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Summary. Background. Temporomandibular joint
osteoarthritis (TMJOA) and knee osteoarthritis (knee
OA) are two kinds of common osteoarthritis (OA) that
are characterized by chronic degeneration of soft and
hard tissues around joints. Their gender and age
differences suggest that there are similarities and
differences between the pathogenic mechanisms of
TMIJOA and knee OA.

Objective. To review recent studies on the effect of
estrogen on TMJOA and knee OA, and summarize their
possible pathogenesis and molecular mechanisms.

Sources. Articles up to present reporting the
relationship of estrogen and TMJOA or knee OA are
included. An extensive electronic search was conducted
of databases including PubMed, Web of science core
collection.

Conclusion. According to epidemiological
investigations, TMJOA primarily happens to females of
puberty and childbearing age, while knee OA mainly
affects postmenopausal women. Epidemiological
investigation and experimental research suggest that
estrogen may have a different effect on TMJ and on
knee. Though estrogen regulates TMJOA and knee OA
via estrogen-related receptors (ERR), their pathogenesis
and pathway of estrogen regulation are different. To find
out the accurate regulation of estrogen on TMJOA and
knee OA, specific pathways and molecular mechanisms
still need further exploration.
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Introduction

Osteoarthritis (OA) is a kind of arthritis
characterized by chronic degeneration of soft and hard
tissues around joints, which is often accompanied by
cartilage degeneration, subchondral bone reconstruction,
synovitis and joint pain (Wang et al., 2015; Alzahrani et
al., 2020). As an important load-bearing joint, knee joint
is the most common site of OA. Clinical manifestations
are pain and limited movement of the joint.
Temporomandibular joint (TMJ) is a common site of
osteoarthritis (OA). TMJOA is a kind of degenerative
joint disease, which is an important subtype of
temporomandibular disorders (TMD) (Schiffman et al.,
2014, Wang et al., 2015; Alzahrani et al., 2020).

TMIJOA is a degenerative disease caused by an
imbalance of TMJ homeostasis. Due to the loss and
metabolic imbalance of chondrocytes, TMJOA causes
progressive destruction of articular cartilage
accompanied by subchondral bone destruction and
synovial inflammation (Schiffman et al., 2014; Wang et
al., 2015). The progressive destruction and severe
abrasion of the condyle cause the ramus to shorten,
leading to the retraction of the mandible and the anterior
open bite, which seriously affects the patient's oral
function and facial profile.

Since the etiology of TMJOA is complicated and
unclear, few effective therapies are available. Reports on
the prevalence of TMJOA have shown significant gender
differences (Zhao and Ma, 2006; Zhao et al., 2011; Li et
al., 2020). Its preponderance in women and early onset
during reproductive years according to epidemiological
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research are totally different from the epidemiological
characteristic of other joints such as knee OA, which
primarily happens to postmenopausal women (Zhao et
al., 2019; Dai et al., 2020). Considering estrogen is the
primary factor determining female gender, and has been
proved to play an important role in knee OA , the
relationship between TMJOA and estrogen has attracted
much attention. In this article, we summarize
epidemiological reports on gender difference of TMJOA
and knee OA, the specific effects of estrogen on TMJOA
based on animal studies in recent years, and discuss
possible mechanism underlying estrogen involvement in
the regulation of TMJOA

Recent reports on gender and age differences of
TMJOA and knee OA

Reports show that knee OA occurs more frequently
in elderly women, especially in perimenopausal and
postmenopausal women. A retrospective study by Li D
et al. showed that the average incidence of knee OA in
Chinese females (19.1%) was significantly higher than
that of male (10.9%). While the prevalence of knee OA
increased with age in both sexes, the number of female
cases increased more rapidly compared with males,
especially after 40 years old (Li et al., 2020). The
National Arthritis Data Workgroup of the Unitied States
reported the prevalence of OA in women over 45
(30.1%) was significantly higher than that in men
(24.3%) in The National Health and Nutrition
Examination Survey (Helmick et al., 2008).

There are also obvious gender differences in the
incidence of TMJOA. Unlike knee OA, the highest
prevalence of TMJOA occurs in women aged 20-40
(Warren and Fried, 2001), but TMJOA is more common
in young women. According to the Investigation by
Zhao YP et al., the frequency of TMJOA in patients
aging 11 to 30 years was higher in women
(563/3360,16.8%) than in men (148/1523, 9.7%) (Zhao
et al., 2011). Another investigation reports the detection
rate of TMJOA among 10032 Chinese orthodontic
patients from 1998 to 2003, showing a significant gender
difference between women (134/6409,2.1%) and men
(37/3623,1%) (Zhao and Ma, 2006). Adel Alzahrani et
al. also reported a higher prevalence and severity of
TMJOA in women than in men by assessing 145
randomly selected cone-beam computed tomography
scans (Alzahrani et al., 2020). There are no large-scale
epidemiological investigations about TMJOA. However,
as mentioned above, existing clinical and retrospective
studies have reported the gender and age differences of
TMIJOA, which may provide new ideas for studying the
etiology and treatment of TMJOA.

In summary, according to related reports, the
incidence of both types of OA in women is significantly
higher than that in men. While in terms of age, the onset
of TMJOA during reproductive years is different from
knee OA that primarily afflicts postmenopausal women.
The epidemiological characteristics may suggest that

estrogen may account for the gender diversity of OA in
both joints, but there are similarities and differences
between the pathogenic mechanisms of TMJOA and
knee OA.

Estrogen may have a different effect on TMJ and on
knee

Considering that estrogen is the primary factor
determining female gender, the relationship between OA
and estrogen has attracted much attention. According to
the recent articles, although views differ strongly on
whether estrogen protects or damages cartilage, studies
have shown that a reduction in estrogen levels has a
damaging effect on knee cartilage (Sniekers et al., 2008).
As for TMJOA, the effect of estrogen on it has not been
clear. The regulation pathway and mechanism of
estrogen on TMJOA may be different from that of knee
OA.

Studies have shown that the serum estrogen levels of
patients with knee OA are significantly lower than those
without knee OA (Afzal and Khanam, 2011). Gao et al.
studied the serum concentrations of estradiol and
estrogen metabolites in women with or without knee
OA, and found that the serum concentrations of free and
total estrogen in postmenopausal women with OA was
significantly decreased (Gao et al., 2010). Sniekers et al.
reviewed studies describing the effect of OVX and
estrogen treatment on animal models. 11 out of 14
studies shown OVX had a detrimental effect on
cartilage, and 11 out of 22 animal studies reported
estrogen had a beneficial effect on cartilage, most of
which are carried out on the knee joint. The results
above indicate considerable evidence for a relation
between cartilage degeneration and estrogen (Sniekers et
al., 2008).

However, the level of estrogen in patients with
TMJOA is not exactly the same. Landi et al. tested the
serum estrogen levels of patients with TMD (including
TMIJOA) and found that these levels were higher in male
and female patients than in the normal-control group
(Landi et al., 2005). Our previous studies also reported
that estrogen can aggravate the progression of TMJOA
in rats in a dose-dependent manner, and OVX can reduce
this progression (Kou et al., 2011; Wang et al., 2013).
However there are also reports that contradict this,
showing that estrogen <10°% mol/L can promote the
synthesis of proteoglycan in chondrocytes (Cheng et al.,
2003), and OVX can reduce the thickness of the TMJ
condylar cartilage in female rats and that estrogen
replacement therapy can alleviate it (Yasuoka et al.,
2000). To compare the different effects that estrogen has
on TMJ and knee, Y. Park et al. developed an OVX
mouse model with estrogen levels similar to cycling
women. And they found the administration of E2
resulted in a 40% to 50% reduction in TMIJ
fibrocartilage collagen and glycosaminoglycans (GAG)
content but had no discernible effects on knee meniscus
(KM) fibrocartilaginous matrices (Park et al., 2019).
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As mentioned before, Estrogen might have a
different effect on TMJ from that on knee, and the
regulatory mechanism still needs to be discussed.

Possible mechanism underlying estrogen
involvement in the regulation of TMJOA.

Estrogen regulates TMJOA and knee OA via estrogen-
related receptors (ERR)

Since receptors have been detected in human
articular chondrocytes, the combination of estrogen and
estrogen receptors might play a key role in estrogen’s
regulation of target organs (Sowers et al., 2006; Puri et
al., 2009). Estrogen binds to the estrogen receptor,
activates it, and causes it to bind to the estrogen response
element in the promoter region of the target gene or to
interact with other transcription factors (TFs) to regulate
the expression of the target gene (Wang et al., 2009).
Studies have shown that ERR are expressed in both TMJ
and knee (Patel et al., 2018; Park et al., 2019). However,
the cartilage of TMJ is fibrocartilage while the cartilage
of knee joint is hyaline cartilage, which may be the
reason that knee OA and TMJ OA respond differently to
estrogen. There are obvious differences in histological
origin between the two cartilage tissues. Hyaline
cartilage of knee joint originates from the mesoderm,
while fibrocartilage of TMJ originates from neural crest
cells. Hyaline cartilage is mainly composed of type II
collagen, and its matrix is rich in ground substance. On
the other hand, fibrocartilage is mainly composed of
collagen I, and its matrix is rich in densely braided
collagen fibres. The different composition and structure
give them different resistance to compression and
molecular regulatory pathways, which may include the
type and quantity of the ERR on their cartilage.
Therefore, as mentioned above, the different effects of
estrogen on the two joints may be related to the
distribution of ERR and their different pathways.

Many experiments have proved that the mechanism
of knee OA is mainly related to ERRa and ERRy.
Studies have shown that inhibition of ERRa expression
can lead to inflammation and cartilage destruction in a
postmenopausal OA rat model (Tian et al., 2019).
However, overexpression of ERRy in mouse knee joint
cartilage can increase the expression of matrix
metalloproteinases (MMPs), including MMP-3 and
MMP-9, and then lead to OA (Son et al., 2017). Many
studies have reported that selective estrogen receptor
modulators (SERMs) or other estrogen-related drugs
have significant effects on knee OA, suggesting estrogen
may affect knee joint through ERR (Lugo et al., 2014;
Xiao et al., 2016). Fig. 1 summarizes the possible ERR
and down-stream regulation pathway of estrogen in knee
OA (Tang et al., 2021).

However, ERR and related mechanisms of estrogen
in TMJOA still need to be explored. Melissa Stemig et
al. analyzed DNA samples from 42 DJD patients and 36
controls without DJD, and found that there was a higher

number of ERRa genotypes in the DJD patients,
suggesting that the presence of polymorphism possibly
modulates the ERRa activity in bone and contributes to
the degenerative process in the joint (Stemig et al.,
2015). In 8-week-old female rats, expression of ERRa in
condylar cartilage is higher than that in male rats of the
same age (Yu et al., 2009). The level of ERRa and ERR
and the ratio of ERRa and ERRP in the mouse TMJ disc
are significantly higher than in the knee meniscus,
suggesting that this difference in expression might lead
to corresponding downstream differences in gene
expression and in turn affect the effect of estrogen on
target organs (Wang et al., 2009). A recent study found
that estradiol (E2) stimulation caused the loss of
extracellular matrix (ECM) through the estrogen-ERR[-
HIF2a pathway, and that these phenomena could be
reversed by both pan-ER antagonist and HIF2a
translation inhibitor (Ye et al., 2020). Our previous study
also showed that the ERR antagonist ICI 182780
partially blocked E2’s promoting effects on TMJOA
(Wang et al., 2013).

Possible pathogenesis and pathway of estrogen
regulation

In the pathogenesis of OA, the metabolic imbalance
of" the ECM and the vascularization of cartilage are
considered the main causes of matrix degradation
(Tanaka et al., 2008). The main components of the
cartilage dynamically balance between anabolism and
catabolism. However, under the action of excessive
physical stress and cytokines like interleukin (IL), the
expression of matrix-degrading enzymes that degrade
ECM such as MMPs, a disintegrin and metalloproteinase
with thrombospondin motifs (ADAMTS), and
proangiogenic factors, is upregulated. Excessive
catabolism causes loss of the ECM, which in turn leads
to the destruction of cartilage and subchondral bone and
the formation of OA (Ma et al., 2014; Shen et al., 2015;
Ahmad et al., 2018; Ye et al., 2020). Studies have shown
that high doses of estrogen can promote the expression
of MMPs in condylar chondrocytes. Y. Park et al. found
that, in an OVX mouse model, administration of E2
caused a significant loss of collagen and
glycosaminoglycans both in TMJOA and knee OA,
accompanied by amplification of ERRa and specific
increases in MMP9 and MMP13 expression (Park et al.,
2019). However according to dose-response experiments
TMIJ fibrocartilaginous cells showed a greater sensitivity
and a higher peak induction of MMP9 and MMP13 than
knee meniscus cells to E2, providing an explanation for
the differential responses of these tissues to E2 (Park et
al., 2019). Zhao et al. used OA animal models to prove
that ERRy activates MMP9 and vascular endothelial
growth factor A (VEGFA) through the extracellular
signal-regulated kinase (ERK) signaling pathway,
causing cartilage destruction in TMJ (Zhao et al., 2019).
Inhibition of ERRy expression, transcriptional activity,
or both reduces the levels of MMP-3/9/13 and VEGFA
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protein, thereby inhibiting angiogenesis and the
degradation of ECM, and reducing the degree of
cartilage destruction (Ma et al., 2014; Zhao et al., 2019).
However, some studies report a protective effect of
estrogen on TMJ cartilage. Robinson et al. found that, in
mature mice, protease activity was partly inhibited by
estrogen treatment via the upregulation and activity of
protease inhibitor 15 (Pil5) and alpha-2-macroglobulin
(A2m) (Robinson et al., 2018). Wu et al. using OVX
mice in controlled experiments found that the
combination of estrogen deficiency and excessive
mechanical stress might aggravate TMJOA by activating
the ERK pathway (Wu et al., 2019).

The progressive destruction of articular cartilage
involves the loss of cartilage cells, which might be
related to cell necrosis or apoptosis, and matrix
degradation, which is mainly caused by metabolic
imbalance in ECM (Wang et al., 2013; Choi et al., 2019).
Some scholars believe that chondrocyte death, including
apoptosis and cell necrosis, might play an important role
in the progressive destruction of cartilage (Choi et al.,
2019). Tamoxifen, an estrogen receptor substitute, can

Metabolic imbalance of extracellular

matrix and vascularization of cartilage

ILTNF-o, HIF-2ct
MMP3/9/13

ADAMTS
VEGFA

Cell necrosis and apoptosis

Fas,FasL

induce apoptosis in chondrocytes of growth plate
cultured in vitro, and increase the expression of both
Fas, a death receptor family member, and FasL (Chagin
et al., 2007). In addition, estrogen can upregulate the
expression of FasL in osteoclasts, reduce bone
resorption, and inhibit osteoporosis by promoting
osteoclastic apoptosis, suggesting that estrogen could
have a significant regulatory effect on Fas-related
apoptosis signaling pathways (Nakamura et al., 2007).
Our previous work showed that, in a monosodium
iodoacetic acid (MIA)-induced rat TMJOA model, E2
enhanced the TMJOA in a dose-dependent manner by
increasing proapoptotic genes and histological
characterization of fibrocartilage degradation and bone
erosion (Wang et al., 2013). Fig. 2 summarizes possible
ERR, cytokines and regulation pathway of estrogen in
TMIOA.

Estrogen might regulate cartilage homeostasis through
synovitis indirectly

Many studies have proven that when cartilage

IL-1p iINOS
TNF-o MCP-1

Fig. 1. Possible estrogen-related receptors(ERR) and down-
stream regulation pathway of estrogen in knee OA.
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presents typical signs of OA, the synovium also presents
signs of chronic inflammation such as subsynovial tissue
hyperplasia and monocyte infiltration (Xue et al., 2018).
In recent years, there is increased attention to the role of
synovial inflammation in OA. Studies have reported that
for the joints like knee, synovium may play an important
role in the OA (Bay-Jensen et al., 2010). Synovium may
show significant changes, even before visible cartilage
degeneration has occurred (Mathiessen and Conaghan,
2017). More and more evidence shows that synovitis and
the resulting pro-inflammatory mediators such as
cytokines, nitric oxide, prostaglandin E(2) and
neuropeptides will destroy the balance of cartilage
matrix degradation and repair, leading to excess
production of the proteolytic enzymes responsible for
cartilage breakdown (Sellam and Berenbaum, 2010;
Mathiessen and Conaghan, 2017). These studies are
mainly based on knee joints.

However, the role of synovium in TMJOA is still not
very clear. Studies have shown that inflammatory factors
such as tumor necrosis factor (TNF)-a and IL-1p are
highly expressed in the synovial tissue of patients with
OA, and that there is obvious monocyte infiltration in
the synovium (Sellam and Berenbaum, 2010). Monocyte
chemoattractant protein 1 (MCP-1) is also detected in
fluids and in inflamed synovial tissues of TMJOA
patients (Ogura et al., 2010). Animal experiments
confirm that expression of inducible nitric oxide
synthase (iNOS) and IL-1 is higher in the synovium of
female TMJOA rats and MCP-1 around the synovium
than that of their male counterparts, and the infiltration
of iNOS and macrophages is more obvious (Nakamura

et al., 2007). In in vitro experiments, female rats primary
cultured fibroblast-like synoviocytes (FLSs) are more
sensitive to TNFa treatment than male rats, and OVX in
female rats repressed such sensitivity due to the loss of
estrogen production (Xue et al., 2018). However, no
differences in the expression of ERa and ERP were
detected in female versus male synovial cells (Tsutsui et
al., 2015; Xue et al., 2018). Studies have shown that
estrogen is involved in the regulation of TMIJ
inflammation (Puri et al., 2009) Estrogen can aggravate
complete Freund’s adjuvant (CFA)-induced acute
synovitis in rats by promoting nuclear translocation of
nuclear factor k-light-chain-enhancer of activated B cells
(NF-xB), and estrogen receptor blockers can reverse this
effects (Kou et al., 2011). However, whether estrogen
affects TMJOA by regulating synovitis needs further
exploration.

A large number of studies have shown that estrogen
is an important regulator of inflammation, but the
underlying mechanism is very complicated, and the
regulatory effect varies greatly by target organ (Straub,
2007). As a pivotal enzyme for survival and health in
both genders, estrogen plays an important role in
systemic changes and disease. Abnormal estrogen
fluctuations may cause tissue degeneration (bone,
muscle, neural etc.), and metabolite imbalance (glucose,
lipid etc.) (Simpson et al., 2002). Excess estrogen can
lead to an overexpression of estrogen receptors (ERRa
and ERR), harming tissues, leading to autoimmune
diseases, and neoplasms (Patel et al., 2018). Though the
cause of osteoarthritis is not yet fully understood,
complex interplay of constitutional, genetic

Chondrocyte proliferation
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IL-6, MMP3/9/13, PGE2

Fig. 2. Possible estrogen-related receptors(ERR), cytokines and
regulation pathway of estrogen in TMJOA.
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predisposition, cellular, and biochemical processes are
currently being considered closely related to the
occurrence of OA (Roos and Arden, 2016; Lespasio et
al., 2017). And the above factors are often related to
systemic diseases. Although studies have shown that
estrogen has a role in the pathogenesis of knee OA, and
hormone replacement therapy (HRT) may inhibit the
progression and occurrence of knee OA (Driban et al.,
2016), whether this effect is direct or through other
factors such as obesity and inflammation is still
unknown (Hussain et al., 2018). Studies have shown an
increased health risk after HRT, suggesting that the
effect of estrogen on systemic changes of OA patients
need more attention (Rossouw et al., 2007). Though few
studies about the effects of estrogen on the systemic
response of patients of TMJOA have been published,
exploring what role estrogen plays in this process may
help find some clues for the study of TMJOA.

In summary, studies in recent years have shown that
estrogen may regulate TMJOA via ERR on condyle
cartilage and down-stream OA-related cytokines.
Different composition and sensitivity of ERR on
fibrocartilaginous cells may lead to the difference that
estrogen shows on TMJOA and knee OA. Synovium
may also play an important role in the development of
TMIJOA. However, the specific pathways and molecular
mechanisms still need further exploration.

Summary

As two important synovial joints of our body, the
prevalence of knee OA and TMJOA has been proved
closely related to females. According to epidemiological
investigations, females of puberty and childbearing age
are more susceptible to TMJOA, while knee OA mainly
affects postmenopausal women. By searching recent
articles, we overview epidemiological evidence and
experiments to prompt that estrogen may play a different
role in the development of these two kinds of OA.
Estrogen and related preparations have been
experimentally confirmed to have some effect on knee
OA (Xiao et al., 2016; Xu et al., 2019), and we hope this
article could be helpful for the mechanism research and
treatment therapy of TMJOA in the future by
summarizing the possible mechanisms of estrogen in the
regulation of TMJOA.
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