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A B S T R A C T   

Aim: To determine whether patients with chronic painful temporomandibular disorder (TMD) had 
abnormal diaphragm function compared to healthy controls and to explore the correlation be
tween diaphragm contractility, psychological status, and pain characteristics. 
Methods: A single-blinded, case-control study was conducted involving 23 chronic painful TMD 
patients and 22 healthy volunteers. The examination and diagnosis were performed according to 
the Diagnostic Criteria for Temporomandibular Disorders, and questionnaires were used to 
evaluate pain, depression, anxiety, and physical symptoms status. B-mode ultrasound was used to 
measure diaphragm thickness and contractility. The sonographer responsible for measuring the 
diaphragm was blinded to group membership. 
Results: 1. Depression, anxiety, and physical symptoms scores were significantly higher in the 
patients than in the controls (p < 0.05). 2. The Interference Score of pain was significantly 
correlated with depression and physical symptoms (p < 0.01). 3. Bilateral diaphragm contractility 
was significantly smaller in the patients than in the controls (right: P = 0.003; left: P = 0.001). 3. 
There was no correlation between diaphragm contractility on the left and right sides in the pa
tients (r = − 0.112, P = 0.611), while there was a positive correlation in the control group (r =
0.638, P = 0.001). 4. No correlation was found between the degree of diaphragm contractility, 
psychological status, and pain scores. 
Conclusions: 1. Patients with chronic painful TMD have worse psychological status, including 
depression, anxiety, and physical symptoms. 2. Patients with chronic painful TMD have a smaller 
degree of bilateral diaphragm contractility and more significant left-right incongruity, which 
indicated that diaphragm dysfunction may be correlated with chronic painful temporomandibular 
disorder.   

1. Introduction 

Temporomandibular disorder (TMD) are the second most common musculoskeletal chronic pain disorder after low back pain, 
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affecting 6–9% of adults globally [4]. TMD are associated with pain affecting the jaw and associated structures and may present with 
headaches, earache, clicking, popping, or crackling sounds in the temporomandibular joint, and impaired mandibular function [4]. 
Chronic painful TMD is characterized by persistence of pain for no less than 3 months [3], which greatly influences patients’ quality of 
life [1]. Moreover, chronic painful TMD is frequently accompanied by pain or dysfunction in other parts of the body [5,6,14], including 
neck disability [7], back pain [8,9], pelvic floor myalgia [10], fibromyalgia [9], abnormal body posture control [11–13]. This 
complexity makes it necessary for physicians to provide comprehensive treatment options and explore the underlying mechanisms of 
TMD and its accompanying widespread musculoskeletal pain and dysfunction in depth. There exists a hypothesis that the muscle 
imbalances associated with poor breathing patterns may help to explain the mechanisms linking TMD and its musculoskeletal 
co-morbidities [40]. In addition, Bartley [32,33]has proposed that a breathing pattern may shift from a diaphragmatic respiratory one 
to a dysfunctional one with more auxiliary respiratory muscles as a result of chronic stress, anxiety, and sympathetic hyperexcitability, 
hence disrupting the balance of the postural musculature, that is, a change in breathing patterns may help to explain how biome
chanical factors related to psychosocial effects lead to TMD. Experiments have shown that when diaphragm recruitment decreases, 
sternocleidomastoid muscle recruitment increases [17]. Furthermore, the sternocleidomastoid muscle, due to its anatomical char
acteristics, has a major influence on posterior cranial rotation and anterior head extension postures, and there is a significant impact on 
craniocervical alignment. At present, there is strong evidence supporting the presence of altered craniocervical posture in patients with 
myogenous TMD [13], and moderate evidence of sagittal spinal curves alterations in TMD patients [19]. 

Fig. 1. Flowchart of study sample selection. 
TMD, Temporomandibular disorders; DC/TMD, Diagnostic Criteria for Temporomandibular Disorders; N, number. 
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In recent years, the assessment and intervention of the diaphragm have received increasing attention in the research and clinical 
practice of musculoskeletal chronic pain and dysfunction. In addition, abnormal diaphragm function has been observed in patients 
with various musculoskeletal disorders and favorable outcomes have been obtained after specific interventions [21–23]. The dia
phragm is a muscle with two tasks: providing inspiratory power and regulating trunk stability. On one hand, as the primary respiratory 
muscle, the diaphragm performs 70 %–80 % of the inspiratory function under quiet conditions [24]. Meanwhile, the diaphragm 
muscle, synergistically working with the muscles of the deep abdominal wall, pelvic floor, and deep posterior trunk, creates the basis of 
the body’s core, which has a significant impact on the maintenance of trunk stability, spinal health, and even the biomechanics of many 
parts of the body [22,36,38]. In patients with TMD, is there abnormal diaphragmatic function? Currently, there is a lack of relevant 
research. 

Exploring the diaphragmatic function of patients with TMD may help to deepen the understanding of the respiratory-related 
biomechanical mechanisms underlying TMD and the relationship between TMD and other common complications. Since diagnosis 
of intra-articular states of TMJ requires magnetic resonance imaging (MRI) or cone beam computed tomography (CBCT), and given 
that chronic pain is more representative compared to acute pain, we chose chronic painful TMD to start off the exploration of this issue 
in our current study. Therefore, the aims of this study were to 1) evaluate the relationship between chronic painful TMD and dia
phragm function by measuring the degree of diaphragm contractility in patients with chronic painful TMD and healthy controls; 2) 
evaluate the correlation between diaphragm contractility, pain, and psychological states. 

2. Methods 

This study was approved by the Ethics committees of the Affiliated Zhangzhou Hospital of Fujian Medical University (No: 
2021LWB007). The participants were informed about the procedures for the study and consented to have data and images published. 
Written consents from participants were obtained before inclusion. 

Reporting of this study defers to the checklist of Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 
statement: guidelines for reporting observational studies [26]. 

2.1. Study design 

This study was conducted with a single-blinded, case-control design. A trained dentist screened participants for inclusion criteria, 
and the investigator responsible for measuring diaphragm contractility was blinded to group membership. The questionnaires used in 
this study and the diagnostic classification of TMD were both from the Chinese version of Diagnostic Criteria for Temporomandibular 
Disorders (DC/TMD) [2](supplemental file). 

2.2. Participants 

Forty-five subjects (23 Chronic painful TMD patients and 22 healthy controls) were enrolled in the study (Fig. 1). We recruited 
patients who complained of orofacial pain during mouth opening or mastication from the Department of Stomatology from March to 
August 2021. Inclusion criteria for participants with Chronic painful TMD were: 1) diagnosed painful TMD by a specialist based on DC/ 
TMD; 2) persistent pain for ≥3 months. For both groups, inclusion criteria were 1) aged 18–60; 2) able to complete the questionnaires 
independently; no history of 1) head and facial trauma; 2) serious systemic diseases such as cardiac or hepatic dysfunction or ma
lignancy; 3) psychiatric illness and drug dependence; 4) orthodontic treatment or Splint treatment. Furthermore, none of them 5) were 
pregnant or with 6) chronic pain other than TMD; 7) rheumatism, rheumatoid arthritis, or any other disease that may affect the 
temporomandibular joint; 8) asthma, ankylosing spondylitis, or any other disease that may affect respiratory function. 

All healthy participants were volunteers recruited from among the staff and the students at a college through a poster campaign. 
Inclusion criteria for healthy controls included: 1) completion of the Chinese version of the pain screening questionnaire with “no” to 
all questions in it; 2) no previous diagnosis of TMD; 3) no clinically diagnosable TMD, according to DC/TMD. 

2.3. Questionnaires on mental status and pain scoring 

We employed validated questionnaires from DC/TMD of the Chinese version to score the psychological state of the participants. 
The Patient Health Questionnaire 15-item (PHQ-15), the Generalized Anxiety Disorder 7-item (GAD-7), and the Patient Health 
Questionnaire 9-item (PHQ-9) were used to assess the patients in terms of physical symptoms, anxiety, and depression, respectively. In 
addition, pain characteristics were obtained from the Chinese version of the Graded Chronic Pain Scale Version 2.0 (GCP) completed 
by the patients. The study used the Characteristic Pain Intensity (CPI) and the Interference Score (IS) to record the pain characteristics 
of patients with TMD, with the CPI representing the intensity of pain and the IS representing the extent to which pain affects life, social 
interaction, and recreation. 

2.4. Diaphragm measurements 

The diaphragm consists of 3 parts: the central tendon, the crural (or vertebral) portion and the costal portion. The costal portion 
apposition to the inner aspect of the lower rib cage is called the “zone of apposition”. During respiration, the dome of the diaphragm 
remains relatively constant in size and shape. The inspiratory function of the diaphragm depends on the contraction of the “zone of 
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apposition”, which initiates the descent of the dome and the elevation of the lower ribs [25]. Therefore, our study was to evaluate 
participants’ breathing patterns by measuring the thickness and degree of contraction of the diaphragm’s zone of apposition during 
quiet breathing. 

Previous studies have confirmed that B mode ultrasound is a reliable measure of diaphragm thickness and contractility [27,28].The 
technique described by Sarwal [28] was used to obtain B mode ultrasound images of the diaphragm while the subjects were supine and 
breathing quietly. A linear array transducer (L12-3E; Mindray) with a frequency range of 8- to 12-MHz was placed at the anterior 
axillary line, with the transducer positioned to obtain a sagittal image at the intercostal space between the 7th and the 8th, or the 8th 
and the 9th ribs. The diaphragm was identified by its typical 3-layered appearance (an intermediate mixed echoic zone bordered by 
two hyperechoic zones) [29]. Ideally, the image should span two ribs with intercostal space between them. The sonographer main
tained probe stability and captured the images at the end of a respiratory cycle to obtain three images at the end of quiet inspiration 
(Fig. 2A) and three more at the end of quiet expiration (Fig. 2B). Diaphragm thickness was measured by inserting an electronic caliper 
in the two hyperechoic fascia lines where the lines were most parallel. The diaphragm thickness at the end of quiet inspiration (Tinsp) 
and the thickness at the end of quiet expiration (Texp) were averaged from the previous screenshot measurements. The degree of 
diaphragm contractility was calculated by the following formula: (Tinsp-Texp)/Texp *100 % [28]. 

2.5. Endeavors to reduce bias 

We invited each patient who met the diagnostic requirements to join our study. Selection bias was reduced by implementing the 
strategy of continuous inclusion. To minimize reporting bias and avoid data loss, the dentists had checked the veracity of participant 
responses and the completeness of all questionnaires before the participants left. 

2.6. Statistical analysis 

We calculated the power of the study using PASS 21.0.3 and performed power calculations based on the group size and the standard 
deviation of the degree of diaphragm contractility. SPSS 26.0 was used for the statistical analysis of all the other data. P–P (probability- 
probability) plots and histograms were used to explore data normality. Since height, weight, body mass index (BMI), diaphragm 
thickness, diaphragm contractility, and the score of average/worse TMD pain were all normally distributed, independent t-tests were 

Fig. 2. B-mode ultrasonography image of the diaphragm at the end of quiet inspiration (A) and expiration (B). 
IC, intercostal muscle; D, diaphragm; RI1, right inspiration-First screenshot; RE1, right expiration-First screenshot. (Yellow font is the remarks 
during measurement in the ultrasonic machine). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web 
version of this article.) 
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used to compare these variables between the two groups. Subject age, disease duration of the patients, scores of Pain interference with 
daily activity, and the scores of PHQ-9, GAD-7, and PHQ-15 were not normally distributed, so we used the interquartile range for 
description: M (Q25, Q75) and the Mann–Whitney U test were used to compare these variables between the two groups. The chi- 
squared test was used to compare the gender distributions. 

To evaluate the magnitude of the differences in diaphragm thickness and contractility between the two groups, Cohen’s d effect 
sizes were calculated using mean and standard deviation (SD) [30]. The strength of the effect size was interpreted as weak (d < 0.40), 
moderate (0.40≤d < 0.8), or strong (d ≥ 0.80). Spearman rank correlation was used to ascertain the inter-relationships between 
diaphragm contractility, the scores of pain characteristics, PHQ-9, GAD-7, and PHQ-15. 

3. Results 

Group sample sizes of 23 and 22 achieve 95.67 % (Left) and 90.31 % (Right) power with a significance level (alpha) of 0.05. 
Demographics, mental states, and pain characteristics of the participants are shown in Table 1. There was no significant between-group 
difference in demographics, including gender, age, height, weight, and BMI (P > 0.05). Chronic painful TMD groups had greater 
depression, anxiety, and physical symptoms scores than healthy controls (P < 0.05). 

Table 2 shows the diaphragm thickness and diaphragm contractility of the two groups, and Fig. 3 shows diaphragm contractility for 
each participant. Patients with chronic painful TMD had lower bilateral diaphragm contractions than healthy controls (P < 0.01), with 
a strong effect size (d > 0.80). There was no significant difference in diaphragm thickness between groups (P > 0.05). 

Correlations between diaphragm contractility, psychological states, and pain characteristics are presented in Table 3. Classification 
of correlation coefficients (r) (weak 0.1–0.3; moderate 0.4–0.6; strong 0.7–0.9) by Dancey was applied [31]. For the patients, moderate 
correlations were found between pain interference with daily activity and scores of depression and physical symptoms (P < 0.05). 
Moreover, a weak correlation was noted between left and right diaphragm contractility in the patients, while a moderate one in the 
controls. For both groups, the correlations between depression, anxiety, and physical symptoms scores were moderate to strong. 
Meanwhile, a weak correlation was noted between diaphragm contractility and psychological states, as well as between diaphragm 
contractility and pain characteristics. 

4. Discussion 

We used B-mode ultrasonography to measure diaphragm thickness at the end of quiet expiration and inspiration to calculate 
diaphragm contractility. The main finding of this study was that bilateral diaphragm contractility of chronic painful TMD patients was 
significantly weaker than that of the healthy controls during quiet breathing. Moreover, there was a weak correlation between the 
degree of contraction of the patient’s right and left diaphragm, suggesting that there may be more asymmetry or incongruity. 
Therefore, our results partially support Bartley’s conjecture that breathing pattern disorders explain how biomechanical changes 
associated with psychosocial states might lead to TMD [32,33]. However, because almost no correlation was found between the scores 
of psychological states and diaphragm contractility, we cannot support Bartley’s inference that psychological factors lead to abnormal 
breathing patterns and cause TMD [33]. This may be due to the complex mechanisms of altered breathing patterns, which make it 
challenging to discover the correlation between psychological condition and degree of diaphragm contractility. Fluoroscopic studies 
revealed that the diaphragm exhibited hypertonia and became flattened and immobile when subjects were experimentally stimulated 
with negative emotions [34,35]. This study only measured changes in diaphragm thickness after rest in calm supine position, which 

Table 1 
Cohort demographic, mental states and pain characteristics.  

Demographic Chronic Painful TMD Healthy Controls P value 

N 23 22 n/a 
Female (%) 17 (73.91 %) 15 (68.18 %) 0.672 
Age(yr)a 32.91 ± 12.36 27 ± 6.36 0.317 
Height (cm)a 163.70 ± 8.67 165.23 ± 7.85 0.51 
Body mass (kg)a 55.57 ± 9.69 57.59 ± 10.73 0.45 
BMIa 20.62 ± 2.23 20.97 ± 2.69 0.56 
PHQ-9b 4 (0, 8) 2 (0, 3.25) 0.007 
GAD-7b 3 (0, 8) 2 (0, 3) 0.030 
PHQ-15b 5 (2, 7) 1 (0, 3) 0.002 
Disease duration, db 180 (120, 365) n/a n/a 
Pain Characteristics 
CPI 39.71 ± 17.63 n/a n/a 
IS 15.51 ± 19.61 n/a n/a 

TMD, temporomandibular disorder; N, number; BMI, Body Mass Index; PHQ-9, Patient Health Questionnaire 9-item; GAD-7, Generalized Anxiety 
Disorder 7-item; PHQ-15, Patient Health Questionnaire 15-item; CPI, Characteristic Pain Intensity; IS, Interference Score. 
Pain Characteristics were obtained from the Graded Chronic Pain Scale. PHQ-9, GAD-7, and PHQ-15 are questionnaires from Diagnostic Criteria 
for Temporomandibular Disorders and represent depression, anxiety, and physical symptoms scores respectively. 

a Data presented are the mean ± standard deviation. 
b Data presented are the interquartile range: M (Q25, Q75). 
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does not provide a comprehensive picture of diaphragm morphology and function. In addition, it is suggested that changes in breathing 
patterns due to psychological factors may be an appropriate response or beneficial compensation for increased ventilatory or metabolic 
demands, but inappropriate muscle-using habits may remain after the factors leading to altered breathing patterns have been elim
inated, which may complicate the disease situation and symptoms [35]. These mechanisms, that is, poor psychological states and 
abnormal breathing patterns do not exist simultaneously, may help to explain why we did not observe a correlation between them. 
Besides, another possible explanation is that the abnormal diaphragm contractility present in patients with chronic painful TMD is 
unrelated to psychological conditions and instead there are other underlying mechanisms. 

We hypothesized that abnormal diaphragmatic function in patients with chronic painful TMD may be due to two mechanisms. One 
of the possible mechanisms is that abnormal central sensorimotor control in TMD patients leads to aberrant diaphragm contraction. We 
hypothesized that injurious sensory inputs (including painful or abnormal occlusal sensations) in patients with chronic painful TMD 
may lead to altered motor outputs in centers, which might affect the diaphragm’s motor strategy. In healthy people, the diaphragm can 
perform dual tasks simultaneously, namely, assisting in posture stabilization and maintaining ventilation without interfering with each 
other [36]. However, it has been found that the strategy of the central nervous system for controlling core stability may change in the 

Table 2 
Hemi-diaphragm thickness at the end of quiet inspiration and expiration and the degree of contractility.   

Chronic Painful TMD Healthy Controls P Cohen’s d 

Right Thickness:inspiration(mm) 1.64 ± 0.59 1.51 ± 0.35 0.367 0.27 
Thickness:expiration(mm) 1.39 ± 0.55 1.15 ± 0.29 0.072 0.55 
The degree of contractility(%) 19.57 ± 10.61 33.85 ± 17.07 0.003a 1 

Left Thickness:inspiration(mm) 1.70 ± 0.55 1.60 ± 0.41 0.492 0.21 
Thickness:expiration(mm) 1.48 ± 0.53 1.26 ± 0.35 0.113 0.49 
The degree of contractility(%) 16.51 ± 9.55 28.86 ± 12.22 0.001a 1.13 

TMD, temporomandibular disorder. 
Data presented are the mean ± standard deviation. 

a The Chronic painful TMD group exhibited significantly fewer values than healthy control groups (P < 0.01). 

Fig. 3. Diaphragm contractility. 
R, right; L, left; CPTMD, chronic painful temporomandibular disorder; HC, healthy controls. Grey dots represent patient groups and black dots 
represent control groups. The long and short lines represent the mean and standard deviation, respectively. 

Table 3 
Correlations between diaphragm contractility, psychological states, and pain characteristics.   

Right DC Left DC PHQ - 9 GAD - 7 PHQ - 15 

CPTMD HC CPTMD HC CPTMD HC CPTMD HC CPTMD HC 

Right DC 1.000 1.000         
Left DC − 0.104 0.617a 1.000 1.000       
PHQ-9 − 0.022 0.165 − 0.092 0.247 1.000 1.000     
GAD-7 0.073 0.072 − 0.005 0.361 0.729a 0.708a 1.000 1.000   
PHQ-15 0.046 − 0.003 0.304 0.027 0.654a 0.545a 0.668a 0.250 1.000 1.000 
CPI − 0.134 n/a 0.388 n/a 0.244 n/a 0.020 n/a 0.280 n/a 
IS 0.067 n/a 0.248 n/a 0.614a n/a 0.402 n/a 0.542a n/a 

CPTMD: chronic painful temporomandibular disorder; DC: diaphragm contractility; HC: healthy controls; PHQ-9, Patient Health Questionnaire 9- 
item; GAD-7, Generalized Anxiety Disorder 7-item; PHQ-15, patient Health Questionnaire 15-item; CPI, Characteristic Pain Intensity; IS, Interfer
ence Score; n/a: not applicable. 

a P < 0.01. 
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presence of pain syndromes [37]. With this strategy, the diaphragm seems to be more inclined to maintain posture than to breathe 
normally [38]. Evidence from functional magnetic resonance imaging shows that TMD patients have abnormal central sensorimotor 
circuits and aberrant brain signal variability in the primary sensory cortex and primary motor cortex [39]. Another possible mech
anism may be that poor breathing patterns may lead to an imbalance in the cranial-cervical-mandibular muscle chain, which further 
leads to the development of TMD pain. The mechanical behavior of the diaphragm primarily depends on the contraction of the zone of 
apposition. When the abdominal wall musculature (descending ribs) is weak, or the curvature of the spine is abnormal, the ribs cannot 
remain in a good position, resulting in a reduced mechanical advantage for contraction of the diaphragm’s zone of apposition [25,35]. 
When the diaphragm cannot perform the respiratory function properly, accessory inspiratory muscles (such as the sternocleidomastoid 
muscle and the scalenus muscle) have to undertake additional tasks, which will lead to headache, neck pain, cervical vertebra 
dysfunction and TMD [35,40]. Therefore, the abnormal diaphragm function in painful TMD patients may explain why they simul
taneously suffer neck pain, cervical vertebra dysfunction, and even various musculoskeletal problems or postural misalignment. 

The abnormal diaphragm contractility we found in TMD patients is consistent with what was previously found in patients with 
chronic low back pain [41], lumbopelvic pain [42], pelvic girdle pain [43], and chronic ankle instability [22]. In physiological studies, 
it has been well established that deep core muscles such as the diaphragm, pelvic floor, and transversus abdominis have an essential 
role in the body’s movement. The central control of the core muscles follows a feed-forward regulation, which means that when the 
center sends out a limb movement command, the core muscles will be activated in advance to maintain postural stability by con
tracting and adjusting the pressure to prepare the limbs for the movement task [15,36,44]. This feed-forward regulatory mechanism 
that stabilizes the trunk is the physiological basis of the musculoskeletal system for the prevention of movement injuries. 
Diaphragm-related training has benefited patients with musculoskeletal or digestive problems such as shoulder pain [21], chronic low 
back pain [16], and gastroesophageal reflux disease (GERD) [18], which are common co-morbidities of TMD [3,9,20]. Currently, there 
is grade B evidence that breathing exercises improve pain, respiratory function, and/or quality of life in patients with chronic, 
non-specific low back pain [23]. Breathing exercises, as a non-invasive treatment, may be of great benefit to patients and further 
research is needed in the future. 

4.1. Limitations 

We acknowledge the limitations of this study. Due to the lack of relevant research, there is no precise definition or statistics on the 
incidence of diaphragm dysfunction. Hence, we were unable to calculate the sample size before hand. In addition, painful TMD was 
divided into myalgia, arthralgia, and headache attributed to TMD, but due to our small sample size, no subgroup analysis was per
formed. In the future, we may explore these questions further. 

5. Conclusions 

In conclusion, this preliminary study is the first to demonstrate the presence of weaker and less congruous diaphragmatic 
contractility in patients with chronic painful TMD. These findings are also consistent with some common co-morbid conditions 
associated with TMD. As an essential component of the systemic joint chain, the temporomandibular joint should not only be fram 
within the biomechanics of the craniocervical mandibular system. Instead, a focus on overall biomechanics is suggested since it may 
help to understand the mechanisms behind TMD and its common co-morbidities. This study of the diaphragm is just the beginning, and 
our findings may provide new insights into TMD-related research. 
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