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Abstract

Background: Over the past few years, researchers have investigated whether vary-
ing menstrual statuses and oestrogen levels could affect the likelihood of temporo-
mandibular disorders (TMDs), with conflicting results. While some studies suggest a
potential link between increased oestrogen levels and higher TMD risk, others have
found no correlation. It is worth noting that oestrogen levels can impact the structure
and function of the temporomandibular joint (TMJ). In the light of these findings, our
study seeks to investigate the prevalence of TMDs among pregnant women.
Methods: We searched in PubMed, Web of Science and Lilacs for articles published
from the inception until 20 January 2023. We applied the Population, Exposure,
Comparator and Outcomes (PECO) model to assess the document eligibility: (P)
Participants: female human subjects. (E) Exposure: pregnancy. (C) Comparison: preg-
nant women compared to non-pregnant women in the childbearing age. (O) Outcome:
TMDs diagnosis. Only study providing data about the prevalence in both group (preg-
nant and non-pregnant) were included. We set the following exclusion criteria: (1)
diagnosis of rheumatic diseases or chronic inflammatory disorders (e.g. rheumatoid
arthritis, juvenile, idiopathic arthritis, psoriatic arthritis); (2) diagnosis of fibromyalgia;
(3) congenital abnormality or neoplastic conditions in the TMJ region; (4) studies in-
cluding subjects undergoing arthrocentesis or intra-articular infiltrations; (5) studies
including local pressure pain assessment; (6) studies including women in menopause
in the control group (7) cross-over study design; (8) language different from English;
(9) full- text unavailability (i.e. posters and conference abstracts); (10) studies involving
animals; (11) review (topical or systematic) article; (12) case reports/series; (13) studies
evaluating TMDs prevalence in subjects not pregnant. The software Review Manager
version 5.2.8 (Cochrane Collaboration) was used to perform the pooled analysis. We
measured the risk ratio (RR) between the two groups (pregnant and non-pregnant).
Results: The included subjects in this review were 440. Among them, 244 were preg-
nant while the remaining 196 were age matched non-pregnant women. Among those
pregnant 102 presented sign/symptoms of TMD or TMD diagnosis (41.8%) whereas

80 of those not pregnant were diagnosed with (40.8%). The overall effect showed
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our results.
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1 | INTRODUCTION

Temporomandibular disorders (TMDs) are a heterogeneous group of
conditions that affect the temporomandibular joint (TMJ) and the
muscles around it.}™ They involve about 15% of adults, peaking be-
tween 20 and 40vyears old>*%712 and can cause a range of symptoms,
such as jaw pain or dysfunction, earache, facial pain and headaches.
The aetiology is multifactorial, involving biologic, environmental, so-
cial and psychological factors.!314

In recent years, some authors have explored whether different
menstrual status and oestrogen levels could be associated with a
higher or lower risk of TMDs.?>¢ In particular, most of the studies
have explored the relationship that could occur between pregnancy
status and TMD prevalence.'®

Oestrogens play a role in regulating several physiologic func-
tions, including the growth and development of reproductive
organs.”*821 |y recent years, researchers have explored the rela-
tionship between estrogens and TMD.?272% The results of these stud-
ies have been controversial,?” with some suggesting that oestrogen
levels may be associated with an increased risk of TMD,?*?8 while
others have found no correlation at all.?>2° One the most relevant
finding is that oestrogen levels can influence the structure and func-
tion of the TMJ.273* Most of the clinical findings linking the oes-
trogen levels and the TMD come from studies demonstrating that
gender differences in oestradiol concentration in people aged be-
tween 15 and 45 may be implicated in TMD and other oral disease,
that is gingivitis.15 However, epidemiological studies exploring the
relationship between oestrogen levels and TMDs prevalence and se-
verity are contradictory. Indeed, on one side we have evidence that
TMDs affect predominantly women of childbearing age, suggesting
that higher oestrogen levels increase the risk of TMDs?*?8; on the
other side several epidemiological studies found an increased risk of
TMDs after the menopause transition.2>%¢

From a pathogenetic point of view, oestrogen has been found
to influence cartilage, with some studies showing that oestrogen
can have protective effects on cartilage and bone.*>% Oestrogen
treatment led to a significant decrease in cartilage thickness, as well
as an increase in proteoglycan content.'® These results suggest that

oestrogen may be involved in the regulation of the integrity of the

that there was no difference in TMD prevalence between pregnant and non-pregnant
women in childbearing age (RR 1.12; 95% Cl: 0.65-1.93), suggesting that pregnant is
neither a risk factor nor a protective factor for TMD.

Conclusions: Overall, we did not find an association between TMD and pregnancy,

neither positive nor negative. Further studies on larger samples are needed to clarify

hormones, pregnancy, pregnant, temporomandibular disorders, TMD, TMJ

TMJ cartilage and that oestrogen-based treatments could be useful
for the treatment of TMJ disorders.

During pregnancy, women are often exposed to a variety of
stressors, which may impact both maternal and fetal health. Chronic
or severe stress during pregnancy has been linked to a range of neg-
ative outcomes, including preterm birth, low birth weight and devel-
opmental delays in children. In addition, maternal stress may lead
to increased levels of cortisol and other stress-related hormones,
which can potentially cross the placenta and affect fetal develop-
ment. While some level of stress during pregnancy is normal, it is
important for healthcare providers to be aware of potential stress-
ors and provide support to help women manage stress levels and
minimise potential negative impacts on maternal and fetal health.%®
Based on this body of evidence we aim to explore the prevalence of

TMDs in pregnant women.

2 | MATERIALS AND METHODS
2.1 | Eligibility criteria

We applied the following Population, Exposure, Comparator and
Outcomes (PECO) model®” to assess the document eligibility: (P)
Participants consisted of female human subjects. (E) The Exposure
consisted of pregnancy. (C) The Comparison consisted pregnant
women compared to non-pregnant women in the childbearing age.
(O) The Outcome consisted of TMDs diagnosis.

Only study providing data about the prevalence in both group
(pregnant and non-pregnant) were included. We set the following
exclusion criteria: (1) diagnosis of rheumatic diseases or chronic in-
flammatory disorders (e.g. rheumatoid arthritis, juvenile, idiopathic
arthritis, psoriatic arthritis); (2) diagnosis of fibromyalgia; (3) congen-
ital abnormality or neoplastic conditions in the TMJ region; (4) stud-
ies including subjects undergoing arthrocentesis or intra-articular
infiltrations; (5) studies including local pressure pain assessment;
(6) studies including women in menopause in the control group (7)
cross-over study design; (8) language different from English; (9)
full- text unavailability (i.e. posters and conference abstracts); (10)

studies involving animals; (11) review (topical or systematic) article;
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(12) case reports/series; (13) studies evaluating TMDs prevalence in

subjects not pregnant;

2.2 | Search strategy

We searched in PubMed, Web of Science and Lilacs for articles pub-
lished from the inception until January 20, 2023. In Table 1 is re-
ported the search strategy used to search document in the search
engines.

We also conducted a manual search of the of published system-
atic and topical reviews on similar topics.

We conducted this systematic review following the guidance of
the Cochrane Handbook for Systematic Reviews of Interventions
and the Preferred Reporting Items for Systematic Reviews (PRISMA)
guidelines 2020. The systematic review protocol has been registered
on the International Prospective Register of Systematic Reviews
(PROSPERO) with the number CRD42022354011.

2.3 | Data extraction

The data were extracted using a manual method involving re-
viewing each source and manually selecting relevant information.
Extracted data were reported on a microsoft excel sheet and were
evaluated independently by two reviewers (GM and RF). In case of
disagreement, a consensus was reached through a third reviewer
(MC). The following data were extracted: (1) First author; (2) Year
of publication; (3) Nationality; (4) Number of study participants
(case vs. controls) (5) Age of study participants (case vs. controls);
(6) Diagnostic criteria/tools used for the diagnosis of TMD; (7)
Prevalence in pregnant women; (8) Prevalence in non-pregnant

women in childbearing age.

TABLE 1 Search strategy.

PubMed

Search: ((Temporomandibular joint) OR (temporomandibular
disorders)) AND ((Pregnant)OR (Pregnancy))

(“temporomandibular joint"[MeSH Terms] OR
(“temporomandibular”[All Fields] AND “joint”[All Fields]) OR
“temporomandibular joint”[All Fields] OR (“temporomandibular
joint disorders”[MeSH Terms] OR (“temporomandibular”[All
Fields] AND “joint”[All Fields] AND “disorders”[All Fields])
OR “temporomandibular joint disorders”[All Fields] OR
(“temporomandibular”[All Fields] AND “disorders”[All Fields]) OR
“temporomandibular disorders”[All Fields])) AND (“pregnant”[All
Fields] OR “pregnants”[All Fields] OR (“pregnancy”’[MeSH Terms]
OR “pregnancy”[All Fields] OR “pregnancies”’[All Fields] OR
“pregnancy s"[All Fields]))

Lilacs
temporomandibular disorders [Palavras] and pregnancy [Palavras] or
pregnant [Palavras]

Scopus
TITLE-ABS-KEY (pregnant OR pregnancy AND temporomandibular
AND disorders)
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2.4 | Quality assessment

The version 2 of the Cochrane risk-of-bias tool for randomised trials
(RoB 2) were used by two reviewers (RF and GM) to assess the risk
of bias in the included studies. The Cochrane RoB 2 tool is a well-
established tool for evaluating the quality of randomised trials and
it considers six domains of potential bias: random sequence genera-
tion, allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data and se-
lective reporting. Any disagreement was discussed until a consensus
was reached with a third reviewer (MC).

2.5 | Statistical analysis

Thesoftware Review Managerversion 5.2.8 (Cochrane Collaboration,
Copenhagen, Denmark; 2014) was used to perform the pooled anal-
ysis. We measured the risk ratio (RR) between the two group (preg-
nant and non-pregnant). The Higgins Index (%) and the chi- square
test were implemented to assess Heterogeneity among studies. We
classified heterogeneity as follows: low heterogeneity (<30%), me-
dium heterogeneity (30%-60%) and high heterogeneity (>60%).

3 | RESULTS
3.1 | Study characteristics

Three studies were included in the systematic review and were con-
sidered for the metanalysis, as illustrated in the PRISMA 2020 flow-
chartin Figure 1.

Twenty-eight articles were excluded before the screening: 12 re-
view articles, 8 case reports, 1 case series and 7 article were studies
on animal.

The remaining 140 articles were selected for the title and ab-
stract screening to evaluate whether they meet the PECO criteria.
Thirty-eight records were duplicates and, therefore, were excluded.
One hundred and two articles were assessed for eligibility. Among
these, 3 were not retrieved, 93 were excluded as the population
was not of interest (pregnant women) or they do not evaluate the
presence of temporomandibular disorders, 1 consider menopausal
women as control group and 2 do not consider the comparison with
a control group. The included studies have been published between
2009 and 2020. The three included study were cross-sectional in
design. All these studies compared the prevalence of TMD or TMD
related symptoms/signs between pregnant women and non-pregnant
women in childbearing age. The data extracted from each study, as
reported in the paragraph “data extraction” were reported in Table 2.

3.2 | Main findings

The included subjects in this review were 440. Among them,
244 were pregnant while the remaining 196 were age matched
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=

FIGURE 1 Prisma flowchart.

non-pregnant women. Among those pregnant 102 presented sign/
symptoms of TMD or TMD diagnosis (41.8%) whereas 80 of those
not pregnant were diagnosed with (40.8%).

Demographics and clinical characteristics of the involved sub-
jects are presented in Table 2.

In the study by Solak et al.? 110 female subjects were enrolled,
70 pregnant and 40 age-matched non pregnant. Among pregnant
women, 30% were in the | trimester, 34.3% in the Il one and 35.7% in
the Ill trimester. Five on 70 (7.1%) pregnant women while 3/40 non-
pregnant women received a diagnosis of TMD, based on Axis | of the
RDC/TMD. Among those pregnant, one presented right osteoar-
throsis, one bilateral arthralgia, one right arthralgia, one myofascial
pain and the last one presented right disc displacement with reduc-
tion. The three patients diagnosed with TMD in the control group
presented myofascial pain® and right disc displacement with reduc-
tion.! Pregnant women referred less frequently pain (measured with
graded chronic pain scale-revised); 8.6% had Grade 1 pain, 5.7% had
Grade 2 pain whereas, 37.5% of non-pregnant women had Grade 1
pain and 17.5% had Grade 2 pain.

In the study by Fischera et al,’® 108 pregnant and 90 age-
matched non-pregnant females were enrolled. Based on the anam-
nestic Helkimo index, only 19% (21/108) of pregnant women did
not report sign signs or symptoms of TMD. Nine percent reported
slight symptoms of TMD and 72% moderate TMD dysfunction.
Conversely, in the control group, only 41% reported significant TMD
dysfunction, 11% slight symptoms and 48% (43/90) did not report
TMD symptoms.

One hundred female subjects were enrolled in the study by
Mayoral et al.}’ Sixty-six pregnant and 66 non-pregnant. To eval-
uate TMD sign and symptoms the authors used the Health Patient
Questionnaire. It showed a higher frequency of joint click in the
non-pregnant women. Most of the variables considered revealed
no difference in distribution between the groups. Interestingly, at
the clinical examination non-pregnant women presented more pain-
ful at extraoral and intraoral muscle palpation, at joint areas palpa-
tion as well as in almost all the variables considered. In the clinical
examination, we observed that there were more painful extraoral

muscles, intraoral muscles and joint areas in non-pregnant women,
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TABLE 2 Main characteristics of the studies included in the present systematic review.

Number of study

TMD sign/

Age of study pariticpant, years (mean

(days)/range)

participants (pregnant vs.

non pregnant)

symptoms

prevalence in non-

TMD sign/symptoms prevalence

in pregnant women

pregnant women

Diagnostic criteria

Non pregnant

Pregnant

Nationality

Author

7.5%

7.1%
15.2%

+ RDC/TMD
87%

28.15+7.1
28.23+5.97

269+5.2
28.23+5.97

Turkey 70 versus 40

Solak et al. 2009

45.5%
47%

3t RDC/TMD

26.2+4.5

274+3.8

66 versus 66

Mexico

Mayoral et al. 2013
Fichera 2020

Helkimo index

108 versus 90

Italy

Abbreviation: RDC/TMD: research diagnostic criteria/temporomandibular disorders.
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with statistical significance in almost all the variables registered.
Applying the RDC/TMD, the authors found a higher prevalence of
TMDs in non-pregnant women compared to those pregnant (45.5%
vs. 15.2%; OR=0.411 (95% Cl 0.234-0.720) with p <.0001). Overall,
the prevalence of TMDs in pregnant women was three times less
than in nonpregnant women.

3.3 | Meta-analysis

There was a high heterogeneity (I2=94%) among the included stud-
ies, therefore the meta-analysis was conducted by random model
effect. We considered as outcome the TMD prevalence.

The overall effect, reported in the forest plot (Figure 2), showed
that there was no difference in TMD prevalence between pregnant
and non-pregnant women in childbearing age (RR 1.12; 95% Cl:
0.65-1.93), suggesting that pregnant is neither a risk factor nor a
protective factor for TMD.

3.4 | Quality assessment and risk of bias

The risk of bias of the included studies was reported in Figures 2 and 3.
Regarding the randomization process and the allocation concealement,
all the studies ensured a high risk of bias. Only two studies excluded
a performance; all the studies ensured a high risk of performance bias
(blinding of personnel) and two of the included studies present low
detection bias (for the third one it was not specified; Figure 3).

4 | DISCUSSION

Oestrogen is a hormone that plays a role in many physiological pro-
cesses, including bone and joint health. Oestrogen has been shown
to affect the TMJ, which is the joint connecting the lower jaw to the
skull.’> Recent studies have found that oestrogen deficiency is as-
sociated with increased risk of TMD.' The TMJ is a highly complex
joint, containing several components including muscles, ligaments,
nerves and cartilage. Oestrogen has been found to influence the
TMJ by modulating the expression of proteins involved in the main-
tenance of the joint, such as collagen and elastin.3*2 Oestrogen also
affects the production of prostaglandins,38 which are hormones that
help maintain the balance of cartilage. In addition, oestrogen is im-
portant for bone health.®? Oestrogen deficiency is associated with
increased risk of osteoporosis,39 which is a condition characterised
by weak, brittle bones. Oestrogen also helps maintain the strength
of the muscles that support the TMJ, including the masseter muscle
and the temporalis muscle.*® There is also evidence that oestrogen
plays a role in the development of TMD. Studies have found that
oestrogen deficiency is associated with increased risk of TMD.?’
This may be due to reduced collagen production, which leads to less
stability in the joint.27 Additionally, oestrogen deficiency has been
linked to increased pain sensitivity.
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Pregnant women Non pregnant women

Risk ratio (Non-event)

Risk ratio (Non-event) Risk of Bias

Study or Subgroup Events  Total Events Total  Weight M-H, Random, 95% CI M-H, Random, 95% ClI ABCDEF
Fichera et al. 2020 30 66 10 66 34.2% 0.64 [0.50 , 0.82] - 00® 20
Mayoral et al. 2013 47 90 87 108  29.6% 2.46 [1.58 , 3.82] . 00 ® 7 @®
Solak et al. 2009 3 40 5 70 36.2% 1.00[0.89, 1.11] 00?2 72 @®
Total (95% Cl) 196 244 100.0% 1.12[0.65, 1.93]

Total events: 80 102

Heterogeneity: Tau? = 0.21; Chi? = 31.71, df = 2 (P < 0.00001); 1> = 94%
Test for overall effect: Z = 0.41 (P = 0.68)
Test for subgroup differences: Not applicable

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Incomplete outcome data (attrition bias)

(E) Selective reporting (reporting bias)

(F) Other bias

FIGURE 2 Forest plot of the meta-analysis.

001 0.1 1 10 100
Non-pregnant women Pregnant women

Random sequence generation (selection bias) (GG
Allocation concealment (selection bias) (NG

Blinding (performance bias and detection bias): Self-reported outcomes
Blinding (performance bias and detection bias): Objective outcomes
Blinding of participants and personnel (performance bias):

Blinding of outcome assessment (detection bias): Self-reported outcomes
Blinding of outcome assessment (detection bias): Objective measures
Incomplete outcome data (attrition bias): All outcomes

Selective reporting (reporting bias)

Other bias |

0%  25% 50% 75% 100%

| B Low risk of bias

[C] Unclear risk of bias

B High risk of bias

FIGURE 3 Risk of bias domains.

Oestrogen has also been found to play a role in the treatment
of TMD.? Studies have shown that oestrogen replacement therapy
can reduce pain, improve function and enhance the healing process

.15 Overall, oestrogen plays a significant

following TMD treatmen
role in the maintenance and treatment of TMJ disorder. Oestrogen
deficiency is associated with increased risk of TMD, while oestrogen
replacement therapy can help improve TMJ function.

Pregnancy is a physiological state that brings about various
changes in a woman's body, including changes in hormonal lev-
els, increase in body weight and stress and postural changes.
Physiologically, the hormonal changes that occur during pregnancy
can lead to an increase in the production certain hormones, which
may cause structural alteration (i.e. swelling) in the TMJ and its sur-
rounding structures.!® This swelling can lead to a decrease in the
amount of space available for the jaw to move.?®#! Additionally, the
muscles and ligaments of the jaw can become weakened, leading to
a decrease in the strength of the jaw. This can cause the jaw to feel

“locked” and can make it difficult to open and close the mouth.*?43

These changes can have an impact on TMJ function, leading to
symptoms such as pain and discomfort in the TMJ, difficulty with jaw
movements and TMDs.

In this regard, LeResche et al. found that pregnancy is associated
with increased TMJ laxity and decreased pain in the muskoloskele-
tatal orofacial region pain.2® Conversely and Silveira et al.?! found
that pregnancy is associated with an increased incidence of systemic
hypermobility which is not correlated to TMJ hypermobility. Further,
evidence from experimental pain studies revealed that the high levels
of oestrogen and progesterone have antinociceptive properties.44

In this systematic review, we explored the prevalence of TMD in
pregnant women and found that it does not differ between pregnant
and non-pregnant childbearing women. In the study by Solak et al.
7.1% pregnant women and 7.5% non-pregnant women received a
diagnosis of TMD, based on Axis | of the RCD/TMD. In the study by
Fichera et al., based on the anamnestic Helkimo index, 72% of preg-
nant women referred moderate TMD dysfunction. Conversely, in
the control group, only 41% reported significant TMD dysfunction.
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Finally, in the study by Majoral et al., applying the RDC/TMD, the
authors found a higher prevalence of TMDs in non-pregnant women
compared to those pregnant (45% vs. 15%). One possible explana-
tion for these discordant results is that the different criteria applied
to diagnose TMD could have influenced the results. This possibility
is supported by the notable higher prevalence reported by Fichera
et al. compared to those reported by the other two included stud-
ies; indeed, Fichera applied the anamnestic Helkimo index to es-
timate TMD prevalence whereas Solak and Majoral the Research
Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD).
The RDC/TMD is a diagnostic classification system developed by
the American Academy of Orofacial Pain in the early 1990s. It is
used to diagnose and classify TMJ and associated musculoskeletal
pain and dysfunction disorders. The criteria have been developed
through a consensus process and has been internationally vali-
dated.*>*% Therefore, the results reported by Solak and Majoral
are to be considered more scientifically sound and strengthen that
pregnancy does not represent a risk factor for TMD.

One of the limitations of our study is the availability of studies
that met our inclusion criteria. Despite of conducting a comprehensive
search across multiple databases, we found a relatively small number of
studies that specifically examined the prevalence of TMDs in pregnant
women. As a result, our findings are limited by the available evidence
and future studies may reveal different prevalence rates or risk factors.
Additionally, as with any systematic review, our results are temporary

in nature and may become outdated as new studies are published.

5 | CONCLUSIONS

Overall, we did not find an association between TMD and preg-
nancy, neither positive nor negative.

Further studies on larger sample and applying the RDC/TMD do
estimate TMD prevalence are needed to clarify this relationship.
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