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SUMMARY

The tenporonandibular and knee joints of five rabbi.ts were examined

for the presence and distribution of elastic and oxytalan connective

tissue fibres.

Itistochemical staining ¡nethods ancl enzyme hydrolysis reactions were

used to identify each fibre tYPe.

Elastic fibres were fowrd in the loose connective tissue structures

of both types of articulation. In these locations they are associated

with tissues which undergo a controlled reversible deformation when

subjected to fw¡ctional forces" Elastic fibres were also located in

certain dense connective tissues of the knee joint" In these stra¡c-

tures, however, their nwnbers were generally minimal.

Oxytalan fib¡es occurred in the tissues of both the temporomandibular

and knee joints. Large nu¡rbers of the fibres were located in dense,

poorly vascularised, cmnective tissue that contained little or no

elastic fibres. Oxytalan fib¡es generally had a definite ft¡nctional,

arrangement when present in structures subjected to loading. It is

hypothesised that their nain function rnay be to reinforce the existing

collagen br.rrdles of dense connective tissue to resist permanent defor-

nation" In addition, the fibres could provide a degree of additional

strength and resiliency to tissue that is relatively inelastic.

The inter-articular disc of the tenporo¡nandibular joint cmtained

nunetous oxytalat-staining elenents that were not arranged in a manner
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orientated to withstand functional forces. In this location it is

postulated that the fibres may have a different frmction, ärd a possible

nutritive role has been suggested

The finôings of this investigation provide additional sçport for

Fullnerrs hypothesis that oxytalan fibres occur in tissues subjected

to stæss. Ìvloreover, the location of oxytalan fib¡es within the rabbit

tetrporomandibular joint, in addition to certain anatonical considerations,

suggests that this articulation is a weight bearing structu:¡e during

fir¡ction.
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INT RODUCT ION

In 1958 H"M" FULLMER first reported the presence of a new fibre

type in connective tissue which he naned rorytalanr because of its

acid resistaìt properties in contTast to collagen" Oxytalan fibres

were distinguished fron elastic fibres by a special staining technique

which necessitated the prior oúdation of tissue sections before they

could be denonstrated r.rith certain elastic stains. Following further

studies of hr¡¡ran ard a¡rinal ¡naterial (FULLMER 1965,1966) he concluded

that oxytalan fibres h'e¡e located in regions of connective tissue

subjected to fwrctional stresses 
"

Subsequently CARMICHAEL and OAKES (1970) reported the pr,esence

of oxytalan fibres in the periarticular tissues of the rat tery)ono-

nandibular joint. However, no description was provided of fibre

location and distribution in that structure

This investigation has been undertaken to re-evaluate and extend

the work of Carmichael and Oakes using naterial fron the tenporo-

mandibular and knee joints of the rabbit.

A prelininary study comparing the tenporomandibular joints from

rabbits and do¡nestic cats was undertaken to deternine the relationship

of elastic and oxytalan fibres in different fr¡nctional forms of the

joint. Elastic fibres were present in the articular structures of

both species; however, only the rabbit joint contained oxytalan

staining ele¡nents " The comparative anatomical findings observed in
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the initial study suggested that the joint of the domestic cat

may be non-st¡ess bearing, while that of the rabbit is adapted

to bear pressure during jaw movenents. The presence of oxytalan

in the rabbit terporonsldibular joint therefore supported Fullnerrs

original hypothesis that the fibre is fowrd in regions of

connective tissue subjected to stîess 
"

The significance of these findings will be considered in

no¡e detail during this investigation 
"
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AI MS ()F THE IN VESTI GATI Cf'I

Confirm the presence of oxytalan and elastic fibres in the

structures comprising the temporomandibular joint of the rabbit.

Study the location and orientation of oxytalan and elastic fibres

for¡rd in the tenporomandibular joint.

Exa¡nine the knee joint of the rabbit for the presence of oxytalan

ar¡d elastic fibres.

Conpare the distribution of oxytalan and elastic fibres of the

temporonmdibular and knee joints.

In view of Fullnerrs hypothesis that oxytalan fibres are found

in areas of stress; to evaluate the rabbit temporomandibular

joint as a possible weight-bearing structure during furction"

I

2

3

4

5



LITERATURE REVIEt.l CHAPTE R

O)üTALA].I FIBRES

elastic fibres

tenporomandibular and other synovial joints

OXYTALA}¡ FIBRES

FULLMER (1953) first reported a new type of fibre in locations

previously believed to contain predorninantly collagen" The fibres

were demonstrated by an atrdehyde fuchsin staining technique after

prior oxidation with peracetic acid. He for¡rd them in human perio-

dontal me¡nbrane, tendons, liganents, adventitia of blood vessels,

sheaths of hair fotlicles and in the epineuriun and perineuriun of

nerves, They were observed to run in the saure general direction as

the collagen bundles and were also present in certain connective

tissues of nice, rats, guinea Pigs, monkeys md turkeys' lle

postulated that these new fibres, whic.h were subsequently naned

roxytalant, night be a forn of col'lagen which develops in areas of

stress 
"

FULLMER and LILLIE (1958) outlined the investigations which led

to oxytalan being established as a separate connective tissue fibre

distinct from other eonnective tissue eXements. Because of the

resista¡ree of the fibre to acicl hydrolysis i-ts nane was derived

fron the Greek words meaning racid-enduringt " They suggested that

sn the basis of its staining properties and enzymatic hydrolysis
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reactions oxytalan could be distinguished from other connective

tissue fibres.

FULLMER (f959a) described the formation and developnent of

oxytalan fibres in the periodontiun of humans using foetal and

adult material" Various staining methods were used as the basís

for this study" Oxytalm staining fibres first appeared in the

oral mucosa of enbryos at six months, ild seemed to develop fron

condensations of nucopolysacchari.de between collagen bundles"

tle observed that the fibres increased in size and orientated

themselves with further development of the periodontium" Once

teeth erupted ætd were subjected to oaclusal forces there was a

considerable increase in size of the oxytal.an fibres in the trans-

septal region of the toothrs attachment. Full'mer stated,

". .. Lt, ¡/s tenpÙLng ta poatula'te tl'taf. 
^l)Lu6 

pLo"ced upon lhe.

ótbttu Í,a pnima.nLl4 nupotuLble $on thø inusaÅe in tLze o6 the

{ibnu."

FULLMËR (1960a) published the results of a conparative study

of the oxytal.a¡r fibre in the periodontium of several nammal's"

'lhe aim of the stucly was to observe the relationship of oxytalan

to elastic and other fibres of the conneative tissues. Staining

methods and enzymatic reactions were used for differentiating the

valious fibre types. The results appeared to support a revised

concept that the oxytalan fibre was either an inconpletely developed

or a specially modified elastic fibre" The ratio of oxytalan to

etastie fibres was found to vary according to the species, the

tooth type and the location about, the tooth. It rl¡as noted that all
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the pre-elastic fibres stainecl well with the oxytalan fibre stains

and could not be distingtríshed fro¡n oxytala't by histochemical

nethods. Fullurer argued that since oxytalan fibres occurred in

connective tissues requiring litÈLe or no elasticity, the develop-

nent of elastic tissue in these sites might aetuaLly be dotrinental

to proper fi¡nction" lle therefore proposed that a different type of

elastic structure was produced in those situations" He reconmended,

,, .., t|Loi, the lznn oxqta.Lan be ued to designaf'ø eI'n'tlie*t"Ll¿ø (ibne*

in eenfo"Ln 
^þü.Lelu;LU 

thøt Ln thø ddtß't 'Stwtø neve'L devøLap ínf'a

oha¡,ae,tenitþLc etalaLe. ú¿brL*t trld tlrc fp.nn ptLe-e.IoÂtic to uí.tþPn

døveloping etatLLc Lí.t¿ue in ¿Í.nueÅuh.aÁ in tilhia,h it e.on bø øxpzaled

to udengo matgøLLon inlo chauoLenÁtic eLa¿LLc {Lbnu, a'L ta

øxtevuion^ aÁ ,Qcogwíaohle elatLLc $lbnu"'

FULLMER (1960b) reported the presence of oxytalan fibres in

radicular cysts and dentaL grarulomas. IIe suggested that the

presence of the fibres in lesions involving the j aws would seen to

indicate the periodontal ori.gin of the connective tissue cells whiat¡

produced then.

FULt^lvlER (f961) exa¡nined the naxillary alveolar processes of L35

cadavers anci fomd that oxytalan fibres generally tended to be

larger and more numerous in functional than in non-furctional perio-

dontal liganent.s surrounding nolar teeth"

FISHER and FULLMI]R (1962) and FULLMER a¡rd WITTE (1962) publi'shed

further reports on the Presence of oxytalan fibres in other patho-

logical states involvi.ng the jaws, such as aÍìeloblastoura ald sclero-

derma.
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KOHL and ZAI\¡DER (1962) observed the distri"bution of oxytalan

fibres in the periodontium of the monkey md noted that they

travelled in close relation to both blood and lymphatic drannels"

RAI¡NIE (1963) introduced an improved method of oxidation of

tissue sections using a potassirxn monopersulphate bleach in place

of the original peracetic acid" Material of humnan, nonkey and rat

origin was used in the investigati.on" He confirned the findings

of Fullner and suggested that oxytal.an fibres might function in

the periodontiun to Prevent overstretahing of the tissues and so

prevent isctraemla due to oblíteration of the vascular channel.s.

Additionally, the fibre was thought to provide added strength to

the periodontal ligament 
"

LöE *¿ Nurt (1964) studied the periodontiun of several animal

species and concluded that the oxytalan positive structures were

normal aonponents of the tissue" On the basis of theír origin,

course, morphology arld argyrophiJ.lic propertj.es the authors deduced

that these special staining fibres night be neural elements"

FULLMER (1965,1966) sur¡narised the resirlts of adötional histo-

che¡nical, enzymatic md comparative studies of the periodontium"

Ìle concluded that the precise retationship of elastic to oxytalan

fibres had not been definitely established" However, histoahemical

reactions for pre-elastic and oxytalan fibres had given identical

lesults" He therefore proposed that oxytalmr fibres in the perio-

dontium of nan rnight represent el.astic-type fibres produced by

the connective tissue cells in that structure. This opinion was

based on the view that connective tissue aells produced different
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types of elastic or e lastic-Iike 'Ëissue at different locations

thmughout the bodY.

CARMICHALL and FULLMER (1966) reported an electron microscopic

study of the oxytalan fibre in the periodontat liganent of the rat 
"

They concluded that the ultrastn¡ctural features of the fibres were

ín rnæry respects similar to those of elastic ti'ssue"

GREENLEE, RoSS md HARTMAI{ (1966) examíned the fine struature of

e!.astic fibres and ao¡rmented on the si¡nilari.ty between the i¡nmatuæ

elastic fibres they observed and the utrtrastruatural featu¡es of

oxytalan fibres described by Carmichael and Fullner"

cocGINS (1966) studied rhe distribut.íon of oxytalar¡ fibres in

the periodontium of prinary teeth" He for¡rd that they werc nainl,y

arranged in a ¡nanner similar to that found in the periodontiun of

adult jaws. On the basis of their staining properties, morphology

and distribution he stated that oxytalan fibres we¡e connective

tissue and not nervous elements"

s0uLE (1967) described the presence of oxytalær fibres in the

periodontal liganent of the anLígator and cairnm which represented

lower vertebrate forms. He noted that the fibnes were relativeLy

fewer in nurnber in teeth whiah had aontinuous replacement throughout

life. Furtherrnore, the fibres v¡ere not seen until the developing

tooth actually cane into function" Soule cone I'uded that his fi"ndíngs

lent support to Fullnerts original assunption that oxytalan fibres

appeared in regions of stress"

cARtvtIGlAEL (1968) stated that the function of the oxytalan fibre
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was not entirely clear. Frorn an investÍgation of the periodontium in

a mouse he described the distribution of oxytalmr fibres" He con-

cluded that they might be eon,eerned with the stability of the pe:rio-

dont.al vessels since, "" " " Thø inae"ntLon a6 oxqtalnn dibnes ínle: the

e.ementum inpliu zJL xrlcholLage ßoÌL thø vea¿e.t's which níShf ytenmi,t then

ta acconmodaie tLtewseLvu to d,i'stanf.ianal- and eomqLeÁ^ive" 
^Í.ft.a,Lyla 

"tt

EDI,VARDS (1968) observed an i.ncrease in size and number of oxytanan

fibres in the crestal region of tho peri.odontium of dogs during

orthodontic tooth movenent" lte statecl that there was little reatr

evidence concer:¡ing the function of these fibres, ffid sr.rggestecl that

they night have some anchoring effeet whi,ch would prevent over-

stretct¡ing of the tissue in certain areas"

BOESE (1969) concluded that oxytalan fibres played a rotre in the

relapse of orthodontically rotated teeth. lle postuTated that the

stress produced in the periodontal ligament when a tooth is rotated

coincided with an increase in the number of oxytaJ.an fibres.

Apparently the fibres maintained their tensi.on by stretching rather

than permanently increasing their length.

EDWARDS (1970) investigated tooth movement in human subjects and

found that severing all the crestal fibres surTourding a tooth

resutrted in negligibtre rotational relapse.

CARMICI{AEL and OAKES (1970) reported in an abstract publication

that the periarticular tisst¡es of the rat temporomanclibulan joínt

eont,aineel bot.h el.astia and oxytalam-like fibres" A detailed a"epor:t

of their findings was not provided and no further infornation has
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been published in the literature. A personal comnunication with

Carmichaef (f971) did not provide any additional. details on the

location and distribution of these fibres in the tenPorornandibular

j oint.
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LITERATURE REVIEt^l

oxytalan fibres

ELASTIC FIBRES

tenporomandibular and other synovial joints

ELASTIC FIBRES

FULLMER (1958) reported that elastic fibres we¡e distinguished

from oxytalan fibres on the tlasis of certain histochernical staining

tests .

FUtLIvlËR and LILLIE (1958) published the staining reacticns of

elastic and oxytalan fibres. their results are rePresented in the

following condensed form :

[ìe actions Oxytalan E I astin

Stained directly

The 5 elastin stains

Peracetic acid oxidised

Orcein

Aldehyde fuchsin

Resorcin fuchsin

Verhoeffrs stain
Orcinol-new fuchsin

+

Brown *

Purp le

Purp le *

Brown

Purp Ie

Purp le
Black

Purple

*Soure fibres are reactive, others are not.
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FULLMER (1965) reviewed the research on oxytalan fibres and

presented the evidence which in his view related then to elastic

fibres. His criteria ar.e sunnarised by the following points :

l. sone animals have elastic fibres in their periodcnrtal

liganentswithamorphologyæddistributionanalogous

to oxYtalar fibres in ¡nan"

2. In those animals where both elastic ard oxytalan fibres

are present in the periodontal nenbrate, no diffelences

could be fowrcl in the morphology and array between the

two fibres.

3" often, parts of the sane fibre in the periodontal liganent

of swine stain like elastic while other parts of the sanp

fib¡e stain like oxYtalan"

4" Formalin-fixed orytalan fibres aIe generally refactory to

digestion by elastase, although they are susceptilrle to

digestion by the sane enzyme after stlong oxidation with

peracetic gcid.

5, The fibres are stained with three of the basic elastic

tissue stains províded they are first oxidised with

peracetic acíd"

6, O¡ir rare occasions typical elastic fibres nay develop in

hunanperiodontalliganentssubjectedtoheavyocclusal

forces.

T,Devetoping(pre-elastic)fibresinmanarestainedbythe

oxytalanmethodpriortothestagewhentheycanbestained

with elastic tissue methods '
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Elastic fibres often appear to develop from oxytalan fibres

in periodontal liganents involved with scleroder¡na.

In ¡nan, r4I fine extensions of elastic fibres rr.urning fron

the dermis to the basement ¡nerbrane of normal skin can be

¡outinely stained with oxytalan methods and not by elastic

tissue techniques.
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LITËRATURE REVIEbI

oxytalan fibres

elastic fibres

TEMPOROMAN DI BULAR Æ.¡D OTHER SYNOVIAL JOINTS

TEMPOROMANDIBU LAR A}¡D OTHER SYNOVIAL JOTNTS

The literature review is concerned with stn¡ctures cornprising the

tenporomanclibular joint" However' Iefe¡ence will be made to specific

conponents of other synovial joints" A considerable a¡noutt of

research on the terporonandibular joint has utilised naterial of

human origin" These investigations will l¡e used as a l¡asis for

further discussion in the literature review'

It has been stated (BARBENEL, Lg72) that the tenporomandibular

joint is a stless bearing stnrcture; however, tjrere is no rUrørimity

of opinion on this viewpoint (BLACKW@D, 1966) '

The conponent parts of a joint which pertain to the plesent

investigation are:

1. articular surfaces

2. articular disc

3. joint capsule

4. ligaments, tendons and rnuscles related

to joints
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I ARTICULAR SURFACES

weieht bearin s syn ovial i oints

The cartilage covering the articular surface of weight bearing

synovial joints is generatly of the hyaline variety. It is a

highfy specialised connective tissue consisting of relatively few

cells distributed throughout an abundant extracellular matrix"

Tl-re natrix is not tnrly homogeneous but contains rnany fibres whidr

are thought to be mostly collagen in nature. These conponents are

arranged architecturally to withstand the various forces delivered

at the surface of the caftilage and transnitted to its deeper

st::uctures.

The collagen frane-work of articular cartilage has been reported

on many tines using various examination techniques" A review of

the fibrillar structure is beyond the scope of thís investigation;

however, up to the present time there has been little agleement

even on the nost general features of fibre arrangement" The atrcade

concept of BENNINGIIQFF (1925), in which the collagen fibres are

thought to form curve<l arcades extending from the layer of calcified

cattilage to the free surface, is probably the most widely accepted

of al.1 the structures proposed for articular cartilage'

Flyaline cartilage stained by the comnan histochemical methods for

collagen does not reveal any fibres" This is thought to be due to

the high acid mucopolysaccharide content of the ground substance

which effectively blocks the anionic dyes from attaching to the

cationic sites of the collagen (HAN{MERMAI'¡ and SCHUBERT, L962) ' The

collagen fibres of articular cartilage nay be shown by phase
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contrast microscopy, the electlon nicroscope ald the use of special

stains.

temporo mmdibular i oint

oRBAl.¡ (1944) described the articulating Parts of the human

tenporonandibular joint as being covered by fibrous or fibrocarti-

laginous tissue, ffid not by hyaline cartilage. At no stage during

the development of the condyle does hyaline cartilage, which is

present during its growth period, reach the surface. The fibrous

covering of the condyle was stated to be of fairly even thickness

with its nost suPerficial layers consisting of a stl¡ong network of

collagenous fibres. It also contained cartilage cells which tended

to increase in number with age. cartilage cells were similarly

found in the temporal fibrous aTticulating tissue in varying

nunbers.

SICHER (1951) acknowledged the presence of cartilage cells in the

fibrous coveríng of the cfPPosing bony surfaces. He attributed the

Iack of bloocl vessels in both surface layers as being proof that'

the joint is subjected to considerable functio¡raI pressute' Addi-

tionally, the pÎesence of cartilage in the fibrous layers, as well

as the direction of the fibre bundles the¡nselves ' vÙas stated to be

further evidence for the Plessuxe bearing role of this joint" lle

said, t, . ". The. (íbtøt ,LuyL a.t nLgrLt anglu to the bonq xtn{ace Ln

thø døøp La¡en, and parLol-Lø(- to the ¿un/rocø in fhe Ãupe.'Ló'LoLa't'

Lagøn. In tlvít dilLdyLgeneytf. thø 6íbnøt du¡tt-Lca-te the d,ítpeÍ'Lon oó
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fhø $ba;J's ín ayt aúiculut ca*'tLTagø" The deøyt La4øh; d^2- adapÍzd

Lo ytturs,sute, fltø ,su¡cen(.ccial Lage.U ta alid"Lng unden pftø6^urLø,"

MACALISTER (1954) undertook a microscopic survey of the human

temporomandibular j oint and found that the articular tissue eontained

three distinct layers. They consisted of an outer fibrous layer, a

nid-transitional layer and an inner layer of hyaline cartilage until

the encl of the second decade" Thereafter, the outer fibrous layer

changed to a true fibrocartilaginous eovering with cartilage eells

apparent in the fibritlar matríx"

SCOTT (1955) stated that the most convincing evidence for desig-

nating the tenporonandibular joint a non-pressure bearing structure

was to be found in the aÍrangement of the head of the condyle"

Dgring chitdhood the condylar growth cartilage was located below the

surface perichondrium" tle called tlte superficial zone of the peri-

chondriur¡ the fíbrous layer, ild designated the deep zone as the

cellular layer" In tïue pressure bearing joints, he argued, the

grohrth cartilage of the bony elenrent is separated fron the articu-

lation by the epiphyseal bone which in turn is covered by articul"ar

cafrilage. Such an arrangement was not to be seen in the hunnn

tenporomandibu lar j oint "

MILES and DAWSON (f961) obsen¡ed the presence of elastic fibres

in the artieular fibrous tissues of temporornørdibular and stemo-

clavicular joints. In human temPor.omandibular joints the elastic

fibres were generally found to follow the orientation of the

collagen bundles" They used conventional elastic stains and found
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fibres øte to three microns thick which branched and formed a net-

work throughout the articular tissue" Elastic fibres were also

demonstrated in the temporomandibular joints of a variety of

<lifferent aninals, including the rabbit. Miles and Dawson clai¡ned

that elastic fibres night be an integral part of articulär fibrous

tissue and said that their function ulas to inpart resilience to

the condylar surf,ace.

MoFFETT, JOIINSCh¡, McCABE and ASKE!'J (1964) noted that the ratio

of chond¡ocytes to fibrocytes, as well as their total numberr was

not constmt in the articular tissue of nan " This ratio changed

for atl specinens and also varied in clifferent articular areas of

the sane nan<iibular condyle. The cellular pattern showed no

relationship to age but seemecl to depend more on mechanical factors

associated with function. In the superficial layers of the fil¡rous

tissue collagen bunclles were seen to travel parallet to the joint

surface ærd interlace with each other in this plare. The authors

distinguished between articulating and non-articulating parts of

the joint. They found that in those areas of the joint presumed to

articulate, the fibrous covering was thicker and contained fib:rc-

cartilage in its deeper layers. It was cqtcluded that, "The âLaw

tttttu do nna2Lon o $ (Lbnou atuLLeuLan Li'stuø inf.o {ibnn e"a"al'il'aga

occuø Ln thote pøÍl o( the ioint. whieh osza weigh't'-beaning an

Loadp"d 6un6aeaÁ. trtuch øvidenee i¿ availnhlø to ind'Lca.tø Íha.t eoa-

LLb,ge con bø Lnducød to {oan Ln esnnøc-fivø ti't¿ue o"t' poistt's whene

thenn i¿ movønent aønbfute"d wLtt'L p,Le,6^u|æ' on møchou"LeaL Laad,ínT.,,

Fron an exa¡nination of the internal bony architecture they



16

suggested that the form of the condyle showed a colcTelation with

the distribution of pressure along its surface"

BLACKWOOD (1966) studied the cellular remodelling in articular

tissue and showed that three aell zones were discemable in the

growing articular portion of the hurnan mandibular condyle" They

conprised the articular zone, the proliferative zone a¡rd the hyper-

trophic zone " Growth was thought to take place mainly in the niddle

zone. Three cell zones were also observed in the nature condyle.

Tt¡e surface articular zone was si.milar to that in the growing jo5.nt"

l{owever, the proliferative zone had shn¡nk to a thin band of cells,

while the hypertrophic zone was replaced by a zone of fibrocartilage

which overlaid the sub-articular bone" BlaakhÌood regarded the

tenporomandibular joint as being nornally a non-weight bearing

structure, but he contended that any neehanical' I'oading of the

joint at its surface must be capable of causing the transmission of

a stimulus to the deeper layers in order to initiate the remodetrling

changes observed in the studY.

MOFFETT (f966) considered tlìat differentiation into fibroqa1.-

tilage occuned in those parts of the joint where the fibrous

articular tissue was conPressed during function " In the revigw he

discussed the various types of remodelling and stated that,

t' . .. the tzmponomand*bu,t-dn ioLnt i.a eapable oú a['t¿ding i&t

coyr.touhr; a^ d norlphakgieoL adaptaLLon to tLP mechatwcæL 
^t,l.e,6^U

a.6^o úa.tød wi.th {wc.tion,"

BLACKWOOD (1969) stated that the articulat surface of the condyle

is formed by dense bundles of collagen fibres orientated for the
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most part parallel to the surfaee and interspersed with some fine

elastic fibres.

2, ARTICULAR DISC

Articular discs have probably received more attentíon in the

literature than any other joint st,ructure" The Nomina Anatonica

(1955) describes the term discs as circular stnrctures wi.th or

without central perforations, Meniscus is said to nean a seni-

lunar shaped elenent with one concave md one flat surface. For

descríptive purposes the terur disc will be used throughout this

investigation to denote both types of structure.

PARSONS (f899) noted that the nandibul,ar disc was a very constant

feature in the Mammalia, although it nay be suppressed or under-

developed in some a¡rimals. tle believed that a combination of

rotation with gliding during jaw movements was often eoi.ncielenË

with the formation of discs.

ORBAl.l (f944) described the mandibular disc in rnm as being

composed of dense collagenous tissue whose fibres were straight

and occasionally interspersed with a f,ew elastic fibres. The dise

did not show the usual fibrocartilaginous character of discs in

other parts of the body" He regarded this as a reflection of its
high mobility and plasticity du:ci.ng fi.urction. With age the fibro-

blasts were thought to develop into 't. ". ehondnoid ce]-I"s wluLch,

Lal.en, mdA becone ,Le.o"L eJtondtwcgtol. Even ¿molL.í,tland,s o( :

hqa.LLne eolttLLage mdq b¿ [ound in the dLtu o{ oldør pettÄanÁ"]'
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resistance and elasticity of the
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thought by Orban to increase the

fibrous tissue"

SIOIER (195I) stated that the lack of blood vessels in certain

parts of the disc was proof that there w¿rs considerable pressure

within the human tenporomandibular joint" He regarded the presenee

of cartilage cells, which occurred only in higher age groups, as a

response of the tissue to pressure and friction.

REËS (1954) studied the anatorny and histology of the huma¡¡

temporcmandibular joint and atterpted to correlate structure witlr

furction. I{e for¡rd the rnajority of fibres conprising the disc

were of dense plaited collagen" However, in the upper stratum of

the so-cal.led rbi-Ianinart zone at the posterior part of the disc

he observerl much loose fibro-elastic tissue. Groups of eells

rese¡nbling chondrocytes were also seen in the denser regions of the

disc.

HAÌ,¡KEY (1954) observed that Ehe human mandibular disc was

composed of interlacíng h¡ndles of thick collagen which ran

parallel to the surface on the upper and lower parts of the disc"

The presence of some elastic fibres was also noticed in the disc,

particularly in the loose conneative tissue at the posterior region

of the joint.

MACALISTER (f954) found that the nandibul.ar disc in hunnans

consisted essentially of dense collagenous tissue and cartilage

cells were only obsen¡ed in el.derly subjects who had worn antifi-

cial dentures. He assumed that cartilage cells $¡e¡e a manifestation
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of physical changes affeating the joÍnt and should not be i"ncluded

therefore in a histologica} descniption of the normal disc.

SPRINZ (1954) described the manclibular disc of a rabbit as

being composed of dense fibrous tíssue which contained no cartilage

cells" The central parts of the disc were found to be avascular"

BARI{ET'I (f954) noted the structure of various joints from dif-

ferent animal species" He concluded that discs were present 'r. ".

Ln tho¿ø anÍieuld,tiovtt u)l'Le.hz aame. o{ thø novenønit chanaa.te.nLttic

a( boLl-ond-¿oehet. and a.ondgLoid lolnt's a-¡tz unbine.d wilh tJ+e.

movemøntt ehatu.cîznílÍic o{ ytlruø joitttt." Suah a combinati.on of

nove¡nents denanded a well-rot¡nded entering surface and a relatively

flat receiving surface" The dj.sc was thought to eompensate fotr any

discrepancies between the opposing bony surfaces during mandibular

movenents. Barnett observed that the disc eontained cartilage eells

in those animals whose upper a¡rd lower articulating surfaces were

steeply inclined to each other.

GRIFFIN and SI{ARPE (1960) reportecl a histological study of the

temporomandibular joints obtained fron cadavers whose ages ranged

fron 18 to 62 years. They observed that parts of the disc conqisted

of fibrocartilaginous tissue. The same areas were al"so formd to be

avascular. It was concluded that these particular sites were sub-

jected to compression during joint function.

BARNETT, DAVIES and MacCONAILL (f961) stated that elastic tissue

is fowrd in locations throughout the human nandibular disc in

addition to the upper stratì,rm of the bila¡ninar zone described by
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Rees" Elastic tissue was obsen¡ed anteriorly at the site where

the lateral pterygoid murscle attached to the disc. Fine elastic

fibres were also distributed throughout the whole of the disc,

including the central dense portion, fld were orientated in a

random manner" They observed that with naterial. obtained from an

older age group the elasti"c fibre content of the nain body of the

disc decreased in nunrber a¡rd there was parallel hyalinisation of

the collagenous tissue"

DIXON (1962) examined the temporomandibuLar ioi.nts of cadavers

between the age of 45 and 60 yeats. He fowrd that the anterior

part of the disc w¿ts composed of densely woven fibrous tissue

while the posterion part demonstrated a ¡nore open texture" Carti-

laginous dranges vlere conmon in the fibrous part of the disc

obtained from ol.der snbjects" The vascul.ar a¡rd elastic zones

noted previously by Rees at the posterior part of the disc hlere

also seen 
"

M0FFETT, JOHNSON, McCABE and ASKEW (f964) observed ¡nore carti-

lage cells in the central dense site of the hunsr ¡nandibular disc

than at its peripheral parts" Bundles of coll,agen fibres were

seen to rr'ur parallel to the surface of the disa in this central

area and had a predorni.nantly antero-posterior direetion" In the

more peripheral zones the disc becane thinner with the collagen

burdtes now forning an interlaeing network. At the same time the

number of cartilage eells were observed to decrease" They inter-

preted the presence of fibrocartilage in the central part of the

disc as being an indication of the stress bearing role it played



2\.

during jaw movements.

TIIILAIIDER (1964) undertook an invest,igaticn of the colX.agen

structure of the human mandibular disc in a pathology-free series

with a wide age ra¡rge" Collagen fibres, together with elastie

fibres, were observed at an early intra-uterine stage. Shortly

after birth the collagen fibres demonstrated a reorientation

sinilar to that seen in the adul,t structure" This change aoincided

with a decrease in the elastic fibre content" With further aging,

the amount of collagen gradually increased as the eLastic fibre

content of the dísc gradually decreased. Cartilage cel,ls vlere not

observed in the disc at any stage" Their absence was thought to

support the finding that the ¡nateríal used had no history of joint

disorders.

SPRINZ (f965) str¡died the rnanclÍbular joint from a numbe:c of

rnarsupials and monotre¡nes for the presence or absence of an artiaular

disc" In those joints where the disc u/as completel.y formed its

structure consisted of bundles of collagen fibres. He suggested that

in those species which lacked a disc there may have been fusion

between the disc and articul"ar surfaces, since there appeared to be a

relatively thicker articular fibrous covering.

It
OBERG, CARLSSON, FA.TERS and BERGMAI,I (1966) reported the morpho-

logical aging of the normal tenporomandi.bular dise" They for:nd that

rchondroidr cell.s we¡e obser¡red in all the discs exa¡nined from

subjects whose ages ranged fron 3t'â to 67 years" The cartilaginous

cells were assumed to be a normal component of the disc and their

relative increase with advancing age represented a physiological
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rather than a pathologieal phenomenon 
"

By comparing the jaw movements in mam¡nals MILLS (1967) stated that

the disc may have developed i.n those aninals where lateral j aw nove-

ments were possible. I'le considered that any lateral ¡novenent must

include a rotational component rather than being purely translatory"

Mills pointed out that the fwrction of the disc l^ras not well-known in

na¡mals generally and indiaated a need for further researeh in this

fie Ld"

3. JOINT CAPSULE

In current anatomical nomenclature the term articular eapsule

includes both the fibrous capsule and the synovial membrane. Since

the synovial apparatus i.s beyond the seope of tl'ris investigation it

wilL not be discussed further"

According to BARNETT, DAVIES and MacC.ONAILL (1961) true a¡tieular

capsules are confined to synovial joints where they form so¡newhat

barrel-shaped sleeves around the joints and generall,y attach at either

end to the bones participating in the articulation. In places the

fibrous capsules nay attach to other ligænents instead of to bone, and

they may also be deficient in part of their extent.

ORBAI',¡ (1944) described the articular capsule of the temporomandi-

bular joint in nan as being ãt outer fibrous l.ayer with loose thin

wal Is "

SICFIER (1951) studied the terporomandibular joint also and found
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that the capsule from human naterial was thin walled. lle noted that

the portion of the crysule between the temporal bone and the disa

appeared to be loose and suggested that this arrangement may allow

translatory movements to occur ín the qpper joint compartment" In

a.h" lower conpartment the capsule was described as being tense

between the disc and condyle and therefore thought to limit the

anount of novement which coul.d take place.

REES (1954) found that the disc of the hunan teÍporomandibular

joint gained attachnent both medially and laterally with the capsule

and both inserted together to the medíal and lateral poles of the

condyle" Posteriorly, the disc appeared firmly attached to the cap-

sule which ran directly frorn the temporal bone to the ¡nandibutrar

condyle" The capsule was found to be deficient anteriorly.

SPRINZ (1954) investigated the effeats of neniscectomy in rabbit

¡na¡rdibular joints and stated that the disc rúas attached peripherally

to the capsule surrounding the joint" During excision of the disc

he observed that it was generall.y most firmly att.ached to the anterior

part of the capsule.

Ctr{OUKAS and SICXIER (f960) emphasised that the relations of the disc

to the capsul.e and the condyle, in di"fferent areas of the human tem-

poromandibular joint, have their own special fi¡national significance.

The capsule and the disc were fused anteriorly to allow for some

fibres of the lateral pterygoid muscle to attaah directly with the

disc. Medially a¡rd lateratly the capsule and the disc had independant

attachnents to the condyle" Posteriorly the disc was described as

being only loosely attached to the capsule"
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BARNETT, DAVIES and MacCONAILL (1961) stated in general. that

fibrous capsules varied in their elegree of development and strength

and may be thickened in different, parts according to the functional

demands placecl upon then. Capsules consisted chiefly of col'lagen

fibres arranged as paratrlel bundl.es. Intenmingled with the collagen

hras a network of reticular fibres. They found that elastic fibres

only occurred in the capsule in association with blood vessels.

4. LIGAMENTS, TËNDONS ATID MUSCLES RELATED TO JOINTS

ligaments and tendons

In addition to the fibrous capsules enclosing joints, mffiY arti-

culations are further reinforced by other li.gaments which may be

intra-articular or extra-articul'ar in position"

STILWËLL and GRAY (1960) used post-morte¡n material to examine the

nicroscopíc structure of periostoum in different areas of tendinous

contact" They noted that the periosteum urderlying different tendons

clid not always have the same stlancture. Also, there was no consis-

tent pattern of perioseal structure from the same area of attaahment

in different specimens" Fibrous connective tissue formed the perio-

steum in approxirnatel.y two-thirds of the areas studied, while fíbro-

cartilage !{as the predo¡ninant tissue in the remainíng one-third"

Elastic fibres were onl.y found in moderate amounts f¡co¡n periosteum

forned of nore loosely arrrtged tissue.

COOPER and MISQL (1970) examined the insertion of patella and

nedial femoral collateral liganents in adult dogs by light and
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electron niaroscopy" They divided the insertion sites into four zones

- tendon (or ligament), fibroeartilage, mineralísed fibrocartilage and

bone" Collagen fibres cCInstituted by far the bulk of tendon and liga-

ment zones, with occasional etr astic fibres scattered anong the panal-

lel rows of col}agen" Both fibre types were for.¡nd to extend wtchanged

in proportion, arrmgenent and directi.on from the tendon to form the

inter-cellular ¡natríx of the fibroeartilage zone. The investigators

postulated that the elastic fibres may enable ligarnents and tendons to

return to their original shape after defornation and also maintain

alignment of collagen fibres especially after lateral bend"

periosteun

tsAILEy'S TEXTBOoK OF IIISTOLOGY (1964) described the periosteum as

a fibrous membrane investing the bones, except at their articular

surfaces, md consisting of two different layers of tissue. The outer

layer is colrposed of coarse fibrous connective tissue containing few

cells but numerous blood vessels and nerves" The inner layer is tress

vascular but nore cellular than the outer Layer and contains nany

elastic fibres.

mus cl es rel.ated to the T-M joint

ABBIE (f939) claimed that in aert,ain marsupials the tenporalis ald

lateral pterygoid nuscles find attachnent to the neck of the nandible

and the articular disc" The insertion of the temporalis into the

condyle and disc vras thought to provide some reinforcement for a

¡elatively underdeveloped lateral pterygoid ¡nuscle in these animals"
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SICHER (f951) stated that in humans the uppennost fibres of the

lateral pterygoid muscle gain attaehment to the anterior border of

the articular capsule and the anterior part of the disc"

SYMONS (1952) studied the development of the human temporommdi-

bular joint and concluded that the disc appeared to be an extension

of the tendon of the lateral pterygoid muscÏ.e into the joint area.

REES (1954) found that the Lateral pterygoid, nasseter and tem-

poralis muscles are all attaahed to the humø¡ mandibular dise. He

described the lateral pterygoid as ¡naking a ttnre insertionr, whi"l.e

the others were connected by fibrous bundles at right angles to the

direction of their nuscle fil¡res"

SPRINZ (1954) noted that the disc in rabbits was attached

srteriorly to both the lateral pterygoid and ¡nasseter muscles"

Joints known to be load-bearing occur between some long bones,

while often it is a ¡natter of speculation whether there is a foree

transrnitted across the ternporomandibular joint"

ROYDI{OUSE (1955) studied the pull of the rnuscles of mastication

ar¡d concluded that there was an upward force on the cranium during

functional j aw movements.

SCOTT (1955) also analysed the aetion of the muscles of masti-

cation srd fot¡¡d that fibres of the temporal nusctre aeting alone

(sheep and dogs) or in eombination with the lateral pterygoid

muscle (man and primates) may provide a mechanism for renoving

pressure from the head of the condyle during nastication.
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BARBENEL (L972) found that the force actions of the ¡n¡scles of

n¡astication acting across the joint were best analysed using linear

progrannring nrethods. In this way the nininn¡m joint forces as a

function of occlusal load could be deternined. The results indicated

that the tenpo¡onandibular joint is a load-bearing structure during

furction.



MATERIAL AI{D METHODS CHAPTER II

Sel.ection of Animals

Five rabbits of mixed sex and of various strains were used to

provide ¡naterial for the investigation. They consisted of laboratory

animals approxinateLy L2 months old. Tbo of the rabbits were. used

for dissection purposes to study the gross anatomy of the temporonandi-

bular and knee joints. The joi.nts fron the three renai.ning rabbits

were renoved for histological exanination"

To sacrifice the animals 5 ml of Nenrbutal (Abbottts veterinary

sodirrn pentobarbitone) containing 60 mg/m1 was injected into the

lateral vein of the ear"

Removal of Joints

Temporomurdibular j oint :

After sectioning the bone of the zygomatic arctr, neck of the con-

dyle and the temporal bone surror¡nding the root of the zygona, the

tenporomandil¡ular joint was carefully dissected out without damaging

the articular tissues 
"

Knee j oint:

The patella ligament was dissected from its bony attachments and

examined separately" The femur, tibia and fibula were sectioned

approxinately one centimetre fron the articulation" The joint was
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then dissected out from the soft tissues surrounding it"

Fi xati on

The joints were transferred imnediately to a phosphate buffered

solution of 10% formol salíne for 24 hours príor to decalcification"

Decal ci ficati on

This was carried out t¡sing a solution of 40eo formic acid"

(Appendix VII "1) "

The speciÍþns r{ere checked radiographically to deternine when deaalcí-

fication was conplete" The average tine taken for the terporonandibu-

lar joints was two weeks, while fou:r weeks were generally required to

obtain complete decalcification of the knee joints"

Processing

Following decalcification the specimens were placed in Seo sodium

sulphate in order to neutralise the rernaining formia acid" "lhey were

then dehydrated and processed in the usual laboratory ¡nanner employing

a double enbedding technique. (ApPendix VII"2) "

Blockig

The specimens hrere blocked in fresh clean paraffin wax at 56oC

using either plastic moulds (peel-away) or blocking irons, dependi.ng

upcm the bulk of the tissue speci.men"

Three te¡nporonandibular joint blocks were obtained and orientated so

that sections could be cut in t,he sagittal, coronal a¡d horieontal

planes.
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T\+o knee joint blocks wer,e orientated longitudinatrly to obtain sections

in the antero-posterior and nedio-lateral planes.

A patella tigament (including its bone) was blocked to obtain longitu-

dinal seçtions of the structure in the antero-posterior plgte"

Çutting

Sections were cut at 6 microns using a Leítz microtone t¡re L2L2.

The sections were transferred to a v,rater bath (Labnaster) md not¡nted

on clean glass slides"

Total number of sections obtained :

rona¡rdibul ar oint

Serial sections obtained fron the saggital plane numbered 680, while

476 were cut frorn the horizontal plane" In the coronal plane 220

serial sections were cut from the anteríor part of the ioint, while

100 sections were sufficient to study the posterior (non-articulating)

part of the joint"

Knee joint

A series of sections were obtained from this joint at intervals of 200

nicrons" Each series consisted of 20 serial sections" A total of 280

mtero-posterior and 260 medio-Iatelal longitudinal seetíons were cut.

Patella ligament

Forty serial sections were cut frorn the block.

St aining

Two different histochemical stains were used routinely throughout
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this investigation.

t" Aldehy de fuchsin. as employed by FULLMER and LI LLIE ( 1958) to

selectively dencinstrate oxytalan fibres, wff used to stain evely

tenth section. (Appendix vII.3)" An adjacent slide was used

throughout the series as a Çontrol slide. This slide vras stained

identically except that the oxidation steP was omitted"

The staining technique was modified by oxidising the sections hlith

a L09o aqueous solution of Oxone (DuPontts nonopersulphate compormd)

for 90 ¡ninutes in place of the originatr peracetic acid (RANNIE'

1963; FULLMER, f966). Ilal.mi's cotnterstain was used for a|tr. the

aldehyde fuchsin-stained sections" (Appendix VII"5).

2 " orcein was also used by FULLMER (f959b) to shorv oxytalan fibres in

oxidised tissue sections. (Appendi'x VII "4) .

As with the aldehyde fuchsin series, every tenth section was stained,

ruhil.e an a<Ijacent control section was stained with orcein without

prior oxidation" Light gÏeen counterstain was used for all' the

orcein sections. (Appendix VII "4) .

Fullmer stated that the orcein technique had an atlvantage over the

aldehyde fucþsin method because, urlike aldehyde fuchsin, the orcein

¡eacted only slightfy with the rnueopolysaccharide present in the

gror¡d substance of connecti.ve ti.ssue, It was therefore possible

to detect fine oxytalm staining fibres whieh would be missed j"f,

aldehyde fuchsin was used"

The disadvantage of orcein, according to Fullmer, was that it did

not stain all of the oxytalan fibres present in connective tissue "
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Photonicr,o graphy

Black and white exposures h¡ere taken with a Leite r0rthotru<r photo-

microscopic attachment using IJ.ford FP4 cut-sheet filn 4U' x ft".
The image magnification produced at the film surface corresponded

hrith the nagnification registered at the eye-piece. Processing and

printing procedures were carried out aacording to the reco¡nmended

methods. Care was taken to print the negatives without a nagnifica-

tion factor"

Colour exposunes were taken with a Lextz rOrthomatr photo-microscopic

attachment using Kodak Kodachrome II Professional 35mm film. The

exposed filn was processed at Kodak laboratories and printed on

standard size 5" x 3r' paper"

Criteria for calling a fibre roxytalanl

FULLMER and LILLIE (1958) otrtlined the staining reactions of

oxytalan and elastic fibres and the effect of enzymatic hydrol,ysis on

these reactions" Their results are sunmarised in the followíng two

tables:
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t nz.aoLLonå o 0 taLÃvt and ELatlie 12,6

Reactions OxytaI an El asti.n

Stained directly
'Ihe 5 el,astin staíns

Peracetic acid oxidised
0rcein
Aldehyde fuchsin

Resorcin fuchsin
Verhoeffrs stain
Orcinol-new fuchsin

+

brown*

purple
purp le *

brown

purpl,e

purple

b lack
purple

*Some fibres are reactive. others are not

2" E{døc,t o{ Enzqmotíc HqúwLt¡til on ataiwing nencl,Lona a$ )xgtalan
and ELa.tLLc ,Ãibnu with ALde.hLtdÊ. Áucluin

Ënzynatic reactions oxytal an * El astí c'

Lindigested

Ë lastase

Peracetic-e1 astase

Testi cul ar hyaluroni dase

Pe racet i c-hya luroni das e
u

Lysosone"

Peracetic- lysosome#

purple

purple

dis solved
purple

unstained
purp le
turstained

purple
dissol.ved

dissolved
purple
purp le
purptre

purple

*Stained by the peracetic acid-aldehyde fudrsin method
ostained by aldehyde fuchsin
#Fresh frozen seetions were used
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FULLMER (1960a) added Ê-glucuronidase to tl¡e list of enzymatic

reactions. t{e fourd that its effectn when interposed between the

oxidative and staining steps, was to remove mucopolysaccharides and

the stainable conponent fro¡n oxytalan, but not elastic, fibres in

tissue sections.

He concluded that the relastic-liket fil¡res are oxytalan if they

satisfy the following conditions :

(1) The fibres do not react with elastic tissue stains;

(2) They are resistant to elastase digestion;

(3) They

llalni

are stained by the peracetic acid-aldehyde fuchsin-

and the peracetic acid-orcein-Halmi methods,

(4) If tissue sections are oxidised with peracetic acid ærd then

treated by the appropriate testicular hyaluronidase, ß-glucu-

ronidase or lysosone digestion, oxytalan fibres do not stain

with aldehyde fuchsin or orcein as in (3) 
"

For the purpose of tl'ris investigation oxidised and non-oxidised

tissue sections were stained by aldehyde fuchsin and orcein.

Enzymatic digestion using ß-glucuronidase was used as a confirmatory

test for the presence of oxytalan and elastic fibre types.

(þpendix VI I .5) .

The number of fibres stained in the oxidised sections was conpared

with non-oxidised adj acent sections to determine whether oxytala¡r and

elastic fibres occurred together in certain connective tissues"

The aldehyde fuchsin and orcein stains used in this investigation

are demonstrated in the staining reaction of a small artery (figs.L,2)"
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Non-oxidised

Oxidised

Fig. l. x250. Artery. Oxidised and Non-oxidised, Aldehyde
fuchsin-Hal¡ni stain.
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RESULTS .TEMPOROMANDIBULAR JOINT CHAPTER III

GROSS (STATIC) ANATOlvfY

fi¡nctional anatomy

histologic anatomy and staining reac,ti.ons

GROSS ATIATOMY

Rabbits belong to the Order Lagomorpha and have nany dental features

in cornnon with the Rodentia. Fron the superior aspect the outline

of the mandibular condyle is sonewhat pear-shaped, with its long

axis placed antero-posteriorly" The broad anterior part of the con-

dyle has a convex surface which articulates with the lower surface

of the disc.

The disc is an oval-shaped structure which has its long axis ori.entated

¡nedio-laterally. The concave inferior surface of the disc fits the

anterior portion of the condyle head. The superior aspect of the disc

articrrlates with the narrow zygomatic process of the temporal bone, and

the peripheral margin of the disc is raised superiorly"

In the rabbit the posterior glenoÍd tubercle is absent.

A well-developed capsule is present rvhich surrounds the whole of the

joint and merges with the rnargin of the disc" The capsule is attadred

superiorly to the tenporal bone and inferiorly to the mandibular con-

dyle. Anteriorly, the union between the capsule and the disc divides

the joint into an upper and lower compartment" The portion of the

capsule forming the anterior wall of the upper conpartnent is thicker
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than the corresponding region in the lower compartment" posteriorl,y,

the capsule is rmiforrnly thi"ck throughout its extent"

The masseter, tenporalis ancl lateral pterygoíd muscles are closetry

related to the nandibular joint a¡d attach to the joint capsule with

sons of their fibre bundles. The tenporalis and nasseter muscles

appear to fuse with each other for part of their 1ength adjacent to

the front of the capsule.

The gross anatomy of the terporonandibular joint articulation is shown

by the photographs of a rabbit skull (fig" S).

The articulation is also shown diagramnatically in the sagittal,
coronal and horizontal planes (fig. a) 

"



Lateral View

39

ì

Superior Vi.ew

Fig.3a" Rabbit SkuIl.

Articulation, Superior View
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Inferior View

t
Temporal Articular Surface
- Inferior Vietv

Nlandible, Superior Víew

Fie . 3b" Rabbit Skull"
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Mandible, Lateral View

Mandible, Postero- Iateral. View

t

Fig.3c" Rabbit Skul1"
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RESULTS .TEMPOROMANDIBULAR JOINT

gross (static) anatomy

FI.JNCTIONAL AN¡ATOMY

histologic anato¡ny and staining reactions

FIJNCTI ONAL A}.IATOT,ÍY

In the rest position of the temporomandibular joint the condyles are

situated below the zygonatico-temporatr bones and slightly posterior

to the¡n (fig. 5a)"

Iluing opening both condyles nove anteriorly until, at the naximum

cpening position of the nandible they have moved fon¿ard from the

original rest position a distance approxinating half their length

(fie. sb).

In a lateral excursion novenent the ipsilateral condyle mainly rotates,

while the condyle on the contralateral side shifts anteriorly a con-

siderable distance. The anterior movernent is of the same order as that

already described for the naxinun opening position of the nandible

(fie. 5c).

The exanination of the functional anatony of the tempol¡ona¡rdibular

joint of a rabbit demonstrates that the condyle is capable of a wide

variety of novements, palticutarly in an antero-posterior direction"
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Fie.5a"

Rest Position

Fie" 5b.

Nlaxirnum opening

Fig.5e"

Lateral Exaursion
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RESULTS .TEMPOROMAI,IDIBULAR JOINT

g¡oss (static) anatony

ft¡rctional anatomY

HISTOLOGIC Al,lATOlvfY Ah¡D STAINING REACIIONS

HISTOI¡GIC AI.¡ATOI{Y At-¡D STAINING REACTIO{S

Low power photomicrographs of the rabbit temPoromandibular joint

[x5] are shown of progressive sagittal (fig" 6), cororal (fig" 7)

and horizontal (fig" 8) sections to provide a three-dinensional

impression of the ailatony and histology of the stlucture"

The findings of the staining methods used in this study will be

discussed in relâtion to the following structures :

(i)

(ii)

(iii)

the bony surfacÊs

the articular disc

the j oint caPsule
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(l)

(?)

(3)

Sagittal sections Rabbit Temporonandibular joint (x5) 
"

Sections progress from Lateral to Medial"

,
I

!.

Fie. 6a.
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(4)

(s)

(6)

Sagittal sections Rabbit Temporonandibular j oint (x5) .

Sections progress from Lateral to Medial.

\

À

Fig. 6b"
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(1)
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(2)
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(3) (4)

Fig. 7a. Coronal sections Rabbit Temporonandibular joint (xS) 
"

Sections progress fron Ar¡terior to Posterior.
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Fig. 7b.

(s) (6)

Coronal sections Rabbit Tenporomandibular joint (x5).
Sections progress fro¡n Anterior to Posterior.
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1.1

\

(1)

{

(2) (3)

tlorizontal sections Rabbit Tenporomandibular joint (x5) .

Sections progress fron Superior to Inferior.

{r
'1

Ð

!t,
ir

'¿

l,

Fig.8a
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(4)

(s)

Horizontal sections Rabbit Temporonandibular joint (x5) 
"

Sections progress from Superior to Inferior"
Fie. 8b.
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(i) rHE BONY SURFACES OF THE TEIqPOROMANIDIBULAR JOINT

C0.¡DYüi

'ArticuJ,arr p art of condyle

The anterior 'articular' part of the condyl.e has three distinct

tissue layers. They consist of a surface fibrous layer, a mid-

transitional layer of fibrocartilage and an inner layer of hyaline

cartilage. These layers overlie tl¡e bone of tho condyle (fig" 9).

A comparison of oxidised and non-oxidised sagittal sections stained

by aldehyde fuctrsin shows that etastic fibres are absent frorn the

surface layers" Oxytalan fibres are present, arranged for the ¡nost

part parallel to the surface and running in a predoninantly antero-

posterior di¡ection (fig" 10a) 
"

Orcein-stained rnaterial from the sane region confirms the presence

of orytalan and the absence of elastic fibres (fig" 10b) 
"

l.lorizontal sections denpnstrate that oxytalari fib¡es at the ¡nost

anterior part of the condyle are arranged obliquely to the surface

(fig" 1l).

Sections obtained from the coronal plane show mainly cross-sectional

and oblique views of oxytala¡r fibres" This confirms the antero-

posterior orientation of these fibres at the a¡rterior part of the

condyle (fig. L2).
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POSTER I OR

SAG I TTAL

SECT I ON

Co

Tempora I bone

Di sc

ANTER I OR

-

C

T

D

Co = Condy I e

= Capsu le

Fig.9a. Rabbit Terporomandibul,ar j oint .

The diagram shows the art,iaulation in sagittal sectj.on.
1'he photomicrograph (x10) illustrates the anatomy of
the articulating structures a¡rd Tepresents the area out-
lined in the diagram.

The articular portion of the condyle indicated in recl is
shown overleaf at higher lnagnification.
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16"- a

c
O .,

a
J

I

Articular surface of Condyle, representing
the area enclosed by the red outline in fig" 9a"

Non-oxidised, Orcein-Light green stain.
The Letters indicate the three different tissue
Iayers, where_A = surface fibror¡s layer; $ =

fibrocartilage layer, f,d C = inner layer of
hyaline cartilage.

Fie. 9b. x250.



Fie. l0a.

55"

Non-oxidised

Oxi dised

x400" Articular surfaee of Condyle, Rabbit Tenporo-
nandibular joint (Sagittal secrion) .

Oxidised and Non-oxidised, Aldehyde fuchsin-llalmi stain"
Orytalan fib¡es are absent in the non-oxidised control
section" In the adjacent oxidised section oxytalan
fibres (arrows) run paral.lel to the surface, mainly in
an ariteroposterior di¡ection 

"
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MED I AL

HOR I ZONTA L

SECT I ON

POSTER I OR

LATERAL

T Tempora I bone

Disc outl ine

fa,

Condy le

Capsule

Co

D C

J\

Fig"lla" Rabbit Temporonanclibular j oint .

The diagrarì shows the eomponent pafrs of the afticu-
lation in horizontal seetion.
The photomicrograph (x25) i"llustrates the anatomy of
the articulating structures and represents the area

outlined in the diagram.

The articular portion of the condyle inclicated in red

is shown overleaf at higher magnification"
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Non -oxi dise d

Oxi dised

a

,,..

--¡D.

'à
la

1¡

L

4,¿

r '{kr.¡¡rè r -\'. ¡ -'l ì

ì
I

.e.tt-?a ¿

¿\ 6'',\t,
3

1r l¡r

{

I{

Fie. I tb. x250" Articular surface of Condyle, representing
the area enclosed by the red outline in fig. ll.a"
Oxidised and Non-oxidised, 0rcein-Light green stain.
Both o:q¡talan and el,astic fibres are absent in the
non-oxidised control section" The adjacent oxidised
section denonstrates oxytalan fibres (arrows)

passing obliquely to the surface"
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CORONAI

SECTION

I\{ED]AI IATERATT

- Condyle

Capsule

T

D

Temporal bone

Disc
Co

c- t

\J

Fig. LZa" Rabbit Temporomandibulav j oint.
The diagram shows the articulatíon in eoronal section"

The photonicrograph (x10) illustrates the anatomy of
the articulating structures and repl¡esents the area

outlined in the diagran.

The articulating portion of the condyle indicated in
red is shown overleaf at higher nagnification.
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Non-oxidised

f (

* ,,\.-S'

4* 
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)1

Fig. Lzb.

A

Oxi di sed

/^

x250" Articular surface of Condyle, representing the

area enclosed by the red outline in fig " l2a.
Oxidised and Non-oxidised, Aldehycle fuchsin-Halmi stain"
Oxytalan fibres are absent from the nc¡n-oxidised control
section. The adj acent oxidised section shows oxytalan
fibres in transverse (T) and oblique (0) section.
C = layer of hyaline cartilage.
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CONDYLE Contd.

rNon-articularr art of the con Le

The th¡ee tissue zones found in the rtterior part of the conclyle

ane continued in the posterior rnon-articularr region, except that

the fibrous and fibrocartilaginous layers are nuch wider.

Elastic fibres are genelally absent from the non-oxidised control

sections" This finding is sinúlar to that recorded for the more

anterior rarticul.arr Part of the condyle.

Oxytalan fibres are present and their nunbers gradually become more

frequent as the tissues are examined towards the posterior part of

the condyle.

Approxinately nid-way al,ong the condyle the oxytalan fibres are

mainly Locatecl in the surface fibrous layer close to its jtutction

with the fibrocartilaginous layer. The fibres a¡e arranged parallel

to the surface and rur¡ predominantly in trt antero-posterior di:ceetion

(fis. 13) .

Near the posterior extrenity of the condylar surface the arralge¡rent

of the oxytalan fibres is less orderl.y; some pass obliquely to the

surface, while others rr.ur paraltel to ít. The greatest concentratj.on

of fibres is stilt for¡rd in the region of fibrous tissue adjaeent to

tlre fibrocartilaginous Layet (fig" 14) "
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Fig. t3

^
Non-oxi di se d Oxi <li s ed

x250" Non*artieul,ar part, of Con<lyle, Iiabbit Temporo-

mandibular joint" The region of the sectíon is out*
lined in the diagrarn"

Oxidised ancl Non-oxidiseel, 0rcein-Light green staj.n 
"

Arrows indicate oxytalm fibres rurrning parallel t.o

the surface.
A = surface fibrous layer; B = fibrocartilage layer,
C = inner layer of hyaline cartilage.
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Non-oxidised Oxidise d

x250, Ncnr-articular part of Condyle , Rabbit Temporo-

mandibular joint. The region of the seetion is outtrined
in the diagrarn.

Oxidised a¡rd Non-oxidised, Orcein-Light green stain"
In the non-oxidised aontrol sect.ion oxytalan and etrastie
fib¡es are al¡sent" In the adjacent oxidised section
oxytalan fibres pass paraffef (P) and obliquety (O) to
the surface 

"

A = surface fibrous layer; B = fibrocartilaginous layer"

a. - a
--' ¿>--*'
< - ¿t -t--å.e

Fis. 14.
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(i) THE BONY SUPSACES OF THE TENTPOROMA}¡DIBULAR JOINT IContd.)

TEMPORAL BONE

rArticularr p art of tenporal bone

This region consists of a thin layer of fibrous tissue overlying

bone. Oxidised tissue material demonstrates oxytalan fibres within

the fibrous layer. No elastic fibres are present.

Sagittal sections show a thin superficial band of oxytalan fibres

arranged parall.el to the surface in an antero-Posterior direction.

Þep to these fibres, the oxytalan-staining elenonts are arranged

haphazardly; some passing paratlel and others obliquely to the

surface (fig, 15).

Horizontal views exhibit oxytalan fibres in the fibrous layer that

r'r¡n mainly parallel to the surface (fig. 16) "

rNon-articularr 'pa rt of temporal bone

The surface fibrous layer observed in the articular part is absent

and is replaced by normal periosteun" Oxytalan and elastic fibres

are both absent (fig. L7) "
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SAG I TTAL

SECT I ON

POSTER I OR ANTER I OR....".''..'.'.._

Co

T

D

Tempora I bone Co = Condy I e

= Capsu leDi sc c

Fie. 15a. Rabbi t Ternp oroman dib ul ar j oint "

The diagram shows the component parts of the artícu-
lation in sagittal section"
The photomicrograph (xIO) illustrates the anatomy of
the articulating structures and represents the area

outlined in the diagran above.

The articular portion of the tenporal bone indicated in
red is shown overleaf at higher magnification.
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Non-oxidised

Oxidised

x400. Articular surface of Ternporal bone, represen-

ting the area enclosed by the red outline in fig. l5a"
Oxidised and Non-oxidised, Aldehyde fuchsin-llalmi stain "

Fibres are absent in the non-oxidised control section"
In the adjacent oxidised section, oxytalan fibres
(arrows) a¡e located in the fibrous layer overlying
the bone 

"

{ = fibrous layer; B = bone.
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MEDI AL

HORI ZONTAL

SECT I ON

POSTER I OR

LATE RA L

Condy le

Capsule

T

D

Temporal bone

Disc outline

Co

ã.

r

Fig. L6a" Rabbit Ternporonandibular joint 
"

The diagran shows the articulation in horiaontal section"

The photomicrograph (x25) illustrates the trtatomy of the

articulating structures and represents the atea outlined
in the diagrarn.

The articular portion of the tenqroral bqre indieated in
¡ed is shown overleaf at higher magrification"
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Fie" L7.

Non-oxi dise d Oxidised

x400" Non-articular part of Temporal bone, Rabbit

Temporonandibular joint" The region of the section
is outlined in the diagram above"

Oxidised and Non-oxidised, Aldehyde fuchsin-Halmi stain.
Oxytalan and Ëlastic fibres are absent 

"
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(ii) THE ARTICULAR DISC OF THE TEMPOROMÆ.¡DIBULAR JOINT

The articular disc of the ral¡bit temporomandibular joint is an

avascular stn¡cture conposed of dense fibrocartilaginous tissue.

The cells, which appear si¡nilar to cartilage cells, are arranged

either singly or in typical cell inestsr that nrn parallel with

the bur¡dles of collagen fibres in arr alrtero-posterior direction

(fie. 18).

Aldehyde fuchsin-stained sections denonstrate that the mucopoly-

saccharide matrix, norrnally surrounding naturing chondrocytes,

is partly present around the cartil,age-1i.ke cells of the disc"

However, typical cartilage tissue is not evident" Ëlastic fibres

are not present in the disc, but in the oxidised sectíons many

fine branching fib¡es are seen. Theso oxytalan-staining fíbres

do not appe¿r to have any particular orientatíon¡ sone pass at

right-angles to the collagen bundles, while others run parallel

r^,ith the¡n (figs. 19,20) .

Orcein-stained sections confirn the presence of oxytalan fibres

and the absence of any elastic fibres in the disc (figs" 2I,22)"
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Fie. 18. x100. Articular Disc, Rabbit Tenporonandibular joint"
The region of the section is outlined in the diagram"

Oxidised, Aldehyde fuchsin-Halmi ¡tain.
Cartilage-like cells (A) are rt¡¡ning parallel with the

collagen bundles (B) in ar¡ attero-posterior direction"
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Non-oxi di se d

Oxi dised

x400. Articular Disc, Rabbit Temporomandibular joint
(Sagittal secticr¡).
Oxidised and Non-oxidised, Aldehyde fuchsin-Halmi stain 

"

Oxytalm fibres a¡e absent in the non-oxidised control
section. In the adjacent oxidised section orytalan
fibres (0) are present.
A = ca::t,ilage-like ce].ls; B = collagen burdles"
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Fig.20a" Rabbit Temporomandibular j oint'
The diagram shows the articulation in coronal section.

The photomicrograpir (xIO) illustrates the anatomy of
the articulating structures and represents the area

outlined in the di agram"

The portion of the articular disc indicated in red is
shown overleaf at. higher magnification"
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Oxidised

x250" Articular Disc, representing the area encl,osed

by the red outline in fig" 20a"

Oxidised and Non-oxidised, Aldehyde fuchsin-Halmi stain"
O:q¡talan fibres (arrows) are orientated at rando¡n

throughout the disc in the oxidised section" The fil¡res
a¡e not present in the adj acent non-oxidised control
section
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Fíg. 21" x250" Articular Disc, Rabbit Temporonandibular joint.
The region of the section is outlíned in the diagram.

Oxidised and Non-oxidised, Orcein-Light gr,een stain"
Oxytalan fibres are absent in the non-oxidised control
section" Many fine oxytalan fibres are prcsent in the
adjacent oxídised section. Branching of these fibres
is seen occasionally (arrcws) 

"
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Fig.22a" Rabbit Temporomandibular joint 
"

The diagran shows the articui,ation in hori zontal section.

The photomicrograph (x25) illustrates the anatomy of the

articulating struetures and r€presents the area outlined
in the diagran.
The articular disc indicated in red is shown overleaf at

higher nagnification"
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(i ii) THE CAPSULE 0F THII TEI{POROIVIANDIBULAR JOINT

I'he capsule may be structurally divicled into anterior and posterior

parts. The anterior portion is further delineated into ¿¡n uPper

and lower division adjacent to the area where it merges with the disc.

Ánterior part of Capsule

A well-developed fatty connective tissue layer, together with vascular

and neural elements, is Present between the nost anterioT part of the

capsule and tl're tenporalis nn¡scle (fig' 23) '

Fib¡es of the lateral pterygoid muscle attach to the antero-medial

part of the c4sule, while antero-laterally the capsule is closely

related to the masseter muscle (fig" 2a) '

(a) tipper division

The qpper clivision consists of dense collagenous connectÍve

tissue containing only a few blood vessels and elastic fibres"

Numerous oxytalan fibres are Present which generally rr¡r parallel

with the collagen br¡ndles. Sagittal sections show oblique and

trãrsverse views of the collagen and oxytalan fibres (fig" 25) 
"
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Fís. 23 
"

x40. Ante¡ior part of Capsule, Rabbit Tenporomandibular

joint. The region of the section is outlined in the

diagram" Oxidised, Aldehyde fuchsin-lIalmi stain"
U = upper division of eapsule; L = lower division of
capsule; F = fatty tissue; V = vascular tissue, T =

temporalis quscle 
"
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Fís. 24. x10. Rabbit Tenporomandibular j oint 
"

The region of the section is outlined irr the <Iiagram"

Non-oxidised, Aldehyde fuchsin-llalmi stain.
p = lateral pterygoid muse le; M = nasseter rnuscle"
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Rabbit Temporomandibular j oint .

The diagram shows the articulation in sagittal section"
The photomicrograph (xaO) illustrates the anatomy of
the anterior portion of the articulation and represents
the area outlíned in the diagran"

The portion of the capsule indicated in red is shown

overleaf at higheÌ magnification"
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I

Non-oxidised Oxi dise d

x250" Anterior part of Capsule, representing the

a¡ea enclosed by the red outline in fig" ZSa"

Oxidised and Non-oxidised, Aldehyde fuchsin-Halmi stain.
Elastic fibres (E) are present in the non-oxidised
control sectíon. In the adjacent oxidised section oxy-

talan fibres (O) as wel.l as elastic fibres are fou¡rd.

Transverse views of the fibres are mainly Eeen.

Ç = collagen burdle; V = venule"

Fig. 25b.
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(a) Upper division Contd. )(

Coronal sections shot{ that the dense eollagenous connective

tissue of the capsulers upper division is continued on the

antero-medial aspect of the joint" oxytalar fibres are

present and there is an absence of elastic fibres " The o)ryta1an

fibres are sectioned trar¡sveïsely, indicating that they are

arranged parallel with the collagen br¡rdles in an tttero-

posterior directíon (fig" 26) "

The clense connective tissue of the upper division does not

continue antero-laterally, but is replaced by a thin ba¡rd of

loose connective tissue consisting rnainly of eollagen and

oxytalan-staining fibres" Elastic fibres are not present"

This {inding is sinilar to that noted for the antero-medial

aspect. The oxytalan fibres are arranged in a less orderly

fashion to that observed aritero-medialtr'y" Sonre fibres are seen

in tra¡rsverse section, while others ILn moI.e obliquely (fig.

27) "
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Fig" 26a. Rabbit Temporomarrdibul ar j oint 
"

The diagram shows the articulation in coronal seetion"

The photomicrograpir (x40) il"lustrates the anatorny of
the antero-medial portion of the articulation ancl

represents the area outlined in the diagrarn"

The portion of the capsule indicated in red is shown

overleaf at higher magnification.
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Non-oxi dised Oxidised

Fig. 26b. x250" Antero-nediaJ. part of Capsule, repæsenting

the area enclosed by the red outline in fig" 26a.

Oxidised a¡rd Non-oxidised, AJ.dehyde fuehsin-lialni-
stain 

"

Oxytalan fibres are absent in the non-oxidised control

section, In the adjacent oxidised section oxytalan

fibres ( arrows) are nurne rous .

v
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Rabbit Temporomandibul.ar j oint.
The diagr¿m shows the articutration in coronal seetion"

The photonicrograph (xaO) illustrates tlìe anatomy of the

antero-lateral portion of the articulation and r,epre-

sents the area outlined in the diagran.

The portion of the capsule indicated in red is shown

overleaf at higher magnification"

'tl
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Fig" 27a"
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Fie" 27b.
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Non-oxidised Oxidisecl

x250. Antero*lateral part of Capsule, representing

the area enclosed by the red outline in fig. 27a"

Oxidised and Non-oxidised, Aldehyde fuchsin-l{almi stain.
Oxytalan fibres are absent in tire non-oxidisecl eontrol
section" In the atljacent oxidised section oxytalan

fibres (arrows) are distríbuted at rando¡n throughout

the loose connective tissue.
T = tenporal bone; C = loose conneetive tissue of capsule.
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Anterior part of Capsule (Contd.)

(b) Lowel division

In contrast to the upper division, the connective tissue of

the lower division is less dense and contains abw¡dant elastic

fibres. Vascular and neural elements are also more nunerous"

A comparison of oxidised and non-oxidised tissue sections shows

that oxytalm fib¡es are not present 
"

Sagittal views denonstrate elastic fibres nainly in cross-

section nmning parallel with the collagen bwrdles in a medio-

lateral direction (fie. 28).

The loose connective tissue of the lower division is continued

medially and laterally from the nost anterior part of the

capsule.

Coronal views show elastic fibres in cross-section travelling

in a.¡ ørtero-posterior direction with the collagen br¡rdles. The

lateral side of the lower division of the capsule does not have

any orytalan fibres (fig. 29).

The nredial counterpatt, however, contains a significant number

of oxytalan-staining elenents intermingled with the elastic

fibres (fie. 30) .



89

POSTERI OR

SAG I TTAL

SECT I ON

Go

Tempora I bone

Di sc

ANTER I OR+

c

T

D

Co = Condy I e

= Capsu le

.¡

t,

I

f' ;.\

I

J

..ti

'l+

Fig" 28a"

Ei.: "' ',

Rabbit Temporomandibular joint.
The diagram shows the articulation in sagittal seçtion.
The photomicrograph (x40) illustrates the anatomy of
the anterior portion of the articulation and represents
the area outlined in the <liagram"

The portion of the capsulc indicated in red is shown

ovcrleaf at higher magnification 
"
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Fig" 28b. x250. Anterior part of Capsule, representing the

aDea enclosed by the red outline in fig " 28a"

Oxidised and Non-oxidised, Orcein-Light green stain.
Elastic fib¡es are present in the non-oxidised contnol
section, Since no additional fibres are p¡esent in the

adjacent oxidised section, oxytalan fibres are absent"

The arrows indicate elastic fib¡es cut transversely"
N = small nerve; V = s¡nall artery.
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Fig" 29a. Rabbit Temporornandi bul an j oint.
The diagran shows ttre articulation in coronal section"

The photomicrograph (x 0) illustrates the anatomy of
the antero-lateral portion of the articulation ancl

represents the area outlined in the diagram.

The portion of the capsule indicated in red is shown

overleaf at higher nagnification"
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the area enclosed by the red outline in fig. 2ga"

Oxidised a¡rd Non-oxidised, Aldehyde fuchsin*tialmi
stai.n.

Ëlastic fibres (arrorvs) are present in both the non-

oxidised control -section a¡rd the adjacent oxiclised
section. Oxytala¡r fibres are absent.

I

(\¡

Fig. 29b 
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Ç r Capsule
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Fig. 30a.

.dÀ

Rabbit Temporomandibular j oint.
The diagram shows the articulation in coronal section"
The photonicrograph (x40) illustrates the anatomy of
the antero-nedial portio¡t of the articulation and

represents the area outlined in the diagram.
The portion of the capsule indicated in red is shown

overleaf at higher magnification.
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Posterior p art of Capsule

This division of the capsule extends fro¡n the posterior region

of the tenporal bone to the back of the condyle"

It consists chiefly of loose, vascular connective tissue containing

a large number of elastic fibres together with sone oxytalan-

staining elenents.

Sagittal views of the capsule show elastic and oxytalan fibres

orientated parallel with the collagen brmdles in a predominantly

rntero-posterior diroctiqr (fig. 3I).

Horizontal views of the same area also demonstrate both elastic and

oxytala¡¡ fibres nrnning antero-posteriorly (fig" 32).
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Rabbit Temporomanclibular j oint.
The diagram shows the articulatíon in sagittal section.
The photomicrograph (x25) illustrates the anatomy of
the posterior portion of the articulation and repre-

sents the area outlined in the diagram"

The portion of the capsulè indicated in red is shown

on the next two pages at higher rnagnification"

S

T

D

Fie. 3La.
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Fie.5lb x250. Posterior part of Capsule, representing the

area enclosed by the rerl outline in fig" 31a"

Oxidised and Non-oxidised, Aldehyde fuchsin-Halni stain"
Elastic fibres a¡e present in the non-oxidised control
section. The additional fibres seen in the adj acent

oxidised section are oxytalan" Both fibre types are

seen mainly in longitudinal section 
"

E = elastic fibres; 0 = oxytalan fibres; V = small
artely "
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Fie" 3lc"

0xidised

x250" Posterior part of Capsule, representing the

area enclosed by the red outline in fig. 31a.

Oxidised and Non-oxidised, Orcein-Light green stain"
Elastic fibres are present in the non-oxidised ccntrol
section" In the adjacent oxidised section some

oxytalan fib¡es are also seen"

0 = oxytalan fibres; Ë, = elastic fibres.
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Fig" 32a. Rabbit Temporonandibul.ar j oint .

The diagram shor.Js the articulation in horizontal section.
The photonicrograph (x25) illustrates the anatomy of the

posterior poftion of the articulatiqr and represents the
area outlined in the diagran"
The part of the capsule indicated in red is shovn over-
leaf at higher nagnification"



t

t

E

100 
"

Non - oxi dise d

Oxidiserl

,'

:

I

I

'r\
t(
/\

,yl

l.l ,

'(,1.t \,

['

{

III

I

¡

.r.,
{ê,

I

,ì
l
,l

{,r
I

I
¡

'i\,tt

I þ,t
r'I

I
I

I
(

¡

l

Fie. 32b" x250" Posterior part of Capsule, ¡epresenting the area

enclosed by the red outline in fig. 32a.

Oxidised a¡rd Non-oxidised, Orcein-Light green stain.
Elastic fibres are present in the non-oxidised control
section " The additional fibres seen in the adj acent

oxidised section are oxytalm. Both fibre types rrn
antero-posteriorly "

0 = oxytalan fibres; E = elastic fibres.



RESULTS......KNEE JOINT CHAPTER. IV

Low power photonicrogrqhs of the rabbit knee joint trt5] are shown

of progressive artero-posterior (fie. 33) and medio-lateral (fig" 5a)

longitudinal sections to provide an inpression of the anato4y md

histology of the articulation"

The findings of the staining nethods used in this study will be

disct¡ssed in relation to the following strLlctu¡es :

(i) bony articular surfaces

(ii) articular discs

(iii) joint capsule

(iv) intra-articular liganents

(v) extra-articular liganents

(vi) tendons

(vii) periosteunt

(viii) patella ligament
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il

(2)

Rabbit Knee joint" Progressive antero-posterior
longitudinal sections (xS). The radiograph represents
No" (3), where :

l' = fenur; T = tibia; Fi = fibula.

(

I

( l)

$
f)

(3)

Fig.33a"
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Rabbit Knee joint. Progressive antero-posterior
longitudinal sections (x5) .

Fig. 33b "
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Rabbit Knee joint" Progressive rpdio-lateral
Iongitudinal sections (x5) . The racliograph

represents No. (3), where :

F=fenur; T=tibia.
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Fie. 34a.
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Rabbit Knee joint" Progressive medio-lateral
lcngitudinal sections (x5) 

"

Fie. 34b.
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(i) BONY AT{IICULAR SURFAGS OF THE KNEE JOINT

A layer of hyaline cartilage covers the ends of the long bones

forning the articulation. A perichondrial layer is absent. OnIy

a few chondrocyte cells are present in the superficial part of

the articular cartilage and as the distance fron the periphery

increases the cells nature and divide, forming typical cell nests

that are orientated perpendicular to the surface (fig" 35).

Both the aldehyde fuchsin and oreein-stained sections of the arci-

cular cartilage generally demonstrate chondrocyte cells scatte¡ed

throughout a homogeneous matrix (fig. 36).

However, in some of the oxidised naterial, a few fine fibres aI€

occasionally seen passing at ra¡rdom in the cartilaginous matrix"

The fibres are mainly located in the superficial part of the

cartilage and occur less frequently in the deeper layers. They are

also seen more clearly in sections stained by orcein, since the

matrix mucopolysaccharide does not react to the same degree with

this stain as it does with aldehyde fuchsin " These oxytalan-

staining elenents are not found in all the oxidised tissue sections,

and their plesence does not appear to be related to any particular

structules overlying the region of articular cartilage where they

occur (fig. 37) "
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Fig" 35 xZS" Articular surfaces of Rabbit Knee joint"
Chondrocyte cells (arrows) are orientated
perpendicular to the surface in the deeper layers
of articular cartilage "

B =bone; D= articulardisc; C=hyaline cartilage.
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x25. Articular surfaces of Rabbit Knee joint"
The portion of articular cartilage outlined in red

is shown on the following two pages at higþer

magnification "

B =bone; D= articulardisc; C=hyaline cartilage"
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Fig. 36a.
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x250" Articular cartilage of Rabbit Knee joint,
representing the area enclosed by the red outline
in fig " 36a"

Oxidised and Non-oxidised, Aldehyde fuchsin-Halmi stain"
Elastic and oxytal.an fibres are absent from both the

non-oxidised control section a¡rd the adjacent oxidised

section 
"

Cartilage eells (ft) are scattered throughout a homo-

geneous natrix (M).

Fig" 36b.
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Fig. 36c"
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Non-oxidised

A

t
Oxi dised

x250" Articular cartilage of Rabbit Knee joint,
representing the area enclosed by the red outline in
fig" 36a.

Oxidised a¡d Non-oxidised, Orcein-Light green stain "

Elastic and oxytalan fibres are not present in the

matrix of the hyalíne cartilage.
Ch = chondrocytes; M = ¡natrix material 

"
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Fig" 37a"

Fie. 37b "

r/L *:\

x2S" Articular surfaces of Rabbit Knee joint.
The portion of the articular cartilage outlined in
red is shown at higher magnification in fig " 37b.

ç
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r

t
x250. Artieular eartilage of Rabbit Knee joint,
repr,esenting the area enclosed by the red outline in
fi g" 37 a"

0xidised, Orcein-Light green stain" Fine oxytalan-
staining fibres (arrows) are present throughout the
cartilaginous matrix" Thcir orientation is random"
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(ii) ARTICULAR DISCS OF TTIE KNEE JOINT

The two discs of the rabbit knee joint are interposed between

the femur a¡rd the tibia and their shape approximates the contour

of the opposing condylar surfaç,es" They consist of avascular

fibrocartilaginous tissue with the chondrocytes arranged either

singly or in typical cell rnestsr that nm parallel with the

collagen bwrdles (fig. 38).

El.astic and oxytalan fibres are both present in the disc, and the

relative amow¡ts of each fibre type varies in different r,egions

of the disc, However, no consistent pattern of elastic and oxytalan

fibre distribution is fould in relatiùt to either the morphology of

the disc or the structures attaching to it. In sone central parts

of the disc, and also near it,s attachment with the capsule or a

ligament, only oxytalm fibres are present" These fib¡es run

parallel with the collagen bundles (figs. 39,40) 
"

Elastic and oxytalar fibres occur together in other are¿rs of the

disc (fig" 41) "

Both fibre types are also found where the disc is very thin. The

elastic and oxytalan fibres pass parall,el to the surface of the

disc together hrith the collagen brmdles (fig" a2) 
"
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Fig.38a. xlO. Articular surfaces of Rabbit Knee joint.
The portion of the articular disc outlined in red is
shown at higher rnagnification in fig" 38b.

,t: )-'-

=: C

[-

x250" Articular disc of Rabbit Knee joint, represen-

ting the area enclosed by the red outline in fig" 38a.

Oxidised, Orcein-Light green stain " Chondrocyte cells
(Ch) nrn parallel with the collagen bundles (Co) 

"

Fie.38b.
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Iig. S& x400. Articular disc of Rabbit Knee joint"
Oxidised and Non-oxidised, Aldehyde fuchsin-Halmi stain,
Elastic and oxytalan fibres are absent in the non-

oxidised control section" In the adjacent oxidised
section, oxytalan fibres (arrows) are present"
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Fig " 40a.
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x10" Articular surfaces of Rabbit Knee joint,
medio-l ateral longitudinal section.
The a¡ea where the articular disc attaches to the

capsule has been outlined in red, and is shown over-

Ieaf at higher nagnifieation"
B = bone; D = articular disc; Cp = capsule"
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x250. Articular disc of Rabbit Knee joint, rep¡esen-

ting the area enclosed by the red outline in fig. 40a"

Oxidised and Non-oxidised, Aldehyde fuchsin-f{almi stain.
Elastic and oxytalan fibres ane absent in the non-

oxidised control section. In the adj acent oxidised
section, oxytalan fibres (arrows) arìe nume¡ous 

"



1r7 
"

t

I

Fie" 41a.
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x25" Articular surfaces of Rabbit Knee joint.
The portion of the articular disc outline in red

is shown overleaf at higher magnification"

B = bone; D = articular disc.
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Fig. 4tb " x250. Articular disc of Rabbit Knee joint, repr¡esen-

ting the area enclosed by the red outline in fig. 4la"
0xidised and Non-oxidised, 0rcein-Líght green stain.
Elastic fib¡es are present in the non-oxidised control
section. The additional, fibres present in the adj acent

oxidised section are ox¡rtalan.

E = elastic; 0 = oxytalan fibres.
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Fig" 42a, x25" Articular surfaces of Rabbit Knee joint"
The central portion of the articular dise outlined
in red is shown overleaf at higher nagnification"
C = hyaline cartilage; D = articular disc; B = bone.
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FLs. 42b. x250. Articular disc of Rabbit Knee joint, represen*

ting the area outlined in fig. 42a.

Oxidised and Non-oxidised, Orcein-Light green stain"
In the non-oxidised control section elastic fibres are

present. Oxytalør fibres, together with elastic
fibres occur in the adjacent oxidised section. Both

fibre types nur parallel with the surface of the disc"
E = elastic; 0 = oxytalan fibres"
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(iii) THE CAPSULE OF THE KNEE JOINT

The capsule for¡ns a sorpwhat bar¡el-shaped stmcture enclosing the

articular components of the joint. It does not entirely surrowrd

the articular cavity, but is augmented in various locations by

tendons of nuscles and extra-articular ligaments. The capsule

attaches to the periosteun of the opposing bones at ãt area adjacent

to the hyaline articular cartilage" Various intra-afticular structures,

including discs and ligaments, are related to the capsule; while

tendons, Iiganents and sone muscle fibres are attadled to its external

surface "

The capsule is conposed of loose, vascular fil¡rous tissue" Collagen

forns the principal fibre type, but nany elastic and oxytalan fibres

are also present 
"

Numerous elastic fibres and few (if ary) oxytalan fibres are fouurd in

the capsule where it attaches to the disc (fig. 43) 
"

Both elastic and oxytalan fibres are present in the capsular tissue

between its attachrpnt to the disc and periosteun" The fibres rur¡

in the sane direction as the collagen bur¡dles (fig" aa)"

The attachment of the capsule to the periosteum is characterised by

a large number of oxytalan staining elements and only a few elastic

staining fib¡es (fig. 45) 
"
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Fig" 43a" x25. Articular co¡nponents of the Rabbit Knee joint"
Antero-posterior longitudinal section .

The part of the capsule that attaches to the articular
disc has been outlined in red srd is shown overleaf at

higher magnification.
B = bone; D = disc; Cp = capsule; M = muscle"
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Non-oxidised 0xi dised

x100. Capsule and Afticular disc of Rabbit Knee joint,
¡epresenting the area outlined in fig " 43a.

Oxidised and Non-oxidised, Orcein-Light green stain.
Elastic fibres (arrows) are present in the non-oxidised
control section. Approxinately the same number of
fibres are present in the adjacent oxidised section"
The fibres stained in this region are therefo¡e elastic"
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Fie. 44a.

E_-:F\

x25. Articular cotnponents of the Rabbit Knee

j oint. medio-lateral longitudinal section.
The part of the capsule outlined in red is shown

overleaf at higher nagnificatj.on "

B = bone; D = articular disc; Cp = capsule.
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Fis. 44b x100" Capsule of Rabbit Knee joint, rep¡esenting

the area outlined in fig. 44a"

Oxidised and Non-oxidised, Orcein-Light green stain.
Elastic fibres are present in the non-oxidised control
section. The additional fibres stained in the adjacent

oxidised section ale oxytalan" Both fibre types n¡n

parallel with the length of the capsule.

B = bone; E = elastic; O = o)qftalan fib¡es.
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Fig. 45a. x25" Articular components of Rabbit Knee joint.
Medio-lateral I ongitudinal section 

"

The portion of the capsule attaching to periosteun

is outlined in red and is shown at higher magnification
on the following two pages.

C = hyaline aartilage; B = bone; Cþ = capsule.
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Fig. 45b x250" Attachment of Capsule, Rabbit Knee joint;
representing the area outlined in fig. 45a"

Oxidised and Non-oxidised, Orcein-Light gleen stain.
A small number of elastia fibres are pnesent in the

non-oxidised control section" Mmy oxytalan fibres
a¡e present in the adjacent oxidised section.
E = elastic; 0 = oxytalan; P = periosteun.
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Fig. 45c" x250" Attadtment of Capsule, Rabbit Knee joint;
representing the a:¡ea outlined in fig" 45a.

Oxidised and Non-oxidised, Atdehyde fudrsin-Halmi stain.
Elastic fibr,es are absent from the non-oxidised control
section " The large mass of fibres (arrows) in the

adj acent oxidised section are oxytalm-staining
e lements .
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(iv) INTRA-ARTICULAR LIGAI"IENTS OF THE KNEE JOINT

The cruciat,e liganents of the rabbit knee joint lie within the

capsule, md e:ctend between non-articular surfaces of the fenur

and tibia in relation to the longitudinal axis of the limb, They

a¡e strong rormded bands that are subjected to considerable tension

during the various j oint move¡nents "

The ligaments consist chiefly of collagen fibres, but oxytalan and

some elastic fibres are also present.

A liganent that uras tom near its periosteal attachnent during

preparation of the slide de¡nonstrates that nany oxytala¡ fibres

and only a few elastic fibres occur at the cut end" The orytalan

fibres run parallel with the collagen br¡ndles (fig. 46) 
"

At the temination of an intra-articular ligament numelous oxytalan

fibres Are ptesent" Sonre elastic fibres are also found wherç the

liganent inserts into the non-articular part of the opposing bony

surfaces. The orientation of the oxytalan fibres in this region

appears to be random (fig" 47).
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Fie.46a" x25" Articular cornPonents of Rabbit Knee joint"
Medio- lateral longitudinal section "

The portion of the intra-articular liganent outlined
in red is shown at higher magrrification on the next

two pages.

B=bone; L=liganent'
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Fie"46b. x250" Intra-articular Ligament of Rabbit Knee joi.nt,
representing the area outlined in fig. 46a"

Oxidised a¡rd Non-oxidised, Aldehyele fuct¡sin*Hal¡ni stain 
"

Oxytalan fibres are not present in the non-oxidised
control section " The adj acent oxidised section demon-

strates many oxytala¡r fibres (arrows) running parallel
with the collagen bundles (stained yetlow).
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Fig. 46c.
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Non-oxidised

Oxidised

x250. Intra-articular Ligament of Rabbit Knee joint,
representing the area outlined in fig" 46a"

Oxidised and Non-oxidised, Orcein-Light green stain"
Sone elastic fibres are p¡esent in the non-oxidised
control section" In the adjacent oxidised section,
oxytalm-staining ele¡nents aîe seen together with the
elastic fíbres"
E = elastiç; 0 = orytalan fibres.
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Fis. 47a. x100. Capsule and Intra-articular Liganent of
Rabbit Knee joint. Non-oxidised, Orcein-Light green

stain 
"

The portion of the intra-articular liganent outlined
in ¡ed is shown overleaf at higþer magnification 

"

Cp = capsule; L = liganent; p = periosteun,
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Non-oxidised Oxidised

x250" Insertion of Intra-articular Ligament of
Rabbit Knee joint, rep¡esenting the area outlined in
fig. 47a.

Oxidised and Non-oxidised, Orcein-Ligþt green stain.
Sone elastic fibres are present in the non-oxidised
contr',ol section" Many oxytalan fibres are present in
the adjacent oxidised section together with the

elastic fibres. The oxytalan fibres are orientated
at random where they insert into periosteum;

E = elastic; O = oxytatrør; P = periosteun"

Fie" 47b 
"
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(v) EXTRA-ARTICULAR LIGAMENTS OF TIIE KNEE JOINT

In addition to the fibrous capsule enclosing the joint, the

articulation is further reinforced by liganents that connect

opposing bony surfaces. These extra-articular liganents vary

in their form; so¡ne are flat bands, while others are rotmded

cords. The bulk of a ligament is cornposed of dense collagen

bwrdles that pursue an oblique or spiral course rather than

passing directly between attachments. A large number of oxytalan

fib¡es run parallel with the collagen bundles throughout the

length of the ligalnent, while only a few elastic fibres are

pr€sent (fig" 48).

There is a transition of the fibrous ligament to a fibro-

cartilaginous stlucture at the region where it inserts into

bone. Sections stained by aldehyde fuchsin and orcein demonstrate

many oxytalan fibres at the insertion passing parallel with the

collagen brurdles" Sorne elastic fibres are present in seetions

stained by orcein, but are absent when aldehyde fuchsin is used

(fie. 4s).

A ligament is oacasionally seen to rmite with a rnrscle" At the

jurction of the two different tissues many elastic and oxytalan

fibres are present in the ligarnentous portion" The fibres are

generally orientated at randon in this area (fig. 50).
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Fig" 48a.
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x25. Extra-articular Ligament of Rabbit Knee

j oint " Antero-posterior longitudinal section "

The portion of the ligament outlined in red is
shown overleaf at higher magnification.
L = liganent; E = epiphyseal plate of cartilage"
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x250 " Extra-articular Liganent of Rabbit Knee joint,
lepresenting the area outlined in fig. 48a"

Oxidised and Non-oxidised, Aldehyde fuchsin-Halmi stain"
So¡ne elastic fibres are present in the non-oxidised
aontrol section" The additional number of fibres
present in the adjacent oxidised section are oxytalan 

"

The fibr,es rln parallel with the length of the liganent.
E = elastic; 0 = oxytalan fibres.

Fie. 48b.
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Fie. 49a. x25. Extra-articular Ligament of Rabbit Knee joint"
Antero-posterior longitudinal section.
The region of liganentous insertion indicated in red

is shown on the next two pages at higher magnifieation"

L = liganent; P = periosteum; F = region of fibro-
cartilage; B = bone"
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Non-oxidised Oxidised

Fie" 49b. x250. Insertion of Ligament Rabbit Knee joint,
rep¡esenting the area outl,ined in fig" 49a"

Oxidised and Non-oxidised, Oreein-Light green stain.
So¡re elastic fibres are present in the non-oxidised

ccn¡trol section. The additional fibres Present in
the adjacent oxidised section are orytalal"
Ë = elastic; 0 = oxytalan fibres.
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Non-oxidised Oxidised

x250, Insertion of Ligaurent Rabbit Knee joint,
r€presenting the area outlined in fig" 49a"

Oxidised md Non-oxidised, Aldehyde fuchsin-Hal¡ni stain.
0xytalur fibres a¡e absent in the non-oxidised control
section, but are present in the adjacent oxidised
se cti on .

Arrows indicate o:rytalan fibres passing into the layer
of fibrocartilage "

(þ = chondrocyte cells"
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x25. l4r¡sculo- liganentous jurlction, Rabbit Knee

joint" Antero-posterior longitudinal section"

The part of the ligament outlined in red is shown

overleaf at higher magnification.
L = ligament; M = muscle; B = bone.
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Fig. 50b. x250. Musculo-ligannntous jr.nction Rabbit Knee joint,
representing the area outlined in fig" 50a.

Oxidised and Non-oxidised, Orcein-Light green stain.
Both elastic (E) and oxytalan (0) fibres are present

in the ligarentous part of the junction. The orien-
tation of the fibres is irregular"
M = muscle, '
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(vi) 1ENDONS ADIACENT TO T}IE KNEE JOINT

Tendons consist mainty of nunerous parallel fascicles of

collagen fibres that inpart flexibility and strength to

the tissue. They are relatively inelastic and only slightly

extensib le.

Oxytalan fibres occur frequently in tendinous tissue nrnning

parallel with the collagen bundles, while only occasional

elastic fibres are observed (fig" 51).
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Fie. 5Ia" xIO. Epiphyseal region Rabbit Knee joint.
I'ledio-lateral longitudinal section 

"

The portion of the tendon outline<l in red is
shown on the following two pages at higher
magnificatio¡r.
T = tendon; B = bone; C = hyaline artícular
cartilage "
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Fig" 51b. x250 " Tendon adj aeent to lìabbit Knee j oint, repaesen-

ting the atea outlined in fig. Sla"

Oxidised and Non-oxidised, Aldehyde fuchsin-tlalni stain"

Only a few elastic fibres are present in the non-oxidised

control section. Ihe large number of additional fibres
present in the adjacent oxidised sectio¡l are_ oxytalan"

E = elastic; 0 = oxytalan fibres"
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x250" Tendon adjacent to Rabbit Knee joint,
lepresenting the area outlined in fig" 5la"
Oxidised md Non-oxidised, Orcein-Light green stain.
Fibres a¡e absent fron the non-oxidised control section"

Oxytalan fib¡es (arrows) are Present in the adjacent

oxidised section orientated along the length of the

tendon "

Fig. 5Ic.
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(vii) PERIOSTEUM ADJACENT TO THE KNEE JOINT

The periosteun covers the surface of the bones but is absent

fron the cartilage covering their articular surfaces. It

consists of vascular collagenous connective tissue that contains

sone elastic and oxytalan fibres. In periosteun that has no

ten<linous attach¡nent to its surface, oxytalan fib¡es outnumber

the elastic fibres present" The oxytalan fibres run parallel

to the su¡face in the sane direction as the collagen bundles

(fie" s2).

conversely, periosteun that provides attachnent for muscle

fibres contains abr¡ndant elastic fibres but almost no oxytalan-

staining elenents. The elastic fibres pass parallel to the bony

surface (fig. 53).
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Fig. 52a.
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x25. Periosteum adjacent to Rabbit Knee joint"
Medio- lateral longitudinal section 

"

The portíon of the periosteum outlined in red is
shown overleaf at higher nagnification.
B = bone; P = peniosteum; lvl = muscle in transverse

section 
"
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x250. Periosteum adjacent to Rabbit Knee joint,
outlined in fig " 52a"

Oxidised and Non-oxidised, Orcein-Light green stain.
Few elastic fibres are present in the non-oxidised

control section. The additional fibres Pr€sent in the

adj acent oxidised secti.on are oxytalan. Ihese fibres

nm parallel with the surface of the periosteum.

E = elastic; 0 = oxytalan; V= bloodvessel; B =bone.

B )

Fis.52b.
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Fie.53a.
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x10" Muscle insertion adjacent to Rabbit Knee

joint. Antero-posterior longitudinal section"

The portion of the periosteum outlined in red is
shown overleaf at higher magnification"

M = muscle; B = bone; E = epiphyseal plate of
cartilage.
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Fie" 53b 
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x250" Periosteum adjaeent to Rabbit Knee joint,
outlined in fig.53a.
Oxidised and Non-oxidised, Orcein-Light green stain.
Both the serial sections have the same nurnber of
stained fibres, therefore the fibres are elastic
(arrows) 

"

M = nuscle; B = bone; P = periosteun"
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(viii) PATELLA LIGAIVENT

This ligament consists of a strong flat collagenous bard that

rurs from the patella to the tibia.

Ttvo aspects of the ligarent were studied :

The connective tissue fibres conprising the liganent "

The rabbit patella liganent is conposed of noderately

dense col lagenous tissue that contains many oxytalan

fibres and some elastic-staining elements. The orien-

tation of the oxytalan and elastic fibres is the sane

as the br¡ndles of collagen (fig" 5a) .

AttacÌ¡nent to the Patella bone"

Oxytalan fibres are observed to pass directly from the

ligarnent into the periosteum" ùrly an occasional elastic

fibre is present in the ligament near its insertion" The

general di¡ection of the oxytalan fibres is the sanp as

the collagen bundles (fig" 55) "
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Fi g. 54a. x5. Patella, Rabbit Knee joint"
The region of the liganent outlined in red is
shown overleaf at higher nagrification.
p = patella l¡one; L = patella ligament;

F = fattl tissue.
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Non-oxidised Oxidised

x250. Patella Liganent Rabbit Krtee j oint,
representing the area outlined in fig" 54a"

Oxidised and Non-oúdised, Orcein-Light green stain.
An occasional elastic fibre is present in the non-

oxidised control section. The large number of
additional fibres present in the adjacent oxidised

section are o)qft al an .

E = elastic; Q = o)c,f talan fibres.
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Fig" 55 a" Patella, Rabbit Knee joint.
The top photonicrograph (x5) provides an overall
impression of the anatomy of the structure 

"

The lower photomicrograph (x25) illustrates a

liganentous attactrnent to the patella bone" The

portion of the insertion outlined in red is shown

overleaf at higher magnification"
p = patella bone; L = patell,a liganent"
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Non*oxidised

Oxidised
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Fig" 55b 
"

x250. Attachmont of Ligament to Patella bone, Rabbit

Knee joint, representing the area enclosed by the red
outline in fig" 55a"

Oxidised a¡d Non-oxidised, Orcein-Light green stain.
Some elastic fibre*s ane pr,esent in the non-oxidised
control section" The additional fibres present in the
adjacent oxidised section are oxytalan.
E = elastic; 0 = oxytalan fibres"



RESULTS .ENZYMATIC HYDROLYSIS CHAPTER V

In addition to certain histochenical. staining techniques, FULLMER

(1960a) noted that enzymatic digestions nay also serve to distinguish

oxytalan fron elastic fibl'es. He observed that comnercial prepara-

tions of 9-glucuronidase remove nucopolysaacharides a¡rd the stainable

conpcnent fron oxytalan, but not elastic, fibres in pre-oxidised

tissue sections. The method used by Fu1l¡ner htas employed in this

investigation. (Appendix VII.5) "

Representative sections fron the t,etnporomandibular and knee joints

were subjected to digestion with ß-glucuronidase both before and

after tissue oxidation.

The following structures v"ere examined for the effects of enzymatic

hydrolysis :

TEÌVPOROMAN DI BU LAR JOINT

Articular surface of condyle

Articular disc

Joint capsule

Int ra-articu lar Ii ganent

Extra-articular li ganent

Tendcn

I

2

3

KNEE JOINT

t

2

3
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TEMPOROMANDI BULAR JOINT

I " Articular surface of Condyle

This investigation shows that elastic fibres are absent

from the articular fibrous tissue overlying the condyle"

However, nany orytalan-staining fibres are present (fig.

10a) .

Enzymatic hydrolysis with ß-glucuronidase has the effect

of digesting the o4¡talan-staining ele¡¡pnts from the

ar-ticular surface of the condyle (fig" 56).
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Enzyme + Oxidation
(contro l)

Fie" 56 "

Oxidation + Enzy¡ne

x400. Articular surface of Condyle, Rabbit Temporo-

nandibular joint (Sagittal section) 
"

Oxidised, Aldehyde fuchsin*llalni stain"
'lhe control sectíon has been oxidised aftgr enzyne

digesticrn " Oxytalan fi"bres (arrows) are present "

The adjacent slide has been oxidised befole enzyne

digestion " Some partly digested oxytalan fibres
(arrows) are still present, but the bulk has been

hydrolysed "
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TEMPO ROMAI.¡DI BULAR JOINT

2 " Articular Disc

tlistochenical staining with certain elastic stains has

denmstrated that the articular disc contains fine oxytalan

fibres that are orientated at randon throughout the structul€"

There was an absence of elastic fibres (fig. 19).

Ënzymatic hydrolysis digests the oxytal'an-staining fibres

fro¡n the articular disc ín tissue sections that have been

pre-oxidised (fig. 57) "
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Enzyme + 0xidation
(control)

Fig. 57 
"

Oxidation + Enzyne

x250. Articular Disc, Rabbit Temporomandibul.ar

joint (Sagittal section) .

Oxidised, Atdehyde fuctrsin'Hal¡ni stain "

The control section has been oxidised after enzyme

dígestion. Oxytalan fibres (anows) are distril¡uted
at rt¡dom throughout the stn¡cture.
The adjacent section has been oxidised before enzyne

digestion" Some partly digested oxytalan fibres are

still present, but the majority of fibres are now

missing.

Ch = chondrocyte-like cells.
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TEMPOROMA¡¡ IBULAR JOINT

3. Joint Capsule

The posterior part of the capsule has been shown to cqtsist

of loose vascular connective tissue cqttaining na¡ry elastic

fibres, together with sone oxytalan-staining elements (fig"

5r) .

FoLlowing enzymatic hydrolysis of pre-oxidised sections,

the oxytalan fibres are digested. fhe difference in the

nunber of fib¡es stained corpared with the control section

(ertzyme digestion before oxidation) is not dranatic, since

few oxytalan fibres occur in this region of the crysule (fig.

58). This demonstrates the specificity of $-glucuronidase

for digesting oxytalan, but not elastic, fibres from pre-

oxidised sections.

I
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( cont ro 1)

Fig. 58" x250" Posterior part of Capsule, Rabbit Temporo-

nandibular joint (Sagittal section) 
"

Oxidised, Orcein-Light green stain"
The control section has been oxidised a&er enzy¡ne

digestion" Both o4ftalan and elastic fibres are present"

Ihe adjacent slide has been oxidised befor_e enzyne

digestion" The oxytalan fibres have been digested,
since fewer fibres are present"

0 = oxytalan; E = elastic fibres; V = small artery"
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KNEE JOINT

l. Intra-art icular Licament

The cnrciate ligarcnts of the rabbit knee joint consist

ctriefly of collagen a¡rd oxytalan fib¡es. A few elastic

fibres are also present (fig" a6).

Fottowing enzynatic hydrolysis of pre-oxidised tissue,

most of the oxytalan-staining fibres ale digested. The

renaining fibres a¡e elastic and partly digested oxytalan

elenents (fig" 59).
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x250. Intra-articular Liganent of Rabt¡it Knee joint
(medio-tateral longitudinal seetion) .

Oxidised, Orcein-Light green stain"
The control section has been oxidised after enzyne

digestion. Numerous oxytalan, and some elastie, fibres
are present.
In the adjaeent slide, oxiclised þ¡fofq enzyne treatment,

the najority of the oxytalan fibres are absent due to

digestion.
Ë = elastic; 0 = oxytalan fibres.
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KNËE JOINT

2. Extra-articular Li itmen

Sections specifically stained for oxytalan and elastic

fibres have demonstrated rnany oxytalan fibres where the

liganent inserts into bone. Elastic fibres were absent

when aldehyde fuchsin stain was used (fig. 49).

The effect of ß-glucu¡onidase hydrolysis is to digest

the Oxytalsr fibres fron pæ-oxidised sections" Application

of the enzyme before oxidation does not digest the oxytalan-

staining elements (fig. 60) "
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Enzyme + Oxidation
(contro 1)

Fig" 60 
"

Oxidation + Enzyme

x250. Extra-articular Ligament of Rabbit \tree joint
(antero-posterior longitudinal" section) .

Oxidised, Aldehyde fuchsin-tialni stain"
The control section has been oxidised 4Ête_{ enzyme

digestion" Nu¡nerous oxytatra¡r fibres (arrows) are present.
The adjacent section has been oxidised before enzynrc

hydrolysis. The oxytalan fibres have alI been digested.
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KNEE JOINT

3. Tendon

It has been denonstrated that oxytalan fib¡es occul

frequently in tendinous tissue rtrnning parallel with

the collagen br.urdLes, while only occasional elastic

fibres a¡e observed (fig. 51).

Incubation of pre-oxidised sections with ß-glucuronidase

effectively dígests nost of the oxytalan-staining fibres.

The major portion of the fibres renaining are only

lightty stained by aldehyde fucl¡sin and orcein (fig" 61) "



169

r
\jr,-.t- -

.- t

¿

-rL- 

-\

Í-ç?

I

aY
-¡F.ì

\t
'f'

Enzyne + Oxidation
(control)

Fig.6Ia.

Oxidation + Enzy¡ne

x250" Tendon adjacent to Rabbit Knee joint (medio-

lateral longitudinal section) .

Oxidised, Aldehyde fuchsin-l.lalmi stain.
The control section has been oxidised q_fter enzyne

digestion. Numerous orytala¡r fibres and a few elastic
fibres are present.
The adjacent section has been oxidised before enzy¡ne

hydrol.ysis" The elastic fibres a¡e still present, but
nany of the oxytalan fibres have been digested"
E = elastic; 0 = oxytalan; Ep = epiphyseal plate
of cartilage.
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x250. Tendon adjacent to Rabbit Knee joint; the
sane region is shon¡n as in fig" 6ta"
Oxidísed, 0rcein-Light green stain 

"

The control section has been oxidised after enzyme

digestion. Oxytalan fibres and sone elastic-staining
elenents are present"
The adjacent section has been oxidised before enzy¡ne

hydrolysis" The oxytalan fibres are now nostly digested.
E = elastic; 0 = oxytalan; Ep = epiphyseal plate
of cartilage.

-



DISCUSSION OHAPTER VI

TEMPOROMAI'I DI BULAR JO INT

Both elastic and oxytalm fil¡res aæ present in the tissues comprising

the tenporomandibular joint of the rabbit"

Mover¡Bnts of the oint

Elastic fibres are only found in the joint capsule which envelops the

articulation.

According to AYER (1964) elastic tíssue, in combination with collagen

and nucopolysaccharides, has the essential role of allowing a long-

range controlled ¡eversible defor¡nation of the soft skeletal frane-

work" In association with ¡nuscte this elastic tissue also forms part

of a damping nechanism for contraction and stTetch" Hence struetures

exposed to periodic deformity (or deformability) contain large anounts

of elastic tissue" HAIvI (1969) supports this viewpoint and states that

elastic fibres in Loose connective tissue help to restore the tissue

to its original state when a stretctring force is removed,

The proportion of elastic fibres t,o collagen fibres in the capsular

tissue suggests that the condyle is capable of a wide range of move-

ment. The articular disc is also able to move since it is attached

peripherally to the capsule" However, it has been shown in this

investigation that relatively few elastic fibres occur in the
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anterior portion of the capsule between the tenporal bone and the

disc. The head of the condyle is therefoæ able to nove further than

the disc in relation to the tenporal bone" SPRINZ (f954) also

observed that the anterior part of the capsular tissue connecting the

disc to the tenporal surface was relatively inelastic and had a

firn temporal attactrment.

Movenent of the condyle is mainly antero-posterior, while lateral

excursion is linited by the zygomatic arch" The range of anterior

movement of the condyle woulal aPpear to be restricted only by the

limit of elasticity of the capsule attadling to it.

Structura I i¡nportance of the Articular Disc

The articular discs examined from the rabbit tery)oronandibular joints

in this study consist of dense avascular connective tissue containing

cartilage-like cel ls and nany fine orytalan fibres " Elastic fibres

aæ absent fro¡n the structure. This histological appearance of the

disc suggests that it may be adapted to bear stress during functional

¡novements of the joint. Additional evidence for this viewpoint is

derived fron an anatomical evaluation of

(1) The relation of the mandibular coronoid process (rudirnentary in

the rabbit) to the j oint 
"

The attachment of the temporalis nuscle to the coronoid plocess

is below the level of the zygomatic arch. During closule,

therefo¡e, contraction of this muscle, together with the

masseter muscle, will act to force the head of the condyle

towards the temporal portion of the joint lying adjacent to the
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root of the zygoma (fig" 62) "

(2) The articular portion of the temporal bone.

The tenporal portion of the joint is smal I in relation to the

total condylar surface capable of articulating with it. There

is a likelihood, therefore, of some stress concentration at the

tenporal surface " By acting as a pressure pad, the articular

disc nay fwrction to dissipate sorrc of this force, and could be

assisted in this fr¡tction by its closer adaptation to the tem-

poral surface than to the condyle during nandibular movements.

It is interesting to compare these findings in the rabbit with those

observed for the tenporomandibular joint of the domestic cat. The

articulation of the cat was exanined as part of a prelininary compa-

Tative study of joint histomorphology presented for the Master of

Dental Surgery Qualifying Examination"

In contrast to the rabbit, the cat disc is compose<l of loose vascular

connective tissue devoid of any cartilage-like cells or oxytalan-

staining elements" Ëlastic fibres, however' are numerous in the

structure. This histological appearaflce suggests that the disc may

not be adapted to bear stress" Ihe relation of the coronoid process

to the joint is also significa¡rt for the following reasons ;

The ma¡rdibular coronoid process is situated well above the level of

the zygonatic arch so that sone fibres of the tenporalis nuscle

must travel almost vertical ly frorn the root of the zygama to attach

to it (fig. 63). Contraction of these ¡nuscle fibres during closure,

at the sare tine as the masseter and medial pterygoid muscles are



Fie. 62.

t74"

z T

M

Diagramnatic æpresentation of the Rabbit Mandibula¡

Ranus.

The arrows indicate the di¡ection of pull of the

Masseter (M) and Tenporalis (T) nuscles " Their corbined

action is to force the condyle against the temporal

surface of the joint.
Z = Root of the Zygomai C = Condyle.
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Fie" 65" Diagranmatic æpresentation of the Cat mandibular Rqmus"

The arrows indicate the directicn of pull of the

Masseter (lvD and Tenporalis (T) m¡scles" fheir co¡n-

bined actions tend to relieve pressur€ at the tellPoro-

¡nandibular surfaces "

Z = Root of the Zygoma; C = Condyle"
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elevating the condyle, will act to depress the coronoid process and

hence the condylar head" The effect of this action will tend to

relieve any pressure on the joint struetures" This finding suPports

the opinion of SC0TT (1955) that a similar pressure adjusting

nechanisn of the tenporalis muscle exists in sheep and dogs as well

as for man. This opinion is at variance with that of BAR¡¡ETT (1954)

who considered the joint of ca:nivores as stress-bearing" More

recently, BARBENEL CL972) studied the bionpchanics of the human teÍpo-

romandibular joint and concluded that in this partícular articulation

there is load on the structu¡e during function"

The sign ificance of Oxytalan fibres

gxytalan-staining fibres havo been described in the articular surfaces

of the condyle and temporal bones as well as the disc a¡d capsule of

the rabbit teÍporomandibular joint.

The fibres are proninent in the articular fibrous tissue covering the

condyle and temporal surfaces" In these locations the oxytalan

fibres nealest the surface always run parallel with the surface and

for the nrost part ale arranged in the same direction as the main

functional ¡nove¡nent of the condyle; i.e. in an anteTo-Posterior

direction. The fibres are therefore orientated in a manner opposed

to the ft¡nctional forces placed upon the articulating structures"

The orderly arrangement of oxytalan fibres in the articular portion

of the condyle contrasts with their distribution in the non-articular

region. In this location oxytalan fibres have no definite orientation

and tend to be arranged at ra¡don"
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A few oxytalan fibres are also located in connective tissues that

have elastic tissue conponents" In the posterior part of the capsule,

consisting of relatively loose ccnnective tissue, elastic fibres

greatly outnunber the oxytalan fibres present. However, in the

anterior division of the capsule connecting the disc with the terporal

bone the connective tissue is relatively dense and contains more

oxytalan than elastic fibres.

From m examination of the structures conprising the temporomandibular

joint of the rabbit, oxytaløt fibres are p¡esent in fibrous tissue

containing few or no elastic fibres. Furthennore, oxytalm fibres are

generally arranged sinitarly to the collagen fibres in a mmner which

suggests they nay ¡esist the stresses irposed on the tissues, whether

these forces be pressure or tension. It is possible that the f.ttfiction

of orytalm fibres is to reinforce the resistance of tho collagen

burdles to distortion, while at the sane time imparting some flexibitity

and strength to the structure.

No satisfactory explanation ctrr be given to account for the presence

of o:cytalan fibres in the articular disc of the rabbit tenpoloma¡rdibular

joint " In place of the orderly functional arrangenrent observed in a

stn¡cture subjected to stress, the oxytalan fibres have no definite

orientation when compared with the collagen br¡ndles. The oxytalan

fibres in the disc may have a different fi.nction, since the st:n¡ctule

is already adequately strengthened by cartilage-like cells nrnning

parallel with the collagen bu:rdles.
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KNEE JOINT

Both elastic and oxytalan fibres are present in the tissues compri-

sing the knee joint of the rabbit"

E lasti c fibr,es

The distribution of elastic fibres is wider than that for¡td for the

terrpoTomandibular joint since they occur, in varying nunbers, in all

the connective tissues of the extra-articular a¡d intra-articular

structures. The presence of elastic fibres in the two articular discs

of the knee joint differs from the tenporo¡nandibular joint disc, where

the fibres a¡e absent. The locaticnr of elastic fibres in the disc

tissue of the knee joint in its thinnêst regions nay allow that

strr¡cture to dissipate fw¡ctional forces" Elastic fibres also act to

unite both discs, thereby providing some independence of movement for

each of the stn¡ctures" The regions of the disc containing abw¡dant

elastic fibres possibly have a fur¡ction analogous to the function

provided by the capsule of the tenporomandibular joint.

Few elastic fibres are present in tendons and liganents since these

structures at¡e prirnarily designecl to provide strength a¡rd flexibility

without elasticity.

The capsule of the knee joint, like the tenporomandibular joint

capsule, contains most elastic fibres" Both the elastia and collagen

fibres run parallel with the vertical length of the capsule" Ela-

sticity of this structure is essential since it. joins the opposing

bony surfaces and ¡nust therefore be able to fi¡¡ction for the full
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range of joint movements without strain"

Oxytalan fib¡es

Oxytalan fibres are widely distributed throughout the rabbit knee

joint. A large number are located in ligaments and tendons, particu-

larty at their insertion into bone. The pnesence of oxytalan fibres

in these tissues would suggest that they provide a different furction

to elastic fibres, which ale seen infnequently. A possible role of

oxytalan fibres in ligaments and tendons is to assist the collagen

br¡ndles in resisting potentially deforming forces. In this situatisn

the fibres may be described as reinforcing the action of the collagen

fibres" Also, they appear to provide an ancl¡orage effect at the

inserticn of tendons and ligaments since they pass without inter-

ruption into the fibrocartilaginous tissue adjacent to the bone.

In other tissues of the rabbit knee joint the fuurction of oxytalan

fibres is not as clearly defined" So¡ne regions of hyaline articular

cartilage contain snall amounts of oxytalan fibres that demonstTate

no fwrctional orientation.

Oxytalan fibres are fornd throughout the articular disc tissue of

the knee joint, sometimes alone and occasionally in combination

hrith elastic fibles. The large number of oxytalan fibres located

near the junction of the disc with either capsular or liganentous

tissue nay be related to the relatively high functional forccs likely

to be encorntered there" Elastic fibres are absent, and the oxytalan

fibres probably provide the necessary strength and flexibility,

together with collagen, to resist the tissue distorting forces. In
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this manner they may prevent any untoward narrowing of the disc that

night impede the snooth action of the opposing condylar heads. In

other regions of the disc some oxytalan fibres are fowrd in combina-

tion with elastic fibres, Ðd in these situations their specific

furction cannot be hypothesised" The number of fib¡es for¡nd in

combination with elastic fibres, however, is not very large conpared

with regions whe¡e they occur singly"

Oxytalan fibres are also present with elastic fibres in the capsular

tissue of the knee joint - a finding si¡nilar to that observed for the

temporonandibular joint. The number of fibres is very low and their

role in this tissr¡e is uncertain"

COMPARTSO{ OF FIBRES FROM THE TEMPOROMAI.¡DIBULAR AÌ,¡D KNEE JOINTS

The location of elastic fibres in certain terporona¡rdibular ar¡d knee

j oint structures of the rabbit follows the traditional distribution

of this fibre type 
"

0)qftalar fibres also occur in both joints where they nay provide

different fi¡rcticr¡s in certain tissues" Their main furction could

be one of reinforcing the existing collagen arrange¡nent of dense

connective tissue to resist permanent deformation" In addition, the

fibres may provide a degree of supplernental strength and resiliency

to the tissue. The orytalan fibres are typically present in dense

avascular connective tissue devoid of elastic fibres" Although sone

fibres appear with elastic fibres in loose connective tissue their

numbers in this situation are generaLly low and nay only play a minor
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role by imparting strength to the tissue"

The disc of the rabbit temporomandibular joint contains oxytalm

fibres that are not ideally arranged to withstand furctional forces"

Theír fr¡rction in this tissue is not known. However, the relatively

1.arge number and the brandring network-like arrangeÍþnt of the fibres

present suggests that they rnay fuurction as nutrient channels for the

circulation of synovial fluids"

The distribution of oxytalan fibres appears to be widespread through-

out the connective tissues and although their general morphology

reserbles etastic fibres, they have different staining properties and

enzymatic hyttrolysis reactions. Because of their localisation a¡rd

orientation in dense connective tissue, it is suggested that oxytalan

fibres may functior by reinforcing the action of collagen, thereby

inparting additional stængth to the particular structure"

Evidence from an earlier study suggests that tl-re terporomandibular

joint of the donestic cat may not be stress-bearing during jaw nove-

ments.

The location of oxytalan fibres within the rabbit terporomandibular

joint, as well as other anatomical features of the articulation,

indicates that this joint is a weight-bearing structure during fi.urction.

The findings of this investigation provide

support Fullmerrs hypothesis that oxytalan

tissues subjected to stress.

additional evidence to

fibres aÌe present in
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APPENDIX VI Ï .1

Decalci fi cati on solution used in this studY

Decalcification was carried out using a solution of 40 per cent

for¡nic acid, prepared by the following nethod :

sodium formate

water

formic acid

7 gms

100 mls

40 mls
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APPENDIX VII "2

Method of processlng tissue used in this study

After neutralising the formic acid used to decalcify the tissues,

the speciÍÊns we¡e subjected to the following processing at a constant

37oc :

l"
2"

3.

4"

5"

6.

8"

9.

10.

70eo alcohol

80% atcohol

909o alcohol

95Yo alcohol

Absolute alcohol,

Absolute alcohol

Absolute alcohol
I part absolute alcohol

I part methyl salicylate
Ibthyl salícylate
0 . Seo ce I loi din

Nbthyl s aLi cylate
I "0% celloidin

2/3 nethyl salicylate
L/3 paraffin wax ". "

l/2 nethyl salicylate
212 paraffin wax .. "

1/3 methyl salicylate
2/3 paraffin wax .. .

Paraffin $rax (first chatge)

Paraffin wax (second change)

Paraffin wax (third change)

overnight
I hour
I hour

I hour

t hour

I hour
I hour

I hour

2 days

t hour

I hour

t hour

2 hours

2 hours

overnight

2 days

Following clearing of the tissues with salicylate they were infused

with clean paraffin wax at a consta¡lt sóoc :

t

2

3

4"

5"

6.

Specirens were then vacuu¡rBd in paraffin wax at 560 C for approximately

15 minutes prior to blocking.
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APPENDIX VII "3

Method of stainins Oxy talan fib¡es with Aldehyde Fuchsin

The method used was after FULLMER and LILLIE (f958) 
"

1. Deparaffinise and bring sections to water,

2,Oxidise in an aqueous solution of lOeo Oxone (DuPontrs

monopersulphate compound) for 90 ninutes,

3. Wash in rrr¡ning water fot 2 minutes,

4" Stain with Gomorits aldehyde fuchsin* for 8 minutes,

5. Rinse slide in two changes of 95eo ethanol and leave

in a third change for 5 minutes,

6" Rinse sections in 70eo ethanol followed by nrnning water,

7. Cotu¡terstain in t,he following solution nodified by Halni

for 15 seconds :

Distilled water ... 100 nls

Light green SF 0"2 gn

Orærge G 1"0 gm

Phosphotungstic acid 0 "5 gn

Gtacial acetic acid 1"0 ml

8" Rinse briefly in 0.2uo Elacial acetic acid in 95eo ethanol,

9. Dehydrate and ¡nount 
"

Staining ¡eaction :

Bone and scirrhous connective tissue a¡e stained yellow;

collagen and epithelial cells, green to greenish yellow;

acid nucopolysacctrarides, purple; elastic and oxytalan

fibres, bri lliant PurPle "

*Gomorits Aldehyde Fuchsin :

Add 1.0m1 conc" Hydrochloric acid a¡rd t"Onl, of paraldehyde

(U"S.P.) to t00ml of a 0"Seo solution of basic fuctrsin in

60-70eo ethanol. Allow to stand at least 24 hours before use"
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APPENDIX VII.4

lr4ethod of staining Oxytalan fibres with Orcein

Ihe method used was after FULLMER (f959b) 
"

Deparaffinise and bring sections to water,

Oxidise in an aqueous solution of 109o Oxone (DuPontrs

¡nonopersulphate conpor.nd) for 90 minutes,

Wash in running water for 2 minutes,

Stain with Orcein* for 20 minutes at 50oC,

Differentiate in 70% ethanol for 5 minutes (3 changes),

Bring sections to water,

Counterstain with Lilht greenfÉ for l0 seconds,

Rinse briefly in 0"2eo glacial acetic acid in 95% ethanol,

Dehydrate a¡rd moturt.

Staining reaction :

Bone and scirrhous connective tiss¡re are stained light green;

collagen and epithelial cel1s, pale bluish glEen; elastic
and oxytalan fibres, brown to brownish purple.

*Orcein preparation :

lgm of Natural orcein in 100n1 of 70eo ethanol, add l'0ml

Conc. Hydrochloric acid"

Place in 60oC oven for thr., then filter"

#Light green PreParation :

0.2gn of Light green in 200¡nl of 95% ethanol'

I
2

3

4

5

6

7

8

9
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APPENDIX VII.5

l,lethod of En ic Disestion

The nethod used was after FULLMER (f960a).

p-glucuronidase* was used, lSmg per 50n1 0.lM acetate buffer#

(pH 4.5), and incubated for 48 hours at 57oC" '

*Sigma Che¡nical Conpany. 9-glucuronidase fro¡n Bovine Liver.

Type B-I. Activity 530,000 Fishnan Units/gn"

#The acetate buffer solution was prepared according to the Buffer

Tables in :

BARKA, T. r¡d P.J" AIIDER^SON 1963 Histoche¡nistry p"405

Hoeber l@dical Division, l{arper and Row, Inc. New York.
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