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Abstract
Purpose  The existence of a bidirectional relationship between poor sleep and pain intensity has been studied, and good 
sleep quality has been found to be a key factor underlying pain control. The purpose of this prospective cohort study was 
to observe if OSA treatment provides a reduction in temporo-mandibular disorder (TMD) pain and headache attributed to 
TMD in patients with obstructive sleep apnea (OSA) after 18 months of OSA treatment.
Methods  A prospective cohort study was conducted on consecutive patients suffering from OSA. Patients underwent poly-
somnography and TMD examination according to the DC/TMD protocol at baseline and after 18 months. Intensity of TMD 
pain and headache attributed to TMD were analyzed.
Results  Of 40 patients (31 men, mean age 51.3 ± 10.3 years), 33 underwent OSA treatment. At the follow-up examina-
tion after 18 months, significant improvements in the intensity of pain-related TMD and headache attributed to TMD were 
observed (p < 0.05). Seven patients did not start treatment for OSA or discontinued treatment. These patients did not show 
any significant difference in intensity of TMD-pain or headache attributed to TMD after 18 months (p > 0.05).
Conclusions  Significant reductions in intensity of pain-related TMD and headache attributed to TMD were observed in 
patients with OSA after 18 months of OSA treatment onset, while no difference was observed in subjects not undergoing or 
discontinuing OSA treatment.
Trial registration  The protocol was registered on ClinicalTrials.gov database with number NCT04948541.

Keywords  Obstructive sleep apnea · Sleep disordered breathing · Temporomandibular disorders · Headache · Orofacial 
pain · Facial pain

Introduction

Many efforts have been made in order to understand pain and 
pain intensity [1]. Good sleep quality has been found to be 
a key factor underlying pain control [2]. The existence of a 

bidirectional relationship between pain sensitivity and poor 
sleep has been shown, suggesting that poor sleep may be 
responsible for a higher pain sensitivity including in the oro-
facial area [3]. Some of the most common disorders in the 
orofacial area are temporo-mandibular disorders (TMDs), 
which are described as pain and/or dysfunction affecting 
temporomandibular joints (TMJs), masticatory muscles, or 
both [4]. TMDs may also be associated with headache sec-
ondary to TMD [5].

TMDs have recently been demonstrated to be present 
with a higher prevalence in patients suffering from obstruc-
tive sleep apnea (OSA) compared to healthy controls [6]. 
OSA is a common sleep-related breathing disorder which 
affects 9–49% of the general population [7, 8]. It is char-
acterized by episodes of partial or complete upper airway 
(UA) obstruction despite continuing respiratory efforts [9], 
which disrupts normal sleep architecture and leads to micro-
arousals throughout the night [10]. Behavioral therapy (e.g., 
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weight loss, controlling sleep position) [11–13], continuous 
positive airway pressure (CPAP) [14], mandibular advance-
ment devices (MAD) [15–17], and UA surgery [18, 19] are 
therapeutic options that exert their effect by preventing UA 
closure during sleep. When untreated, OSA is associated 
with increased morbidity and mortality [20, 21].

A higher prevalence of TMDs has been shown in patients 
with OSA [6]. However, no studies have examined if a 
reduction of pain-related TMDs may be observed when 
OSA is successfully managed. Since sleep fragmentation 
may lead to increased pain perception [22], an improvement 
in pain could be expected after OSA treatment. The litera-
ture provides insufficient evidence regarding the relationship 
between TMDs and OSA [23]. Therefore, the aim of this 
study was to observe if OSA treatment provides a reduc-
tion in the intensity of TMD pain and headache attributed 
to TMD in OSA patients after 18 months of OSA treatment. 
The hypothesis was that patients undergoing OSA treatment 
would show a reduction in pain compared to pre-treatment 
values, while no significant differences would be observed in 
subjects not undergoing or discontinuing treatment.

Material and methods

This prospective study was conducted at the A. Gemelli 
Hospital (Italy). Approval of the study was obtained by the 
Ethics Committee of the A. Gemelli Foundation with the 
protocol number 3928/21, prior to the start of the trial. The 
protocol was registered on ClinicalTrials.gov database with 
number NCT04948541.

Consecutive adult patients, who had been diagnosed with 
OSA and were referred for OSA management to the depart-
ment of otorhinolaryngology, were invited to participate in 
the study between May 2018 and July 2019. All patients, 
independently of the type treatment offered, underwent a 
complete TMD examination prior to start of the treatment 
for OSA and were invited to undergo a second examination 
18 months after the first evaluation.

Subjects were included if they were ≥ 18 years old and 
presented with an apnea–hypopnea index (AHI) of ≥ 5 deter-
mined by a polysomnographic study (PSG) as recommended 
by the American Academy of Sleep Medicine guidelines 
[24], prior to start of the treatment. Exclusion criteria were: 
patients suffering from painful dental problems of non-
musculoskeletal origin that would alter their pain percep-
tion, patients using medications that would alter their pain 
perception, patients presenting with cognitive impairment, 
and patients who did not give informed consent.

In order to measure intensity of pain-related TMD and 
headache attributed to TMD, the Italian version of the Diag-
nostic Criteria for Temporo-Mandibular Disorders (DC/
TMD) [25] were used for both TMD examinations. The DC/

TMD protocol represents the gold standard for TMD diag-
nosis for both clinical and research purposes and consists of 
several questionnaires which are administered to patients, 
and a clinical examination conducted by a calibrated exam-
iner. The same researcher was responsible for all examina-
tions. The TMD diagnoses were obtained according to the 
DC/TMD diagnostic decision tree. Data regarding TMD 
incidence and prevalence of pain-related TMD and head-
ache attributed to TMD both in patients undergoing therapy 
and in patients not undergoing/not pursuing therapy were 
recorded. In addition, all patients underwent a complete 
medical and dental examination, during which body mass 
index (BMI) was also recorded.

The graded chronic pain scale was administered to 
patients as described in the DC/TMD protocol. A numeric 
pain scale was used, where 0 would indicate “no pain” and 
10 would indicate “pain as bad as it could be”, and patients 
were asked to provide values indicating “pain right now”, 
“worst pain in the last 30 days”, and “average pain in the last 
30 days”. Values obtained were computed and multiplied 
by 10, thus obtaining a value indicating Characteristic Pain 
Intensity (CPI) with values going from 0 to 300.

A numeric pain scale was also used to assess interference 
of pain. Zero would indicate “no interference” and 10 would 
indicate “unable to carry on any activities”. Interference of 
pain with “usual activities in the last 30 days”, interference 
of pain in “recreational, social and family activities in the 
last 30 days”, and interference of pain in “ability to work in 
the last 30 days” were recorded, and values obtained were 
computed and multiplied by 10 obtaining a value indicating 
points for pain-related interference score with values going 
from 0 to 300. The number of days in which the patient 
was unable to perform “usual activities in the last 30 days 
because of facial pain” was also recorded, thus obtaining a 
value indicating points for disability days. Total disability 
points were obtained by adding up the points for disability 
days and those for interference score. CPI grade was calcu-
lated according to the DC/TMD scoring protocol [25]; there-
fore, considering both CPI values and disability points with 
grade 0 in the presence of CPI of 0; grade 1 with CPI ≤ 50 
and disability points < 3; grade 2 with CPI ≥ 50 and disabil-
ity points < 3; grade 3 with any CPI and disability points 
3–4; grade 4 with any CPI and disability points 5–6. [26, 
27]. CPI was used as a measure for TMD-pain intensity and 
any change in CPI grade between baseline and follow-up was 
considered to be significant.

Statistical methods

A power calculation was performed using a mean value of 
change in pain from pre- to post-OSA treatment (1.75 points 
change on a pain numeric rating scale, SD 1.06) [28]. Based 
on those values, a sample size of 6 would provide a power of 
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80% to detect a pre-post intervention change using a paired 
t-test with a significance level of 0.05. Demographic data 
are presented as mean and standard deviation, and catego-
rial variables are presented as percentage. Data distribution 
was tested with Shapiro–Wilk test. Since data were normally 
distributed, paired t-test was used to assess the difference 
between the first and second examination in both treated and 
untreated groups. Comparison between treated and untreated 
patients was performed with independent t-test. IBM SPSS 
Statistics for Mac, Version 27.0 was used for statistical 
analysis; all were conducted with 95% confidence interval. 
Probability levels of P < 0.05 were considered statistically 
significant.

Results

Of the 41 patients invited to participate in the study, 40 
accepted the invitation and underwent the two TMD exami-
nations. A total of 40 patients were included in the analysis 
consisting of 31 men with a mean age of 51.3 ±  10.3 years. 
The characteristics of all included patients are shown in 
Table 1. Patients’ distribution through the study is shown 
in Fig. 1.

Patients undergoing 18 months of OSA treatment

Of the 40 patients enrolled, 33 (82.5%), 27 men, underwent 
one or more treatments for OSA. Of these, 9 patients under-
went surgical procedures (5 underwent uvulopalatoplasty 
and 4 underwent nasal surgery), 8 used CPAP, 7 used MAD, 
4 used positional therapy, 2 underwent behavioral therapy 
including significant weight loss, 2 used both MAD and 
positional therapy, and 1 underwent significant weight loss 
and used MAD. Independent of the therapeutic option, OSA 
therapy was defined as successful by a certified sleep physi-
cian, in case of a reduction in AHI of at least 50% to fewer 

than 20 Ev/h [29]. All patients had undergone a second sleep 
study demonstrating success of the therapy, with a mean 
AHI reduction from 21.9 ± 13.1 to 8.4 ± 4.7 (p < 0.05). In 
the treated sample, BMI went from 26.5 ± 3 to 25.4 ± 3.2 
(p < 0.05). The presence of pain-related TMD and headache 
attributed to TMD diagnosis in patients with OSA undergo-
ing treatment for at least 18 months was 24.2%.

Of the 33 patients who underwent treatment for OSA, 11 
presented pain-related TMD prior to the start of treatment. 
After 18 months of treatment, 8 of these 11 presented a sig-
nificant improvement in pain intensity. A reduction in pain 
intensity was observed in 3 patients (one patient went from 
CPI grade 4 to CPI grade 2, one from grade 4 to grade 3, and 
one from grade 2 to grade 1), while 5 patients no longer expe-
rienced pain (4 of them went from grade 1 to grade 0, and one 
patient went from grade 2 to grade 0). Three of the 11 patients 
with pain-related TMD remained in the same CPI grade com-
pared to before starting the treatment (one patient remained in 
grade 1, and 2 patients remained in grade 2). The difference 
in CPI grade between pre-treatment and during treatment was 
found to be statistically significant (p < 0.05). After 18 months 
of OSA treatment, of the 22 patients with no pain-related TMDs 
at the initial visit, 20 patients remained negative at the follow-up 
examination, while 2 patients developed pain-related TMD dur-
ing treatment, both going from CPI grade 0 to grade 1 (Fig. 2).

Significant differences were found in pain-related TMDs’ 
intensity between the treated and untreated patients, as a 
reduction in CPI grade was observed only in treated patients.

Patients not undergoing/not pursuing OSA 
treatment

Seven patients (17.5%), 4 men, did not start treatment for 
OSA, or they discontinued it. The main reason for discon-
tinuing the treatment was the discomfort of the therapy/
device. When observing this population, 3 out of 7 patients 
presented pain-related TMD diagnoses according to the 

Table 1   Characteristics of subjects undergoing OSA treatment and not undergoing/not pursuing treatment, both at first and second examination. 
Values are presented as percentage or as means ± standard deviation

n, number; Ev/h, number of events per hour; OSA, obstructive sleep apnea; pTMD, pain-related temporo-mandibular disorders;
*  = significant difference: p < 0.05, comparison between pre- and post-treatment

Undergoing treatment Undergoing treatment Not undergoing/not 
pursuing treatment

Not undergoing/not 
pursuing treatment

Pre-treatment Post-treatment Baseline Follow-up
Number of patients, n (%) 33 (82.5%) 33 (82.5%) 7 (17.5%) 7 (17.5%)
Age (years) 49.8 ± 10.7 51.4 ± 10.4 48.6 ± 10.5 50.6 ± 10.1
Male/female, n 27/6 27/6 4/3 4/3
Apnea hypopnea index, (Ev/h) 21.9 ± 13.1* 8.4 ± 4.7* 13.2 ± 7.4 /
Body mass index (kg/m2) 26.5 ± 3* 25.4 ± 3.2* 25 ± 4.8 24.8 ± 3.8
pTMD and/or headache attributed to 

TMD, N (%)
11 (33.3%)* 8 (24.2%)* 3 (42.9%) 4 (54.1%)

Eduardo Machado Machado
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DC/TMD protocol at the initial evaluation. Of these, one 
patient did not present a difference in CPI grade at the fol-
low-up visit, one patient reported an improvement of the 

pain-related TMDs with a reduction in CPI grade, and one 
patient reported worsening of the pain-related TMDs as evi-
denced by a higher CPI grade. One patient did not present 
any pain-related TMD at the time of the initial evaluation, 
but developed pain before the follow-up visit 18 months 
later. Of the 7 patients, 3 did not present any pain-related 
TMD at the time of the initial evaluation and were still nega-
tive for pain at the follow-up evaluation (Fig. 3). No statisti-
cally significant differences were observed between the two 
examinations in the untreated sample regarding the intensity 
of pain-related TMDs as measured by CPI grade (p > 0.05). 
Compared to patients undergoing treatment for OSA, no sig-
nificant differences were noted regarding their mean age or 
mean BMI (p > 0.05).

Discussion

In the present study, changes in pain-related TMD and head-
ache attributed to TMD after 18 months of OSA treatment 
were assessed. The hypothesis was that patients undergo-
ing OSA treatment would yield a reduction in intensity of 
TMD-pain and headache attributed to TMD compared to 
pre-treatment values and that no changes would be observed 
in subjects not undergoing/not pursuing treatment.

Fig. 1   Patients distribution through the study

Fig. 2   Incidence and prevalence of TMD pain (pTMD)  and head-
aches attributed to TMD in patients undergoing OSA treatment
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This is the first study to evaluate the effect of OSA treat-
ment on pain-related TMDs. The results of the present study 
show that OSA treatment provides a significant reduction 
in pain-related TMD and headache attributed to TMD in 
patients suffering from both OSA and TMD, without pro-
viding any treatment for TMD. The present findings are 
in agreement with a recent study demonstrating that treat-
ment with MAD is beneficial in reducing headache inten-
sity in patients with OSA [28]. The decision of merging all 
therapeutic options in one sample was based on the need to 
observe findings depending on OSA treatment in general 
rather than on a specific therapeutic option, as well as on 
the knowledge that different therapeutic options may affect 
TMDs only in the initial period of use, and that these differ-
ences are limited with long-term use [30, 31]. The present 
findings suggest that TMDs should be routinely assessed in 
the OSA diagnostic and treatment processes, and that OSA 
treatment may be provided for reducing both OSA and pain-
related TMDs in patients presenting both conditions. One 
could hypothesize that our findings may be due to TMDs 
fluctuation over time [32] rather than being a result of OSA 
therapy and, in fact, TMDs fluctuation can explain the inci-
dence of new pain-related TMD cases in both untreated 
and treated patients. However, the fact that a significant 
difference was observed in reduction in pain intensity in 
patients undergoing OSA treatment, while no difference was 
observed in those not undergoing/not pursuing treatment, 
suggests that OSA treatments are likely to play a significant 
role in improving pain-related TMDs in subjects suffer-
ing from both these conditions; however, further RCTs are 
needed to confirm these findings.

The finding that a reduction in pain has been observed 
in subjects undergoing OSA treatment should not be sur-
prising. In fact, it is known that poor sleep is associated 
to hyperalgesic changes [33, 34] and that patients suffering 
from OSA present a higher prevalence of TMDs compared 
to controls [6]. It has recently been demonstrated that CPAP 
therapy exerts a significant effect in increasing pain thresh-
old and tolerance [35], supporting once again the associa-
tion between OSA and pain [36, 37]. Based on the available 
literature, it is reasonable to hypothesize that the signifi-
cant improvement observed in our sample was secondary 
to the improvement in sleep quality obtained during OSA 
treatment.

The proportion of men to women in the studied sample 
reflects that of patients with OSA, but not that of patients 
with TMD. In fact, OSA tends to be more prevalent in men, 
while TMD is more commonly observed in women [38]. 
It is known that gender affects pain modulation [39], but 
due to the limited sample size, no statistical analysis could 
be conducted to examine if gender represents a significant 
factor influencing pain improvement. Future RCT studies 
that control for gender as well as other confounding factors 
such as smoking, caffeine intake, shifts in work, anxiety and 
comorbidities are needed to better understand the mecha-
nisms behind the present results.

A reduction in BMI was observed in treated patients. 
This reduction could have played a double role: on the one 
hand, it may have allowed for an improvement in OSA and 
improve clinical outcomes [40, 41]. On the other one, reduc-
tion in BMI may have helped to reduce pain perception since 
body fat has been demonstrated to be associated to muscu-
loskeletal pain in healthy individuals [42].

Limitations

A limitation of the present study is the small sample size, 
especially regarding patients not undergoing/not pursuing 
treatment. Future RCT studies with larger samples should be 
performed to confirm the present results and better address 
this subgroup.

Another limitation is the lack of information regarding 
TMD and sleep treatments during the 18 months until fol-
low-up examination occurred. Patients did not report any 
treatment at their second examination. However, recall bias 
cannot be excluded. Therefore future studies are encour-
aged to provide more frequent follow-ups when examining 
patients.

Also, the present study lacks information regarding 
the treatment phase in patients discontinuing treat-
ment. In fact, on the one hand, the treatment phase 
may be responsible for improvement in pain intensity, 
while on the other hand, treatment could also cause 
the development of pain. However, this limitation does 

Fig. 3   Incidence and prevalence of pTMD and headaches attributed 
to TMD in patients not undergoing OSA treatment
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not undermine the present results as it has been shown 
that short-lasting sleep deprivation is associated with 
increased pain sensitivity [43] and that pain-related 
TMDs are often self-limiting when the identified source 
of pain has been removed [44]. This suggests that the 
treatment phase may have played only a marginal role 
in results presented.

It has been suggested that patients suffering from 
OSA, prior to undergoing treatment, should be screened 
for TMDs [31]; and the present study confirms the 
importance of a close collaboration between orofacial 
pain specialists, dental sleep doctors, and sleep physi-
cians. In light of the present study, we suggest that more 
questions regarding sleep characteristics and quality 
should be routinely asked to patients undergoing TMD 
evaluation and, in the presence of sleep disturbances, 
we suggest addressing these conditions as part of the 
management of the TMDs.

Conclusion

Within the limitations of this study, the findings suggest 
that a significant improvement in pain-related TMD and 
headache attributed to TMD may be observed in patients 
with OSA after 18 months of treatment for OSA. This 
study highlights the strong association between sleep and 
pain-related TMD, and underlines the need of a close col-
laboration between orofacial pain specialists, dental sleep 
doctors, and sleep physicians.
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