtaposition to the inferior stratum of the anterior discal 

attachments, was covered by a fibrous tissue similar to the non

articulating posterior area of the condyle (approximately one third of 

the length of total condyle). The latter was covered by the inferior 

stratum of the bilaminar zone (figure 31 ). 

The articulating surface of the condyle was defined as that part 

which was covered by the disk in centric occlusion position. In 

sagittal section, this cartilage extends posteriorly to a variable extent 

into the posterior non-articulating portion of the condyle. Histological 

sections of the control rabbit CMJ s showed the position of the disk· 

between the· articulating portion of the condyle and articular 

eminence. In contrast, the inferior lamina of the bilaminar zone was 

found to attach to the non-articulating portion of the condyle (figure 

31). 

The articulating portion of the condyle was covered· by a thin 

condylar articular cartilage. This cartilage was covered by avascular 

compact fibrous tissue (figure 32). - In higher magnification, the 

articulating portion of the control condyles consisted of three major 
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layers: 

1. A fibrous layer which was composed primarily of collagen, few 

elastic fibers and numerous fibroblasts. 

2. A reserve cell layer which was composed of several rows of 

undifferentiated mesenchymal cells. 

3. A hyaline cartilage layer which was composed of young 

chondrocytes · and aged hypertrophic chondrocytes (figure 33). 

The subchondral bone contained vascular medullary canals and areas 

of the chondroid bone (figure 34 ). 

The fibrous layer and the reserve cell layer covering the non-

articulating portion of the condyl~ were thicker than the fibrous and 

the reserve cell layer covering the articulating portion, while the 

hyali~e cartilage of the non-articulating 'portion was thinner than the 

hyaline .cartilage covering the articulating portion (figures 35-38). 

Beyond the mid-point of the non-articulating portion, the 

hyaline cartilage ended . and the fibrous layer and the reserve cell 

layer were covered the condylar bone directly (figure 39). 

There was no hypertrophic cell layer in the experimental 

cartilage and since this is a feature of ostearthritic cartilage, cartilage 

will be considered to be one layer and will be referred to hereafter 

as osteoarthritic cartilage~ 

b. 1 week followin& induction of ADD: 

In contrast to the control condyles, the, experimental condyles, 

1 week following induction of ADD, were enlarged, with a very thin 

remnant of the osteoarthritic cartilage in the articulating portion, and 

thick osteoarthritic cartilage occupying the whole length of· the non

articulating portion (figure 40). 
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The articulating portion of the experimental condyles showed 

an increase in the thickness of both the fibrous layer and the reserve 

cell layer associated with a decrease in the thickness of the 

underlying the osteoarthritic cartilage. Fibrosis of the medullary 

canals of the subchondral bone was evident in all these specimens 

(figures 41, 42). 

In contrast, the non-articulating portion of condyles showed a 

decrease in the thickness of both the fibrous layer and the reserve 

cell .layer associated with an increase in the thickness of the 

underlying the osteoarthritic cartilage, and the de novo appearance 

of cartilage in the posterior one-half of the non -articulating portion 

of the condyle. The chondrocytes in the hypertrophic cartilage 

appeared small and were numerous (figures 43-45). 

c. Two weeks following induction of ADD: 

The experimental condyles were larger than those of the 

control groups (figure 46). Histologically, the articulating portion of 

the condyle showed an increase in the thickness of the osteoarthritic 

cartilage compared to the 1 week group (figures 47, 48), and a 

decrease in the thickness of both the fibrous layer and the reserve 

cell layer (figure 49). 

In contrast, the non-articulating portion of condyle showed a 

decrease in the thickness ·of the osteoarthritic cartilage seen in the 1 

week group, and an increase in the thickness of both the fibrous and 

the reserve cell layer (figures 50, 51). 

d. Six weeks following induction of ADD; 

Condyles 6 weeks following induction of ADD, were much larger 

than those of the previous groups (figure 52). Histologically, the 



90 

osteoarthritic cartilage in the articulating portion were remarkably 

thicker than the 1 or 2 weeks groups (figure 53). The fibrous layer 

and reserve cell layer were dramatically decreased in the thickness 

(figure 54). 

In contrast, the osteoarthritic cartilage of the non-articulating 

portion was much thinner than that of the 1 or 2 weeks groups, but 

thicker than the control groups (figure 55). The· fibrous and the 

reserve cell layer were obviously decreased in thickness compared to 

the 2 weeks group (figure 56). 

4. Quantitative assessment 

condylar cartila~:e: 

a. Articulatine portion: 

i. Cartilaee surface area: 

of chanees in the 

There was a 3 6% decrease in the mean of the total cartilage 

surface area at 1 week compared to the control groups. At 2 and 6 

weeks, there was an increase of 153% .and 284% respectively, in 

condylar cartilage surface area compared to the control groups, 

which were statistically significant (P < 0.01) (figure 58). 

layer Thickness: 

There were 315% and 195% increases in the mean fibrous layer 

thickness .at 1 and 2 weeks, respectively, compared to the control 

groups. However, by 6 weeks, there was a 40% decrease in the 

thickness of the fibrous layer compared to the control groups, which 

was statistically significant (P < 0.01) (figure 59). 

iii. Reserye cell layer thickness: 

There were large increases in the reserve cell layer at 1 and 2 

weeks of 649% and 412%, respectively, compared to the control 
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groups. At 6 weeks there was a 83% decrease in the thickness of the 

reserve cell layer compared to the control groups which was 

statistically significant (P< 0.01). (figure 60). 

iv. Cartila2e thickness: 

There was a 35 % decrease in the mean cartilage thickness at 1 

week compared to the control groups. At 2 and 6 weeks, there was 

an increase in cartilage thickness of 337% and 611%, respectively, 

. compared to the control groups. These changes were statistically 

significant (P < 0.01) (figure 61). 

b. Non-articulatin2 portion; 

i. Cartila2e surface area; 

There was an increase in the mean total cartilage surface area 

at 1, 2 and 6 weeks of 827%, 504% and 530%, respectively, compared 

to the control groups. These were all statistically significant (P < 0.01) 

(figure 58). 

ii. Fibrous layer. Thickness: 
~ 

There was a 69% decrease in the mean fibrous layer thickness 

at 1 week. At 2 and 6 weeks, there was an increase in the fibrous 

layer thickness of 212% and 155%, respectively, compared to the 

control groups, which were statistically significant (P < 0.01) (figure , 

59). 

iii. Reserye cell layer thickness; 

There was a 68% decrease in the reserve cell layer in the 1 

week group compared to the control .groups. At 2 and 6 weeks, there 

were 200% and 134% increases, respectively, compared to the control 

groups, which were statistically significant (P< 0.01). (figure 60). 
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iv. Cartila&e thickness; 

There was an increase in the mean cartilage thickness in the 

experimental groups at 1, 2 and 6 weeks of 433%, 277% and 294%, 

respectively, compared to the control groups. These increases were 

statistically significant (P < 0.01) (figure 61). 



Plate 6 

Gross morphological changes in the condyle 

Figure 26. Control rabbit COJJ.dyle (superior view) 
illustrating the articulating (A), and the non
articulating (NA) portions. Unstained tissue. X 7. 

Figure 27. · The experimental rabbit condyle, 1 week 
following induction of ADD, (superior view) 
printed at the same magnification as figure 26, 
illustrating articulating (A), and non-articulating 
(NA) portions. Note condylar deformity of the 
articulating portion (*) and increase of the 
medio-lateral thickness of the non-articulating 
portion (arrows) compared to figure 26. 
Unstained tissue. X 7. · 

Figure 28. The experimental rabbit condyle, 2 weeks 
following induction of ADD, (superior view) 
printed at the same magnification as figure 26 
illustrating articulating (A), and non-articulating 
(NA) portions. Note medial and lateral facets 
(arrows) due to ADD, and enlargement of the 
cartilage between the two facets (*) compared to 
figures 26 and 27. Unstained tissue. X 7. 

Figure 29. The experimental rabbit condyle, 6 weeks 
following induction of J ADD, ( sup·erior view) 
printed at the same magnification as figure 26 
illustrating articulating (A), and non-articulating 

. (NA) portions. Note the overall enlargement and 
deformity of the condyle compared to figures 26, 
27 and 28. Unstained tissue. X 7. 
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Plate 6 

(Figures 27 -29) 



Plate 7 

Changes in the condylar volume 

Figure 30. A histogram representing changes in the mean 
condylar volume means :t SEM, measured in mm3 

following induction of ADD. * denotes statistically 
significant difference from the control groups 
and 1 week groups (P < 0.01 ). 
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Plate 7 

(Figure 30) 
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Plate· 8 

Histology of t~e control condyle 

Figure·. 31. A low magnification photomicrograph of a 
sagittal · section of the control joint illustrating 
the different ·components of rabbit CMJ. Articular 
eminence (AE), ·disk (D),. bilaminar zone (BZ), 
articular cartilage (arrows), articulating portion 
of the· condyle .(A), non-articulating portion of 
the c'ondyle (NA) and the subchondral bone (SB) 
are seen. H&E staining. X 6. 

Figure 32. A photomicrograph of an articulating portion of 
the control condyle illustrating condylar cartilage 
'(C), the subchondral bone (SB). H&E staining. X 
23. 

Figure 33. A higher magnification photomicrograph of an 
articulating portion of the control condyle 
illustrating the fibrous layer (F),_ the reserve cell 
layer (R), the upper hypertrophic layer (UH). 
H&E staining. X 188. 

Figure 34. A higher magnification photomicrograph of an 
-articulating portion of the control condyle 
illustrating the lower hypertrophic laye"r (LH) 
and the subchondral bone (SB). H&E staining. X 
188. 
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Plate 8 (continued) 

Figure 35. A photomicrograph of a non-articulating portion 
of the control condyle illustrating the fibrous 
layer (F), the reserve cell layer (R), articular 
cartilage (C) and the subchondral bone (SB). Note 
end of cartilage (arrow) and continuation of 
fibrous and the reserve cell layers. H&E staining. 
X 23. 

Figure 36. A higher magnification photomicrograph of an 
anterior part of a non-articulating portion of the 
control condyle illustrating the fibrous layer (F), 
the reserve ceil layer (R), articular cartilage (C) 
and the subchondral bone (SB). H&E staining. X 
94. 

Figure 37. A . higher magnification photomicrograph of an 
anterior part of a non-articulating portion of the 

, control condyle illustrating the fibrous (F) and 
the res~rve cell layers (R). H&E staining. X 188. 

Figure 38. A higher magnification photomicrograph of an 
anterior part of a non-articulating portion of the 
control condyle illustrating the upper 
hypertrophic (UH) and the lower hypertrophic 
(LH) layers. H&E staining. X 188. 

Figure 39. A higher magnification photomicrograph of a 
posterior part of a non-articulating portion of the 
control condyle illustrating fibrous layer (F), the 
reserve cell layer (R) and subchondylar bone 
(SB ). Note the direct contact between the reserve 
cell layer and bone and absence of condylar 
cartilage. H&E staining. X 188. 
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Plate 8 

(Figures 31-39) 



Plate 9 · 

Condylar enlargement 1 week following 
induction of ADD 

Figure 40. A low magnification photomicrograph of a · 
· sagittal section of the experimental condyle, 1 
week following induction of ADD, printed at the 
same magnification as figure 31, illustrating disk 
(D), bilaminar zone (BZ), articulating portion of 
the condyle (A), non-articulating portion of the 
condyle (NA). Note the increase 'in the thickness 
of articular condylar cartilage of the non
articulating portion of the condyle (*) compared 
to ·figure 31. H&E staining. X 6. 

Figure 41. A photomicrograph of an articulating portion of 
the experimental condyle, 1 week, following 
induction of ADD, printed at the same 
magnification as figure 32, illustrating the 
osteoarthritic cartilage (OA) and the subchondral 
bone (SB ). Note fibrosis of the subchondral bone 
and severe destruction of the condylar articular 
cartilage due to overloading caused by ADD, 
compared to figure 32. H&E staining. X 23. 
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Plate 9 (continued) 

Figure 42. A higher magnification photomicrograph of an 
articulating portion of the experimental condyle, 
1 week following induction of ADD, printed at 
the same magnification as figures 33 and 34, 
illustrating fibrous layer (F), the reserve cell 
layer (R), the osteoarthritic cartilage (OA) and 
the subchondral bone (SB). Note the increase in 
the thickness of both fibrous and the reserve 
cell layers, decreased thickness of the cartilage 
layer and fibrosis of the subchondral bone 
compared to figures 33 and 34. H&E staining. X 
94. 

Figure 43. A photomicrograph of a non-articulating portion 
of the experimental condyle, 1 week following 
induction of ADD, printed at the same 
magnification as figure 35, illustrating fibrous 
layer (F), the reserve cell layer (R), the 
osteoarthritic cartilage (OA) and the subchondral 
bone (SB ). Note fibrosis of the subchondral bone 
and increase in the thickness of the condylar 
articular cartilage due to overloading caused by 
induction of ADD, compared to figure 35. H&E 
staining. X 47. 

Figure 44. A higher magnification photomicrograph of a 
non-articulating portion of the experimental 
condyle, 1 week following induction of ADD, 

·printed at the same magnification as figure 36, 
illustrating the fibrous layer (F), the reserve cell 
layer (R) and the osteoarthritic cartilage (OA). 
H&E staining. X 94. -
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Figure 45. 

Plate 9 (continued) 

A higher magnification photomicrograph of a 
. non-articulating portion of the experimental 

condyle, 1 week following induction of ADD, 
illustrating the subchondral bone (SB) and the 
osteochondrai junction (arrow head) Note 
fibrosis of the subchondral bone compared with 
figure 34. H&E staining. X 94. 

CQndylar · enlargement 2 weeks 
· following induction of ADD 

Figure 46. A low magnification photomicrograph of a 
sagittal section of the experimental condyle, 2 
weeks following induction of ADD, printed at the 
same magnification as figures 31 and 40, 
illustrating · the osteoarthritic cartilage (* ), 
articulating portion of the condyle (A), non
articulating portion of the condyle .(NA). Note the 
increase in the thickness of articular cartilage of 
the articulating portion and_ decreased thickness 
of _ articular cartilage in the non-articulating 
portion compared to figures. 31 and 40. H&E 
staining. X 6. 
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Plate 9 (continued) 

Figure 47. A photomicrograph of an -articulating portion of 
_the experimental condyle, 2 weeks following 
induction of ADD, printed at the same 
magnification as figures 32 and 41, illustrating 
the osteoarthritic cartilage_ ( OA) and the 

, subchondral bone (SB ). Note the increase in the 
thickness of ·the condylar articular cartilagl! 
compared to figures 32 and 41. H&E staining. X 
23. 

Figure_ 48. A higher magnification phoiomicro.graph of an 
articulating portion of the experimental condyle, 
2 weeks following induction of ADD,:· printed at 
the same magnification . as figures 33 and 42, 
-illustrating fibrous layer (F), the reserve cell 
layer (R) and the osteoarthritic cartilage (OA) . 

. Note complete absence of condylar cartilage in 
the area of the a_rticulating portion and which 

- was replaced with eosinophilic material (* ). H &E 
staining. X 94. 
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Plate 9 

(Figures 40-48) 
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Plate 10 

Figure 49. A higher magnification photomicrograph of an 
articulating portion of the experimental condyle, 
2 weeks following induction of ADD, printed at 
the same magnification as figures 33 and 42, 
illustrating the reserve cell layer (R) and the 
osteoarthritic cartilage (OA). Note the increase in 
the thickness of condylar cartilage in the area of 
the articulating portion and the increase in the 
cellularity. H&E staining. X 94. 

Figure 50. A photomicrograph of a non-articulating portion 
of the experimental condyle, 2 weeks following 
induction of ADD, printed at the same 
magnification as 'figures 35 and 43, illustrating 
the fibrous layer (F), the reserve cell layer (R) 
and the osteoarthritic cartilage (OA). Note 
fibrillation of condylar articular cartilage (* ). 
H&E staining. X 47. 

Figure 51. A higher magnification photomicrograph of a 
non-articulating portion of the experimental 
condyle, 2 weeks following induction of ADD, 
printed at the same magnification as figures 36 
and 44, illustrating the fibrous layer (F), the 
reserve cell layer (R) and the osteoarthritic 
cartilage (OA). H&E staining. X 94. 
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Plate 10 (continued) 

Figure 54. A higher magnification photomicrograph of an 
articulating portion of the experimental condyle, 
6 weeks following induction of ADD, printed at 
the same magnification as figures 33, 42 and 49, 
illustrating the fibrous, the reserve cell layers (F 
-+ R) and the osteoarthritic cartilage (OA). Note 
the massive increase in cartilage thickness 
associated with a massive decrease in thickness 
of both the fibr~us and the reserve cell layers 
compared to figures 33, 42 ·and 49. H&E staining. 
X 47. 

Figure 55. A photomicrograph of a non-articulating portion 
of the experimental condyle, 6 weeks following 
induction of ADD, printed at the same 
magnification as figures 35, 43 and 50, 
illustrating the fibrous layer (F), the reserve cell 
layer (R), th,e osteoarthritic cartilage (OA) and 
the subchondral bone (SB)". Note increase in the 
thickness of the condylar articular cartilage 
compared to figures 35, 43 and 50. H&E staining. 
X 23. 
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Plate 10 (continued) 

~ Figure 56. A higher magnification photomicrograph of a 
non-artic~lating portion of the experimental 
condyle, 6 weeks following induction of ADD, 
printed ar the same magnification as figures 36, 
44 and 51, illustrating the fibrous layer (F), the 
reserve cell layer (R) and the osteoarthritic 
cartilage (OA). H&E staining. X 94. 

Figure 57. A higher magnification photomicrograph of a 
non-articulating portion of the experimental 
condyle, 6 weeks following induction of ADD, 
illustrating the fibrous layer (F), the reserve cell 
layer (R). Note increase in the density of collagen 
fibers and hypercellularity. H&E staining. X 188. 
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Plate 10 

(Figures 49-57) 



Plate 11 

Changes in the condylar surface area 

Figure 58. A histogram representing changes in the mean 
articulating and non-articulating condylar 
cartilage surface area ± SEM measured in mm2

. * 
Denotes statistically significant difference from 
the control groups. (P < 0.01 ). 

Changes in the thickness of condylar 
fibrous layer 

Figure 59. A histogram representing changes in the mean of 
the articulating and non-articulating condylar 
the fibrous layer ± SEM measured in J.l m. * 
Denotes statistically significant difference from 
the control groups. (P < 0.01). 
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Plate 11 

(Figures 58-59) 
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Plate 12 

(Figures 60-61) 

CHANGES IN THE ARTICULATING AND NON
ARTICULAR CONDYLAR RESERVE CELL LAYER 
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Plate 12 

Changes in the thickness of condylar 
reserve cell layer 

Figure 60. A histogram representing changes in the mean of 
the. articulating and non-articulating condylar 
the reserve cell layer ± SEM measured in J.lm. * 
Denotes statistically significant difference from 
the control groups (P < 0.01 ). 

Changes .in the thickness of condylar 
cartilage layer 

Figure 61. A histogram repre~enting changes in the mean of 
the articulating and non-articulating condylar 
cartilage thickness ± SEM measured in J.lm. * 
Denotes statistically significant difference from 
the control groups. (P < 0.01 ). 

112 



114 

D. Histopatholo&y: 
In sagittal view, the articular · disk of the control rabbits 

consisted of an anterior band, a thin intermediate zone, which was 

located between the condyle and the articular eminence, and a thick 

posterior band. The disk was attached by v~scularized, innervated, 

connective tissue anteriorly to the articular eminence. (anterior

superior attachment), to the condyle (anterior-inferior attachment), 

and posteriorly (bilaminar zone), to the articular eminence 

(posterior-superior attachment) and to the condyle (posterior

inferior attachment, figure 62). 

In sagittal view of the experimental joints, 24 hours following 

induction of ADD, the disk was located anterior to both the condyle 

and articular eminence, while the bilaminar zone was located 

between the condyle and articular eminence (figure 63). In sagittal 

view of the experimental joints, 2 weeks following induction of ADD, 

the disk· was still located anterior to both the condyle and the 

articular eminence, while the bilaminar zone was still located 

between the condyle and the articular eminence (figure 64). The 

histopathological changes in the disk, bilaminar zone, subchondral 

bone, condylar cartilage, articular eminence and synovial membrane 

will be presented separately. 

1. Histopatholo~:ical chan~:es in the disk: 

The control disk contained chondrocyte-like cells located in 

lacunae. These cells were embedded among collagen fibers which ran 

in an antero-posterior direction (figure 65). The control disk was not 

vascularized. In contrast to the control disk, the experimental disk, 1 
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week following induction of ADD, contained blood vessels (figure 66). 

Two weeks following induction of ADD, the disks exhibited a 

hypercellularity. In addition, areas of the displaced disks showed the 

loss of the parallel distribution of collagen fibers, fatty degeneration, 

fibrosis, cystic spaces and the appearance of nodules of hyperplastic 

chondrocytes (figure 67). Six weeks following induction of ADD, the 

discal collagen appeared fibrillated and most of the chondrocytes 

were arranged in clusters (figure 68). 

2. Histopatholoa:ical chana:es in the bilaminar zone: 

The control bilaminar zone consisted of collagen fibers running 

mostly in an antero-posterior direction. Superio'r to the collagenous 

layer, the bilaminar zone consisted of fat and part of the temporalis 

muscle attachment (figure 69). In contrast to the control bilaminar 

zone, the experimental bilaminar zone 1, 2 and 6 weeks following 

induction of ADD, showed fibrosis, hyalinization and a total loss of 

adipose tissue (figure 70). 

3. Histopatholo~:ical chan~:es in the subchondral 

bone: 

The subchondral bone of the control condyle consisted of 

hypertrophic chondrocytes embedded in a calcified matrix, and 

marrow spaces lined by endothelial cells. (figure 71). In contrast to 

the control subchondral bone, the experimental subchondral bone 24 

hours following -induction of ADD, showed numerous· red blood cells 

in the marrow spaces indicative of hemorrhage (figure 72). -One week 

following induction of ADD, the subchondral bone showed fibrosis 

and complete obliteration of the marrow spaces by bone_ (figure 73). 

Two and six weeks following induction of ADD, the condyles 
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showed horizontal splitting of the subchondral bone from the 

cartilage. This phenomenon has been referred in the osteoarthritis 

literature as osteochondritis dissecans (figure 74). Subchondral bone 

of the 2 weeks condyles showed fatty degeneration and microcyst 

formation (figures 75, 76). 

The 6 weeks condyles showed marked .resorption of 

subchondral bone and the formation of r larger cysts (figure 77), and 

spaces that were filled with granulation tissue (figure 78). In some 

areas, there was a complete reduction in cartilage, and the 

sequestration of the subchondral bone which were located near the 

surface of the condyle (figure 79). The denudation of the bone 

exposed the subchondral· medullary canals to the joint cavity (figure 

80). 

4. Histopatholo2ical in the condylar 

cartila2_e: 

The control condyles were composed of five basic layers: the 

fibrous layer, the reserve cell layer, the hyaline cartilage layer, 

hypertrophic chondrocyte layer and the subchondral bone (figures 

81, 82). In contrast to the control condyle, condyles,- 1 week following 

induction of ADD, showed neovascularization of the osteoarthritic 

cartilage which was normally avascular (figure 83). Some condyles 

showed hyperplasia of the osteoarthritic cartilage (figure 84 ). 

The experimental condyles, 2 weeks following induction of 

ADD, showed fibrillation of both the fibrous and the osteoarthritic 

cartilage layers. In the same experimental condyle, some areas 

showed a reduction in the osteoarthritic, cartilage, while other areas 

showed hyperplasia of the osteoarthritic cartilage (figure 85). In 
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addition, bone matrix was · formed within the osteoarthritic · cartilage 

(figure 86). The experimental condyles from the 6 weeks group 

showed severe osteoarthritic changes such as vertical splitting of the 

cartilage and hyperplasia (figures 87, 88). In addition, a marked 

increases iri the amounts of extracellular matrix (figure 89) and cell 

clustering were observed frequently (figure 90). 

5. HistopatholoKical chan&es in the articular 

eminence; 

The articular eminence of the control joints consisted of a 

fibrous layer facing the joint space with an underlying, the reserve 

cell layer, and the chondroid bone. The latter was characterized by 

the presence of chondrocytes embedded in bone (figure 91). 

In contrast to the control groups, the experimental .articular 

eminences 1, 2 and 6 weeks following induction of ADD, showed 

hyperplasia of the osteoarthritic chondroid bone, appearance of 

cartilage de novo with cell clustering at the surface and. thinning of 

the fibrous layer (figure 92). 

6. Histopatholoeical chanees in the synovial 

membrane: 

Two weeks following induction of ADD, the synovial membrane 

became hyperplastic and almost obliterated most of the articular 

fossa (figure 93). Excessive papillomatous hyperplasia of the synovial 

membrane was seen also at the anterior-inferior recess (figures 94, 

95). At 6 weeks following induction of ADD, the hyperplastic .synovial 

cells were found to extend over the articular surface of the condyle 

(figure 96). In addition, at the 6 weeks, the hyperplastic synovial 

membrane appeared highly cellular and very vascular (figure 97). 



Plate 13 

Position of the disk in relation to the 
articular components· 

Figure 62. A sagittal section of the control joint illustrating 
the different components of the rabbit CMJ. 
Articular eminence (AE), disk (D), condyle (C), 
and bilaminar zone (BZ) are seen. H&E staining. X 
6. 

Figure 63. A sagittal section of the experimental joint 24 
hours following induction of ADD, printed at the 
same magnification as figure 62, illustrating the 
different components of the rabbit CMJ following 
induction of ADD. Articular eminence (AE), disk 
(D), condyle (C), and bilaminar zone (BZ). Note 
the position of th~ disk and the bilaminar zone in 
relation to the condyle and articular eminence 
following induction of ADD. H&E staining. X 6. 

Figure 64. A sagittal section of the experimental joint 2 
weeks following induction of ADD, printed at the 
same magnification as figures 62, 63, illustrating 
the different components of the rabbit CMJ 
following induction of ADD'. Articular eminence 
(AE), disk (D), condyle (C), and bilaminar zone 
(BZ) are seen. Note the deformity of both disk 
and condyle and the presence ofthe bilaminar 
zone between the articular surfaces. H &E 
staining. X 6. 
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Plate 13 . (continued) 

.Histopathological changes in the disk 

Figure 65. A higher magnification photomicrograph of the 
control disk ,illustrating the distribution of the 
chondrocyte-like cells in lacunae (arrow) 
surrounded by collagen fibers. Note absence of 
blood vessels. H&E staining. X 188. 

Figure 66. A higher magnification photomicrograph of the 
experimental disk,_ 1 ·week following induction of 
ADD, illustrating chondroplasia of the disk and 
the presence ofblood vessels (* ). H &E staining. X 
94. 

Figure 67. A higher magnification photomicrograph of the 
experimental disk, 2 weeks following ind.uction 

. of ADD, illustrating islands of chondroplasia (CH) 
and areas of degeneration (* ). H&E staining. X 94. 

Figure 68. A higher magnification photomicrograph of the 
experimental disk, 6 weeks following induction 
of ADD, illustrating fibrillation of the collagen 
fibers (arrow head) and chondrocyte clustering 
(arrow). H &E staining. X 94. 



Plate 13 (continued) 

Histopathological changes in the bilaminar zone 

Figure 69. A photomicrograph of the control bilaminar zone 
illustrating the inferior fibroelastic lamina of the 
bilaminar zone (**) which exist in juxtraposition 
to the condyle and the superiorly located fatty 
component (* ). H&E staining. X 23. 

Figure 70. A photomicrograph of the loaded bilaminar zone 
in the exp·erimental joint 2 weeks following 
induction of ADD, illustrating total fibroszs of the 
bilaminar zone and absence of the. fatty 
components compared to figure 69. H&E staining. 
X 23. 
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Plate 13 

(Figures 62-70) 



Plate 14 

Histopathological changes in the 
subchondral bone 

Figure 71. A higher magnification photomicrograph of the 
control subchondral bone, illustrating the lower 
hypertrophic cell layer (LH), the subchondral 
bone (SB) containing . marrow spaces (*) and the 
osteochondral junction (arrow heads). H &E 
staining. X 94 . · 

Figure 72. A higher magnification photomicrograph of the 
experimental subchondral bone, 24 hours 
following induction of ADD, illustrating 
hemorrhage of the subchondral bone (SB) 

· compared ·to figure 71. .. Osteoarthritic cartilage 
( OA) and the osteochondral junction (arrow 
heads) are seen. H&E staining. X 94. 

Figure 73. A photomicrograph of the experimental 
subchondral bone 1 week following induction of 
ADD, illustrating fibrosis of the subchondral bone 
(SB) compared to figures 71 and 72. 
Osteoarthritic cartilage (OA) and accentuation of 
the osteochondral junction (arrow heads). H &E 
staining. X 47. 

Figure 74. A photomicrograph of the experimental 
subchondral bone 6 weeks following induction of 
ADD, illustrating splitting of the osteochondral 
junction (osteochondritis dissecans, arrow heads) 
and vertical splitting· of the osteoarthritic 
cartilage (arrows). Subchondral bone (SB) and 
the osteoarthritic cartilage (OA) are shown. H&E 
staining. X 23. 
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Plate 14 (continued) 

Figure 75. A photomicrograph of the experimental 
subchondral bone 2 weeks following induction of 
ADD, illustrating fatty degeneration (*) and 
microcyst formati-on (**) of the subchondral 
bone, Note absence of the articular cartilage. 
Arrow heads are pointed to the articular. surface. 
H&E staining. X 23. 

Figure 76. A photomicrograph of the experimental 
subchondral bone 6 weeks following induction of 
ADD, illustrating fatty degeneration of the 
subchondral bone (* ). H&E staining. X 94. 

Figure 77. A photomicrograph the experimental 
subchondral bone 6 weeks following induction of 
ADD, illustrating macrocyst. formation ( MC) in the 
subchondral bone. H&E staining. X 94. / 

Figure 78. A photomicrograph of the experimental 
subchondral bone 6 weeks following induction of 
ADD. Some areas of the experimental condyle 
show a reduction in both cartilage and the 
subchondral bone (SB). H&E staining. X 23. 

Figure 79. A photomicrograph of the experimental 
subchondral bone 2 weeks following induction of 
ADD. Note the· total reduction in cartilage in this 
area of the condyle and sequestration of the 
articular surface (* ). The arrow heads indicate 
line of separation. H &E staining. X 23. 
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Plate 14 

(Figures 71-79) 



Plate 15 

Figure 80. A photomicrograph of the experimental 
subchondral bone 6 weeks following induction of 
ADD. Note the reduction in the subchondral bone 
and exposure of medullary canals .(MC) to the 
joint cavity (JC). H&E staining. X 47. 

Hi-stopathological changes in the 
condylar cartilage 

Figure 81. A photomicrograph of the control condylar 
cartilage illustrating the fibrous layer (F), the 
reserve cell layer ( R) and the upper 
hypertrophic cell layer (UH). H&E staining. X 94. 

Figure 82. A photomicrograph of the control condylar 
cartilage illustrating the lower hypertrophic cell 

· layer (LH) and the subchondral bone (SB). H&E 
staining. X 94. 

Figure 83. A photomicrograph .of the experimental condylar 
cartilage 1 week following induction of ADD. Note 
·neovascularization of normally avascular hyaline 
cartilage (arrow heads) associated with 
degeneration of chondrocytes. H&E staining. X 
94. 

Figure 84. A photomicrog~aph . of the experimental condylar 
cartilage 1 week following induction of ADD. Note 
hyperplasia oj. the osteoarthritic cartilage (OA), 
fibrosis of the subchondral bone (SB) and 
accentuation of the osteochondral junction 
(arrow heads). H&E staining. X 94. 
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Plate 15 (continued) 

Figure 85. A photomicrograph of the experimental condylar 
cartilage 2 weeks follov.Jing induction of ADD. 
Note fibrillation of the osteoarthritic cartilage 
(arrow heads) and the presence ofcartilage in 
islands (* ). Subchondral bone (SB ). H &E staining. 
X 47 . 

. Figure 86. A photomicrograph of the experimental condylar 
_cartilage 2 weeks following induction of ADD. 
Note red-stained new bone formation (*) within 
the osteoarthrztlc cartilage_. Modified Masson 
staining. X 47. 

Figure 87. A photomicrograph of the experimental condylar 
cartilage 6 weeks following induction of ADD. 
Note splitting of the osteochondral junction 
(arrow heads), hyperplasia and the presence 
ofeosinophilic material (*) within the 
osteoarthritic cartilage. H&E staining. X 23. 

Figure 88. · A photomicrograph of the experimental condylar 
cartilage 6 weeks following induction of ADD, 
demonsterating vertical splitting of·· the 
osteoarthritic cartilage (arrow heads), clustering 
of chondrocytes (arrow). Subchondral bone (SB). 
H&E staining. X 47. 
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Plate 15 

(Figures 80-88) 



Plate 16 

Figure 89. A photomicrograph of the experimental condylar 
cartilage 6 weeks following induction of ADD. 
Note increase deposition of extracellular matrix 
(*) in the osteoarthritic cartilage. H&E staining. X 
94. 

Figure 90. A photomicrograph of the experimental condylar 
cartilage 6 weeks following induction of ADD. 
Note cell clustering ,of chondrocytes (arrow heads 
surroundes one cluster). H &E staining. X 188. 

Histopathological changes in the 
articular eminence 

Figure 91. A photomicrograph of the control articular 
eminence illustrating the fibrous layer (F), the 
reserve cell layer (RC), ·the chondroid bone (CB) 
and marrow space (MS). H&E staining. X 188. 

Figure 92. A photomicrograph of the experimental articular 
eminence, 6 weeks following induction of ADD, 
illustrating the increase thickness, of the _ 
chondroid bone (CB). Note chondrocytic 
clustering near the surface (arrow head), 
thinning of the fibrous layer (F) and abnormal 
the presence of cartilage. (C). H&E staining. X 94. 
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Plate 16 (continued) 

Histopathological changes in the 
syn~vial membrane 

Figure 93. A sagittal section of the experimental joint 2 
weeks following induction of ADD, illustrating 
hyperplasia of the synovial membrane (*) which 
was obliterating the articular fossa (AF). Condyle 
(C) and articular eminence (AE) are seen. Note 
the direct contact between · the articular surfaces 
in this specimen H&E staining. X. 6~. 

Figure 94. A photomicrograph of the experimental joint 2 
weeks following induction of ADD, ill~strating 

severe papillomatous. hyperplasia of the synovial 
membrane (arrow heads) in ·the anterior inferior 
recess (* ). H &E staining. X 23. 

Figure 95.· A higher magnification photomicrograph of the 
experimental joint 2 weeks following induction 
.of ADD, illustrating an. enlarged synovial villus 
(* ). H&E staining. X 47. 
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Plate 16 (continued) 

Figure 96. A higher magnification photo.micrograph of the 
experimental joint 6 weeks following induction 
of ADD, illustrating highly vascular (arrow 
heads), hyperplastic synovial membrane (SM) 

· covering the condylar cartilage (C). H&E staining. 
X 47. 

Figure 97. A higher magnification pliotomicrograph of the 
synovial membrane of the experimental joint 6 

. weeks following induction of ADD, illustrating 
fibrosis, hypercellularity and high vascularity of 
the synovial membrane. Intima ·(J) and 
subintima (Sl) are seen. H&E staining. X 94. 

130 



Plate 16 

(Figures 89-97) 
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E. Alterations • 
ID the elastic fibers: 

In the control joints, the anterior-inferior attachment of the 

disk contained abundant elastic fibers (figures 98 and 99). In 

contrast, the anterior-superior attachment contained very few elastic 

fibers (figure 100). Similarly, the control bilaminar zone contained 

thick bundles of elastic fibers in the posterior-inferior lamina, while 

the rest of the bilaminar zone contained fewer elastic fibers (figu~e 

98). 

In contrast to the control joints, the CMJs of animals 1,2 and 6 ~ 

weeks following induction of ADD, showed significant differences in 

the relationship of the articular disk to the bony articular structures. 

As expected, the disk was located anterior to the articular eminence 

and the condyle. The bilaminar zone was positioned between the 

articular eminence and the articular surface of the condyle. The 

latter showed hyalinization with a significant reduction in the 

number of the elastic fibers. The anterior-inferior attachments 

appeared shorter than the control attachments (figure 101). 

1. Changes in the elastic fibers of the disk; 

The control disk was composed of collagen bundles and a 

network of fine elastic fibers which were distributed throughout the 

disk (figure 102). In contrast, the experimental dis~s 1, 2 and 6 

weeks following induction of ADD, showed many areas that were 

devoid of elastic fibers, while other areas contained elastic fibers 

which were often coalesced into darkly stained patches (figure 103). 

2. Changes in the elastic fibers of the bilaminar zone; 

The posterior attachment to the condyle in the control joints 



133 

contained ·thick bundles of elastic fibers running primarily in 

antero-posterior direction (figure 104). In contrast, the elastic fibers 

in the bilaminar zone for the experimental animals 1 and 2 weeks 

following~ induction of ADD, (figure 105) appeared fragmented and 

did not form thick bundles like those in the control bilaminar zone 

(figure 105). Moreover, at 6 weeks, the experimental joints showed 

a further reduction in the number of elastic fibers in the disk and the 

bilaminar zone (figure 1 06); the remaining fibers in the bilaminar 

zone were fragmented, twisted and tangled in appearance. 

3. C~anees in the elastic fibers of the condyle; 

When the mandibular· condyles and the ·articular eminences 

were examined histologically, the fibrous layer contained a network 

of fine elastic fibers running parallel to the con-dylar ·surface. These 

elastic fibers increased in number as the thickness of the fibrous 

layer increased posteriorly (figures 107, 108). In the mandibular 

condyle, the reserve cell layer and the hyaline cartilage layer did not 

appear to contain elastic fibers (figure 108). 

The fibrous covering of the experimental condyles were similar 

to the control condyles in that both contained elastic fibers, but these 

elastic fibers appeared to be thicker and to be oriented 

perpendicular to the 'articular surface (figure 1 09). In contrast to the 

control condyles (figure 108), the experimental condyles, showed 

evidence of newly formed elastic fibers among the chondrocytes in 

the osteoarthritic· cartilage (figure 110). 



Plate 17 

Changes in the elastic fibers of the 
control and experimental joints 

Figure 98. A low-power photomicrograph of a sagittal 
section of the control rabbit CMJ illustrating 
articular components and shows the general 
distribution of the darkly stained elastic fibers. 
The mandibular condyle (C), articular disk (D), 
articular eminence (AE), and bilaminar zone (BZ) 
are seen. Note the presence of numerous darkly 
stained elastic fibers in the posterior-inferior 
lamina of the bilaminar zone (arrow heads) and 
in the anterior-inferior lamina of the anterior 
attachements (arrow). Resorcin-Fuchsin staining. 

· X6. 

Figure 99. A higher magnification photomicrograph of the 
control CMJ illustrating the presence of 
numerous darkly stained elastic fibers in the 
anterior-inferior lamina of the anterior discal 
attachment to the condyle. Resorcin-Fuchsin 
staining. X 188~ 

Figure 100. A higher magnification photomicrograph of the 
control CMJ illustrating the ·presence of few 
darkly stained elastic fibers in the anterior
superior lamina of the anterior discal attachment 
to the cranium (arrow heads). Resorcin-Fuchsin 
staining. X 188. 
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Plate 17 (continued) 

Figure 101. A low-power ·photomicrograph of a sagittal 
section of the experimental CMJ 2 .weeks 
following induction of ADD. The displaced 
anterior disk (D) was located a·nterior to both the 
articular eminence (AE) and the condyle (C). Note 
the apparent decrease in the density of darkly 
stained elastic fibers in the bilaminar zone (BZ) 
(arrow heads) and the an~erior-inferior discal 
attachment (arrow). Resorcin-Fuchsin staining. X 
6. 

Changes in the elastic .fibers of the 
control and experimental disks 

Figure 102. A photomicrograph of a region of the 
experimental CMJ disk seen in Figure 98. Note 
the presence of numerous darkly stained elastic 
fibers throughout the disk. Resorcin-Fuchsin 
staining. X 188. 

Figure 103. A photomicrograph of the experimental disk, 2 
weeks following induction of ADD. Note the 

.. decrease in the number of the darkly stained 
elastic fibers (arrow). and note the abnormal 
appearance and distribution of the remaining 
elastic fibers (arrow). Resorcin-Fuchsin staining. 
X 188. 
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Plate 17 (continued) 

Changes in the elastic fibers of the 
control and experimental bilaminar zones 

Figure 104. A photomicrograph of the control bilaminar zone 
of the control CMJ ·illustrating the density of 
-darkly stained elastic fibers· in this region. 
Resorcin-Fuchsin staining~ X 188. 

Figure 105. A photomicrograph of the experimentar 
bilaminar zone, 2 weeks following induction of 
ADD. Note the decrease in the number of the 
darkly stained elastic fibers compared to Figure 
104. Resorcin-Fuchsin staining. X 94. 

Figure 106. A photomicrograph of the experimental 
bilaminar zone, 6 weeks following induction of 
ADD. Note the further decrease in the number of 
the darkly stained elastic fibers (arrow heads). 
Also, note the abnormal distributiqn of these 
fibers. Resorci.n-Fuchsin staining. X 188. 

136 



Plate 1 7 

(Figures 98-106) 



Plate 18 

Elastic fibers of the control articular 
eminence 

Figure 107. A photomicrograph of the control articular 
eminence illustrating the distribution of darkly 
stained elastic fibers in the fibrous layer (F). 
Note the absence of elastic fibers in the reserve 
cell layer (RC) and the chondroid bone (CB). 
Resorcin-Fuchsin staining. X 875. 
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Plate 18 (continued) 

Changes in the elastic fibers of the 
control and experimental condyles 

Figure 108. A photomicrograph of the control condyle 
illustrating the distribution of the darkly stained 
elastic fibers (arrows) within the fibrous layer of 
the condyle (F), and the absence of elastic ,fibers 
in the both the reserve cell layer (R) and the 
hyaline cartilage (C). Resorcin-Fuchsin staining. X 
875. 

Figure 109. A photomicrograph of the experimental condyle, 
6 weeks following induction of ADD, illustrating 
the newly developed darkly stained elastic 
fibers in the osteoarthritic carti'lage (OA) 
(arrows) beneath both the fibrous (F) and the 
reserve cell (R) layers compared to Figure 108. 
Resorcin-Fuchsin staining. X 875. 

Figure 110. A photomicrograph of the experimental condyle, 
2 weeks following induction of ADD, illustrating 
the newly developed darkly stained elastic 
fibers in the osteoarthritic cartilage (OA) 
compared to figure 108. Resorcin-Fuchsin 
staining. X 875. 
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Plate 18 

(Figures 107-110) 
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F. Alterations • ID GAGs: 
GAGs which were investigated in this study included, keratan 

sulfate (KS), chondroitin-6-sulfate (C6S), chondroitin-4-sulfate (C4S) 

and hyaluronic acid (HA). The presence of these GAGs were studied 
I 

in the condyle, disk, bilaminar zone and articular eminence of the 

control and the experimental ·joints 2 and 6 weeks following 

induction of ADD. Link protein (LP) was studied in the condyle of the 

·control and the experimental joints 2 and 6 weeks following 

induction of ADD. 

1. Condyle:· 

A. Alcian blue stainin&: 

All layers of the control condyles were stained positively with 

alcian blue, especi(lllY the calcified cartilage region (figure 111). The 

experimental condyles, 2 weeks following induction of ADD, showed a 

depletion of alcian blue positive GAGs . from the osteoarthritic 

cartilage (figure 112). 

The experimental condyles, 6 weeks following induction of 

ADD, showed that alcian blue positive GAGs reappear in excessive 

amounts which exceeded the amounts in the control condyles (figure 

. 113). A sem~-quantitative assessment of these changes showed a · 

statistically significant (P < 0.05), decline in the density of alcian blue 

staining at 2 weeks compared to the control values and a statistically 

significant (P < 0.05), increase in alcian blue density at 6 weeks 

compared to the control and 2 weeks values (figure 174). 

B. Keratan sulfate fKSl immunostainine: 

In the control condyles, KS was found in the territorial matrices 
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of the chondrocytes of all layers except the lower hypertrophic layer 

which showed minimal amounts of KS (figure 114). The experimental 

condyles, 2 weeks following induction of ADD, showed a depletion of 

KS from the osteoarthritic cartilage (figure 115). 

The experimental condyles, 6 weeks following induction· of 

ADD, showed regeneration of a moderate number of KS secreting 

chondrocytes in the osteoarthritic cartilage (figure 116). A semi

quantitative assessment of these changes showed a statistically 

significant (P < 0.05), decline in the intensity of KS immunostaining at 

2 weeks compared to the control values and a statistically significant 

(P < 0.05), increase in intensity of KS immunostaining at 6 weeks 

compared to the control and 2 weeks val.ues (figure 175). 

C. Cbondroitin-6-sulfate (C6Sl immunostainina; 

In the control condyles, C6S was found in the territorial 

matrices of the chondrocytes of the upper and the lower 

hypertrophic layers. C6S was absent in the fibrous layer and the 

reserve cell layer (figure 117). The experimental condyles, -2 weeks 

following induction of ADD, showed a depletion of C6S from the 

osteoarthritic cartilage (figure 118). 

The experimental condyles, ~ weeks following induction of 

ADD, showed regeneration of a moderate number of C6S secreting 

chondrocytes in the territorial matrices of the osteoarthritic cartilage 

(figure 119). A semi-quantitative assessment of these changes 

showed a statistically significant (P < 0.05), decline in the intensity of 

C6S immunostaining at 2 weeks compared to the control values and a 

statistically significant (P < 0.05), increase in intensity of C6S 

immunostaining at 6 weeks compared to the control and 2 weeks 
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values (figure 176). 

D. Chondroitin-4-sulfate <C4Sl immun(i'stainin1: 

In the control condyles, C4S was found in r1 the territorial 

matrices of· the chondrocytes of the upper and the lower 

hypertrophic layers but not in the fibrous layer or the reserve cell 

layer of the control condyles (figure 120). The experimental 

condyles, 2 weeks following induction of ADD, showed a partial 

depletion of C4S from the osteoarthritic cartilage (figure 121). 

The experimental condyles, 6 weeks following induction of 

ADD, showed regeneration of a large number of C4S secreting 

chondrocytes in the territorial matrices of ·the osteoarthritic cartilage 

(figure 122). A semi-quantitative assessment of these changes 

showed a statistically significant (P< (}.05), decline in the intensity of 

C4S immunostaining at 2 weeks compared to the control values and a 

statistically significant (P < 0.05), increase in intensity of C4S 

immunostaining at 6 weeks compared to the control and 2 weeks 

values (figure 177). 

E. Hyaluronic acid <HAl iminunostaining: 

In the control condyles, HA was found in the territorial 

matrices of the chondrocytes of the tipper and the lower 

hypertrophic layers but not in the· fibrous layer or reserve cell layer 

(figure 123). The experimental condyles, 2 weeks following induction 

of ADD, showed a depletion of HA from the osteoarthritic cartilage 

(figure 124). 
.... 

The experimental condyles, 6 weeks following induction of 

ADD, showed ·regeneration of a large number of HA secreting 

chondrocytes in the osteoarthritic cartilage (figure 125). A semi-
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quantitative measurement of these changes showed a statistically 

significant (P < 0.05), decline in the intensity of HA immunostaining 

at 2 weeks compared to the control values and a statistically 

significant (P < 0.05), increase in intensity of HA immunostaining at 6 

weeks compared to the control and 2 weeks values · (figure 178). 

F. Link protein <LPl immunostainine; 

In the control condyles, LP was found in the territorial matrices 

of the chondrocytes of the lower hypertrophic layer bu~ not in the 

fibrous layer, the reserve cell layer or the upper hypertrophic layer 

(figure 126). The experimental condyles, 2 weeks following induction 

of ADD,· showed a depletion of LP from the osteoarthritic cartilage 
~ 

(figure 127). 

The experimental condyles, 6 weeks following induction of 

ADD, showed a limited reappearance of LP. The newly formed LP was 

abnormally distributed in the chondrocytes inter-territorial matrices 

of the osteoarthritic cartilage (figure 128). 

2. Articular eminence: 

A. Alcian blue stainine; 

The control rabbit articular eminences were composed of a 

fibrous layer and underlying chondroid bone. Both layers stained 

positively with alcian blue. The stain was concentrated in the 

territorial matrices of the chondrocytes (figure 129). The 

experimental articular eminences, 2 weeks following induction of 

ADD, showed a depletion of alcian blue positive GAGs from the 

osteoarthritic chondroid bone (figure 130). 

The experimental articular eminences, 6 weeks following 

induction of ADD, showed that GAGs were present in the 
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hypertrophic osteoarthritic chondroid bone in excessive amounts that 

exceeded the control articular eminences (figure 131). A semi

quantitative assessment of these changes showed a statistically 

significant (P< 0.05), decline in the density of alcian blue staining at 2 

week~. compared to the control values and a statistically significant 

(P < 0.05), increase ·in density of alcian blue staining at 6 weeks 

compared to the control and 2 weeks values (figure 174). 

B. Keratan sulfate <KSl immunostainin&: 

In the control articular eminences, KS was found in the 

territorial matrices of the chondrocytes of the chondroid bone (figure 

132). The experimental articular eminences, 2 weeks following 

induction of ADD, showed a depletion of KS from the osteoarthritic 

chondroid bone (figure 133). 

The experimental articular eminences, 6 weeks following 

induction of AD.D, showed regeneration of a moderate number of KS 

secreting chondrocytes in the osteoarthritic chondroid bone (fig1:1re 

134). A semi-quantitative assessment of these changes showed a 

statistically significant (P< 0.05), decline in the intensity of KS 

immunostaining at 2 weeks compared to the control values and a 

stat~stically significant (P < 0.05), increase in intensity of KS 

immunostaining at 6 weeks compared to the control and 2 weeks 

values (figure 175). 

C. Chondroitin-6-sulfate <C6Sl immunostainin&: 

In the control articular " eminences, C6S was found in the 

territorial matrices of the chondrocytes of the chondroid bone (figure 

135). The experimenta.l articular eminences, 2 weeks following 

induction of ADD, showed a depletion of C6S from the osteoarthritic 
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chondroid bone (figure 136). 

The experimental articular eminences, 6 weeks following 

induction of ADD, showed regeneration of a moderate number of C6S 

secreting chondrocytes in the osteoarthritic chondroid bone (figure 

137). A semi-quantitative assessment of these change·s showed a 

statistically significant (P < 0.05), decline in the intensity of C6S 

immunostaining at 2 weeks compared to the control values .and a 

statistically significant (P < 0.05), increase in intensity of C6S 

immunostaining at 6 weeks compared to the 2 weeks values (figure 

176). 

D. Cbondroitin-4-sulfate <C4Sl immunostainine: 

In the control articular eminences, C4S was found in the 

territorial matrices of the chondrocytes of the chondroid bone (figure 

138). The experimental articular eminences, 2 weeks following 

induction of ADD, showed a partial depletion of C4S from the 

osteoarthritic chondroid bone (figure 139). 

The experimental ·articular eminences, 6 weeks following 

induction of ADD, showed regeneration of a large number of C4S 

secreting chondrocytes in the osteoarthritic chondroid b_one (figure 

140). A semi-quantitative assessment of these changes showed a 

statistically significant (P < 0.05), decline in the intensity of C4S 

immunostaining at 2 wee,ks compared to the control values and a 

statistically significant (P < 0.05), increase in intensity of C4S 

immunostaining at 6 weeks compared to the control and 2 weeks 

values (figure 177). 

E. Hyaluronic acid <HAl immunostainine; 

In the control articular eminences, HA was found in the 
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territorial matrices of the chondrocytes of the chondroid bone (figure 

141). The experimental articular eminences, 2 weeks following 

induction of ADD, showed a partial depletion of HA of the 

osteoarthritic chondroid bone (figure ·142). 

The experimental ··articular eminences at 6 · weeks following 

induction of ADD, showed regeneration of a large number of HA 

secreting chondrocytes in the osteoarthritic chondroid bone (figure 

143). A semi-quantitative assessment of these changes ·showed a 

statistically significant (P < 0.05), decline in the intensity of HA 

immunostaining at 2 weeks compared to the control values and a 

statistically significant (P < 0.05), increase in intensity of HA 

immunostaining at 6 weeks compared to the control and 2 weeks 

values (figure 178). 

3. Disk: 

A. Alcian blue staining: 

The control disks were composed of chondrocyte-like cells and 

collagen fibers. Alcian blue stain was concentrated in the territorial 

matrices of the chondrocyte-like cells. (figure 144). The experimental 

disks, 2 weeks following induction of ADD, showed a depletion of 

alcian blue positive GAGs from the osteoarthritic fibrocartilage 

(figure 145). 

The experimental disks, 6 weeks following induction of ADD, 

showed a reappearance of excessive amounts of GAGs that exceeded 

the control disks (figure 146). A semi-quantitative assessment of 

these changes showed a statistically significant (P < 0.05), decline in 

the density of alcian blue staining at 2 weeks compared to the 

control values and a statistically significant (P < 0.05), increase in 
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density of alcian blue staining at 6 weeks compared to the control 

and 2 weeks values (figure 174). 

B. Keratan sUifaJe <KSl immnQostainine; 

In the control disks, KS was found in the territorial matrices of 

chondrocyte-like cells and among the collagen fibers (figure 147). 

The experimental disks, 2 weeks following induction of ADD, showed 

a depletion of KS from the osteoarthritic fibrocartilage (figure 148). 

The experimental disks, 6 weeks following induction of ADD, 

showed regeneration of a moderate number of KS secreting 

chondrocyte-like cells in the osteoarthritic fibrocartilage (figure 149). 

A semi-quantitative assessment of these changes showed a 

statistically significant (P < 0.05), decline in the intensity of KS 

immunostaining at 2 weeks compared to the control values and a 

statistically significant (P < 0.05), increase in intensity of KS 

immunostaining at 6 weeks compared to the control and 2 weeks 

values (figure. 175). 

C. Chondroitin-6-sulfate <C6Sl immunostainine; 

In the control disks, C6S was found in the territorial matrices of 

chondrocyte-like cells and among the collagen fibers (figure 150). 

The experimental disks, 2 weeks following induction of ADD, showed 

a depletion of C6S from the osteoarthritic fibrocartilage (figure 151). 

The experimental disks, 6 weeks _following induction of ADD, 

showed regeneration of C6S secreting chondrocyte-like cells in the 

osteoarthritic fibrocartilage (figure 152). A semi-quantitative 

assessment of these changes showed a statistically significant (P < 

0.05), decline in the intensity of C6S immunostaining at 2 weeks 

compared to the values and a statistically significant (P < 0.05), 
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increase in intensity of C6S immunostaining at 6 weeks compared to 

the 2 weeks values (figure 176). 

D. ChoDdrojtjn-4-sulfate CC4Sl · jmmunostainina; 

In the control disks, C4S was found in ·territorial matrices of the 

chondrocyte-like cells (figure 153). The experimental disks, 2 weeks 

following induction of ADD, showed a partial depletion of C4S from 

the osteoarthritic fibrocartilage (figure 154). 

The experimental disks, 6 weeks following induction of ADD, 

showed regeneration of a large number of C4S secreting 

chondrocyte-like cells in the osteoarthritic fibrocartilage (figure 155). 

A semi-quantitative assessment of these changes showed a 

statistically significant (P < · 0.05), decline in the intensity of C4S 

immunostaining -at 2 weeks compared to the· control values and a 

statistically significant (P < 0.05), increase in intensity of C4S 

immunostaining at 6 weeks compared to the control ·and 2 w~eks 

values (figure 177). 

E. Hyaluronic acid <HAl immunostaining; 

In the control disks, HA was found in the territorial matrices of 

the chondrocyte-like cells (figure 156). The experimental disks, 2 

weeks following induction of ADD, showed a partial depletion of_ HA · 

from the osteoarthritic fibrocartilage (figure 157).· 

The experimental disks, 6 weeks following induction of ADD, 

showed regeneration of a large number of HA secreting chondrocyte~ 

like cells in the osteoarthritic fibrocartilage (figure 158). A semi

quantitative assessment of these changes · showed a · statistically 

significant (P < 0.05), decline in the intensity ·of HA immunostaining 

at 2 weeks compared to the control values and a statistically 
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significant (P < 0.05), increase in intensity of HA immunostaining at 6 

weeks compared to ·the 2 weeks values (figure 178). 

4. Bilaminar zone: 

A. Alcian blue stainine; 

The control bilaminar zones were composed of fibrous tissue 

which did not stain with alcian. blue (figure 159). The experimental 

bilaminar zones, 2 weeks following induction of ADD, showed an 

increase in the alcian blue staining 'indicative of the presence of 

newly formed GAGs associated with the hyalinization and fibrosis of 

the bilaminar zone (figure 160). 

The experimental bilaminar zones, 6 weeks following induction 

of ADD, showed a further increase in the alcian blue staining 

compared to 2 weeks groups (figure 161). A semi-quantitative 

assessment of these changes showed a statistically significant (P < 

0.05), increases in density of alcian blue staining at 2 and 6 weeks 

compared to the control values (figure 174). 

B. Keratan sulfate <KSl immunostainine; 

In the control bilaminar zones, KS was found in among the 

collagen fibers (figure 162). The experimental bilaminar zones, 2 

weeks following induction of ADD, showed an increase in the KS 

immunostaining (figure 163). 

The experimental bilaminar zones, 6 weeks following induction 

of ADD, showed a further increase in KS immunostaining compared to 

the control or to the 2 weeks groups (figure 164). A semi

quantitative assessment of these changes showed a statistically 

significant (P < 0.05), increases in intensity of KS immunostaining at 2 

and 6 weeks compared to the control values (figure 175). 
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C. Chondroitin-6-sulfate <C6Sl immunostainina:; 

In the control bilaminar zones, C6S was found among the 

collagen fibers (figure 165). The experimental bilaminar zones, 2 

weeks following induction of ADD, showed an increase in the C6S 

immunostaining (figure 166). 

The experimental bilaminar zones, 6 weeks following induction 

of ADD, showed an increase in C6S immunostaining (figure 167). A 

semi-quantitative assessment of these changes showed a statistically 

significant (P < 0.05), increases in intensity of C6S immunostaining at 

2 and 6 weeks compared to the control values (figure 176). 

D. Chondroitin-4-sulfate <C4Sl immunostainina:; 

In the control bilaminar zones, C4S was found among the 

collagen fibers (figure 168). The experimental- bilaminar zones, 2 

weeks following induction of ADD, showed · an increase in the C4S 

immunostaining (figure 169). 

The experimental bilaminar zones~ 6 weeks following induction 

of ADD, showed an excessive increases in C4S immunostaining (figure 

170). A semi-quantitative assessment of these changes showed a 

statistically significant (P < 0.05), increases ·in intensity of C4S 

immunostaining at 2 and 6 weeks compared to the control values 

(figure 177). 

E. Hyaluronic acid <HAl immunostainiDKi 

In the control bilaminar zones, HA was found among the 

· collagen fibers (figure 171). The experimental bilaminar zones 2 and 

6 weeks following induction of ADD, did not ·show any increase in .HA 

immunostaining (figures 172, 173 ). 

A semi -quantitative assessment of these changes showed no 
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statistically significant (P < 0.05), increase in· intensity of HA 

immunostaining at 2 and 6 weeks compared to the control values 

(figure 178). 



Plate 19 

Changes in the Alcian blue staining of 
the control and experimental condyles 

Figure 111. Control condyle stained with alcian blue. All 
layers of the condyle were positively stained. 
The fibrous layer (F), the reserve cell layer (R), 
the upper hypertrophic (UH), the lower 
hypertrophic. layers (LH), calcified cartilage (CC) 
and the subchondral . bone (SB) are seen. Alcian 
blue staining. X 94. · 

Figure 112. Experimental condyle, 2 weeks following 
induction of ADD, stained with alcian blue. Note 
the reduction in alcian blue positive matrix from 
all layers of fhe condyle. The fibrous layer (F), 
the reserve cell layer (R), the osteoarthritic 
cartilag~ (OA) and the subchondral bone (SB) are 
seen. Alcian blue staining. X 94. 

Figure 113. Experimental condyle, 6 weeks following 
induction of ADD, stained with alcian blue. All 
layers of the condyle were positively stained 
with alcian blue. Note that the experimental 
condyle, 6 weeks foll(Jwing induction of ADD, 
contained more alcian blue positive matrix than 
the control condyle. The fibrous layer (F), the 
reserve cell layer (R), the osteoarthritic cartilage 
(OA) and the subchondral bone (SB) are seen. 
Alcian blue staining. X 23. 
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Plate · 19 (continued) 

Changes in the KS immunostaining of 
the control and. experimental condyles 

Figure 114. Control condyle immunostained for KS. The 
fibrous layer (F), the reserve cell layer (R), The 
upper hypertrophic layer (UH) exhibited strong 
reaction for KS antibodies. Note that the lower 
hypertrophic layer (LH) was weakly reactive to 
KS antibodies. KS immunostaining. X 94~ 

Figure 115. Experimental condyle, 2 weeks following 
induction of ADD, immunostained for KS. Note 
the depletion of KS from all of the condylar 
layers. Arrow is pointing to ·a chondrocyte cell 
cluster or nest characterizing the osteoarthritic 

· cartilage. The fibrous layer (F), the reserve cell 
layer (R), the osteoarthritic cartilage (OA) are 
seen. KS immunostaining. X 94. 

Figure 116. Experimental condyle, 6 weeks following 
induction of ADD, immunostained for KS. Note 
absence of KS in the fibrous (F) and the reserve 
cell (R) layers, . while some regenerating 

. ·chondrocytes in the osteoarthritic cartilage (OA) 
were secreting KS. KS immunostaining. X 94. 
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Plafe 19 (continued) 

Changes in the C6S immunostaining of 
the control and experimental condyles 

Figure 117. Control condyle immunostained for C6S. The 
fibrous (F) and the. reserve cell layers (R) were 
not immunostained while the upper 
hypertrophic (UH) and the lower hypertrophic 
layers (Lll) were strongly reactive for C6S. C6S 
immunostaining. X 94. 

Figure 118. Experimental condyle, 2 weeks following 
induction of ADD, immunostained for C6S. (;6S 
was depleted from all of the condylar layers. The 
fibrous layer (F), the reserve cell layer (R) and 
the osteoarthritic cartilage (OA) are seen. C6S 
immunostaining. X 47. 

Figure 119. Experimental condyle, 6 weeks following 
inducti~n of ADD, immunostained for C6S. Note 
the regeneration of a moderate number of C6S 
secreting . chondrocytes in the osteoarthritic 
cartilage (OA). C6S immunostaining. X 188. 
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Plate 19 

(Figures 111-119) 



Plate 20 

Changes in the C4S immunostaining of 
the control and experimental · condyles 

Figure 120. Control condyle immunostained for C4S. The 
fibrous layer (F), the reserve cell layer (R) and 
the subchondral bone (SB) were not 
immunostained while the upper hypertrophic 
(UH) dnd the lower hypertrophic (LH) 
chondrocytes shQwed a strong reaction for C4S 
antibodies. C4S immunostaining. X 94. 

Figure 121. Experimental condyle, 2 weeks following 
induction of ADD, immunostained for C4S. Note 
the partial depletion of C4S from all layers. The 
fibrous layer (F), the reserve cell layer (R), the 
osteoarthritic cartilage (OA) and the subchondral 
bone (SB) are seen. C4S immunostain:ing. X 47. 

Figure 122. Experimental condyle, 6 weeks following 
induction of ADD, immunostained for C4S. Note 
-regeneration of a large number of C4S secreting 
chondrocytes in the osteoarthritic cartilage (OA), 
fibrous layer (F), the reserve cell layer (R) and 
the . subchondral bone (SB) are seen. C4S 
immunostaining. X 94. · 

157 



Plate 20 (continued) 

Changes in the HA immunostaining of 
the control and experimental condyles 

Figure 123. Control condyle immunostained for HA. The 
fibrous· (F), the reserve cell (R), the upper 
hypertrophic {UH) and the lower hypertrophic 
( LH) . cell layers were immunostained. 
Subchondral bone (SB) did not react with · HA 
antibodies. HA immunostaining. X 94. 

Figure 124. Experimental condyle, 2 weeks following 
induction of ADD, immunostained ·for HA. Note 
the total depletion of HA from all layers. The 
fibrous layer (F), the reserve cell layer (R), the 
osteoarthritic cartiltige (OA) are seen. HA 
immunostaining. X 94. 

Figure 125. Experimental condyle, 6 weeks following 
induction of ADD, immunostained for HA. Note 
regeneration of a large number of HA secreting 
chondrocytes in the osteoarthritic cartilage (OA) . 

. HA zmmunostaining. X 188. 
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Plate 20 (continued) 

Changes in the L·P immunostaining of 
the control and experimental condyles 

Figure 126. Control condyle immuriostained for LP. The 
upper hypertrophic (UH) layer and the 
subchondral bone (SB) did not immunostain for 
LP while the area of the lower hypertrophic 
chondrocytes ( LH) showed a strong reaction for 
LP antibodies in the territorial matrix. /LP 
iinmunostaining. X 188. 

Figure 127. Experimental condyle, 2 weeks following 
induction of ADD, immunostained for LP. Note 
the total depletion of LP from Osteoarthritic 
cartilage matrix (OA). LP immunostaining. 'X 188. 

) 

Figure 128. Experimental condyle, 6 weeks following 
induction of ADD~ immunostained for LP. Note 
the limited regeneration of LP secreting 
chondrocytes and its abnormal distribution in 
the osteoarthritic cartilage (OA). ( arows). 
compared to figure 126. LP immunostaining. X 
94. 
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Plate 20 

(Figures 120-128) 



Plate 21 

Changes in the alcian blue staining of the 
control and experlmental articular 

eminences 

Figure 129. Control articular eminence stained with alcian 
blue. Note concentratio!l of alcian blue staining in 
the territorial matrix of chondrocyte-like cells 
embedded in the chondroid bone (CB). The 
fibrous layer (F), the reserve cell layer (R) are 
seen. Alcian blue staining. X 188. 

Figure 130. Experimental articular eminence, 2 weeks 
following induction of ADD, stained with alcian 
blue. Note the reduction in alcian blue positive 
matrix from the osteoarthritic chondroid bone 
(OA). The fibrous layer (F) is seen. Alcian blue 
staining. X 94. 

Figure 131. Experimental articular eminence, 6 · weeks 
following induction of ADD, stained with alcian 
blue. Note that the experimental articular 
eminence contained more alcian blue positive 
matrix than the control articular . eminence. 
Osteoarthritic chondroid bone (OA) was strongly 
stained with alcian blue and was · also 
hyperplastic. The fibrous layer (F) is seen. Alcian 
blue staining. X 188. 
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Plate 21 (continued) 

Changes in the KS immunostaining of 
the control and experimental articular 

eminences 

Figure 132. Control articular eminence immunostained for 
KS. Note high concentration of KS in the 
chondroid bone (CB). The fibrous (F) and the 
reserve cell (R) layers are seen. KS 
immunostaining. X 94. 

Figure 133. Experimental articular eminence, 2 weeks 
. following i~duction of ADD, immunostained for 
KS. Note the depletion of KS from the 
osteoarthritic chondroid bone (OA). The fibrous 
layer (F) is seen. KS immunostaining. ·x 94. 

Figure 134. Experimental articular eminence, 6 weeks 
following induction of ADD, immunostained for 
KS. Note some regenerating chondrocytes in the 
osteoarthritic chondroid bone (OA) were 
secreting KS. The fibrous layer (F) is seen. KS 

. immunostaining. X 94. 
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Plate 2·1 (continued) 

Changes in the C6S immunostaining of 
the control and experimental articular 

eminences 

Figure 135. · Control artic~lar eminence immunostain for C6S. 
Chondroid bone (CB) was strongly reactive for 
C6S while the fibrous layer (F) and the reserve 
cell layer (R) did not immunostained. C6S 
immunostaining. X 94. 

Figure 136. Experimental articular eminence, 2 weeks 
following induction of ADD, immuno.stained ·tor 
C6S. CpS was depleted from the osteoarthritic 
chondroid bone (OA). The fibrous layer (F). is 
seen. C6S immunostaining. X 188. 

Figure 137-. Experimental articular eminence, 6 weeks 
following induction of ADD, immunostained for 
C6S. Note the regeneration of a moderate 
number of C6S secreting chondrocytes in tfte 
osteoarthritic chondroid bone (OA). The fibrous 
layer (F) is seen. C6S immunostaining. X 188. 
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Plate 21 

(Figures 129-137) 



Plate 22 

Changes in the C4S immunostaining of 
the control and experimental articular 

eminences 

Figure 138. Control articular eminence . immunostained for 
C4S. Chondroid bone showed a strong reaction 
for C4S. The fibrous (F) and the reserve cell (R) 
layers and the chondroid bone (CB) are seen. C4S 
immunostaining. X 94. 

Figure 139. Experimental articular eminence, 2 weeks 
following induction of ADD, immunostained for 
C4S. Note the partial depletion of C4S from the 
osteoarthritic chondroid bone. (OA) The ·fibrous 
layer is seen. C4S immunostaining. X 94. 

Figure 140. Experimental articular eminence, 6 weeks 
following induction of ADD, immunostained for 
C4S. ·Note regeneration of a large number of C4S 
secreting chondrocytes in the osteoarthritic 
chondroid bone (OA). The fibrous layer (F) is 
seen. C4S immunostaining. X 94. 
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Plate 22 (continued) 

Changes in the HA immunostaining of 
the control and experimental articular 

eminences 

Figure 141. Control articular eminence immunostained for 
HA. Chondroid bone showed a strong reaction 
for HA. The fibrous (F) and the reserve cell (R) 
layers and the chondroid bone (CB) are seen. HA 
immunostaining. X 188. 

Figure 142. Experimental articular eminenc~, 2 weeks 
following induction of ADD, immunostained fo·r 
HA. Note the partial depletion of HA from the 
osteoarthritic chondroid bone. (OA). The fibrous 
layer (F) is seen. HA. immunostaining. X 188. 

Figure . 143. Experimental articular eminence, 6 weeks 
following induction of ADD, immunostained for 
HA. Note regeneration of a large number of HA 
secreting chondrocytes in the osteoarthritic 
chon~roid bone (OA). The fibrous layer (F) is 
seen. HA immunostaining. X 188. 
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Plate 22 (continu.ed) 

Changes in the alcian blue' staining of 
the ·control and experimental disks 

Figure 144.· Control disk stained with alcian blue. Alcian blue 
positive staining was located in the territorial 
matrix of the chondrocyte-like cells of the disk. 
Alcian blue staining. X 188. 

Figure 145. Experimental disk, 2 weeks following induction 
of ADD, stained with alcian blue. Note the 
reduction in alcian blue positive matrix from the 
experimental disk. Alcian blue staining. X 94. 

Figure 146. Experimental di~k, 6 weeks following induction 
of ADD, stained with alcian blue. The disk . was 

· positively stained with alcian blue. Note that the 
experimental disk, 6 weeks following induction 
of ADD, contained more alcian blue stain than the 
control disk. Alcian blue staining. X 188. 
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Plate 22 

(Figures 138-146) 



Plate 23 

Changes in the KS immunostaining of 
the control and experimental disks 

Figure. 147. Control disk immunostained for KS. KS was· 
located in the territorial · matri~ of the 
chondrocyte-like cells and among collagen fibers. 
KS immunostaining. X 188. 

Figure 148. Experimental disk, 2 weeks following induction 
of ADD, immunostained for KS. Note the 
depletion of KS from the experimental disk. KS 
immunostaining. X 18~. 

Figure 149. Experimental disk, 6 weeks following induction 
of ADD, immunostained for KS. Note the 
regenerating chondrocytes secreted a moderate 
amounts of KS in the experimental disk. KS 
immunostaining. X 94. 
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Plate 23 (continued) 

Changes in the C6S immunostaining of 
the control and experimental disks 

Figure 150. Control disk immunostained for C6S. Note a large 
number of C6S secreting chondrocytes in the 
disk. C6S immunostaining. X 188. 

Figure 151. Experimental disk, 2 weeks follow.ing induction 
of ADD, immunostained for C6S.., C6S was 
depleted from the experimental disk. C6S 
immunostaining. X 94. 

Figure 152. Experimental disk, 6 weeks following induction 
of ADD, immunostained for C6S. Note the 
regeneration of a moderate number of C6S 
secreting chondrocytes in the experimental 
disks. C6S immunostaining. X 94. 
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Plate 23 (continued) 

Changes in the C4S immunostaining of 
the control and experimental disks 

Figure 153. Control disk immunostained for C4S. Note that 
the disk contained a few chondrocyte-like cells 
that secrete C4S. C4S immunostaining. X 188. 

Figure 154. Experimental disk, 2 weeks following induction 
of ADD, immunostained for C4S. Note the partial 
depletion of C4S from the experimental disk. C4S 
immunostaining. X 188. 

Figure 155. Experimental disk 6 weeks following induction 
of ·ADD, immunostained for C4S·. Note 
regeneration of a large numbers of C4S secreting 
chondrocytes. in the experimental disk. C4S 
immunostaining. X. 94. 
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Plate 2 3 

(Figures 147 -155) 



Plate 24 

Changes in the HA immunostaining of 
the control and experimental disks 

173 

Figure 156. Control disk immunostained for HA. Note that 
the disk contains numerous chondrocyte-like , 
cells that secrete HA. KS immunostaining. X 188. 

Figure 157. Experimental disk, 2 weeks following induction 
of ADD, immunostained for HA. Note the total 
depletion .of HA from the experimental disk. HA 
immunostaining. X 94. 

Figure 158. Experimental disk, 6 weeks following induction 
of· ADD, immunostained for HA. Note 
regeneration of a large numbers of HA secreting 
chondrocytes in the experimen.tal disk. HA 
immunostaining. X 188. 



Plate 24 (continued) 

Changes in the alcian blue staining of 
the control and experimental bilaminar 

zones 

Figure· 159. ·Control bilaminar zone stained with alcian blue. 
Note that the bilaminar zone did not stain with 
alcian blue. Alcian blue staining. X .47~ 

Figure 160. Experimental bilaminar zone, 2 weeks following 
induction of ADD, stained with alcian blue .. Note 
the increase {n alcian blue staining in the 
experimental bilaminar zone compared to the 
control .. Alcian blue staining. X 47. 

Figure 161. Experimental bilaminar zone, 6 weeks following 
induction of ADD, stained with alcian blue. Note 
the increase in alcian blue staining in the 
experimental bilaminar zone compared to the 
control bilaminar zon.e. Alcian blue staining. X 
94. 
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Plate 24 (continued) 

Changes in the KS immunostaining of 
the control and experimental bilaminar 

zones 

Figure 162. Control bilamina~ zone immunostained for KS. 
Note the presence ofvery little KS in the control 
bilaminar zone. KS immunostaining. X 94. 

Figure 163. Experimental bilaminar zone, 2 weeks following 
induction of ADD, immunostained for KS. Note 
progressive increase of KS immunostaining in the 
experimental bilaminar zone. KS immuno
staining. X 94. 

Figure 164. Experimental bilaminar zone, 6 weeks following 
induction of ADD, immunostained for KS. Note 

· progressive increase in KS immunostaining in· the 
experimental bilaminar zone. KS immuno
staining. X 47. 
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Plate 2 4 

(Figures 156-164) 



Plate 25 

Changes in the C6S immunostaining of 
the control and · experimental bilaminar 

zones 

Figure 165. Control bilaminar zone immunostained for C6S. 
Control bilaminar zone contained little C6S which 
was not evenly distributed. C6S immunostaining. 
X 94. 

Figure 166. Experimental bilaminar zone, . 2 weeks following. 
induction of ADD, immunostained for C6S. Note 
increase in C6S in the experimental bilaminar 
zone. C6S immunostaining. X 94. 

Figure 167. Experimental bilaminar zone, 6 weeks following 
induction of ADD, immunostained for C6S. Note 
the regeneration of a moderate number of C6S 
secreting chondrocytes in the experimental 
bilaminar zone. C6S immunostaining. X 94. 
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Plate 25 (coptinued) 

Changes in the C4S immunostaining of 
the control and experimental bilaminar · 

zones 

Fi~ure 168. Control bilaminar , zone immunostained · for C4S. 
Control bilaniinar zone contained little ·C4S. C4S 
immunostaining. X 188. 

Figure 169. Experimental bilaminar zone, 2 weeks following 
induciion of ADD, immunostained for C4S. Note 
the increase in the amounts of C4S in the 
experimental bilaminar zone. C4S immuno
stain_ing. X 94. 

Figure 170. Experimental bilaminar zone, 6 weeks following 
induction of ADD, immunostained for C4S. Note 
, the presence of a large amounts of C4S in the 
experimental bilaminar zone. C4S immuno
staining. X 188. 
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Plate 25 (continued) 

Changes in the HA immunostaining of 
the control and experimental bilaminar 

zones 

Figure 171. Control bilaminar zone immunostained for HA. 
Control bilaminar zone contained a large 
amounts of HA. HA immunostaining. X 94. 

Figure 172. Experimental bilaminar zone, 2 weeks following 
induction of ADD, immunostained for HA. There 
~as no obvious change in the intensity of 
hyaluronic acid immunostaining in the 

· experimental bilaminar zone compared to the 
control groups. HA immunostaining. X 188. 

Figure 173. Experimental bilaminar zone, 6 weeks following 
induction of ADD, immunostained for HA. There 
was no obvious change in the intensity of 
hyaluronic acid immunostaining in the 
experimental bilaminar zone compared to the 
control groups or 2 weeks group. HA 
immunostaining. X 188. 
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Plate 25 

(Figures 165-173) 



Plate -26 

Changes in the density of alcian blue 
staining following induction of ADD 

Figure 17 4. A histogram representing changes in the rabbit 
CMJ tissue 2 and 6 weeks following induction of · 
ADD, stained with alcian blue. * Denotes 
statistically significant (P < 0.05) difference from 
the control groups. 

Changes in the intensity of KS 
immunostaining following induction 

of ADD 

Figure . 175. A histogram representing changes in the rabbit 
CMJ tissues 2 and 6 ·weeks following induction of 
ADD, immunostained for KS. * Denotes 
statistically significant (P < 0.05) difference from 
the control groups. 
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lnl8nlity 

Plate 26 

(Figures 174-175) 

CHANGES IN INTENSITY OF ALCIAN 
BLUE STAINING OF RABBIT CMJ 

(MEANS ± SEM) 
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Plate 27 

Changes in the intensity of C6S 
immunostaining following induction 

·. of ADD 

Figure 176. A histogram representing changes in the rabbit 
CMJ tissues 2 and 6 weeks following induction of 
AD£?, immunostained for C6S. * Denotes 
statistically significant (P < 0.05) difference from 
the control groups. 

Changes in the · intensity of C6S 
·immunostaining following induction 

of ADD 

Figure 177. A histogram representing changes in the rabbit 
CMJ tissues 2 and 6 weeks following. induction of 
ADD, immunostained for C4S. * Denotes 
statistically significant difference (P < 0.05) from 
the control groups. 
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Plate ,27 

(Figures 176-177) 

CHANGES IN INTENSITY OF CHONDROITIN 
-6-SULFATEIMMUNOSTAINING OF RABBIT 

CMJ (MEANS ± SEM) 

5------------------------------------
4--------------------------------~--

3 

2 

0 

•co DAE 

'lwlll 

~BZ 

176 

lrDnllty 

CHANGES IN INTENSITY OF CHONDROITIN 
-4-SULFATE IMMUNOSTAINING OF RABBIT 

CMJ (MEANS ± SEM) 

5------------------------------------• • • • 



Plate 28 

Changes in the intensity of HA 
immunostaining following induction 

of ADD 

Figure 178. A histogram representing changes in the rabbit 
CMJ tissues 2 and 6 weeks following induction of 
ADD, immunostained for HA. * Denotes 
statistically significant (P < 0.05) difference from 
the control groups. 
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Plate 28 

(Figure 178) 

CHANGES IN INTENSITY OF HYALURONIC 
ACID IMMUNOSTAINING OF RABBIT CMJ 

(MEANS ± SEM) 
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G. Alterations in cellular fibronectin: 
1. Condyle: 

187 

In the control condyles, fibronectin was found in all condylar 
) 

layers. The maximum intensity was observed in the territorial 

matrices of the chondrocytes of the upper and the lower 

hypertrophic layers (figure 179). The experimental condyles, 2 

weeks following induction of ADD, showed a partial depletion of 

fibronectin from the osteoarthritic cartilage, as indicated by faint 

fluorescent lines which ·could be seen in the territorial matrices of 

the degenerated chondrocytes (figure 180). 

The experimental condyles, 6 weeks following induction of 

ADD, showed regeneration of a large number of fibronectin secreting 

chondrocytes in the. territorial matrices· of the chondrocytes of the 

osteoarthritic cartilage (figure 181). A semi-quantitative assessment 

of these changes showed a statistically significant (P < 0.05), decline 

in the intensity of fibronectin immunostaining at 2 weeks compared 

to the control values and. a statistically significant (P < 0.05), increase 

in the intensity of fibronectin immunostaining at 6 weeks compared 

to the control and 2 weeks values (figure 215). 

2. Articular eminence: 

In the control articular eminences, fibronectin was found in the 

extracellular matrix of the chondroid bone (figure 182). The 

experimental articular eminences, 2 weeks following induction of 

ADD, showed a partial depletion of fibronectin from the osteoarthritic 

chondroid bone (figure 183 ). 

The experimental articular eminences, 6 weeks following 
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induction of ADD, showed regeneration of a large number of 

fibronectin secreting chondrocytes in the terri~orial matrices of 

osteoarthritic chondroid bone (figure 184 ). A semi-quantitative 

assessment of these changes showed a statistically significant (P < 

0.05), decline in the intensity of fibronectin immunostaining at 2 

weeks compared to the control values and a statistically significant 

(P < 0.05), increase in the intensity of fibronectin immunostaining at 

6 weeks (P < 0.05) compared to the control and 2 weeks values 

(figure 215). 

3. Disk: 

In the control articular eminences, fibronectin was found in the 

territorial matrices of the chondrocyte-like cells and among 

fibroblasts (figure 185). The experimental disks, 2 weeks following 

induction of ADD, showed a deplition of fibronectin from the 

osteoarthritic fibrocartilage and only faint fluorescent lines could be 
' 

seen in the territorial matrices of chondrocyte-like ·~ells (figure 186) . 

. The experimental disks, 6 weeks following induction of ADD, 

showed regeneration of a large number of fibronectin secreting 

chondrocyte-like cells of ·the osteoarthritic fibrocartilage (figure 187). 

A semi-quantitative assessment . of these changes showed a 

statistically significant (P. < , 0.05), decline in the intensity of 

fibronectin immunostaining at 2 weeks compared to the control 

values and a statistically significant (P < 0.05), increase in the 

intensity of fibronectin immunostaining at 6 weeks compared to the 

control and 2 weeks values (figure 215). 
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4. Bilaminar zone: 

In the control bilaminar zones, fibronectin was found among 

the collagen fibers (figure 188). The experimental bilaminar zones, 2 

weeks following induction of ADD, showed an increase in the 

fibronectin immunostaining (figure 189). 

The experimental bilaminar zones, 6 weeks following induction 

of ADD, showed an increase in fibronectin immunostaining (figure 

190). A . semi-quantitative assessment of these ·changes showed a 

statistically significant (P < 0.05), increase in the intensity of 

fibronectin immunostaining at 2 and 6 weeks compared to the 

control values (figure 215). 



Plate 29 

Changes in the . FN immunostaining of 
the control and· experimental condyles 

Figure 179. Control condyle immunostained for fibronectin. 
The upper hypertrophic (UH) and the lower 
hypertrophic (LH) cell layers showed a strong 
reaction to fibronectin antibodies in the 
territorial matrix. FN immunostaining. X 188. 

Figure 180. Experimental condyle, 2 weeks following 
induction of ADD, immunostained for fibronectin. 
Note the partial depletion of fibronectin from the 
osteoarthritic cartilage· (OA). FN immunostatning. 
X 188. 

Figure ·181. Experimental condyle, 6 weeks following 
induction of ADD, immunostained for fibronectin. 
Note the regeneration of a large number of 
fibronectin secreting chondrocytes in the 
osteoarthritic cartilage (OA). FN immunostaining. 
X 188. 
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Plate 29 (continued) 

Changes in the FN immunostaining of 
the control and experimental articular 

eminences 

Figure 182. Control articular -eminence immunostained for 
fibronectin. Reserve cell layer (R) and the 
chondroid bone (CB) were strongly reactive for 
fibronectin antibodies, while the fibrous layer (F) 
showed no immunostain. FN immunostaining. X 
94 

Figure 183. Experimental. articular e_minence, 2 weeks 
following induction of ADD, immunostained for 
fibronecti"f!.. Fibronectin was depl.eted from the 
osteoarthritic chondroid bone (OA). The fibrous 
layer (F) is seen. FN immunostaining. X 188. 

Figure 184. Experimental articular eminence, 6 weeks 
following induction of ADD, immunostained for 
fibronectin. Note the regeneration of a large 
number of fibronectin secreting chondrocytes in 
the osteoarthritic chondroid bone (OA). The 
fibrous layer (F) is seen. FN immunostaining. X 
188. 
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Plate 29 (continued) 

Changes in the FN immunostaining of 
control and experimental disks 

Figure 185. Control disk immunostained for fibronectin. Note 
the presence of fibronectin 

1

in territorial and 
interterritorial matrices. FN immunostaining. X 
188. 

Figure 186. Experimental disk, 2 weeks following induction 
of ADD, immunostained for Fibronectin. Note the 
redu_ction in fibronectin from the experimental 
disk. FN immunostainilig. X 188. ' 

Figure 187. Experimental. disk 6 weeks following induction 
of ADD, immunostained for fibronectin. Note the 
presence of a large amounts of fibronectin i~ the 
experimental disk. FN immunostaining. X 188. 
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Plate 29 

(Figures 179-187) 



H. Alterations· 
colla2ens: 

1. Co.ndyle: 

• In type-1 

A. Type-1 colla&en immunostainin&: 

194 

and type-11 

In the control condyles, type-1 collagen was found in the 

extracellular matrix of the fibrous layer, the reserve cell layer and 

the subchondral bone. The extracellular matrix of the upper and the 

lower hypertrophic layers of the control condyles did not stain for 

type-1 collagen (figure 191). The experimental condyles, 2 weeks 

following induction- of ADD, showed the abnormal presence of type-I 

collagen in the osteoarthritic cartilage (figure 192). 

The experimental condyles, 6 weeks following induction of 

A·DD, showed the absence of type-1 collagen in the osteoarthritic 

cartilage, while the fibrous layer was strongly reactive to type-1 

collagen antibodies (figure 193). A semi-quantitative assessment of 

these changes showed a statistically significant (P < 0.05), decrease at 

2 weeks and increase at 6 fweeks in the intensity of type-1 collagen 

imunostaining in the fibrous layer compared to the control values 
) 

and a statistically significant (P < 0.05), increase in the intensity of 

type-I collagen imunostaining. in the osteoarthritic cartilage at 2 

weeks compared to the control and 6 weeks values (figure 216). 

B. Type-11 colla&en immunostainin&; 

In the control condyles, type-11 collagen was found in the 

territorial matrices of the chondrocytes of the upper and the lower 

hypertrophic layers. However, type-11 collagen was absent from both 

the fibrous layer and the reserve cell layer (figure 194 ). The 
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experimental condyles, 2 weeks following induction of ADD, showed a 

reduction in type-11 collagen of the osteoarthritic cartil~ge· except for 

a thin layer close to the subchondral bone (figure 195). 

The experimental condyles, 6 weeks following induction of 

ADD, showed regeneration of a moderate number of type-11 collagen 

secreting chondrocytes in the osteoarthritic cartilage (figure 196). A 

semi-quantitative assessment of these changes showed no 

statistically· significant difference in the intensity of type-II 

immunostaining in the fibrous layer all groups and a statistically 

significant (P < 0.05), decline at 2 and 6 weeks in the intensity of 

type-11 immunostaining in the osteoarthritic cartilage compared to 

the control values (figure 216). 

2 .. Articular eminence:· 

A. Type-1 collagen immunostaining; 

In the control articular eminences, type-1 collagen was found in 

fibrous layer, while the chondroid bone did not immunostain for 

type-1 collagen (figure 197). The experimental articular eminences, 2 

weeks following induction of ADD, showed the presence of type-1 

collagen in both the fibrous layer and the osteoarthritic chondroid 

bone (figure 198). 

The experimental articular eminences, 6 weeks following 

induction of ADD, showed the absence of type-1 collagen in the 

osteoarthritic chondroid bone (figure 199). A semi-.quantitative 

assessment of these changes showed a statistically significant decline 

in the intensity of type-1 immunostaining in the fibrous layer at 2 

weeks compared to the control values and a statistically significant 

(P < 0.05), increase in the intensity of type-1 immunostaining at 2 
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weeks compared to the control and 6 weeks values (figure 217). 

B. Type-11 collaeen immunostainine; 

In the control articular eminences, type-II collagen was found 

in the territorial matrices of the chondrocyte& .of the chondroid bone, 

but it was absent in the fibrous layer (figure 200). The experimental 

articular eminences, 2 weeks following induction of ADD, showed a 

reduction in type-II collagen of the osteoarthritic chondroid bone 

(figure 201). 

The experimental articular eminences, 6 weeks · following 

induction of ADD, showed regeneration of a large number of type-II 

collagen secreting chondrocyte& . in the osteoarthritic chondroid bone 

(figure 202). . A semi-quantitative assessment . of these changes 

showed a statistically significant (P < 0.05), increase ·in the intensity 

of type-:JI collagen immunostaining in the fibrous layer . at 2 and 6 

weeks compared to the control values and a statistically significant 

(P< 0.05), decline at 2 weeks and increas.e at 6 weeks in the intensity 

of type-II. collagen immunostaining in the osteoarthritic chondroid 

bone compared to the control values (figure 217). 

3. Disk; 

A. Type-1 collaeen immunostainine; 

In the control disks, type-I collagen was found in the territorial 

matrices of the chondrocyte-like cells and among fibroblasts (figure 

203). The experimental disks, 2 weeks following induction of ADD, 

showed a marked reduction in type-1 collagen of the osteoarthritic 

fibrocartilage (figure 204 ). 

The experimental disks, 6 weeks following induction of ADD, 

showed regeneration of a moderate · number of type-I collagen 



197 

secreting chondrocyte-like cells of the osteoarthritic fibrocartilage 

(figure 205). A semi-quantitative assessment of these changes 

showed a statistically significant (P < 0.05), decline in the intensity of 

type-I collagen immunostaining at 2 and 6 weeks compared to the 

control values (figure 218). 

B. Type-11 colla&en immunostainin&; 

In the control disks, type-II collagen was found in the 

territorial matrices of chondrocyte-like cells (figure 206). The 

experimental disks, 2 weeks following induction of ADD, showed a 

reduction in type-II collagen of the osteoarthritic fibrocartilage 

(figure 207). 

The experimental disks, 6 weeks following induction of ADD, 

showed a moderate regeneration of type-11 collagen secreting 

chondrocytes in the osteoarthritic fibrocartilage (figure 208). A semi

quantitative assessment of these cJtanges showed a statistically 

significant (P < 0.05), decline in the intensity of type-II collagen 

immunostaining at 2 and 6 weeks compared to the control values 

(figure 218). 

4. Bilaminar zone: 

A. Type-1 colla&en immunostainin&; 

In the control bilaminar zones, type-I collagen was found · 

among the fibroblasts (figure 209). The experimenta~ bilaminar zones 

2 and 6 weeks following induction of ADD, showed decreases in type-

1 immunostaining (figures 210, 211). A semi-quantitative assessment 

of these changes showed a statistically significant (P < 0.05), decline 

in the intensity of type-1 collagen immunostaining at 2 and 6 weeks 

compared to the control values (figure 218). 
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B. Type-11 collaaen jmmunostainina; 

In the control bilaminar zones, type-II collagen was . not found 

(figure 212). The experimental bilaminar zones, 2 weeks following 

induction of ADD, showed a slight increase in type-11 immunostaining 

(figure 213). 

The experimental bilaminar zones, 6 weeks following induction 

of ADD, showed a further increase in type-II immunostaining (figure 

214). A semi-quantitative assessment ··of these changes: showed a 

statistically significant (P < 0.05), i~crease in the intensity of type-II 

collagen immunostaining at 2 and 6 weeks compared to the control 

values (figure 218). 



Plate 30 

··changes in the FN immunostaining of 
the control and experimental bilaminar 

zones 

Figure 188. Control bilaminar zone immunostained for 
fibronectin. Note that the control bilaminar zone 
contained little fibronectin. FN immunostaining. 
X 94. 

Figure 189. Experimental bilaminar zone, 2 weeks following 
induction of ADD, immunostained for fibronectin. 
Note the increase in the fibronectin of the 
experimental bilaminar zone compared to the 
control bilaminar zone. FN immunostaining. X 
188. 

Figure 190. Experimental bilaminar zone, 6 weeks following 
induction of ADD, immunostained fibronectin. 
Note the increase in the amount· of fibronectin 
immunostaining in the bilaminar ione compared 
to the control bilaminar zone. FN 
immunostaining. X 94. 

199 



Plate 30 (continued) 

Changes in the Type-1 collagen 
immunostaining of the control and 

experimental condyles 

I 

Figure 191. Control condyle immunostained for type-/ 
collagen. The fibrous layer (F), the reserve cell 
layer (R) and the subchondral bone (SB) 
exhibited strong reaction for type-/ collagen. 
Note that the upper hypertrophic (UH) and the 
lower hypertrophic (LH) layers did not react to 
type-/ collagen antibodies~ Type-/ collagen · 

··immunostaining. X 94. 

'Figure . 192. Experimental condyle, 2 weeks following 
induction of ADD, immunostained for type-/ 
collagen. Note · reaction of the osteoarthritic 
cartilage (OA) to type-/ collagen antibodies, 
while the control hyaline cartilage did not 
contained type-/ collagen. The fibrous layer (F) 
and the subchondral bone ( SB) are seen. Type-/ 
collagen immunostaining. X 188. 

Figure 193. Experimental condyle, 6 weeks following 
induction of ADD, immunostained for type-/ 

· collagen. Note absence of type-/ collagen in the 
osteoarthritic cartilage (OA), and intense type-/ 
collagen immunostaining of The fibrous layer (F). 
Subchondral bone (SB) is seen. Type-/ collagen 
immunostaining. X 94. 
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Plate 30 (continued) 

Changes in the Type-11 collagen 
immunostaining of the control and 

experimental condyles 

Figure 194. Control condyle immunostained for type-11 
collagen. The fibrous (F) and the reserve cell (R) 
layers did not react to type-// collagen 
antibodies. However, the upper hypertrophic 
(UH) and the lower hypertrophic. (LH) were 
strongly reactive for type-11 collagen. 
Subchondral bone (SB) is seen. Type-If collagen 
immunostaining. X 94. 

Figure 195. Experimental condyle, 2 weeks following 
induction of ADD, immunostained for type-II 
collagen. In contrast to the control condyles, the 
osteoarthritic (OA) cartilage. did not react with 
type-If collagen antibodies, except for a thin , 
layer of OA cartilage close to the subchondral 
bone (*) which were weakly reactive to type-If 
collagen antibodies. The fibrous layer (F) and the 
subchondral bone (SB) are seen. Type-11 collagen 
immunostaining. X 94. 

Figure 196. Experimental condyle, 6 weeks following 
induction of ADD, immunostained for type-// 
collagen. The regenerating chondrocytes in the 
osteoarthritic cartilage (OA) immunostained 
positively for type-If collagen. Type-If collagen 
was concentrated around the small regenerated 
chondrocyte memf?ranes. The degenerated 
chondrocytes were weakly reactive to type-11 
collagen antibodies. The fibrous layer (F) and the 
subchondral bone (SB) are seen., Type-// collagen 
immunostaining. X 94 ~ 

201 



Plate 30 

(Figures 188-196) 



Plate 31 

Changes in the Type-1 collagen 
imJpunostaining of the control and 

experimental articular eminences 

Fig·ure 197. Control articular eminence immunostained for 
Type-/ collagen. The fibrous layer (F) and 
Reserve cell layer (R) layer were immunostained 
for type-/ collagen while the chondroid bone 
( CB) showed no reaction for type-/ antibodies. 
Type-1 collagen immunostaining. X 94. 

Figure 198. Experimental articular eminence, 2 weeks 
following induction of ADD, immunostained for 
type-/ collagen. Note increase immunostaining of 
the osteoarthritic chondroid bone (OA) to type-:1 
collagen. The fibrous layer (F) is seen. Type-/ 
collagen immunostaining. X- 47. 

Figure 199. Experimental articular eminence, 6 weeks 
following induction of ADD, immunostained for 
type-/ collagen. Note the regenerating 
osteoarthritic chondroid bone (OA) contained 
type-/ collagen antibodies. The fibrous layer (F) 
is seen. Type-/ collagen immunostaining. X 47. 
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Plate 31 (continued) 

Changes in the Type-11 collagen 
immunostaining of the · control and 

experimental· articular eminences 

Figure 200. Control articular eminence immunostained for 
type-If collagen. Note concentration of type-If 
collagen in the territorial matrix of chondrocyte
like of the chondroid bone (CB ). While the 
fibrous layer (F) and the reserve cell layer (R) 
did not immunostain. Type-If collagen 
immunostaining. X 188. 

Figure 201. Experimental articular eminence, 2 weeks 
.following induction of AIJ.D, immunostained for 
type-If collagen. Note the reduction in type-If 

· collagen of the osteoarthritic chondroid bone 
(OA). The fibrous layer (F) is seen. Type-If 
collagen i1f!.munostaining. X 188. 

Figure 202. Experimental articular eminence, 6 weeks 
following induction of ADD, immunostained for 
type.:.JJ collagen. Note the extensive regeneration 
of the· osteoarthritic chondroid bone ( OA) which 
was strongly reactive to type-If collagen 
antibodies. Type-If collagen immunostaining. X 
188. 

204 



Plate 31 (continued) 

Changes in the Type-1 collagen 
immuno.staining of the control and 

experimental disks 

Figure 203. Control disk immunostained for type-/ collagen. 
Type-/ collagen was· located in the territorial 
matrix of the chondrocyte-like cells of the disk 
and among cells. Type-/ collagen immuno
staining. X 188. 

Figure 204. Experimental disk, 2 weeks following induction 
. of ADD, immunostained for type-/ collagen. Note 
the reduction of intensity of type-/ 
immunostaining and degeneration of the 
chondrocytes. Type-/ collagen immunostaining. X 
188. 

Figure 205. Experimental disk, 6 weeks following induction 
of ADD, immunostained for type~/ collagen. 
There was no significant increase in the intensity 
of ·immunostaining of the disk compared to 2 
w·eeks group. Type-If collagen immunostaining. 
X 188. 
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Plate 31 

(Figures 197 -205) 



Plate 32 

Changes in the Type-11 collagen 
immunostaining of the control and 

experimental disks 

Figure 206. Control' disk immunostained for type-// collagen. 
Type-// collagen was located in the territorial 
matrix of the chondrocyte-like cells and between 
type-/ collagen fibers. Type-If collagen 
immunostaining. X 188. 

Figure 207. Experimental disk, 2 weeks. following induction 
of ADD, immunostained· for type-// collagen. Note 
the reduction in type-If collagen from the 
experimental disk. Type-If collagen immuno
staining. X 188. 

Figure 208. Experimental disk, 6 weeks following induction 
of ADD, immunostained for type-// collagen. Note 
regenerating chondrocytes which secreted a 
moderate amounts of type-// collagen. Type-If 
collagen immunostaining. X 188. 
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Plate 32 

Changes in the Type-1 collagen 
immunostaining of the control and 

experimental bilaminar zones 

Figure 209. Control bilaminar zone immunostained for type-/ 
collagen. Note the presence of thick type-/ 
collagen fibers which rt~.nn in antero-po$terior 
direction. Type-/ collagen immunostaining. X 94. 

Figure 210. Experimental bilaminar zone, 2 weeks following 
induction of ADD, immunostained for type-/ 
collagen. Note the reduction in intensity of type
/ collagen immunostaining in the. loaded 
bilaminar zone compared to the control. Type-/ 
collagen immunostaining. X 94. 

Figure 211. Experimental bilaminar zone, 6 weeks following 
induction of ADD, immunostained for type-/ 
collagen. Note the further reduction in of 
intensity of type-/ collagen · immunost{lining in 
the loaded bilaminar zone compared to the 
control group. Type-/ collagen immunostaining. X 
94. 
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Plate 32 (continued) 

Changes in the Type-11 collagen 
immunostaining of the control and 

experimental bilaminar zones 

Figure 212. Control bilaminar zone immunostained for type
.// collagen. Note absence of type-11 collagen in 
the control bila:minar zone. Type-II collagen 
immunostaining. X 94. 

Figure 213. Experimental bilaminar zone, 2 weeks following 
induction of ADD, immunostained for type-II 
collagen. Note increase of Type-11 collagen 
immunostaining in the loaded bilaminar zone. 
Type-// collagen immunostaining. X 188. 

Figure 214. Experimental bilaminar zone, 6 weeks following 
induction of ADD, immunostained for type-If 
collagen. Note increase of type-If 
immunostaining of the loaded bilaminar zone. 
Type-If collagen immunostaining. X 188. 
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Plate 32 

(Figures 206-214) 



Plate 33 

Changes in the intensity of fibronectin 
immunostaining following induction of 

ADD 

Figu·re 215. A histogram representing. changes in the rabbit 
CMJ tissue$ 2 and 6 weeks following induction of 
ADD, immunostained for fibronectin. * Denotes 
statistically significant (P < 0.05) difference from 
the control groups. 

Changes . in the intensity of type-1 and 
type-11 · c.ollagens immunostaining of 
the condyles following in~uction of ADD 

Figure 216. A histogram representing changes in the rabbit 
condyles 2 and 6 weeks following induction of 
ADD, immunostained for type-/ and type-If 
collagens. * Denotes statistically significant (P < 
0.05) difference from the control groups. 
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Plate 33 

(Figures 215-216) 

CHANGES IN INTENSITY OF FIBRONECTIN 
IMMUNOSTAINING OF RABBIT CMJ 

(MEANS ± SEM) 
lniBnllty 
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Plate 34 

Changes in the intensity of type-1 and 
type-11 collagens immunostaining of 

the articular eminences following 
induction of ADD 

Figure 217. A histogram representing changes in the rabbit 
CMJ articular eminence 2 and 6 weeks following 
induction of ADD, immunostained for type-/ and 
type-If collagens. * Denotes statistically 
significant ( P < 0.05) difference from theJ control 
groups. 

Changes in the intensity of type-1 and 
.type-11 collagens immunostaining of 

the disks and bilaminar zones 
following induction of ADD 

Figure 218. A histogram representing changes in the rabbit 
CMJ disk and bilaminar zone 2 and 6 weeks 
following induction of ADD, immunostained for 
type-/ and type-If collagens. *. Denotes 
statistically significant (P < 0.05) difference from 
the control groups. 
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Plate 34 

(Figures 217-218) 

CHANGES IN INTENSITY OF TYPE-I AND TYPE-II 
COLLAGENS IMMUNOSTAINING OF RABBIT 

ARTICULAR EMINENCE (MEANS ± SEM) 
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I. Alterations in type-III. 
type-IX collaJlens: 

1. Condyle: 

type-VI 

A. Type-III collaaen immunostainina: 

215 

and 

In the control condyle, type-III collagen was found in the 

territorial martices of the chondrocytes in the fibrous layer, the 

reserve cell layer and the subchondral bone, while the upper and the 

lower hypertrophic cell layers did not react with type-III collagen 

antibodies (figure 218). The experimental condyles, 2 weeks 
. . 

following induction of ADD, did not show the presence of type-III 

collagen in the osteoarthritic cartilage (figure 219). The experimental 

condyles, 6 weeks following induction of ADD, showed a newly 

developed type-III collagen in the osteoarthritic cartilage (figure 

220). 

B. Type-vi collaaen immunostainina; 

In the control condyles, type-VI collagen was found in . the 

territorial matrices of chondrocytes in the upper and the lower 

hypertrophic layers. (figure 222). The experimental condyles, 2 

weeks following induction of ADD, showed a loss and fragmentation 

of type-VI collagen in -the osteoarthritic cartilage (figure 223). The 

experimenta~ condyles, 6 weeks following induction of ADD, showed 

regeneration of a large number of type-VI collagen secreting 

chondrocytes in the osteoarthritic cartilage (figure 224 ). 

C. Type-IX collaeen immunostainjne; 

In. the control condyles, type-IX collagen was found in the 

territorial matrices of chondrocytes in the upper and the lower 
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hypertrophic chondrocyte layers (figure 225). The experimental 

condyles, 2 weeks following induction of ADD, showed a partial 

reduction in type-IX collagen in the osteoarthritic· cartilage (figure 

226). The experimental condyles, 6 weeks following induction of 

ADD, showed regeneration of a large number of type-IX collagen 

secreting chondrocytes in the osteoarthritic cartilage (figure 227). 

2. Articular eminence: 

A. Type-Ill collaeen immunostainine: 

In the articular eminences, type-III collagen was found in the 

fibrous layer, while the chqndroid bone layer did . not immunostain 

for type-III collagen (figure 228). The experimental articular 

eminences 2 and 6 weeks following induction of A~D, showed the 

presence of type-III collagen in the fibrous and the osteoarthritic 

chondroid bone (figures 229, 230). 

B. Type-YI · collaeen immunostaining: 

In the articular eminences, type-VI collagen was found in the 

territorial matrices of chondrocytes in the chondroid bone layer. 

Little or no reactivity was found ·in .. the fibrous layer (figure 231). 

The experimental articular eminences, 2 weeks following induction of 

ADD, showed a partial reduction in type-VI collagen of the 

osteoarthritic chondroid bone (figure 232). 

The experimental articular eminences, 6 weeks following 

induction of ADD, showed regeneration of a large number of type-VI 

collagen secreting chondrocytes in the osteoarthritic chondroid bone 

(figure 233). 

C. Type-IX collaeen jmmunostainine: 

In the articular eminences, type-IX collagen was found in all 
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layers of the articular eminence (figure 234 ). The experimental 

ar~icular eminences, 2 weeks following induction of ADD; showed a 

reduction in the type-IX collagen immunostaining in the 

osteoarthritic chondroid .bone (figure 235). 

The experimental articular eminences, 6 weeks following 

induction of ADD, showed regeneration of a large number of type-IX 

collagen secreting chondrocytes in the osteoarthritic chondroid bone 

(figure 236). 

3. Disk: 

A. Type-III collaeen immunostainine; 

In the control disks, type-III collagen was found in the 

territorial, and inter-territorial matrices of chondrocyte-like cells 

(figure 237). The experimental disks, 2 weeks following induction of 

ADD, showed a decrease in type-III collagen immunostaining in the 

osteoarthritic fibrocartilage (figure 238). 

The experimental disks, 6 weeks following induction of ADD, 

showed regeneration of a large number of type-III secreting 

chondrocyte-like cells in the osteoarthritic fibrocartilage (figure 239). 

B. Type-YI colla a en immunostainine; 

In the control disks, type-VI collagen was found in the 

territorial matrices of chondrocyte-like cells of the fibrocartilage 

(figure 240). The experimental disks, 2 weeks following induction of 

ADD, showed a reduction in the amounts of type VI collagen of the 

osteoarthritic fibrocartilage (figure 241). 

The experimental disks, 6 weeks following induction of ADD, 

showed regeneration of a large number of type-VI collagen· secreting 

chondrocytes of· the osteoarthritic fibrocartilage (figure 242). 
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C. Type-IX collaeen immunostainine; 

In the control disks, type-IX collagen was found in the 

territorial matrices of the chondrocyte-like cells (figure 243 ). The 

experimental disks, 2 weeks following induction of ADD, showed a 

reduction in the amounts of type IX collagen of the osteoarthritic 

fibrocartilage (figure 244 ). 

The experimental disks, 6 weeks following in~uction of ADD, 

showed regeneration of a large number of type-IX collagen secreting 

chondrocytes in the osteoarthritic fibrocartilage (figure 245). 

4. Bilaminar zone: 

A. Type-Iii. colla2en jmmunostajnjne; 

In the control bilaminar zones, type-III collagen was found 

among type-I collagen fibers (figure 246). The experimental 

bilaminar zones 2 and 6 weeks following induction of ADD, showed 

an increase in the amounts of type-III .collagen (figures 247, 248). 

B. Tyoe-VI collaeen . . ~ 
ImmunostaiDIDii 

In control bilaminar zones, type-VI collagen was found among 

type-I collagen ·fibers (figure 249). The experimental bilaminar 

zones, 2 weeks following induction of ADD, showed a decrease in the 

amounts _of type-VI collagen (figure 250). 

The experimental bilaminar zones, 6 weeks following induction 

of ADD, showed an increase in the amounts of type-VI collagen 

(figure 251). 

C. ·Type-IX collaeen immunostainine; 

In the control bilaminar zones, type-IX collagen was found 

among type-1 collagen fibers (figure 252). The experimental 

bilaminar zones, 2 weeks following induction of ADD, showed a· 
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reduction and fragmentation of type-IX collagen (figure 253). 

The experimental bilaminar zones, 6 weeks following induction 

of ADD, showed an increase in the amounts of type-IX collagen 

(figure 254 ). 

Control slides for indirect immunofluorescent technique: 

As a control for the various immunostaining · reactions. Some 

sections of the condyle, articular eminence, disk and bilaminar zone 

were immunostained directly with the secondary antibodies omitting 

the primary antibodies. , step. There was no significant background 

observed in these sections · (figure 255). 



Plate 35 

Changes in the Type-III collagen, 
immunostaining of the control and 

experimental condyles 

Figure 219. Control condyle· immunostained for type-III 
collagen. Upper hypertrophic (UH) and the lower 
hypertrophic (LH) did not immunostain for type
III collagen. Subchondral bone (SB) is seen. 
Type-III collagen immunostaining. X 94. 

Figure 220. Experimental condyle, 2 weeks following 
induction of ADD, immunostained for type-III 
collagen. Osteoarthritic (OA) cartilage did not 
react with type-III collagen antibodies. 
Subchondral bone (SB) is seen. Type-III collagen 
immunostaining. X 188. 

Figure 221. · Experimental condyle, 6 weeks following 
induction of ADD, immunostained for type-III 
collagen showing the presence ofnewly formed 
type-III collagen in the osteoarthritic cartilage 
(OA). Type-III collagen was located in the 
territorial matrix of regenerated chondrocytes. 
Subchondral 'bone (SB) is seen Type-III collagen 
immuno~staining. X 94. 
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Plate 35 (continued) 

Changes in the Type-VI collagen 
immunostaining of the control and 

experimental condyles 

Figure 222. Control condyle immunostained for type-VI 
collagen. Upper hypertrophic (UH) and the lower 
hypertrophic (LH) were immunostained strongly 
for type- VI collagen. Type- VI collagen 
immunostaining. X 188. 

Figure 223. Experimental condyle, 2 weeks following 
induction of ADD, immunostained for type-VI 
collagen. Osteoarthritic . (OA) cartilage did not 
react with type-VI collagen antibodies. Note 
fragmentation of type-VI collagen (arrows). 
Type-VI collagen immunostaining. X 188 .. · 

·Figure 224. Experimental condyle, 6 weeks following 
induction of ADD, immunostained for type-VI 
collagen showing the presence oftype-VI 
collagen secreting chondrocytes in the 
osteoarthritic cartilage (OA). Type-VI collagen 
was located in the territorial matrix of 
regenerated chondrocytes. Type- VI collagen 
immunostaining ~ X 188. 
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Plate 35 (continued) 

Changes in the Type-IX collagen 
immunostaining of the control and· 

experimental condyles 

Figure 225. Control condyle immunostained for type-IX 
collagen. Upper hypertrophic (UH) and the lower 
hypertrophic (LH)· were immunostained strongly 
for type-IX collagen.· Type-IX collagen .immuno
staining. X 188. 

Figure 226. Experimental . c.ondyle, 2 weeks following 
. induction of ADD, immunostained for type-IX 

collagen. Note the presence offaint fluorescent 
lines in the territorial matrices of degenerated 
chondrocytes of type-IX collagen (arrows). Type
IX collagen immunostaining. X 188. 

Figure 227. Experimental condyle, 6 weeks following 
induction · of ADD, immunostained for type-IX 
collagen showing the presence oftype-IX collagen 
around secreting chondrocytes in the 
osteoarthritic cartilage (OA). Type-IX collagen 
was located in the· territorial matrix of 
regenerated chondrocytes. Type-IX collagen 
immunostaining. X 188. 
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Plate 35 

(Figures 219-227) 



Plate 36 

Changes in the Type-III collagen 
immunostaining of the control and 

experimental articular eminences 

Figure 228. Control articular eminence immunostained for 
type-III collagen. Note absence of type-III 
collagen in the chondroid bone (CB). The fibrous 
layer (F) and the reserve cell layer (R) were 
immunostained for type-III collagen. Type-III 
collagen. immunostaining. X 94. 

Figure 229. Experimental articular eminence, 2 weeks 
following induction of ADD, immunostained for 
type-III collagen. Note absence of type-III 
collagen of the osteoarthritic chondroid bone 
(OA). The fibrous layer (F) is seen. Type-III 
collagen immunostaining. X 94. 

Figure 230. Experimental articular eminence, 6 weeks 
following induction of ADD, immunostained for 
type-III collagen. Note the newly developed 
type-III collagen in the chondroid bone due to 
extensive regeneration chondrocytes in the 
osteoarthritic chondroid bone- (OA). The fibrous 
layer (F) is seen. Type-III collagen 
immun_ostaining. X 188. 
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Plate 36 (continued) 

Changes in the Type-VI collagen 
immunostaining of the control and 

experimental articular eminences 

Figure 231. Control articular eminence im1nunostained for 
type-VI collagen. Note the presence of type-VI 
collagen in the chondroid bone (CB ), while the 
fibrous (F) layer and the reserve cell layer (R) 
were unstained with type- VI collagen 
antibodies. Type-VI collagen immunostaining. X 
188. 

Figure 232. Experimental articular eminence, 2 weeks 
following induction of ADD, immunostained for 
type-VI collagen. Note the reduction in type-VI 
collagen fluorescence of the osteoarthritic 
chondroid bo"ne (OA). The fibrous layer (F) is 
seen. Type-VI collagen immunostaining. X 188. 

· Figure 233. Experimental articular eminence, 6 weeks 
following induction of ADD, immunostained for 
type-VI collagen. Note the regeneration. of type
VI collagen in the osteoarthritic chondroid bone 
(OA). The fibrous layer (F) is seen. Type-VI 
collagen immunostaining. X 188. 
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Plate 36 (continued) 

Changes in the Type-IX collagen 
immunostaining of the control and 

experimental articular eminences 

Figure 234. Control articular eminence immunostained for 
type-IX collagen. Note the presence of type-IX 
collagen in the fibrous layer (F), the reserve-· cell 
layer (R) and the chondroid bone (CB ).· Type-IX 
collagen immunostaining. X 188. 

Figure 235. Experimental articular- eminence, 2 weeks 
following induction of ADD, immunostained for 
type-IX collage:n. Note the partial reduction in 
type-IX collagen fluorescence of the 
osteoarthritic chondroid bone (OA). The fibrous 
layer (F). Type-IX collagen immunostaining. X 
94. 

Figure 236. Expe·rimental articular eminence, 6 weeks 
following induction of ADD, immunostained for 
type-IX collagen. Note the regeneration of type
IX collagen in the osteoarthritic chondroid bone 
(OA). Type-IX collagen immunostaining. X 188. 
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Plate 37 

Changes in the Type-III collagen 
immunostaining of the control and 

experimental disks 

Figure 237. Control disk immunostained for type-III 
collagen. Type-III collagen ·was located in · the 
territorial matrix of the chondrocyte-like cells 
and among the collagen fibers of the disk.· Type
III collagen immunostaining. X 188 

Figure 238. Experimental disk, 2 weeks following induction 
of ADD, immunostained for type-III collagen~ 
Note the reduction of intensity of type-III 
immuno-staining and degeneration of the 
c'hondrocytes. Type-III collagen imm·unostaining. 
X 188 

Figure 239. Experimental disk, 6 weeks following induction 
of ADD, immunostained for type-III collagen. 
There was a significant in_crease . in the intensity 
of immunostaining for type-III collagen of the 
·experimental disk. Type-III collagen immuno
staining. X 188. 
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Plate 37 (continued) 

Changes in the Type-VI collagen 
immunostainilig of the control and 

experimental disks 

Figure 240. Control disk immunostained for type- VI 
collagen. Type-VI collagen was located in the 
territorial matrix of the chondrocyte-like cells 
and among the collagen fibers of the disk. Type
VI collagen immunostaining. X 188 

Figure 241. Experimental disk, 2 weeks following induction 
of ADD, immunostained for type-VI collagen. 
Note the reduction of intensity of type-VI 
immuno-staining and degeneration of the 
chondrocytes. Type-VI collagen immunostaining. 
X 94. 

Figure 242. Experimental disk, 6 · weeks following induction 
of ADD, immunostain~d for type-VI collagen. · 
·There was a significant increase in the . intensity 
of immunostqining for type-VI collagen of the 
disk. Type-VI collagen immunostaining. X 188. 
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Plate 37 (continued) 

Changes in the Type-IX collagen 
immunostaining of __ the control and 

experimental disks 

Figure 243. Control disk immunostained for type-IX collagen. 
Type-IX collagen was located in the territorial 
matrix of the chondrocyte-like cells and among 
the collagen fibers of the disk. Type"""IX collagen 
immunostaining. X 188. 

Figure 244. Experimental disk, 2 weeks following induction 
of ADD, immunostained for type-IX collagen. 
Note the reduction of intensity of type-IX 
immunostaining and degeneration of the 
chondrocytes. Type-IX collagen immunostaining. 
X 94. 

Figure 245. Experimental disk, 6 weeks following induction 
of ADD, immunostained for type-IX collagen. 
There was a significant increase in the intensity 
of immunostaining for type-IX collagen of the 
disk. Type-IX collagen immunostaining. X 188 
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Plate 3 7 

(Figures 237 -245) 



Plate 38 . 

Changes in the Type-lll collagen . 
immunostaining of the control and 

experimental ·bilaminar zones 

Figure 246. Control bilaminar zone immunostained for type
III ·collagen. Type-III collagen was located in the 
adventia of ·the blood vessels (arrows) and 
among the collagen fibers. Type-III collagen 
immunostaining. X 47. 

Figure 24 7. Experimental bilaminar zone, 2 weeks following 
induction of ADD, immunostained for type-III 
collagen. Note increase intensity ~f type-III 
collagen in the experimental bilaminar zone. 
Type-III collagen immunostaining. X 188. 

Figure 248. Experimental bilaminar zone, 6 weeks following 
induction of ADD, · immunostained for type-III 
collagen. There was a significant increase in the 
intensity of immunostaining for type-III 
collagen of the experimental bilaminar zone. 

· Type-III collagen immunostaining. X 47. 
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Plate· 38 (continued) 

Changes in the Type-VI collagen 
immunostaining of the control and 

experimental bilaminar zones 

Figure . 249. Control bilaminar zone immunostained for type
VI collagen. Type-VI collagen was located among 
the thick collagen· fibers (arrows). Type-VI 
collagen immunostaining. X 188. 

Figure 250. Experimental bilaminar zone, 2 weeks following 
induction of ADD, immunostained for type-VI 
collagen. Note decreased intensity of type-VI 
collagen in the experimental bilami.nf!.r zone. 
Type-VI collagen immunostaining. X 94 .. 

Figure 251. Experimental bilaminar zone, 6 weeks following 
induction of ADD, immunostaine~ for type-VI 
collagen. There was a significant increase in the 
intensity of immunostaining for type-VI collagen 
of the experimental bilaminar zone. Type-VI 
collagen immunostaining. X 188 
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Plate 38 (continued) 

Changes in the Type-IX collagen 
immunostaining of the control and 

experimental bilaminar zones 

Figure 252. Control bilaminar zone im·munostained for type
IX collagen. Type-IX collagen was located among 
t.he thick collagen fibers (arrows). Type-IX 
collagen immunostaining. X 188 

Figure 253. Experimental bilaminar zone, 2 weeks following 
induction of ADD, immunostained for type-IX 
collagen. Note loss and fragmentation of type-IX 
collagen ·in the experimental bilaminar zone. 
Type-IX collagen . imm~nostaining. X 188 

Figure 254. ·Experimental bilaminar zone, 6 weeks following 
induction · of condyle, 2 weeks, immunostained 
for ·type-IX collagen. There was a significant 
increase in the intensity of immunostaining for 
type-VI collagen of the experimental bil(lminar 
zone. Type-IX collagen immunostaining. X 94. 
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Plate 38 

(Figures 246-254) 



J. Alterations in the nerve fibers: 
1. Disk: 

A. Silyer nitrate stainine: 

236 

The control and the experimental disks, 2 and 6 weeks 

following induction of ADD·, did not show, any evidence of the 

presence of any nerve fibers in sections stained with silver nitrate 

(figures 256, 257). 

B. N·eurofilament immunostainine; 

The control and the experimental disks, 2 and 6 weeks 

following induction of ADD, did not react with neurofilament 

monoclonal antibodies (figures 258, 259). 

2. Bilaminar zone: , 

A. Sily~r nitrate stainine: 

The control bilaminar zones contained thick (60-100 Jlm) and 

thin (2-4 Jlm) beaded, wavy and darkly-stained nerve fibers (figure 

260). The experimental bilaminar zones, 2 and 6 weeks following 

induction of ADD,. showed evidence of thin (2-4 Jlm), beaded, darkly-

stained nerve fibers associated with the blood vessels of the 

bilaminar zone (figure 261). 

B. Neurofilament . immunostainine; 

Similar to the results obtained with the silver staining, the 

immunostaining for neurofilament showed thick (60-100 Jlm) and 

thin (2-4 Jlm), beaded, wavy and darkly-stained nerve fibers in the 

control bilaminar zones (figures 262, 263 ). The experimental 

bilaminar zones, 2 and 6 weeks following induction of ·ADD, 

demonstrated thin (2-4 Jlm), beaded, wavy and darkly-stained nerve 
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fibers associated with the blood vessels of the bilaminar zone (figure 

264). 

3. Condyle: 

A. Silyer nitrate stainin2: 

The control condyles did not contain any nerve fibers (figure 

265). In contrast to the control condyles, the experimental condyles, 

2 and 6 weeks following induction of ADD, showed newly formed . 

thin (2-4 Jlm), darkly-stained nerve fibers invading the condyle from 

the fibrous adhesions into the experimental condyle (figure 266). 

B. Neurofilament immunostainin2: 

The control condyles did not show the presence of any nerve 

fibers (figure 267). In contrast to the control condyles,· the 

experimental condyles, 2 and 6 · weeks following induction of ADD, 

showed evidence of newly formed thin (2-4 Jlm), beaded and darkly-

immunostained nerve fibers invading the condyle from the fibrous 

adhesions into the experimental condyles (figure 268). 

Control slides for silyer nitrate staining and neurofilaments 
. t . • Immunos aiDID2: 

The positive controls for silver staining and neurofilaments 

immunostaining were sections of rabbit trigeminal ganglia. When the 

rabbit trigeminal ganglia were ex.cised (figure 269), and stained with 

silver stain (figure 270), darkly-stained nerve cell bodies and nerve 

fibers were clearly seen (figure 271). Other sections of the ganglion 

were immunostained with monoclonal antibodies to neurofilament 

and ·showed the presence of darkly-immunostained nerve fibers 

(figure 272). 



Plate 39 

Control sections immunostained with 
secondary antibodies 

Figure 255. Control condyle incubated with secondary 
antibodies without the primary antibodie~ step. 
No staining was detected. X 94. 

Silver nitrate staining of the ·control 
and experimental disks 

Figure 256. Control disk stained .. with silver nitrate, no nerve 
fibers were seen. Silver nitrate staining. X94. 

Figure 257. Experimental disk 2 weeks following induction of 
ADD, stained with silver nitrate. There was no 
evidence for the presence of nerve fibers. Silver 
nitrate staining. X 94. "' 

Neurofilament immunostaining of the 
control and experimental disks 

Figure 258. Control disk immunostained for neurofilaments. 
Note absence of nerve fibers. Neurofilament 
immunostaining. X 94. 

Figure 259. Experimental disk 6 weeks following induction of 
ADD, immunostained for neurofilaments. Note 
absence of nerve fibers. N eurofilament immuno
staining. X 94. 
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Plate 39 (continued) 

Silver nitrate staining of the control 
and experimental bilaminar zones 

Figure 260. Control bilaminar zone stained with silver 
nitrate. Note the presence of thick, wavy and 
darkly-stained nerve fibers (arrow). Silver 
nitrate. staining. X 47. 

Figure 261. Experimental biiaminar zone 6 weeks following 
induction of ADD, stained with silver nitrate. 
Note the presence of thin,_ wavy, beaded and 
(larkly-stained nerve fiber (arrows) associated 
with blood vessel (arrow head). Silver nitrate 
staining. X 94. 

Neurofilament immunostaining of the 
control and experimental bilaminar 

zones 

Figure 262. Control bilaminar zone immunostained, for 
neurofilaments. Note the presence of thick, wavy 
and- darkly-immunostained nerve fibers (arrow). 
Neurofilament immunostaining. X 23. 

Figure 263. Control bilaminar zone immunostained for 
neurofilaments. Note the presence of thin,_ wavy 
and darkly-immunostained nerve fiber (arrow). 
Neurofilament immunostaining. X 47 .. 
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Plate 3 9 

(Figures 255-263) 



. Plate 40 

Figure 264. Experimental bilaminar zone immunostained for 
neurofilaments. Note the presence of thin, wavy 
and darkly-immunostained nerve fibers . (arrow) 
associated with blood vessel (arrow head). 
Neurofilament immunostaining. X 94. 

Silver nitrate staining o~ the 
control and experimental 

condyles 

Figure 265. Control condyle stained with silver nitrate, No 
nerve fibers were seen. Silver nitrate staining. X 
188. 

Figure 266. Experimental condyle . 6 weeks following 
induction of ADD, stained with silver nitrate. 
Darkly stained nerve fibers were seen invading 
the condylar cartilage (arrows) from the fibrous 
adhesion (FA). Silver nitrate staining. X 94. 

Neurofilament immunostaining of 
the control and experimental 

condyles 

Figure 267. Control condyle immunostained for 
filaments. Note absence of nerve 
Neurofilament immunostaining. X 188. 

neuro
fibers. 
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Plate 40 (continued) 

Figure 268. Experimental condyle 6 weeks following 
induction of disks, 2 weeks, immunostained for 
neurofilaments. Note the presence of darkly
immunostained nerve fibers (arrow) invading 
the condylar cartilage. Neurofilament im.muno
staining. X 188. 

Gross anatomy of control rabbit 
trigeminal ganglion 

Figure 269. Control trigeminal ganglion photographed under 
the dissecting microscope showing trigeminal 
nerve (TN), trigeminal ganglion (TG) and its 
divisions (D). Unstained tissue. X 7. 

Silver nitrate staining of control 
rabbit trigeminal ganglion 

Figure 270. Control trigeminal ganglion stained with silver 
nitrate showing darkly-stained trigeminal nerve 
(TN), trigeminal ga'nglion (TG) and its divisions 
(D). Silver nitrate staining. X 6. 

Figure 271. Control trigeminal ganglion stained with silver 
nitrate. Note the presence of darkly-stained 
nerve cell bodies (arrows) and nerve fibers (* ). 
Silver nitrate staining. X 94. 
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Plate 40 (continued) 

Neurofilament immunostaining · of 
the control rabbit trigeminal 

ganglion 

Figure 272. Control trigeminal ganglion immunostained for 
neurofilaments. _Note the presence of thin, wavy 
and darkly-immunostained nerve fibers. Neuro
filament immunostaining. X 94. 
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Plate 40 

(Figures 264-272) 



IV. Discussion 

A. -Animal model for ADD: 
An ·animal model for osteoarthritis of the knee joint was 

developed previously by producing instability of the tibia following 

sectioning of the anterior cruciate ligament (McDevitt et al., 1977). In 

the temporomandibular joint, models for internal derangement have 

been developed in rabbits, by inducing ADD using modifications of 

the methods used by Sprinz ( 1954, 1961, 1963) who studied the 

effects of discectomy on the rabbit CMJ. 

For example, one animal model induced ADD by sectioning all 

the discal attachments except the anterior attachments and folding 

the disk anteriorly (Tallents et al., 1990; Macher et al., 1992). 

However, this technique produced more a discectomy than ADD. This 

technique requires the complete sectioning of the highly-innervated 

and. well-vascularized posterior discal attachments. 

Another technique for ADD involved cutting all the discal 

attachments except the bilaminar zone attachments, and then 
' 

suturing the disk anteriorly to the condyl(; (Mills et al., 1991). In this 

case, suturing the disk anteriorly to a moving structure such as the 

condyle makes the displaced disk move with the condyle, and 

function as one unit, while in the human ADD without reduction, the 

disk does not move as the condyle moves. 

In the present study, the surgical technique produced complete 

ADD without severing the bilaminar zone attachments; The use of the 

245 
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histomorphometric methods which has not been used in the previous 

studies, allowed quantification of the produced ADD. Since the 

bilaminar zone· becomes stretched over the articular surface of the 

condyle and covers ·the mandibular condyle in the early stages of 

human ADD. The present experimental model seems more applicable 

than the previously described models to human ADD without 

reduction, since the bilaminar zone is left intact. 

B. Condylar enlara:ement: 
In this study, The rabbit condyle was considered to be an oval 

structure, therefore, the condylar volume was estimated, using an 

equation presented by Fischer and Inke (1956) and quoted by 

Sharawy and Penny ( 1977) to estimate the volume of oval nuclei. To 

check the accuracy of the estimated condylar volume using Fischer 

equation, condyles · were immersed in a glass tube containing a 

known amount of water. The final volume minus the initial volume 

was equal to the condylar volume. The condylar yolume using water 

displacement technique was similar to the condylar volume 

estimated using Fischer equation. 

Previous clinical studies on patients with internal derangement 

of the TMJ due to ADD . reported an increase in the thickness of the 

condylar cartilage (Oberg,_ 1971; Kreutziger ·and Mahan, 1975), and 

subsequent facial deformities (Nickerson and Boering,_ 1989; 

Stegenga, 1991). 

Similar observations have been found clinically in aged 

individuals (Castelli et al., 1985; Akerman et al., 1986; Taddei, 1991), 

congenital condylar anomalies (Keith, 1982), acromegaly (Hampton, 
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1987) and in benign tumors (Schweber and Frensilli, 1986; Weinberg 

et al., 1~87; Henry et al., 1992) and malignant tumors of the condyle 

(Abubaker et al., 1986; Nitzan et al., 1993). 

Similar condylar changes were observed in experimental 

protrusion (McNamara and Carlson, 1979; McNamara et al., 1982; 

Hinton and McNamara, 1984; Ellis· and Hinton, 1991). or retrusion of 

the mandible (Isberg and Isacsson, 1986), following indirect trauma 

(Luz et al., 1991), discectomy (Hinton, 1992), after condylotomy 

(Hinton, 1987), experimental disk perforation (Lekkas et al., 1988; 

Axelsson et al., 1992) and after opening the vertical dimension 

(Buchner, 1982; Gutierrez et al., 1990; Rashid and Sharawy, 1993). 

Hyperplasia of the tibial and femoral condyles occurred following 

experimental osteoarthritis of the knee joint (Vignon et al., 1983; 

Ada,ns, 1989). 

In contrast, underloading of the articular cartilage leads to a 

significant decrease in the cartilage thickness. This occurs, for 

example, after ·induced immobilization of the mandible (Glineburg et 

al., 1982; Lydiatt and Davis, 1985; Carlson et al., 1992; Isac·sson et al., 

1993), and after transplantation of the condyle to a non-functioning 

area (Ronning and Peltomaki, 1991). When transplantation · of the 

condyle was made to a . functioning area, there was no change in the 

condylar cartilage (Engelsma et al., 1980). _After experimental 

trimming of the incisor teeth combined with a s_oft diet supplement 

there was no change i~ the thickness of articular cartilage (Gutierrez 

et al., 1990). In addition, combined condylectomy and · a soft diet led 

to minimal alterations in the condylar cartilage (Block et al., 1988; 

1990). 
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Fox ( 1965) indicated that a portion of the rabbit mandibular 

condyle is within the joint cavity (articulating portion) with the 

remaining portion lying outside the joint cavity .(non-articulating). 

In the preserit study, the reactions of the articulating and non

articulating portions of the condyle to overloading caused by induced 

ADD were different. Normally, the articulating portion of the condyle 

is subjected to compression against the disk and the articular 

eminence during mastication. Since the non-articulating portion of 

the condyle is outside the joint cavity, this portion of the condyle 

receives a minimal load caused by the condylar movement against 

the bilaminar zone. 

Enlargement of the condyle following induction of ADD was 

found in all experimental condyles and increased with time. This 

observation was consistent with similar findings in human condyles 

of patients with ADD (De-Bont et al., 1986). 

Initially, in the one-week group, anterior displacement of the 

disk caused overloading of the articulating portion of the condyle 

which led to degeneration of the articular cartilage and a decrease in 

the cartilage thickness and surface area. The decrease in cartilage 

thickness was accompained by an increase in both the fibrous and 
I 

reserve cell layers. This is perhaps a compensatory mechanism 

~ aimed to protect the condylar cartilage. The anterior d•sk 

displacement caused abnormal loadin_g of the non-articulating 

portion which may have led to the observed remodeling changes in 

the form of an increase in the cartilage thickness and surface area 

initially, and a later decrease in the thickness of both the fibrous and 

reserve cell layers. This last change may be due to metaplasia of 
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most of the reserve cell layer into cartilage. 

Persistent overloading of the articulating , portion in the 

condyles of the 2 and 6 weeks groups led to a progressive increase in 

cartilage · thickness and surface area, and a decrease in the thickness 

of the fibrous and reserve cell .layers. In contrast, the cartilage 

thickness and surface area of the non-articulating portion of the 

condyle progressively declined, while the thickness of both the 

fibrous and reserve cell layers increased. The negative correlation 

between the cartilage thickness and the thickness of the reserve cell 

layer or the fibrous layer was also reported for normal human 

condyles (Hansson and Nordstrom et al., 1977; Lubsen et al., 1985; 

Hansson, 1986; Bibb. et al., 1992, 1993). This negative correlation 

could mean that the undifferentiated mesenchymal cells of the 

reserve cell layers differentiated into chondrocytes and subsequently 

lead to condylar dimensional changes (Blackwood, 1966). 

The increase · in the cartilage thickness is due to an increase in 

cell multiplication (Mankin, 1962; 1964) associated with metaplasia 

of most of the chondrocytes to chondroblasts. This mechanism has 

been suggested in osteoarthritis (Mankin and Lippiello et al., 1970) .. 

There is also an increase in collagen synthesis (Bosshardt-Luehrs and 

Luder, 1991), as shown in previous autoradiographic observations in 

human osteoarthritic cartilage (Hulth et al., 1972; Rothwell and 
_r 

Bentley, 1973) and in experimental osteoarthritis in the rabbit knee 

joint (Hulth et aL, 1970; Telhag, 1972). Although we did not study 

cell multiplication, the significant increases in thickness and surface 

area of cartilage following induction of ADD were highly suggestive of 

chondroblasts multiplication. 
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Cell multiplication in osteoarthritic cartilage was thought to be 

the result of stimulation of cartilage by growth factors secreted by 

~hondroblasts. Transforming growth factors p (TGF-P 1 and TGF-p2) 

have been reported to initiate cartilage formation (Schofield and 

Wolpert, 1990) and induce the ch9ndrocyte phenotype with 

production of type-II collagen and cartilage specific GAGs (Galera et 

al., 1992). Increases in the TGF have been measured in synovial 

membrane and cartilage in rheumatoid arthritis (Chu et al., 1991). 

TGF blocks the inflammatory response in chronic synovitis (Wahl et 

al., 1993) and prevent formation of arthritis (Kuruvilla et al., 1991). 

In addition, TGF is thought to inhibit metalloproteinases 

(Chandrasekhar and Harvey, 1992) liy increasing the expression of 

tissue inhibitors for metalloproteinases (TIMP) (Edwards et al., 1987) 
-, 

and suppress interleukin-1 (Chandrasekhar and Harvey, 1989; 

Beuningen et . al., 1993) through the reduction of interleukin-1 

receptor expression (Dubois et al., 1990; Harvey et al., 1991; Redini et 

al., 1993 ). Also, TGF increases the synthesis of cell adhesion receptor 

(Ignotz and Massague, 1987) and enhances release of other growth 

factors such as basic fibroblast growth factor (Falcone et al., 1993 ). 

Growth hormone, epidermal growth factor and insulin-like 

growth factor were .also found to be increased in osteoarthritic 

cartilage (Franchimont et al., 1989). Insulin and growth hormone 

were elevated in the serum of patients with osteoarthritis, . while 

insulin-like growth factor diminished (Moskowitz et al., · 1991). 

Platelet-derived growth factor promotes new cartilage matrix 

synthesis in osteoarthritis (Harvey et al., 1993 ). 

Autoradiographic studies in human and animal condyles, using 
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tritiated thymidine, have shown that the undifferentiated 

mesenchymal cells of the reserve cell layer ate active in DNA 

synthesis and cell division. These cells are also capable of 

differentiating into either fibroblasts or chondrocytes depending on 

the load acting on the condyle (Blackwood, 1966; Heeley et al., 1983) 

with unknown mechanism. The differentiation of the cartilage 

perichondrium (reserve cells) into chondroblasts observed in this 

study is well documented. Both in vivo and in vitro studies have 

shown that cartilage perichondrium (Skoog et al., 1972, 1976; Sohn 

and Ohlsen, 1974) or even bone periosteum (Nakahara et al., 1990; 

Morman et al., 1992) can potentiate cartilage regeneration by 

providing cells for cartilage repair. Reserve cells and chondroblasts 

are known to be sensitive to mechanical loading with increases in 

mechanical loading causing these cells to undergo proliferation, both 

in vivo (Lindsay, 1977; Hall, 1979; Engelsma et al., 1980) and in vitro 

(Veldhuijzen et al., 1979; Copray et al., 1985). In contrast, the 

absence of the load causes a decrease in the thickness of the reserve 

cell layer (Copray et al., 1983 ). 

In addition, experimental studies have shown that condylar 

cartilage defects are filled with undifferentiated mesenchymal cells 

derived from adjacent reserve cells (Hochman et al., 1965). In 

experiments including a large cartilage defects extending into the 

subchondral bone, the repairing cells were derived from the bone 

medullary canals (Mitchell et al., 1976; Marciani et al., 1988). 

) 
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C. Histopatholoe·y: 
The initial 1 week response of either the non-vascular disk to 

underloading, or of the condylar cartilage to overloading created by 

ADD following induction of ADD was . neovascularization. Similar 

observations were reported in autopsies of human displaced disks 

(Carlson et al., 1967). 

N eovascularization of cartilage and fibrocartilage were found to 

occur due to excessive formation of angiogenic factors such· as acidic 

and basic growth factors, angiogenin (Folkman and Klagsbrum, 1987, 

transforming growth factors a and p (Madri et al., 1988), heparin 

binding protein growth factors, endothelial cell stimulating 

angiogenic factor (ESAF) (Brown and Weiss, 1988), platelet-derived 

endothelial cell growth factor (PD..:ECGF) (Furukawa et al., 1992) and 
. ·"· 

interleukin-1 (Handschumacher, 1990). These factors are ·normally 

inhibited in cartilage due to the presence of angiogenic Jactor 

inhibitors (Langer et al., 1976). Because of an imbalance between 

angiogenic factors and their inhibitors in osteoarthritic cartilage, 

hyaline cartilage as well as fibrocartilage begin to vascularize (Lane 

et al., 1977). 

In addition, angiogenic factors were also found in the synovial 

fluid from patients and . dogs with osteoarthritis (Brown et al., 1980, 

1983, 1987) and in the serum (Weiss et al., 1987) of patients with 

osteoarthritis. Whether or not similar mechanisms cause the 

induction of. new vessels in an otherwise avascular disk in the ADD 

model, needs further investigation. 

Vascularization of cartilage increases the oxygen tension 
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(Lund-Olesen, 1970), alters syn~vial fluid pH (Treuhaft and McCarty, 

1971), alters synovial fluid ·viscosity (Jebens and Monk-Jones, 1959), 
I ' 

which may, lead to activation of chondrocytic lysosomes (Sledge and 

Dingle, 1965), and causes disturbances of chon~rocyte metabolism 

(Lane et al., 1977) that subsequently could cause degeneration of 

cartilage. 

In addition, endothelial cell stimulating angiogenic factor 

(ESAF) is- able to activate neutral metalloproteinases (Herron et al., 

1986a, 19~6b; Weiss et al., 1987; McLaughlin et al., 1991) which are 

known to be the principal enzymes which contribute to cartilage 

destruction (Gunja-Smith et al., 1989). 

The presen~e of bone within the condylar cartilage was 

observed in osteoarthritic cartilage following induction of ADD. Since 

cartilage and bone are differentiated from common germinal cells 

(Hall, 1970), it is known that chondrocytes can transform into 

osteoblasts (Bohatirchuk, 1969), osteocytes or osteoclasts (Crelin and 

Koch, 1967) under loading. Also, the vascularization of cartilage was 

associated with increased mineralization and bone formation within 

cartilage (Stein et al. 1981; Ehrlich et al., 1982). 

Histochemical studies have also shown increases in alkaline 

phosphatase activity in osteoarthritic cartilage (Salo et al., 1991). 

Therefore, it is possible that overloading of the condyle caused by 

disk displacement could be a contributing factor to bone formation 

within articular cartilage. Bone formation within cartilage ·could also 

be due to an increase in calcification (Ehrlich et al., 1982) or to the 

presence of microcrystals in the cartilage matrix in osteoarthritis 

(Editorial, 1980; Diepp~, ·· 1981 ). Studies have shown presence of 
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calcium pyrophosphate dihydrate (Ali and Griffiths, 1983; Revell et 

al., 1988; Masuda e~ al., 1991) and hydroxyapatite crystals within 

cartilage matrix (Stein et al., 1981; Schumacher et al., 1981), synovial 

membrane (Schumacher et al., 1989) and synovial fluid (Schumacher 

et al., 1987; Cunningham et al., 1989). 

The present histopathological findings in the disk following 

induction of ADD, include fatty degeneration, microcyst formation, 

hypercellularity, cartilagenous metaplasia, chondrocytic · clustering 

and fibrillation, are consistent with similar ·findings in studies of 

human disks. from patients with ADD (McCoy et al., 1986; Kurita et 

al., 1989; Helmy et al., 1990) and after induction of ADD in rabbits 

(Mills et al., 1990). 

Fibrosis and hyalinization of the rabbit bilaminar zone in- this 

study have also been reported in human ADD (Scapino, 1983; Hall et 

al., 1984; Isacsson et al., 1986; Blaustein and Scapino, 1986; Paz et al., 

1990). Apparently overloading the vascularized connective tissue of 

the bilaminar zone leads to fibrosis and hyalinization which can be 

described as pseudo-disk . formation. Pseudo-disk formation was also 

found in other animal models for ADD (Mills and Scapino, 1993). 

Moreover, skin (Eppley, 1989), synovial membrane (Sharawy et al., 

1986) and temporalis f(;lscia {Thyne, 1992) have been used clinically 

as disk replacement tissues, or experimentally for the repair of an 

experimental disk perforation (Sharawy et al., 1994 ). These soft 

tissues were assumed to. transform underloading into a disk-like 

structure. This change is considered adaptive and reparative in 

nature. Similar results have also been reported on cartilagenous 

metaplasia of the anterior cruciate ligament after surgical sectioning 
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(Nimni, 1983). 

One of the early histopathological changes observed in this 

study 24 hours following surgical induction of ADD included 

subchondral hemorrhage. Studies have shown increased vascularity 

(Lane et al., 1977) and intraosseous hypertension in subchondral 

bone in osteoarthritis (Arnoldi et al., 1972). Similar changes in 

femoral condyles have been found as early as one day following 

sectioning of anterior cruciate ligament of the knee joint (Mazieres et 

al., 1987). Increase in the number of subchondral medullary canals 

was found previously in another animal rabbit model for ADD (Mills 

et al., 1990). Subchondral hemorrhage was followed by fibrosis in the 

condyles of rabbits 1 week following induction of ADD. This finding is 

consistent with preyious reports on the presence of subchondral 

fibrosis (Finlay et al, 1989; Grynpas et al., 1991; Amir et al., 1992) 

and the finding of the · increased thickness of fibrosed subchondral 

bone (Hulth, 1993). 

The loss of resilience in the. subchondral bone (Radin et al., 

1972) due to fibrosis and the increased thickness of the mineralized 

layer of cartilage (Hulth, 1993) could lead to the formation of 

microcracks in the calcified cartilage zone (Mori et al., 1993; Sokoloff, 

1993 ), and to increased stress over the articular cartilage which 

subsequently causes splitting of osteochondral junctions 

(osteochondritis dissecans) (Stegenga et al., 1991). Similar to the 

present findings, microcyst formation and loss of subchondral bone 

have been reported in human osteoarthritic TMJ (Flygare et al., 

1992). 

It was suggested that the subchondral bone acts as a cushion to 
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protect the overlying condylar cartilage, and that sclerosis and 

splitting of the subchondral bone· could cause overloading of the 

overlying cartilage and subse'quent cartilage breakdown (Stockwell, 

1991). Therefore, the· observed subchondral hemorrhage and fibrosis 

following surgical induction of ADD could be a major contributing 

factor to the pathogenesis of the degenerative changes in the 

articular cartilage. 

Fibrillation (loss of interlacing orientation of collagen fibers) of 

the fibrous layer and condylar cartilage observed in this study is 

consistent with previous find~ngs in animals ·with experimental 

osteoarthritis of the knee joint (Vignon et al., 1984) and in the rabbit 

CMJ after induced ADD (Mills et al., 1990). Fibrillation may be due to 

the loss of cartilage GAGs and ~inor types of collagen which have 

been found in osteoarthritic condyles in this study as well as in 

osteoarthritic tibia (McDevitt et al., 1977). 

Mechanical displacement of the disk away from the condyle 

should subject the condyle to overloading rand perhaps lead to the 

observed chondrocytic cell clustering following induction of ADD. 

Both in vitro (Broom and Myers, 1980; Copray et al., 1985) and in 

vivo (Salter and Field, 1960; Trias, 1961; Simon et al., 1972) studies 

have shown that increased loading of the articular cartilage causes 

degeneration of chondrocytes followed by atteD;lpts to repair. This 

repair is in the form of increased mitotic activity in osteoarthritic 

cartilage· (Telhag, 1972) and fibrocartilage (Shaw and Molyneux, 

1993),' cell clustering (Vignon, 1978) and hyperplasia of condylar, 

discal (Vignon, 1983) and the articular eminence cartilages 

(Holmlund, 1988). 
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The hyperplasia of synovial membrane observed in this study 

is consistent with previous reports in human and experimental 

osteoarthritis studies, which have shown that internal derangement 

of the TMJ or the knee joint. leads to hyperplasia of the synovial 

membrane (Isberg et al., 1986; Helmy et al., 1989; Walker et al., 

1991) and synovial chondromatosis formation (De Bont et al., 1988) 

in patients with ADD or after experimental disk perforation (Helmy 

et al., 1989). Studies have also shown that synovial cells in 

osteoarthritis contain a prominent cytoskeleton (Meek et al., 1991) 
I 

which may permit these cells to migrate in an attempt to cover a 

disk perforation. This has been shown in experimental disk 

perforation (Helmy et al, 1988). 

The role of the hypertrophic synovium in the observed 

damaged damaged condylar cartilage in the ADD model is not known. 

However, several studies of human rheumatoid arthritis and 

experimental osteoarthritis have reported, the secretion of 

interleukin-1 (Kelleer et al., 1990) and cathepsin G (Trabandt et al., 

. 1991) by the synovial cells that causes cartilage destruction (Dingle 

et al., 1979). Several studies have shown that synovial fluid from 

osteoarthritic joints is able to degrade cartilage in vitro ((Mohamed

Ali, 1992; Chatham et al., 1993). 

Increases in the level of IL-l (Wood et al., 1983) and IL-l 

receptor antagonist (Mal yak et al., 1993) in the synovial fluid of 

patients with osteoarthritis have also been reported. However, it has 

been suggested that normally a balance exists between IL-l and the 

IL-l receptor antagonist. The loss of this balance could lead to 

increase in ~he level of IL-l (Arend, 1993). An increased level of IL-
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1 could lead to the loss of the balance between metalloproteinases 

and tissue inhibitors ·for metalloproteinases such as a 2-macroglobulin 

(Abbink et al., 1991) and subsequent cartilage destruction (Pelletier 

et al., 1990). 

D. Elastic fibers: 
In this study, elastic fibers were distributed throughout the 

control disk which is consistent with findings in previous studies of 

the rabbit CMJ disk (O'Dell et al., 1989; Nagy and Daniel, 1992). 

Applying the definitions of Savalle et al. (1990) for the superior and 

inferior laminae of the bilaminar zone to our findings, the inferior 

lamina of the control bilaminar zone attachment to the condyle 

contained numerous elastic fibers. While the superior lamina of the 

bilaminar zone discal attachment directed to the squamosal bone, or 

· its zygomatic process, were predominantly collagenous, with only a 

·few elastic fibers. The connective tissues of the bilaminar zone that 

did not attach to cranial bone superiorly, or to the condylar process 

inferiorly, contained from few to many elastic fibers, depending upon 

the area of the bilaminar zone examined. These latter fibers seemed 

to blend with the connective tissues of adjacent soft tissues. 

The loss of elastic fibers from the disk and from the bilaminar 

zone following induced ADD in the rabbit CMJ is consistent with 

previous findings, which suggest a decrease in the number of elastic 

fibers in the bilaminar zone in patients with ADD (Scapino, · 1983; Hall 

et al., 1984 ). Clinical studies using autogenous auricular cartilage 

grafts to repair disk perforations have shown the loss of elastic fibers 

from the grafted auricular cartilage due to underloading (Yih et al., 
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1992; Pincock and Dann, 1993). 

The mechanism of elastic fiber degradation in ADD is unknown. 

However, it has been shown that elastase is able to digest elastic 

fibers in the rabbit CMJ disk and bilaminar zone. in vitro (O'Dell et al., 

1992) and in vivo (S~~awy et al., 1993). Elastase can also degrade 

fibronectin (McDonald and Kelly, 1980). Cathepsin G is also able to 

digest dermal elastic fibers (Boudier et al., 1991). 

Elastase is a metalloproteinase secreted by stimulated synovial 

fibroblasts and chondrocytes (Towle et al., 1987; Martel-Pelletier et 

al., 1991) under the influence of interleukin-1. In addition to 

elastase, cathepsin G (Janusz and Doherty, 1991) and interleukin-6 

(Jensen et al., 1991), which are known to be secreted by synovial 

neutrophils, are also able to degrade elastin. Cartilage has elastase 

inhibitors (Dimuzio et al., 1987) and· the chondrocyte ·membrane has · 

a receptor for leukocyte elastase (Bartholomew and Lowther, 1987). 

It has been suggested that abnormal loading of the knee joint 

leads to an imbalance among the metalloproteinases . which normally 

degrade the extracellular matrix of the cartilage and fibrocartilage, 

and the metalloproteinases inhibitors ~hat neutralize these enzymes 

(Pelletier et al., 1990). This imbalance leads to the degradation of the 

extracellular matrix, . including elastic fibers (Dean et al., 1989). 

Elastase act synergistically with other enzymes such as :collagenase 

and stromelysin (J as in and Taurog, 1991) in degrading connective 

tissue. Clinical studies have found increased leukocytic elastase (Al

Haik et al., 1984; Virca et al., 1984; Huet et al., 1992) and elastase 

inhibitor (Schnebli et al., 1984) in synovial fluids from osteoarthritic 

patients. 
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Stromelysin and c~llagenase, which· ha~e been reported to be 

secreted in excess by stimulated rabbit- synovial fibroblasts (Chin et 

al., 1985; Senior et al., 1991) capable of extracellular matrix 

degradation. Whether or not these enzymes are active in elastolysis 

in the present ADD m'odel is not known and needs further 

investigation. 

The increase in GAGs and fibronectin observed in this study 6 

weeks . following induction of ADD could cause reduction of the 

elastin-binding protein leading to impairment of elastic fiber 

assembly as it has been previously shown in ductus arteriosus 

(Hinek et al., 1991; 1992). Increased GAGs observed in this study 6 

weeks following induction of ADD may also lead to a decrease in the 

deposition of insoluble elastin in the extrac.ellular matrix (McGowan 

et al., 1993). In addition, abnormal synthesis of elastin in the 

osteoarthritic condylar cartilage could be due to increased synthesis 

of transforming growth factor-13 (TGF J3 ), which is known to be 

secreted in excess in osteoarthritis, and causes increases in elastin 

production (Mcgowan, 1992). 

The presence of elastic fibers in the fibrous tissues covering of 

the control condyle in the ·present study is consistent with previous 

reports on the condyles of various mammals (Miles and Dawson, 

1962; Silva, 1969; Appleton, 1975; Helmy, 1984). In· addition, the 

absence of elastic fibers in the hyaline cartilage of the control 

condyle in the present study concurs with previous findings in the 

rat (Cotta-Pereira et al., 1984). 

Elastic fibers were abnormally present in the hyaline cartilage 

of the rabbit condyles in the present study following· induction of 
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ADD. Similar histologic findings have been . reported in a study of 

human osteoarthritic condylar cartilage (Toller, 1977; De-Bont et al., 

1985) . and in the synovial membrane of the human TMJ internal 

derangement (Murnane and Doku, 1971 ). Mature elastic fibers are 

normally secreted by chondrocytes present in elastic cartilages like 

those found in the ear cartilage (Keith et al., 1977). 

Hyaline cartilage contains oxytalan fibers and elaunin fibers, 

which do not mature into elastic fibers under normal conditions 

(Cotta-Pereira et al., 1984 ). Therefore, overloading of the hyaline 

cartilage in ADD joints may cause these immature elastic fibers to 

mature. 

Another explanation for the development .of elastic fibers in 

cartilage is that overloading of the joint causes chondrocytes to 

switch phenotype and begin to secrete type-I collagen, type-III 

collagen and type-I trimer, but not type-II collagen as shown in 

culture (Layman et al., 1972; Mayne et al., 1975, 1976; Mark et al., 

1977; Norby et al., 1977; Benya et al., 1977; Engle et al., 1990; Ashew 

et al., 1991) and in osteoarthritic cartilage (Nimni and Deshmukh, 

1973) and in our ADD model. It appears that the chondrocytes of the 

ADD joints behave like fibroblasts in secr~ting the components of 

elastic fibers along with connective tissue collagen. 

In this study, elastin production was not restricted to 

fibroblasts. Transformation of chondrocytes into chondroblasts 

(young and proliferative) in the condylar cartilage was associated 

with increased elastin production. This observation is consistent with 

the findings of others in the sense that chondroblasts are capable of 

producing elastin (Hinek et al., 1988). 
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E. Glycosaminoa=Iycans (GAGs): 
The initial response to 2 weeks overloading following induction 

of ADD, in this study was a loss of GAGs. The loss of GAGs in 

osteoarthritis could be due to decreased synthesis (Brocklehurst et 

al., 1984), increased degradation (Jones et al., 1982; Malemud, 1991) 

or to a deficiency in the hyaluronic acid binding protein of the core 

protein (Vasan, 1980). Depletion of GAGs has been reported _in the 

osteoarthritic condylar cartilage (Hinton, 1992; Mills and Scapino, 

1993), tibial osteoarthritic cartilage (Bollet . and Nance, 1966; 

Heinegard et . al., 1987) and even after strenuous running exercise 

(Kiviranta et al., . 1992) .. 

Cartilage fragments . have been found within osteoarthritic 

cartilage (Witsch-Prehm et al., 1992), in the synovial membrane 

(Myers et al., 1992; Ratcliffe et al., 1992) and in the synovial fluid 

(Heinegard et al., 1987; Poole et al., 1987; Thonar et al., 1987; 

Heinegard and Saxne, 1992). Circulating keratan sulfate (Williams et 

al., 1988; Thonar et al., 1991), chondroitin-4 and -6-sulfate (Shinmei 

et al., 1992; Ratcliffe et al., 1993), core protein· and hyaluronic acid 

binding region (Saxne and Heinegard, 1992) have been detected in 

the serum and TMJ synovial fluid (Israel et al., 1991) from ·patients 

with osteoarthritis. In addition, increased release of GAGs from 

osteoarthritic cartilage has also been found (Layton et al., 1987). 

Loss of GAGs from osteoarthritic cartilage is thought to be due 

to the action of various metalloproteinases (Sapolsky et al., 1987; 

Lowther et al., 1987; Woe_ssner· and Azzo, 1987; Dean et al., 1992) 

which are calmodulin-dependent (Richard et al., 1991) in particular, 



263 

stromelysin (Chin et al., 1985; · Woessner and Gunja-Smith, 1991; 

Fosang and Neame, 1991),, elastase and cathepsin G (Janusz and 

Doherty, 1991). GAGs degradation by metalloproteinases takes place 

at the hyaluronic acid binding region and chondroitin sulfate region 

of the core protein (Poole, 1986; Pelletier et al., 1987; Martel

Pelletier et al., 1988) .. 

Metalloproteinases are thought to be secreted by stimulated 

chondrocytes and synovial fibroblasts due to ·the action of various 

cytokines such as IL-l both in vivo (Witsch-Prehm et al., 1992) and 

in vitro (Hollander et al., 1991; McDonnell et al., 1992; Wilbrink et al., 

1993). IL-l also inhibits GAOs synthesis (Benton and Tyler, 1988). 

Studies have shown that tissue inhibitors for metallo-proteinases 

(TIMP) are also increased in osteoarthritis cartilage (Lohmander et 

al., 1993). 

Persistence of overloading of the articular tissue caused by ADD 

without reduction in the 6 weeks group in this study led to an 

increase in the synthesis of GAGs by regenerated chondrocytes. Both 

in vivo (Ehrlich et .al., 1975; Lafeber et · al., 1992; Axelsson et aL, 

1992) and in vitro (DE Witt et al., 1984; Klein-Nulend et al., .1987; 

Yamamoto et al., 1991; Carvalho et al., 1991; Lafeber et al., 1992) 

studies have reported an. increase in the synthesis of GAGs in late 

osteoarthritic cartilage. Increased synthesis of GAGs could lead to loss 

of cell adhesion to the extracellular matrix (Knox and Wells, 1979; 

Yamagata et al., 1989) which is normally mediated by fibronectin 

(Rich et al., 1981 ). 

Increased synthesis of GAGs is thought to be due to secretion of 

growth factors by regenerating chondrocytes. TGF-~ is known to 
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enhance GAGs synthesis (Redini et al., 1991; Morales et al., 1991), the 

synthesis of core protein (Malemud et al., 1991), the aggregation of 

GAGs (Morales, 1991) and to decrease catabolism of GAGs and 

prevent their loss (Morales et al., 1988). Osteoarthritic cartilage is 

also more sensitive to stimulation by TGF-P than normal (Lafeber et 

al., 1993). TGF-P also counteracts the effects of IL-l on cartilage 

(Pujol et al., 1991). 

Autoradiographic studies (Collins and McElligott, 1960) have 

shown increase in GAGs synthesis under compressive forces. The 

newly formed GAGs were found to be shorter than normal (Brandt 

and Palmoski, 1976). However, studies have shown that not all 

chondrocytes have the capability to regenerate and that the 

regenerating chondrocytes secrete primarily chondroitin sulfate 

(Mitchell et al., 1992). 

Several reports confirmed that the osteoarthritic cartilage 

contained less keratan sulfate (Adams et al., 1981, 1983) and more 

chondroitin sulfate (McDevitt and Muir, 197 6), in particular 

chondroitin-4-sulfate (Mankin et al., 1971; Murata and Bjelle, 1980; 

Axelsson et al., 1992) than normal which makes the osteoarthritic 

condylar cartilage immature (Michel and Ali, 1978) or fetal-like 

cartilage (Caterson and Lowther, 1978; Adams, 1987). Increased 

synthesis of chondroitin-4-sulfate in osteoarthritic cartilage is 

thought to be due. to stimulation by TGF-P (Bassols and Massague, 

1988; Redini et al., 199~). Somatomedin (Insulin-like growth fac.tor) 

is also known to increase synthesis of GAGs (Kemp and Hintz, 1980). 

The observations of a increase in chondroitin-4-sulfate in the 

condylar cartilage, in the present study 6 weeks following induction 
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of ADD confirmed for the first time that the CMJ behaves ·similar to 

hyaline cartilage of other joints when subjected to overloading. 

The present study also reported a significant increase in the 

GAGs content in the bilaminar zone which makes this tissue react 

more like a disk-like structure or a pseudo-disk structure. It is 

interesting to note that increased GAGs content of the bilaminar zone 

and disk in this study is consistent with reports of increased GAGs 

content of the the bilaminar zones and disks of patients with internal 

derangement (Blaustein and Scapino, 1986). 

The initial. loss of hyaluronic acid 2 weeks following induction 

of ADD has been observed as an early change in osteoarthritic knee 

cartilage (Sweet et al., 1977; Thonar et al., 1978; Manicourt and Pita, 

1988). Reduced amounts of hyaluronic acid in osteoarthritic cartilage 

are associated with increased amounts of hyaluronic acid in the 

serum (Bjork et al., 1989; Leipold et al., 1989) and synovial fluid 

(Balazs et al., 1967) of osteoarthritic patients. 

Also, link protein could not be detected in early osteoarthritic 

condylar cartilage in th~s study. Loss of link protein in the condyle 

and disk have been found after induced ADD in the rabbit model 

(Mills et al., 1993 ). ·The depletion of link protein in early 

osteoarthriti~ cartHage lesion· could be due to excessive degradation 

(Roughley et al., 1987; 1991) or to a deficiency in its synthesis 

(Sandy et al., 1987), in addition to a loss of core protein (Martel

Pelletier et al., 1992) .. Degradation of hyaluronic acid and link protein 

in· osteoarthritic cartilage is thought to be mediated by metallo

proteinases (Nguyen et al., 1989) by the action of IL-l (Mort et al., 

.1987). 
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Six weeks following induction of ADD, hyaluronic acid was 

detected in in high amounts in t~e territorial matrices of the 

chondrocytes in the osteoarthritic cartilage. This observation is in 

agreement with the observed increases in the synthesis of hyaluronic 

acid in advanced osteoarthritis (Ryu ~t al., 1984; Caterson and 

Lowther, 1978; Rizkalla et al., 1992). An increase in hyaluronic acid 

concentration in osteoarthritic cartilage is associated with an increase 

in hyaluronic acid in the synovium (Wells et al., 1992), and in 

synovial fluid (Dahl et al., 1985) as well as an. increase in hyaluronic 

acid receptors (Johnson et al., 1993). However~ increased amounts of 

hyaluronic acid in osteoarthritic cartilage tends to inhibit GAGs 

degradation (Tobetto et al., 1993), and permit its accumulation in 

osteoarthritic condylar cartilage, as we have observed. Regeneration 

of hyaluronic acid in the oste·oarthritic cartilage 6 weeks following 

induction of ADD is thought to be due to secretion of TGF-13 (Morales, 

1991) and insulin-like growth factor-1 by the newly formed 

. chondrocytes (Curtis et al., 1992) 

At 6 weeks following induction of ADD, there was no evidence 

for the complete regeneration of link protein, and the link protein 

that was formed was not associated with territorial matrices, instead, 

link protein ·was distributed in threads over the inter-territorial 

matrices. Deficiency of link protein in osteoarthritic cartilage in other 

joints has been reported (Schwartz, 1987). It was suggested that the 

abnormal regeneration of link protein could lead to the inability of 

GAGs to aggregate with hyaluronic acid, a condition known to .occur 

in osteoarthritis (Brandt and Palmoski, 1976; Palmoski and Brandt, 

1976; Oegema, 1980; Martel-Pelletier, 1992). Also, the function of 
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regenerated link protein may be different since it contains a 

different amino acid composition from normal link protein as shown 

in osteoarthritic cartilage (Ryu et al., 1982). 

F. Fibronectin-: 
The loss of fibronectin in o·steoarthritic cartilage 2 weeks 

following induction of ADD could have been due to the action of 

several digestive enzymes such as plasmin (Wachtfogel et al., 1988), 

leukocytic elastase (McDonald and Kelley, 1980; Dubaybo et al., 1991) 

and other metalloproteinases (Okada et al., 1987). Cleavage of 

_ fibronectin causes the release of biologically active fibronectin 

fragments (Wachtfogel et al., 1988) of 29 kD and 72 kD (Lohr et al., 

1990).. These fragments are known to interact with fibroblasts 

(Akiyama et al., 1985) to inhibit their adhesion, and to stimulate 

their cytoskeletal reorganization (Woods et al., 1986). Fibronectin 

fragments are known to stimulate the secretion of interleukin-1 

(Beezhold and La use, 1987), cartilage metalloproteinases (Werb et al., 

1989) and elastase (Wachtfogel et al., 1988), mediate monocyte 

recruitment (Lohr et al., 1990), promote macrophage adherence 

(Carsons et al., 1985), and act as a chemotactic factor for monocytes 

(Norris et al., 1982). 

Fibronectin fragments also produce chondrolysis of articular 

cartil~ge slices in cultu~e (Homandberg et al., 1992), partial 

· degradation of GAGs (Shiozawa et al., 1984) and inhibition of GAGs 

synthesis (West et al., 1984). rurthermore, GAGs is known to bind to 

intact fibronectin (Brown and Jones, 1990; Cheva:Iier, 1993) but not 

to fibronectin fragments (Brennan et al., 1983 ). Therefore, the loss of 
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GAGs reported in early osteoarthritis could be related to loss of 

fibronectin which we have observed in our osteoarthritic condylar 

cartilage 2 weeks following induction of ADD. 

Loss of fibronectin from cartilage due to fragmentation was 

associated with fibronectin appearance in the synovial fluid of 

patients with osteoarthritis (Lust et al, 1987) and rheumatoid 

arthritis (Endresen, 1984; Kay et al., 1991). It was not only 

fibronectin that behaves in this· way, but other glycoproteins such as 

oligomeric cartilage matrix protein was also found to decrease in 

osteoarthritic cartilage (Fife et al., 1986) and increase in the synovial 

fluid (Fife, 1988, 1991; Saxne et al., 1992). 

The increased amounts of fibronectin at 6 weeks in our model 

for osteoarthritis (repair stage) was also observed to occur in 

rheumatic (Clemmensen et al., 1983; Holund et al., 1984; Walle et al., 

1990) and osteoarthritic (Scott et al., 1980; 1981) synovial 

membranes. In addition, fibronectin was found to increase in 

advanced osteoarthritis due to increased synthesis (Burton-Wurster 

et al., 1982, 1984, 1986) and deposition in the extracellular matrix 

(Miller et al., 1984; Burton-Wurster et al., 1985; Jones et al., 1987). 

Chondronectin was found in excess in osteoarthritic cartilage 

(Burton-Wurster et al., 1988). Fibronectin is also increased in 

rheumatoid arthritic cartilage (Shiozawa et al., 1984 ). It was 

suggested that the wounded surface and fibrillated extracellular 

matrix in osteoarthritic cartilage could facilitate the penetration or 

exit of fibronectin fragments in and out of the osteoarthritic cartilage 

(Burton-Wurster et al., 1988). 

Transforming growth factor-P · (TGF-P) secreted by 
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osteoarthritic chondrocytes was also found to increase synthesis of 

fibronectin (Burton-Wurster et al., 1990; Lust et al., 1991) and 

fibronectin receptors (Roberts et al., 1988) and stimulate its 

incorporation into the extracellular matrix (lgnota et al., 1986). 

G. Colla2ens: 
1. Type-1 · and type-11 collaKens; 

The decrease in the amounts of type-11 collagen in the condylar 

cartilage and discal fibrocartilage 2 weeks following induction of ADD 

was similar to the results previously reported in the rabbit CMJ 

(Mills et al., 1993), as well as, in the knee joint (Burton-Wurster et 

al., 1982). The decrease in type-11 collagen in osteoarthritic cartilage 

(Goldring, 1987), and in osteoarthritic fibrocartilage (Axelsson et al., 

1992) could be due to the actions of collagenase and other 

metalloproteinases (Ehrlich et · al., ·1987) which cause fragmentation 

of osteoarthritic cartilage and the release of the collagen into the 

synovial fluid (Moreland et al., 1988; Myers et al., 1992). 

The remaining type-11 collagen fibrils found in osteoarthritic 

cartilage were found to be deformed (Broom, 1988), over or under 

hydroxylated (Fukae et al., 1975), less glycosylated (Eyre et al., 

1980), defective in cross-linking (Gardner, 1983), more soluble than 

normal collagen (Adam et al., 1976) and denatured (Vaes et al., 

1978). Biochemical studies have shown loss of hydroxyproline in 

osteoarthritic cartilage (Ginsberg . et al., 1969). In addition, decreased 

immunostaining of type-11 collagen was found in overloaded 

condylar cartilage of rabbits with an increased vertical dimension of 

occlusion (Rashid and Sharawy, 1993 ). 
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The degradation of type-11 collagen in osteoarthritic cartilage 

involves various metalloproteinases (Malemud et al., 1987) such as 

collagenases (Howell, 1986; Brinckerhoff, 1987; Hamerman, 1989), 

prolyl endopeptidases (Fukuoka et al., 1993) and stromelysin (Wu et 

al., 1991). 

These enzymes are secreted in excess from stimulated 

chondrocytes (Lefebvre et al., 1991), stimulated synovial cells 

(Martel-Pelletier et al., 1987) - and inflammatory phagocytes 

(Mainardi et al., 1987), and then released into synovial fluid (Al-Haik 

et al., 1984). Secretion of metalloproteinases is due to the effect of 

IL-l (Pasternak et al., 1986; Dodge and Poole, 1989; Mort et al., 

1993 ), a cytokine which is responsible for degradation of collagen in 

vivo (Goldring, 1987) and in vitro (Dodge et al., 1989), as well as, due 

to the effect of tumor necrosis factor-a (Mitchell and Cheung et al., 

1991). 

These enzymes are apparently responsible for regulation of 

normal cartilage collagen metabolism (Murphy· et al., 1990). 

However, in osteoarthritic cartilage there is an imbalance between 

collagenase and collagenase inhibitors (Ehrlich et al., 1977). 

Enzymatic degradation of type-11 collagen may be the cause of 

fibrillation and loss of osteoarthritic cartilage strength (Broom and 

Silyn-Roberts, 1990), and subsequent loss of GAGs in the synovial 

fluid (Ratcliffe et al., 1992). 

At 2 weeks following induction of ADD, we have observed the 

presence of type-I collagen in osteoarthritic cartilage. Synthesis of 

the type-1 collagen or the switch in the type of collagen in 

osteoarthritic cartilage, supports the hypothesis that chondrocytes 
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can transform into chondroblasts or undifferentiated mesenchymal 

cells. This switch of type· of collagen has been shown using 

biochemical (Nimni and Deshmukh, 1973 ), immunohistochemical 

(Gay et al., 1976) and in situ hybridization (Aigner et al., 1992) 

techniques. 

In vitro chondrocytes monolayer cultures studies showed a 

change in the type of collagen synthesized from type-11 to type-1 

collagens (Layman et al., 1972; Norby et al., 1977; ; Mark et al., 1977; 

Engel et al., 1990). In addition, chondrocytes undergo further 

differentiation in culture and, transform into osteoblasts that secrete 

type-1 collagen (Cancedda et al., 1992). 

This transformation in the type of collagen bas been suggested 

to be due to an increase in TGF-P (Tschan et al., 1993) and an 

increase in fibronectin (We-st et al., 1979). Fibronectin was found to 

increase in osteoarthritic cartilage. This switch is. also thought to be 

due to the action of IL-l (Goldring and Krane, 1987). 

At 6 weeks following induction of ADD, there was a progressive 

increase in type-11 collagen immunostaining and a decrease in type-1 

collagen immunostaining. Autoradiographic studies on cartilage 

repair using 3H-proline have reported increased collagen synthesis 

(Repo et al., 1971; Lippiello et al., 1977) in osteoarthritic cartilage. 

Recent studies using an in situ. hybridization method have reported 

also the increase in the level of a 1 (II) mRNA in advanced 

osteoarthritis (Aigner et al., 1992) . 

Studies of the healing of cartilage with experimental defects 

have shown that the repair of hyaline cartilage occurs temporarily 

with fibrocartilage containing a mixture of type-1 and type-11 
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collagens (Goldwasser et al., 1982; Robinson, 1993). However, with 

time, type-II collagen replaces type-1 collagen (Mitchell et al., 1976; 

Cheung et al., 1978; Furukawa et al., 1980). 

This study also showed an increase in the synthesis of type-II 

colla~en, a marker for cartilage in the loaded bilaminar zone, along 

with an increased synthesis of GAGs. Similar increases in GAGs were 

reported for the bilaminar zone of patients with ADD (Blaustein and 

Scapino, 1986). As a result, the loaded bilaminar zone became -

fibrotic and a disk-like structure was formed. These adaptive change 

in the loaded bilaminar zone seems to provide protection to the 

underlying articular tissues. 

2. Type-III. type-YI and type-IX colla2ens: 

At 2 weeks following induction of ADD, a loss of type-VI and 

type-IX collagens was observed in this study. Degradation of type-VI 

and type-IX ·collagens in osteoarthritic cartilage is thought to be due 

to the action of various metalloproteinase in cartilage (Dean et al., 

1987) and synovial membrane (Martel-Pelletier and Pelletier, 1987) 

such as collagenase (Murphy et al., 1984; Aggeler et al., 1,984; Ehrlich 

et al., 1987), gelatinase (Farrar et al., 1992) and stromelysin (Wu et 

al., 1991). 

These enzymes are secreted as a result of the action of IL-l 

(Gowen et al., 1984; Ogata et al., 1992) and are thought to attack the 

non-helical terminal peptides of collagen fiber, eliminating the cross

links, destabilize and solubilize the C<?llagen fibers (Barrett, 1978). 

Studies have also shown increased levels of collage~ase, tissue 

inhibitors for metalloproteinases (TIMP) and collagenase-TIMP 

complexes in the synovial fluid from patients with osteoarthritis 
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(Clark et al., 1993). 

Clinical investigations have shown the · presence of type-VI 

collagen in the synovial lining and synovial fluid of patients with 

osteoarthritis (Waggett et al., 1993). Since minor types of collagen 

bind and stabilize type-11 collagen fibers (Nimnl, 1983), cleavage and 

depolymerizing of type-VI and type-IX collagens (Eyre et al., 1991) 

could lead to fibrillation of type-11 collagen fibers, as was observed 

in this ADD model. 

At 6 weeks following inductjon of ADD, increased amounts of 

type-VI and type-IX collagens were noted. Several studies have 

reported increased synthesis of minor types· of collagen such as type

VI (McDevitt et al., 1988) and type-X collagen, together with type-11 

collagen in osteoarthritis (Mark et al., 1992). 

Also, type-III collagen was found in the osteoarthritic condylar 

cartilage 6 weeks following induction of ADD. Normally type-III 

collagen is not present in cartilage. This observation is consistent 

with in vitro studies that showed that most of cartilage-specific type-

11 collagen was transformed into type-III collagen (Benya et al., 

1977). The same results were obtained after addition of 5-bromo-2'

deoxyuridine (Mayne et al., 1975; 1976; Kuettner et al., 1982; Askew 

et al., 1991) or after addition of vitamin C (Daniel et al., 1961). In· 

addition, type-III collagen is present during skin wound healing 

(Clore et al., 1979). 
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H.· Innervation: 
Costen ( 1934) suggested that many problems with the ear and 

sinuses were due to referred pain from the TMJ. Measurements of 

dried skulls were used as . a basis to suggest that condylar 

hypermobility due to internal derangement causes entrapment of the 

auriculo-temporal nerve, inferior alveolar nerve and lingual nerve, 

which stimulate A-delta fibers causing sharp pain (Johanson et al., 

1990). Clinically, Isberg et al. (1987) showed that lingual numbness 

might be due to an internal derangement, and that was mediated by 

C-fibers in an area of inflammation (Isberg et al., 1986). 

In this study, we were unable to demonstrate any nerve fibers 

in control and experimental disks. This observation is consistent with 

previous studies on human ADD biopsies (lsberg et al., 1986). 

However, the presence of blood vessels in the displaced disks 

suggests . the presence of tiny nerve fibers associated with newly 

formed blood vessels, but we were unable to demonstrate any of 

these nerve fibers in the thick sections used for nerve fiber staining. 

Control and loaded bilaminar zone tissues were heavily 

innervated. This observation is consistent with other various studies 

on human pseudo-disks (lsacsson et al.,1986; Johanson et al., 1990). 

Trauma to the innervated bilaminar zone in ADD due to loading could 

·lead to the formation of·· a neuroma due to the proliferation of nerves. 

These nerve fibers are said to be more sensitive to trauma, chemical 

mediators and neuropeptides than normal nerves (Zi~mermann, 

1989). 

Clinical studies have demonstrated a higher concentration of 
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neurofilaments and neuropeptides in synovium (Gronblad et al., 

1988; Mapp et al., 1988; Konttinen et al., 1989), periosteum, joint 

capsules, intra-articular fat tissues, subchondral bone (Dean, 1989; 

Burna et al., 1992), synovial fluid (Appelgren et al., 1991; Larsson et 

al., 1991) and plasma (Marsha~l et al., 1990) of patients with 

rheumatoid arthritis and osteoarthritis. 

In addition, intra-articular injection of substance-P, increases 

the severity of experimental arthritis (Levine et al., 1984). This 

action may be due to the generation of interleukin-1 by substance-P 

and neurokinin A and B (Kimbali et al., 1988). Also, increased intra

articular fluid pressure in osteoarthritis of the hip has been 

suggested to cause pain (Goddard and Gosling, 1988) Such increase in 

intra-articular pressure in the TMJ may be responsible, in part, for 

some forms of pain. 

The .. penetration of nerve fibers from the fibrous adhesions into 

the condylar cartilage in the present study, is consistent with the 

. results of immunohistochemical studies of osteoarthritic . cartilage and 

periosteum of the patella, in which it was ·shown that osteoarthritic 

cartilage was penetrated by nerve fibers containing ~ubstance-P 

from the subchondral bone (Badalamente and Cherney, 1989). The 

role of substance-P in the ADD model needs further investigation. 



V. Summary 

The position of the visco-elastic disk in relation to the articular 

surfaces, and the shape and smoothness of the articular surfaces are 

important factors for the proper function of the temporomandibular 

joint {TMJ). Several studies have shown that anterior disk 

displacement (ADO) of the human TMJ could lead to cellular and 

extracellular alterations in the disk, bilaminar zone, condyle, articular 

eminence and synovial membrane. Due to the lack of an animal 

model for this disease, it was not .known whether or not the 

. mechanical displacement of the disk could lead to the observed 

histopathological and immunohistochemical alterations. 

The purpose of this study was to investigate· the effects of the 

surgical induction of ADD on the cells and the extracellular matrix of 

the rabbit craniomandibular joint (CMJ) tissues. Collagens, elastic 

fibers, glycosaminoglycans (GAGs) such as keratan sulfate (KS), 

chondroitin-6-sulfate (C6S), chondroitin-4-sulfate (C4S) and 

hyaluronic acid (HA) as· well' as link protein (LP) and fibronectin (FN) 

in the disk, bilaminar 'zone, condyle and articular eminence were 

studied. In addition, to study the response of nerve fibers in the 

bilaminar zone to trauma caused by induced ADD was done using 

histochemical and immunohistochemical techniques. 

The right joints of 35 rabbits were exposed surgically, and the 

discal attachments were severed, except for the bi\aminar zone tissue 
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(posterior attachments). Then the disks were displaced anteriorly 

and sutured to the zygomatic arch. Surgery was considered 

successful when the . posterior attachments remained between the 

condyle and the ·articular eminence when the mouth was opened and 

closed. )The left joints were surgically exposed without displacing the 

disks and served as sham controls. Twenty additional joints from ten 

rabbits were used as non-operated controls. 

Rabbits were placed in one of five groups: Group I (5 rabbits), 

group II (10 rabbits), group III (10 rabbits), group IV (10 rabbits) 

and group V (non-operated control-10 rabbits). Deeply anesthetized 

rabbits were perfused with either with 10% buffered formalin (for 

histochemistry) or 2 % buffered formalin (for immunohisto

chemistry) 24 hours (group I), 1 week (group II), 2 weeks (group 

Ill), 6 weeks (group IV) following induction of ADD, in addition to 

the non-operated controls (group V). 

For histochemistry, the CMJ s were excised en bloc, decalcified · 

·in formic acid for 2 weeks, sectioned sagittally, dehydrated in graded 

alcohol, infiltrated in xylene, embedded in paraffin, sectioned at 5 Jlm 

and stained with H&E for detection of cellular changes or with 

modified Masson stain for detection of newly formed bone matrix or 

with resorcin -fuchsin for detection of elastic fibers or with alciart 

blue for detection of the geperal distribution of GAGs in the. disk, 

bilaminar zone, condyle, articular eminence and synovial membrane. 

Both. qualitative, semi-quantitative and quantitative assessments 

were applied to the evaluation of the results. 

For the immunohistochemical localization of extracellular 

matrix, the CMJs components were excised sepa_tately and condyles 
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and articular eminences were decalcified in EDT A for 3 weeks at 4 ° C . 

All -tissues were then sectioned at 10 J.Lm in a cryostat. Sections were 

incubated with monoclonal antibodies directed against KS, C6S, C4S, 

HA, LP, FN, tyi?e-I, type-II, type-III, type-VI and type-IX collagens. 

Following incubation in the appropriate FITC-labelled secondary 

antibodies, these specimens were studied with a fluorescent 

microscope. Changes in the extracellular matrix were detected in the 

disk, bilaminar zone, condyle, articular eminence and synovial 

membrane us,ing both qualitative and semi-quantitative assessments. 

For histochemical localization of nerve fibers, sections were 

incubated with silver nitrate solution. For immunohistochemical 

localization of nerve fibers monoclonal antibodies were directed 

against neurofilaments as a marker for nerve fibers. Following 

incubation with horseradish peroxidase, labeled secondary antibody 

using . the avidin-biotin system, sections were then examined with 

the light microscope. Changes in nerve fibers were detected in the 

disk, bilaminar zone- and the condyle using qualitative _assessment. 

The results showed a progressive enlargement of condylar 

volume that occurred in all experimental animals with induced ADD 

(P _ < 0.01). This enlargement was due to a significant increase in 

cartilage thickness and surface area of the non-articulating portion of 

the condyle in the 1 week group (P < 0.01). This increase was 

associated with decre~ses in both the fibrous layer and the reserve 

cell layer (P < 0.01). Cartilage thickness and surface 'area in the 

articulating portion of the condyle, however, declined (P < 0.01) 

whereas the fibrous and the reserve cell layers increased in 

thickness (P < 0.01). In the 2- and 6- weeks groups, there were 
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significant, progressive increases in cartilage thickness and surface 

area of the articulating portion of the condyle (P < 0.01), associated 

with a progressive decreases in the thickness of the fibrous layer· and 

the reserve cell layer (P < 0.01). In the non-articulating portion of the 

condyle, there was a progressive decreases in cartilage thickness and 

surface area (P < 0.01) associated with increases in the fibrous layer 

and the reserve cell layer (P < 0.01). All layers were found to be 

thicker than the control condyles. 

The histopathology results showed neovascularization, cell 

clustering and fibrillation of the displaced disks. The bilaminar zone 

showed marked fibrosis and complete loss of fat in its superior 

component. The condyle .showed subchondral hemorrhage (24 hours 

following induction of ADD), fibrosis and cyst formation, followed by 

osteoarthritic changes in the articular cartilage such as 

neovascularization; splitting, cell clustering, hyperplasia and new 

bone formation within the cartilage. The articular eminence showed 

chondrocytic clustering, increased thickness, and cartilagenous 

metaplasia of chondroid bone. The synovial membrane exhibited 

marked hyperplasia. 

The results showed a significant decrease in the number of 

elastic fibers in the disk and the bilaminar zone. The· remaining 

elastic fibers were . abnormal in their appearance and orientation. In 

addition, induced ADD led to the appearance of fine elastic fibers 

among the chondrocytes in the hyaline cartilage of the condyle, 

which were not present in the cartilage of the control condyle. 

The immunohistochemical localization of extracellular matrix in 

the disk, condyle and articular eminence showed significant 
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depletions of KS, C4S, C6S, FN and HA (P < 0.05). In addition to loss of 

link protein at 2 weeks. At 6 weeks there were significant increases 

in the level of C4S, FN and HA level (P < 0.05). LP did not regenerate 

up to 6 weeks. 

In addition, there were profound reductions in ·the type-II 

immunostaining (P < 0.05). Also, reduction of type-VI and type-IX 

collagen immunostaining were seen 2 weeks following induction. of 

ADD. Some areas even showed· a switch in the type of collagen from 

type-11 to type-1 collagens (P < 0.05). Six weeks following· induction 

of AI)D, ~here was an increase in type-11 (P < 0.05). In addition to 

type-VI and type-IX collagens immunostaining, but a decline in 

type-1 collagen immunostaining (P ·< 0.05), and the appearance of 

newly formed type-III collagen in osteoarthritic cartilage, which was 

absent in control condylar cartilage. 

The immunohistochemical localization · of extracellular matrix in 

the bilaminar zone showed a significant progressive increase in the 

amount of KS, C4S, C6S, FN (P < 0.05). In addition to type-III, type

VI, type-IX collagens in the 2 and 6 weeks groups, and the 

appearance of newly formed type-11 collagen, which was not present 

in control bilaminar zone (P < 0.05). 

Silver nitrate ·staining and neurofilament immunostaining. 

showed that both control and experimental disks were devoid of any 

nerve fibers. In contrast, both control and experimental bilaminar 

zone were heavily innervated. The fibrous adhesions of the some of 

experimental condyles was heavily innervated-. These nerves were 

found to extend into the condylar cartilage which was not innervated 

in control joints. 



VI. Conclusion 

Surgical induction of ADD in the rabbit CMJ leads to 'a 

significant enlargement of. the condyle. This enlargement was due to 

hyperplasia of the condylar cartilage. Enlargement of the condyles 

leads to impairment of condylar movements, malocclusion and facial 

deformity, as has been suggested in patients with ADD. This 

speculation needs to be tested in future experiments. Induced ADD in 

rabbits led to cellular alterations in the disk, bilaminar zone, condyle, 

articular eminence and synovial membrane similar to those found in 

human ADD, osteoarthritis of the human knee joint and induced 

osteoarthritis in the animal knee joint. 

The immunohistochemical results observed in the condyle, disk 

and articular eminence suggest that at 2 weeks, the initial loss of HA · 

and LP led to depletion of KS, C4S, C6S, which could lead·. to th_e loss of 

cartilage resilience found · in osteoarthritic cartilage. The regenerated 

chondrocytes at 6 weeks following induction of ADD secrete less KS 

and C6S than normal amounts and excessive amounts of C4S and HA. 

The newly formed GAGs, together with neovascularization of ·both 

discal and condylar cartilages tend to transform the adult tissues into 

those that are similar to those found in the fetal condylar ·cartilage 

_ and discal fibrocartilages. Because of the decline in LP as 

demonstrated immunohistochemically, the regenerated GAGs are 

probably unable to aggregate with HA, a condition known to occur in 

osteoarthritis. 
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At 2 weeks, the initial loss of FN, type-II, type-VI and type-IX 

collagens in cartilage could be the reason for the fibrillation of 

collagen fibers observed with light microscopy. Also, the switch of 

collagen phenotype from type-II to type-I collagen in osteoarthritic 

cartilage suggests the formation of the less resilient fibrocartilage 

instead of the normally present hyaline cartilage. 

At 6 weeks, the regenerated chondrocytes are capable of 

secreting type-II, type-VI and type-IX collagens together with newly 

formed type-III collagen and elastic fibers, which support the 

hypothesis of ·the formation of immature elastic cartilage. 

The loss of elastic fibers in the bilaminar zone of the disk at 2 · 

and 6 weeks reflected the inability of the dis_k to be retracted during 

closure of the mouth, which occurs in ADD without reduction. Because 

of the progressive increase of cartilage-specific GAGs, fibronectin and 

type-11 collagen. It is suggested that the loaded bilaminar zone has 

transformed underloading into a disk-like structure. The function of 

this pseudo-disk is to try to protect the articular surfaces from 

further destruction. 

The results of nerve fiber staining and immunostaining for 

neurofilaments suggest that persistence of pain in patients with ADD 

could be due to the presence of nerve fibers iri the loaded bilaminar 

zone, and the growth of nerves in _fibrous adhesions of the bilaminar 

zone into the condyle. We suggest that movement of the condyle in 

opening and closing of the mouth in patients with ADD would put 

pressure on these nerves. This mechanism explains the painful 

nature of this disease. 

It is concluded that surgical induction of ADD in the rabbit CMJ 
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leads to cellular and extracellular alterations comparable to those 

found in human ADD, osteoarthritis of the human knee joint and 

induced osteoarthritis of the knee joint in various animal models. 
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