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The aim of he shedy was to investigate the morphotogic modifications ocourring in the synovial lissue after severe
dorangement af the amicular structures with dislocation or perforation of the disks, Light microscopic, ultrastructural, and immuno-
cyinchemical imestigations were parformed on 10 disks, Arthroscopic examinations had documented adhetions between the
diskal surfaces and the glenold eminence or the condylar head e all the selected cases, Histologic examination showed a remark-
abie byperplasia of the synovial tissee with the fofmation of prominent protrusions, An evidend increase of tpe B @ihoblas-lke)
cells and the presence of cells with the ulrastrucieral and immunocyiochemical charecieristics of myofibnoblasts were obsened,
Fori of minerd| precipitates and lange deposits of calcified tissue were present in the synovial villi in three samples. Dur observa-
tians suggest that functional faifure ard mophciegic lesions of the syrovia may be caused by atthropathy, (Oal Surg Oral Med

Oral Pathol Oral Radiol Endod 1997;84:245-52)

The synowial tissues play o fundamental role in main-
taiming the cormest functioning of the articular compo-
nents of a joint by the production and metzbolic
exchange of synovial flnds,

Interest has recently increased in the capacity of the
synovia o accommodate and react o articular disorders
and alterations in the relationships among jomnt compo-
'I:IE-T.II.‘.I-&

The presence of cathepsing, particularly cathepsin L,
was demonstrated in type A cells (macrophage-like
cells) in the synovial lining in the normal temporo-
mundibular joine (TMI). This finding suggested that
these cells digest components sach as collagen and pro-
teagiyean fragments present in the joint cavities.?
WVariations n the synovial fluid such 45 an incresse in
hydrostatic synovial fluid pressure have been observed
in patients with altered mandibular positions.®
Moreover, elevated tumor necrosis factor levels were
found gecurring 0 the TMI disk displacemnent or in
other degenerstive joint diseases.” These observations
suggested that synovial tssue and flud may have a role
absorin the pathogenesis of some TMI disorders through
modifications of the intraartcalar dynamics.
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In previous inveshgations of the morphologic modifi-
cations of the articular disk in patients with different
articular patholegies, we frequently observed an
involvement of the svnovial layer as well,'-12

Therefore in the present study we investipated further
the strectural moditications that occur in the synovial
tissue after articular arthropathy. The aim of this study
was to find possible correlations between siroctural
lesions and funcoonal modifications.

MATERIAL AND METHODS

Investigation was performed on diskal and synovial
tissues from 10 subjects helonging to a larper group of
pratients with TMI arthropathy (Teble I) and examined
in the last 3 years at the Maxille-Facial Surgery
Division of the San Bertolo Hospital of Vicenza m Ttaly.
The L patents were selected because of the hyperemic
and hyperplastic aspect of the synovia observed during
arthroscopy,

Diagnostic and therapeutic proteeol consisted firse of
climical exarninations, tomography, and then of physical
and bite therapy. The patients who did not respond 1o
this conservative therapy were submitted to radiologic
investigations {computed omogmphy [CT], magnetc
resonince imaging [MREI] and Cine-MREI) The paticnts
with 4 long period of articular pain and clinical signs
amd radivlogic featires of TMI dysfunctions with inter-
nal derangement were submitted to anthroscopy. Afler
this last examination those patients with pathologic fid-
tures comsidered curable only by sargical therapy were
submitted 1o TMI arthrodomy.

At the clinical examination of the 10 patients with
disks that were examined tor this study, we observed
many stigmata of Th) dysfunction such as devistion
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Fig. 1. NMR test of right TMJ of patient occlusion shows
remadelling of condylar head.

|

Fig- 2. NMR test of right TAL; muximel opening demon-
stravtes dislocation of articular disk farmow),

during mandibular opening, articular clicking or roar,
condylar hypomatulity or hypermobility, all different
types of occlusal pathoses, These clinical features were
always accompanied by severe anicular pain.
Radiologic and MRI tests (Figs. 1 and 2) documented
a rearrangement of the endocapsular morphology with
arthrotic feamures and flattening of the condylar head
and glenoid articular surfaces, Dizslocation of the atic-
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Fig. 3. Arthroscopic view shows perforation of amticular disk
{asteriski and the condylar head (ermow) underneath it

Fig. 4. Anhroscopic view shows anteromesial adbesion
{errows) between articular disk and glencid eminence.

Table 1.
Diggmestic and Musiber af
thevapeitic pratmeol jamiienrs
Clingeal examination® vl
Tomopraphy 148
Physscal therapy 145
Btz therapy 145
T 41
MRT, Cive-MERI LE]
Anthrscopy T
Arthrotomy X

i of the patients ssleeied sfler clinkal examsarion mngeal from 1% 60 58
years,
T it herween leipale and mak patleat was 251,

ular disk was observed in all 10 cases; perforation of the
disk was also present in 6 cases.

Arthroscopic examination (Figs. 3 and 4) always doc-
umented the presence of adhesions between the diskal
surface and the glenoid eminence. Moreover, in two
cases 4 |arge adhesion area connected the infenior diskal
surface, covered by syvnovial tissue, and the condylar
head.

Because of all these findings, removal of the articular
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Fig. 3. Sterco-microscopic view of infenor surface of disk;
extended synovial tssue hyperplasia (armows ) comesponding
i the protrusions adhering to the condylar heod 35 evident,
(Original magnification =2}

disks during arthrotomy was considered necessary in
these 10} patiens.

The arthrotomy demonstrated the anteromedial
migration of the articular disks and therr deviaton in
form.

Light and transmission electron microscopy

After removal the central pant of the disks and the
adhering synovia were washed n saline buffer solution
and dissected into small picoes; most of them were
immersed in a fizative solution of ghotaraldehyde
12.5%) and paraformaldehydes (2% in 01 M sodium
cacodylate buffer (pH 7.4) for 5 hours at 4°C. They
were postiixed in 0.1 M Os0, in 0.2 M collidine baffer
ipH 7.4) for 2 hours ar 4°C, dehydrated. and embedded
in epon. Semithin sections (0.5 f@m) were stained with
toluiding blue, and ultrathin sections (B0 nm) stamed
with uranyl acetate and lead citrate for transmission
electron microseope observition,

Light microscopy immunocytochemistry

Some picces were fixed with 4% paraformaldehyde in
(1 M sodiem cacodylate bulfer (pH 7.4) for 6 hours at
4°C, dehydrated, and paraffin-embedded for immuno-
cytochemical veaction. Deparaffinized sections were
exposed at room temperature to 0.15 M TBS for 10
minutes, THS containing 0.3% H,O, for 23 minures,
TBS for 10 minutes, and TBS conmining 120 noymal
ool serum for 30 minues, They were then incubated
overnight with 11100 primary monoclonal antdbody o
smieoth muscle actin (ORTHO code C 34931) in TBS
coneaining 1% bovine serom albumin, washed in TBS
for 1(F minutes, and treated with 1: 100 sheep antimouse
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Fag. 6. Light microscopic view of large synovial protrgsion
with different cell types (clear and bagophilic cells) and
migrocaleifications farrowsh On the left, a cluster of
basophilic material is present in o portion of the synovial sur-
face (broad grrow ), Original magnification x284.)

biotinylated TeG (AMEBERSHAM code RPN 1001) for 1
homr, TBS for 10 minotes, 12100 Streptavidin-biotiny-
lated peroxidase complex (AMERSHAM code RPN
10517 for 30 minutes, TBS for 10 minutes, .05 M TBS
for 10 minutes, disminobenzidine tetrachloride m (0,05
M TBS for 5 minutes, counterstained with Hurris hema-
tersylin, and mounted with coverslips.

These pathologic samples were compared with three
control samples removed at autopsy from subjects with-
out a clinical history of TMI disturbances,

RESULTS

Stereo and lighl microscopy

Ar steren microscope examination, all the pathologic
disks showed markedly modified stacture with irregu-
lar hyperemic profmsions comesponding Lo the synovial
adhesions to the functional surfaces of the condylar
head and glenoid eminence. Moreover, six disks were
perforated, and one of them (Fig, 5) sssumed & bent
shape with the hollow edge comesponding to the perfo-
ration e,

Under a light microscope (Fig, 6), the synovial tissue
showed an cvident hyperplasia in all the samples. It
consisted in the thickening of the tissue with nomerous
mregular layers of packed cells. Varously shaped and
evident clusters of cells protruded from the irregular
surfaces of the tissue. The surface of the synovia was
occasionally covered by some lavers of dense
basophilic material.

In three disks some tissue promogions (Fig, 71 had
central cores consisting of mineralized tissne that some-
times had a bone-like feature enclosing cell hodies,
Microcalcifications (Figs. 6, 8, and 91 were also present
in the matriy sorrounding the cells. They were strongly
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Fig. 7. Light microscope appearance of extensive calcified
portion of synovial projection. Some cells had been enclosed
i the mineralized area. (Originnl magnification =284.)

Fig. 8. Light microscopic view of multioucleated ginnt cells
with vacuolar cytoplasm. Deposits of granular material are
present among the eells (arrow). (Chiginal magnification
XI6I)

positive w0 basophilic stuin and had sometimes o
metachromatic reaction with woluidine blue stain,

The synovial cell population (Figs. 6, 8, and 9) con-
sisted of numerows basophilic cells and less numerous
pale cells and multinucleated cells with a vacualized
cytoplasne, The articular disks were composed of tndu-
lated bundles of collagen fibers with fibrocyles and
fibroblasts. The lmits between the synovial lining and
the diskal tissue (Fig. 9) were cazly jdentifishle
because of the different cellular types and the presence
of fbers in the disks.

Light microscopy immunocytochemistry

The immumocytochemical reaction (Fig. 100 showed
a positive staining to the treatment with antbody o
actin in oumercus cells of the svoovial villi in seven
Cases,
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Fig. 9. Microphotography of limit benween diskal and syn-
ovial tissues. The disk (0} s predominantdy formed by bun-
dles of collagen fibers whereas the synovia (5) consists of
different celiulur types. (Origing magnification x363.)

Fig. 10, Immunecyiochemical reaction to detect the presence
of g—acun, Seme cells of the synovial villi ire posttive,
(Dviginal magnification =200.)

Transmission electron mi

Al the ultraseructural level (Fig. 11} basophilic mate-
rial partially apposed to the synovial surface consisted
of lavers of unstructured electron-dense material cover-
ing synovial cells and floccular moderarely dense inter-
cellular matrix,

Cells with abundant cytoplasm characterized by sn
exlended rough endoplasmic reticulum (RER} with
sometimes dilated cisternae containing granular mater-
ial were the most representative cellular type (Fig. 12,
These cells had imegular profiles with microvilli, Other
cells hiad a cytoplasm nch 10 rough endoplasmic retico-
lum cisternae and also in packed than Gilaments,

A third type of cell (Fig. [3) consisted of elemcnts
with numerous vesicles, vacuoles, and fvsosomes. They
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Fag. 11. Ultrastroctural view of opposite surfaces of synovial villi with dense amorphous superficial material
farmows), Foul of mineral precipitites of different sizes are present among the cells. (Onginal magnification

AR,

alzo had irregular contours with thin protresions of the
cell membrane, Vacuoles and lysosomes were the pre-
dominant organelles also in the multinuclear giant celis
(Fig. 14).

Thesa three different cell tvpes were variously mixed,
They were sometimes densely arranged (Fig. 131 with
interlocking cellular protrusions but no specialized
mterceilular junciions wene ohserved,

In some areas of the three samples with calcifications
under light microscopy, the synovial cells were separat-
ed by an intercellular matrix consisting of variously
dense anorphous maeral, collager fibers, and deposits
of calcified tissue. These deposits (Figs. 11 and 14)
were represented by groups of crystals frequently asso-
ciated with the dense component of the matrix or hy
large aggregates of mineral tissue.

DISCUSSION
Like other anthors, '3 we think that the endocapsular
tigsue systermn may ondergo modifications as a result of

changes in functional needs, In other words, we think
that modifications of the endocapsular dynamics can
prodluce morphologic changes in the endocapsular tis-
ales,

Some intra-arficular components no longer nesd to
mive because of changes of condylar dynamics and
maodify their histologic charscteristics in adapting to
new functional reguirements. These morphologic
changes produce a good endocapsuler remodeling when
they happen in functional eguilibrium. Instead, an
excessive functonal requirement produces the anatom-
ic and hiswlogic modifications foond in TMT anthropa-
thy. Individual functional and morphologic characteris-
tics can influence these events,

These considerations are necessary o explain some
progressive articular pathoses in which the joint, stars-
mg from o initial condition with correct morphologie
characterisics and function. gradually loses its morpho-
logic and metabolic properties. The modified condylar
dynamics, over the years, cause anatomic remodeling.
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Fig. 12. One large cell with extended RER with dilated cysternae and microvillar protrusions and other cells
with lurge number of filaments (F1. (Originel magnification =751}

Fig. 13. Ultrastructural feature of one synovial cell chanwterized by the presence of vacuoles and lysosomes
and ancther cell with RER and filaments, (Original magnification x6100,)

In consequence of excessive tssue stresses and fine- maintenance of the morphologic aspects proper o the

tional demands, the fibrocartilage and the cortical bone condylar and glenoid fibrocartilage and to the articular

of the articular surfaces end the articular disk are mod- disk. This function is necessary because of the loading

ified, 1 produced during the condylar dynamics in the articular
Through its secretory activity the synovia permits the spece,
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Fag 14, Multiouwclear cell: Targe number of vacuoles, lysosomes, and mitochondria in cytoplasm surrounded
by protrusions of cells of other tvpes and small aggregates of caleified material in the matrix. (Original mag-

nification =3150.)

The other synovial function is o remove the tssue
metabolic  products from  the articular space,
Overloading can render the symovia unable to perform
this function. The disk perforation after a different dis-
ribution of the compression forces may modify the dis-
tribution of symovial floid and compromise the nbrics-
tion of the joint.

In the clinical history and the radiologic tests of the
patients, we detected a gradual and progressive remad-
eling of the TMJ components caused by articular over-
loading. Our radiologic mvestigations (Cine-MRI)
demoenstrated the effects of the flatiening condylar
keads under the anterior amicular whercle during per-
formance of the function. In these anatomic conditions
the functional demands can lead to the metabolic inabil-
ity of the endocapsular tssues 1o respomd 10 the over-
load of functionnl stresses.'® In these patients the
arthrotomy always demonstrated the intra-articular
migration of the articular disks. The joint surpery also
demonstraied the anatomic deformity thar the inira-
articular overloading has gradually produced on the
articnlar disk. The anatomic remodeling and the histo-
logic changes presented in these cases indicate that the
endocapsular tissues always bave the possibility of
madification, also in case of an amticular pathosis.

The first important finding of the morphologic inves-
tigation is the remarkable hyperplasia of the synovial
tissue observed 1o all the samples, Morcover, we found
a marked mcrease of type B cells (Abroblass-like cells),
Synoviel hyperplasia with increased vascularity and
migration of synovial cells on the surfaces of the disk
have been classified as regenerative phenomena afier
diskal perforation.® This hypothesis agrees with our
ohservations, and it may also explain the presence of
nurperows myofibrohlasts in some samples. In fact, this
cell-type appesrance has been described during repara-
tive processes after tissue damage,! ™2 In addition, we
have already observed the presence of myofibroblasts
also in the diskal tissue where the aitered functional
conditions have maodified the overload on the artcular
surfaces and the merphologic characteristics of the
disks.!?

The mononuclear and the multinuclear giant cells
with many lysosomes and vesicles can be classified as
different forms of synovial oype A cells (macrophage-
like cellz),

Another remarkable fnding is the presence of clusters
of small crystals of large deposits of calcified material
in the exteacellalar matrix of theee disks.

In our opinion the featores we ohserved in the syn-
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ovinl Bague nol only comespond o repurative processes
but seem aiso to be the resull of different and mose com-
plex events. Particularty, synovial modifications consist
not only of hyperplasia of the tissue with increase in the
cellular amount, but alse of cellolar metaplasia with
alterations in the balance among the different cell types
and the subsequent prevalence of cells thar produce the
extracellular matrix components, such as fibroblasts
and myofibroblasts, So we think that cellular hyperpla-
sia may be the first response of the tissue 0 modified
functional conditions, whereas metaplasia of the syn-
ovial cells perhaps results from the persistence of tissue
stresses after increased modified condylar dynamics
and endocapsular content. The altersd ratio between
type A and type B synovial cells may canse an increased
production of extracellular matrix and decressed phago-
cytic and Inbncating activity of the tizue,

The matrix changes could be the cause of the diffuse
crystal deposition with caleification of the extracellular
matrix. This hypothesis that modifications in the quan-
tity and type of glycosaminoglyeans explain the pres-
ence of crystals in osteoarthritic joints with similar
matrix changes was formulated some years ago. 2122 A
deficient vascularity or an accumuiation of shearing
siresses may also be concemitant events imvolved in the
mineral deposition that we observed, as has been sug-
seared for aging diskal tissne. ™ In addition, modifi-
cations in the synovial fluid dvnamic may have inter-
fered with the synovial tissue metabolism and the
following deposition of calcified matrix.

We thank D E. Padula from the Maxillo-Facial Surgery
Division, “S. Bortolo Hospital™ of Vicenza for his vital col-
lahoration.
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