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Purpose: This study aims to explore the association of pressure pain thresholds (PPTs) with age, gender, and pain in patients with
temporomandibular disorders (TMD).

Patients and Methods: A total of 301 TMD patients (248 female and 53 male) were recruited and classified into the high and low
age groups according to their median age of 26 years. Patients’ demographics, pain-related variables, TMD-related variables, and PPTs
of both left and right temporomandibular joints (TMJs), masseter, and temporalis were collected.

Results: Pain duration and visual analog scale of pain (VAS) showed no significant correlations with PPTs (P>0.05). Multiple linear
regression analysis revealed a significant positive association of PPTs of all six sites with males ($=0.41-0.72 kg-ecm 2, 95% CI (0.19-
0.38, 0.74-0.99), P<0.001), as well as with the high age group [p=0.28-0.36 kg-cm 2, 95% CI (0.07-0.20, 0.47-0.53), P<0.020].
Furthermore, PPTs of the left TMJ showed a significant negative association with left pain-related TMD (PT) [=—0.21 kg-cm 2, 95%
CI (-0.38, —0.04), P=0.026], but PPTs of the remaining sites did not show a significant association with PT (£>0.05). Stratified
analysis showed that PPTs in females were associated with the high age group [p=0.25-0.37 kg-cm 2, 95% CI (0.04-0.20, 0.45-0.56),
P<0.020] and that PPT of the left TMJ was associated with left PT [p=—0.21 kg-cm 2, 95% CI (-0.39, —0.03), P=0.043]. The
remaining PPTs did not show a significant association with PT (P>0.05). In males, PPTs did not show significant correlations with age,
PT and VAS (P>0.05).

Conclusion: PPTs in the orofacial region are associated with gender and age in TMD patients. Pain duration and intensity show no
significant correlations with PPTs in TMD patients. Researchers and dentists should take age and gender into account when using PPTs
as auxiliary diagnostic indicators for PT.
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Introduction

Temporomandibular disorders (TMDs) are a family of complicated disorders in the musculoskeletal system involving the
temporomandibular joints (TMJs), the masticatory muscles, and their associated tissues." TMD is the second most common
musculoskeletal disorder that causes pain and disability.> Generally, the prevalence of TMD is considered to be 5% to 12% in
adults,*> while in children it ranges from 22% to 47% in different countries.® According to Diagnostic Criteria for
Temporomandibular Disorders (DC/TMD), TMD can be classified into two groups: pain-related TMD (PT), which includes
myalgia, arthralgia, and headache attributed to TMD; and intra-articular TMD (IT) which includes disc displacement,
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degenerative joint disease, and subluxation.* The etiologies of TMD are complex and associated with biological, environmental,
psychological, social, and cognitive factors.” Common treatments for TMD include self-management, physical therapy, use of
nonsteroidal anti-inflammatory drugs, and psychological interventions.® In recent years, some emerging therapies such as low-
level laser therapy, extracorporeal shockwave therapy and oxygen-ozone therapy have been reported as promising new
treatments for TMD.”'® TMD patients may present overlapping symptoms with other chronic pain conditions, including
headache, fibromyalgia, and neurological conditions, probably through the phenomenon of central sensitization (mainly
allodynia and hyperalgesia).“*13 The influence of various symptoms of TMD has been widely investigated and proven to be
associated with psychological disorders, systemic disorders and overlapping pain conditions.”*!! 1>

As one of the most common symptoms of TMD, pain in the maxillofacial region, especially chronic pain persisting
for a long time, was associated with negative emotions of the patients such as depression, stress, anxiety, and stigma as
well as increased pain sensitivity.”'*!> The increased pain sensitivity caused by TMD has been related to the genetic
factors and psychological disorders mentioned above and may be the result of an abnormal response of the central
nervous system to nociceptive information induced by physical or emotional stress.'®!” Pain sensitivity varies among
populations of different ages and genders and is usually measured by pressure pain thresholds (PPTs) which refers to the
minimum amount of pressure necessary to induce pain using non-invasive pressure algometers.'® Usually, increased pain
sensitivity measured by PPTs is observed in chronic diseases among which females are lower than males.'>"”

The orofacial pain prospective evaluation and risk assessment (OPPERA) baseline case-control study and others have
shown that patients experiencing PT are more sensitive to experimental pain even in the non-symptomatic region.'”**** The
recent longitudinal studies further explored the causal association between pain sensitivity and clinical pain and showed that
PPTs could fluctuate with the development of TMD. Reduced PPTs on the first-onset TMD could rebound to some extent
when effective treatment was applied for TMD recovery, although premorbid PPTs could barely predict the incidence of
TMD.* % Although the association of PPTs between TMD and TMD-free subjects has been broadly investigated, the
association of PPTs with pain only among TMD subjects remains unclear and deserves further studying.

Therefore, according to previous studies, it can be assumed that TMD patients with painful TMD have higher pain
sensitivity and lower PPTs than those without pain. It could also be hypothesized that females have lower PPTs than
males. Our research aimed to investigate the relationship between PPTs and age, gender, and pain, including pain
intensity and pain duration in patients with TMD.

Materials and Methods
Subjects and TMD Diagnosis

This observational cross-sectional study was performed at the Department of Temporomandibular Joint, West China
Hospital of Stomatology, Sichuan University, from July 2022 to December 2022. The Ethics Committee of West China
Hospital of Stomatology of Sichuan University (Ethics number: 2022-212) approved the study, and the Declaration of
Helsinki was followed during the study.

Patients with TMD were enrolled in this study prospectively when they were seeking care in the hospital and all the patients
and legal guardians of underage patients provided informed consent. The inclusion criteria included: (a) patients diagnosed with
TMD; (b) clinical data of patients was complete. The exclusion criteria included: (a) presence of TMJ trauma or operations; (b)
presence of analgesics use in the last 3 months, for example, nonsteroidal anti-inflammatory drugs (NSAIDs); (c) cognitive
impairment and/or illiteracy; (d) presence of facial skin disease; (e) ongoing dental pain, neuralgia, and sinusitis. Patients
participating in this study were classified into the high and the low age groups according to the median age.

All the patients were examined by two experienced TMD specialists and the diagnoses were established based on the
DC/TMD.* Two diagnoses were made by the same specialist at different times, and the intra- and inter-examiner
reliability of the diagnoses were tested using the kappa coefficient (intra-examiner: kappa = 0.93 and 0.91; inter-
examiner: kappa = 0.87). In the case of different diagnoses, a consensus diagnosis after discussion was adopted.

In this study, according to DC/TMD, PT included myalgia, arthralgia, and headache attributed to TMD. Patients
classified as non-PT were those with TMD but without a PT diagnosis, ie, patients whose diagnosis included only disc
displacement, degenerative joint disease, and subluxation.
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Data Collection and Measurements

Data collection and measurements were performed on the same day after the patient was diagnosed with TMD. Data
included demographics, medical histories, the visual analogue scale of pain (VAS), maximal interincisal opening (MIO),
palpation examination, and PPTs. PPTs were measured last, after all other measurements were completed.

Demographics and Medical Histories

Demographics included the age and gender of the patients. Medical histories involved pain duration, systemic diseases,
and parafunctional habits. Pain duration was further classified as no pain, acute pain (<3 months), and chronic pain (>3
months). Systemic diseases include cardiovascular diseases (eg hypertension, coronary artery disease, etc.), endocrine
diseases (eg diabetes, hyperthyroidism, etc.), autoimmune diseases (eg systemic lupus erythematosus, rheumatoid
arthritis, etc.), psychiatric comorbidities, other chronic pain conditions etc. Parafunctional habits referred to poor habits
associated with TMD, such as unilateral chewing, biting hard foods, etc.?®

PPTs

PPTs are the minimal pressure (force) that induces pain.?” PPTs were measured using a manual Wagner-type algometer
(FPIX25, Wagner instruments) with a rubber round probe with a surface area of 1 cm®.?® PPTs of both left and right TMJ,
masseter, and temporalis were evaluated. The investigator places the pain meter probe vertically at the assessed spot,
continuously and steadily increasing the pressure at a constant rate of 1 kg-cm 2 per second. The patients were asked to
raise their hands at the exact moment they felt pain. Measurements were repeated three times and the average of the three
algometer readings would be recorded as the corresponding PPTs.*’

VAS
The VAS was applied to measure the intensity of pain in the TMJ and associated orofacial muscles at the time of the
patient’s visit, which ranged from 0 (no pain at all) to 10 (the most intense pain imaginable).

MIO

The overbite and the distance between the incisive margins of the maxillary and mandibular central incisors during
assisted maximum mouth opening was measured using a millimeter ruler while the subject was in an upright position.
The sum of the two measurements was recorded as MIO.

Palpation

Palpation was employed to identify both TMJ noises and pain in the masticatory muscles and TMJ. TMJ noises were
divided into clicking and crepitus sounds, according to DC/TMD. Pain reported by patients at the location of palpation
was recorded. Examination was performed on both bilateral TMJs and masticatory muscles.

Statistical Analysis
Cohen’s /* with a medium effect size (0.15) was used to determine the sample size at a.= 0.05 and power = 0.95, and 128 was
the minimum acceptable sample size. The Shapiro—Wilk test was employed to test the normality of the variables, the
Wilcoxon rank sum test was used to test for differences between non-normal variables, and the Fisher exact test was used to
test for differences in categorical variables. Spearman correlation coefficients adjusted with Benjamini-Hochberg method
were calculated for the initial exploration of the relationship between the variables while hierarchical clustering was
performed at the same time. Simple linear regression models were employed for preliminary variable selection (P < 0.1),
and eventually, the variable set was checked and determined based on expert knowledge. Multiple linear regression models
were utilized to investigate the relationship between PPTs and covariates, as well as to adjust for possible confounders.
Stratified analysis was employed to adjust for the gender and to investigate the factors associated with PPTs in male and
female patients. The Benjamini-Hochberg method was used in the multiple linear regression to adjust the p-values. Variance
inflation factors (VIFs) were used to test for the presence of multicollinearity in the model. Restricted cubic splines were
used to fit nonlinear relationships.

All statistical analyses were performed using R, version 4.2.1 (R Core Team 2022). The significance level o was set to 0.05.
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Results

Demographics

A total of 301 subjects with TMD (248 female and 53 male patients with a median age of 26 years) were enrolled in this
study (Figure 1). Table 1 shows the characteristics of the TMD patients under study at baseline. MIO and PPTs at all sites
were significantly higher in male TMD patients than in female TMD patients (P < 0.001). The remaining variables were
not significantly different (P > 0.05). Among the 301 subjects (Table 2), 209 patients had PT (69.4%), while 92 patients
had non-PT (30.6%). Patients with PT had significantly higher age, VAS, and pain duration compared to those with non-
PT (P < 0.05). Conversely, patients with PT had significantly lower MIO and proportion of clicking sounds than patients
with non-PT (P < 0.05). The PPT of TMJ was significantly lower in patients with PT compared to those with non-PT (P <
0.05), while no significant difference was observed in the PPT of masseter and temporalis (P > 0.05).

Spearman Correlation Analysis and Hierarchical Clustering
Spearman correlation coefficients adjusted with Benjamini-Hochberg method (Supplementary Figure 1, Supplementary

Materials) showed significant positive correlations for the six PPTs (P < 0.001), and significant positive correlations
between age and PPTs (P < 0.01), gender (male), and PPTs (P < 0.001). Left PPTs showed a significant negative
correlation with the left PT (P < 0.01) but not with the right PT (P > 0.05). In contrast, neither right PPTs nor left PPTs
showed a significant correlation with the right PT (P > 0.05). The left palpation pain showed a negative correlation with
the left PPTs of TMJ (P < 0.05). Except for the above variables, the correlations between the remaining variables and
PPTs were not significant (P > 0.05).

Simple Linear Regressions and Variable Selection

Simple linear regression models between PPTs and variables (Table 3) indicated that all six PPTs were significantly
associated with gender (P < 0.001) and age (P < 0.05). The left PPT was significantly associated with the left PT (P < 0.05),
whereas the right PPT did not show a significant correlation with the right PT (P > 0.05). The PPT of the right temporalis

Patients who met the inclusion criteria
(N=353)

TMJ trauma or operations (N=4);

Analgesics use in the last 3 months (N=34) ;

Check if the
exclusion criteria
were met

Cognitive impairment or illiteracy (N=3);

Facial skin disease (N=3);

Ongoing dental pain, neuralgia, or sinusitis (N=8).

A4

Study group
(N=301)

Data analysis
(N=301)

Figure | The flowchart of the study.
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Table | Baseline Characteristics of the TMD Patients Under Study

Variables Female (n=248) Male (n=53) P Total (n=301)
Median IQR Median IQR Median IQR

Age (years) 26.00 13.50 30.00 16.00 0.248 26.00 15.00
MIO (mm) 41.50 11.00 45.00 9.00 <0.001 42.00 10.00
VAS 2.00 3.00 2.00 3.00 0.742 2.00 3.00
Subjects with PT* 3.00 2.00 2.00 2.50 0.645 3.00 2.00
Pain duration (month) 1.00 6.00 2.00 12.00 0.139 1.00 7.00
Subjects with PT* 4.00 11.20 6.00 10.50 0.16l 4.00 11.00
PPT joint (L) 2.09 0.87 2.56 0.98 <0.001 2.14 091
PPT joint (R) 2.00 0.75 2.33 0.86 <0.001 2.06 0.80
PPT masseter (L) 2.10 0.86 2.71 0.83 <0.001 2.18 0.98
PPT masseter (R) 2.00 0.93 2.62 1.06 <0.001 2.09 1.01
PPT temporalis (L) 2.49 1.01 3.20 1.17 <0.001 2.62 1.08
PPT temporalis (R) 2.45 1.06 3.11 1.35 <0.001 2.57 I.16
PT (L) 0.762

Yes 1 15(46.4%) 23(43.4%) 138(45.8%)

No 133(53.6%) 30(56.6%) 163(54.2%)
PT (R) 0.365

Yes 117(47.2%) 29(54.7%) 146(48.5%)

No 131(52.8%) 24(45.3%) 155(51.5%)
Systemic diseases >0.999

Yes 74 (29.8%) 16 (30.2%) 90 (29.9%)

No 174 (70.2%) 37 (69.8%) 211 (70.1%)
Parafunctional habits 0.296

Yes 212 (85.5%) 42 (79.2%) 254 (84.4%)

No 36 (14.5%) 11 (20.8%) 47 (15.6%)
Crepitus sounds (L) 0.148

Yes 16 (6.5%) 7 (13.2%) 23 (7.6%)

No 232 (93.5%) 46 (86.8%) 278 (92.4%)
Crepitus sounds (R) 0.058

Yes 17 (6.9%) 8 (15.1%) 25 (8.3%)

No 231 (93.1%) 45 (84.9%) 276 (91.7%)
Clicking sounds (L) 0.060

Yes 95 (38.3%) 13 (24.5%) 108 (35.9%)

No 153 (61.7%) 40 (75.5%) 193 (64.1%)
Clicking sounds (R) 0.521

Yes 80 (32.3%) 20 (37.7%) 100 (33.2%)

No 168 (67.7%) 33 (62.3%) 201 (66.8%)
Palpation pain (L) 0.545

Yes 116 (46.8%) 22 (41.5%) 138 (45.8%)

No 132 (53.2%) 31 (58.5%) 163 (54.2%)
Palpation pain (R) 0.880

Yes 116 (46.8%) 24 (45.3%) 140 (46.5%)

No 132 (53.2%) 29 (54.7%) 161 (53.5%)
Pain duration 0.277

No pain 78 (31.5%) 14 (26.4%) 92 (30.6%)

Acute 83 (33.5%) 16 (30.2%) 99 (32.9%)

Chronic 87 (35.1%) 23 (43.4%) 110 (36.5%)

Notes: Hypothesis testing was performed between males and females. The Wilcoxon rank sum test was used for non-normal
continuous variables and rank variables, and the Fisher exact test was used for categorical variables. *Variables among subjects with
PT. The bold indicates P<0.05.

Abbreviations: L, left; R, right; IQR, interquartile range.
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Table 2 Demographic and Clinical Characteristics of Patients with Non-PT and PT

Variables Non-PT (n=92) PT (n=209) P
Median IQR Median IQR
Age (years) 25.00 8.00 28.00 18.00 0.008
MIO (mm) 44.00 8.25 41.00 11.00 0.012
VAS 0.00 2.00 3.00 2.00 <0.001
Pain duration (month) 0.00 0.00 4.00 11.00 <0.001
PPT joint (L) 2.24 0.88 2.10 0.90 0.042
PPT joint (R) 2.18 0.83 2.02 0.74 0.027
PPT masseter (L) 2.25 0.95 2.14 0.99 0.234
PPT masseter (R) 2.18 0.77 2.06 1.10 0.211
PPT temporalis (L) 2.82 1.25 2.58 1.05 0.066
PPT temporalis (R) 271 1.21 251 .11 0.101
Gender 0.515
Female 78 (84.8%) 170 (81.3%)
Male 14 (15.2%) 39 (18.7%)
Systemic diseases 0.171
Yes 22 (23.9%) 68 (32.5%)
No 70 (76.1%) 141 (67.5%)
Parafunctional habits 0.492
Yes 80 (87.0%) 174 (83.3%)
No 12 (13.0%) 35 (16.7%)
Crepitus sounds (L) >0.999
Yes 7 (7.6%) 16 (7.7%)
No 85 (92.4%) 193 (92.3%)
Crepitus sounds (R) 0.507
Yes 6 (6.5%) 19 (9.1%)
No 86 (93.5%) 190 (90.9%)
Clicking sounds (L) 0.026
Yes 42 (45.7%) 66 (31.6%)
No 50 (54.3%) 143 (68.4%)
Clicking sounds (R) 0.033
Yes 39 (42.4%) 61 (29.2%)
No 53 (57.6%) 148 (70.8%)

Notes: Hypothesis testing was performed between patients with non-PT and patients with PT. The Wilcoxon rank
sum test was used for non-normal continuous variables and rank variables, and the Fisher exact test was used for
categorical variables. The bold indicates P<0.05.

Abbreviations: L, left; R, right; IQR, interquartile range.

was significantly correlated with the right palpation pain (P < 0.05). Moreover, the correlation between the six PPTs was
statistically significant (P < 0.001).

The age group, gender, VAS, palpation pain, and PT were initially included in the variable set for multiple regressions
according to the criterion of P < 0.1 in the simple linear regressions (Table 3).

Multiple Linear Regressions

The results of the multiple linear regression analysis (Table 4) showed a significant positive association of PPT of all six
sites with males (0.41-0.72 kg-cm 2, P < 0.001), as well as with the high age group (0.28-0.36 kg-cm 2, P < 0.020). In
addition, PPTs of the left TMJ showed a significant negative association with left PT [-0.21 kg-cm 2, 95% CI (—0.38,
—0.04), P =0.026], but the PPTs of the remaining sites did not show a significant correlation with PT (P > 0.05). Besides,
PPTs showed no significant association with VAS (P > 0.05).
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Table 3 Crude Association Between PPTs and Variables

Variables

PPT Joint (L)

PPT Joint (R)

PPT Masseter (L)

PPT Masseter (R)

PPT Temporalis (L)

PPT Temporalis (R)

Gender (ref = female)
Age group (ref = low age group)
Pain duration (month)
Pain duration (ref = No Pain)
Acute pain
Chronic pain
Systemic diseases®
Parafunctional habit*
MIO (mm)
VAS
Crepitus sounds (L)*
Crepitus sounds (R)?
Clicking sounds (L)*
Clicking sounds (R)*
Palpation pain (L)
Palpation pain (R)?
PPT joint (L)
PPT masseter (L)
PPT temporalis (L)
PPT joint (R)
PPT masseter (R)
PPT temporalis (R)
PT (L)*
PT (R)*

0.56*** (0.34, 0.78)
0.36%* (0.19, 0.53)
0.00 (0.00, 0.00)

~0.11 (-0.33,0.11)
~0.16 (-0.37, 0.06)
0.11 (-0.08, 0.30)

0.07 (~0.06, 0.20)
0.01 (0.00, 0.02)
~0.05* (~0.10, 0.00)
~0.13 (~0.46, 0.20)
0.13 (~0.19, 0.45)
~0.03 (-0.21, 0.15)
~0.03 (-0.22, 0.16)
~0.15* (~0.33, 0.03)
~0.08 (-0.25, 0.10)
1.00%** (1.00, 1.00)
0.77+* (0.70, 0.83)
0.58** (0.51, 0.64)
0.82%+ (0.75, 0.89)
0.61%* (0.53, 0.68)
0.45%* (0.38, 0.51)

—0.24** (—0.41, —0.06)

0.03 (-0.15, 0.21)

0.43** (0.20, 0.65)
0.29%* (0.12, 0.46)
0.00 (0.00, 0.00)

~0.14 (-0.36, 0.08)
~0.14 (-0.36, 0.07)
0.13 (-0.06, 0.32)
~0.02 (-0.15, 0.11)
0.00 (-0.01, 0.01)
~0.04* (~0.09, 0.01)
~0.11 (~0.44, 0.22)
0.03 (-0.29, 0.34)
0.05 (-0.13, 0.23)
~0.10 (-0.28, 0.09)
0.07 (-0.10, 0.25)
~0.16* (~0.33, 0.01)
0.79%** (0.73, 0.86)
0.74%* (0.67, 0.81)
0.59*** (0.53, 0.65)
1.00%+* (1.00, 1.00)
0.66*** (0.59, 0.73)
0.50%** (0.44, 0.56)
~0.09 (-0.26, 0.09)
~0.11 (-0.29, 0.06)

0.60*** (0.37, 0.82)
0.31%*+ (0.13, 0.49)
0.00 (~0.01, 0.00)

~0.07 (-0.29, 0.16)
~0.10 (-0.32, 0.12)
0.07 (-0.13, 0.26)
0.06 (~0.07, 0.20)
0.00 (-0.01, 0.01)
~0.03 (-0.08, 0.03)
~0.23 (-0.57, 0.11)
0.01 (-0.32, 0.34)
~0.10 (-0.29, 0.08)
~0.05 (-0.24, 0.14)

~0.15* (~0.34, 0.03)
~0.07 (-0.26, 0.11)
0.81%++ (0.74, 0.88)
1.00%* (1.00, 1.00)
0.61%* (0.55, 0.67)
0.80%** (0.73, 0.88)
0.71%* (0.64, 0.78)
0.48%** (0.41, 0.54)

-0.21* (~0.39, —0.03)
0.00 (-0.18, 0.18)

0.58*** (0.34, 0.83)
0.29** (0.10, 0.48)
0.00 (~0.01, 0.00)

~0.00 (~0.25, 0.24)
~0.07 (-0.31, 0.17)
0.00 (-0.21, 0.22)
~0.04 (-0.18, 0.10)
0.00 (-0.01, 0.01)
~0.04 (-0.10, 0.01)
~0.01 (-0.38, 0.35)
~0.02 (-0.37, 0.33)
~0.03 (-0.23, 0.17)
~0.06 (-0.27, 0.14)
~0.12 (-0.32, 0.07)
~0.19* (-0.38, 0.01)
0.74%* (0.64, 0.83)
0.81%*+ (0.73, 0.89)
0.59%** (0.52, 0.66)
0.83%*+ (0.74, 0.91)
1.00%** (1.00, 1.00)
0.55%+ (0.48, 0.61)
~0.06 (-0.26, 0.13)
~0.05 (~0.24, 0.15)

0.73** (0.45, 1.01)
0.29* (0.06, 0.51)
0.00 (~0.01, 0.00)

~0.20 (-0.48, 0.08)
~0.27 (-0.54, 0.00)
~0.01 (-0.25, 0.24)
0.10 (~0.06, 0.26)
0.00 (-0.01, 0.02)
~0.05 (-0.11, 0.02)
~0.11 (-0.53, 0.31)
0.13 (-0.28, 0.53)
~0.12 (-0.35, 0.12)
~0.10 (-0.34, 0.14)
~0.08 (-0.31, 0.14)
~0.14 (-0.36, 0.09)

0.92%* (0.82, 1.02)

0.93%* (0.84, 1.02)

1.00%+* (1.00, 1.00)

0.97++* (0.87, 1.07)

0.78*** (0.68, 0.88)

0.74%* (0.68, 0.80)

-0.23* (~0.45, 0.00)
~0.13 (-0.35, 0.09)

0.70*** (0.39, 1.01)
0.32** (0.08, 0.56)
0.00 (~0.01, 0.00)

~0.13 (-0.43, 0.17)
~0.23 (-0.53, 0.07)
~0.07 (-0.33, 0.20)
0.02 (-0.16, 0.19)
0.00 (-0.01, 0.02)
~0.03 (-0.10, 0.04)
~021 (-0.66, 0.25)
0.03 (-0.41, 0.47)
0.09 (-0.17, 0.34)
~0.05 (-0.31, 0.20)
~0.08 (-0.33, 0.16)
-0.28* (~0.52, —0.03)
0.84%* (0.72, 0.97)
0.85%* (0.74, 0.97)
0.88*** (0.80, 0.95)
0.98** (0.87, 1.09)
0.85%* (0.75, 0.96)
1.00*+* (1.00, 1.00)
~0.10 (-0.34, 0.14)
~0.14 (-0.38, 0.11)

Notes: B (95% Cl); P < 0.1, *P < 0.05, **P < 0.01, **P < 0.001; *Ref = none. The bold indicates P<0.05.
Abbreviations: PPT, pressure pain threshold; L, left; R, right.
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Table 4 B-Coefficients in Multiple Linear Regression Models of TMD Patients

Variables Joint (L) Masseter (L) Temporalis (L) Joint (R) Masseter (R) Temporalis (R)
Gender® 0.52 (0.31, 0.74) 0.57 (0.34, 0.79) 0.72 (0.44, 0.99) 0.41 (0.19, 0.63) 0.57 (0.32, 0.81) | 0.69 (0.38, 0.99)
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Age group® 0.36 (0.20, 0.53) 0.30 (0.13, 0.47) 0.28 (0.07, 0.50) 0.30 (0.13, 0.47) 0.28 (0.09, 0.47) | 0.31 (0.08, 0.55)
P <0.001 0.001 0.018 0.001 0.007 0.019

VAS -0.05 (—0.10, 0.005) -0.02 (-0.07, 0.03) | —0.03 (-0.10, 0.03) | —0.04 (-0.10, 0.007) | —0.05 (-0.10, 0.01) | —0.03 (—0.10, 0.05)
P 0.091 0.572 0319 0.130 0.159 0.553

PT (L) —0.21 (—0.38, —0.04) | —0.19 (-0.37, —0.02) | —0.18 (-0.40, 0.04) | —0.04 (-0.21,0.14) | —0.02 (-0.21, 0.18) | —0.06 (—0.31, 0.18)
P 0.026 0.050 0.162 0.670 0.860 0.615

PT (R) 0.03 (-0.14, 0.19) -0.02 (-0.19, 0.15) | —0.14 (-0.36, 0.07) | —0.12 (-0.29, 0.05) | —0.07 (—0.26, 0.12) | —0.17 (-0.41, 0.07)
P 0.748 0.821 0.230 0.188 0.594 0.247

Notes: § (95% CIl). The PPTs at six sites were dependent variables. The age group, VAS, and left and right PT were explanatory variables. P-values were adjusted using the
Benjamini-Hochberg method. *Ref = female, °Ref = low age group, “Ref = none. The bold indicates P<0.05.
Abbreviations: L, left; R, right.

In female TMD patients, multiple linear regression analysis (Table 5) showed that female TMD patients in the high
age group had an average increase in PPTs of 0.25 kg-cm 2 to 0.37 kg-cm 2 compared to the low age group (P < 0.05).
The effects of the presence of left and right PT of the patients and the VAS on the PPTs were not statistically significant,
but the presence of left PT was significantly related to the lower PPT of the left TMJ [0.21 kg-cm 2, 95% CI (—0.39,

—0.03), P =

0.043].

In male TMD patients (Table 6), no variable showed a significant association with PPTs.

Table 5 B-Coefficients in Multiple Linear Regression Models of Female TMD Patients

Variables Joint (L) Masseter (L) Temporalis (L) Joint (R) Masseter (R) Temporalis (R)
Age group® 0.37 (0.20, 0.55) 0.28 (0.09, 0.47) 0.32 (0.09, 0.56) 0.33 (0.15, 0.51) 0.25 (0.04, 0.45) 0.32 (0.08, 0.56)
P <0.001 0.012 0.016 <0.001 0.049 0.023

VAS —0.03 (—0.09, 0.02) -0.01 (—0.07, 0.05) -0.01 (-0.08, 0.06) | —0.02 (-0.08, 0.03) | —0.04 (-0.10, 0.02) | —0.02 (—0.09, 0.06)
P 0.278 0.715 0.729 0.368 0.360 0.645

PT (L)° -0.21 (-0.39, -0.03) | —0.20 (-0.40, 0.003) | —0.19 (—0.43, 0.05) | —0.13 (-0.31, 0.06) | —0.07 (-0.28, 0.14) | —0.17 (—0.42, 0.08)
P 0.043 0.089 0.151 0.227 0.650 0.225

PT R)° 0.04 (-0.14, 0.22) —0.04 (—0.24, 0.15) -0.21 (-0.45, 0.02) | —0.13 (-0.31, 0.05) | —0.04 (-0.25, 0.17) | —0.23 (-0.47, 0.02)
P 0.698 0.715 0.128 0.227 0.689 0.116

Notes:  (95% CI). The PPTs at six sites were dependent variables. The age group, VAS, and left and right PT were explanatory variables. P-values were adjusted using the
Benjamini-Hochberg method. *Ref = low age group, °Ref = none. The bold indicates P<0.05.
Abbreviations: L, left; R, right.

Table 6 p-Coefficients in Multiple Linear Regression Models of Male TMD Patients

Variables Joint (L) Masseter (L) Temporalis (L) Joint (R) Masseter (R) Temporalis (R)
Age group® | 0.33 (-0.15, 0.81) | 0.39 (-0.005, 0.78) | 0.08 (—0.48, 0.64) 0.18 (-0.31, 0.67) 0.49 (0.002, 0.97) 0.27 (-0.51, 1.04)
P 0.298 0.132 0.784 0.584 0.122 0.762
VAS -0.11 (-0.25, 0.04) | —0.05 (-0.17, 0.07) | —0.11 (-0.27, 0.06) | —0.14 (-0.28, 0.01) | —0.09 (—0.24, 0.05) | —0.05 (-0.28, 0.18)
P 0.298 0.508 0.522 0.173 0.351 0.762
PT (L)® -0.21 (-0.71, 0.28) | —0.17 (-0.57, 0.23) | —0.14 (-0.71, 0.43) | 0.36 (-0.14, 0.86) 0.23 (-0.26, 0.73) 0.45 (-0.34, 1.23)
P 0.479 0.508 0.784 0.249 0.402 0.653
PT (R)° —0.05 (-0.53, 0.42) | 0.05 (—0.34, 0.45) 0.14 (-0.42, 0.69) | —0.13 (-0.62, 0.35) | —0.20 (-0.68, 0.28) | 0.12 (-0.65, 0.88)
P 0.820 0.779 0.784 0.587 0.402 0.762

Notes:  (95% CI). The PPTs at six sites were dependent variables. The age group, VAS, and left and right PT were explanatory variables. P-values were adjusted using the
Benjamini-Hochberg method. *Ref = low age group, "Ref = none. The bold indicates P<0.05.
Abbreviations: L, left; R, right.
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Figure 2 Restricted cubic spline approach to explore the shapes of the associations between age and PPTs in TMD patients. The bands show 95% confidence intervals.
Abbreviations: L, left; R, Right; PPT, pressure pain threshold.

The VIFs were calculated to test for the presence of multicollinearity in the models, and the results showed no
significant multicollinearity in all models (Supplementary Table 1). Restricted cubic splines (Figure 2) show the shapes
of the associations between age and PPTs in TMD patients.

Discussion

In the present study, we comprehensively collected the PPTs of almost entire TMD-related sites including both left and
right TMJ, masseter, and temporalis, and pain-related indicators like pain intensity and pain duration. To our surprise,
instead of pain, we found that age and gender were the main factors influencing PPTs in patients with TMD. Specifically,
females had statistically lower PPTs than males among TMD patients, and age was the main factor influencing PPTs of
all six sites in females. Thus, our first hypothesis was rejected but our second hypothesis was validated.

Consistent with previous studies,'*>'” we found that the PPTs of all six sites tested in TMD patients were significantly
higher in males than in females, indicating that females suffered from significantly increased pain sensitivity than males.
The sexual differences in pain sensitivity can be interpreted in terms of hormonal factors and societal gender roles.'® Pain
sensitivity has been proven affected by testosterone and estrogen. It is reported that testosterone could reduce chronic
pain and is related to a higher pain tolerance while estrogen is associated with a lower tolerance to pain.”’ ' The
mechanism of testosterone remains unclear, but the role of estrogen in pain has been widely studied. Specifically,
estrogen can affect both the central and peripheral nervous systems, modulating pain and its perception by modifying
pain-related neurotransmitters such as serotonin.*> As for the discrepancies in societal gender roles, in a number of
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cultures around the world, masculinity is linked to high pain tolerance, while femininity is connected to high pain
sensitivity.>?

Apart from the differences of PPTs caused by gender, we also found that there existed gender differences in the
influential factors of PPTs. For females, we found that age was the main factor influencing PPTs of all six sites during TMD
in which the elders had significantly higher PPTs than the younger. It indicated that the PPTs increased with age even in
pathological conditions, which was consistent with the findings in healthy populations.** Furthermore, an interesting
finding was observed among female subjects in our study. Although PPTs were negatively associated with PT, the
significant correlations were only observed between PPT of left TMJ and left PT. This might be associated with personal
habits such as right-side chewing preference and dextromanuality. As for males, the significant association between PPTs
and PT was not observed. In addition, no significant association of age with PPTs was found in male patients. This may be
partly attributed to fewer male patients in our sample, as the prevalence of TMD is lower in males than in females.®

Although this finding was unexpected, a similar trend has been observed in previous studies. Knuutila et al observed
significant negative correlations between myalgia and arthralgia subgroups and PPTs in female TMD patients, but not in
male TMD patients, in a 46-47-year-old Northern Finland population.'

Studies have proven that the PPTs will decrease significantly compared to themselves when individuals get TMD,
especially PT.** An intriguing and surprising finding in our study was that pain including pain intensity and pain duration
was not associated with PPTs in both female and male patients with TMD, indicating that PPTs could not be further
influenced by pain during TMD. Previous studies based on OPPERA data have shown that patients with TMD experience
a decrease in PPT some time after the onset of symptoms, compared to their PPT when they did not have TMD (median
of 17 months ago).?* However, the previous study was not able to determine whether the decline in PPT occurred before
or after the onset of TMD. According to our study, no association of PPTs with pain duration was observed in patients
diagnosed with PT. This implies that the decline in PPT may occur only before the onset of TMD rather than after it. This
inference needs to be verified by further well-designed longitudinal studies (Supplementary Figure 2). Consistent with

our results, other studies had the same finding that there was no correlation between PPTs and VAS in patients with
TMD.?® The results were also found in chronic tension-type headache patients. Neither the intensity nor the duration of
the headache was found to be associated with a decrease in PPTs.*

Restricted cubic splines indicated that the assumption of linearity between age and PPTs in TMD patients was
reasonable because there existed linear relationships within the 95% confidence interval. In addition, the fit results of the
restricted cubic spline implied that PPTs may increase and then decrease with age. However, the large 95% confidence
interval in the tail of the splines suggested that this trend may not be robust due to a lack of sufficient samples of female
TMD patients over 40 years of age.

Therefore, based on our study, it seems that PPTs may not be a meaningful clinical indicator for PT prediction and
diagnosis in male patients. However, in female patients, PPTs are promising as an auxiliary diagnostic index of PT, but
attention should be paid to the correction of age.

The current study still existed several limitations. Firstly, the sample size of male patients and patients over forty
years old should be further increased in future research in order to reduce the size of the confidence interval and improve
the power of the test, as well as to explore possible linear relationships or saturation effects between age and PPTs in
female patients. Secondly, due to the limitation of clinical data collection, the study lacked a healthy control group, so the
information regarding the PPTs baseline was unavailable. Therefore, this study did not compare the difference in PPTs
between patients with and without TMD. Third, the current study excluded patients who had used analgesics in the last
three months. Although we controlled for pain intensity in the statistical analysis, this could still lead to a potential
sample skew toward patients with less severe pain. In addition, our study focused only on populations in southwest
China, and further studies are needed to confirm whether there are racial differences in the findings.

Conclusion

PPTs in the orofacial region were associated with gender and age in TMD patients. Moreover, pain duration and pain
intensity do not show a significant correlation with PPTs in TMD patients. In female patients with TMD, PPTs were
significantly positively associated with age and there was a significant negative association between PPT of the left TMJ
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and left PT. In male patients, PPTs were not significantly associated with age, and the association of PPTs with PT was

also not significant. Researchers and dentists should take age and gender into account when using PPTs as auxiliary

diagnostic indicators for PT.
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