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ABSTRACT 

Aim: Clinically, it would be useful to determine if the varied temporomandibular disorders 

differ in their biopsychosocial characteristics. The aim of this study was to assess 

differences in biopsychosocial factors among participants with masticatory myofascial 

pain (MFP) with referral, myalgia without referral, and community controls.  

Methods: The original Validation Project sample included 196 participants with MFP with 

referral (Group 1), 299 with myalgia without referral (Group 2), and 87 community 

controls (Group 3). Two calibrated examiners at each of 3 sites rendered these consensus-

based diagnoses. Data regarding biological factors was collected including pain duration, 

number of painful sites to palpation and pressure pain thresholds (PPT) at 12 masticatory 

muscle sites, 2 trigeminal controls sites and 2 non-trigeminal control sites. Psychosocial 

factors were also assessed including anxiety, depression, and nonspecific physical 

symptoms using the Symptom Checklist-90 Revised (SCL-90R), stress using the Perceived 

Stress Scale (PSS) and health related quality of life (HRQoL) using the Short Form Health 

Survey (SF-12). Multivariable linear regression was used for comparisons among the three 

groups adjusting for age, sex, race, education, and income. For subsequent pairwise-

comparisons, the significance threshold was set at p=0.05/3=0.017.  

Results: Participants with MFP with referral had significantly greater pain duration, lower 

PPTs in trigeminal sites, and thus the highest pain sensitivity, as well as more painful sites, 

compared to participants with myalgia without referral and controls. Participants with MFP 

with referral also had significantly greater symptoms of anxiety, depression, nonspecific 

physical symptoms, and impaired physical health. Although stress was higher and the 

mental component of HRQoL was lower for myofascial pain with referral as compared to 
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the myalgia without referral and control groups, the differences between the two muscle 

pain groups were not statistically significant.  

Conclusion: These findings suggest that the clinical diagnosis of MFP with referral has 

clinical utility in the identification of masticatory muscle pain patients with the highest 

pain sensitivity and most complex biopsychosocial characteristics. Patients with this 

diagnosis may benefit from treatments specifically addressing these characteristics. 
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INTRODUCTION 

 

Temporomandibular disorders (TMD) are a collective term for pain and dysfunction of 

the masticatory muscles and/or the temporomandibular joints (TMJs). (1) The Diagnostic 

Criteria for TMD (DC/TMD), based on the biopsychosocial model of pain, provide 

reliable and valid Axis I criteria for rendering physical diagnoses and Axis II instruments 

to assess behavioral and psychosocial contributing factors. (2) The intent of this dual axis 

is to provide a physical diagnosis and to identify other relevant factors that could 

influence the expression and the management of their TMD. (2)  

The most common DC/TMD pain-related diagnoses include myalgia, arthralgia, 

and headache attributed to TMD. (2) The diagnosis of myalgia is further divided into 

subgroups of local myalgia, myofascial pain (MFP) (without referral), and MFP with 

referral. It is important to accurately diagnose muscle pain disorders since they are the most 

common cause of persistent pain in the head and neck region, with more than 50% of TMD 

patients having muscle pain diagnoses. (2) The diagnostic criteria for MFP with referral 

have shown acceptable criterion validity. This is also true for the combined subgroups of 

local myalgia and MFP (without referral). (2) The criterion validity for both of these groups 

was established using the reference standard of the Validation Project for the original RDC 

Diagnostic Criteria for TMD. (3) Investigation of differences between MFP with referral 

and the other common myalgia diagnoses without referral could lead to an appreciation for 

the clinical utility of this subgroup and the value of further investigation of the other 

myalgia subgroups. (4,5)  



 2 

This cross-sectional observational study was a secondary analysis of a subset of 

participants from the Validation Project. (3) It was a comparison of selected 

biopsychosocial factors between two myalgia diagnostic subgroups, 1) MFP with referral 

and 2) myalgia without referral (including the diagnostic subgroups of myalgia without 

referral and MFP [without referral]), as well as 3) community controls. The two specific 

aims were to investigate potential differences in 1) pain characteristics including pain 

duration, the number of painful sites, and pain sensitivity to pressure in trigeminal and non-

trigeminal sites, and 2) psychosocial characteristics including patient-reported anxiety, 

depression, nonspecific physical symptoms, perceived stress, and health-related quality of 

life. We hypothesized a priori that participants with MFP with referral as compared to 

participants with myalgia without referral and community controls would have 1) the 

longest duration of pain in years, the greatest number of painful sites, and the lowest 

pressure pain thresholds (PPT) with the greatest generalized pain sensitivity, and 2) the 

greatest complexity of psychosocial measures including the greatest anxiety, depression, 

nonspecific physical symptoms, perceived stress and lowest health related quality of life.   

 

METHODS 

The cross-sectional observational Validation Project conformed to Strengthening The 

Reporting of OBservational Studies in Epidemiology (STROBE) guidelines for human 

observational investigations. (6) Each site's Institutional Review Board approved the 

study before the project began. Written informed consent was obtained from all study 

participants. Participants were compensated $200 for participating in the study.  
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Study Sample. In the Validation Project, participants were recruited from 2003 to 2006 at 

the University of Minnesota, the University of Washington, and the University at Buffalo. 

Details regarding the Validation Project’s methods including inclusion/exclusion criteria 

and participants’ clinical characteristics have been reported previously. (3) Figure 1 

describes the flow of participants from the Validation Project into the present study, which 

included TMD cases with muscle pain diagnoses as well as the community controls. Four 

hundred ninety-five cases with muscle pain diagnoses met the inclusion criteria. One 

hundred ninety-six were diagnosed with MFP with referral (Group 1) and 299 had a 

diagnosis of a myalgia without referral (Group 2). Eighty-seven community controls 

(Group 3) had complete datasets.  

 

Clinical assessment and diagnoses. Two calibrated orofacial pain experts at each of the 

three sites, using a semi-structured interview, including review of responses to 

questionnaires, and a comprehensive exam, independently examined participants and 

established consensus based TMD criterion diagnoses for cases with MFP with referral, 

myalgia without referral, and identified community controls. In cases of diagnostic 

disagreement, the two examiners re-assessed the participant together to arrive at consensus 

diagnoses. Inter-examiner reliability of MFP with referral and myalgia without referral, as 

patient-specific diagnoses, were demonstrated to be excellent, with a kappa of 0.85 (95% 

CI 0.55-1.00) for MFP with referral and 0.94 (95% CI 0.83-1.00) for myalgia without 

referral. (2)  
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Subjects with MFP with referral (Group 1) presented with familiar pain at the site of muscle 

palpation and a report of familiar pain beyond the boundary of the muscle being palpated. 

Those with a diagnosis of myalgia without referral (Group 2) presented with familiar pain 

at the site of muscle palpation with any pain spreading restricted to the muscle being 

palpated. Community controls (Group 3) were normal pain-free participants with no TMD 

diagnosis. The complete diagnostic criteria for these disorders have been described. (2) It 

should be noted that in the context of the DC/TMD, “familiar pain” is defined as pain like 

or similar to the subject’s pain complaint.   

 

Outcomes 

Pain characteristics. Participants completed questions from the history questionnaire of 

the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) (3), 

which included pain duration in years for pain in the face, jaw, jaw joint and temple. They 

were also examined to determine the number of painful sites and pressure pain thresholds 

(PPT).  

 

Number of painful sites on palpation. Manual muscle palpation was used to assess 

bilaterally the anterior, middle and posterior areas of the temporalis muscles; the origin, 

body, and insertion of the masseter muscles; posterior mandibular regions; submandibular 

regions; lateral pterygoid areas; and the tendons of temporalis muscles, for a total of 20 

muscle sites for each participant. Pain to palpation of each site was noted as present or 

absent by the participant and if present required confirmation by the subject as their 
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familiar pain. A TMD palpation composite score for the number of painful sites was the 

sum of positive responses to palpation of these 20 sites.  

 

Pressure pain threshold (PPT). Pain pressure thresholds were quantitatively assessed using 

a SOMEDIC pressure algometer (SOMEDIC Algometer®, SOMEDIC Sales AB, 

Sweden). Increasing pressure was applied at a rate of 30 kilopascals/second (kPa/s) with a 

1.0 cm2 probe to each site. The participant terminated each measurement with a switch 

when they perceived the pressure (kPa) as painful. The average value of two measurements 

at each site was used in this analysis, with a minimum of 3 seconds between repeated 

pressure stimuli. The PPT was assessed bilaterally on the anterior, middle and posterior 

areas of the temporalis muscles; the origin, body, and insertion of the masseter muscles; 

the frontalis (trigeminal control site); and the lateral palm site located on the palm just 

below the palmar crease of the little finger and 1 cm medial to the lateral border of the palm 

(non-trigeminal control site). Greater pain sensitivity is associated with lower PPT 

measurements.  

 

Psychosocial characteristics. Participants provided the following data through self-report 

using standardized valid and reliable instruments.  

 

Symptom Checklist-90 Revised (SCL-90R). The SCL-90R was developed as a self-report 

of psychological distress. (7) The instrument is a 90 item self-report questionnaire with 

each item representing a symptom of psychological distress, which is rated on a 5-step-

Likert scale with 0 being ‘not at all’ and 4 being ‘extremely’ in terms of how much the 



 6 

symptom has been bothersome within the past 7 days.  The symptoms are assigned to 9 

dimensions.  

 

Although its use in some chronic pain settings has been questioned, it has shown good 

reliability, validity and clinical utility in the assessment of the dimensions of depression 

and somatization in TMD patients. (8) It should be noted that within the context of TMD 

pain the “somatization” dimension is more accurately termed “nonspecific physical 

symptoms” as there may be pain associated with the underlying disease, the effects of a 

pain condition per se, and/or psychological distress. (8,9) In addition, anxiety has been 

shown to be associated with TMD pain and the SCL-90R anxiety dimension has been more 

recently used in the investigation of TMD. (10) 

 

The present study used the three SCL-90R dimensions of anxiety, depression, and 

nonspecific physical symptoms (somatization). The statistical analysis was based on the 

mean scores derived by adding the values (0-4) for each of these three dimensions, and 

then dividing by the number of endorsed items in that dimension. (11) Previous studies in 

TMD investigations have provided categorical classifications for the dimensions of 

depression and nonspecific physical symptoms (somatization), which are helpful in the 

clinical setting. (8,9,12) For the dimension of depression scores <0.5 are considered normal 

or low, 0.5-1.1 are considered moderate depression, and >1.1. are considered severe 

depression. For the dimension of nonspecific physical symptoms (somatization) scores 

<0.5 are considered mild or low, 0.5-.99 moderate, and >1.0 severe.  
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Perceived Stress Scale (PSS). The PSS is the most widely used psychological instrument 

for measuring the perception of stress. (13) The PSS is a 10-item measure of the degree 

to which respondents appraise situations as stressful, and the extent to which they 

perceive themselves capable of coping with the situations. For each item, participants 

indicate how they felt or thought that way using a five-category scale: never, almost 

never, sometimes, fairly often, very often. (13) The PSS yields a single overall perceived 

stress score by summing the numerical weights of each item, after reverse scoring four of 

the items. The lower the number, the lower the perceived stress. (13). Scores are non-

linear and there are no predetermined cut-off points to identify categorical levels of stress 

e.g. high vs low stress. Good internal consistency has been demonstrated with 

Cronbach’s alpha 0.86. (14,15). Overall, the PSS is an easy-to-use questionnaire with 

moderate convergent, concurrent and predictive validity and good consistency. (15,16) 

 

Short Form–12 version 2 (SF–12). The SF-12 is a widely used instrument to assess health-

related quality of life (HRQoL) through measurement of physical and emotional health 

with internal consistency of 0.77–0.80 and temporal stability of 0.76–0.89. (17,18) The 

SF–12 is composed of two scales, a Physical Component Summary (PCS) scale and a 

Mental Component Summary (MCS) scale with each scale transformed to a mean of 50 

and a standard deviation of 10 as applied to the general US population. Low scores indicate 

poor HRQoL and high scores reflect well-being. The PCS measures the impact of health 

on limitations to any physical activity including climbing chairs, moving heavy objects, 

household work, and low-impact sports such as bowling or golf. The MCS evaluates the 

frequency of feelings of nervousness, depression, happiness, and calmness. (17,18)  
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STATISTICAL METHODS 

To describe the relationship between TMD variables of interest with the ordered muscle 

pain diagnoses, we presented means and standard deviations for continuous TMD variables 

across the three groups or proportions of dichotomous TMD variables (sex, race, college 

education, dysfunctional chronic pain). Pearson’s chi-square test was used for categorical 

variables.  For pain duration, anxiety, depression, nonspecific physical symptoms and 

number of sites with pain, which had skewed distributions, the Kruskal-Wallis test was 

used. Multivariable linear regression compared groups according to these measures 

adjusting for age, sex, race, education, and income. Pair-wise comparison between groups 

was done and statistical significance was set at p-value = 0.05/3 groups = 0.017 using 

Bonferroni’s multiple comparison adjustment. For all variables, trend tests were performed 

using the three groups of participants.  

 

RESULTS 

Demographics. The participants’ demographic characteristics are presented in Table 1. 

The study population was predominantly female (83%) and Caucasian (89%) with a mean 

age of 36.4 years and standard deviation of 13.1 (range 18 to 67 years).  The groups did 

not differ significantly for age or education. However, differences were found for sex, race, 

and income with Group 1 the highest proportion of females and non-Hispanic whites and 

highest income followed in order by Groups 2 and 3. Since demographic differences 

between groups could be associated with differences in the outcomes of primary interest, 

multivariable linear regression was used to adjust for age, sex, race, education, and income.  
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Pain Characteristics (Table 2) 

Pain Duration. Pain duration was significantly higher (p<0.0001) in Group 1 with an 

average of 10.1 years (SD 9.2, range 1.0-40.0) compared to Group 2 with an average of 7.9 

years (SD 8.3, range 1.00-40.00).  

 

Number of Painful Sites on Palpation. The number of painful muscle sites was 

significantly higher in Group 1 (10.2 sites) as compared to Groups 2 (6.2 sites; p<0.0001).  

Group 3, the control group, had no pain to palpation. 

 

Pressure Pain Threshold (PPT). Group 1 had the lowest adjusted scores for the PPTs 

(highest pain sensitivity) at all trigeminal sites followed in order by Groups 2 and 3. The 

adjusted PPTs differed significantly among the three groups (p<0.0001) for masseter 

muscle, temporalis muscle, frontalis muscle and lateral palm indicating that at least one 

group differed from another group. Adjusted pairwise comparisons are provided in Table 

2.  

 

Psychosocial Characteristics (Table 3) 

Symptom Checklist–90 Revised (SCL–90R). Using the SCL-90R, Group 1 had the highest 

(worst) adjusted average (SE) for anxiety 0.46 (0.06), depression 0.64 (0.06) and 

nonspecific physical symptoms 0.79 (0.05) compared to Group 2 and Group 3. The 

adjusted scores for anxiety, depression and nonspecific physical symptoms differed 

significantly among the three groups (p<0.0001). Pair-wise comparisons between Groups 
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1 and 2 were significant for adjusted scores for anxiety (p=0.004), depression (p=0.004) 

and nonspecific physical symptoms (p<0.0001).  In pair-wise comparison between Groups 

1 and 3, and 2 and 3, Groups 1 and 2 were significantly higher than Group 3 for all 

comparisons.  

 

Perceived Stress Scale (PSS). Group 1 had the highest (worst) adjusted average (SE) PSS 

scores with 14.2 (0.8) compared to Group 2 [13.8 (0.7)] and Group 3 [10.2 (0.9)]. Pair-

wise comparison of Groups 1 and 2 showed no significant difference (p=0.55) but there 

were significant differences between Groups 1 and 3 (p<0.0001), and Groups 2 and 3 

(p<0.0001). 

 

Short Form–12 version 2 (SF–12). The adjusted scores for PCS and MCS differed 

significantly among the three groups (p<0.0001). Group 1 had the lowest adjusted score 

(worst outcome) for physical and mental health as measured by the PCS and MCS relative 

to Group 2 and Group 3. Pairwise comparisons between groups for PCS showed significant 

differences between Group 1 and 2 (p=0.002), Groups 1 and 3 (p=0.004) and Groups 2 and 

3 (p<0.0001). For the MCS Groups 1 and 2 did not differ significantly (p=0.77) but 

significant differences were found between Groups 1 and 3 (p=0.002) and Groups 2 and 3 

(p<0.002). 

 

DISCUSSION 

This is the first study to investigate the differences in biopsychosocial factors of individuals 

with masticatory MFP with referral (Group 1) as compared to those with myalgia without 
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referral (Group 2) and community controls (Group 3). The present study found a consistent 

pattern among participants with MFP with referral, myalgia without referral and controls 

in terms of the assessed biopsychosocial factors. Participants with MFP with referral had 

the greatest pain duration, the lowest PPTs in trigeminal sites, and thus the highest pain 

sensitivity, as well as the greatest number of painful sites compared to participants with 

myalgia without referral and controls. Participants with MFP with referral also had the 

highest self-reported symptoms of anxiety, depression, nonspecific physical symptoms, 

and the lowest HRQoL. Although perceived stress was higher and the mental component 

of HRQoL was lower in the case of myofascial pain with referral as compared to the 

myalgia without referral and controls, the differences between the two muscle pain groups 

were not statistically significant.  

 

The age and sex distribution in this study sample was similar to other studies involving 

TMD clinic and community cases, with a higher proportion of females than males and with 

peak prevalence during the reproductive ages. (1,19) The community control group had a 

higher proportion of males (60.92% female), fewer Caucasians (81.6%) and were 

predominantly of lower socioeconomic status (67.5% of <$40,000 annual income) as 

compared to the muscle pain groups and the differences were statistically significant. 

However, the muscle pain groups did not differ significantly for sex (p=0.04), race (p=0.09) 

or income (p=0.3). Linear regression was used to adjust for these differences among groups 

in baseline characteristics, specifically for age, sex, race, income and education, which is 

reflected in the outcomes reported in Tables 2 and 3.  
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In our study, pain duration measured in years was significantly higher for the MFP with 

referral group compared to the myalgia without referral group (p<0.01). Participants with 

MFP with referral also had a lower HRQoL as measured with the SF-12 compared to 

participants with myalgia without referral. This is consistent with the results of another 

study that found significant correlation between duration of pain and physical functioning 

subscale of SF-36 (p<0.05). Subjects with TMD pain with duration of 1-3 years or greater 

than 3 years had lower physical functioning scores than subjects with TMD pain for less 

than 1 year. (20) This suggests the value of an integrated approach to diagnosis and 

management of patients with pain-related TMD seems reasonable. (2,21)  

 

Comparing our results with other studies is challenging because no other study has 

compared the biopsychosocial characteristics of individuals diagnosed with MFP with 

referral to those with more localized muscle pain. However, some studies have compared 

participants with muscle pain diagnoses to controls. The following discussion compares 

our results with these more limited studies.   

 

Number of sites painful to palpation. In the present study, the number of painful sites on 

palpation was higher in participants diagnosed with MFP with referral followed by myalgia 

without referral and then controls. OPPERA (Orofacial Pain: Prospective Evaluation and 

Risk Assessment) case control study reported greater number of masticatory muscles on 

palpation in TMD cases compared to controls (p<0.0001). (22) 

 

Pain pressure threshold. Several studies have found that myogenous TMD patients 
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exhibit significantly lower PPTs in masticatory muscles than healthy controls. (23–25) 

Higher pain sensitivity has also been reported for non-trigeminal sites among TMD 

participants compared to controls suggesting that central sensitization may be a factor. (25–

28) In the present study, mean PPT scores in trigeminal sites (masseter and temporalis 

muscles), as well as the trigeminal control site (frontalis), were the lowest (most sensitive) 

in participants diagnosed with MFP with referral, followed by myalgia without referral and 

then controls. All pairwise comparisons between the groups were statistically significant. 

The observed PPTs in masticatory painful sites suggests that local hyperalgesia was present 

in MFP with referral and myalgia without referral as compared to controls and is most 

pronounced in MFP with referral. (29) However, the presence of lower PPTs of the 

trigeminal control sites for muscle pain groups suggests that other mechanisms beyond 

peripheral sensitization may also be at play. The non-trigeminal control site (lateral palm) 

PPT scores also were lowest in participants diagnosed with MFP with referral followed by 

myalgia without referral and then controls. All pairwise comparisons between groups were 

statistically significant except for PPT scores in MFP with referral vs. myalgia without 

referral for the lateral palm (p=0.64). The lower PPTs in the hand, an extra-segmental body 

test site relative to the trigeminal sites typically painful in TMD, suggests MFP with referral 

and localized muscle pain may be affected by generalized sensitization. This latter finding 

supports central sensitization processes, which may in part explain the phenomenon of 

referred pain in the case of myofascial pain with referral. (30) Overall the findings from 

the present study are consistent with those of the OPPERA case-control study, which 

reported significant differences (p<0.0001) in the PPT scores of trigeminal and non-

trigeminal sites (lateral epicondyle) between TMD pain cases (arthromyalgia) and TMD-
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free controls. (31) 

 

Psychosocial characteristics. In our study, the MFP with referral group presented with 

the greatest psychological distress with the highest scores for anxiety, depression, 

nonspecific physical symptoms, and lower HRQoL compared to myalgia without referral 

and controls. This is consistent with other studies in which TMD patients displayed higher 

levels of anxiety, depression, catastrophizing, and psychological distress using a variety of 

assessment instruments in comparisons with controls and subjects with TM joint disorders 

without pain. (23,32–34) In the OPPERA case-control study, TMD cases had higher mean 

scores than non-TMD controls across all SCL-90R subscales. Mean scale scores for cases 

were almost twice the means for controls, with standardized odds ratios ranging from 1.4 

for anxiety to 2.1 for the nonspecific physical symptoms scale. The mean (SE) for TMD 

cases and controls were 0.35 (0.03) and 0.19 (0.01) for anxiety, 0.64 (0.05) and 0.37 (0.01) 

for depression and 0.64 (0.05) and 0.25 (0.01) for nonspecific physical symptoms, with 

p<0.0001 for all subscales. (10) In another case-control study comparing psychosocial 

measures between subjects with chronic myofascial pain using the RDC/TMD diagnostic 

criteria and TMD-free controls, the MFP case group scored higher for the anxiety, 

depression and nonspecific physical symptoms scales of the SCL-90R. (35) Kight et al 

found a significant difference in the presence of psychological disorders between TMD 

muscle disorders and other disc or TMJ disorders. (36) Similarly our study showed 

significantly higher scores for anxiety, depression and nonspecific physical symptoms 

subscales in MFP with referral and myalgia participants compared to controls. 
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Several studies have reported that TMD patients have higher levels of self-reported stress 

as compared to pain-free controls. (10,37) Maślak‐Bereś et al reported higher mean PSS 

scores in a myofascial pain group as compared to controls. (38) In a 20-year prospective 

cohort study, MacFarlane et al (2009) showed that high perceived stress as measured by 

the PSS was significantly associated with pain in jaw joints or muscles compared to pain-

free controls (OR 2.2; CI 1.2-4.0). (39) Slade et al (2007) in a prospective cohort study 

reported that baseline measures of perceived stress using the PSS were significant 

predictors of new-onset TMD in a sample of healthy young females. (40) The OPPERA 

case-control study found that TMD cases reported greater perceived stress compared to 

controls (p<0.0001). (10) The findings from these studies are consistent with the results of 

our study: mean scores were significantly higher in MFP with referral and myalgia groups 

compared to the control group. 

 

The SF-12 has been used to demonstrate lower HRQoL for a variety of chronic pain 

conditions such as fibromyalgia (41), tension type headache (42), and migraine (43) as 

compared to healthy controls. The OPPERA study reported that in their sample, the SF-12 

Physical (PCS) and Mental (MCS) Component Scores were both lower (indicating poorer 

function and lower HRQoL) for TMD cases versus controls. (10) In our study Myofascial 

pain with referral had the lowest PCS and MCS scores among the three groups though MFP 

with referral and myalgia without referral did not differ significantly in the MCS score 

(p=0.77). Compared to population norms, MFP with referral had PCS and MCS scores 

below the average scores of the general population, myalgia without referral had MCS 

scores below the general population average, while the controls had higher than average 

PCS and MCS scores compared to the general population. (44) 
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Clinical Significance. A statistically significant outcome does not establish clinical 

significance. The Initiative on Methods, Measurement, and Pain Assessment in Clinical 

Trials (IMMPACT) defines clinical significance as measures that not only distinguish 

clinically important changes from those that are statistically significant but also to 

emphasize changes in clinical conditions that are important to patients as well as others. 

(45) Our participants with MFP with referral exhibited moderate depression as assessed 

with the SCL-90R, while participants with myalgia without referral and controls had scores 

in the normal range. (8) Our participants with MFP with referral and myalgia without 

referral had moderate scores of nonspecific physical symptoms, while controls had scores 

in the normal range. (8) This suggests the potential value of psychological management 

strategies in treatment. Cutoffs for anxiety subscale have not been established. For the SF-

12 physical and mental health scales, the MFP with referral group reported poorer physical 

and mental functioning as compared to the general population. The myalgia without 

referral group had poorer mental functioning compared to the general population, and pain-

free controls had above average physical and mental functioning compared to population 

norms. These findings suggest that masticatory muscle pain is associated with clinically 

significant lower HRQoL, which may limit daily activities. Strategies to address these 

limitations should be considered.  These results support the clinical utility of careful 

assessment of patients with MFP with referral for signs of psychosocial distress, which 

may lead to improved management. For the other outcome variables including stress and 

pressure pain threshold, no predetermined cutoff points have been established. 
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Strengths and Limitations. The study has several strengths. It was based on a large clinic-

based multicenter study and included well-defined and representative cases with TMD. 

The clinical measures were all tested for reliability and repeated calibrations of examiners 

were performed to establish reliable and valid diagnoses. (2) The large sample enabled 

multiple comparisons of a wide range of biopsychosocial variables among different 

masticatory muscle pain subtypes. The primary limitation of the study is that it is a 

secondary data analysis of a convenience sample specifically recruited to include an 

appropriate mix of TMD pain conditions necessary to test the diagnostic accuracy of TMD 

diagnostic criteria. (3) Finally, data regarding specific referral patterns, e.g. dental pain, 

were not collected.   

 

Future research. Future research opportunities regarding masticatory muscle pain 

diagnoses has been extensively discussed by Michelotti et al. (4)  Briefly, the criterion 

validity for the diagnostic criteria for the specific diagnoses of local myalgia and MFP 

(both without referral) needs to be established. Increased evidence for the clinical utility 

of these diagnostic subtypes will benefit from characterization of unique 

pathophysiological processes for these muscle pain diagnoses, including investigation of 

the possibility of a continuum of masticatory myalgia from mild, localized pain to more 

severe, regional pain involving referral. Finally, currently different treatment algorithms 

do not exist for the muscle pain diagnostic subgroups. Future clinical trials should focus 

on relevant prognostic and treatment approaches as suggested by our findings. (4)  
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CONCLUSION 

 The main finding of this study is that in our study population and with the methodology 

used, participants with a clinical diagnosis of MFP with referral had the highest pain 

sensitivity in trigeminal sites and the most complex biopsychosocial characteristics as 

compared with myalgia without referral and community controls. These findings suggest 

that the clinical diagnosis of MFP with referral has clinical utility in the identification of 

TMD patients with greater pain sensitivity, higher pain-related disability and complex 

biopsychosocial characteristics compared to patients with myalgia without referral.  
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Figure 1: Flow Diagram of Study Participants  

  

101 

participants 

with non-pain-

related TMD 

diagnosis 

91 controls 

Group 1 

Myofascial 

pain with 

referral 

n=196 

 

Group 2  

Myalgia 

without 

referral 

n=299 

Group 3 

Controls with 

completed 

data sets 

n=87 

Excluded 18 

participants with 

arthralgia 

724 Validation 

Project 

participants 

705 Validation 

Project 

participants  

614 TMD 

cases 

513 

participants 

with pain 

related TMD 

diagnosis 

19 

participants 

excluded 

495 

participants 

with muscle 

pain diagnosis 

5: no consensus 

diagnosis 

14: co-morbid pain 

conditions 

 



 20 

 

Table 1. Demographics for participants with myofascial pain with referral, 

myalgia and normal controls.  

  

 

 

MFP - Myofascial Pain, SD - Standard deviation, N – number, 

 

 

 

 

 

 

 

 

 

 

Variable Group 1 

MFP with 

referral 

(n=196) 

Group 2 

Myalgia 

without 

referral 

(n=299) 

Group 3 

Controls 

(n=87) 

p-values 

for 

differences 

among the 

groups  

p-values for 

Pair-wise 

comparisons 

between groups 

Age (years) 

Mean (SD) 

37.8 (12.6) 

 

35.6 (13.4) 36.0 (12.8) 0.18  

Sex  

(female)  

N (%) 

178 (90.8) 253 (84.6) 53 (60.9) <0.0001 1 vs 2 p=0.04 

1 vs 3 p<0.0001 

2 vs 3 p<0.0001 

 

Race  

(non-

Hispanic 

white)  

N (%) 

182 (92.9) 264 (88.3) 71(81.6) 0.02 1 vs 2 p=0.09 

1 vs 3 p=0.1 

2 vs 3 p<0.005 

 

Education  

(> 16 years) 

N (%) 

44 (22.6) 77 (25.8) 25 (28.7) 0.75  

Income  

(> $40,000) 

N (%) 

107 (55.7) 151 (51.0) 28 (32.6) 0.0014 1 vs 2 p=0.3 

1 vs 3 p<0.005 

2 vs 3 p<0.005 
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Table 2. Pain duration, number of painful muscle sites and pressure pain thresholds  

by site across the three groups. 

  

Variable Group 1 

MFP with 

referral 

(n=196) 

Group 2 

Myalgia 

without 

referral 

(n=299) 

 

Group 3 

Controls  

(n=87) 

 

P-value for 

differences 

among the 

groups 

 

P-value for pair-

wise 

comparisons 

between groups 

Average (SE) 

Pain duration 

in years 

Mean (SD) 

10.1 (9.2) 7.9 (8.3) 0 0.008 1 vs 2 p<0.0001 

Number of 

painful muscle 

sites (0-20) 

10.2 (0.5) 6.2 (0.4) 0 <0.0001 1 vs 2 p< 0.0001 

1 vs 3 p< 0.0001 

2 vs 3 p< 0.0001 

 

PPT for 

masseter 

muscle (kPa) 

147 (5.3) 160 (4.6) 209 (6.0) <0.0001 1 vs 2 p=0.005 

1 vs 3 p< 0.0001 

2 vs 3 p< 0.0001 

 

PPT for 

temporalis 

muscle (kPa) 

182 (6.6) 196 (5.7) 248 (7.4) <0.0001 1 vs 2 p= 0.008 

1 vs 3 p< 0.0001 

2 vs 3 p< 0.0001 

 

PPT for 

frontalis 

muscle (kPa) 

211 (6.9) 223 (5.9) 279 (7.6) <0.0001 1 vs 2 p=0.03 

1 vs 3 p<0.0001 

2 vs 3 p<0.0001 

PPT for lateral 

palm (kPa) 

406 (13.0) 410 (11.1) 497 (14.5) <0.0001 1 vs 2 p= 0.64 

1 vs 3 p< 0.0001 

2 vs 3 p< 0.0001 

 

 

MFP - Myofascial Pain, SD - Standard deviation, SE – Standard Error, PPT- Pressure 

Pain Threshold, kPA- kiloPascal 

 

  



 22 

Table 3. Psychosocial status assessed for anxiety, depression, nonspecific physical 

symptoms, perceived stress and health related quality of life 

 

Variable Group 1 

MFP with 

referral 

(n=196) 

Group 2 

Myalgia 

without 

referral  

(n=299) 

Group 3 

Community 

controls 

(n=87) 

P-value 

for 

differences 

among the 

groups 

P-value for pair-

wise comparison 

between groups 

Adjusted Mean (SE) 

Anxiety  

SCL- 90R 

(0-4 units) 

0.46 (0.06) 0.33 (0.05) 0.09 (0.06) <0.0001 1 vs. 2 p=0.004 

1 vs. 3 p=0.0002 

2 vs. 3 p<0.0001 

 

Depression 

SCL-90R   

(0-4 units)  

0.64 (0.06) 0.50 (0.05) 0.26 (0.07) <0.0001 1 vs. 2 p=0.004 

1 vs. 3 p=0.0003 

2 vs. 3 p<0.0001 

 

Nonspecific 

Physical 

Symptoms 

SCL-90R  

(0-5 units) 

 

0.79 (0.05) 0.53 (0.05) 0.13 (0.06) <0.0001 1 vs. 2 p<0.0001 

1 vs. 3 p<0.0001 

2 vs. 3 p<0.0001 

Perceived 

Stress  

PSS 

(0-100 units) 

14.2 (0.8) 13.8 (0.7) 10.2 (0.9) <0.0001 1 vs. 2 p=0.55 

1 vs. 3 p<0.0001 

2 vs. 3 p<0.0001 

 

Physical  

Component 

SF-12 PCS  

(0-100 units) 

 

49.7 (0.9) 52.5 (0.8) 55.4 (1.0) <0.0001 1 vs. 2 p=0.0002 

1 vs. 3 p=0.004 

2 vs. 3 p<0.0001 

 

Mental  

Component 

SF-12 MCF  

(0-100 units) 

48.3 (1.1) 48.5 (0.9) 52.3 (1.2) 0.004 1 vs. 2 p=0.77 

1 vs. 3 p=0.002 

2 vs. 3 p=0.002 

 

MFP – Myofascial Pain, SCL-90R: Symptom Checklist 90 revised; PSS: Perceived Stress 

Scale; SF-12: Short Form Survery-12; PCS: Physical Component Summary; MCF: 

Mental Component Summary 
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