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ABSTRACT

Background: The use of sex hormones in the clinic for the management of musculoskeletal conditions is increasingly common.
Despite this, the role of sex hormones in various joint tissues such as the intervertebral disc (IVD), temporomandibular joint
(TMJ), and articular cartilage remains poorly understood. Here, we employ a database search strategy to critically examine the
available literature in this field through a scoping review.

Methods: Using a 4-step protocol, primary research articles pertaining to sex hormones and the IVD, TMJ, or articular cartilage
were identified and reviewed by two independent reviewers. ~3900 articles were identified in our initial search, and after review,
~140 were identified to be relevant to our tissues of interest and the effects of sex hormones.

Results: Within all joint tissues investigated here, there were limited investigations on the effects of testosterone. Studies re-
ported here for these tissues indicate that sex hormones are likely beneficial in the context of age-associated joint diseases,
but there are important limitations to how this translates to the clinic given that various animal models can display distinct
responses to sex hormone exposure. Direct comparisons of sex hormone therapies are limited between biological sexes, but
evidence indicates that the molecular responses are likely similar. Current evidence indicates that sex hormone exposure likely
has anti-inflammatory effects within joint tissues at the level of gene and protein expression, but the mechanism is unknown.
Conclusion: Sex hormones such as testosterone and estrogen play an important role in inflammatory signaling within joint
tissues, which could lead to novel interventions within the clinic for joint degeneration. However, understanding the biological
mechanisms of hormones in these distinct tissues, between sexes, and with age is imperative for their proper implementation.

1 | Introduction intervertebral disc (IVD), the fibrocartilaginous joint located be-
tween joints of the spine. Osteoarthritis, also a leading cause of
disability, is a heterogeneous disease affecting numerous joints,

including the knee and hands. Although the cell types and overall

1.1 | Rationale

Musculoskeletal disorders are a tremendous burden on human
health and health care systems around the world. Low back pain,
for example, is the leading cause of years lived with disability
worldwide [1]; and is often associated with degeneration of the

tissue structure differ between articular and intervertebral joints,
disc degeneration and osteoarthritis share numerous hallmarks
and molecular pathways [2]. Despite their prevalence, both con-
ditions lack disease-modifying treatments. Of note, the incidence
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and severity of both IVD degeneration and osteoarthritis have
been associated with sex differences [1, 3], and, specifically, the
loss of endogenous sex hormones [4, 5]. Men display a higher
prevalence of back pain until the fifth decade of life, after which
women have a higher prevalence than men, a change likely cor-
responding to the onset of menopause [6, 7] and acute loss of sex
hormone production in females. Menopause has also been linked
to the progression of osteoarthritis, but there are mixed results on
the direct effects of sex hormones on the health of the joint [8].
While the effects of sex hormones in bone are widely studied, their
effects on joint cells and tissues are poorly understood, despite
likely correlations between changes in sex hormone production
and disease in cartilaginous tissues. The aim of this scoping re-
view was to summarize the available literature on the effects of sex
hormones on joint tissues to contextualize their effects and suggest
future directions for the field. While sex hormones are important
regulators of bone, this topic has been extensively reviewed [9-14]
and as such will not be addressed here, aside from subchondral
bone as it relates to joint health and homeostasis.

1.2 | Research Questions

(1) What are the roles of sex hormones within various joint tissues
(intervertebral disc, temporomandibular joint, and articular car-
tilage)? (2) Are the roles of sex hormones dependent on biological
sex? (3) Do these joints respond differently to hormone stimulation?

2 | Methods
2.1 | Search Strategy

A four-step protocol using Covidence software to search multiple
databases and identify studies of interest was applied. Then, two
reviewers (JLH, AJH, or JF) independently screened titles and
abstracts for inclusion eligibility. Discrepancies in agreement for
inclusion were discussed individually and were then included or
excluded based on mutual decision. Cohen's Kappa test for Title
and Abstract screening was 0.745. Selected articles (221) were
then retrieved for full-text review and screened independently by
two reviewers (JLH, AJH, or JF). Papers without English trans-
lations and papers that were unobtainable online were excluded
from the study (N=12). Details including study design, study
subjects, and sample size, methodology, and results from each
study were extracted and summarized.

2.2 | Eligibility Criteria

This review included peer-reviewed primary research articles
that describe the effects of sex hormone supplementation or loss
of endogenous production in articular cartilage, IVD, and the
temporomandibular joint. No restrictions were set based on spe-
cies, age, sex, ethnicity, or health status.

2.3 | Information Sources
Only qualitative and quantitative articles from peer-reviewed jour-

nals were considered. Narrative reviews, letters, and editorials
were screened to ensure that original sources were included. No

restrictions were set regarding the original publication language
or year of publication. Four electronic databases were searched:
PubMed, Web of Science, MEDLINE Ovid, and Scopus. These
databases encompass a broad overview of literature pertaining to
biomedicine, health, life, and physical sciences. Exclusion criteria
included removal of secondary literature or opinion articles, pa-
pers that examined the effects of sex hormones on only bone (ex-
cept for subchondral bone), and papers that did not test agonism or
antagonism of sex hormones in the context of joint health.

2.4 | Data Charting Process

A single reviewer charted data from each of the included full
text articles. Data charted included citation information, the
study design, cell and animal models used, major interventions
or surgical models used, and their general outcomes.

2.5 | Synthesis of Results

Data from the charting process was tabulated and organized
by tissue or cell types (fibrocartilage or articular cartilage) and
study design. For each tissue of interest, the sex hormones stud-
ied were tabulated to create an overview of their roles in each
respective tissue.

3 | Results
3.1 | Selection of Sources of Evidence

We identified 3855 articles after the four-database search (Web
of Science, PubMed, Ovid Medline, Scopus) on April 16, 2024.
After removal of duplicate articles, 3622 citations were evaluated
by two independent reviewers in a screening process assessing
the title and abstracts, followed by full-text review. Inclusion cri-
teria for this study required primary research articles addressing
the loss of, supplementation, or treatment with sex hormones
in vitro or in vivo and joint tissues. This included treatment of
sex hormones on joint cells and tissues, in addition to models
of ovariectomy/orchidectomy, and sex hormones in joint disease.
Cohen's kappa reported a 0.78 agreement in Title and Abstract
screening, and 0.48 for the full-text review. At both stages, dis-
crepancies in the agreement were discussed after the indepen-
dent review to determine eligibility. After compiling the search
results, there were 148 papers identified in this search (Figure 1).

We categorized the papers by joint of interest: the intervertebral
disc (Table 1), the temporomandibular joint (Table 2), and the
articular cartilage (Table 3).

3.2 | The Effects of Sex Hormones on the IVD

3.2.1 | Study Design

Various study designs were employed, including non-randomized
experimental (39), cohort (3), case control (2), randomized con-

trolled trial (8), case series (1), questionnaires (1), and cross-
sectional (1) studies. Publications by year are reported for all studies
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FIGURE1 | PRISMA flow diagram for article retrieval and selection for inclusion. Primary research articles related to the role of sex hormones
and IVD, TMJ, and articular cartilage homeostasis were identified through multiple databases. Studies were screened by two independent reviewers,

which identified 148 studies for this review.

identified (Figure 2A). The research typically focused on the lum-
bar spine using cell or organ culture (23), or in vivo analyses (33).
Animal models used varied based on study design. Experimental
studies used mouse, rat, rabbit, canine, bovine, and human cells
or tissues, while questionnaire or cohort studies assessed human
patients attending clinics or human participants (Figure 2B).

3.2.2 | Distribution of Biological Sex, Age,
and Hormones Studied

Biological sex of the model systems was not evenly distributed,
as females were more frequently studied (52%) compared to
males (18%). Some studies used both biological sexes (21%) and a
small proportion did not disclose biological sex (9%) (Figure 2C).

Interventions used in these studies were primarily centered
around estrogen removal, replacement, or use of estrogen ago-
nists and antagonists (48). Three studies directly investigated
testosterone exposure [15, 30, 32]. Some studies also investigated
menopause-associated changes (4). Age distribution varied from
juvenile animal models to middle-aged human (40-60years old)
individuals.

3.2.3 | Key Findings: IVD

Literature examining the role of sex hormones on the IVD fo-
cused on each of its tissue constituents: the nucleus pulposus
(NP), annulus fibrosus (AF), and cartilage endplates (CEP). Of
these, studies investigated changes in tissue hydration, apoptosis,
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| (Continued)

TABLE 3

Primary
interventions or

Anatomical

Tissue or

assessment

cell type region Biological sex Age of subject

Species (strain)

Study design

Year

First author

E2 and testosterone

Articular Knee Male and 12weeks
chondrocytes

Rabbits (Japenese

Non-randomized

2014

Chang [157]

Female

White)

experimental

study

Androgen receptor

Articular Knee Male 3months
chondrocytes

Rabbits (New

Non-randomized

2021

Hui [158]

overexpression

Zealand White)

experimental

study

178-Estrogen

Articular Knee Male and 16-39years
chondrocytes

Human

2005 Non-randomized

Kinney [159]

Female

experimental

study

OCX

Horse Osteochondral Metacarpel Male 11 and 18 months

Non-randomized

2023

Rouge [160]

sections

experimental

study

Abbreviations: DHT; 5a-dihydrotestosterone, E2; 17@3-estradiol, ER; estrogen receptor, HRT; hormone replacement therapy, IVD; intervertebral disc, KO; Knockout, OA; osteoarthritis, OCX; orchidectomy, OVX; ovariectomy, PTH;

parathyroid hormone. SERM; selective estrogen receptor modulator.

and matrix degrading enzyme expression and activity (41/55).
Clinical assessments such as IVD height and low back pain in pa-
tients were also reported (14/55). Studies focused on the nucleus
pulposus consistently reported that estrogen attenuates apoptotic
and pro-inflammatory signals induced by cytokines, ovariectomy
(OVX), or disc injury [26, 36, 38, 41, 51, 57]. Additionally, estro-
gen exposure attenuated matrix degrading enzyme expression
and increased proteoglycan and collagen content in cell cultures
in a dose-dependent fashion [47]. It is important to note that
many of these studies focused solely on NP cell culture models
(14), and few studies investigated the effects of estrogen on the
AF (3) or CEP (2). Of those that investigated the AF, primary in-
vestigations reported that estrogen prevented apoptotic signaling
[36], increased cell proliferation [17], and recruited neutrophil
precursors [39]. Studies focused on the role of estrogen in the
CEP also observed decreased endplate mineralization [44] and
increased proteoglycan content [47].

In vivo, estrogen deprivation through OVX consistently in-
duced IVD degeneration across multiple animal models
[18, 23, 44, 46, 48, 49, 52, 57, 58, 68, 69, 161]. This phenome-
non is also reported in postmenopausal women [16, 19-21, 24,
27, 29, 40, 62, 67, 162]. Estrogen replacement mitigated many
degenerative changes in animal models, including maintaining
the redox balance by reducing reactive oxygen species [46] and
reducing histopathological changes within IVDs [59]. IVD injury
and estrogen deprivation by OVX were partially ameliorated by
estrogen supplementation [60]. In women, estrogen replace-
ment following menopause correlated with increased disc height
[19, 20, 67], but these patients also reported increased low back
pain [16]. Vertebral subchondral bone of mice was decreased fol-
lowing ovariectomy [48, 49].

The effects of testosterone on IVD biology are poorly investigated,
limited to two studies. In 1969, a group investigated the effects of
testosterone, estrogen, and parathyroid hormone on AF lamellae
structure in a canine model [15]. They reported structural changes
to the lamellar structure, including fragmentation and “loosen-
ing,” with unknown biological consequences. The second study,
in 2014, was a primary human cell culture experiment investigat-
ing the chondrogenic potential of testosterone in NP cells to facil-
itate the in vitro formation of tissue constructs [30]. Testosterone
increased collagen type 2 and aggrecan gene expression in male
IVD cells, and changes in gene expression were abolished by an
aromatase inhibitor, preventing the conversion of testosterone
into estrogen. A single case series study investigated the effects of
testosterone in humans, where 60 patients (combination of male
and female) with chronic lower back pain received testosterone
and recombinant growth hormone injections locally to the site of
pain [32]. The study reported a decrease in patients self-reported
low back pain after 12 months.

3.3 | The Effect of Sex Hormones on the Temporal
Mandibular Joint

3.3.1 | Study Design

Most articles identified for the TMJ were non-randomized

experimental study designs (23); the remaining articles used
randomized controlled trial (1), cohort (1), and cross-sectional
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FIGURE 2 | Primary characteristics in IVD research investigating the role of sex hormones. (A) Publications identified in our search stratified

by year of publication. (B) Model species used in the laboratory and/or clinic in each study. (C) Distribution of biological sexes investigated in IVD

research related to sex hormones.

study (1) designs. Publications by year are reported for all
studies identified (Figure 3A). The animal models used var-
ied, with rats as the primary animal model used in studies
(15), followed by mice (6), human (3), and baboon (2) models
(Figure 3B).

3.3.2 | Distribution of Biological Sex, Age,
and Hormones

Studies focused predominantly on female sex (69%), with two
studies identified in our search examining males. Six studies
used both male and female models (Figure 3C). Studies pri-
marily focused on the effects of estrogen deprivation through
ovariectomy (OVX) on the temporomandibular joint (54%) and
estrogen receptor activation (35%). Three studies investigated
the effects of testosterone on pain and collagen content follow-
ing a gonadectomy. Human patients were examined in three
studies ranging from adolescent to young adult (14-40years of

age) to identify associations between TMJ prevalence and geno-
typic variations.

3.3.3 | Key Findings: Temporomandibular Joint

In the late 1980s and early 2000s, estrogen receptors were identi-
fied within TMJ cells of the baboon [94] and rat [75]. Following
this discovery, various animal models were used to investigate the
effects of estrogen on TMJ biology, including changes induced by
estrogen deprivation, receptor agonism, and receptor knockout
[86, 89]. The effects of OVX or orchidectomy (OCX) on the in-
tegrity of the TMJ are still unclear. Some groups report increased
cartilage thickness after sex hormone deprivation [71, 81],
while another group showed decreased cartilage thickness [90].
Importantly, these studies differed in their use of model systems
to evaluate TMJ cartilage thickness, with mouse models rang-
ing from 21days to 2months of age and 2-month-old rat mod-
els. At baseline, there are sex-based differences in rat condylar
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related to sex hormones.

cartilage within the TMJ. Male rats had higher collagen content
than female animals, which was abrogated with castration in
both sexes [74]. Estrogen receptor knockout has also been stud-
ied in rodent models of TMJ disease and suggests that loss of es-
trogen signaling has a detrimental effect on extracellular matrix
production. For example, both male and female ERf knockout
mice had decreased collagen type X expression and subchondral
bone integrity in the TMJ [125], similar to an ovariectomy study
in rats which showed a reduction in collagen type II and X gene
expression [72]. ERf knockout mice were resistant to cartilage
thickening observed in the ovariectomized mice [81] and ERa
knockout negatively influenced TMJ maturation in mice, but not
TMIJ degeneration [163].

Interestingly, estradiol has pro-inflammatory effects within
the TMJ. Castration increased cytokine levels in both sexes [83],
and while testosterone supplementation mitigated pain [85] and
TMJ damage, estradiol exacerbated TMJ damage in the presence
of inflammation [87], TRPV1-mediated pain [78], and increased
the expression of matrix metalloproteases [86].

3.4 | The Effect of Sex Hormones on Articular
Cartilage and Chondrocytes

3.4.1 | Study Design

Study design for the assessment of articular cartilage was al-
most entirely non-randomized experimental studies (60), with
few randomized controlled trials (3) and a single cross-sectional,
case-control, and cohort study. Publications by year are reported
for all studies identified (Figure 4A). Model systems primarily
consisted of rat (20), human (14), rabbit (7), and mouse (6) sub-
jects (Figure 4B).

3.4.2 | Distribution of Biological Sex, Age,
and Hormones

Most studies investigated female animals (71%), while only
two investigated males (3%), and several used both sexes (21%).
Three studies did not disclose the sex of individuals (1 human, 1
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tigated in articular cartilage research related to sex hormones.

rabbit, 1 monkey, 5%) (Figure 4C). The most widely used inter-
ventions were OVX or OCX (37) to induce pathogenic features
such as inflammation or osteoarthritis, or primary cell culture
experimentation (16). Changes in osteoarthritis pathogenesis
were then characterized following joint destabilization surgery
alone or following treatment with various sex hormone agonists
or hormone replacement therapy. Studies in humans exam-
ined age- and menopause-associated changes in osteoarthritis
(>50years of age) and used primary cells isolated from tissue
at the time of surgery, which enabled the use of tissues from a
large range of ages (16-87years of age). In vitro animal-based
experiments used tissues and cells from neonatal to skeletally
mature adult animals.

3.4.3 | Key Findings: Articular Cartilage

How sex hormones regulate joint health and the progression
of osteoarthritis is a multifaceted research question, given that
both involve interactions between cartilage, bone, and synovium
and that osteoarthritis studies often focus on the management of
patient-reported pain. Here we specifically focus on the effects

investigating the role of sex hormones. (A) Publications identified in our
oratory and/or clinic in each study. (C) Distribution of biological sexes inves-

of sex hormones on articular cartilage. Early cell culture stud-
ies showed estrogen receptor localization within rabbit and rat
articular chondrocytes [98] and that rats expressed estrogen re-
ceptor o (ERa) in both biological sexes, which decreased after
OVX [110]. This and subsequent studies characterized various
effects of estrogen, including the attenuation of inflammatory
gene expression in primary human chondrocytes isolated from
the hip, knee, and ankle of OA patients [106, 113, 124], and in-
creased miR-140 expression, which suppressed MMP-13 expres-
sion [118]. In primary chondrocyte cultures, estradiol reduced
oxidative stress [108]. Estradiol and testosterone positively regu-
late chondrogenesis in male and female rabbit cells, with a larger
effect from estrogen than testosterone in cells derived from both
sexes [157].

Despite these positive findings in cell culture experiments, they
contrast with findings on the effects of sex hormones on artic-
ular joints in vivo. Much of the variation in outcome is likely
dependent on which animal model was used. In contrast to other
reports suggesting negative effects of OVX on cartilage health,
rabbits have increased cartilage thickness [96] and stiffness and
decreased histopathological scores [111] with OVX, and high
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doses of estradiol resulted in cartilage defects and fibrillations
[101]. However, this response was dose-dependent; a low dose
of estradiol did not result in changes to the knee cartilage [103].
In another study using primary rabbit chondrocytes, testoster-
one, dihydrotestosterone, and estradiol exposure all increased
glycosaminoglycan production in an age-dependent manner (in-
creased response with increased age) in male and female rabbits
[102]. Androgen receptor overexpression was investigated in one
study using rabbit models and showed regeneration of cartilage
defects [158].

There is a consensus regarding the effects of depletion, replace-
ment, or supplementation of sex hormones based on studies
in the rat model. OVX induces osteoarthritis [114, 143], and
both OVX and OCX decreased glycosaminoglycan content in
articular cartilage [95]. In female rats, OVX-induced osteoar-
thritis was prevented with hormone replacement therapy [99].
Estrogen receptor beta agonist (ERf-041) reduced histopatho-
logical joint scores, inflammation, and synovitis in rats [156].
It is noteworthy that few studies used male animals (15/62).
Reports in murine models are consistent with those in rats;
OVX in mice increased OA progression [123] and estradiol
prevented cartilage damage following OVX [112]. Female mice
treated with DHT and estradiol had reduced GAG loss in carti-
lage explant cultures [154].

Human studies investigating the effects of sex hormones on
cartilage volume and the progression of osteoarthritis produced
conflicting reports. For instance, cartilage degradation cor-
relates positively with years elapsed since menopause [119], and
estrogen replacement decreased cartilage turnover in postmeno-
pausal women [131]. Tibial cartilage volume was also increased
in patients who received estrogen replacement [127], and a re-
duction in matrix degrading enzyme expression [106], implying
that estrogen signaling was important for maintaining cartilage
health. However, there are also reports that estradiol exposure
does not influence cartilage volume [130] or the progression of
knee OA [145]. Furthermore, there were also reports that ERa
was increased with age in OA patients [122], and that treatment
of articular chondrocytes with low doses of estrogen increased
chondrogenic markers, but high doses of estrogen decreased
these markers [139]. Childbearing also increased the number
of cartilage defects observed in knee cartilage [137]. Taken to-
gether, these studies show that the relationship between sex hor-
mones and articular cartilage is multifaceted and depends on
biological sex and model system.

4 | Discussion
4.1 | Summary of Evidence

The objective of this scoping review was to summarize the body
of literature pertaining to the effects of sex hormones on joint
tissues, particularly the IVD, TMJ, and articular cartilage. Our
search results suggest that while this research is still in its infancy,
sex hormones are important regulators of joint homeostasis, and
removal of endogenous sex hormone production can underlie
joint disease and certainly exacerbates age- and injury-associated
joint pathologies [60, 92, 133, 155]. Importantly, the response of
the animal models to sex hormone treatment, or removal, was

conditional upon the sex, age, and the species being investigated.
For instance, while there were positive implications within the
IVD for disc height [67], and chondrogenesis [163], both indi-
cators of IVD health, it should also be noted the incidence of
low back pain was higher in groups receiving estrogen hormone
replacement therapy [6]. Studies investigating the effects of tes-
tosterone and its derivatives on each of these joint tissues are
extremely limited. Results from testosterone studies indicate
positive molecular outcomes such as increased proteoglycan
and collagen synthesis [30], and a reduction in patient-reported
pain after testosterone treatment [32]. Importantly, we identified
that while there are apparent sex differences in joint pathologies
following treatment, some outcomes of testosterone or estrogen
exposure were irrespective of biological sex [74, 95, 102], includ-
ing a clinical case series following testosterone injections in men
and women [32]. These reported differences require further in-
vestigation so that laboratory models can better simulate clinical
outcomes. Given the presence of sex hormone receptors on cells
of multiple joint tissues in both sexes, it is also likely that there
are independent and coactivation of androgen and estrogen re-
ceptors, which impact joint tissues.

A consistent finding across studies examining the various joint
tissues investigated was the role of sex hormones in modulating
the inflammatory response. Aberrant inflammatory signaling can
promote disease pathology such as IVD degeneration [164, 165],
TMI disease, and osteoarthritis [166, 167]. Few studies investi-
gated the effects of both testosterone and estrogen within their
model systems, and this is a limitation to drawing strong con-
clusions, as the enzyme aromatase can actively convert testos-
terone to estrogen, and therefore the effects of testosterone could
be confounded by those of estrogen. The relationship between
the conversion of testosterone to estrogen could be addressed in
these models using non-aromatizable testosterone (DHT), or aro-
matase inhibitors, as previously described [30].

Important to note, IVD height, an indicator of IVD health, was
assessed in women receiving hormone replacement therapy, as
was the rate of height loss between men and women with aging.
Disc height correlated negatively with the onset of menopause,
whereas men had increased disc degeneration at a younger
age, perhaps due to differences in injury rates between men
and women [40, 168]. Importantly, disc height was increased
in women receiving hormone replacement [19, 67]. There were
no studies that assessed clinically the effects of sex hormones
on the temporomandibular joint; however, similar to the IVD,
articular cartilage volume is negatively correlated with meno-
pause [119], and hormone replacement therapy increased artic-
ular cartilage volume in post-menopausal women [131]. Of note,
we did not identify any clinical studies investigating testoster-
one replacement therapy and age-associated changes in disc
height, temporomandibular joint disease, or articular cartilage
volume. Although aging results in the loss of circulating testos-
terone at a much different rate in men than women, approxi-
mately 1% per year after 30years of age [169], there still remains
an important gap in our research knowledge regarding how sex
hormones influence joint health in the aging male. Importantly,
testosterone and estrogen use is not limited to male and female
biological sex, respectively, and can be used by both sexes in
the context of sport [170-172] or treatment of gender dysphoria
[173, 174]. Given an increasing population of individuals who
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seek hormone-based therapy for sexual transitioning each year
[173], it is imperative that research explores the effects of these
types of hormone regimes on joint homeostasis and long-term
health in these individuals.

4.2 | Limitations Within the Field

There are some limitations impacting the data acquired through-
out this search that we feel are important to bear in mind when
interpreting the results of this review. First, the retrieval of
human samples are often limited to those being excised during
surgery or post-mortem; and confounding factors such as sur-
gery- or necrosis-induced degeneration are a consideration that
may impact findings. Due to the degenerative features or ad-
vanced age of these tissues, the effects of sex hormones on joint
homeostasis are poorly understood, limiting analysis to their
influence on the degenerative phenotype. Although randomized
experimental trials were limited in human subjects, and cross-
sectional, cohort, or longitudinal studies are limited by sam-
pling bias, they remained powerful assessments for determining
sex-based differences in aging and the effects of hormone re-
placement. Animal models are also limited, as almost all labo-
ratory animals do not enter menopause with age [175, 176]. This
necessitates researchers to use castration models to block sex
hormone synthesis to mimic the effects of menopause, often re-
quiring surgery or complex medication that could interfere with
the progression of disease.

5 | Conclusion

In summary, we found that reports show the effects of sex hor-
mones on the IVD, TMJ, and articular cartilage are sex-, spe-
cies-, age-, and tissue-dependent. Overall, the role of estrogen
may not be entirely positive as predicted by pre-clinical animal
models, as commonly believed. While there are positive impli-
cations in clinical assessments such as IVD height and cartilage
production, patients may also report increased pain. Many re-
ports, particularly focused on the TMJ and articular cartilage,
are inconsistent. Studies on the effects of testosterone on joint
tissues are limited, and although there are beneficial implica-
tions for IVD, TMJ, and articular cartilage biology, further stud-
ies are warranted to understand the biology underlying joint
health and to develop therapeutics for patients suffering from
joint pathologies.
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