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Prevalence of signs and symptoms of temporo-mandibular disorder
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Abstract
Purpose The aim of the present study was to detect the prevalence of temporomandibular disorders (TMD) in patients
with untreated obstructive sleep apnea (OSA) and to compare the results with healthy controls, matched for sex and age.
Methods Forty-one consecutive patients with OSA were prospectively recruited from the Department of Otorhinolaryngology at
the A. Gemelli Hospital prior to undergoing any treatment for OSA and independently of OSA severity. All patients underwent a
complete TMD examination according to the diagnostic criteria for temporomandibular disorders (DC/TMD) protocol. The same
examination was performed on 41 healthy controls matched for sex and age. Chi-squared test was used to compare results
between the two groups.
Results Of the 41 patients with OSA, 21 (51%) presented signs and/or symptoms of TMD compared to 13 of 41 subjects (32%)
from the control group. Headache attributed to TMD and disc displacement with reduction were the most common diagnoses,
with a statistically significant difference between the two groups (p<0.05).
Conclusions The prevalence of TMD signs and symptoms is significantly higher in untreated patients with OSA compared to
healthy controls.
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Introduction

Obstructive sleep apnea (OSA) is a common sleep disorder
affecting from 9 to 49% of the general population [1, 2], char-
acterized by intermittent episodes of partial or complete air-
way obstruction that impairs normal ventilation [3].

Serious consequences are related to untreated OSA includ-
ing snoring, arousals, diabetes, depression, cardiovascular dis-
eases, and increased risk of mortality [4–6].

A bidirectional relationship has been suggested for poor
sleep and pain and a reciprocal relationship has been described
between chronic musculoskeletal pain and sleep [7, 8].
Common musculoskeletal conditions are temporomandibular
disorders (TMD). They are characterized by pain or dysfunc-
tion involving temporomandibular joint (TMJ), masticatory
muscles, or both [9]. TMDs are a significant burden for adult
population, as they represent the second most common mus-
culoskeletal pain source [10]. The association between TMD
pain and sleep fragmentation is still not well understood, but it
seems to have a reciprocal influence. In fact, it has been shown
that up to 90% of patients suffering from TMD have comorbid
sleep disorders [11, 12], but also that patients experiencing
OSA signs and symptoms are more likely to present first-
onset TMD [13].

TMDs were found to be highly prevalent in OSA patients
referred for mandibular advancement device (MAD) therapy
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[14]. Since MAD therapy is mainly suggested for patients
with mild to moderate sleep apnea [15], these findings may
not be representative of the general OSA population.

The aim of the present study was to observe the prevalence
of TMD in untreated OSA patients and to compare the results
to healthy controls, matched for sex and age.

Material and methods

We prospectively recruited consecutive patients with OSA
from the Department of Otorhinolaryngology at the A.
Gemelli Hospital with indications for drug-induced sleep en-
doscopy (DISE) not yet undergoing treatment for OSA.
Subjects were included if they had >18 years of age and pre-
sented with apnea-hypopnea index (AHI) of >5 determined by
polysomnographic study (PSG) as recommended by the
American Academy of Sleep Medicine guidelines [16]. An
apnea event was defined as the cessation of airflow for >10
sec; a hypopnea event was defined as a reduction in amplitude
of airflow or thoracoabdominal movement to <50% of the
baseline for >10 sec.

Data regarding AHI, minimum oxygen saturation during
DISE and site of obstruction observed by DISE were
collected.

The control group was selected from the dental clinic at A.
Gemelli Hospital, from patients presenting for regular oral
hygiene check-ups as they were considered representative of
the general population. In order to reduce the risk of including
undiagnosed sleep apnea patients in the control group, all
patients were asked to fill in both questionnaires related to
Epworth sleepiness scale (ESS) [17] and Berlin questionnaire
for sleep-disordered breathing [18]. Subjects from the control
group were matched for sex and age to OSA patients.

All patients underwent a complete medical and dental ex-
amination, during which anthropometric measurements were
recorded as well. A complete TMD analysis was performed
according to the Italian version of the diagnostic criteria for
temporomandibular disorders (DC/TMD) [19], which repre-
sents the gold standard for TMD diagnosis for both clinical
and research purposes. It consists of several anamnestic ques-
tionnaires and a clinical examination, performed by a calibrat-
ed clinician. The DC/TMD examination includes records of
mandibular movements, TMJ noises during function as well
as muscle and TMJ palpation. Both Axis I (clinical examina-
tion) and Axis II (psychological effect of pain) are examined.
The diagnosis is obtained according to the DC/TMD diagnos-
tic decision tree. The same researcher was responsible for all
examinations throughout the study. In order to reduce the risk
of bias, OSA patients were examined before the clinician
accessed their medical chart and before they underwent DISE.

Subjects were excluded if they presented some kind of
cognitive impairment, due to difficulties in undergoing TMD

examination; if they presented dental problems; if they were
assuming medications that would alter pain perception; or if
they did not sign the informed consent. Subjects from the
control group were excluded also if they were diagnosed with
OSA or if they resulted at risk of suffering from sleep apnea
from questionnaires.

The ethical committee of the A. Gemelli Hospital approved
the protocol with number 7372/18 before starting the trial.

Demographic and polysomnographic data are presented
as mean and standard deviation. X-squared test was used
to compare results between the two groups. The sample
size was calculated assuming a prevalence of 52% TMD
in OSA population [14] and between 5 and 33% in the
general population [20]. A 95% confidence interval and a
power of 0.80 were used. The minimum sample size re-
quired was 79 patients total.

Results

Between May 2018 and July 2019, a total of 86 patients were
invited to participate in the study. Of the 42 consecutive pa-
tients with OSA who were examined, one patient was exclud-
ed because of the assumption of pain medication before the
examination. Of the 46 controls, 3 patients were excluded
because they were considered at risk of suffering from sleep
apnea after completing the ESS and Berlin questionnaires for
sleep-disordered breathing; and one patient was excluded be-
cause she received a positive diagnosis of OSA. As a result, a
total of 82 patients were enrolled in the study: 41 patients
with OSA and 41 controls matched for sex and age. The sam-
ple consisted of 62 men and 20 women; the median age of
patients with OSA was 49.7+10.5 and the median age of the
controls was 50.3+15.4 years.

The median AHI of patients with OSA was 20.9+12.8
where 15 patients presented with mild sleep apnea (AHI > 5
events per hour); 17 with moderate sleep apnea (AHI > 15
events per hour); and 9 with severe sleep apnea (AHI > 30
events per hour).

The median body mass index (BMI) of patients with OSA
was 26.2+3.3 where 25 of 41 patients presented a BMI equal
or higher than 25; the median BMI of the controls was 20+2.8
where 4 of 41 subjects presented a BMI equal or higher than
25. Patient characteristics can be viewed in Table 1.

According to the DC/TMD classification, in the OSA
group, 21 patients (51%) presented signs and/or symptoms
of TMD where 15 patients (36.6%) presented with pain-
related TMD and headache and headache attributed to TMD
was the most common diagnose. In the control group, 13
patients (32%) presented signs and/or symptoms of TMD
where 8 patients (20%) presented with pain-related TMD
and headache and local myalgia was the most common diag-
nose. The difference between groups was statistically
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significant (p<0.05). Pain-related TMD diagnosis is shown in
Table 2.

As far as clinical diagnosis of intra-articular joint disorder
or degenerative joint disorders, 16 patients (39%) presented
with some disorder in the OSA group, compared to 10 patients
(24%) in the control group. A clinical diagnosis of disc dis-
placement with reduction was the most common diagnose in
both groups. The difference between groups was statistically
significant (p<0.05). Intra-articular joint disorder or degener-
ative joint disorder is shown in Table 3.

Ten patients (24%) in the OSA group presented with both
pain-related and joint disorder compared to 5 (12%) in the
control group.

When observing only female patients, in the OSA group, 8
(80%) out of 10 patients presented signs and/or symptoms of
TMD, compared to 4 female subjects (40%) in the control
group. The difference between groups was statistically signif-
icant (p<0.05).

Regarding the Axis II examination, 16 OSA patients (39%)
presented positivity to one or more questionnaires when com-
pared to 7 subjects (17%) from the control group.

A statistically significant difference was found between the
two groups regarding all the examined parameters.

As far as OSA patients, no correlation was found between
TMD and other parameters such as severity of OSAmeasured
by AHI, minimum oxygen saturation during DISE, or site of
obstruction observed by DISE procedure.

Discussion

The results of the present study show that the prevalence of
TMD signs and symptoms is higher in untreated patients
with OSA compared to healthy controls.

Our findings are consistent with the idea that sleep depri-
vation and disruption in sleep structure are associated to

Table 1 Subject characteristics
OSA group Control group

Number of patients, N (%) 41 (100%) 41 (100%)

Age (years) 49.7+10.5 50.3+15.4

Male/female, N 31/10 31/10

Apnea-hypopnea index, (N/h) 20.9+12.8 /

Mild OSA, N (%) 15 (37%) /

Moderate OSA, N (%) 17 (42%) /

Severe OSA, N (%) 9 (22%) /

Minimum oxygen saturation, N (%) 82.4+8.8 /

Body mass index (kg/m2) 26.2+3.3 20+2.8

Signs and/or symptoms of TMD, N (%) 21 (51%) 13 (32%)

Pain-related TMD and headache, N (%) 15 (37%) 8 (20%)

Intra-articular joint disorder or degenerative joint disorder, N (%) 16 (39%) 10 (24%)

N=number; N/h= number of events per hour; OSA=obstructive sleep apnea; TMD=temporomandibular disorders

Values are means + standard deviation

Table 2 Pain-related TMD and
headache assessed by DC/TMD Pain-related TMD and headache OSA group

Total, n=41

Control group

Total, n=41

Headache attributed to TMD 4 1

Myofascial pain 2 /

Myofascial pain with referral 1 1

Local myalgia 2 3

Headache attributed to TMD and myofascial pain 1 /

Myofascial pain with referral and arthralgia 3 1

Local myalgia and arthralgia 2 1

Headache attributed to TMD and arthralgia / 1

DC/TMD=diagnostic criteria for temporomandibular disorders; OSA=obstructive sleep apnea;
TMD=temporomandibular disorders
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musculoskeletal pain, tenderness, and fatigue not only affect-
ing other body sites [21] but also masticatory structures.

The high prevalence of TMDs in patients with OSA referred
for oral appliance therapy was already demonstrated by Cunali
et al. [14]; and our data allow to expand their results to all
patients with OSA independent of the treatment offered and
using the new gold standard for TMD diagnosis. To our knowl-
edge, no other such studies have reported TMD prevalence ac-
cording to the DC/TMD classification in patients with OSA or
evaluated this condition independent of the treatment offered.

The distribution of patients suffering from TMDs in the
general population shows that female gender is more affected
than males [20, 22] and our results indicate that this difference
becomes evenmore evident when observing patients suffering
from OSA. This finding suggests that a special attention
should be driven when examining women with OSA. It has
been reported that the prevalence of TMD pain varies with age
with a peak occurring between 30 and 60 years of age [22, 23].
Considering that OSA prevalence tents to increase from the 35
years of age and that it is mainly observed in patients above 50
years of age [2], it creates the likelihood that patients with
OSA present also TMD. Considering these data, the presence
of a control group becomes even more important. The preva-
lence of TMDs observed in our control group is consistent
with what described by Iodice et al. [22] in the adult Italian
population, confirming our findings.

A significant difference between the OSA group and
the control group was also observed regarding the psycholog-
ical effect of pain measured by Axis II. Considering the al-
ready known association between OSA and other comorbidi-
ties like depression and anxiety [4] as well as the association
between these conditions and TMD [24], depression and anx-
iety could be aggravating factors for TMDprevalence onOSA
patients. These data underlie the importance that patients suf-
fering from OSA undergo a complete examination by a mul-
tidisciplinary team. Dental sleep specialists have recently
gained a role in OSA treatment as they can suspect the pres-
ence of the disease and, in some patients, provide therapy by
administering MADs and preventing and treating side effects
related to their use [25–27]. Another possible aggravating fac-
tor is the higher BMI in patients with OSA compared to con-
trols as body fat has been demonstrated to be associated to
musculoskeletal pain in healthy subjects [28].

A limitation of the present study is the bias related to the
control group as they resulted not at risk of suffering from
sleep apnea from questionnaires, but they did not have a
PSG to confirm the data. Considering the possibility that pa-
tients judged not at risk of suffering from OSA actually have
the disease, we may have overestimate TMD prevalence in the
control group. As the difference between the study and control
group is so significant, we believe that this limitation does not
undermine the findings of the study. Among other limitations,
we were not able to observe a statistically significant correla-
tion between TMD severity and OSA severity measured by
AHI, but a larger sample would have been needed to confirm
this finding.

No correlation between type or anatomical location of ob-
struction and TMD was observed. Further studies are needed
to evaluate if an association is present between sites of ob-
struction and sleep bruxism [29]. It has been suggested that
sleep dysfunction might be not only a consequence of pain but
also pathogenic [30]. Future studies are needed to assess
whether OSA therapy may provide some effects also on
TMD signs and symptoms.

Conclusion

The present study has shown that the prevalence of TMD
signs and symptoms is significantly higher in untreated pa-
tients with OSA compared to healthy controls. These findings
suggest that sleep specialists should be aware of comorbidities
in orofacial area not only when administering MAD therapy
but also when approaching patients with OSA with other ther-
apies, suggesting the need of a strong collaboration between
sleep physicians and dental sleep specialists.

Abbreviations AHI, Apnea-hypopnea index; BMI, Body mass index;
DC/TMD, Diagnostic criteria for temporomandibular disorders; DISE,
Drug-induced sleep endoscopy; ESS, Epworth sleepiness scale; MAD,
Mandibular advancement device; OSA, Obstructive sleep apnea; PSG,
Polysomnographic study; TMD, Temporomandibular disorders; TMJ,
Temporomandibular joint
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