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Abstract 

Objective To evaluate the correlation between obstructive sleep apnea (OSA) and temporomandibular joint (TMJ) 
morphology, tooth wear condition, orofacial pain through a follow-up program.

Materials and methods Seventy one OSA patients were divided into three groups according to their (apnea hypo-
pnea index) AHI: mild group (n = 23), moderate group (n = 24), and severe group (n = 24). All patients had OSA thera-
pies around six months after confirm the diagnosis of OSA. The tooth wear score and orofacial pain condition of all 
patients were recorded via clinical examination. Cone beam computed tomography (CBCT) images were also taken 
when confirm the diagnosis of OSA (T0), 6 months after the diagnosis (T1), and 6 months after the OSA treatment (T2). 
Parameters indicating the condylar morphology and joint space were evaluated. The differences of clinical symptoms 
and TMJ conditions among T0, T1 and T2 time point were detected in the three groups respectively. The changes in T1-
T0 and T2-T1 of all descriptions among three groups were also  compared. The correlations between AHI and clinical 
symptoms were detected with Spearman correlation analysis.

Results In mild group, there was no difference in all clinical symptoms and TMJ morphology among the three 
time points. Both in moderate and severe group, the condylar volume, superficial area, wear score, visual analogue 
scales (VAS), and R value (indicating condyle position) displayed significant differences among the three time 
points (P < 0.05). From T0 to T1, mild group displayed fewer decreases in the condylar volume and superficial area 
and fewer increases in wear score than that in moderate and severe group (P < 0.05). From T1 to T2, there was a great-
est reduction in severe group for R value, and significant difference in the description of VAS and R value were found 
among the three groups. AHI was negatively correlated condylar volume and condylar superficial area, and was posi-
tively correlated with tooth wear score and VAS (P < 0.05).

Conclusion Moderate to severe OSA will aggravate orofacial pain and tooth wear, affect TMJ volume and superfi-
cial area, even change the location of condyles. Appropriate OSA therapies may be effective ways to alleviate these 
adverse effects in long-term.
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Introduction
Obstructive sleep apnea (OSA), affecting 9%—49% of 
the general population [1], is characterized by intermit-
tent complete or partial collapse and obstruction of the 
upper airway during sleep, often accompanied by snor-
ing, sleep structure disorders, nocturnal hypoxemia, 
daytime sleepiness and even apnea or hypopnea [2], 
which is associated with diverse comorbidities including 
hypertension, myocardial ischemia, stroke, arrhythmias, 
cognitive impairment, attention deficit and depression. 
Severe OSA even has an increased risk of all-cause mor-
tality if left untreated in time [3, 4]. It has received more 
and more attention from respiratory medicine, otolar-
yngology, stomatology and other disciplines for its high 
morbidity and potentially fatal dangers [5]. A combina-
tion of factors accounts for the etiology and mechanism 
of OSA, including obesity, locally abnormal anatomy, 
impaired reflex mechanism of airway, unstable central 
respiratory regulation, and disordered neuromuscular 
function. Overnight full-channel PSG has been regarded 
as the gold standard for confirming and diagnosing OSA, 
allowing the quantitative recording of rhythmic mastica-
tory muscular activity (RMMA), respiratory events, oxy-
gen reduction events and other sleep parameters. Nasal 
CPAP is highly efficacious in keeping airway patency in 
OSA, as are oral appliances such as snore guard that hold 
the mandible in the forward position. Orthodontic and 
orthognathic treatment for OSA is also pretty vital, as the 
upper airway morphology is affected by craniofacial skel-
etal pattern [6]. For instance, an open bite accompanied 
by clockwise mandibular rotation influence the airway 
volume [7]; some congenital syndromes, eg. clefts, also 
have deformations within the upper airways and the nose 
itself [8, 9]. Under the circumstances, orthognathic sur-
gery, mandibular advancement (MAD), rapid maxillary 
expansion (RME), et al. can significantly affect the upper 
airway morphology.

In addition to OSA, the disease sleep bruxism, orofa-
cial pain and temporomandibular disorders (TMD) are 
also common in stomatological department [10, 11]. 
TMD is a collective term for a group of diseases referring 
pain conditions and functional jaw disabilities occurring, 
involving masticatory muscles, peripheral nervous sys-
tem, and TMJs. Orofacial pain is the pain related with 
the hard and soft tissues of the head, face, and oral cavity 
[12], also including dental and TMD pain with significant 
influence on individual daily life, such as eating, drinking, 
and speaking [13]. Bruxism is a repetitive masticatory 
muscle activity characterized by clenching or grinding 
of the teeth and/or by bracing or thrusting of the man-
dible [14]. It is not a movement disorder or a sleep disor-
der in otherwise healthy individuals, but it can be a risk 
factor for certain clinical conditions or be a concomitant 

symptom of certain disease [15]. The pathogenesis of 
them has not been fully clarified and various therapies 
can be used for symptom relief.

Clinically, patients are usually diagnosed with two or 
more with above diseases, but clinicians sometimes take 
stopgap measures for them, such as one single elastic 
dental pad, physiotherapy, surgery, acupuncture, etc. In 
other word, such patients often fail to obtain standard-
ized, comprehensive and complete treatment due to the 
single department they visited. There are problems in the 
outpatient clinic such as unclear treatment procedures 
and lack of standardized treatment system, which can 
only be solved through interdisciplinary diagnosis and 
sequence therapies.

Interestingly, these diseases in fact interact with one 
another and reinforce one another. According to a 
recent investigation, chronic TMD patients had mark-
edly impaired sleep quality than healthy controls [16]. 
The  prevalence  of  TMD  signs  and  symptoms  is sig-
nificantly higher  in  untreated  OSA patients when com-
pared to controls [17]. A long-term cohort study also 
reported that OSA was a risk factor for the occurrence of 
first onset TMD [18]. Back in 2009, Smith et al [19] had 
emphasized the need to refer TMD patients complaining 
of  sleep  disturbance for polysomnographic evaluation; 
Additionally, it has been noted that patients with OSA 
are more likely to experience sleep bruxism [20, 21], and 
that the relationship between OSA and sleep bruxism 
depended on the degree of severity of OSA [22, 23]. The 
possible mechanism is that muscles contract and relax in 
a regular manner to keep the upper airway open. In the 
long run, euphoria-induced muscular traction will result 
in occlusal alterations and sleep bruxism [24], and this 
excessive bite force caused by bruxism may cause muscle 
fatigue, orofacial pain, and abnormal pressure on TMJ. 
Of course, there still are studies with different results. 
One polysomnographic research reported that the inten-
sity of bruxism is associated to muscle activity, but not 
to pain related to TMD [25]. Wieckiewicz et al. also indi-
cated that the distribution of TMD among sleep bruxers 
and non-bruxers is similar [26]. When talking about the 
relationship between OSA and orofacial pain, OSA has 
been associated with a higher risk of chronic pain [27], 
particularly with musculoskeletal pain disorders [28–30]. 
The patients with chronic orofacial pain proved to suf-
fer from decreased sleep duration, increased stress and 
tiredness [31].

In order to carry out the interdisciplinary evaluation 
and comprehensive treatment for these diseases, under-
standing the association between OSA and TMD, brux-
ism, orofacial pain is very important, which would help 
provide references with new treatment options, would 
also help prevent and treat possible complications of 
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OSA. However, limited study focused on the four dis-
eases simultaneously, and such associations need fur-
ther investigation and scientific evidence. The aim of this 
study is to explore whether OSA will affect sleep brux-
ism, orofacial pain and TMJ morphology, to explore if 
considerable OSA therapies have benefit in alleviating 
bruxism, orofacial pain and TMD symptoms, providing 
references for clinical practitioners. The null hypothesis 
is that no association would be found between OSA and 
TMD, bruxism, orofacial pain.

Materials and methods
Participants
This retrospective study included the data from 122 con-
secutive adults (77 male and 45 female) with OSA who 
received treatment from 2019 to 2023 at Ningbo Stoma-
tological Hospital and Xiangya Stomatological Hospital, 
and the study was done at the Xiangya Stomatological 
Hospital of Central South University.

Subjects were selected according to the following crite-
ria: (1) 25 to 45-year-old adults who complain of snoring 
or feel suffocated while sleeping, (2) meeting the diag-
nostic criteria for OSA [32] by polysomnography (PSG) 
with (apnea hypopnea index) AHI > 5. AHI represents the 
average number of apneas and hypopneas each hour dur-
ing sleep, and the apnea or hypopnea  must last at least 
10 s or longer; along with typical clinical symptoms such 
as nocturnal respiratory symptoms, daytime excessive 
sleepiness, fatigue, growth retardation, hyperactivity, 
conduct disorder, and learning disabilities, (3) meeting 
the diagnostic criteria for TMD research (DC/TMD) 
[33], (4) having sleep bruxism in sleep lab and home, (5) 
permanent dentition, the number of existing teeth in the 
mouth > 20 (number of molar > 4). The exclusion crite-
ria for this study were as follows: (1) trauma history, (2) 
TMJ surgery history and degenerative disease of tem-
poromandibular joint [27](no specific osseous changes: 
subchondral cyst, erosion, generalized sclerosis, or oste-
ophyte), (3) craniofacial anomalies, syndromes, severe 
asymmetries, clefts, craniosynostoses (Apert syndrome, 
Couson syndrome), or Treacher-Collins syndrome (4) 
OSA treatment history, ear-nose-throat (ENT) surgery 
history and TMJ surgery history, MAD treatment his-
tory, restorations in the oral cavity, (5) enamel hypoplasia 
due to dental fluorosis, tetracycline or other diseases, (6) 
long history of drinking carbonated beverages and other 
bad chewing habits, (7) cervical spine disorders and pri-
mary headache disorders, (8) history of gastroesophageal 
reflux disease (GERD) or use antipsychotic drugs.

Fifty-one subjects were excluded because of vari-
ous reasons. 24 subjects treated their OSA less than 
6  months from the diagnosis because of severe symp-
toms, the importance they attaching to the disease, and 

so on. 10 cases had not been treated since the diagno-
sis. 5 follow-up cases were lost 6 months after the OSA 
treatment. 7 cases relapsed 6  months after the treat-
ment, and  5 subjects did not take CBCT scans when 
confirm the diagnosis of OSA, 6 months after the diag-
nosis, or 6 months after the OSA treatment under con-
sistent shooting condition. Eventually, 71 subjects (aged 
36.8 ± 3.5  years; 45 males and 26 females) who fulfilled 
the inclusion criteria were enrolled in the study (Fig. 1). 
The 71 subjects were divided into 3 groups according 
to the AHI value, diagnosed by PSG [34] in sleep lab, 
as follows: (1) mild group: n = 23, aged 35.8 ± 3.2  years, 
5 ≤ AHI < 15, AHI mean value = 11.1 ± 2.0, (2) moderate 
group: n = 24, aged 36.5 ± 3.6  years, 15 ≤ AHI < 30, AHI 
mean value = 22.4 ± 4.9 (3) severe group: n = 24, aged 
36.9 ± 3.3 years, AHI ≥ 30, AHI mean value = 52.8 ± 6.7.

The OSA therapies these subjects have received 
included nasal continuous positive  airway  pres-
sure (CPAP)  ventilation, loss weight (including pro-
fessional weight loss guidance and/or liposuction), 
tonsillectomy  and/or  adenoidectomy, uvulo-palato-
pharyngoplasty (UPPP), genioglossus advancement with 
hyoid suspension (GAHM), and orthognathic surgery. 
The type of OSA treatment chosen not only depended 
on the severity of OSA, but also need comprehensive 
consideration of patients’ economic capacity, subjective 
wishes and tolerance to surgery. For instance, although 
CPAP is not standard procedure for mild OSA, it is one 
of treatment methods with quick return and low cost for 
the mild patients who had typical clinical symptoms. Spe-
cific treatment methods and efficiency of study groups 
are shown in Table 1.

The clinical data including CBCT scans, intraoral 
slides, and visual analogue scales (VAS) were obtained 
at three different periods: confirm the diagnosis of OSA 
(T0), 6  months after the diagnosis (T1), and 6  months 
after the OSA treatment (T2). The subjects enrolled in 
our study didn’t receive the treatment within 6  months 
after confirm the diagnosis of OSA on account of neglect, 
busy job, procrastination, and expensive surgery, et  al. 
Clinical data of 6  months after diagnosis and 6  months 
after OSA therapies were obtained through follow-up.

TMD diagnosis and TMJ morphology
The diagnosis of TMD was based on DC/TMD, all sub-
jects met the diagnostic criteria for TMD research (DC/
TMD) [33]. Anterior disc displacement with reduction 
(ADDR) and anterior disk displacement without reduc-
tion (ADDWR) were diagnosed through magnetic reso-
nance imaging (MRI). Limited opening and pain were 
ensured by measuring interincisor distance and palpa-
tion. All MRI data were calibrated and obtained by the 
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same observer with patients not wearing fixed retainers, 
as retainers may blur and cause distortions to the image.

CBCTs of the three periods including T0, T1, and T2 
of all subjects (acquired by New Tom 5G CBCT scan-
ner, QR system, Verona, Italy, with exposure settings of 
110 kV, 12-inch field of view, and 5.4-s exposure time) of 
all patients were accessed with the teeth in centric occlu-
sion at the end of swallowing to make an exact diagnosis 
and acquire the information of the morphology of TMJs, 
which were calibrated and obtained by the same observer.

Descriptions on CBCTs were designed to measure the 
width, length, height, volume, and superficial area of con-
dyles, as well as the joint space and position. All of the 
descriptions were measured in Mimics 21.0 software 
((IBM, America). Head positions were standardized in 
CBCT according to the horizontal plane, positioned pass-
ing through the superior border of the external acoustic 
meatus and the inferior border of the infraorbital margin 
of both sides, and the sagittal plane, positioned passing 
through the anterior nasal spine, the internasal suture 
and the glabella.  Detailed definition of condylar width, 
length, height, and joint space are shown in Table 2 and 
Fig. 2. 3D reconstruction of the target condyles was also 
performed in Mimics 21.0 software after the command 
Crop Mask, Region Grow, Split Mask, and Edit Mask, by 
setting three orthogonal sections: sagittal, coronal and 
cross-sections. The condylar volume and superficial area 

were acquired in the command Properties through exe-
cuting the command Calculate Part (Fig. 3).

Sleep bruxism diagnosis and tooth wear condition
Approaches for assessing bruxism in this study include 
non-instrumental and instrumental. Self- reported 
assessment of sleep bruxism continues is one primary 
tool in this research [11]. The patients who complained 
about grinding teeth when sleep were enrolled. Addition-
ally, RMMAs were also recorded during PSG examina-
tion when meeting the following conditions: 1) At least 
3 consecutive muscle activities for 0.25–2  s myoelectric 
burst; 2) Single myoelectric burst time is greater than 2 s; 
3) each RMMAs event was preceded by at least 3 s of sta-
ble myoelectricity. However, RMMAs were recorded in 
only a subset of patients. Given the importance of self-
reported assessment in the evaluation of sleep bruxism 
and the occasionality of a one-night PSG examination, 
we still included those who complained about bruxism 
but not found in sleep lab.

Tooth wear was scored with a 5-point ordinal scale 
reported by Lobbezoo [35]: 0 = no wear; 1 = visible wear 
within the enamel; 2 = visible wear with dentin exposure 
and loss of clinical crown height of ≤ 1⁄3; 3 = loss of crown 
height > 1⁄3 but < 2⁄3; and 4 = loss of crown height ≥ 2⁄3. 
Each subject was ultimately scored on the highest tooth 
wear level (Fig. 4).

Fig.1 Study flow chart
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To reduce random errors, serial numbers were assigned 
at random to each participant. All teeth of the first and 
third quadrants were examined in participants whose 
serial number was odd, while the second and fourth 

quadrants were examined in participants with an even 
serial number [36]. Wisdom teeth were excluded from 
the survey. For instance, the intraoral photographs of 
one subject (No. 27): the first and third quadrants were 

Table 1 Basic information and polysomnographic parameter changes of the three study groups

* P < 0.05,  SpO2: saturation of pulse oxygen, ODI: oxygen desaturation index

Variables mild group (n = 23) Moderate group (n = 24) Severe group (n = 24) P

Gender (%) Female 10(43.5) 9(37.5) 7(29.2) *

Male 13(56.5) 15(62.5) 17(71.8) *

Age (year) Range 28–40 25–41 28–43

Mean ± SD 35.8 ± 3.2 36.5 ± 3.6 36.9 ± 3.3 NS

BMI Range 16.8–30.4 16.4–32.8 17.8–35.5

Mean ± SD 24.7 ± 3.5 27.0 ± 3.6 30.6 ± 3.7 *

Therapy (%) CPAP 10(43.5) 11(45.8) 10(41.7)

Loss weight 17(73.9) 18(75.0) 18(75.0)

UPPP 2(8.7) 2(8.3) 2(8.3)

GAHM 1(4.3) 1(4.2) 1(4.2)

Orthognathic surgery 1(4.3) 1(4.2) 1(4.2)

Tonsillectomy and/or
adenoidectomy

4(17.4) 5(20.8) 4(16.7) NS

AHI Before treatment 11.1 ± 2.0 22.4 ± 4.9 59.6 ± 7.0 *

After treatment 1.2 ± 0.4 1.3 ± 0.5 4.7 ± 1.3 *

SpO2 (%) Mean

Before treatment 92.7 ± 3.2 90.5 ± 3.6 86.7 ± 4.1 *

After treatment 96.6 ± 4.0 95.2 ± 2.7 95.0 ± 3.9 NS

Lowest

Before treatment 89.6 ± 4.9 82.3 ± 3.8 71 ± 5.6 *

After treatment 94.5 ± 3.1 94.7 ± 2.9 93.6 ± 2.8 NS

ODI Before treatment 8.1 ± 2.7 17.3 ± 4.0 52.5 ± 8.1 *

After treatment 1.0 ± 0.2 1.1 ± 0.3 3.0 ± 1.2 *

Table 2 Definition of measurements

Measurements Definition

Reference point and plane C point the most superior point on condyle in sagittal view

J point the most superior point on TMJ fossa in sagittal view

HRP the horizontal reference plane: parallel to the lower border of the CBCT image and tangent 
to the most superior point of coronoid process

ARP the anterior reference plane: passing through J point and tangent to the leading edge of condyle

PRP the posterior reference plane: passing through J point and tangent to the trailing edge of condyle

Condyle Width maximum medial–lateral diameter of condyle in axis view

Length the anteroposterior diameter of condyle in axis view, defined by the line perpendicular to the Width 
line through midpoint

Hight the distance between C point and HRP in sagittal view

Volume volume of condyle above the interface HRP

Superficial area superficial area of condyle above the interface HRP

Joint space SJS superior joint space: the distance between point C and J

AJS anterior joint space: the distance between anterior TMJ fossa and the tangent point of ARP

PJS posterior joint space: the distance between posterior TMJ fossa and the tangent point of PRP

Condyle position R value R value = (PJS-AJS)/(PJS + AJS) *100%
anterior condylar: R > 12%; posterior condylar: R < -12%; medium condylar: -12% < R < 12%
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Fig.3 Measurement illustration of the condylar volume and superficial area in Mimics software

Fig.2 Illustration of the condylar morphology and join spaces
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examined. The anterior teeth in light wear were recorded 
as 1, and the posterior teeth in serious wear was recorded 
as 2. The final score was 2 with the larger value (Fig. 4).

Evaluation of orofacial pain and VAS
Approaches for orofacial pain in this study include 
patient’s pain complaint and clinical examination. The 
clinical tests include pain with opening jaw movements 
and palpation under the palpation pressure with 1  kg 
for 2  s. The examination included joint (arthralgia) 
and masticatory muscle (myalgia) palpation. The pain 
of temporalis, masseter, posterior mandibular region, 
submandibular region, lateral pterygoid area, and 

temporalis tendon were recorded, which replicated the 
patient’s pain complaint [27].

Patient’s pain complaint was quantified by VAS, which 
was used for subjective evaluation of the degree of oro-
facial pain, including masticatory and joint area (0 = no 
pain, 10 = severe pain) (Fig. 5). The symptom of orofacial 
pain assessments at the three periods were done by one 
evaluator who was blinded to the history of each subject.

Statistical analysis
All data were analyzed by IBM SPSS Statistics 21 soft-
ware. One- and two-way analysis of variance (ANOVA) 
with Tukey tests was used to detect descriptions changes 

Fig.4 A: tooth wear scored with a 5-point ordinal scale reported by Lobbezoo; B: intraoral photographs of one subject (No. 27)

Fig.5 Visual analogue scales (VAS) for patients
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among T0, T1 and T2time points and among mild, moder-
ate and severe groups. Correlations between AHI value 
and the clinical symptoms were assessed by Rho Spear-
man correlation analysis, and statistical significance was 
established at α = 0.05. To assess the reliability of these 
measurements, 30 subjects were randomly chosen. 
All measures were duplicated by the investigator R.N. 
An intraclass  correlation coefficient (ICC) was used to 
determine the intra-observer reliability of the measure-
ments through reliability analysis in SPSS. Reliability was 
divided into three categories: poor (ICC < 0.40), fair to 
good (0.40 ≤ ICC ≤ 0.75), and excellent (ICC > 0.75) [37].

Results
The intra-observer reliability of the measurements of all 
descriptions using SPSS software was from fair to good 
to excellent, with ICC’s ranging from 0.673 to 0.916.

Basic information and polysomnographic parameter 
changes (Table 1)
There were no significant differences in the age, type of 
OSA therapies and the interval of taking CBCTs among 
these three groups. However, gender and BMI of the 
study groups were significantly different. Severe group 
had the most percentage of male and fewest female, 
as well as the highest BMI index (30.6 ± 3.7). On the 
contrary, moderate group had the most percentage of 
female and fewest male, as well as the lowest BMI index 
(24.7 ± 3.5).

Before OSA treatment, AHI and ODI increased gradu-
ally from mild group to severe group(P < 0.05). After OSA 
treatment, the AHI values of all cases enrolled in this 
study were under 5, and the mean value were 1.2 ± 0.4 
in mild group, 1.3 ± 0.5 in moderate group, 4.7 ± 1.3 in 
severe group. In addition, the ODI values were under 3 
with the mean value of 1.0 ± 0.2 in mild group, 1.1 ± 0.3 
in moderate group, 3.0 ± 1.2 in severe group. Before OSA 

treatment, both mean and lowest SpO2 decreased from 
mild group to severe group (P < 0.05). After OSA treat-
ment, the three groups all had favourable mean and low-
est  SpO2.

Proportion (%) of clinical symptoms before treatment 
(Table 3)
43.5%, 54.2%, and 66.7% subjects in the mild, moder-
ate, and severe groups had orofacial pain, respectively, 
most of which was myofascial pain. TMJ symptoms were 
examined according to RDC/TMD criteria The severe 
group had the highest proportion of disc displacement 
with reduction, up to 75.0%, and they were 60.8% and 
66.7% in mild group and moderate group, respectively. 
The subjects in the mild group showed none of the sub-
jects was diagnosed with disc displacement without 
reduction, with limited opening. Sleep bruxism in sleep 
lab refers to those grinded teeth in sleep lab and recorded 
by the PSG. Sleep bruxism at home refers to those com-
plained about grinding teeth but not found in sleep lab. 
Moderate group had the most cases with sleep lab brux-
ism (70.8%) and the lowest cases with home bruxism 
(29.2%).

Comparison of all descriptions among T0T1T2, in three 
groups respectively (Table 4)
In mild group, there was no difference in teeth wear, 
orofacial pain, and TMJ morphology among the three 
time points. The severe group had the largest wear 
score and VAS value, and smallest condylar volume and 
superficial area. Both in moderate and severe group, the 
ANOVA and Tukey LSD analysis indicated that con-
dylar volume, superficial area, wear score, VAS value, 
and R value showed statistically significant differences 
among the three time points (Table  3). In both moder-
ate and severe groups, condylar volume and superficial 
area showed a decreasing trend from T0 to T1 (moderate: 

Table 3 Proportion (%) of clinical symptoms before treatment

Conditions mild group (n = 23) No. of 
subjects (% within group)

Moderate group (n = 24) No. 
of subjects (% within group)

Severe group (n = 24) 
No. of subjects (% within 
group)

Orofacial pain Myalgia 10(43.5) 13(54.2) 16(66.7)

Arthralgia 2(8.7) 4(16.7) 5(20.8)

Intra-auricular 2(8.7) 2(8.3) 2(8.3)

Extra-auricular 1(4.3) 2(8.3) 3(12.5)

TMJ symptoms Myofascial pain with limited opening 5(22.7) 4(16.7) 5(20.8)

Disc displacement with reduction 14(60.8) 16(66.7) 18(75.0)

Disc displacement without reduction 2(8.7) 2(8.3) 4(16.7)

Disc displacement without reduction, 
with limited opening

0 1(4.2) 3(12.5)

Sleep bruxism Sleep lab 10(43.5) 17(70.8) 16(66.7)

Home 13(56.5) 7(29.2) 8(33.3)
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P = 0.002, P = 0.001; severe: P = 0.001, P = 0.003), and 
no difference was found between T1 to T2. Wear score 
showed an increasing trend from T0 to T1 (P = 0.003, 
P = 0.004), and no difference was found between T1 
to T2. VAS value showed an increasing trend from T0 
to T1 (P = 0.006, P = 0.002), a decreasing trend T1 to T2 
(P = 0.002, P = 0.001).

Comparison of all descriptions among three groups in T1‑T0 
and T2‑T1 (Table 5)
From T0 to T1, the amount of condylar volume and 
superficial area decreased in moderate and severe groups 
were significantly greater than that in mild group, and the 
amount of wear score and VAS value increased in mod-
erate and severe groups were significantly greater than 
that in mild group. Besides there was no change for R 
value in three groups. From T1 to T2, R value increased 
in the moderate group (3.6 ± 2.8) and the severe group 
(10.4 ± 3.3), and significant difference in its changes was 
found between the mild group and the severe group 
(P = 0.001), between mild group and the moderate 
group(P = 0.025), as well as between the moderate group 
and the severe group (P = 0.002). Significant difference in 
the changes of VAS value was also observed among the 
three groups (P = 0.002, 0.001, 0.007).

Spearman correlation results (Table 6, Fig. 6)
Spearman correlation analysis displayed that AHI value 
was negatively correlated condylar volume and con-
dylar superficial area (Rho Spearman = -0.34, -0.37; 
P = 0.013, 0.002). In addition, AHI value was positively 
correlated with tooth wear score and VAS value (Rho 
Spearman = 0.46, 0.58; P = 0.001, 0.001). The remaining 
descriptions was not statistically significant.

Discussion
With the transformation of the traditional medical model 
to the bio-psycho-social medical model, the goal of oral 
disease treatment is to restore the morphology and func-
tion of the oromaxillofacial region to the best on the basis 
of multidisciplinary cooperation. Clinicians ought to 
provide patients with a suitable bite, to help them regain 
favorable chewing, swallowing, pronunciation and res-
piratory functions, while maintaining the continuous 
stability of the efficacy. OSA, TMD, bruxism, and orofa-
cial pain are multidisciplinary and sometimes they may 
appear concomitantly without standardized, comprehen-
sive and complete treatment. In order to explore compre-
hensive treatment for these diseases, understanding the 
association between OSA and TMD, bruxism, orofacial 
pain can help a lot, which would help provide references 
with new treatment options, or even prevent and treat 
possible complications of OSA.

The pathogenesis of sleep bruxism has not been fully 
clarified, which is related to emotional stress, anxiety dis-
orders, OSA, consumption of certain groups of drugs, 
tobacco, alcohol, or coffee, and so on [38]. Long-term 
severe tooth grinding without treatment can lead to com-
plications such as tooth sensitivity, periodontitis, dental 
fracture, and pulpitis. Sleep bruxism has been consid-
ered as a sign of a disorder in some healthy people, be 
regarded as a motor behavior with multifactorial etiology 
that can be a risk factor for a state of sub-health or certain 
diseases such as tooth wear, TMD, headaches, fatigue or 
pain in the masticatory muscles, and poor quality of sleep 
[39–41]. Recently, the association between OSA and 
sleep bruxism has drawn much attention, that is to say, 
OSA is considered as a new risk factor for sleep bruxism 
[42]. Currently, the treatment of sleep bruxism is lim-
ited to elastic dental pads to avoid extensive, continuous 
tooth wear at night. The result of this study indicated that 
considerable treatment of mild and moderate OSA may 
be beneficial in reducing sleep bruxism, as the wear score 
didn’t increase any more after OSA treatment. In the 
future, maybe clinicians can give other unconvention-
ally potential treatment methods a try, especially when 
OSA and sleep bruxism associated together, such as bio-
feedback. Gender and BMI of our study groups were sig-
nificantly different, but it is now generally accepted that 
there notably no differences between female and male, 
and just prevalence decreases with increasing age [43]. 
The association between BMI and bruxism is also neg-
ligible. So, we can conclude the difference may have no 
influence on the results.

One of the hypotheses connecting sleep bruxism and 
OSA is that bruxism at night plays a protective role 
against OSA by protruding the jaw and restoring upper 
airway patency [44, 45]. The mandibular depressors such 
as genioglossus will occur rhythmic movements, and the 
subsequent RMMA resulting in mandibular protrusion 
and opening of the airways [46]. On the other hand, oro-
maxillary muscles in the state of euphoria traction may 
lead to occlusal changes and become one of the causative 
factors of bruxism [20]. So, bruxism may be a secondary 
manifestation with OSA, that is to say OSA is a risk factor 
for sleep bruxism. However, Sjöholm [47] reported this 
mechanism was not adequate to prevent the airway from 
collapsing in too severe OSA, as individuals with severe 
OSA have significantly less deep sleep. That is inconsist-
ent with the results of our study, and we suspected the 
race factor might explain the discrepancy, which need to 
be justified by the divergent pattern of sleep structure in 
patients with different degrees of severity of OSA.

Chronic widespread pain with psychologic factors, 
increasing age, and female gender are risk factors for 
chronic orofacial pain [48, 49]. Orofacial pain is in 
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connection with high morbidity, negative social effects, 
and high medical expense if not accurately diagnosed 
and managed. People coming to the clinic often complain 
about headache, neck pain, vertigo, tinnitus, phonopho-
bia, photophobia, strange taste, or bruxism [50]. Some-
times there is no good treatment other than massage and 
physical therapy. Our results showed that no treatment of 
moderate and severe OSA may aggravate myofascial pain 
and arthralgia. The significant reduction of VAS value six 
months after reasonable OSA therapies also indicated 
OSA treatment sometimes can relieve orofacial pain 
although no statistical significance was observed in the 
mild group. In addition, Spearman correlation analysis 
displayed that AHI value was positively correlated with 
VAS value. We assume that the following reasons may 
account for such phenomenon.

A famous hypotheses connecting sleep pain and OSA 
is that sleep deprivation and recurring nocturnal hypox-
emia in OSA individuals during sleep would enhance 

Table 6 Correlation between AHI value and the clinical 
symptoms

Measurements Rho Spearman P

Condyle Width -0.03 0.620

Length -0.01 0.791

Hight -0.02 0.688

Volume -0.34 0.013*

Superficial area -0.37 0.002*

Joint space SJS 0.10 0.177

AJS 0.09 0.254

PJS -0.08 0.339

Condyle position R value 0.05 0.528

Tooth wear Wear score 0.46 0.001*

Orofacial pain VAS value 0.58 0.001*

Fig.6 Scatter diagram of Spearman correlation analysis
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pain sensitivity, promote inflammation, and increase 
spontaneous pain [51–53], would lead to myalgia, tender-
ness, and chronic fatigue. Choy [54] reported that sleep 
deprivation and fragmented sleep impairs descending 
pain-inhibition pathways that are crucial for controlling 
and dealing with pain. Besides long-term tooth grinding 
may cause fatigue, tenderness, and tension pain in the 
masticatory muscles.

Main symptoms of TMD are pain, joint friction, 
irregular or limited mandibular function. The current 
mainstream non-surgical therapies of TMD include hard 
occlusal splint therapy, counselling, exercises, massage, 
manual therapy, and so on. Psychosocial factors, immu-
nity, occupational strain, TMJ overload and its anatomi-
cal factors are recognized as important risk factors of 
TMD among adults [55]. Furthermore, certain previous 
studies also have elaborated the relationships between 
OSA and TMD [16, 17, 56–58]. Alessandri et al. reported 
that the  prevalence  of  TMD  signs  and  symptoms  is sig-
nificantly high  in  untreated  OSA patients [11], which 
is consistent with our study. Our results indicated that 
no treatment of moderate and severe OSA may lead to 
a decrease in the condylar volume and superficial area. 
After OSA treatment, the decrease of condylar vol-
ume and superficial area in moderate and severe group 
stopped along with a decreased R value. In addition, 
Spearman correlation analysis displayed that AHI value 
was negatively correlated condylar volume and superficial 
area. It can be considered to provide new references for 
TMD therapies based on this association. In other word, 
OSA treatment may be effective in reducing the morpho-
logical changes of TMJ.

Gender plays a controversial role in the occurrence and 
development of TMD. Although it is now generally accepted 
that TMD and orofacial pain are more common in female, 
several researches were inconsistent with such consensus. 
Razi et  al. reported there was no significant relationship 
between condyle morphology and gender [59]. Görürgöz 
et al. thought being male was associated with radiographi-
cally detectable degenerative findings in the mandibular 
condyle [60]. In our study, gender has statistical differences 
in the three study groups. Contrary to that consensus, 
severe group had a more absorbed condyle and higher 
VAS, but the group also contains more male. From this, we 
hypothesized the gender difference didn’t affect our results.

We analyze that bruxism may be related in TMD 
occurrence and development. It is possible that in people 
with OSA, apnea and hypopnea resulted from the airway 
collapses and obstructs will produce an abnormal mus-
cle environment and varying degrees of neuromuscular 
dysfunction. TMJ is subjected to abnormal stress and 
pulling force that is different from that of normal people 
under such neuromuscular dysfunction. By this time the 

fragile condyle, condylar neck, and joint disc may shift, 
finally leading to TMJ injury. Diatchenko [61] indicated 
that people with OSA have an increased stimulation of 
the sympathetic nervous system, that underlies an incre-
mental risk of developing first-onset TMD [62].

There are certain limitations of this follow-up analysis. 
Not every subject has been recorded with RMMAs dur-
ing PSG examination, and no other bruxism instrumental 
method was performed. Only self-reported assessment 
was used in the study is a limitation; Gender and BMI 
have statistic differences in the three groups. Although we 
believe the impact of this point is small enough, whether 
the results dependent on gender and BMI will be investi-
gated in our next study. However, despite causality couldn’t 
be inferred from observational data alone, the findings 
from this research could imply that OSA contributes to the 
onset of sleep bruxism and orofacial pain to some extent, 
which could still provide important clinical references.

Clinical applications
OSA, orofacial pain, sleep bruxism and TMD has become 
more common and problematic among the general indi-
viduals. The complexity of pathogenesis and anatomy at 
the orofacial region contributes to challenging diagnosis, 
differential diagnosis and treatment for clinicians. A better 
understanding of underlying physiological mechanisms on 
the associations among OSA, orofacial pain, sleep bruxism 
and TMD may help clinicians do differential diagnosis and 
provide them with new options of therapies.

As there is no consensus on the treatment protocol 
for TMD, bruxism, and orofacial pain with OSA, it 
has not been definitively guided which disease should 
be treated first when two or more of these symptoms 
occur at the same time. In this context, clinicians need 
to consider bruxism, orofacial pain and TMD as clini-
cal predictors for OSA, and ought to consider not only 
symptoms of bruxism, TMD and orofacial pain, but 
also OSA. Because OSA may influence mandibular 
function and cause the presence of secondary orofacial 
pain, bruxism and TMD. For example, clinicians can 
implement a sleep quality investigation for the patient 
to confirm if there is any secondary symptom, and the 
treatment of OSA may relief the clinical consequences 
of bruxism, orofacial pain or TMD if so. This strategy 
is not an overall solution to all situation, but a series of 
comprehensive one. In our opinion, it is more systematic 
than the specific but limited therapy.

For a better management of patients with OSA, chronic 
orofacial pain, TMD or bruxism, comprehensive under-
standing of the correlative mechanism among these 
different conditions would be helpful. Interdisciplinary 
treatment including physicians, dentists and otolaryn-
gologists is also very essential.
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Conclusion
Moderate to severe OSA is a risk factor for orofacial 
pain, sleep bruxism and condylar absorption, which 
affect condylar volume and superficial area. Appropri-
ate OSA therapies may be effective ways to relieve oro-
facial pain, reduce tooth grinding at night, and prevent 
condylar absorption in the long run.
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