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INTRODUCTION o

The mandibular articulation is usually classified as a
ginglymo-arthredial joint. (1) This means that the two main
movements are a hinge movement and a sliding movemente.

However, whilst undoubtedly the hinge movement is adequately
expressed in this terminoliogy the sliding movement is much
more comprehensive than inferred in the above classification.
This is due to the faet that there is a forward translatory
movenent of the mandibular meniscus and condyle during opening
of the mouth and reverse movement occurs during closing the
mouth.e (-2) The sliding movement itself is related more to
reflex masticatory shift which is to a ‘largé extent involuntary
as apposed to voluntary opening and elosing movements., One
might consider we have the problem, on the one hand, of
conscilous proprioceptive mechanisms, on the other, unconscious
proprioceptive meechanlsmse (3) 1t may be that in clinical
experience it is the unconscious proprioceptive mechanisms
that are operative in giving rise to temporomandibular joint
dysfunctions and assoeciated reflex disturbances of locomotione

It is the purpose of this thesis td describe in some detall
the histological components of the tremporomandibul ar meniscus
and point out those areas of the meniscus that normally are
under compression during normal articular movements and those
apreas which would come under compression during abnormal
articular movements. As well as this en attempt is made to
show how the histological structure of the meniscus contributes
not only to the mechanical efficiency of the articular movements
. and, of course, is also concerned by virdus of its nervous
components in regulating vascular homeostasis S0 necessary
in locomotione

Various menisci were examined for their hlstological

structure and schematic reconstruction was a factor in the

sgsessment of various areasSe Tn order to do this all the

meniseci removed were serially sectioned usually at 12 to 15

micra intervalse
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The menisci were obtained post-mortem« This was done
by making a vertical inecision behind the ear and reflecting
the ear anteriorly. This lmmediately exposed the lateral
ligament, and the lateral margin of the condyle eould be
palpateds The superficial {issue was removed from ‘the neck
of the condyle leaving the lateral ligement as far as possible
intact. A Gigli saw was passed round the neck of the condyle
and it was sectioneds &n inecision was then made through the
periosteum covering the superior-lateral margin of the
articular fossa and extended * anteriorly 'fram. the post glenoid
+tubercle as Far as the anterior boundsry of the articular
eminence following the curvature of the articular fossa and
the articular eminence. A muco-periosteal elevator was then
inserted between the bone and periosteum of the articular fossae.

The meniscus was depressed by forcing the elevator as far

medially as the medigl capsules The periosteun adhering to the
squamo-tympanic fissure was then incised, also the periosteun
adhering to the anterior margin of the articular eminencee.

Two incisions were made, one obliguely pastero~inferiorly in

the case of the posterior incision and in the case of the anterlior
inecision obliquely antero-inferiorlys. In the case of the

enterior inecision it was usually necessary to eut with a pair

of* scissors ;che superior and snferior Fibres of the lateral
pterygoid muscle., Here after iﬁ tﬁé thesis the superior fibres
of thé lateral pterygoid muselé will be referred to as the

spheno-meniscus muscle, (8) and the inferior fibres as the
la‘berai pterygoid musclee

The foregoing technigue usually resulied in the removal
in toto of the temporomandibular meniscus and the head of the
condyles When the specimen was removed, the periosteun

around the neck of the condyle including the tendinous insertion

of the lateral pterygoid muscle into the pterygoid Lfovea was
completely incised and with a muco-periosteal elevator it was

stripped in an upward direction from the condylee
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This resulted in the meniscus being freed from its bony
attachments and it could be reassonably well orientated. In
all specimens, cexecpt two, the menlseus was removed by this
technigque from the head of the condyle. In one specimen
(noe 6 aged 18 years ) the head of the eondyle was retained
and in another speeimen {(no. 1 foetus at term) the
temporomandibular Jjoint was removed Y"en bloe, The speeimens
were fixed in 10% formalin and embedded in paraffin wax. In
those cases where the bony components were retalned, they were
decaleified before embedding in paraiffin waxe .All except one
were orientated as nearly as possible in the sagittal plane
when embedding in pavaffin wax. The other was orientated as
nearly as possible in the coronal ﬂ;glane during the embedding
stagees All were cut in serial sections at 12~15 micra intervals
and stalnede h

The following stains were usedi-

(L) Dhaematoxylin and cosin.

(2)  haematoxylin and phloxine

(3) Verhoeffs Van Giesone

(L) aldehyde fuchsin haematoxylin and light greene
(5) carmalum piero~indigo .carmine.

(6) aldehyde fuchsin without counter siain.

(7) Davenport silver nitrate.

(8) aldehyde fuchsin haematoxylin and piero~indigo
Carminees

Details of the speeimens used in the preparation of

‘hhesis appear hereunder.

Specimen N0e le
The temporomandibular joint was removed "en bloce" from

5 foetus at term which was decalciflied and orientated as
nearly as possible in the sagittal plane at the embedding stage
in paraffin wax and serially sectioned at 12 micra intervalse

SQ eéimen 1’102 2
The temporomendibular meniscus and the flbrous covering

of the head of the condyle was removed from an infant male

cadaver aged 19 mths. Cause of death was cerebral diplegiae

e M ————
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Orientation was carried out as nearly as possible in the
sagittal plane at the paraffin wax embedding stage and serially
sectioned at 10 miera intervalse. The sections from this
specimen were stained with aldehyde fuchsin, haematoxylin and

plero~indigo carmine.

Speeimen Noe- 3o

Temporomandibular menisel were removed from a male cadaver

aged 28 yearse. Cause of death was coronary occlusione.
Orientation was made as nearly as posslble in a sagittal plane
when the specimens were paraffin wax embedded. The sections
were cut serially at 12 micra intervalse

Specimen NOe g.

Temporomandlbular meniscl were removed from a male cadaver

aged 58 years. Cause of death was cardio-vascular disease.

Orientatlion, again, was nearly as passibfe in a sagittal plane

when the specimens were paraffin wax embeddéd. Sections were

taken serially at 12 micra intervalse

Specimen Nos De

Temporomandibular menisecl were removed from a Pemale adult

cadaver aged 72 years. Cause of death was carcinoma. Agalin,
orientation of the specimens was carried out as nearly as '
possible in the sagittal plane at the paraffin wax embedding
stagee The sections were cut serially at 12 micra intervalse
Specimen nos He
The condyle and meniscus were removed from a male cadaver

aged 18 yearse. Cause of death was medullo blastoma. Orientatiom

" was carried out as nearly as possible in the coronal plane

at the paraffin wax embedding stage. 28 sections were taken at

120 micra intervals through the ﬁars posterior menisci, the pars

gracilis meniscl, and the pes meniscles The sections were

approxinmately 10 micra thicke




CHAPTHR 1.,

MICRO ANATOMICAL ARWAS OF THE TEMPOROMANDIBULAR MENISCUS

For the purpose of making =2 10giéal histdlogiéal assessment
of the tempofomandi‘bular meniscus it is essential to define
micfo anatomical areas, both ffom an anatomical and functional
basisse | |

Reeg (). recognised the fact that the 'ﬁ‘emperox:aandi’bui‘ar*
meniscus consisted of four morphologiecally distinct pax;tm
He recognised an anterior moderately thick band, an intermediate
thin.‘band, a posterior thick band, and postel;ior extensions of
this latter band which were the supei?i or and inflerior attachments '
of the menlscus superiorly through the squamo-tympanic fi SSUre,
and inferiorly to the posterior slope of the mandibular condyle;
and between these extensions, z zone which he called the bilaminar
zone. He pointed out that the meniscus was continuous medially
and laterally with the medial and lateral capsule of the
temporomandibular jointe He pointed out that the lateral
capsule was reinforced by the lateral 1iga_ment and that Lfibres

T

of the masetter and temporal muscles were incorporated in the

A

lateral capsules He also noted that the supérimr ‘stratum had
an elastic componenﬁ ’

Orban (5) does not reecgnis.e* anatomical distinet parts of
the arbicular dise, bult says that it is composed of dense fibrous
tissue which resembles a ligament because the Tfibres are
straight and tightly packed. The main cellular component of
the dise according to Orban (5) are elongated fibroblasts. He
also recognised that the fbroblasts might develop into chondroid
cells with advaneing agee. As regards elastle fibres he stated
that they are only found throughout the dise in relatively
small numbers. Rees (L) also thought that chondroid tissue
was not the predominant tlssue and that its predominant
component was dense white fibrous connective 1issu.

It is apparent therefore that the statements made as

regards the histological comp onents of the temporomandibulap

meniscus with one exception, namely Rees (&) statement as regards
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the elastie component of the superior stratum, are noi definite
concerning the different avreass This may “éae begause
anatomically and functionglly déi‘inable areas of the temporo-
mandibular meniscus have not received the atiention they
warrants

Griffin & Barnetd (6, 7e) éuggested that the anterior
moderately thick band be called the pes-menisel and recognised
a hele of the pes menisci. They sugges:té@ also that the thin
or intermediate band be callsd the pars gracills menisel and
the posterior thieck band they called the pars posterlor menisciloe
They r*e‘caiﬁed Rees (L) terminology for the posterior extensions
of pars posterior menisci namely the su@érimrf stratum and the
inferior stratum and the tissue between these strata which
actuglly is not a part of the temporomandibulay meniscus although
closely associated with it, as the bilaminar zone. They
recognised further a medizl and lateral pterygo-condylar areae

Gri:f'fi;n & Sharpe (8) defined the histological predominant
tissue in the above areé% and. recognised the peculigr form of
the attachment of the superior sitratum of the bilaminar zoﬁe
not into but rather through the squamo-tympanic Fissure; and
also the peculiar mode of the attachment of the meniscus to the
srticular eminences They pointed out also that synovial membrane
was restricted to definite areas of the meniscus and that these
apeas were normally not subject to compressione. They further
pointed out that a constant morphological struchture wag a
vasculey canal (9) which aqﬁveyed putrition to the synovial
menbrane just postero~inferiorly to the pars posterior meniscle
They termed this canal the genu vas culosis meniscle

Apart from the above ﬁesc@rip'ﬁiong sichey (‘10) has described
the meniscus as composed of thin, elliptical, fibrocartilaginous

1amella £illihg up the space bhetween the articulating surfaces,

and is Fused snteriorly, medislly and laterally to the capsule,
whilst posteriorly it continues into a thick layer of loose and

(10)

vascularized connective tissue. Steinherdt (11 ) and Sicher
state that the meniscus varies in thickness from individual

to individual with the prominence of the articular eminence, the

o ‘
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more prominent the articular eminence the thicker the meniseuss
Therefore bafore commenting on the histological assessment of

these areas they require definitione

Specimen noe ls foestus a‘t: terme -
Sagittal section X 5 approximately through the middle of the
temporomandibular joint and indicates structural components
of the temporomandibular Jjoint which will be deseribed in
this thesis.

A. Pes meniscl.

Be Hela of pes meniscie

Ce Pars graclilis meniscile

De Pars posterior menisci.,
Be Inferiocr stratunms

Fe¢ Superior stratume.

Gs PBilaminar zonee

He Temporal bonee

Te¢ Tympanic bone,

Je Gﬂndylet

Ke Lateral pterygoid muscle.
L« Plerygo-condylar arca.

Me Squamo~tympanic issurce
Ne Auricular temporal nNerve.
O, Perichondriume |

Pe Inferiopr jJjoiht cavitye
Qe Superior joint cavitye

Note. Articular eminence is not fully developed at this

w

stage. (12,13,14,15, 16) How the superior stratum becomes
econtinuous with loose connective tissue whieh fills the squamo-
tympanic fissurc. Also how the pes menisci is associated with

loose connective tissue inferior to the temporal bonee
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Pes Eienisa;a

The pes meniscli is the anterior extension of the ienmporo=

mandibular meniscus and resembles a foots It exhibits a heel,

termed the hela of the pes menisel, and reecelves the inserting

fibres of the spheno-meniscus muscle, The hela of the pes

menisci also receives the inserition of the aniero-infepiop
capsules
In deseribing the histological components of the pes

mehiscl the Tollowing methods have been adopitedis

(1) the predominant tissue in the main structures
(2) the method of insertion of the spheno-meniscus
Bmscle; |
(3) the hela of the ées meniscie
? (L) the insertion of the antero-inferior capsule; and
(5) the attachment of the pes menisel to the articular

eminencee.

it is located in the rest position snlberior to the condyle
and oceupies the area between the artieular eminence zand the
inserting tendons of the lateral pterygold muscles 1t has a
postero-inferior protuberasnce which is the hela of the pes

menisele




Fige 2e

Specinen noe Lo 58 yearse
Saglittal section X 5 middle third meniscus. Indicates the

more ueual relationship of the structures which constitute the

pterygo~condylar area in the adulte

A. Spheno-meniscus musele which has a tendinous
insertion into the pes menisei.

Bse Tendinous insertion of lateral pterygoid muscle
into the periosteum of the head of the condylee

Ce Hela of the pes meniscl.e

De Plerygo-condylar ares.

e Peg menisci.

SO 8 0¢P RO CESBBOVLUIO 6O O SOV ERDGOGLEEDSEAIGISOOIEFEVLESO 0D -rnp@ottcogo.gt
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Specimen Noe Le 58 yearse.
Sagittal section X 5 lateral third meniscus« Indicates the
less usual relationship of the siructure which constitutes the
pierygo~condylar area in the adulie
A. Spheno-meniscus muscle which has a tendinous
insertion into the pes meniscuse

B, Tendinous insertlon of the lateral pterygoid
musele into the yemwa*bwm of the head of the

condyle.
Ce Hela of the pes meniscls
De Pterygc-condylar areoe .
Es Pes meniscis
e Superior tendon of lateral pterygold musclee

poa-;gptp&@otqgi@i..pt;tﬁtifﬁ?ppgapggﬁggpﬁggmggggtgpqqgmpguﬁn.p-ag
rteryg oféongzlar Area .

The pterygo-condylar area essentially comprises an area
between the insertion of the sphend-meniscus muscle inteo the
pes menisel amd the hela of the pes meniscl, and the insertion
of the lateral pterygoid musele into the pterygoid fovea of

the condylees It is not quite constant in its boundaries, usually

the super‘ibz' boundary is constituted by the hela of the pes

meniseci and the tendinous insertion of the spheno-menisceus

muscle into the pes menisci and the hela of the pes menisci,

whilst its inferior bomndary is constituted by the tendinous
insertion of the lateral pterygoid musele into the pterygold
fovea of the condyle, and its base is the periocsteum ecovering

the condyle between the latter insertion and the synovium

congtituting the antero~inferior extremity of the inferior
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Jjoint cavitye
However it may be complicated by the fact that the

superior fibres of the lateral pterygold muscle sometimes
diverge and approximate the hela of the pes meniscli and excludes ‘_
1t from the pterygo-condylar areae. In this instance, the

superior boundary is the superior tendinous insertion of the
lateral pterygold muscle inte the most superior part of the
pterygoid fovea of the condyle and its inferior boundary is
constituted by a similar inferior insertion into the pterygoid

fovea of the condyles
' The first anatomical relaticqshj;p described above is the

nore constante

-
—_— /’
LI

Specimen nos 1 ~ foetus at term.

Sagittal section X 10. middle third of temporomandibular

s mmy,

joint. Demonstrates the wedge shaped pf@jecti ons of synovial

membrane, which are located at the anterior and posterior

extremities of both joint cavitiese

As Pars gracilis nmenisei.

B, Genu vasculosis menisecl.

Ce Inferior joint cavitye. |

D. Wedge shaped projection of synovial membrane at the
anterior snd posterior periphery of inferior
Joint cavitye

E. Wedge shaped projection of synovial membrane at
the anterior extremity of superior joint caviity.

P Bilaminar zoN€e

"ojoioiiithSf!fntrqtcn'-oﬂﬁqmnrthtpitwainm@mtm.tomaiﬂiifﬁi@twiatos
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Parg Gracilis Meniscie

The pars gracilic meniscl is the intermediate thin
portion of the meniscus and is located- in the rest position
between the anterior articular slope of the condyle and the
anterior dlope of the articular fossaq (17) In roentgen rays of
+he temporomandibular Jjoint with the teeth in classical centz;*icf
occlusion, the narrowest radiolucent area is that area between
the articular slope of the | condyle and the anterior slepé of |
the articular eminence and this area is ocecupled by the pars

gracills meniscl (fige 2143a).

Specimen nos 4 = 58 yearse

Sagittal section X 5 medial third meniscuse Indicates the
usual strueture of the pars pesﬁqeriarl menisci in the adulte

Ae Pars posterlior meniscle
B, Perichondrium of the condylee

ap#rtoittttnoaotio-ﬁ#tqiottit#&Qiongtﬂttiaﬂuawnboiitttpgndo#-riit.

Pars Pogsterior Meniscie. (Fige 5)

Fars OoSbet ) ot
The pars posterior menisel is the thickest part of the

meniscus with the teeth in classical centric occlusion. 1% "

occuples that area hetween the saglttal crest of the condyle

and the approximate superior one third of the posterior

spticular slope of the condyle and the roof of the articular
(17)

fossae




il i T

Fige G

Specimen Noe le ~ foetus at terme

Sagittal section X 10 middle third ‘temporomandibular jointe

(Gfo fig.‘l.)

Indicates the respective attachments of the

inferior and superior strata of the bilaminay zone and the

relationship of bilaminar zong to these stratae

De
E,
Fa
Ge
H.

Le
Jo

Pars posterior meniscl.
Inferior stratum.
Superior stratume
Bilaminar zonee

Temporal bonee.

Tympanlce bones

Condyles

Sguamo~tynpanic fissure.
Auricular temporal nerveo.
Perichondriume

Inferior joint cavitye
Superior joint cavitye

PO e Y Y vy xx 2 NS - A NS R AN A S 2 RE R A AN RA AN ERASAAS

Superior Stratum of the Bilamingy Aone.

The superior stratum is the posterior extension of pars

posfefiar menisci and is $nserited through the sguamo-tympanic

fissurce.

The method of insevrtion is peculiar and Pequires

further refinement which will be discussed under the headifig

®insertion of the superior stratum of the bilaminar zone of the

temporomandibular meniscus through the squano-tympanic fissure’.

Inferior Stratum of the Bilaminar“ *Zona s

The inferior stratum is the posterior Inferior extension

of the pabs posterior menisci and it is inserted into the

posterior articular slope of the condylee




Bilaminar ZoNEe

The bilaminar zone is the tissue which is contained

between the above mentioned stratae.

!
i
i
|
|
%
i

Specimen noe 3 = 28 years.
Sagittal section X 5. middle third meniscus. Indicates the
usual position of the genu vasculosls meniscle

A Genu vasculosis meniscie

Be Synovial membrane at the most anterior extremity
of the inferior stratum.

Ce Inferior stratum of bilaminar zonee.

De Perichondriume

Ee Pars posterior meniscile.

Ge Origin of blood vessels which traverse the genu
vagsculosis meniscil,

0P 02000000800 ¢P 0000000 GO RO 00IPEIENDEECCROS SOOI BIN0008CCILENGLLIES
‘ i v % .

Genu Vasculosis Menisecl s

This vascular canal commences at the apex of the bilaminar
zone and runs obliquely antero-inferiorly to the junction of
the inferior stratum of the bilaminar zone with the pars
posterior menisei. Here also on the inferior surface of the
meniscus, a fold of synovial membrane commences, which extends
posteriorly to be reflected onto the fibrous covering of the
posterior non articular parb of the condyle.s This is the
inferior part of the genu and forms the inferior 1lip of the

canalls orifice. The vascular contents of the canal consisis

of arteries and veins in close proximity to each othere
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CHAPTER 2.,

THE STRUCTURE OF TEMPOROMANDIBULAR JOINT IN
FOETUS AT TERM.

A AN LN S

In order to assess the morphology of the temporomandibular
meniscus, the standard has been the appearance as seen at the
foetus at term and this will be deseribed as it appears in its

lateral third, middle third, and medial thirde

: _ - = 2 — s -

-

Figs 8s =

Specimen 10e 1 « foetus at term.

Sagittal section X 5. lateral third temporomandibular meniscuse
Note that one does not see the insertion of 1&1:6:}:'31 pterygoid

muscele into the pterygoid fovea nor the spheno-meniscus muscle

¥ ‘

intﬁ ﬁh&imenigeuS' * L N AL A T R I B N

A Pes menisel.

Be Hela of pes meniscle
Ce Pars gracilis meniscle
De Pars posterior meniscle
Ee Inferior stratume.

j 8 Superior stratume

Ge Bilaminar zZonce

He Temporal bonsc.

Je Condylce

Oe Perichondriume

Pe Inferior joint cavity.
B¢ Superior joint cavitie

S0 BORVOPDPB OO DOE OB PO OLIOIDONSONBOLL 'Oi*i,tlﬁtijﬁt i#ﬁ,b»ﬂ‘.O#ib-‘n.rtwi#pi’ttaﬁii

-



16,

Lateral third of the temporomandibular jointbe
(1) Head of the condylee |

Active osteagenesié is seen to be occurring at the head of
the c__ondyie « The condyle is covered by a marked layer of
perichondrifum at its articular surface, and periositeum Juss

ihferior to the articular surface, The periosteum and

perichondrium both exhibit a well defined oubter fibrous layer
, | in which the collagenous Libres are orientated parallel to each

other, and in between which are typleally elongated fibroblastse

igt ® |

Perichondrium showing respective layers and its relationship

to the articular cartilage of the condylee ( X 390 cf. figo 8e)
Ae Fibro elastic layer. | -

Be Superficial layer,
Ce Cellular layere

L

P S Y R A2 EEZYZ2IZEz 22 " YRS SRR RS R 2 N R NN AN ER S ENENERSENRSEESLSERS
‘Beneath the Pibro slastic layer of the perichondrium the

cellular layer is apparent, and also beneath the fibrous layer

of periosteum s cellular layer can be seen which is best evident

where the section. in certain areas is oblidguee




Fibro elastic layer of the perichondrium snd the cullular
layer beneath it which merges with the proliferative zone of
the eondylar head, beneath which is a zone of flattened
chrondrocytess ( X 780 cfa fige NOe 84)

A. Fibro elastic layere.

Bse Cellulsr layer and layer of proliferaving

cartilage cellse
Ce ILayer of flattened chondrocytes which corresponds

to the zone of orientation in the metaphysis of
2 long bones

no:ooontiitnainmfttsir,tﬁqatmiﬁictagfﬂ;wtlteOththttt@ﬁgiwtttqoa#
I+ should be mentioned that whilst the superficial layer
of the perichondriwm is mainly fibrous its suriace which faees
the inferior joint cavity is not nearly so fibrous and contalis
much more ground substance. It is also nmuch more cellular.
The cells ave 2 to 3 layers thick and are fibroblastic and
chondrocytic in natubfe. The fibro elastié layer of the
perichondrium exhibits collagenous fibres and glastic Tibres
which are orientated paraliel to esech othere It could be saild
+hat the outer layer of the perichondrium forms & fibro elastic
capsule round the head of the condyle end that the surface
immediately opposed to the jJjoini cavi‘l;y is .of‘ a fibroblastic
and chondrocytic naturecs Be’nea;hf ib!;le fibro elastic layer of
the perichondrium is a cellular layere This consists of cells

embedded in an amorphous matrix around which here and there

can be distinguished a basophilic capsules The nuclear membranes
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are clearly defined and what are apparently fine chromatin
granuleg are dispergsed in the nueleia The eglluler zone of

the perichondrium increases mavkedly at certain aieas, SO

that tongue-like extensions of this cellular zone are seéen 4o
invade the underlying caritilage cells of the developing coadyles
This invasion of vascular perichondeal tissue divides the
cartilage of the c¢ondyle into compariments and the invasive
4issue is notable for the nature of thin walled blood vessels

which in these sections are full of erythrocytese

Invagination of sub perichondral tissue into the head of -the
condyle dividing it into compartmentse. ( X 80 cfe Tige 8)
As Pericuondriume .
By, Inferior joint cavitye. | |
E,FsGo Indicating compariments, where cytomorphosis
of carfilage cells is oceurrings The arrows
indicate invasive subperichondral tissuce
to&q#%iaawijtib§0tﬁi#§lti#ﬁjﬁw##iaﬂﬁﬁﬁi#ﬂwnwaq;#witﬂciﬁi#&itﬁtaii&
At the anterior and posterior margins of the cartilaginous
condyle the fibro elastic tissue of the perichondrium becomes

continuons with the periostetine
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Anterior margin of the inferior joint cavity ihdicating
Junction of synovial membrane with the perichondrium and
continuation of the £ibro elastie layer onto the non articular
surface of the condyles { X 270 cefo £ige 8e)
Ae Junction of perichondrium with synovial membrane.s
Be Refleciion of the synovial menmbranc.

Co Continuation of £ibro elastic tissue onto the
anterior non articulating surface of the condyle.

l
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| :Fig} 130
Junction of the perichondrium of the head of the condyle with

synovial membrane of anterior exiremity of the anter ominfefior
joint eavity. (Also demonstrating synovial membrane below
the inferior surface of the pes meniseis ( X 270 cfe £ige 8¢)

A, Inferior joint cavity.

B Peg meniscie 1

Cs Synovial membrane of areolar typeo

tﬁtmtttﬂuﬂttltio*i#hréiri!iﬁo%wmihi':@Jgiinvtoomﬁtt,tﬁ'oﬁattitoou¢

" ¥

Perios{'.g' ume
The fibrous layer of the periosteum does not contain
nearly so many elastic Tibre components as the perichondrium
and indeed the fibrous layer of the perichondelum snd the
periosteun in these sections are not nearly as vascular as the
cellulayr layers. Also in these sections there lis extra

vasation of red blood corpuscles in the surrounding tissuecs




Fig-a 111-0

The fibrous and cellular layer of the periosteum and per-ibs_teal
bone of the head of the condyle. { X 270 cfe fige 8o )
A Fibrous layere.

Be Cellular layere.
Ce Periosteal bonee
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The dominant cell type in the eelliular part of the

perliosteum is cells with large nuclel and cell boundaries
which are hard to define. The nucleus is Very pale but here
and there a few granular condensationse

Intercellular substance is constituted by fine collagenous
fibres and an amorphous ground subst ance. The nuclei of these
cells are mesenchymal in type and there are very few cells

discernable which can be designated as pre osteoblasts. (18)

As mentioned above, perichondral tongues invaded the cartilage
of the perichondrium and in certain aress these fongues can
be seen to be continuous with osteogenic mesenchyme associated

with endochondral trabeculae of the cendyle;

Indeed this raised the guestion as to whether the 'asteogenic
mesenchyme originates from the articular part of the condyle or
arises Ffrom osteogenic mesenchyme of the mandible proper. 1t
would probably be safe to assume that the osteogenic mesenchyme

has both an articular and diaphyseal origin since one can

compare the developing ramus of the mandible with the diaphysis

of a long bonee
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The position is somewhat uniqué in that one cannot
recognisé a definite epiphyseal centre of ogsification n5r~ a
definite metaphysis and the inference ig that growth of the
condyle 1ls achieved by osteogenic invaéipn both from the
dlaphyseal centre and the epiphyseal centre of osgification
without any sharp delimitation of the two centres.

For the purpose of descripfion the cartilage cof the condyle
is considered as a metaphysis although realising that it re‘té.in&
some qualities of an epiphyseal nature, Regirms which are
peculliar to metaphyseal cartilage plates are easlly recognisables

Growth region of the Condyle.
sone of proliferatione

Beneath the cellular layer of the perichondrium apart
from the tongue-like extensions into areas of active bone
depositions, there can be recognised a layer of proliferating
cartilage cellse The zone is distinctive for the number of cells
of emall round oval nuclei packed fairly close together.

The nuelel of these eells stain lightly and in the nucleoplasm
fine chromatin grenules can be discerned with here and there a
fairiy course granular componente The h granular component
presumably is chromatin granules. The zone of proliferating
cells forms as it were a cap to the more mature cartilage cells
of the condylee, Immediately beneath this zone of proliferatihg

cartilage cells is a layer of orientated and mature chondrocytese
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Fige 15‘;
Zone of flattened cartilage cellse ( X 900 cfe fige 8s)

Note the Fflattened eccentric position of nucleli and basophilia
of capsulee
The Zone of Orientati on _and Maturat j'.qtan*.

Mature chondrocytes are easily distinguished by the
appearance of basophilic eyto:@lasm, a definite capsule and
large size. The:;r are on the wholie ﬂaftaned: cells orientated
transversely and due to invagim‘gion of subperichondral
mesenchyme form 2 cell or*ienta‘bién in a seini-circulari fashlon
beneath the cap of proliferating cartilage cellse The inger-
cellular substance is amorphous but it may be said that the
distinetive nature of the cells is due to the basophilia of
the capsule whilst the nucleus is elongated and eccentrice
The Zone of Hypertrophy and Degeneratione

Immediately beneath the layer of orientated chondrocytes
are larger chrondrocytes. The nuclel of these ceils is 2 to 3
times larger than the nuclei of the mature chondrocytes. The
intercellular substance still retains the appearance typlcal
of h;%aline cartilage. Certain cells ‘show definite degenerative

changes, which is indicated by degeneration of both nucleus

and cytoplasme
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Hypertrophic cartilage cellse. { X 900 cfe. fige 8)

Note the large and pyknotic nuclei, and in some, degenerative

changes can be seene
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The Zone of Calcified Cartilagee.
The zone immediately beneath the zone of hypertrophy

and degeneratlion is again a fairly broad semi-circular zore,
being thinnest at the apexe In this zone the intercéllular

substance is calcified and the cartilage cells are pyknotie,

or disintegrated, At the thin apical region of this zone
eruption is consplcuous and sppears to consist qf_ penctrations

of vascular mesenchyme amongst the calecified cartilagee




indicates calcification of cartilasge matrix. Nuclei of some

of the cartllage cells are pPy¥kunotic and in others dissolution
has occurreds ( X 900 cfe fige 8o)

A AR A A EEN AN R RS A R-Z R BN ENTENERRENF SN E-FRE-FEFENEFSTETE-ZXE S RSP R YY)

rARGpTION
Zone of deuption.

The e{glpti?e phenomena apparently consists of dissolution
of portion of the calcified cartilage so that vascular osteogenic
mesenchyme invades in a tunnelling fashion and undifferentiasted
mesenchymal cells are clearly apparent in the vanguard of this

tissues It would seem that the osteoblssts differentiate in

Situe
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zone of 'eraption in which hyperitrophlic and degeneraitive

cartilage eells and thin borders of caleified ~carti1age around

groups of degenerstive chondrocytes can be seens Invasion of
osteogenic mesenchyme appears 10 be from belowe { X 54O ef. £iged)

As Thin layer calcified cartilage matrix around
degenerative chondrocytes.

Be Osteogenic mesenchynes

Ce Cores of calecified cartilageo.
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Indlcates osteoblasts aligning themselwes sgainst cores of
calelified cartilage and wndifferentiated mesenchymal cellge
Also probably deposition of osteoid tissue. ( X 900 ofe Figo 8e)

As Undifrerentiated mesenehymal ee€lle

Be Osteoblast with intense basophilia of

cytoplasme
Ce Cores of eéaleified cartlilagee
De Ogtesid tissuee

OO SIOOOTIBODICOISPOROETRNEPPLDBIBBOCBOSIINESDQRDOOONTEPESSTRIIICERG D

Indicates differentiation of osteoblasts in situ. The pre
osteoblasts do not exhibit the intense basophilia of the
cytoylaém as to the osteoblastse { X 900 efe £ige 8e)

A Osteoblasts
Be Preosteoblaste
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- Fige 21
Immature endochondral trabeculaes (X 270 cof'e Tige So)
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Fige 224
Immsture endochondral trabeculse of figs 21 at higher power
{ X 900 of. £ige 8+) Indlcates Formation of primary

endochondral trabeculaes The osicoblasths aiign thenmselves in
a pssudo eplithellal fashion around the developing trabeculae
in the eentre of which there is & thieck core of ealeified
cartilapge and the bons 15 &ap%i*ﬁe& avound the core of
caleified cartllapgs. Some of the ostecblasnts are embedded in
the formed bone snd are now osteocytes.

A, Core of caleified cartilages

Bo Bene pe |
Ce Aligned osteoblastss
Do Osteveytese. ’

Note the pear shaped appeavranse of the osteoblasts and how

typically the pointed end is directed towards the area of

bone deposition and the eceentriéity of the nucleus
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ore mature endochondrat trsbeculae in which the amount of

bone formed is mueh greater than the amount of caleified

cartilagee ( X 270 cfe £ige 8o

Ao Caecified cartilage.
Be TBQnEp
Co Osteoblasts e
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Indicates that the periosteal lamellae is devoid of calceified
cartilage and it exhibits the appearance of a primitive
compacta and evidence of forming Haversian systens.

( X 270 ef'y Tlige 3#)
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Periosteal lamellae in which a Haversian space and unorientated

collagenous Ffibres can be observede. ( X 540 cfe Fligo 8¢ )

G‘!i'ﬁ!iﬂ?..ii.’l.‘.@.'O"i*!ﬂ’?@ﬁ.ﬂﬂ#.t.r'.ﬁ'.#'ﬂﬂ..iﬁf."ﬁ‘&i-.ﬂ‘.#.ﬂ
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More mature trabeculae of developing ramus of mandible aznd
developing periosteal compactae ( X 270 cfe Fige B8o)

Ao Primitive Cmmpacté.
Be Trsbeculaee
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Figa 27:
Haemopoletic tissues ( X 540 cfe figo 8e)
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Zone of Bone Uepogition.
lftﬂ - - »
The zone of eruption is by no means regular but it is

characterised by the above mentioned tongue-like invasions of

vascular mesenchyme into the hypertrophle and caleified
cartilage tissuee. S0 that one sees in an ares hitherto |
occupled by 3 or 4 hypertrophic cartilage cells a fairly

large space, which is occupled by ostecgenic mesenchyme

around which is eglcified cartilage. Vascular mesenchyne
congists of undifferentiated meser;ch:;mal cells, and cells

which areirecqmisablé as osteoblasts. The manney of bone
deposition is from the inslde of these spaces so that they
become narrower whilst on the outside of the caleified

cartilage bone may be deposited. This deposition of bone both
from inside and outside resulis in ’tﬁe* appearance of a cartilage
coree. HAround these eax?tiiage cores osteoblasts align themselves
not always but guite frequently in pseudo epithelial fashion,
and some are entrapped Dy the forming bone and become
osteocytese The more mature ’cra'becuiae further down the shaft
are recognisable by the amount of bone formed around the

cartilage core. S0 while it is essentlially similar %o the

primary trabeculae the cartilage component is proportionately

1e8Se
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The periosteal lamellae which has 'beegl Tormed by the
periosteun without any cartilage precursors exhibits
characteristics of a primitive compacta. In this bone the
osteocytes are fairly regularly disposed and the collagenous
filbres are quite evident. Primitive Haversian systems can be

discerned. Between the endochondral trabeculae is haemopoeietic

tissue,

The Pes Menisci. ( cfe fige 8o)

The pes meniscel as sté.teé. before is situated between the -
inferior articular slope of the condyle and the articular
eminences One can recognise an inferior border which Fforms
the antero~-lateral superior border of the inferior joint
cavity and a superior border which ,fofms the antero-inferion
l%ter;a:l surface qz)f the Eﬁpefiar jninth cavity e ’i‘ﬂe *aupér:i:c;x;
surface of ‘the superiocr jJjoint cavity is formed by the
perichondral artisular surface of the temporal bone whilst
the antero~inferior lateral border of the iz;feriof Joint
c.;avity is formed by the perichondriuom of the ant e_ri ox articular
slope of the condylee

The structure of the pes menisci is complicated by the
fact that the spheno=-meniseus nuscle is inserted into its
substance and also that it is attached to the articular eminence
superiorly and to the anterlior slope of the condyle infériorly
whilst at its margins it is cont inuous with the laltez'al and
medial walls of the capsule of the joint. In general all pards
of the meniscus are thickesd centrally and taper med:‘i‘.all:,r and.
laterally where they beeome inc c:;x"ipexea‘tea in the loose connective

tissue which constitutes the capsulee.
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Indicates the inferior border of the pes menisei and the
antero-inferior joind ecavity formed by the perichondrium
of the anterior artieviar slope of the head of the condyles
( X 80 cfe Tige 8e)

As Pervichondrium antberior aviicular slope of the

condylar head,

Bs Antero-inferior Joint caviiy.

Ce Synovial membranc.s

})5 P&ﬂ menisei &
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Antero-~superior joint cavity showing the superior suriace

of the pes menisei and also the articular surface of the

temporal bonee { X 80 cfe £ige Be)
A. Axtieular surface Lemporal bonee
B. Pes menisel.s
Ce Superior surface of the pes meniscl.
De. Antero-superior Joint eavity.
Gt e 08 06600000 0000803 F etdeslilobeesstsss bl tveFedeaidRriivsavasvooces
The wiriter sees no reason to desiguote the tissue
covering the asrticular surface of the condyle as fibrous tissue
sinee it is immediately adjacent to cartilage and by convention
and slso since it probably contributes to the growth of the
condyle it should be termed perichondriume
The pes menisci is moderately thick and relatively
vasculare. Anterior to it is & plexus of large thin walled
veins and medium sized arteries. These veins drain inte the
arrterior Pacisl weins whilst the ariteries are musculsr arteries
derived from the musculsr branches of the maxillary artery.
The veins Grain the anterior part of the temporomendibular
joint whilst articular arteries are derived from the above
mentioned muscular arieriese. This is the circuliug vasculosus

) . .
articuli of Hunter. (19’ Bundies of neprve £fibres can be seen

in the Lissue anterior to the pes meniscls
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with the vascular tissus of the anterior capsuls.
( X 80 cfe Tige 8-)

As Pes Ef&ﬁﬂdiq
Be Anterior capsulee.
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 Pige Sle .
Vaseular tissue anterior to the pes meniscie. {( X 80 cf'e £ige 8o)

Aes Large thin walled vein.
B, lMedium siged artery .
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Posteriorly the pes menisci is continuocus with the
pars gracilis meniscil. Therefore it can be described as a
moderately thick band of tissue, thinnest at its posterior
border and broadening anteriorly to become inc orporated in

the anterior capsule.

Figo 32

Posterior part of the pes menisci where it becomes continuous
with the pars gracilis menisci. It is quite cellular and
relatively vascular. ( X 80 cfe fige 8.)
A Pes meniscie
Be Junction of pes menisci with pars gracilis |
meniscle
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Neuro~vascular tissue of the pes menisei. ( X 270 ¢fo Pige 84)

A, Thin walled vein.
Bs Artery in longitudinal section.
Ce Gapillaries o

AN A N N Y E P ELA XY EX NP EFI RS NP RN RN RN YN YRS FE RN R RN R EN-R 4 N R XN

- — e

Fige 34
Cross section of blood vessels and nerves in pes meniscle.
( X BLI-O cl'e :f‘ig. 8.)

Ao Nerve in tranaverse section consisting of . -
myelinated and unmyelinated nerve Librese

" Be Capillaries filled with bloode
Ce Arterial capillarye
De Venulee

00 20 900080000V DPOPSEOIPEOOBORISBOSHOROSNSOSOSERON 00 8D OO DPDONIOOEOEROSS

It contains fine elastic Ffibres and collagenous fibreso
The orientation of the fibres is fairly irregular. The

predominant cells are flattened fibroblasts which lie between

the collagenous Tlibres. Whilst undifferential mesenchymal
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cells can be séen amongst the fibroblasise
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Cellular components and collagenous fibres of the pes meniscie

( X 540 efe fige 8.) Main cell component appears to be
celongated Fibroblastse -~ - v v oo ¢ Lsea
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. Fig. 36. ‘

Pars gracllis menisci. Note synovial villi projecting into

the inferior Jjoint cavity. ( X 80 ef. figo 8e)
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Pars Gracilis Meniscie

The pars gracilis menisci is the thinnest portion of
the meniscus and is located between the ankerior ariticular
slope of the condyle and the anterior articular slope of the
articular fossa. It is very cellular and relatively avascular
execept at its inferior surface. It consists of fine elastic
Tibres and collagenous fibres, which for the most are
orientated parallel to each others The elastic Fibres are
intimately assocliated with the collagenous fibres. The
predominant cell component appears to be chondrocytes since
they are not overtly flattened, and also because they lie in
lacunaee. Although undoubtedly one cannot be gquite definite
on this pointe. |

The eells exhibit an oval or elohgated nuecleus, with a
fine chromatin network. The cytoplasm is pale and fairly s;pax:sea

] In 1ongituaina1 section they are pear shaped with the nucleus i

beiné eccentrically placed so thﬁt they resemble osteoblasts,

except for the pale staining cytoplasme. MAmongst these pear
shaped cells are undifferentiated mesenchymal cells with a

large nucleus and with very pale stalning cytoplasme

=y AT | S — - Y 4 3
Fig {
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Cellular component in the central part of the pars gracilis

meniscie. ( X 540 cfo Fige 8.) The structure exhibits at this

stage of ontogeny, wavy collagenous fibres, f{ine elastic fibres

and cells of a chondrocytic and fibroblastic naturece
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At its superior surface the cells are fibroblastic in

nature and form a fairly well defined vascular synovial layerp
although its infepior surface is not so very well defined nor
is it so vascular. The cells at its inferior surface sre

chondroceytic in nature.

T Fige 38e s
Inferior surface of pars graail:’i;s: menlscl, showing chondrocytes
at the synovial surface., ( X 900 cf. figo 8e)
Aes Chondrocytese

B ERA I EREEEFENRENENENENEERXN. lii#!j’i’_‘&ﬁmﬁqﬁ:ﬁ".#hﬂﬁﬁ’_##ﬁ&—I{ﬁOﬂﬁﬁﬁ#ft# PR EEIEEREXR.

Superior surface of the pars gracilis meniscei showing c¢ells
more flattened in nazture and which appear to be flbroblastic.

( X 900 cfo fig. .~8¢) .
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Pars posterior menisei+. ( X 80 ©fs fige 8.)

rowiittu’tiibi‘i%iifi#.qioim‘rhg}~-’.i¥9$*§-inﬁ=‘iiri;‘itﬁawin-iéntayq!itlntoam

Pars Posterior Menisci. ( ¢fe Fige 8;)

The pars posteridr menisci is located above the sagittal
crest of the condyle and below the roof of the articular fossa.
It consists of unorientated collagenous fibres and fine
elastic fibres similarly unoyien%at_e@’.; At its inferior surface
1s a layer of definite chondrocytes gbout 3 to 5 cells thick
whilst on lts superior surface is a layer of cells 1 or 2 cells
thick which appear to lie in lacunae and are orientated
longi tudinal’ly;_

The tissue is quite celliular but relatively avascular.
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<Cellular component of the central part of the pars posterior
menisels Note the vhworientated zollagenous fibres.
{ X 900 efs figs 8.) The cells appear fibroblastic and

chondracytie in nature.
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Fig o }-1-24
Inferior border of the pars posterior menisci. Note the
Véseularity near the synovial surfaces { X 80 cfs fige 8s)
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Superior border of the pars posterior menisci. Note the

avascularity of the synovial surfaces ( X 80 ef. figo 8e)
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Strata of the Bilaminar Zonee (cfe fige 8o)

Posteriorly the pars posterior menisel gives origin to

deflinite strata of tlssue between which is the DPilaminar zone.

Inferior stratum of bilaminar zone. { X 540 cPe Tige 8e)
Note the wavy collagenous fibres.

e F B S P OO TR R I CEEVETRDI PO NS00 90 0:00.8 0080000080000 2080808680000 000

~~h"ﬁIe:l:w::m Stratume. ( cfe Pige 84)
b h
The inferior stratum consists o6f collagenous fibres

hntated lﬂngitud::mally and which is inserted into the

hondrium of the posterior slope of the developing condyle.
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1t is ligamentous like in nature and contains very few elastie

fibres. Inferior to it is sub synovial connective tissue and

synovial nmembranec.e

'

:

Sﬂ?erim;r gtratun of 'bilaminé:a zén&*fq { X 540 efe Pige 8e¢)

Note prominent slasiic fibres.

A AR ARERANALESF BN EXNENEE N FEL Y RXE S W W R W R PG RS R A RS AT R g AR -G W eI S AR Agp qUP P

Superior stra‘hl_mi; ( cle fig.iB:)* -

The superiof stratun caﬁsista of collagenous fibres and

™ "

elastic fibres which in the main are orientated longlitudinally

and which can be traced into the loose connective tissue which

forms the posterior capsules.

Fige L6

minar zonee. Consists of fairly loose neuro-vascular
N

ective tissue. ( X 80 cf. fig; 8e)
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The Bilaminay Zcne, ( cfs Pige 8Be)

The bilaminayr zcne is a " V ¥ shaped avea between the
two forementlioned strata and consists of a prominent plexus
of veins and arteries which anastomose freelye.

It is linited posteriorly by a fairly definite zone of

collagenous fibres which are orientated vertically and blood

vessels which demarcates it from the parotid gland.e Nerve

Pibres can also be noted in the substance of the bilaminar
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Middle third of the foetus at terme.
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A~ oSpecimen no, 1 - foetus at terme

Saglttal section x 5 widdle third temporomandibular Jointe.

Ae Pes meniscile.

Bs Hela of pes menisci,

Ce Pars gracilis menisci,

De Pars posterior meniscile
Be inferior stratum.

Fe¢  Superior stratum.

Go Bilaminar Zone?

He Temporal bonee

I, Tympanic boneo

Js Gondy les

Ke Lateral pterygoid muscle,
Lis Pterygo=condylar arede.

Me Sguamo=tympanic fissure.
Ne Auricular temporal nerve.
O Perichondriume

Pe Inferior joint cavitye

Qs Superior joint cavity.
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