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Abstract 

Aims: Oral behaviors, anxiety and stress are believed to be related to 

temporomandibular disorders (TMD) pain. The aims of the study were to investigate 

the association of TMD pain intensity with oral behaviors, anxiety and stress, and the 

association of oral behaviors with anxiety and stress.  

Methods: From among the clinical and community-based participants in the multi-

site Validation Project, 721 subjects were included in this study who had completed 

self-report questionnaires that reported pain intensity (Characteristic Pain Intensity 

[CPI]), oral behaviors (Oral Behavior Checklist [OBC]), anxiety (Symptom Checklist - 

90 revised [SCL-ANX]) and stress (Perceived Stress Scale [PSS]) experienced 

during the previous month; and anxiety experienced during the previous week. 

Participants were divided into four groups based on the CPI report: no pain, mild, 

moderate and severe pain, and were compared using analysis of variance (ANOVA). 

Statistical differences between groups were evaluated using an F-test for continuous 

variables and Chi-square test for categorical variables. Spearman correlation 

coefficients were computed to examine the association of (1) CPI with OBC, SCL-

ANX and PSS and (2) OBC with SCL-ANX and PSS. Simple linear regression 

analysis was used to investigate the bivariate relationships for outcomes CPI and 

OBC. The multivariate regression analysis with age and sex adjustment was 

conducted to examine relationship between CPI and dependent variables, and OBC 

and dependent variables.  

Results: Using CPI as a categorical variable, pain intensity was associated by a 

dose-response curve relationship for each of the independent variables: OBC, SCL-

ANX, and PSS (ANOVA; p<0.0001). Positive correlations were found between CPI 
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versus OBC (r=0.44, n=721), SCL-ANX (r=0.30, n=720), and PSS (r=0.21, n=721) 

with p<0.0001 for all correlations. Positive correlations between OBC with SCL-ANX 

(r=0.38, n=720) and PSS (r=0.32, n=721) with p<0.0001 were found. Using simple 

linear regression, OBC accounted for 18% of the variance of CPI versus SCL-ANX 

and PSS that explained 10% and 5% of CPI, respectively. SCL-ANX and PSS 

accounted for 12% and 11% of the variance of OBC, respectively. The multivariate 

regression model estimated that with 1SD increase of OBC, CPI will increase by 9 

after adjusting for SCL-ANX, PSS, age and gender. For 1 SD increase in SCL-ANX, 

CPI will increase by 5 after adjusting for OBC, PSS, age and gender. For 1 SD 

increase in SCL-ANX, OBC will increase by 2.27 and for 1 SD increase in PSS, OBC 

will increase by 1.63 after adjusting for age, sex and each other. These statistically 

significant associations are positive and range from weak-moderate with correlation 

coefficients of 0.21 to 0.44. Together, these variables with age and sex adjustment 

explain 22% of the TMD pain intensity variability. Together, anxiety and stress with 

age and sex adjustment explain 19% of the variability of oral behaviors. 

Conclusion: Participants with severe TMD pain intensity reported significantly higher 

frequency of oral behaviors and higher levels of anxiety and stress compared to 

participants with no and mild pain. Participants with higher frequency of oral 

behaviors reported significantly higher anxiety and stress compared to participants 

with lower frequency of oral behaviors. Participants with the highest frequency of oral 

behaviors (tercile III of OBC) had clinically significantly more TMD pain than those 

with the lowest frequency of oral behaviors (tercile I of OBC). As predicted by the 

biopsychosocial model, TMD pain is associated with many factors beyond those 

assessed in the present study.  
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Introduction 

Temporomandibular disorders (TMD) are the most common cause of facial pain and 

the second most common musculoskeletal conditions resulting in pain (after chronic 

low back pain).1 Data from the National Health Interview Survey stated that 5% of US 

adults reported jaw or face pain in the preceding 3 months, representing 11.5 million 

adults.2 The prevalence of TMD is 5-12% and annual incidence of new onset TMD is 

4%1,3 The prevalence is higher in females, and young and middle age groups.4–6 

Some individuals may experience preclinical symptoms of TMD pain and dysfunction 

that rarely come to the attention of health care providers.7,8 These symptoms can 

progress in some patients to the development of chronic or persistent pain.3,8,9  

Patients with TMD pain are routinely seen in dental practices, primary care and 

otolaryngology clinics to seek care.10–14 TMD pain is considered a public health 

problem.4  

 

Significant associations have been reported between pain intensity, pain severity, 

pain-related disability and psychological variables in patients with chronic 

musculoskeletal conditions including TMD.15–18 It has been reported that TMD pain 

patients frequently experience psychological factors that influence and contribute to 

the subjective pain experince.2,3 TMD pain patients differ from healthy controls in 

various aspects including increased oral behaviors, anxiety and stress.18–23 Although 

many studies report a positive relationship between TMD pain and anxiety, the role of 

stress has been argued specifically for the onset of TMD pain.24–28 It has been 

speculated that stress and state anxiety have a bi-directional relationship, where 
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stressful situations can influence state anxiety. Relative to oral behaviors, there is 

extensive literature on sleep bruxism and clenching of teeth in TMD pain patients.29–

31 As well, 52% of patients with TMD pain reported tooth-contacting behaviors that 

are different from clenching.32,33 Furthermore, muscle tension has been shown to 

occur both in presence or absence of tooth contact.34,35 It has also been reported that 

TMD patients (with pain and/or disc displacement) have 3.6-4 times more non-

functional tooth contact than the healthy subjects.32,36 In addition, association 

between stress, muscle tension and other oral behaviors can be underestimates 

when using self-report instruments.35 A definitive diagnosis of bruxism is based on 

self-report, clinical examination and polysomnographic recordings preferably 

containing audio/visual recordings.37 Finally, it is important to evaluate the clinical 

significance of these findings to determine if they are relevant to understanding TMD 

pain and if they can have an impact on clinical care.38–40  

 

This study is a secondary analysis performed with the Validation Project data 

collection.41 The Validation Project data collection used simple instruments with 

reliable and valid psychometric properties to aid research reproducibility and 

validity.42–46 The primary aim of this secondary data analysis was to investigate the 

statistical association and the strength of the association between oral behaviors, 

anxiety and stress with regard to the TMD pain intensity, that was observed in the 

Validation Project participants at the time of their evaluation. The secondary aim of 

this analysis was to assess the associations of anxiety and stress with oral 

behaviors. It was hypothesized that participants who reported having severe TMD 

pain intensity would report higher frequency of oral behaviors as well as higher levels 
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of anxiety and stress than participants with no and mild pain. Participants who 

reported having higher frequency of oral behaviors would report higher levels of 

anxiety and stress when compared to participants with less frequency of oral 

behaviors. 

 

Materials and Methods 

The multi-site Validation Project was a cross-sectional observational study. This 

report follows the STROBE (Strengthening the Reporting of Observational studies in 

Epidemiology) statement checklist to report the components of cross-sectional 

studies.47,48 Institutional Review Board (IRB) approval was obtained at each of the 

three study sites.  

Validation Project Study Setting  

The Validation Project was done at the University of Minnesota (UM), the University 

of Washington (UW), and the University at Buffalo (UB).41   

Validation Project Participants  

The participants in the study were recruited from August 2003 to September 2006. 

The study sample is a convenience sample with participants recruited from both clinic 

and community sources.41 Recruitment was consecutive for three-fourths of the study 

sample; the final recruitment was selective to insure an adequate sample of all the 

most common TMD diagnoses. Participants were drawn from 2 sources: direct 

referrals from local health care providers to university-based TMD centers in three 

universities, and community advertisements. Participants aged 18 to 70 years 
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entered the study. 1,244 participants were screened, out of which 512 did not enter 

the study due to reasons listed in Schiffman et al.41 Out of 732 participants who 

entered, 8 dropped out after the first visit that consisted of consent for the study, 

completion of questionnaires and a TMD exam. 724 participants filled out the study 

questionnaires. However, 3 participants failed to provide essential data and were 

excluded from the analyses. Thus, 721 participants completed the questionnaires 

measuring pain intensity, oral behaviors, anxiety and stress, however 1 participant 

did not complete the anxiety questionnaire. See Figure 1 flow diagram. The inclusion 

and exclusion criteria for participation in the Validation Project has been previously 

published.41 

Validation Project Population Demographics: The sample had 128 males [18%] and 

593 females [82%] between the ages of 18 and 67 years with a mean age and 

standard deviation [SD] of 37 [13] years.  

Current Sub Study Inclusion Criteria: Participants with completed questionnaires 

measuring pain intensity, anxiety and stress were included in the study. 

Current Sub Study Exclusion criteria: Participants with incomplete questionnaires 

were excluded from the study. 
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       n=number of participants 

 

Variables  

Characteristic Pain Intensity [CPI] is a self-report subscale of Graded Chronic Pain 

Scale developed by Von Korff, Ormel and Keefe.49 The CPI measures the pain 

intensity with an 11-point numerical rating scale (NRS) for current, average and worst 

facial pain in the past 1 month. The scales are anchored from 0=no pain to 10=pain 

as bad as could be.50 The mean of these three ratings, multiplied by 10, is the CPI 

score (range: 0-100).51 In addition to using CPI as a continuous variable, four 

categories of CPI were used to grade TMD pain intensity: 0 (no pain), 1-39 (mild), 40- 

69 (moderate) and ≥70 (severe) pain.49 CPI ratings on a continuous scale using a 

NRS of 0-100 mm scale have acceptable internal consistency (Cronbach's 
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alpha=0.77), with a normal distribution and moderate correlation (r=0.53) with 

measures of pain disability.49 Temporal stability has been reported to be 2-7 days for 

CPI.52  The convergent and discriminant validity are also high as shown by Lin’s 

correlation concordance coefficient (CCC) of 0.65.52,53 As a dichotomous variable the 

reliability of CPI for TMD pain is 0.80  as measured by the Guttman scale.49 Overall, 

CPI is a short, reliable and valid  instrument which is used in many pain conditions 

including TMD and other musculoskeletal disorders as well as dental emergencies, 

headache, and cancer.51,53–58 

 

Oral behaviors checklist [OBC] is a self-report scale for identifying and quantifying 

the frequency of oral behaviors in the past 1 month. This instrument was developed 

by Ohrbach and the RDC/TMD Validation Project group.59 With a 21-question 

checklist, 2 questions assess oral behaviors during sleep and 19 questions measure 

oral behaviors during waking hours. Each question is scored from 0-4 based on 

frequency of activity performed: a score of 0=none of the time; score of 1=a little of 

the time; score of 2=some of the time; score of 3=most of the time and score of 4=all 

the time; with a range of 0-84. The test-retest reliability of the 21-OBC full scale score 

was shown to have almost excellent reliability, ICC=0.88 [95% CI: 0.82-0.92].60 The 

same study determined the Cronbach alpha as 0.72 for electronic diary items in 

OBC-21. OBC is considered the most descriptive assessment of oral behaviors 

currently available.59–61 The categories for OBC in this study consist of three terciles 

computed with the same score ranges that were used for defining OBC terciles in the 

OPPERA study.18,23 The score ranges of these three terciles were; I= 0-16, II=17-24, 
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III=25-65. Oral behaviors were also assessed on a continuum using the OBC sum 

score in its natural metric form.  

 

Symptom Checklist - 90 Revised [SCL-90R] is a 90-item self-report symptom 

inventory that measures psychological symptoms and distress experienced in the 

past 7 days including “today”.62 This instrument was developed by Derogatis.63 The 

present study employed only the anxiety dimension (SCL-ANX) of the SCL-90R to 

evaluate the participants. General signs of anxiety include nervousness, tension, 

trembling, feelings of apprehension, dread, terror and panic. Participants used 0-4 

scores for response options to rate the extent to which these symptoms have 

bothered them; 0=being not at all and 4=being extremely. A sum of 10 response 

items was used to calculate response for the anxiety domain with the scores ranging 

from 0-40. This instrument has demonstrated good internal consistency with 

Cronbach’s alpha for subscales ranging from 0.77 to 0.90 and test-retest reliability 

from 0.78 to 0.90.64 The internal consistency for anxiety subscale ranges from 0.80 to 

0.81.65 In chronic pain patients the Cronbach’s alpha values are reported to be 0.85 

for anxiety.66 The construct validity of anxiety subscale was assessed using the trait 

scale of STAI (state and trait anxiety inventory) and the correlation between these 2 

instruments was r=0.62.66 

 

Perceived Stress Scale-10 [PSS] is a 10-item self-report measure of perceived 

stress developed by Cohen, Kamarck and Mermelstein.67 PSS-10 questions have a 

5-point scale where participants report their feelings and thoughts from “never” to 

“very often” over the past 1 month, with a range of 0-40. It has an internal reliability of 

0.84, and a test-retest reliability of 0.85 over 2 days and 0.55 over 6 weeks.67 It was 
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originally designed to have 14 items; the shortened 10-item version has good 

reliability (Cronbach alpha = 0.78-0.89).68,69 There is also a positive correlation 

between STAI (state trait anxiety inventory) and PSS-10 (overall) as a measure of 

convergent validity.69 Exploratory factor analysis as a measure of structural/factorial 

validity of PSS-10 construct accounted for 48% of variance in a two factor model.70 

Overall, the PSS is an easy-to-use questionnaire with moderate convergent, 

concurrent and predictive validity and good consistency.67,68,70,71  

 

Use of measures in the study 

Both the CPI and OBC are part of the Diagnostic Criteria for TMD (DC/TMD) Axis II 

assessment protocol.61,72 The primary dependent variable for this study was TMD 

pain intensity measured by the CPI. The independent study variables that were 

evaluated for their association with CPI are oral behaviors measured by the OBC, 

anxiety measured by the SCL-ANX subscale, and stress measured by the PSS. The 

secondary dependent study variable was oral behaviors measured by the OBC with 

SCL-ANX and PSS as the independent variables. Table 1 lists the data collection 

instruments that were used. All were continuous data measures in the natural metric 

form, and their scale ranges are noted. 
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Table 1: Description of Outcome Variables 

Variables Definitions Questionnaires Scale 
Sample 

Size 

Pain 

intensity 

Worse and average pain 

in last month, and pain 

at present. 

Characteristic Pain 

Intensity [CPI] 
0-100  N= 721 

Oral 

behaviors 

Frequency of oral habits 

in the last month 

Oral Behavior 

Checklist [OBC] 
0- 84 N=721 

Stress 
Feelings over last month 

perceived stressful in 

the last month 

Perceived Stress 

Scale [PSS] 
0-40 N=721 

Anxiety 
General signs of anxiety 

in the last week 

Symptom Checklist- 

90 revised Anxiety 

subscale [SCL-ANX] 

0-40 N=720 

 

Statistical analysis  

Descriptive statistics for participant demographic and clinical characteristics are 

presented in Table 2 using means and standard deviations for the continuous 

variables. Absolute frequencies with their percentages within groups are presented 

for categorical variables. The analytical procedures for this study were the following: 

 

1. One-way ANOVA was used to compare the means for four categories (or 

groupings) for CPI (no pain, mild, moderate and severe pain) to determine any 

statistical differences between them. Since this procedure involved continuous data 

and more than two groups, the F-test was employed to establish statistical difference 

between the means. The same procedure was used to establish any statistical 

differences between the four categories of CPI; regarding the separate category 



 

 

10 

 

means for age, Oral Behaviors Checklist (OBC), SCL-Anxiety (SCL-ANX), and 

Perceived Stress Scale (PSS). See Table 3. 

 
2. The Chi-square test was used when the four CPI categories were associated with 

two discrete variables, sex (male, female) and OBC terciles (I, II, III). For this, 

statistical differences in frequency distributions within the CPI categories were 

evaluated using the Chi-squared statistic. See Table 3 and Table 4. 

 

3. Spearman correlation coefficients were computed to examine the association of 

CPI with OBC, SCL-ANX and PSS. With OBC, SCL-ANX and PSS, all analyzed as 

continuous variables, Spearman correlation coefficients were also computed to 

evaluate bivariate associations for OBC with SCL-ANX and OBC with PSS. See 

Table 5. 

 

4. Linear regression technique was employed to compute regression coefficients to 

measure the strength of association between the same bivariate pairings noted in (3) 

above: CPI & OBC, CPI & SCL-ANX, CPI & PSS, OBC & SCL-ANX as well as OBC 

& PSS.  

 

5. A multivariate regression model was used to investigate the relationship of CPI as 

the dependent variable with all 3 independent variables above (OBC, SCL-ANX and 

PSS) in the model, without and with adjustment for age and sex. Due to the skewed 

distribution of CPI, the bootstrap method was used to construct 95% confidence 

intervals for each covariate. Multivariate regression analysis was also conducted to 

examine the relationship of OBC, now set as a dependent variable, with SCL-ANX 
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and PSS as the independent variables, without and with adjustment for age and sex. 

The full regression model for the primary dependent variable was: CPI = estimated 

intercept + OBC + SCL-ANX + PSS + age + sex + error. The full regression model for 

the secondary dependent variable was: OBC = estimated intercept + SCL-ANX + 

PSS + age + sex + error. See Tables 6,7 & 8. 

 

6. SD-standardization of the multivariate regression coefficients was also performed. 

The relative effect sizes associated with the covariates in a multivariate regression 

are often difficult to compare directly with one another. This is because the 

regression coefficient estimates are computed to indicate the change in the 

dependent variable that is associated with a one-unit change in each separate 

covariate. However, the units for the covariates are measured on different scales 

and, therefore, the units are not equivalent (See Table 1 for the scale differences). 

SD-standardization is one method for comparing on an equivalent basis the effect 

sizes of covariates having different measurement scales. This is implemented by 

multiplying the absolute regression coefficient estimates (based on a 1-unit change) 

for each covariate by the standard deviation (SD) for that specific covariate within the 

data collection. With this standardization, the regression coefficient now represents 

the estimated change in the dependent variable that is associated with a 1 SD 

increase in the covariate. When some, or all, of the independent variables in a 

regression model are SD-standardized, their coefficients become directly comparable 

with other SD-standardized coefficients in the model as to the relative strength of 

their effect sizes for change in the dependent variable. See Tables 6 & 9. 
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Analyses were performed in SAS 9.3 (SAS Institute, Cary NC). p<0.05 was 

considered statistically significant. 

 

Results 

Participants’ demographic and characteristics 

The sample had 128 males [18%] and 593 females [82%] between the ages of 18 

and 67 years with a mean age and standard deviation [SD] of 37 [13] years. The 

means and SD for CPI, OBC, SCL-ANX and PSS are listed in Table 2. 

 

Table 2. Participant Demographic and Clinical Characteristics 

Variables 
Study Participants Count 

(Percent) 

Study Participants 

Sample 

Female, N [%] 593 [82%] N=721 

Age, Mean [SD] 36.8 [13.1] N=721 

CPI, Mean [SD] 33.2 [27.2] N=721 

OBC, Mean [SD] 23.2 [9.3] N=721 

SCL-ANX, Mean [SD] 0.3 [0.5] N=720* 

PSS, Mean [SD] 12.7 [6.8] N=721 

N=number of participants, SD=Standard deviation, CPI=Characteristic Pain Intensity,  

OBC=Oral behavior checklist, SCL-ANX=Symptom checklist 90 revised-anxiety  

subscale, PSS=Perceived stress scale 
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Primary outcome: Association of TMD pain intensity with oral behaviors, 

anxiety and stress 

CPI was analyzed both as a categorical and as a continuous variable. 

Categorical CPI: Analysis of variance (ANOVA) was conducted to analyze the 

differences between group means within categories of CPI and other independent 

variables associated with the four CPI categories. See Table 3. The score ranges of 

CPI for the four CPI categories were: CPI-I=0 (no pain), CPI-II=1-39 (mild), CPI-

III=40-69 (moderate) and CPI-IV≥70 (severe pain). The means (SD) for CPI 

categories were I=0, II=22.4 [9.8], III=51.5 [7.9] and IV=79.1 [7.0], respectively. 

These four CPI categories showed no statistical difference in mean age estimates 

(ANOVA: p=0.33). In contrast, their sex distributions were statistically different 

(p<0.0001). Among participants with no pain (N=176) 28% were males and 72% 

were females, among those with mild pain (N=232) 17% were males and 83% were 

females, among those with moderate pain (N=219) 12% were males and 88% were 

females, and among those with severe pain (N=94) 12% were males and 88% were 

females. Mean OBC [SD] ranged from 16.0 [7.0] for no pain category (CPI-I) to 28.2 

[10.3] in the severe pain category (CPI-IV) (ANOVA: p<0.0001). Mean [SD] SCL-

ANX ranged from 0.1 [0.8] for CPI-I to 0.6 [0.8] for CPI-IV (ANOVA: p<0.0001). Mean 

PSS [SD] ranged from 10.3 [5.8] for CPI-I to 15.2 [8.4] for CPI-IV (ANOVA: 

p<0.0001). Overall, the participants who reported the most severe pain, also reported 

more frequent oral behaviors and higher levels of anxiety and stress.  
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Table 3: Characteristics of participants and variables of interest (categorical and 

continuous) by categories of CPI 

Variable Category 

CPI-I 

No Pain 

(N=176) 

CPI-II 

Mild 

(N=232)* 

CPI-III 

Moderate 

(N=219) 

CPI-IV 

Severe 

(N=94) 

P-value 

CPI Mean (SD) 0.0 (0.0) 22.4 (9.8) 51.5 (7.9) 79.1 (7.0) <0.0001 

 (Min, Max) (0.0, 0.0) (3.3, 36.7) (40.0, 66.7) (70.0, 100)  

Sex Male (%) 50 (28.4) 40 (17.2) 27 (12.3) 11 (11.7) 0.0001 

 Female (%) 126 (71.6) 192 (82.8) 192 (87.7) 83 (88.3)  

Age Mean (SD) 38 (13.0) 36 (13.3) 36.4 (13.2) 38 (12.3) 0.33 

 (Min, Max) (18.0, 66.0) (18.0, 67.0) (18.0, 67.0) (18.0, 64.0)  

OBC Mean (SD) 16.0 (7.0) 23.7 (7.4) 26.2 (9.1) 28.2(10.3) <0.0001 

 (Min, Max) (0.0, 41.0) (3.0, 45.0) (6.0, 55.0) (6.0, 65.0)  

OBC–cat 
0-16 

(N,%) 
93 (52.8) 38 (16.4) 32 (14.6) 11 (11.7) <0.0001 

 17-24 

(N,%) 
64 (36.4) 100 (43.1) 63 (28.8) 24 (25.5)  

 
25-65 

(N,%) 
19 (10.8) 94 (40.5) 124 (56.6) 59 (62.8)  

SCL-

ANX 
Mean (SD) 0.1 (0.2) 0.2 (0.4) 0.4 (0.5) 0.6 (0.8) <0.0001 

 (Min, Max) (0.0, 1.2) (0.0, 2.4) (0.0, 3.3) (0.0, 3.1)  

PSS Mean (SD) 10.3 (5.8) 12.5 (6.2) 13.9 (6.6) 15.2 (8.4) <0.0001 

 (Min, Max) (0.0, 30.0) (0.0, 34.0) (0.0, 31.0) (1.0, 38.0)  

N=number of participants; SD=standard deviation; CPI=Characteristic Pain Intensity, OBC=Oral 

behavior checklist, OBC-cat=Oral behavior checklist categorical scale; SCL-ANX=Symptom 

checklist 90 revised-anxiety subscale; PSS=Perceived stress scale 

*N=231 for SCL-ANX in CPI-II (Mild pain) 
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A chi-square test was performed to determine the relationship between three OBC 

categories (I=0-16; II=17-24 and III= 25-65) and CPI as shown in Table 3. The CPI 

categories differed significantly (p<0.0001) with regard to the frequency distributions 

for the OBC categories. Of the participants with no pain, 52% (N=176) were in OBC 

tercile I, 43% (N=232) with mild pain intensity were in OBC tercile II, and 56% 

(N=219) with moderate pain intensity or 62% (N= 94) with severe pain intensity were 

in OBC tercile III. As shown in Table 4, there was no difference in the OBC terciles 

with regard to the mean age of the participants. In contrast, overall the sex 

distributions were statistically different between groups (p<0.0001). The mean (SD) 

estimates for the OBC scores in the three OBC terciles are shown in Table 4. 

 

Table 4: Baseline Oral Behaviors Checklist (OBC): OBC Terciles  

Variable Category 

OBC I: 

 0-16  

(N=174) 

OBC II: 

17-24  

 (N=251) 

OBC III: 

25-65  

 (N=296) 

P-value 

Sex Male 57 (32.8) 38 (15.1) 33 (11.2) <0.0001 

 Female 117 (67.2) 213 (84.9) 263 (88.9)  

Age Mean (SD) 38 (13.1) 38.1 (13.1) 35.1 (12.9) 0.0124 

OBC Mean (SD) 11.8 (3.6) 20.8 (2.3) 31.9 (6.5) <0.0001 

N=number of participants, Terciles=Score ranges by tercile from OPPERA, SD=Standard deviation 

 

Figures 2-4 illustrate the findings of the association of categorical CPI with OBC, 

SCL-ANX and PSS in a dose-response curve. If two 95% CI do not overlap, it can be 

inferred that the two groups are significantly different from each other. As shown 

below in figures 2, 3 & 4 participants with severe CPI (CPI IV) reported significantly 

higher scores on OBC, SCL-ANX and PSS (p<0.0001) compared to participants in 

no pain (CPI I) category.  
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Figure 2: Dose response curve: mean distribution between Characteristic Pain Intensity 

categories and Oral Behavior Checklist with 95% CI 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Dose response curve: mean distribution between Characteristic Pain Intensity  

categories and Symptom Checklist-90R anxiety subscale with 95% CI 
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Figure 4: Dose response: mean distribution between Characteristic Pain Intensity categories 

and Perceived Stress Scale with 95% CI 

 

 

 

 

 

 

 

 

 

 

 

 

CPI as continuous variable: Spearman correlation analysis shows positive and 

statistically significant (p<0.0001) correlation between CPI and each of three 

dependent variables. See Table 5. This suggests that participants reporting more 

severe intensity of the TMD pain report higher anxiety and stress scores as 

measured by the SCL-ANX and PSS, respectively.  
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Table 5: Correlation of CPI as a continuous variable with OBC, SCL-ANX and 

PSS 

Variables Sample size 

Spearman 

Correlation 

Coefficient (r) 

p-value 

CPI versus OBC 721 0.44 <0.0001 

CPI versus SCL-ANX 720 0.30 <0.0001 

CPI versus PSS 721 0.21 <0.0001 

CPI: Characteristic Pain Intensity, OBC: Oral behavior checklist, SCL-ANX: Symptom       

checklist 90 revised-anxiety subscale; PSS: Perceived stress scale 

 

Bivariate analysis was also done using a simple linear regression model. The 

coefficient of determinations for CPI as outcome and dependent variables, were: R2 

(OBC & CPI) = 0.18 [SE=0.1], p<0.0001; R2 (SCL-ANX & CPI) = 0.10 [SE=2.0], 

p<0.0001 and R2 (PSS & CPI) = 0.05, [SE=0.2], p<0.0001. This suggests that OBC 

accounted for 18% of variance of CPI, versus SCL-ANX and PSS that explained 10% 

and 5% of CPI, respectively.   

 

CPI as continuous variable in multivariable linear regression  

The multivariable linear regression model included all three study independent 

variables (OBC, SCL-ANX and PSS), as well as age and sex. SD-standardized 

regression coefficients and β-estimates are reported in Table 6. The model predicts 

that: for 1 SD increase in OBC, CPI will increase by 9 after adjusting for SCL-ANX, 

PSS, age and sex; for a 1 SD increase in SCL-ANX, CPI will increase by 5 after 

adjusting for OBC, PSS, age and sex. For 1 SD increase in PSS, CPI may or may 

not increase by 0.2 after adjusting for OBC, SCL-ANX, age and sex. The bootstrap 

95% CI did not include zero for OBC and SCL-ANX but did for PSS. This model 

explained 22% of the variance (R2=0.22) of CPI. With no adjustment for age and sex, 
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this analytical model explained about 21% of the variance (R2=0.21) of CPI. Due to 

the skewed distribution of CPI, bootstrap method is used to construct 95% CI for 

each covariate. 

 

Table 6: Multivariate regression model, adjusted for age and sex, showing changes in 

CPI associated with a 1-unit increase and a 1-SD increase in OBC, SCL-ANX and PSS  

Estimate from Data 

Adjusted analysis:  R-square=0.22 

Variable 

β Estimate 

(SE), per 1-unit 

increase 

p-value 
Bootstrap 95% 

CI 

Standardized 

estimate (SE), 

per 1 SD 

increase 

 OBC 1.0 (0.1) <0.0001 (0.84, 1.17) 9.3 (1.0) 

 SCL-ANX 10.8 (2.4) <0.0001 (6.87, 14.63) 5.1 (1.1) 

 PSS 0.0 (0.2) .87 (-0.25, 0.27) 0.2 (1.1) 

Sex 6.1 (2.4) .01 (2.55, 9.80)  

Age 0.1 (0.1) .22 (-0.01, 0.2) 1.2 (0.9) 

CPI: Characteristic Pain Intensity, OBC: oral behavior checklist, SCL-ANX: Symptom checklist 90 

revised-anxiety subscale; PSS: Perceived stress scale; R2: coefficient of determination; estimate β: 

standardized regression coefficient; SE: standard error, p-value is obtained from linear regression  

 

Categorical and continuous OBC: In Table 7, we report 2 study models to 

demonstrate the independent effect of SCL-ANX and PSS with CPI. These 

associations were tested by comparing the effects of the dependent variables when 

continuous and categorical OBC were in the regression model, versus not. The 

results are consistent between categorical and continuous OBC. As expected, the 

coefficient estimates for SCL-ANX and PSS change because of difference in the 

(categorical versus continuous) OBC independent variable, whichever was used in 

the regression model. When regression analysis was conducted using categorical 

OBC as an independent variable, both OBC tercile II (score range 17-24) and OBC 
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tercile III (score range 25-65) showed significantly different effects when compared to 

the reference category, OBC tercile I (score range of 0-16) (β =8.0, SE=2.5, p=0.001 

for OBC category II and β=20.6, SE=2.5, p<0.0001 for OBC tercile III). These results 

indicate a dose response curve as do also the correlation and ANOVA analyses.  

 

Table 7: Multivariate regression model, adjusted for age and sex, exploring effects on CPI 

with and without adjustment for continuous OBC and categorical OBC  

 
Continuous OBC as an independent 

variable 

Categorical OBC as an independent 

variable 

 
No adjustment by 

OBC 

Adjustment with 

continuous OBC 

No adjustment by 

OBC 

Adjustment with 

categorical OBC 

Variable 
Estimate 

(SE) 
p-value 

Estimate 

(SE) 
p-value 

Estimate 

(SE) 
p-value 

Estimate 

(SE) 
p-value 

Sex 

F vs. M 

10.7 

(2.5) 
<0.0001 

6.1 

(2.4) 
0.01 

10.7 

(2.5) 
<0.0001 

6.8 

(2.4) 
0.006 

Age 
0.0 

(0.1) 
0.8 

0.1 

(0.8) 
0.2 

0.02 

(0.8) 
0.8 

0.1 

(0.1) 
0.25 

OBC   
1.00 

(0.1) 
<0.0001     

OBC 

17-24 

vs. 0-16 

      
8.0 

(2.5) 
0.001 

OBC 

25-65 

vs. 0-16 

      
20.6 

(2.5) 
<0.0001 

SCL-

ANX 

15.6 

(2.5) 
<0.0001 

10.8 

(2.4) 
<0.0001 

15.6 

(2.5) 
<0.0001 

12.3 

(2.4) 
<0.0001 

PSS 
0.3 

(0.2) 
0.1 

0.03 

(0.2) 
0.9 

0.3 

(0.2) 
0.1 

0.1 

(0.2) 
.070 

OBC: Oral behavior checklist (continuous and categorical); SCL-ANX: Symptom checklist 90 

revised-anxiety subscale; PSS: Perceived stress scale; estimate β=standardized regression coefficient; 

SE=standard error, coefficient estimates and p-value from linear regression are reported. 

 

 

Secondary Outcome: Association of oral behaviors with anxiety and stress 

Spearman correlation analysis shows a positive and statistically significant 

correlation between OBC and SCL-ANX (r=0.38, p<0.0001) and between OBC and 
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PSS (r=0.32, p<0.0001) as seen in Table 8. This suggests that participants reporting 

higher (or more frequent) oral behaviors report higher anxiety and stress scores as 

measured by the SCL-ANX and PSS.  

 

Table 8: Correlation of OBC as a continuous variable with SCL-ANX and PSS 

Variables N 

Spearman 

Correlation 

Coefficient (r) 

P value 

OBC vs. SCL-ANX 720 0.38 <0.0001 

OBC vs. PSS 721 0.32 <0.0001 

OBC: Oral behavior checklist; SCL-ANX: Symptom checklist 90 revised-anxiety subscale;  

PSS: Perceived stress scale; vs: versus, N: number of participants 

 

Bivariate analysis was conducted for OBC using a simple linear regression. Modeling 

OBC as the outcome and the independent variables as indicated, the coefficient of 

determinations were: R2(SCL-ANX and OBC) =0.12, SE=0.7 and p<0.0001; R2(PSS 

and OBC) =0.11, SE=0.1 and p<0.0001. This suggests that SCL-ANX and PSS 

accounted for 12% and 11% of variance of OBC.   

 

Multivariate linear regression was conducted for OBC as the outcome variable with 

SCL-ANX and PSS as independent variables while adjusting for age, sex and each 

other. For 1 SD increase in SCL-ANX, OBC will increase by 2.3 and for 1 SD 

increase in PSS, OBC will increase by 1.6 after adjusting for age, sex and each 

other. This model explained 19% of the variance in OBC (R2 =0.19), as seen in Table 

9. With no age and sex adjustment, the model explained about 15% of the variance 

(R2 =0.15).  



 

 

22 

 

 

 

Table 9: Multivariate analysis for evaluation of the associations of OBC with 

SCL-ANX and PSS 

Estimate from Data 

Adjusted analysis: R2 =0.19 

Variable β Estimate (SE) p-value 
Standardized 

estimate (SE) 

 SCL-ANX 4.8 (0.8) <0.0001 2.3 (0.4) 

 PSS 0.2 (0.1) <0.0001 1.6 (0.4) 

Sex -4.7 (0.8) <0.0001  

Age -0.1 (0.0) 0.007 -0.8 (0.3) 

OBC=oral behavior checklist, SCL-ANX=Symptom checklist 90 revised-anxiety subscale; 

PSS=Perceived stress scale; R2=coefficient of determination; estimate β=standardized  

regression coefficient; SE=standard error, p-value is obtained from linear regression  

 

Discussion 

The primary outcome in the present cross-sectional study was to investigate the 

strength, direction and significance of the association of TMD pain intensity with oral 

behaviors and psychological variables. This study reports the statistical and clinical 

significance of the association of TMD pain intensity with oral behaviors. Participants 

with severe TMD pain intensity reported significantly higher frequency of oral 

behaviors and higher levels of anxiety and stress compared to participants with no 

and mild pain. The strength of the correlation between TMD pain intensity and oral 

behaviors was a moderate positive relationship that was statistically significant.73,74 

The association between TMD pain intensity versus anxiety and stress was a weak 

positive relationship that was also statistically significant.73,74 The overall effect of 

these finding was that oral behaviors, anxiety and stress explained 22% of TMD pain 

intensity variability. Individually, 18% of the variance of TMD pain intensity was 
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accounted by oral behaviors. The secondary outcome of this study was to do the 

same assessments with oral behaviors versus anxiety and stress. This study also 

quantifies the relationship of both anxiety and stress with oral behaviors. Participants 

with higher frequency of oral behaviors reported significantly higher anxiety and 

stress compared to participants with lower frequency of oral behaviors. The strength 

of the correlation between oral behaviors and anxiety was a moderate positive 

relationship and between oral behaviors and stress was a weak positive 

relationship.73,74 The overall effect of these findings was that together, anxiety and 

stress adjusted for age and sex, explained 19% of the variability of oral behaviors. By 

providing the measurable effect of the associations, our results have extended the 

findings of the previous studies that used a similar construct between TMD pain, oral 

behaviors and psychological variables.75,76 The percentage of explained variance 

singly by the study variables and the whole model are also consistent with the current 

concept of a complex multifactorial pattern for TMD and pain research in general; 

where a single characteristic or a simple model can explain only a part of 

variance.3,9,77  

Clinical significance 

Although we have quantified the direction and magnitude of our statistically 

significant results, there is a need to assess the clinical importance of the results. 

When assessing clinical important differences in pain intensity, current 

recommendations focus on the magnitude of pain reduction with treatment.38,78 When 

using a 0-10 point NRS for assessing pain intensity, it has been recommended that 

pre- to post-treatment reduction in pain intensity of approximately 2.0 points 

represent “much better,” “much improved,” or “meaningful” decreases in chronic 
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pain.78–80 Although this study is not a treatment outcome study, this was the best 

reference we could find to assess clinical significance for differences in pain intensity. 

The only clinically significant findings we found was a 20-unit increase in CPI with 

higher tercile of OBC III (score 25-65) compared to OBC I (score 0-16) (see Table 7). 

There were approximately 3 SD in the mean OBC increase from tercile I to tercile III 

for the expected change in CPI to be clinically significant. This suggests that 

participants with the highest frequency of oral behaviors (tercile III of OBC) had 

clinically significantly more TMD pain (20/100) than those with the lowest frequency 

of oral behaviors (tercile I of OBC). Finally, we are unable to assess the clinical 

significance of differences in anxiety and stress relative to oral behaviors since the 

clinically important difference for different levels of oral behaviors has not been 

established. 

Oral behaviors 

The OBC is regarded as the most comprehensive instrument to identify maladaptive 

oral behaviors that occur during waking and sleep.52,59,72,81 Oral, masticatory, and 

facial behaviors that do not serve any functional purpose are broadly termed as oral 

behaviors.82 The Oral Behaviors Checklist scale emerged as the strongest predictor 

of incident TMD among all clinical variables both examiner assessed and self-

reported instruments in the OPPERA project (Orofacial Pain: Prospective Evaluation 

and Risk Assessment).23 The Clinical findings from OPPERA’s baseline case-control 

study also indicated significant differences between chronic TMD cases and controls 

with respect to frequency of oral behaviors18 
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On the contrary, no contribution of oral behaviors to myofascial pain has also been 

reported.83,84 Such findings can be related to difficulty in identifying the oral behaviors 

which contribute to the pain during the day.60 Van der Meulen et all reported that 

there was no significant correlation between the Dutch version of the OBC and CPI 

(r=0·069, p=0.39).83 In the same study the spearman’s correlation coefficients 

between OBC and anxiety (r=0.44, p<0.001), and OBC and stress (r=0.43, p<0.001) 

as measured by Dutch SCL-90 and a seven-point stress questionnaire were 

statistically significant. The investigator reported that “the results of the Dutch studies 

offer no explanation for the difference in outcome with most other self-report 

studies”.83 A previous study from the same group evaluated relationships between a 

12-item Dutch Oral Parafunctions Questionnaire (OPQ) and CPI in two cohorts 

(“frequency” and “stressfulness”) of TMD pain patients.84 A principal component 

analysis of the responses led to 3 factor scales in both cohorts: BRUX scale for 

bruxism activities; BITE scale for biting activities (e.g., chewing gum, nails); and a 

SOFT scale for soft tissue activities (e.g., tongue, lips). Statistical significance was 

reported for 2 of the 6 relationships (p<0.05), but with a very low explained variance 

(approximately 3.5%). In contrast with the present study, where the model explained 

22% of variability of CPI and OBC explained 18% of the variance of CPI. There was 

no difference in the explained variance when OBC was used as continuous 

compared to categorical variable. There can be a few explanations for this difference 

in results: (1) the scoring of OBC in terciles based on cumulative score in the present 

study as opposed to factor scoring using subgroups as mentioned above and (2) 

different ways of phrasing the questions of the oral parafunction instrument in 2 

cohorts.  



 

 

26 

 

 

In general, past research has focused either on waking state parafunction or sleep 

bruxism compared to a few studies using the entire OBC.85–87 The results of the 

current study corroborate findings from previous studies showing positive and 

statistically significant relationship of oral behaviors with TMD pain.3,18,23,65 A 

statistically significant association has also been demonstrated, using self-report, 

between daytime clenching, and wake time non-functional tooth contact with 

masticatory myofascial pain.36,82,88 A case-control study showed a 17-fold elevated 

odds of TMD among people in the upper tercile of the OBC (with score range from 

25-62 distribution) relative to people in the lowest tercile (0-16).18 Another study using 

waking state OBC and high pain intensity (51-100) showed a statistically significantly 

higher mean OBC score (1.27) than those with no pain (0.85) or low pain intensity 

(0.98); p<0.002.86 Oral behaviors have been shown repeatedly to be good predictors 

of jaw pain intensity in TMD patients when they are compared to healthy 

controls.18,34,65    

 

The explained variance of TMD pain intensity is lower in the present study compared 

to a study conducted by Glaros et al using predictors including jaw tension (relaxed- 

extremely tense), efforts (tooth contact), mood (happy-sad), stress (none-extremely 

high) and outcome as jaw, face or head pain (11 point NRS).34 This model accounted 

for 69% of the variance TMD pain in subjects with myofascial pain, or myofascial pain 

and arthralgia when jaw tension was included, and 46% of the variance on its 

exclusion. The difference between these results can be explained, in part, by 

methodological differences (ecological study). The Glaros study was done using 
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‘experience sampling methodology’ (ESM) which is characterized by repeated 

measurements in a natural environment. The data was collected for a week at 

multiple times a day which could improve the accuracy of reported oral behaviors 

compared to instruments like the OBC that retrospectively assess oral behaviors in 

the “last month” and may be are impacted by recall bias. Although its validity as 

compared to other traditional measurements is unreported, there is evidence that 

ESM measures the true value rather than a construct measured through 

questionnaires.82,89 If this is true, then the effect of oral behaviors may have been 

underestimated in the present study.   

Anxiety  

The results of present study are comparable to previous reports of a positive 

association between anxiety and TMD pain, and anxiety and oral behaviors.25,90,91 In 

the OPPERA case control study, TMD cases had higher mean scores (by at least 2 

times) than controls across all SCL-90R subscales with a standardized odds ratio of 

1.4 for anxiety subscale (controls: mean [SE] =0.19 [0.01], TMD cases: mean [SE]= 

0.35 [0.03] p<0.0001).92 TMD cases also reported higher means for state and trait 

anxiety on the State-Trait Anxiety Inventory (STAI).25 Anxiety as measured by the 

STAI and the SCL-90-R-anxiety sub-scores were correlated in a chronic pain patient 

population with r=0.62 indicating good concurrent validity.66 Another case control 

study reported that higher levels of anxiety increased the risk of having pain related 

TMD by 4%.25 Also, a higher score of anxiety (OR = 5.12; 95% CI: 1.36; 19.41) has 

been associated with chronic MFP.65 Finally, the present study’s results are 

comparable to Ahlberg et all, who investigated the association of anxiety and stress 

with bruxism using self-reported instruments including the SCL-90R anxiety 
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subscale.93 Their results had a dose response relationship as well, with severe 

bruxers reporting significant higher odds of anxiety compared to non-or-mild bruxers. 

Anxiety above the overall mean score (OR 2.2; 95% CI 1.3-3.6) was more than twice 

as likely among frequent bruxers than non-or-mild bruxers.93  

 

Nevertheless, there are studies which have found no association between anxiety 

and TMD.27,94,95 Possible explanations for these differences may be due to 

methodological differences: differences in defined variables (e.g., state or trait 

anxiety; the trait part has been shown to include depression related items), types of 

bruxism (e.g., higher relationship is seen between awake bruxism and anxiety), 

choice of self-reported measures (e.g., SCL-90R as a unidimensional or 

multidimensional measure, German version of hospital anxiety and depression scale, 

Taylor manifest anxiety scale and chronic pain battery), population type (chronic pain 

populations), and population with clinical diagnosis of anxiety and depression).27,94,96–

99 However, we believe that using the SCL-90R anxiety sub-scale is appropriate to 

assess the present study’s aims and given that its anxiety dimension is widely used 

in research with numerous pain conditions including TMD, allowing for comparison of 

our results with other studies. High consistency of SCL-90R tests’ dimension scores 

across respondent characteristics such as sex and age - especially in studies with 

large sample sizes has been demonstarted.99 As well, the reliability of SCL-ANX is 

high in chronic pain population with Cronbach alpha=.85.66  

Stress  

The significance of stress with oral behaviors and masticatory myofascial pain has 

been reported in the literature.82 Several studies have reported that relative to pain-
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free populations, patients with TMD have reported higher levels of psychosocial 

stress.19,36,92 When using PSS (0–40 scale), TMD cases reported modest difference 

compared to controls (controls: n=1,603; mean=14.66 SE=.16; TMD cases n=183, 

mean=16.8, SE=.51; p<0.0001).92 PSS predicted the incidence of TMD in univariate 

analysis but was nonsignificant in multivariable analysis.54,100 The results of our study 

are consistent with these findings as the association of TMD pain intensity with stress 

became non-significant in our multivariate analysis. Although multiple studies have 

shown correlation of TMD pain and stress, results of multivariable models provide 

rigorous evidence.  

 

Studies have repeatedly reported that stress is associated with bruxism.34,101–103 In 

the present study, PSS was moderately associated with OBC and explained about 

11% of variance in OBC. This was comparable to a previous study that reported 

severe and more frequent bruxers had higher stress measure (OR 2.5; 95 % CI 1.5-

4.2).93  

Strengths and Limitations 

The present study assessed both the statistical significance of our models and 

clinical significance of these findings with standardized estimates. The large sample 

size of the present study composed of both normal and a broad spectrum of 

participants from both community and clinical settings allows for good generalizability 

of the results.  

 

Patient-reported outcomes (PROs) have become important constructs in patient-

centered research and clinical practice.104,105 The NRS pain intensity scale has been 
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reported to be the most practical index based on comparative criteria study for 

judging pain intensity scales.45 The CPI, by assessing 3 dimensions of pain intensity 

(average, worse and current pain) is considered complete as it measures both 

central tendency and time course of pain.51 All instruments used in this study are 

valid, short and reliable instruments. By using the OBC, we also have included a 

wider range of oral behaviors which have shown to contribute to TMD pain. The CPI 

and OBC are also part of the Diagnostic Criteria for Temporomandibular Disorders 

and therefore can be used in both the clinical and research settings.72  

 

The present study’s findings have limitations. This is a cross-sectional study and its 

findings cannot establish causality. Also, the original Validation Project was not 

designed to address the aims of the present study.41 Rather it was based on 

Statement for Reporting studies of Diagnostic accuracy (STARD) guidelines that 

recommend when developing diagnostic criteria for diseases, new diagnostic criteria 

are first developed and evaluated using a sample of individuals with the target 

condition free of significant co-morbidities.106 Thus, it is possible that our results may 

have been different if we had participants with other co-morbid pain conditions. Also, 

the population of the study is a convenience sample selected from both community 

and clinic sources. However, we speculate that the associations we found could be 

higher with just clinic cases because of their chronicity and recurrence of painful 

episodes over time.3 Furthermore, this study was designed as a qualitative 

assessment through use of participants’ reports alone. Finally, the use of SCL-ANX 

and PSS identifies “psychological distress”, rather than a definitive diagnosis of 
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anxiety and stress. It would require a psychologist/psychiatrist or a gold standard 

such as structured interview to diagnose them.  

Conclusion 

Participants with severe TMD pain intensity reported significantly higher frequency of 

oral behaviors and higher levels of anxiety and stress compared to participants with 

no and mild pain. Participants with higher frequency of oral behaviors reported 

significantly higher anxiety and stress compared to participants with lower frequency 

of oral behaviors. However, the prediction models for pain intensity and oral 

behaviors did explain approximately a fifth of their variance. Participants with the 

highest frequency of oral behaviors (tercile III of OBC) had clinically significantly 

more TMD pain than those with the lowest frequency of oral behaviors (tercile I of 

OBC). These findings are reasonable given that many biopsychosocial variables are 

related to TMD pain beyond those assessed in the present study. 
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