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ABSTRACT

In this study, 42 male and female Sprague-Dawley rats were used and were divided into five groups including: the control 
group I involved 14 male and female rats, seven rats each, group II; involved 14 female rats subjected to ovariectomy, group III; 
involved 14 male rats subjected to testectomy.  The group IV; involved 7 of the ovariectomized female rats were injected with 
estrogen replacement therapy while, the remaining 7 ovariectomized rats served as control. The group V; involved 7 of the tes-
tectomized male rats were injected with testosterone replacement therapy, while the other 7 testectomized rats served as control.  
The surgical interference of gonadectomy was performed under anesthesia and the ovaries of animals in group II were surgically 
accessed via lateral approach, while the testes of animals in group III were surgically accessed through the lower abdomen. The 
hormonal injection was performed after 50 days from surgery. The animals of group IV, were injected with estrogen depot intra-
muscularly with dose of 0.5 mg/kg body weight every 7 days for 4 weeks.  The animals of group V, were injected with testosterone 
depot intramuscularly with dose of 20 mg/kg body weight every 7 days for 4 weeks. Development of lymphoid follicles in synovial 
membrane showed in ovariectomized rats and in testectomized rats showed proliferation of  synovial villi with their invasion by 
numerous vascular sinusoids, fat cells or lipid-filled macrophages to synovial subintima and the posterior band of articular disc and 
not improvement in replacement therapy groups and the effect of decreased level of the testosterone on TMJ was more than the 
estrogen and there is not considerable improvement of TMJ was observed when the animals were treated with hormone replace-
ment therapy. 

INTRODUCTION 

The prevalence, severity, and duration of the 
tempromandibular disorders (TMDs) were recorded 
to be greater in women than men. These TMDs were 
found to primarily affect the women during their 
reproductive years and this was reflected with the 
increased risk for the treatment of TMDs in women 
who administer the exogenous estrogens.

There are great similarity and differences be-
tween human and the rat temporomandibular joint 
from anatomical and histological structure. 

The rat tempromandibular joint (TMJ) shows 
great similarity to the human TMJ, both macroscop-

ically and histologically (1, 2). The human TMJ has an 
articular eminence in the temporal bone, whereas no 
articular eminence is found in the rat TMJ (2). The 
rats also have a larger angle between the mandibular 
corpus and the condyle axis than humans (2). Though 
these species variations in the anatomical features 
between the rats and humans, however, the rat TMJ 
still suitable for comparable studies for TMJ.

The sex hormones are cholesterol derived ste-
roid secreted primarily by the male and female go-
nads and their secretions are tightly controlled by 
the hypothalamic pituitary axis (3).

The testosterone is the principal male sex hor-
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mone and the anabolic steroid the main sex hormone 
produced in the males and has several functions in-
cluding the spermatogenesis, growth, aggression 
and cardiovascular health. It is found in humans and 
other vertebrates. In humans and other mammals, 
the testosterone is secreted primarily by the testicles 
and, to a lesser extent, by the ovaries. However, 
small amounts of testosterone are also secreted by 
the adrenal glands.  In the adult males, the levels of 
testosterone, on average, are about 7 to 8 times as 
great as in the adult females (4). 

Estrogen is the primary female sex hormone as 
well as a medication and it is responsible for the 
development and regulation of the female repro-
ductive system and secondary sex characteristics 

(5). Estrogens are used as medications as part of 
some oral contraceptives, in hormone replacement 
therapy for postmenopausal, hypogonadal, and 
transgender women, and in the treatment of certain 
hormone sensitive cancers like prostate cancer and 
breast cancer (7). The three majors naturally occurring 
forms of estrogen in the women are estrone (E1), 
estradiol (E2), and estriol (E3). Another type of es-
trogen called estetrol (E4) is produced only during 
the pregnancy.  

The reproductive cycle in female rats, called 
estrous cycle, is characterized as proestrus, estrus, 
metestrus or diestrus I and diestrus or diestrus II 
phases. The ovulation occurs from the beginning 
of proestrus to the end of estrus. The mean cycle 
length in the female rat is 4 days, and this short cy-
cle length makes the rat an ideal animal for investi-
gation of changes occurring during the reproductive 
cycle (7). During the estrous cycle, the prolactin, LH 
and FSH remain low and increase in the afternoon 
of the proestrus phase. The estradiol levels begin to 
increase at metestrus, reaching its peak levels dur-
ing the proestrus and returning to the baseline at the 
estrus (7).

The studies have shown that females make up the 

majority of TMDs patients, having more symptoms 
and clinical signs than men (8-12). Since women have 
higher frequency and severity of TMDs than men, 
and so they seek for the medical treatment three 
times more often than men. Therefore, the women 
are more likely to have persistent TMD symptoms 
than men (13). Moreover, the severity of symptoms is 
also related to the age of the patients where the pain 
onset tends to occur after puberty, and the peaks in 
the reproductive years, with the highest prevalence, 
were occurring in women aged 20–40 (14). Whereas 
the lowest TMDs were among children, adoles-
cents, and the elderly women (15).

In the ovariectomized animals, the thickness of 
the articular soft tissue was increased by the ante-
rior and central portions of the condyle, whereas the 
bone volume was decreased in the posterior portion. 
It was indicated that estrogen deficiency in rats dur-
ing puberty predisposes to alterations of the TMJ 
through changes in serum calcitonin and parathy-
roid hormone levels. Kuroda’s study revealed the 
bone mineral density of the condylar region and the 
trabeculae of the mandibular bone where decreased 
in the ovariectomized rats and the decrease of bone 
density will lead to the degeneration of TMJ (16). 

Some studies have suggested a role of the es-
trogenic hormones in the development of cartilage 
pathology on osteoarthritis. The estradiol adminis-
tration has been shown to be more associated with ar-
ticular the cartilage erosion of greater frequency and 
severity than in placebo treated controls. This effect 
of estradiol on joint pathology was accompanied by 
an effect on cartilage metabolism, with a significant 
reduction in sulfated proteoglycan synthesis of ar-
ticular cartilage in the estradiol treated rabbit (17). 

The studies on articular chondrocytes in cell cul-
ture have demonstrated that the estradiol stimulates 
chondrocyte prostaglandin synthesis (18).

Another possible hormonal factor may be relax-
ing in, a female polypeptide hormone produced by 



A.J.D.S. Vol. 21, No. 3 HISTOLOGICAL AND HORMONAL ANALYTICAL STUDIES 211

the corpus luteum. It is thought to cause muscle re-
laxation by increasing the expression of specific tis-
sue degrading enzymes. The estrogen may strength-
en the effect of relax in and incur the degradative 
remodeling of the articular disc. The Laxity of the 
TMJ is thought to play a role in the development 
of TMDs and suggests a mechanism by which the 
combined effect of relax in and estrogen may pre-
dispose women to TMDs (19).

The synovial membrane in TMJ contain macro-
phage like type a cells and fibroblast like B cells 
and the estrogen receptor can be detected in the 
fibroblast-like B cells which suggesting that the TMJ 
is a target tissue for estrogen (20). The collagen and 
elastin make up a great deal of the articular disc, and 
both are often found to be altered in the presence of 
TMD symptoms. A study of castrated rats indicated 
that steroid sex hormones do have an effect on the 
collagen and protein content of the TMJ disc; and it 
was concluded that the collagen content of the TMJ 
disc in the normal rat is dependent on the animal’s 
sex (21).

MATERIALS AND METHODS 

This study was carried out on total of 42 male 
and female Sprague-Dawley strain rats. The weight 
of male and female rats ranges from 180–250 g at 
the time of arrival to the animal house with age from 
3-4 month. These features suit well for all the exper-
imental animals. The rats had free access to stock 
water and dry food free from soy bean meal since 
the soy oil contain estrogen hormone.

The animals were divided randomly into con-
trol group (G I): consisted of 14 male and female 
animals, seven rats each, were subjected to sham 
operation. Ovariectomy group (G II): consisted of 
14 female rats which were subjected to ovariec-
tomy. Testectomy group (G III): consisted of 14 
male rats which were subjected to testectomy. the 
ovariectomy with estrogen replacement group (G 

IV): consisted of 7 rats   from the ovariectomized 
female rats which were replaced with estrogen. The 
testectomy with testosterone replacement group (G 
V):  consisted of 7 rats from the testectomized male 
rats which were replaced with testosterone.

Surgical interference of gonadectomy: was per-
formed for the male and female rats were anaesthe-
tized with an intramuscular injection of a mixture of 
ketamine (55 mg/kg) and xylazine (5.5 mg/kg). The 
ovariectomy was achieved via bilateral flank inci-
sions. The ovarian bundles were ligated with 4-0 
silk sutures and removed. The fascia and the skin 
were closed with 5-0 silk sutures. The orchiectomy 
was performed through a single scrotal incision; 
the testes were ligated with 4-0 silk suture and re-
moved. The skin was closed with 5-0 silk suture. 
The sham operation was performed to animals un-
derwent surgical procedures similar to that of the 
gonadectomized animals, except that the gonads 
were not removed.

After 50 days from surgery the animals were 
treated as follow: - (a) Seven ovariectomized ani-
mals of group II were injected with estradiol (Fo-
lone- misr pharmaceutical company- Egypt) in-
tramuscularly (IM) with dose of 0.5 mg/kg body 
weight every 7 days for 4 weeks. (b) Seven testec-
tomized animals of group III, were injected with 
testosterone (Cidotestone-chemical industries de-
velopment (CID) Giza, A.R.E)   IM with dose of 20 
mg/kg body weight every 7 days for 4 weeks.

The estrogen or testosterone hormonal levels 
in the serum were measured in the corresponding 
animals including: (1) gonadectomized rats, (2) go-
nadectomized rats supplemented, with the proper 
hormonal replacement therapy and (3) control rats 
at the proestrus phase of estrus cycle according to 
Marcondes.7 The hormonal measurement was deter-
mined after seven days from the last injection. The 
data was recorded and statistically analyzed by: (1) 
one-way analysis of variance (ANOVA) used for 
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comparison between hormonal level measurements 
in different groups. (2) Tukey’s post hoc test was 
performed when ANOVA test revealed significant 
differences between the levels of different hor-
mones.

RESULTS

(1) Histological studies

The control group showed the histological 
component of the TMJ as condylar fibrous layer 
of glenoid fibrous layer. Condylar cartilage layer 
and glenoid cartilage layer. Temporodiscal space 
and condylodiscal space. Subarticular bone mar-
row. The fibrous layer, covering the condylar head 
consisted of numerous fibroblasts scattered through 
dense parallelly arranged avascular layers of colla-
gen fibers (Fig.1).

The histological changes in TMJ induced by 
(gonadectomy and hormonal replacement) the TMJ 
after ovariectomy showed central fusion of articular 
disc to the fibrous and cartilaginous layers of man-
dibular condyle (Fig.2) and irregular thickness of 
condylar and glenoid cartilaginous layers associated 

with the condensation of chondrocytes. Close and 
frequent rapprochement of bone marrow spaces in 
mandibular condyle close to condylar surface. Wid-
ening of condylodiscal space at posterior band. De-
velopment of lymphoid follicles in synovial mem-
brane (Fig.3).

The TMJ of testectomized rats showed defas-
ciculation of fibrillar elements of articular disc with 
its invasion by fat cells. Interlacing of articular disc 
fibrils with those of condylar fibrous layer. Condy-
lar proliferative layer is well developed but condy-
lar cartilaginous layer is thin and irregular with few 
and atypical chondrocytes (Fig.4). Fusion of articu-
lar disc with fibrous layer of glenoid roof. Numer-
ous bone marrow spaces reaching close to condylar 
surface. Proliferation of synovial villi with their in-
vasion by numerous vascular sinusoids, fat cells or 
lipid-filled macrophages to synovial subintima and 
the posterior band of articular disc.

The TMJ of ovariectomy with estrogen replace-
ment showed dense condylar fibrous layer. Irregular 
thickness or even absence of condylar cartilaginous 
layer with development of atypical chondrocytes. 
Cortification of subarticular condylar bone with de-

Fig. (1) Male rat TMJ of control group (GI) showing its histo-
logical structural components.   (H & E stain, orig. mag. 
X400). CFL: Condylar fibrous layer GFL: Glenoid fi-
brous layer. CCL: Condylar cartilage layer. BM: Bone 
marrow. GCL: Glenoid cartilage layer. TDS: Temporo-
discal space. CDS: Condylodiscal space. SAB: Subar-
ticular bone.   

Fig. (2) TMJ of ovariectomized rat (G II) showing fusion of 
central part of articular disc(AD) to condylar fibrous 
layer (CFL) with irregular thickness of condylar carti-
lage layer (CCL) and condensation of its chondrocytes. 
(H& E stain, orig. mag, X100)
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velopment of densely arranged haversian systems 
and few bone marrow spaces (Fig.5).

The TMJ of testectomy with testosterone re-
placement showed intermission of condylar carti-
laginous layer with the developments of atypical 
chondrocytes. Central thinning of cartilaginous lay-

er and fibrous layer of mandibular condyle. Irregu-
lar thickness of the fibrous and cartilaginous layers 
of glenoid roof. Developments of atypical chondro-
cytes and posterior defasciculation of articular disc. 
Cortification of subarticular condylar bone reflected 
by densely formed haversian systems (Fig.6).

Fig. (3) TMJ of ovariectomized rat (G II) showing the posterior 
band of articular disc seen at the left part of fig 10, show-
ing lymphoid follicle (LF) containing several discreet 
aggregates of lymphocytes with several blood vessel be-
low. Some fibers of lateral pterygoid muscle (LPM) are 
seen attaching condylar head (CH) (H & E stain, orig. 
mag X100) SV: synovial villi. CDS: condylodiscal space. 
TDS: Temporodiscal space. LPM: lateral pterygoid mus-
cle. LF: lymphoid follicle CH: Condylar head.  

Fig. (5) TMJ of ovariectomized rat with estrogen replacement 
(G IV) showing interference of the condylar fibrous 
layer (CFL) with irregular condylar cartilaginous layer 
(CCL) containing pyknotic chondrocytes. The bone 
marrow spaces (BMS) invaded the overlying layers of 
condyle while the condylar subarticular bone (SAB) 
appears sclerotic with many reversal lines. (H & E 
stain, rig. mag X400)

Fig. (4) Mandibular condyle of testectomized rats (GIII) show-
ing irregular thickness of condylar proliferative layer 
(CPL) and absence of cartilaginous layer except rem-
nants seen as small cartilage islands with atypical, few 
and irregularly distributed unpaired chondrocytes. (H 
& E stain, orig. mag X400) CFL: condylar fibrous lay-
er. BMS: bone marrow spaces. SAB: subarticular bone.

Fig. (6) TMJ of testectomized rat with testosterone replace-
ment (GV) showing posterior fibrillar defasciculation 
of articular disc (AD) and them interlace with condylar 
fibrous layer (CFL). Condylar fibrous layer (CFL) and 
condylar cartilaginous layer (CCL) appear thin central-
ly (right) but thick posteriorly. The glenoid cartilagi-
nous layer (GCL) and the glenoid fibrous layer (GFL) 
become thick and highly cellular. (H & E stain, orig. 
mag X 100).
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(2) Statistical analysis: 

The statistical analysis of estrogen levels in 
the diverting animal groups has indicated that the 
means of estrogen levels were higher in the control 
animals. However, the means of the estrogen levels 
after ovariectomy have been extensively reduced. 
The mean values of hormonal levels after hormon-
al replacement have been significantly elevated in 
ovariectomized rat but they did not reach those in 
the control levels (diagram 1). The same configu-
rations were also observed in respect to the mean 
values of testosterone in the different groups of ani-
mals (diagram 2).  

DISCUSSION

Literally, the temporomandibular disorders 
(TMDs) are defined as a wide group of pathologi-
cal conditions involving pain and dysfunction in the 
masticatory system. It is a multifactorial condition 
that has different signs and symptoms in the joints 
and its structural components (22). Several stud-
ies presumed that the inflammatory disorders are 
considered as the inducing mechanism underlying 
many of the clinical symptoms referred to as ar-
thritis. Its manifestations include group of variable 
inflammatory disorders in which the degenerative 
joints changes simulate the outstanding feature (23,24).

The present study has been designed to inves-
tigate the effects of estrogen and testosterone de-
ficiency and their subsequent replacement on the 
TMJ of female and male rats. Though the rats have 
no articular eminence (25), however, the rats were 
used as suitable experimental for TMJ studies ani-
mals due to close morphological and histological 
similarity of the TMJ articular structures of the rats 
to those of the humans.

Effect of decreased level of estrogen on TMJ: 
the present work has proved that the TMJ of the 
ovariectomized rats underwent variable microscop-
ical changes in response to the estrogen deficiency. 
The most interesting finding was the fusion of the 
central part of the articular disc to the fibrous and 
cartilaginous layers of the mandibular condyle. 
Also, an irregular thickness of both the condylar 
and the glenoid cartilaginous layers were seen as-
sociated with the condensation of chondrocytes. 
However, the chondrocytes of the condylar carti-
lage were atrophied as evidenced with their variable 
reduction in size and pyknotic nuclei. 

These histological changes were accompanied 
with reduction in the hormonal measurements that 
were a statistically significantly different from those 
measurements in the control rats. Such observa-
tions were comparable to the other studies which 

Diagram (1): bar chart representing the means of estrogen lev-
els in the different animal groups

Diagram (2): bar chart representing the means  
of testosterone levels in the different animal groups.
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explored an intimate relationship between the estro-
gen deficiency and the histological changes of the 
TMJ (26). These observations also were in the same 
line with the facts which indicated that the serum 
estrogen level, decreased by ovariectomy animals, 
can lead to the increase thickness of the articular 
soft tissue at the anterior and central portion of the 
condyle at 1,2,3 weeks after the ovariectomy (27). 

The previous studies have reported that the es-
trogen can affect the chondrocytes of cartilage and 
indicated that this effect may be directly occurred 
through the estrogen hormone receptors ERα and 
ERβ, and possibly indirectly by modulating the 
production of cytokines, matrix metalloproteinases 
and growth factors (28). They found that ERα and 
ERβ are expressed in chondrocytes and subchon-
dral bone (29). Other studies revealed that the ovari-
ectomy can induce articular cartilage degradation 
and demonstrated also histopathological features of 
osteoarthrosis in the knee joint cartilage both of the 
rats and the cynomolgus monkeys (30). The ovariec-
tomy was found to increase the thickness of condy-
lar cartilage in young rats (27). Additionally, ER beta 
knockout mice have shown thicker mandibulocon-
dylar cartilage with an increased number of carti-
lage cells, signifying the direct effect of estrogen on 
the condylar cartilage (31).

One other most interesting finding of the present 
study was the frequent rapprochement of bone mar-
row spaces in mandibular condyle close to the con-
dylar surface and the widening of the condylodiscal 
space. These results may be comparable with those 
noted in another research that found invasion of the 
trabecular bone into the articular soft tissue in the 
posterior portion at 2 weeks after surgery (32). They 
indicated that the subchondral bone involvement 
may occur at         a relatively early stage. They be-
lieved that the site-specific differences in the skel-
etal response to estrogen deficiency has been related 
to the differences in the metabolic activity, blood 
supply, osteoprogenitor cell populations, and the 

base line levels of bone turnover magnitude expe-
rienced by the bone cells (32). Therefore, the effects 
of ovariectomy may vary in different locations and 
these changes may accordingly represent an im-
paired bone turnover after ovariectomy (32). 

According to other histological study, observed 
increase in the thickness of condylar cartilage in 
ovariectomized rats, was partly due to a change in 
the number of osteoclast and or their activity in the 
cartilage-bone interface. The thickness of condylar 
cartilage accumulatively increases when osteoclasts 
are fewer in number, resorbing the less mineralized 
matrix of the hypertrophic layer, making invasion 
by blood capillaries from underlying bones lower, 
and finally resulting in slower replacement of car-
tilage with bone.33 These are contradirectory to our 
finding which found irregular thickness of the con-
dylar and the glenoid cartilaginous layers seen as-
sociated with the condensation of chondrocytes. In 
the current research, the development of lymphoid 
follicles in synovial membrane represent further in-
teresting feature denoting the persistence of chronic 
inflammation and this may simulate the only appar-
ent feature denoting the presence of chronic inflam-
mation. In general, the arthritis is defined as joint 
inflammation accompanied by increased amount of 
synovial fluid due to the associated inflammation 
of synovial membrane (synovitis). Most important 
types of chronic arthritis are juvenile idiopathic ar-
thritis (JIA), oligoarthritic, rheumatoid factor (RF) 
positive polyarthritis, rheumatoid factor negative 
polyarthritis, rheumatoid arthritis and osteoarthritis. 

On the other hand, other studies considered the 
osteoarthritis as non-inflammatory joints disease but 
rather it is degenerative disease which may simulate 
accentuation of the normal aging process of the ar-
ticular cartilage (34). The constant wear and tear on 
the joint after much year activity causes gradual de-
terioration of the central part of articular cartilage. 
Alternatively, the metabolic factors may be also im-
plicated as the etiologic factor for joint degenera-
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tion. It is disease of later life and it begins by soft-
ening and fraying of articular cartilage to become 
progressively thinner and ultimately exposure of the 
underlying bone and inexplicable proliferation of 
cartilage cells at the margin of articular area while 
the new cartilage formed soon ossifies (34). These are 
comparable with the observed thinning or even ab-
sence of the condylar cartilaginous layer with rap-
prochement of bone trabeculae close to condylar 
surface noted in the present findings which may in-
dicate either failure of condylar cartilage genesis or 
precocious endochondral ossification.

Effect of decreased level of testosterone on 
TMJ: in the current study, the TMJ of testectomized 
rats has undergone different histological changes in 
response to the testosterone deficiency when com-
pared with the control group.  These features were 
manifested by the defasciculation of the fibrillar el-
ements of the articular disc with its invasion by fat 
cells and the interlacing of articular disc fibrils with 
those of the condylar fibrous layer. These histo-
logical results were comparable with the hormonal 
analysis in which there was a statistically significant 
reduction in the testosterone level than that recorded 
in the control animals. 

Similar changes to those observed in the ovari-
ectomy group were seen in the present study as the 
well-developed condylar proliferative layer though 
the condylar cartilaginous layer was thin and irregu-
lar with few and atypical chondrocytes. The fusion 
of articular disc with the fibrous layer in the roof of 
the glenoid fossa and the numerous bone marrow 
spaces reaching close to the condylar surface were 
noted in the present investigation.

Several studies have suggested that the testos-
terone has immune modulating properties and may 
suppress the expression of the proinflammatory 
cytokines TNFα, IL-1β, and IL-6 and it can also 
potentiate the expression of the anti-inflammatory 
cytokine IL-10. (35)

 In the testectomized rats, the synovial membrane 
noted in the present study was highly invaded by 
vascular sinusoids and fat cells or lipid-filled mac-
rophages to the synovial subintima associated with 
the proliferation of synovial villi. These histological 
alteration in the TMJ noted after testectomy, may be 
either due to chronic inflammatory or degenerative 
or reparative condition.

Several immunological abnormalities have 
been reported in the juvenile idiopathic arthritis 
and many of which were similar to those reported 
in the adult rheumatoid arthritis and the inflam-
matory synovitis, in juvenile idiopathic arthritis, 
is similar to that seen in adult rheumatoid arthritis 

(36). The synovium showed pronounced hyperplasia 
of the lining layer and exuberant infiltration of the 
subliming layer with the mononuclear cells, includ-
ing T-cells, β-cells, macrophages, dendritic cells 
and plasma cells (3). The hypertrophied synovial tis-
sue in the present study was noted to be invaded by 
many blood sinusoids. However, the proangiogenic, 
vascular endothelial growth factor is believed to be 
highly expressed in the synovial tissue and osteope-
nic was noted to be raised in the synovial fluid and 
the synovial tissue and this was correlated with the 
new vascularization (37).

Effect of estrogen replacement on ovariecto-
mized rats TMJ: the results of this group of rats 
showed dense condylar fibrous layer, irregular 
thickness or even absence of the condylar cartilagi-
nous layer with the development of atypical chon-
drocytes. The cortification of the subarticular con-
dylar bone was associated with development of a 
densely arranged haversian systems and few bone 
marrow spaces. However most of the articular soft 
tissue as well as the subchondral bone seemed to be 
almost normal. The hormonal measurements indi-
cated that though there was a statistically significant 
reduction in these measurements after ovariectomy, 
however, this reduction was decreased after the es-
trogen replacement therapy. Therefore, the highest 
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mean value of estrogen level was found in control 
group (I), followed by that of estrogen replacement 
after ovariectomy but the lowest mean value of es-
trogen level was found in ovariectomized animals.

The beneficial effects of estrogen replacement 
on the TMJ structure were comparable with the 
findings seen in many previous investigations re-
ported by the administration of 17 β-estradiol to the 
ovariectomized rats such as the plasma concentra-
tion of hormone was physiological and similar to 
the concentration observed during the rats estrus cy-
cle.38 These may interpret what was happened in the 
present study when the estrogen level has increased 
in the ovariectomized rats after replacement therapy 
with the exogenous hormone though  this increase 
did not reach that level in the control animals. 

The previous investigations studied the estradiol 
effects on the proliferation and metabolism of rabbit 
mandibular condylar cartilage cells in vitro and they 
found that the estradiol administration was more as-
sociated with the articular cartilage erosion but with 
greater frequency and severity than that in the pla-
cebo treated control (17). These findings are compa-
rable to the present findings who demonstrated the 
absence of the condylar cartilaginous layer with the 
development of atypical chondrocytes.  The estra-
diol effect on joint pathology was accompanied by 
the effect on cartilage metabolism and a significant 
reduction in sulfated proteoglycan synthesis of ar-
ticular cartilage in the estradiol treated rabbits has 
been presumed (17).

Effect of testosterone replacement on testecto-
mized rats TMJ: several investigators had studied 
testosterone replacement potentiality to counteract 
the effect of hormonal deficiency after testectomy. 
In the present study, the testosterone replacement 
did not completely improve the harmful histologi-
cal features seen in the testectomized rats. These 
features were characterized by the intermission or 
thinning of condylar cartilaginous layer, irregular 
thickness of both the fibrous and cartilaginous lay-

er, defasciculation of articular disc and the cortifica-
tion of subarticular condylar bone as reflected by 
the densely formed haversian systems. These per-
sistent harmful changes may be due to the statisti-
cally significant difference in the testosterone level 
between the control animals and that after testoster-
one replacement therapy. The highest mean value of 
testosterone level found in control animals has not 
been fully restored with testosterone replacement to 
the testectomized rats.

CONCLUSIONS

The present findings, as well as, the previous 
investigations have proved that the harmful histo-
logical changes on TMJ structure occur with the 
decreased level of estrogen and testosterone. The 
therapeutic effect of estrogen and testosterone re-
placement have not improved completely the harm-
ful histological changes on TMJ after gonadectomy. 
The effect of decreased level of the testosterone on 
TMJ was more than the estrogen and there is not 
considerable improvement of TMJ disturbance was 
observed when the animals were treated with hor-
mone replacement therapy. The animals that were 
injected with the exogenous estrogen or testoster-
one replacement have induced the increase in the 
level of hormones in blood after deficiency in the 
gonadectomized animals but it did not reach that 
level of control animals.

Recommendation

The use of exogenous hormones can be used for 
the treatment of the harmful effect resulting from 
hormonal deficiency. Further studies are necessary 
to determine the mechanism which effect histologi-
cal structure of TMJ after decrease level of estro-
gen in female rats and deficiency of testosterone in 
male rats. Other studies are needed to evaluate the 
potentiality of exogenous estrogen and testosterone 
replacement therapy on the harmful effect induced 
in components of TMJ after gonadectomy.  



218 Hani S, et al. A.J.D.S. Vol. 21, No. 3

REFERENCES

1. Porto GG, Vasconcelos BC, Andrade ES, Silva-Junior 
VA: Comparison between human and rat TMJ: anatomic 
and histopathologic features. Acta Cir Bras 25(3): 290–
293(2010).

2. Orset E, Chaffanjon P, Bettega G: Temporomandibu-
lar joint model, Anatomic and radiologic comparison 
between rat and human. Surg Radiol  Anat 36(2): 
163–166(2014). 

3. Murray, R.K., Granner, D.K., Mayes, P.A. & Rodwell, 
V.W: Harper’s Biochemistry Twenty-Forth Ed. London: 
Prentice Hall International, pp. 566 – 568, 571 – 573 
(1996).

4. Torjesen PA, Sandnes L: “Serum testosterone in women 
as measured by an automated immunoassay and a RIA”. 
Clinical Chemistry. 50 (3): 678; author reply 678–9(2004).

5. Estrogen (CHEBI:50114) . ChEBI. Retrieved (2015). 

6. Girdler NM: The behaviour of mandibular condylar car-
tilage in cell culture. Int J Oral Maxillofac Surg 22(3): 
178–184 (1993). 

7. Mechoulam R, Brueggemeier RW, Denlinger DL: “Estro-
gens in insects” (PDF). Cellular and Molecular Life Sci-
ences. 40 (9): 942–944 (2005).

8. Marcondes, F. K., Bianchi, F. J. And Tanno, A. P: Braz. 
Determination of The Estrous Cycle Phases of Rats: Some 
Helpful Considerations. J. Biol. 62 .4 (2002).

9. De Kanter RJ, Truin GJ, Burgersdijk RC, Van ‘t Hof MA, 
Battistuzzi PG, Kalsbeek H, Käyser AF: Prevalence in the 
Dutch adult population and a meta-analysis of signs and 
symptoms of temporomandibular disorder. J Dent Res 
72(11): 1509–1518 (1993).

10. Kuttila M, Kuttila S, Le Bell Y, Alanen P: Association be-
tween TMD treatments need, sick leaves, and use of health 
care services for adults. J Orofac Pain 11(3): 242–248 
(1997).

11. Carlsson GE: Epidemiology and treatment need for tem-
poromandibular disorders. J Orofac Pain 13(4): 232–237 
(1999).

12. Johansson A, Unell L, Carlsson GE, Söderfeldt B, Halling 
A: Gender difference in symptoms related to temporoman-
dibular disorders in a population of 50-year-old subjects. J 
Orofac Pain 17(1): 29–35 (2003).

13. Rutkiewicz T, Könönen M, Suominen-Taipale L, Nord-
blad A, Alanen P: Occurrence of clinical signs of temporo-
mandibular disorders in adult Finns. J Orofac Pain 20(3): 
208–217 (2006).

14. Wänman: A. Longitudinal course of symptoms of cranio-
mandibular disorders in men and women. A 10-year fol-
low-up study of an epidemiologic sample. Acta Odontol 
Scand 54(6): 337–342 (1996).

15. Kamisaka M, Yatani H, Kuboki T, Matsuka Y, Minakuchi 
H: Four-year longitudinal course of TMD symptoms in an 
adult population and the estimation of risk factors in rela-
tion to symptoms. J Orofac Pain 14(3): 224 232 (2000).

16. Marklund S, Wänman A: Incidence and prevalence of 
temporomandibular joint pain and dysfunction. A one-year 
prospective study of university students. Acta Odontol 
Scand 65(2): 119–127 (2007).

17. Kuroda S, Mukohyama H, Kondo H, Aoki K, Ohya K, 
Ohyama T, et al: Bone mineral density of the mandible 
in ovariec tomized rats: analyses using dual energy X-ray 
absorptiom etry and peripheral quantitative computed to-
mography. Oral Dis;9(1):24-28 (2003).

18. Cheng P, Ma X, Xue Y, Li S, Zhang Z: Effects of estradiol 
on proliferation and metabolism of rabbit mandibular con-
dylar cartilage cells in vitro. Chin Med J (Engl);116(9): 
1413-1417 (2003).

19. Talwar RM, Wong BS, Svoboda K, Harper R: Effects of 
estrogen on chondrocyte proliferation and collagen syn-
thesis in skeletally mature articular cartilage. J Oral Maxil-
lofac Surg; 64(4):600 -609 (2006).

20. Nekora-Azak A: Temporomandibular disorders in relation 
to female reproductive hormones: a literature review. J 
Prosthet Dent;91(5):491-3(2004).

21. Suzuki A, Kawano Y, Maeda T: Synovial membrane in the 
temporomandibular joint - its morphology, function and 
development. Arch Histol Cytol;66(4):289- 306 (2003).

22. Kapila S, Xie Y: Targeted induction of collagenase and 
stromelysin by relaxin in unprimed and beta-estradiol- 
primed diarthrodial joint fibrocartilaginous cells but not in 
synoviocytes. Lab Invest;78(8):925 38 (1998).

23. De Leeuw R: Orofacial pain: guidelines for classification, 
assessment, and management, 4th edn. Quintessence Publ 
Co, Chicago (2008).

24. Mercuri LG: Osteoarthritis, osteoarthrosis, and idiopathic 



A.J.D.S. Vol. 21, No. 3 HISTOLOGICAL AND HORMONAL ANALYTICAL STUDIES 219

condylar resorption. Oral Maxillofac Surg Clin North Am 
20(2):169–183 (2008).

25. Tanaka E, Detamore MS, Mercuri LG: Degenerative dis-
orders of the temporomandibular joint: etiology, diagnosis, 
and treatment. J Dent Res 87(4):296–307 (2008). 

26. Gabriela Granja Porto; Belmiro Cavalcanti do Egito Vas-
concelos: Emanuel Sávio de Souza Andrade; Valdemiro 
Amaro Silva-Junior. Comparison between human and rat 
TMJ: anatomic and histopathologic features. Acta Cir. 
Bras, 25:3, (2010).

27. Okuda T, Yasuoka T, Nakashima M, Oka N.: The effect of 
ovariectomy on the temporomandibular joints of growing 
rats. J Oral Maxillofac Surg. Oct;54(10):1201–10. discus-
sion 1210-1211 (1996).

28. Tanko LB, Sondergaard BC, Oestergaard S, Karsdal MA, 
Christiansen C: An update review of cellular mechanisms 
conferring the indirect and direct effects of estrogen on ar-
ticular cartilage. Climacteric. 11(1):4–16 (2008).

29. Ushiyama T, Ueyama H, Inoue K, Ohkubo I, Hukuda S: 
Expression of genes for estrogen receptors alpha and beta 
in human articular chondrocytes. Osteoarthritis Cartilage: 
7: 560–566 (1999).

30.  Oestergaard S, Karsdal MA, Christiansen C: An update 
review of cellular mechanisms conferring the indirect and 
direct effects of estrogen on articular cartilage. Climacter-
ic. 11(1):4–16 (2008).

31. Kamiya Yosuke, Chen Jing, Xu Manshan, Utreja Achint, 
Choi Thomas, BS, Drissi Hicham and Wadhwa Sunil: In-

creased mandibular condylar growth in mice with estrogen 
receptor beta deficiency. J Bone Miner Res; 28(5): 1127–
1134 (2013).

32. Yasuoka T, Nakashima M, Okuda T, Tatematsu N: Effect 
of estrogen replacement on temporomandibular joint re-
modeling in ovariectomized rats. J Oral Maxillofac Surg.; 
58:189–196 (2000). 

33. Marko Orajärvi: Effect of estrogen and dietary loading on 
rat condylar cartilage. Acta Univ. Oul. D 1283, (2015).

34. Okeson JP: Management of temporomandibular disor-
ders and occlusion. 4th ed. Missouri: Elsevier Mosby, Inc 
(2008).

35. Chris J. Malkin Peter J. Pugh Richard D. Jones Dheeraj 
Kapoor Kevin S. Channer T. Hugh Jones: The Effect of 
Testosterone Replacement on Endogenous Inflammatory 
Cytokines and Lipid Profiles in Hypogonadal Men. 89 (7): 
3313-3318 (2004).

36. Cassidy JT, Petty RE, Laxer RM, et al: Text book of pe-
diatric rheumatology. 5th edn. Philadelphia, USA (2005).

37. Gattorno M, Gregorio A, et al: Synovial expression of os-
teopontin correlates with angiogensis in juvenile idiopath-
ic arthritis. Rheumatology, 43:1091-1096, (2004).

38. Butcher RL, Collins WE, Fugo NW: Plasma concentration 
of LH, FSH, prolactin, progesterone and estradiol-17 beta 
throughout the 4-day estrous cycle of the rat. Endocrinol-
ogy; 94: 1704–1708, (1974).  


