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Abstract 

Aims: To determine, in subjects with painful temporomandibular disorders 

(TMD), whether baseline SF-12 Physical Component Summary (PCS), SF-12 

Mental Component Summary (MCS) and Jaw Functional Limitation Scale (JFLS) 

predict persistent TMD pain measured by Characteristic Pain Intensity (CPI) 

scores after 9 years.  

Methods: 258 subjects with painful TMD diagnoses and CPI>0 completed 

baseline SF-12 Health-Related Quality of Life (HRQoL) and JFLS questionnaires. 

After 9 years, they were reevaluated for painful TMD diagnoses and completed 

the CPI questionnaire. Univariable and multivariable linear regression adjusted 

for age and sex examined the relationship between baseline predictors and 

follow-up CPI.  

Results: After 9 years, 186 (72%) had persistent TMD pain. Baseline PCS and 

JFLS, but not MCS, presented weak linear relationships with follow-up CPI. One 

SD (9.0) increase in baseline PCS was associated with a 4.9-point decrease in 

follow-up CPI (SE=1.2, p<0.001), or 5.7% of the follow-up CPI score range. One 

SD (1.4) increase in baseline JFLS was associated with a 5.0-point increase in 

follow-up CPI scores (SE=1.2, p<0.001), or 5.8% of the follow-up CPI score 

range. In the 3-predictor multivariable model, follow-up CPI change predicted by 

1 SD increase in baseline scores was of -4.7 (SE=1.3, p<0.001) for PCS, and 3.9 

points (SE=1.2, p=0.002) for JFLS.  

Conclusions: In subjects with TMD pain, baseline PCS and JFLS, but not MCS, 

were statistically significant predictors of CPI at a 9-year follow-up. However, the 

magnitude of the effects is small and below the 10-20% minimum change in pain 

intensity recommended for clinical significance.  
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Introduction 

Temporomandibular disorders (TMD) consist of different clinical disorders 

involving the masticatory muscles, the temporomandibular joints (TMJ) and the 

associated structures. 1  Painful TMD is the most frequent reason patients seek 

treatment and is estimated to affect approximately 10% of the adult population.2 

It has been reported that the majority of TMD cases tend to remit or present as 

recurrent, but approximately 15% of the patients who seek care progress to 

chronic TMD pain3 , often defined as pain lasting longer than 3 months. 4  Causal 

factors for the persistence of TMD pain are not clear, but research has 

demonstrated that psychosocial factors are significantly higher in TMD patients 

than pain-free controls5-8 and are associated with chronic TMD pain.9-11 Prior 

studies have suggested that biopsychosocial factors including poor general 

health can predict onset of chronic pain conditions such as widespread pain12 

and other musculoskeletal disorders13-17 including orofacial pain and TMD.18-21  

 

Health related quality of life (HRQoL) measures have been used to assess the 

individual’s functioning and disease burden for many chronic physical conditions 

including headaches,22 arthritis,23,24 back pain,15,23,24 and TMD. 6,25,26  The 12-item 

Short Form Health Survey (SF-12),27,28 is a commonly used HRQoL 

questionnaire, derived from the 36-item version, SF-36.29 The SF-12 and the SF-

36 evaluate 8 health domains (physical functioning, role physical, bodily pain, 

general health, mental health, role emotional, social functioning and vitality), 

which can be scored as separate sub-scales. The SF-12 and SF-36 also yield 2 
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summary scores: the Physical Component Summary (PCS) and the Mental 

Component Summary (MCS). SF-12 and SF-36 scores have been shown to 

differ significantly between patients and healthy controls for migraine,30,31 

fibromyalgia,31 and TMD.25 SF-12 scores have been reported to have a dose-

response relationship according to the severity of various chronic health 

conditions.32 In a multivariable model, the SF-12 bodily pain and general health 

sub-scales were among the 11 best predictors for new-onset TMD out of 202 

putative risk factors evaluated in a large cohort study. 33  To date, no studies have 

evaluated the capacity of SF-12 scores to predict pain outcomes in TMD 

subjects. Simple assessment instruments with predictive value for identifying 

patients at risk for persistent TMD pain are highly desirable. 

 

According to the Initiative on Methods, Measurement, and Pain Assessment in 

Clinical Trials (IMMPACT),34 there are 2 broad areas of assessment for physical 

functioning and, more generally, HRQoL: generic global measures, such as the 

SF-12, and disease-specific measures. The Jaw Functional Limitation Scale 

(JFLS)35 assesses TMD-specific physical functioning. The JFLS is a DC-TMD36 

Axis II instrument and its scores have been found to be significantly higher in 

TMD cases compared to pain-free controls in a large case-control study.37  

 

The aim of this study is to determine, in adults with baseline TMD pain, whether 

baseline PCS, MCS and JFLS scores predict persistent TMD pain at a 9-year 

follow-up. 



 

 3 

Methods 

Study sample 

This study’s baseline and follow-up data are from the multi-center longitudinal 

observational Validation Project38 and TMJ IMPACT Project, respectively. 

Baseline subjects were recruited at the University of Minnesota, University of 

Washington, and University at Buffalo, between 2003 and 2006. Enrollment was 

consecutive until two thirds of the previously calculated sample size was 

achieved, and selective until the closure of the study, to enrich the sample with 

less frequent TMD diagnoses. Thus the Validation Project subject population was 

a convenience sample, consisting of clinical and community TMD cases with the 

full spectrum of TMD signs and symptoms, as well as healthy controls. The 

Validation Project’s methods, including inclusion and exclusion criteria for TMD 

cases and controls, have been previously reported.38  

 

Figure 1 shows the flow diagram of the study sample. 732 subjects enrolled in 

the Validation Project. 8 subjects dropped out or incomplete assessments, and 

724 subjects completed the baseline phase. The study’s examiners could not 

reach a consensus diagnosis for 5 subjects, and 14 subjects were excluded due 

to reported co-morbid pain conditions (e.g., fibromyalgia). The remaining 705 

subjects consisted of 614 TMD cases and 91 controls.38 Of the 614 TMD cases, 

513 subjects had a least one painful TMD diagnosis, including masticatory 

muscle pain (i.e., myofascial pain with and without limited opening) and/or TMJ 

pain (i.e., TMJ arthralgia and TMJ osteoarthritis). In the TMJ IMPACT Project, 
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401 Validation Project subjects who had previously agreed to be contacted were 

recalled. Of the 401 subjects that returned for follow-up, 273 subjects had at least 

one baseline painful TMD diagnosis. Of the 273 potential cases at follow-up, 8 

were excluded from our analyses due to missing data in the baseline SF-12, 2 

were excluded due to having a baseline CPI score of 0, and 4 due to having 

painful TMD diagnoses but a CPI score of 0. One subject was excluded due to 

missing data for the follow-up CPI score. Therefore, our total sample included 

258 subjects. 

 

For the purpose of this study, TMD pain was defined as at least one painful TMD 

diagnosis and a Characteristic Pain Intensity (CPI) score greater than 0.39 

Persistent TMD pain was defined as being present at baseline and at follow-up, 

after 9 years. Inclusion criteria for the present study required complete data for: 

(1) baseline painful TMD diagnosis, (2) baseline CPI score greater than 0, (3) 

baseline SF-12 (PCS and MCS) scores, and (4) follow-up CPI scores. Subjects 

with concurrent painful TMD diagnoses and an inconsistent CPI score of 0 were 

excluded, since the TMD diagnoses required a report of pain in the last month 

and a CPI of 0 indicates no pain in the last 6 months. 

 

Clinical assessment  

At follow-up, subjects had a complete clinical assessment similar to that used at 

baseline in the Validation Project.38 However, one methodological difference 

between baseline and follow-up was that the painful TMD diagnoses at baseline 
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were rendered by the consensus of 2 clinical examiners at each site. At follow-

up, no consensus diagnosis was rendered as each subject saw just one of the 

examiners. The painful TMD diagnoses at follow-up were algorithmically derived 

using the Axis I Diagnostic Criteria for TMD (DC/TMD) protocol.36 The examiners 

at baseline and at follow-up were the same individuals at all 3 study sites. Inter-

rater reliability of examiners, assessed with kappa, was 0.83 for masticatory 

muscle pain and 0.85 for TMJ pain at baseline40 and 0.84 for masticatory muscle 

pain and 0.76 for TMJ pain at follow-up. (Unpublished data) 

 

Baseline predictors 

Baseline questionnaires included the SF-12 version 227 and the JFLS-20 

(JFLS).35,41 The SF-12 is a reliable and valid HRQoL questionnaire28,32,42 used in 

both the clinical and research setting. The SF-12 MCS and PCS scores range 

from 0 to 100 points, and a higher score indicates a better quality of life. Cross-

validation between the SF-12 and the SF-36 demonstrated high correlation 

coefficients of 0.95 for the PCS and 0.97 for the MCS. The SF-12 can also be 

scored in the 8 domain sub-scales; however, their use was not recommended 

after a validation assessment revealed unsatisfactory correlations with SF-36.28  

 

The JFLS is comprised of 20 items each with a 0-10 numerical rating scale of jaw 

functional limitation, where 0 indicates no jaw limitation and 10 indicates severe 

jaw limitation in a specified activity. A “n/a” option is also available for each item, 

and is marked as missing. The JFLS has 3 subscales: mastication, vertical jaw 
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mobility, and verbal and emotional expression, calculated as the average of all 

items in that subscale. A global jaw functional limitation score, on a 0-10 scale, is 

obtained by an average of these three subscales. The JFLS has been validated 

in TMD patients and the reliability coefficients reported were 0.82 for persons and 

0.99 for items.41 The JFLS was developed through item-analysis of the Seattle 

Checklist43 and the Mandibular Functional Impairment Questionnaire44 to 

improve psychometric proprieties of validity, reliability and responsiveness for 

this construct. 

 

Outcome measure 

The CPI questions, from the Graded Chronic Pain Scale,39 were administered at 

baseline and at follow-up. The primary outcome measure for this study is the 

follow-up CPI score, which ranges from 0 to 100, and is calculated based on 

three scales of self-reported pain intensity; a) pain at present time, b) worst pain 

in the last 6 months and c) average pain in the last 6 months. Each of these 

scales ranges from 0 to 10, with 0 = “no pain” and 10 = “pain as bad as it could 

be”. The 3 scores are averaged and multiplied by 10 to obtain the CPI score.  

 

Statistical analyses 

Descriptive statistics are presented for baseline and follow-up data. Two-sample 

t-tests were used for continuous variables and Fisher’s exact tests for categorical 

variables, to determine if there were differences in mean baseline PCS, MCS and 

JFLS scores, as well as other baseline characteristics, between groups with and 
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without follow-up painful TMD diagnoses. Linear regression analysis was used to 

investigate the relationship between baseline PCS, MCS, JFLS global score and 

its sub-scales as predictors of follow-up CPI in single variable and multivariable 

models adjusted for age and sex. 

 

Pearson correlation coefficients and coefficients of determination measured 

associations of baseline PCS, MCS and JFLS with baseline CPI. Additionally, 

tertile analyses were used to evaluate the dose-response relationship of baseline 

PCS, MCS and JFLS global score with follow-up CPI. Tertile analyses were 

adjusted for age and sex, and corrected by Tukey’s method for multiple 

comparisons. Statistical significance was defined as p<0.025 for the two primary 

analyses (baseline PCS and MCS predicting follow-up CPI), i.e., a Bonferroni 

correction (0.05/2) was used for the 2 comparisons. For all other tests, 

considered exploratory, statistical significance was defined as p<0.05. 
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Results 

Of the 258 included subjects with TMD pain at baseline, 186 (72%) had painful 

TMD diagnoses after 9 years. The baseline sample consisted of 88% women, 

with a mean age of 38 years (standard deviation [SD]=13), ranging from 18 to 67 

years. Baseline PCS scores differed significantly between subjects with painful 

TMD diagnoses at follow-up (PCS=49.8, SD=9.5) and subjects without painful 

TMD diagnoses at follow-up [(PCS=52.6, SD=7.0), p=0.009]. MCS and all other 

baseline characteristics did not differ significantly between these two groups, 

except for the JFLS verbal/emotional sub-scale, where subjects with painful TMD 

diagnoses at follow-up had significantly higher JFLS verbal/emotional sub-score 

at baseline (JFLS verbal/emotional=0.9, SD=1.3), compared to subjects without 

painful TMD diagnoses at follow-up [(JFLS verbal/emotional=0.5, SD=1.1), 

p=0.045]. Table 1 presents baseline characteristics of subjects with and without 

painful TMD diagnoses at follow-up are presented. 

 

Table 2 presents follow-up CPI and painful TMD diagnoses. Our primary 

outcome measure was the follow-up TMD pain intensity per the CPI score, which 

had a mean of 28.1 and a SD of 19.9 points, with values ranging from 0 to 86.7 

points on a 0-100 scale. The baseline CPI scores (mean=50.2, SD=20.0 points) 

decreased an average 22.0 points at follow-up, which represents a 43.8% 

decrease in overall TMD pain intensity. At follow-up some subjects reported a 

CPI score greater than 0 for a 6-month reference time frame, but were classified 

as not having a painful TMD diagnoses because the clinical diagnoses were 
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based on pain in the last month. These subjects were not excluded, because this 

is a clinically possible situation, hence the reason Table 2 shows subjects with 

CPI greater than 0 in the group without a follow-up painful TMD diagnosis. 

 

Single variable linear regression analyses 

Table 3 presents the single variable analyses for baseline PCS, MCS and JFLS 

scores as predictors of follow-up CPI. Figures 2-4 graphically display these 

findings. Figure 2 shows the weak negative linear relationship observed between 

baseline PCS and follow-up CPI. One SD (9.0) increase in baseline PCS scores 

was associated with a decrease in follow-up CPI scores of 4.9 points (Standard 

error [SE]=1.2, p<0.001). Compared to the range of CPI scores at follow-up (0.0 

to 86.7), this was a 5.7% decrease, meaning that a better health-related quality 

of life was a weak protective factor. Figure 3 shows the relationship between 

baseline MCS and follow-up CPI, which was not statistically significant. One SD 

(9.1) increase in baseline MCS scores was associated with a decrease in follow-

up CPI scores of 1.4 (SE=1.2, p=0.258). 

 

Figure 4 shows the weak positive linear relationship between baseline JFLS 

global score and follow-up CPI. One SD (1.4) increase in baseline JFLS global 

score was associated with an increase in follow-up CPI scores of 5.0 points 

(SE=1.2, p<0.001). This represents 5.7% of the range of the follow-up CPI 

scores. The 3 baseline JFLS sub-scales were statistically significant predictors of 
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follow-up CPI, but the change they predicted was not greater than predicted by 

the JFLS global score (see Table 3). 

 

Multivariable linear regression model 

The multivariable linear regression model included baseline PCS, MCS and JFLS 

global scores (Table 4). One SD (9.0) increase in baseline PCS scores was 

associated with a decrease in follow-up CPI score of 4.7 points (SE=1.3, 

p<0.001), when controlling for the other variables in the model. One SD (1.4) 

increase in baseline JFLS global score was associated with an increase in follow-

up CPI scores of 3.9 points (SE=1.2, p=0.002) when controlling for the other 

variables in the model. 

 

Baseline cross-sectional analyses 

In a cross-sectional analysis of the baseline data (Table 5), baseline PCS and 

baseline had a weak negative correlation CPI (r=-0.23, p<0.001); baseline PCS 

explained 5.4% of the variance in baseline CPI (r2=0.054). Baseline MCS also 

had a very weak negative correlation with baseline CPI (r=-0.13, p=0.043), 

explaining only 1.6% of the variance in baseline CPI (r2=0.016). Baseline JFLS 

global score had a strong positive correlation with baseline CPI (r=0.53, 

p<0.001), explaining 27.8% of the variance in baseline TMD pain intensity per 

CPI.  
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Tertile analyses 

The tertiles of PCS and JFLS global score differed significantly in follow-up CPI 

scores (Table 6). Figure 5 shows the dose-response relationship between 

baseline PCS tertiles and follow-up CPI. Lower (worse) baseline PCS scores 

were associated with higher (worse) CPI scores at follow-up. The 1st tertile, 

representing individuals with lowest (worst) PCS scores, had a mean follow-up 

CPI score of 30.5 points (SE=2.6), which was significantly higher than the 2nd 

(CPI=22.5, SE=2.5, p=0.023) and 3rd (CPI=18.7, SE=2.4, p<0.001) tertiles. The 

1st and 3rd tertiles differed by 11.7 points in mean follow-up CPI score This 

represents 13.5% of the follow-up CPI score range. The 7.9-point difference 

between 1st and 2nd tertiles is 9.1% of the follow-up CPI score range. Figure 6 

shows the relationship between baseline MCS tertiles and follow-up CPI; MCS 

tertiles did not differ significantly in follow-up CPI (p>0.05). 

Figure 7 shows the dose-response relationship between baseline JFLS global 

score tertiles and follow-up CPI. Higher (worse) baseline JFLS global scores 

were associated with higher (worse) CPI scores at follow-up. The 1st tertile, 

representing individuals with the best jaw function, had a mean follow-up CPI 

score of 17.2 points (SE=2.4), which was significantly lower than the 2nd 

(CPI=25.1, SE=2.4, p=0.019) and 3rd (CPI=31.1, SE=2.6, p<0.001) tertiles. The 

1st and 3rd tertiles differed by 13.9 points in mean follow-up CPI score. This 

represents 16.0% of the follow-up CPI score range. The 7.9-point difference 

between 1st and 2nd tertiles is 9.1% of the follow-up CPI score range (Table 6). 
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Discussion 

The present study found a statistically significant association between baseline 

PCS, MCS and JFLS scores, and follow-up CPI. However, the effects were too 

small to be clinically significant. The correlations between the variables in our 

study are consistent with previous reports.18,20,33,45 Nevertheless, this is the first 

study to assess the clinical significance of these findings. Our results also cohere 

with the current concept of a complex multifactorial etiologic pattern for TMD,45 

where single variables are unlikely to have robust prognostic value. 

 

Clinical Significance 

Assessing and interpreting the clinical significance of research findings is 

extremely important to bridge the gap between research and clinical practice. 

IMMPACT has discussed and reviewed different strategies to determine clinically 

significant changes in outcomes for chronic pain. Recommendations based on a 

literature review suggest that a decrease of 10-20% in self-reported pain intensity 

reflects minimally important improvement, 30% or greater reflects moderately 

important improvement, and 50% reflects substantial improvement.46 In addition, 

data-driven estimates found that a decrease of 2 points or approximately 30% on 

a 0-10 numerical rating scale is considered clinically important to patients with 

osteoarthritis, fibromyalgia, chronic low-back pain, diabetic neuropathy and post-

herpetic neuralgia.47 For acute pain studies, 50% improvement in pain intensity 

has been suggested as the cutoff to evaluate clinical efficacy of analgesics. 48  
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SF-12 literature review 

No previous studies have used baseline SF-12 to predict follow-up pain intensity 

in TMD subjects. A study evaluating multiple putative risk factors for first-onset 

TMD18 found statistically significant adjusted hazard ratios (HR) for 1 SD 

increase in baseline PCS (HR [95%CI]=0.85 [0.74, 0.95], p=0.008) and MCS (HR 

[95%CI]=0.74 [0.66, 0.82], p<0.001). This means that an increase of 1SD in 

baseline PCS scores, decrease the probability of an individual developing first-

onset TMD during the 2.8-year follow-up by 15%. The individual probability is 

decrease by 26% with an increase of 1 SD in baseline MCS scores. The clinical 

significance of these findings was not discussed, but the authors did not include 

SF-12 measures in multivariable models of general-health status as predictor of 

first-onset TMD because it was considered a consequence of other health-

conditions, rather than an independent predictor. 18 In the present study, a 1 SD 

increase in baseline PCS score predicted a reduction in follow-up CPI scores of 

4.9 points (5.7%), which is below suggested standards for clinical significance, 

despite its statistical significance. The change predicted by MCS was less than 

one-third of that observed for PCS and was not statistically or clinically 

significant. 

 

Prior studies have reported a minimal important difference (MID) in the summary 

scores of the SF-12 and SF-36 questionnaires as low as 2-5 points.49-51 

Researchers proposing indexed or distribution-based MIDs have found different 

results. Recommendations include defining MID as 0.5 SD or 1.96 SE, based on 
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observed patterns in the literature, the statistical concept of sample variability, 

and research in psychology that measures the human ability to discriminate 

changes.52-54 Our study found a difference in mean baseline PCS that was 

statistically significant between groups with and without follow-up painful TMD 

diagnoses. A difference of 3.1 points was found in the normalized 0-100 scale of 

the SF-12, which represents 6.1% of the score range (15.7 to 65.4 points), or 

less than 0.5 SD, and is not considered clinically significant (Table 1). 

 

Two cross-sectional studies of subjects with TMD found differences in 3 of the 8 

SF-36 sub-scores, when compared to controls. In the first, general health, vitality, 

and social functioning were statistically significant.24 In the second, physical 

functioning, bodily pain and social functioning were statistically significant.6 PCS 

and MCS scores were not reported. The scoring of the sub-scales, as in the 

summary scores, is based on a 0-100-point scale, where higher scores reflect 

better HRQoL. The magnitude of the differences between groups ranged from 

9.1 to 20.8 points. The differences found in these other studies are greater than 

in the present study, which may be due to comparing TMD subjects with subjects 

from the general population25 or age and sex matched pain-free controls,6 while 

our entire sample had TMD pain at baseline. 

 

JFLS literature review 

IMMPACT recommends the use of disease-specific measures of physical 

functioning when available.33 Disease-specific instruments can assess aspects of 
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physical functioning and pain-imposed limitations associated with the studied 

disorder, disease, or condition that would not be addressed by generic 

measures. Examples of such instruments are the Western Ontario and McMaster 

Universities Arthritis Index (WOMAC)55 and the Roland and Morris Back Pain 

Disability Scale.56 In this sense, the JFLS is an appropriate instrument to assess 

TMD-specific physical functioning. 

 

The JFLS scores were added a posteriori in this study and analyzed as a 

potential predictor of persistent pain, to include disease-specific data in our 

analysis. The JFLS has been found to be significantly associated with TMD when 

TMD cases were compared to pain-free controls.37 That study found that for 

every 1 SD increase in JFLS sub-scores, the odds of being in the TMD group of 

the case-control study increased by 3.0 times for mastication and vertical jaw 

mobility sub-scales (OR [95%CI] = 3.0 [2.6, 3.5]), by 1.6 times for the verbal/ 

emotional expression sub-scale (OR [95%CI] = 1.6 (1.4, 1.8) and by 2.9 times for 

the JFLS global score (OR [95%CI] = 2.9 (2.5, 3,4). Mean JFLS scores for cases 

in this study37 were very similar to the present study. The authors reported mean 

scores of 2.22, 2.22, 0.72 and 1.74 points for mastication, opening, 

verbal/emotional expression, and global score, respectively, compared to mean 

scores of 2.33, 2.50, 0.79 and 1.84 points, respectively, in the present study. 

JFLS scores were not significant predictors of new-onset TMD in a follow-up 

cohort study done by the same group.57  
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This is the first study to report findings on the JFLS as a predictor of persistent 

TMD pain. Baseline JFLS global score and its sub-scales were statistically 

significant predictors of follow-up CPI in a linear regression analysis adjusted for 

age and sex. Nevertheless, the magnitude of the association was effectively the 

same as for baseline PCS, for which a 1 SD change was associated with a 5.7% 

change in follow-up CPI scores for the JFLS global score. As argued above, 

these likely do not represent large enough effects to be clinically significant. 

 

Multivariable analysis 

When baseline PCS, MCS and JFLS global scores were combined in a 

multivariable model, PCS and JFLS remained statistically significant. Especially 

for the baseline PCS score, the effect size was largely maintained, changing from 

-4.9 to -4.7 when controlling for the other variables in the model. The stability of 

the effect despite adjusting for potential confounders can be interpreted as a sign 

that the observed effect is in fact present. The magnitude and the direction of 

change in effect after partial adjustment for confounding can be used to make 

inferences about the actual effect.58 Nonetheless, it reinforces the lack of clinical 

significance, because the true effect would be highly unlikely to move in the 

opposite direction, towards a greater magnitude.58  

 

Sample selection 

The original Validation Project was not designed to address the aims of the 

present study, but it followed specific guidelines: the statement for reporting 
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studies of diagnostic accuracy (STARD).59 These guidelines recommend that, 

when developing diagnostic criteria, the first step is to use a sample of individuals 

with the target condition and free of significant co-morbidities. According to the 

trend observed in the tertile analyses in the present study, subjects with worse 

baseline PCS and JFLS scores presented a greater change in follow-up CPI 

scores. If that trend extended beyond the range of our data, it is possible that the 

effect sizes would reach clinical significance in subjects with higher baseline 

impairment in HRQoL and jaw function. While it seems plausible that, in subjects 

with non-TMD pain and other medical co-morbidities, baseline PCS and JFLS 

scores could potentially be worse, the predictive value of baseline PCS and JFLS 

for follow-up CPI in such population is unknown. 

 

9- year follow-up and scope of evaluation 

The long interval between baseline and follow-up data may account for difficulty 

in predicting the outcome of persistent pain. The status of subjects during this 

follow-up period is unknown, and treatments received between evaluations were 

not considered in the analyses. It has been suggested that a 1-month recall 

period allows for a better self-reported pain intensity rating,60 but the 6-month 

period is also considered acceptable.42,61 In a study of migraineurs, self-report of 

pain intensity (0-10 scale) over the 3 previous months had a high correlation 

(r=0.74) with a daily pain diary, which was considered the reference standard.62  
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In our case, the 6-month reference was used since this was the period used in 

the original questionnaire38 and in the Validation Project.38 Also, considering the 

fluctuating nature of TMD pain, a 6-month reference period is thought to provide 

a better coverage of the time between visits, especially if the interval between 

follow-ups is over a long period like the present study. The long interval between 

the two measurement times introduces a level of uncertainty; however, the 

baseline cross-sectional analysis shows that stronger associations may never 

have been present (Table 5). The strength of the associations between putative 

baseline predictors and baseline CPI were not dramatically different than in the 

longitudinal analyses, which supports the results of this study. 

 

The TMJ IMPACT Project, which provided the follow-up data for this study, 

recalled only 401 subjects who had previously agreed to be contacted for 

reevaluation, out of the 614 cases and 91 controls from the Validation Project. 

Thus, selective follow-up may have introduced bias into the analysis. Although 15 

of 273 subjects were excluded due to inconsistent or missing data, these 

represent only 5% of the potential sample and are unlikely to introduced major 

bias into the results. Finally, the present study did not account for a series of 

other potential confounding factors that could be used in the multivariable 

analysis for persistent TMD pain, such as TMD pain chronicity, oral behaviors, 

somatization, depression and anxiety.36  
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When evaluating patient reported outcomes (PROs) of jaw pain, jaw function and 

quality of life, these outcomes should be self-reported, without interpretation of 

the patient’s response by a clinician or anyone else.63 PROs, and specifically 

HRQoL, have become important constructs in patient-centered research and 

clinical practice. Some authors argue that “[t]he ultimate goal of health care is to 

restore or preserve functioning and well-being related to health, that is health-

related quality of life.”64 Nevertheless, assessment of PROs remains inherently 

subject to the limitations of the instruments that measure them. If the instrument 

does not measure the desired construct adequately, then non-significant study 

results could arise from its shortcomings. Validity assessment of questionnaires 

typically involves construct and not criterion validity.65 Construct validity is based 

on how consistently a particular measure relates to theoretical hypotheses about 

the concepts being measured.66 For instance, subjects with more severe health 

conditions, presumed to have higher HRQoL impairment, should consistently 

obtain worse HRQoL scores than healthy subjects or subjects with milder health 

conditions. The SF-12 construct validity has been assessed by comparing scores 

of subjects in different groups. SF-12 scores were able to discriminate between 

these groups, known to differ in presence and seriousness of physical and 

mental health conditions.28,32 Concurrent validity for the SF-12 was also 

established versus the SF-36 for PCS and MCS,28,32 and versus the EuroQol EQ-

5D, another HRQoL questionnaire.58 
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Conclusions 

This is the first study to examine both the statistical and clinical significance of 

the longitudinal association of HRQoL and jaw functional limitation with persistent 

TMD pain intensity. In subjects with TMD pain, baseline PCS and JFLS scores 

were statistically significant predictors of CPI at a 9-year follow-up. However, the 

magnitude of the effects is small and not clinically significant. Future studies 

should routinely report the clinical significance of their findings to bridge the 

current gap between research findings and their application in the clinical setting. 
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Illustrations 

Figure 1: Flow Diagram of Study Subjects 

CPI: Characteristic Pain Intensity, Dx: Diagnosis. 
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Table 1: Baseline Characteristics of Subjects With and Without Follow-up Painful 
TMD Diagnoses 

Variable Category Total 
Follow-up              

Painful  
TMD Dx  

Follow-up                              
No Painful 

TMD Dx p-value 

(n=258) (n=186) (n=72) 

Sex 
Male n(%) 31 (12.0) 18 (9.7) 13 (18.1) 0.086 

Female n(%) 227 (88.0) 168 (90.3) 59 (81.9)  
Age                        

(years) 
Mean (SD) 37.8 (13.0) 38.4 (13.2) 36.2 (12.7) 0.231 
(Min, Max) (18.0, 67.0) (18.0, 67.0) (18.0, 65.0)  

Baseline CPI                 
0-100 

Total n 258 186 72 0.322 
Mean (SD) 50.2 (20.0) 51.0 (19.5) 48.1 (21.4)  
(Min, Max) (6.7, 100.0) (10.0, 93.3) (6.7, 100.0)  

Baseline SF-12 
PCS                      
0-100 

Total n 258 186 72 0.009 

Mean (SD) 50.6 (8.9) 49.8 (9.5) 52.6 (7.0)  
(Min, Max) (15.7, 65.4) (24.1, 65.4) (15.7, 64.5)  

Baseline SF-12 
MCS                                 
0-100 

Total n 258 186 72 0.166 
Mean (SD) 49.6 (9.1) 49.1 (9.21) 50.8 (8.7)  

(Min, Max) (22.8, 67.3) (22.8, 65.2) (23.3, 67.3)  

Baseline Painful 
TMD Diagnosis                           

n(%) 

Total n 258 186 72 0.353 
Articular Pain 35 (13.6) 26 (14.0) 9 (12.5)  
Muscular Pain 3 (1.2) 1 (0.5) 2 (2.8)  

Both 220 (85.3) 159 (85.5) 61 (84.7)  
Baseline JFLS 
Global Score 

0-10 

Total n 249 181 68 0.165 
Mean (SD) 1.8 (1.4) 1.9 (1.4) 1.6 (1.5)  
(Min, Max) (0.0, 8.0) (0.0, 6.5) (0.00, 8.0)  

Baseline JFLS 
Mastication  

Sub-scale (0-10) 

Total n 257 186 71 0.393 
Mean (SD) 2.3 (1.8) 2.4 (1.7) 2.2 (1.9)  
(Min, Max)  (0.0, 8.3)  (0.0, 8.3)  (0.0, 7.8)  

Baseline JFLS 
Opening 

Sub-scale (0-10) 

Total n 255 184 71  0.779 
Mean (SD) 2.5 (2.0) 2.5 (1.9) 2.6 (2.3)  
(Min, Max)  (0.0, 9.0)  (0.0, 7.3)  (0.0, 9.0)  

Baseline JFLS 
Verbal/Emotional 
Sub-scale (0-10) 

Total n 250 182 68  0.045 
Mean (SD) 0.8 (1.2) 0.9 (1.3) 0.5 (1.1)  
(Min, Max)  (0.0, 7.3)  (0.0, 7.3)  (0.0, 7.1)  

CPI: Characteristic Pain Intensity, PCS: Physical Component Summary, MCS: Mental 
Component Summary, JFLS: Jaw Functional Limitation Scale, Dx: Diagnosis. SD: Standard 
Deviation. 
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Table 2: Follow-up Characteristic Pain Intensity and Painful TMD Diagnoses 

Variable Category 
Total 

Follow-up 
Painful  
TMD Dx 

Follow-up                              
No Painful 

TMD Dx 
(n=258) (n=186)  (n=72) 

Follow-up CPI                  
0-100 

Total n 258 186 72 
Mean (SD) 28.1 (19.9) 34.5 (18.0) 11.6 (14.2) 
(Min, Max) (0.0, 86.7) (6.7, 86.7) (0.0, 66.7) 

Follow-up 
Painful TMD 
Diagnoses                            

n(%)                        

Total n 258 186 72 
None 72 (27.9) 0 72 (100.0) 

TMJ Pain Only 35 (13.6) 35(18.8) 0 
Muscle Pain Only  5 (1.9) 5 (2.7) 0 

Both 146 (56.6) 146 (78.5) 0 

CPI: Characteristic Pain Intensity, Dx: Diagnosis. 

 
Table 3: Change in Follow-up Characteristic Pain Intensity Predicted by 1 SD 

Increase in Baseline Predictors 

Change in Follow-up CPI (Single Variable Analyses) 

Predictor Comparison  Estimate 
(SE) p-value 

Baseline SF-12 PCS  1 SD (9.0)  -4.9(1.2) <0.001 

Baseline SF-12 MCS  1 SD (9.1) -1.4(1.2) 0.258 

Baseline JFLS Global Score 1 SD (1.4) 5.0 (1.2) <0.001 

Baseline JFLS Mastication Sub-scale 1 SD (1.8) 4.3(1.2) <0.001 

Baseline JFLS Opening Sub-scale 1 SD (2.0) 2.6(1.2) 0.035 

Baseline JFLS Verbal/Emotional Sub-scale  1 SD (1.2) 3.0(0.8) <0.001 

CPI: Characteristic Pain Intensity, PCS: Physical Component Summary, MCS: Mental 
Component Summary, JFLS: Jaw Functional Limitation Scale, SD: Standard Deviation, SE: 
Standard Error. 
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Figure 2: Linear Relationship Between Baseline SF-12 Physical Component 
Summary and Follow-up Characteristic Pain Intensity 

 

 

 

 

 

 

 

 

 

 

 

 

1 SD (9.0) increase in baseline PCS was associated with a 4.9-point decrease in follow-
up CPI scores [(SE=1.2), p<0.001]. 
PCS: Physical Component Summary, CPI: Characteristic Pain Intensity, SD: Standard Deviation, 
SE: Standard Error. 
 

Figure 3: Linear Relationship Between Baseline SF-12 Mental Component 
Summary and Follow-up Characteristic Pain Intensity  

 

 

 

 

 

 

 

 

 

There was not a significant linear relationship between baseline MCS and follow-up CPI 
(p=0.258). 
MCS: Mental Component Summary, CPI: Characteristic Pain Intensity, SD: Standard Deviation. 
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Figure 4: Linear Relationship Between Baseline Jaw Functional Limitation Scale 
and Follow-up Characteristic Pain Intensity 

1 SD (1.4) increase in baseline JFLS scores was associated with a 5.0-point increase in 
follow-up CPI scores [(SE=1.2), p<0.001]. 
JFLS: Jaw Functional Limitation Scale, CPI: Characteristic Pain Intensity, SD: Standard 
Deviation, SE: Standard Error. 
 

Table 4: Multivariable Model for Predicting Follow-up Characteristic Pain Intensity 

Estimates and p-values reflect the effect of 1 SD increase in baseline predictors when 
controlling for all other variables in the model.  
CPI: Characteristic Pain Intensity, PCS: Physical Component Summary, MCS: Mental 
Component Summary, JFLS: Jaw Functional Limitation Scale, SD: Standard Deviation, SE: 
Standard Error. 
  

Change in Follow-up CPI (Multivariable Analysis) 
Predictor Comparison  Estimate (SE) p-value 

Baseline SF-12 PCS  1 SD (9.0)  -4.7 (1.3)  <0.001 

Baseline SF-12 MCS  1 SD (9.1) -2.2 (1.3)  0.077 

Baseline JFLS Global Score 1 SD (1.4) 3.9 (1.2)  0.002 
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Table 5: Association between Baseline Physical Component Summary, Mental 
Component Summary and Jaw Functional Limitation Scale Global 
Score, and Baseline Characteristic Pain Intensity  

Pearson Correlation Coefficient (r) with Baseline CPI 

Variable n r p-value r2 

Baseline SF-12 PCS 258 -0.23 <0.001 0.054 

Baseline SF-12 MCS 258 -0.13 0.043 0.016 

Baseline JFLS Global Score 249 0.53 <0.001 0.278 

PCS: Physical Component Summary, MCS: Mental Component Summary, JFLS: Jaw Functional 
Limitation Scale, CPI: Characteristic Pain Intensity, r: Pearson Correlation Coefficient, r2: 
Coefficient of Determination. 
 
 
 
Table 6: Mean Follow-up Characteristic Pain Intensity by Baseline Physical 

Component Summary, Mental Component Summary and Jaw 
Functional Limitation Scale Global Score Tertiles 

Mean Follow-up CPI (SE) p-value 

Predictor 1st tertile 2nd tertile 3rd tertile 1st vs. 2nd  1st vs. 3rd  2nd vs. 3rd  

SF-12 PCS 
Tertiles 

30.5 (2.6) 22.5 (2.5) 18.7 (2.4)  0.023  <0.001  0.379 

SF-12 MCS 
Tertiles 

27.2 (2.5) 21.2 (2.5) 22.4 (2.5)  0.103  0.241  0.904 

JFLS Global 
Score Tertiles 

17.2 (2.4) 25.1 (2.4) 31.1 (2.6)  0.019 <0.001  0.107 

Lower tertiles represent worse quality of life for PCS/MCS and lower jaw functional 
limitation (better jaw function) for JFLS. 
CPI: Characteristic Pain Intensity, PCS: Physical Component Summary, MCS: Mental 
Component Summary, JFLS: Jaw Functional Limitation Scale, SE: Standard Error. 
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Figure 5: Mean Follow-up Characteristic Pain Intensity (95% CI) by Baseline   
SF-12 Physical Component Summary Tertiles 

Differences between 1st and 3rd (p<0.001), as well as 1st and 2nd (p=0.023) tertiles were 
statistically significant. 
CPI: Characteristic Pain Intensity, PCS: Physical Component Summary, CI: Confidence Interval. 
 

 

Figure 6: Mean Follow-up Characteristic Pain Intensity (95% CI) by Baseline   
SF-12 Mental Component Summary Tertiles 

There were no statistically significant differences between tertiles. (p>0.05)  
CPI: Characteristic Pain Intensity, MCS: Mental Component Summary, CI: Confidence Interval. 
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Figure 7: Mean Follow-up Characteristic Pain Intensity (95% CI) by Baseline Jaw 
Functional Limitation Scale Global Score Tertiles 

Differences between 1st and 3rd (p<0.001), as well as 1st and 2nd (p=0.019) tertiles were 
statistically significant.  
CPI: Characteristic Pain Intensity, JFLS: Jaw Functional Limitation Scale, CI: Confidence Interval. 
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