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Abstract 

Background Estrogen replacement therapy (ERT) is a common hormonal treatment for postmenopausal women, 
aimed at alleviating menopausal symptoms and reducing the health risks associated with estrogen deficiency. 
However, the impact of ERT on temporomandibular disorders (TMDs) remains unclear. This systematic review aims 
to evaluate the relationship between ERT and TMDs, including TMD occurence, pain, and associated symptoms.

Methods A comprehensive search of seven electronic databases was conducted using predefined search terms 
and Boolean operators. Inclusion criteria encompassed studies examining the association between ERT and TMDs. 
Two independent reviewers screened the identified articles, extracted data, and assessed the risk of bias using 
the RoB -2 tool.

Results Search strategy identified a total of 3 articles which met the inclusion criteria. The included studies investi-
gated the impact of ERT on TMD occurrence and its related symptoms. The analysis revealed no significant associa-
tion between ERT and TMD occurrence. A significant dose relationship was noted in one of the studies while another 
mentioned the possible relationship of TMD with educational status. Risk of bias among the studies was low, 
and the overall quality of evidence was deemed to be high.

Conclusion This systematic review suggests that there is no conclusive evidence supporting an increased risk 
of TMDs among women receiving ERT. The findings indicate that ERT is unlikely to have a noticeable impact on TMDs. 
However, due to the limited number of studies available, further research is warranted to strengthen these conclu-
sions and explore potential factors that may influence the relationship between ERT and TMDs.
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Introduction
Temporomandibular disorders (TMDs) are a group of 
conditions affecting the temporomandibular joint and 
associated structures, characterised by pain, dysfunc-
tion, and impaired quality of life [1–8]. Common symp-
toms include jaw pain or tenderness, often exacerbated 
by chewing or jaw movement. Individuals with TMD may 
experience limitations in jaw movement, such as diffi-
culty opening the mouth widely or a sensation of the jaw 
getting stuck. Clicking, popping, or grating sounds dur-
ing jaw movement may also occur. Sometimes, TMD can 
also manifest as facial pain, headaches, and discomfort in 
the neck and shoulders, reflecting the intricate interplay 
between the temporomandibular joint and surrounding 
musculature. These symptoms can significantly impact 
daily activities such as eating, speaking, and facial expres-
sions, emphasising the importance of timely diagno-
sis and management. These disorders pose a significant 
health burden, with one study indicating that nearly 80% 
of the female participants in their study required treat-
ment due to TMDs. TMDs primarily affect women, par-
ticularly those in their reproductive and postmenopausal 
years, suggesting a potential role for hormonal factors in 
the development and progression of these disorders [9] 
(Table 1).

Estrogen replacement therapy (ERT) is a commonly 
prescribed hormonal therapy for postmenopausal 
women to alleviate menopausal symptoms and mitigate 
the health risks associated with estrogen deficiency [10]. 
ERT can be administered in various forms, including oral 

tablets, transdermal patches, and vaginal creams. In addi-
tion to estrogen, some women may also receive progestin 
as part of their hormone replacement regimen. Proges-
tin is a synthetic form of progesterone, a naturally occur-
ring hormone in the female body [11]. Both estrogen and 
progestin play distinct roles in HRT and contribute to 
the overall hormonal balance in postmenopausal women 
[12].

Estrogen, the primary female sex hormone, exerts a 
wide range of effects throughout the body. It plays a cru-
cial role in maintaining reproductive health, bone den-
sity, and cardiovascular function [12]. Estrogen receptors 
are present in various tissues, including the ovaries, 
uterus, breasts, brain, and bones. By binding to these 
receptors, estrogen regulates gene expression and modu-
lates cellular activity [13]. In the context of HRT, estrogen 
helps alleviate menopausal symptoms such as hot flashes, 
vaginal dryness, and mood swings. It also helps prevent 
osteoporosis by promoting bone formation and inhibit-
ing bone resorption [13]. Furthermore, estrogen has ben-
eficial effects on lipid metabolism, blood vessel dilation, 
and cognitive function [14].

Progestin, on the other hand, is primarily used in 
combination with estrogen in HRT regimens to provide 
additional benefits and mitigate certain risks associ-
ated with estrogen alone [15–19]. Progestin acts on the 
endometrium (the lining of the uterus) and helps prevent 
endometrial hyperplasia and the development of uterine 
cancer in women with an intact uterus. This is particu-
larly important because unopposed estrogen therapy can 
increase the risk of endometrial hyperplasia and cancer 
[20]. Progestin provides a protective effect by counteract-
ing the proliferative effects of estrogen on the endome-
trium. By adding progestin to the HRT regimen, the risk 
of endometrial cancer can be effectively minimized [20].

Beyond its effects on menopausal symptoms and bone 
health, estrogen exerts influences on numerous physi-
ological processes throughout the body [21]. Estrogen 
receptors are present in various tissues, including the 
reproductive organs, brain, cardiovascular system, and 
musculoskeletal system [13]. This widespread distribu-
tion of estrogen receptors suggests that estrogen has 
multifaceted actions and may impact diverse aspects of 
health and well-being [13].

However, the impact of ERT on TMDs remains contro-
versial. Estrogen replacement therapy can impact TMDs 
in several ways when analysed on molecular levels. The 
first mechanism could be the hormonal influence on con-
nective tissues. Estrogen is known to have an impact on 
the synthesis and metabolism of collagen and other extra-
cellular matrix components. TMD often involves changes 
in the temporomandibular joint (TMJ) and surrounding 
tissues. Fluctuations in estrogen levels could influence 

Table 1 Abbreviations used in this review

Term Abbreviation used

Estrogen replacement therapy ERT
Hormone replacement therapy HRT
Craniomandibular index CMI
Odds ratio OR
Risk ratio RR
Control group CG
Confidence interval CI
Temporomandibular disorders TMD
Research Diagnostic Criteria for Temporomandibu-
lar Disorders

RDC/TMD

Postmenopausal PM
Visual analogue scale VAS
Temporomandibular joint TMJ
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the structural integrity and remodelling of these tissues. 
The second possible mechanism is the role of estrogen in 
inflammatory responses. Estrogen has immunomodula-
tory effects and can influence inflammatory responses. 
Inflammation is implicated in TMD, and hormonal fluc-
tuations may contribute to the inflammatory processes 
in the temporomandibular joint and associated struc-
tures. ERT can also affect neurotransmitter regulation 
and thereby affect TMDs. Estrogen receptors are present 
in the central nervous system, including areas related to 
pain modulation. Changes in estrogen levels may affect 
neurotransmitter systems involved in pain perception, 
potentially influencing the experience of pain associated 
with TMD. Some studies have suggested that ERT may 
increase the risk of TMDs, possibly through its influence 
on hormonal balance and connective tissue metabolism 
[22–25]. On the other hand, conflicting evidence exists, 
with studies reporting no significant association between 
ERT and TMDs. Despite the potential clinical implica-
tions, there is currently no comprehensive review sum-
marizing the available evidence on this topic in terms of 
qualitative statistical synthesis. Therefore, this systematic 
review aims to address this gap in knowledge by system-
atically examining the literature and synthesizing the evi-
dence regarding the association between ERT and TMDs. 
By conducting a comprehensive search across multiple 
databases and employing rigorous inclusion and exclu-
sion criteria, this review aimed to identify and analyze 
relevant studies that have investigated the impact of ERT 
on TMD occurrence and the presence of pain and symp-
toms related to TMDs.

Materials and methods
Eligibility criteria
The PICOS (population, intervention, comparison, out-
come, study design) strategy employed for the study was.

Population
The population of interest was female (women), irrespec-
tive of their age.

Intervention
The intervention of interest was ERT. This encompassed 
the administration of exogenous estrogen, including vari-
ous forms such as oral medications, transdermal patches, 
or injections.

Comparison
The comparator group was individuals who did not 
receive ERT. This could include individuals receiving 
a placebo, individuals not undergoing HRT, or those 

undergoing alternative treatments for the same medical 
conditions.

Outcome
The primary outcome of interest was the risk or inci-
dence of TMDs. This included various aspects of TMD, 
such as signs and symptoms, pain, dysfunction of the 
TMJ, or related psychosocial factors.

Study design
The study designs considered were randomised con-
trolled trials (RCTs) and case–control studies.

The inclusion and exclusion criteria for this study were 
carefully established to ensure the selection of relevant 
and high-quality studies.

Inclusion criteria

1. Study Design: Only original research articles pub-
lished in peer-reviewed journals

2. Population: The study population consisted of indi-
viduals who were receiving ERT or HRT for various 
indications or conditions.

3. Intervention: The primary intervention of interest 
was ERT or HRT, either in the form of exogenous 
estrogen or a combination of estrogen and progestin.

4. Outcome: The main outcome of interest was the 
occurrence, prevalence, or incidence of TMDs. Stud-
ies reporting relevant measures of TMDs, such as 
clinical diagnosis, symptomatology, or validated 
assessment tools, were included.

5. Language and Publication Date: No language or 
publication date restrictions were imposed to 
ensure a comprehensive search and inclusion of 
relevant studies.

Exclusion criteria

1. Animal Studies: Studies conducted on animal models 
or in vitro experiments were excluded.

2. Review Articles and Case Reports: Review articles, 
systematic reviews, meta-analyses, and case reports 
were excluded from the review. However, the refer-
ence lists of relevant review articles were screened 
for potential inclusion.

3. Irrelevant Studies: Studies that did not specifically 
investigate the association between ERT and TMDs 
were excluded.

4. Duplicate Studies: Duplicate studies or redundant 
publications from the same study were excluded to 
avoid duplication of data.
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Search strategy
This review follows the PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analy-
ses) protocol [26] and is registered with PROSPERO 
(CRD42023439749).

Seven databases were comprehensively searched for 
relevant articles. Boolean operators (AND, OR) and 
MeSH (Medical Subject Headings) keywords were 
employed to construct the search strategy and capture 
the desired literature. The search strategy utilised a com-
bination of keywords and MeSH terms related to ERT 
and TMDs, ensuring the inclusion of relevant articles. 
The search strategy employed boolean operators (AND, 
OR) to combine the keywords and MeSH terms effec-
tively, as seen in Table 2.

Data extraction
Two reviewers ensured the meticulous and reliable extrac-
tion of data from selected studies. A standardised data 
extraction form was developed, encompassing various key 
aspects such as study characteristics, participant demo-
graphics, intervention details, outcome measures, and 
other relevant data points. The data extraction process 
was conducted independently by each reviewer. In cases 
of uncertainty or disagreement, consensus meetings and 
discussions were held among the reviewers to reconcile 
discrepancies and reach a consensus on the extracted data.

Quality assessment
The ROB-2 (Risk of Bias in Randomised Studies of Inter-
ventions) tool was employed to assess the quality of the 
studies included [27]. Two reviewers independently eval-
uated each included study to identify potential sources 
of bias across several domains. The reviewers evaluated 
each domain according to pre-defined criteria and guide-
lines provided by the tool, assigning a judgement of low, 
high, or critical risk of bias. In cases of disagreement or 
uncertainty, consensus meetings were held to reach a col-
lective decision.

Results
Study characteristics
Of the 428 studies screened, only three studies fulfilled 
the eligibility criteria and were involved in the final 
analysis (Fig. 1).

Table  3 provides an insight into the study IDs, pub-
lication year, location of the study, sample size, and age 
ranges of the participants.The studies included are Hatch 
et al. [26], LaResche et al. [27] and Nekora et al. [28]. Two 
studies were conducted in the USA and one in Turkey. 
The study sample ranged from 91 to 1291. The majority 
of the study population was in the  4th or  5th decade. The 
study by Nekora et al. was conducted on post-menopau-
sal women.

Main findings
Table  4 provides an overview of the studies included 
in the analysis, such as study design, groups assessed, 
TMD assessment techniques, HRT types used, infer-
ences, and additional inferences. Overall, two studies 
showed no difference in TMD occurrence with oestro-
gen replacement, while one showed a definite associa-
tion between the variables. This suggests that there is no 
conclusive evidence of HRT for the occurrence of TMD 
or its possible risk.

The study by Hatch et al. [26] indicated that the use 
of exogenous estrogen in HRT did not increase the risk 
of developing TMD. This finding implies that women 
who underwent estrogen replacement therapy are not 
more likely to experience TMD compared to those who 
do not receive HRT. The analysis also considered other 
factors such as socioeconomic status, lifestyle, and 
healthcare utilization. Similarly, the study by Nekora 
et  al. [28] found no significant difference in the signs 
and symptoms of TMD between the HRT group and 
the control group. This suggests that HRT, regardless 
of the specific type used, does not seem to influence 
the occurrence of TMD symptoms in the population 
studied. In contrast, the study by LeResche et  al. [27] 
reported a higher odds ratio among estrogen users 

Table 2 Search strategy implementation across different databases

Database Search Terms

PubMed/MEDLINE (estrogen[MeSH Terms] OR hormone replacement therapy OR HRT) AND (temporomandibular joint disorders[MeSH 
Terms] OR TMD OR TMJ disorders)

Embase (estrogen OR hormone replacement therapy OR HRT) AND (temporomandibular joint disorder OR TMD OR TMJ disorder)

Cochrane Library (estrogen OR hormone replacement therapy OR HRT) AND (temporomandibular disorder OR TMD OR TMJ disorder)

Scopus (estrogen OR hormone replacement therapy OR HRT) AND (temporomandibular disorder OR TMD OR TMJ disorder)

Web of Science (estrogen OR hormone replacement therapy OR HRT) AND (temporomandibular disorder OR TMD OR TMJ disorder)

PsycINFO (estrogen OR hormone replacement therapy OR HRT) AND (temporomandibular disorder OR TMD OR TMJ disorder)

CINAHL (estrogen OR hormone replacement therapy OR HRT) AND (temporomandibular joint disorder OR TMD OR TMJ disorder)
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compared to non-exposed individuals, suggesting a 
potential association between estrogen-based HRT 
and TMD. Additionally, a dose–response relationship 
was observed, indicating that higher estrogen exposure 
may further increase the risk of TMD. The study also 
found that oral contraceptive use was associated with 
an increased risk of TMD, approximately 20% higher. 
These findings suggest a potential role of specific HRT 

formulations, such as progestin and estrogen combina-
tions, in influencing TMD risk.

Risk of bias
The studies were represented as being of high quality as 
assessed by the ROBINS-1 tool, as seen in Figs. 2 and 3. 
The only domain that raised concern in all three studies 
was outcome assessment objectively, as none used the 
standard criteria for TMD evaluation, such as DC/TMD.

Fig. 1 Graphical representation of the PRISMA guideline utilisation in the review

Table 3 Assessment of demographic variables selected for the review

Study ID Year Region Sample size (n) Age range (in years)

Hatch et al. [26] 2001 USA 174 37–82

LeResche et al. [27] 1997 USA 1291 (post -menopausal) . > 40

Nekora et al. [28] 2008 Turkey 91 (post-menopausal) 52.51 ± 5.26
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The study of LeResche et al. [27] included participants 
who were referred for TMD related symptoms. The study 
of LeResche et  al. [27] and Nekora et  al. [28] included 
only postmenopausal women on ERT. Hatch et al. did not 
specify about menopause criteria, but the authors con-
ducted a sensitivity analysis based on age groups to dif-
ferentiate between ovulating and non-ovulating women.

Discussion
The findings of this review contribute to the existing lit-
erature by addressing a research gap. The limited num-
ber of studies examining the relationship between ERT 
and TMDs emphasizes the importance of this review as 
it consolidates and critically evaluates the available evi-
dence. This comprehensive analysis helps to overcome 
the limitations of individual studies and provides a 
more robust understanding of the association between 
ERT and TMDs [29].

The study of Hatch et al. [26] analysed their samples 
based on SES and literacy rate. Medicines consumed 
were also looked into by the researcher. Calibration of 
the examiner was done for CMI. Additionally, they also 
reported that women on ERT perceived self-control 
over their health and had greater dental consultations 
than their control cohorts. This observation could be 
because of the greater dental health insurance cover-
age in ERT group. In the study of LeResche et al. [27], 
four controls were considered intitially for every case 
recruited. Though this was a strong methodological 
point, the fact that the study included cases those who 
were referred for TMD pain is not to be overlooked. 
Also, there could be women who experienced TMD 
pain, but did not report to the clinics. The study of 
Nekora et al. [28] included women who attained meno-
pause both naturally and surgically. Associated muscles 
of TMJ were also palpated. Examiner remained blind to 
the sample allocation of groups. All the studies had cer-
tain limitations such as not considering the duration of 
ERT and their current blood levels. Also, none of the 
studies addressed the severity of TMD.

The implications of this review are twofold. First, the 
results suggest that ERT does not appear to increase 
the risk of TMD occurrence or worsen TMD-related 
pain and symptoms in women. This finding is valuable 
for clinicians who prescribe or consider ERT for vari-
ous indications, including menopausal symptoms. It 

Fig. 2 Risk of bias graph of included studies

Fig. 3 Risk of bias summary of included studies
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provides reassurance regarding the potential effects of 
ERT on TMDs, which can inform treatment decisions 
and improve patient management. Additionally, the 
review highlights the need for further research in this 
area. The limited number of studies identified during 
the review process underscores the scarcity of available 
evidence on the specific relationship between ERT and 
TMDs. Future studies should aim to fill this gap by con-
ducting well-designed prospective studies with larger 
sample sizes and longer follow-up periods. Addition-
ally, it is crucial to explore the potential influence of 
different types and regimens of ERT on TMDs to pro-
vide a better understanding of this association [30–37]. 
The impact of this review on the literature is significant, 
as it consolidates the existing evidence and provides a 
comprehensive analysis of the relationship between 
ERT and TMDs. By highlighting the current gaps in 
knowledge and calling for further research, this review 
encourages scientific exploration in this field. Future 
studies inspired by this systematic review may contrib-
ute to a more substantial body of evidence, leading to a 
deeper understanding of the impact of ERT on TMDs 
and guiding clinical decision-making.

Numerous articles have explored the relationship 
between estrogen TMDs, yielding varying and contra-
dictory results. In some studies, it was observed that 
higher estrogen levels were associated with a reduction 
in TMD pain [38–42]. Conversely, a couple of studies 
suggest that TMD was linked to elevated estrogen lev-
els [43, 44]. However, due to insufficient data in one of 
the papers that we selected for our review, it remains 
inconclusive which subgroups of painful TMD are 
influenced by estrogen [28] It is important to consider 
that the prevalence of TMD in the studied population 
might have been affected by the administration of HRT, 
particularly ERT, primarily to women who have under-
gone hysterectomy. Additionally, it is worth noting that 
the surgical procedure itself, including endotracheal 
intubation, could transiently contribute to TMD pain 
[45]. Hence, exclusion of post-surgery patients from the 
study would have been beneficial to isolate the effects 
of estrogen on the TMJ.

Elevated estrogen levels were linked to an increased 
prevalence of TMD in some animal model studies [46, 47]. 
Estrogen’s involvement in the development of TMDs can 
be attributed to its impact on the composition of the extra-
cellular matrix in TMJ fibrocartilage [47]. Moreover, inves-
tigations focusing on the influence of estrogen deficiency 
on the TMJ have revealed that the absence of estrogen 
can induce pathological alterations within the joint. For 
instance, estrogen deficiency has been shown to dimin-
ish the synthesis of sulfated proteoglycans in articular 

cartilage, as evidenced in animal models [48, 49]. Addi-
tionally, estrogen can affect the synovial membrane by 
modulating collagen and protein content within the TMJ 
disc [50–52]. Collagen and elastin, major constituents of 
the TMJ disc, often exhibit structural changes in the pres-
ence of TMD symptoms, with sex hormones playing a sig-
nificant role in regulating collagen and elastin synthesis. 
Following ovariectomy, an increase in the soft tissue layer 
and a decrease in bone volume and density within the TMJ 
have been observed, but restoration of these altered histo-
morphometric parameters can be achieved through ERT 
[53].

Despite its valuable contributions, this paper has 
several limitations that should be considered. These 
limitations may impact the interpretation and general-
izability of the review’s findings. The first is the poten-
tial for publication bias. The review process typically 
includes searching for published studies, and there is 
a possibility that studies with null or non-significant 
findings may not have been published, leading to an 
overrepresentation of studies reporting positive or 
significant results. This bias could affect the overall 
conclusions of the review and introduce an element of 
uncertainty. Second, the included studies in this review 
may have heterogeneity in terms of study design, pop-
ulation characteristics, assessment techniques, and 
reporting methods. Such heterogeneity can make it 
challenging to perform a quantitative synthesis and 
increase the risk of confounding factors influencing 
the results. Furthermore, the review’s findings may be 
influenced by the specific databases searched, poten-
tially excluding relevant studies not indexed in those 
databases. It is also important to note that this review 
focuses specifically on the association, if any existing 
between ERT and TMDs, and the results may not be 
applicable to other hormonal therapies or conditions. 
The generalizability of the findings to diverse popula-
tions or specific subgroups may be limited, particu-
larly if the included studies predominantly represent a 
specific demographic or geographic region.

The limited number of studies highlights a notable gap 
in the literature evidence available assessing the relation-
ship between TMDs and ERT. Though the current sys-
tematic review presents initial insights, future research 
endeavours are needed to fulfil rigorous qualifying 
standards in order to enhance the scientific comprehen-
sion of this intricate relationship. Well-designed inves-
tigations are imperative to enrich the knowledge base, 
enhance statistical power, and facilitate more accurate 
conclusions.
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Conclusion
This review suggests that there is a lack of consensus 
regarding the relationship between ERT and TMDs. 
While one study reported a potential increased risk of 
TMDs with ERT use, others did not find a significant 
association. The heterogeneity of the included stud-
ies and the limitations of the available evidence should 
be considered when interpreting these findings. The 
review identified limitations such as potential publica-
tion bias, heterogeneity in study designs and character-
istics, varying methodological quality, and limitations 
in data availability. These factors highlight the need for 
further well-designed studies with larger sample sizes, 
standardized assessment techniques, and appropri-
ate control for confounding variables to enhance the 
understanding of the association between ERT and 
TMDs. A future research perspective could focus on 
unravelling the molecular and cellular mechanisms 
through which estrogen influences the various com-
ponents of the temporomandibular joint and associ-
ated structures. Future studies can also be undertaken 
to determine whether ERT can impact different TMD 
subtypes. This could facilitate more targeted therapeu-
tic approaches based on the specific characteristics of 
the disorder.
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