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Predictors of Long-Term Temporomandibular Disorder  
Pain Intensity: An 8-Year Cohort Study

Aims: To investigate, in individuals with pain-related temporomandibular disorder 
(TMD), the association of long-term pain intensity with baseline health-related 
quality of life (HRQoL) and jaw functional limitation. Methods: Of 513 cases with 
baseline pain-related TMD (masticatory muscle and/or temporomandibular joint 
[TMJ] pain), 273 were reevaluated after 8 years, and 258 of them had complete 
baseline data for Jaw Functional Limitation Scale (JFLS) scores and HRQoL 
measured by the Physical Component Summary (PCS) and Mental Component 
Summary (MCS) scores of the 12-item Short Form Health Survey and follow-up 
data for Characteristic Pain Intensity (CPI) from the Graded Chronic Pain Scale. 
Secondary analyses of existing data quantified the effects of primary (PCS, MCS) 
and secondary (JFLS) predictors on follow-up CPI by using multivariable linear 
regression. Sensitivity analyses considered differences between the included 
participants (n = 258) and those who were not included (n = 255) by using inverse 
probability weighting. Interactions of baseline predictors with age, sex, and baseline 
CPI were evaluated using multivariable linear regression. Results: The score for 
baseline PCS, but not MCS or JFLS, was associated with follow-up CPI (P = .012). 
One standard deviation (SD = 9.0)–higher baseline PCS score predicted an 
overall 3.2-point–lower follow-up CPI (95% confidence interval –5.8 to –0.7) after 
adjusting for age, sex, MCS, JFLS, and baseline CPI scores. However, the effect 
of PCS score was not uniform: the association between PCS and follow-up CPI 
scores was statistically significant for participants with baseline CPI ≥ 51.3/100 
and clinically significant for participants with baseline CPI ≥ 68.7/100. Adjustment 
for TMD treatments and sensitivity analyses had negligible effect. Conclusion: In 
participants with moderate to severe baseline TMD pain intensity, higher baseline 
physical HRQoL predicted lower TMD pain intensity at 8 years follow-up. PCS 
score could contribute to a multifactorial long-term TMD pain prediction model. 
J Oral Facial Pain Headache 2018;32:113–122. doi: 10.11607/ofph.1819
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Temporomandibular disorders (TMD) affect the masticatory muscles, 
temporomandibular joints (TMJs), and associated structures.1 Pain, 
the most frequent reason patients seek TMD treatment, affects ap-

proximately 10% of adults.2 It has been reported that most TMD cases 
tend to remit or present as recurrent pain episodes. Approximately 15% 
of patients who seek care progress to chronic TMD pain,3 often defined 
as pain lasting for at least 34 to 6 months.5 Causal factors for persistent 
TMD pain are not clear, although psychosocial factors differ significant-
ly in TMD cases compared to pain-free controls6–9 and are associated 
with chronic TMD pain.10–12 Previous studies have suggested that bio-
psychosocial factors, including poor general health, can predict onset of 
chronic pain conditions such as widespread pain13 and musculoskeletal 
disorders,14–18 including TMD.19–22

Health-related quality of life (HRQoL) measures have been used to 
assess an individual’s functioning and disease burden for many chronic 
physical conditions, including headaches,23 arthritis,24,25 back pain,16,24,25 
and TMD.7,26,27 The 12-item Short Form Health Survey (SF-12)28,29 is a 
commonly used HRQoL questionnaire derived from the 36-item ver-
sion (SF-36).30 The SF-12 and SF-36 evaluate eight health domains 
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(physical functioning, role physical, bodily pain, gen-
eral health, mental health, role emotional, social func-
tioning, and vitality), yielding two 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 be-
tween healthy controls and patients with migraine,31,32 
fibromyalgia,32 and TMD,26 and the SF-12 score has 
been found to have a dose-response relationship with 
severity of various chronic health conditions.33 In a 
multivariable model, the SF-12 bodily pain and general 
health subscales were among the 11 best predictors 
for new-onset TMD out of 202 putative risk factors 
evaluated in a large cohort.34 To date, no studies have 
evaluated the capacity of the SF-12 scores to predict 
long-term pain intensity in TMD participants. 

According to the Initiative on Methods, Mea-
surement, and Pain Assessment in Clinical Trials 
(IMMPACT),35 there are two broad areas of as-
sessment for physical functioning and HRQoL: 
generic measures such as the SF-12 and dis-
ease-specific physical functioning measures such as 
the Jaw Functional Limitation Scale (JFLS).36 In a large 
case-control study, the JFLS score was significantly 
worse in TMD cases compared to pain-free controls.37

Although some factors have been identified as 
having cross-sectional and retrospective associa-
tions with TMD pain or as longitudinal risk factors for 
new-onset TMD, factors that can identify existing TMD 
cases at risk for long-term TMD pain are largely un-
known. The present study aimed to address this gap 
and elucidate the effects of a few potential predictors of 
TMD pain intensity. A unique opportunity to do so was 
available in conducting secondary data analyses of a 
well-defined cohort of TMD pain cases from the mul-
ticenter Validation Project38 and its 8-year follow-up, 
the TMJ Impact Project.39 The present study’s aim was 
to investigate, in individuals with pain-related TMD, 
the association of long-term TMD pain intensity with 
baseline HRQoL and jaw functional limitation. This aim 
was addressed by quantifying the effect of the base-
line PCS, MCS, and JFLS scores on follow-up TMD 
pain intensity, measured by the Characteristic Pain 
Intensity (CPI)5 score from the Graded Chronic Pain 
Scale (GCPS).5 It was hypothesized that baseline 
PCS and MCS would be negatively associated with 
long-term TMD pain intensity and that baseline JFLS 
score would be positively associated.

Materials and Methods

Study Sample
At baseline, participants in the Validation Project 
were recruited at the University of Minnesota, 
University of Washington, and University at Buffalo 

between 2003 and 2006. Participants either were 
referred from local health care providers to each 
university-based TMD clinic or they responded to 
community advertisements. Institutional review board 
approval was obtained at each study site before 
study initiation, and all participants provided informed 
consent. Enrollment was consecutive until two-thirds 
of the Validation Project’s target recruitment38 was 
achieved; thereafter, participants with less common 
TMD diagnoses and of older age were selectively en-
rolled. Thus, the Validation Project participant popu-
lation was a convenience sample of individuals 18 to 
70 years old, consisting of healthy controls and clini-
cal and community TMD cases with the full spectrum 
of TMD signs and symptoms but without significant 
non-TMD pain comorbidities.

Figure 1 shows the flow of study participants 
from the baseline Validation Project to the follow-up 
TMJ Impact Project and, ultimately, the subset of 
participants eligible for the present study’s second-
ary data analyses. The Validation Project included 
513 participants who at baseline had a pain-related 
gold-standard TMD diagnosis (masticatory muscle 
and/or TMJ pain) and who were therefore poten-
tially eligible for the present study. Approximately 8 
years later, funding was approved for the TMJ Impact 
Project to follow up 400 of the 705 total Validation 
Project participants, with the sampling frame limited 
to those who had previously agreed to be contacted. 
Actual follow-up of the TMJ Impact Project included 
401 participants, 273 who had pain-related TMD 
diagnoses at baseline and 128 who had nonpainful 
TMD diagnoses or were pain-free controls. Among 
the 304 Validation Project participants not followed 
up in the TMJ Impact Project, 240 had pain-related 
TMD diagnoses and 64 had nonpainful TMD diagno-
ses or were pain-free controls.

Inclusion in the present study required complete 
data for: (1) at least one baseline gold-standard 
pain-related TMD diagnosis (masticatory muscle 
and/or TMJ pain); (2) baseline CPI score greater 
than 0; (3) baseline SF-12 (PCS and MCS) scores; 
and (4) follow-up CPI score. Those with pain-related 
TMD diagnoses who were not included in this study 
(n = 255) consisted of those not followed up in the 
TMJ Impact Project (n = 240) and those excluded 
from the present analysis (n = 15) for the following 
reasons: missing data for baseline SF-12 (n = 8); 
missing data for follow-up CPI (n = 1); and baseline 
pain-related TMD diagnoses with a CPI of 0 (n = 6). 
Thus, the present study included 258 participants 
with TMD pain at baseline.

For the purpose of this study, TMD pain at base-
line was defined as the presence of at least one 
pain-related TMD diagnosis and a CPI score great-
er than 0. Long-term TMD pain was defined by its 
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presence at both baseline and follow-up; ie, by ev-
idence that conditions causing the TMD pain had 
remained unresolved for a longer time than would 
normally be expected.3,4 TMD pain between base-
line and follow-up visits was not assessed; whether it 
was continuous or episodic was not known.

Clinical Assessment and TMD Diagnoses
Baseline pain-related TMD diagnoses were estab-
lished by consensus between two clinical examiners 
at each study site after each independently assessed 
the participants using a comprehensive history 
and clinical examination protocol.38 The Validation 
Project’s complete methods and eligibility criteria 
have been previously reported.38 At follow-up, each 
participant was seen at the same study site by only 
one of the examiners. Pain-related TMD diagnoses 
at follow-up were algorithmically derived from his-
tory and examination data collected using the Axis I 
Diagnostic Criteria for Temporomandibular Disorders 
(DC/TMD) protocol.40 At all three study sites, the ex-
aminers at baseline and at follow-up were the same 
TMD experts. Inter-rater reliability of examiners, as-
sessed with kappa, was 0.83 for masticatory muscle 

pain and 0.85 for TMJ pain at baseline41 and 0.84 
for masticatory muscle pain and 0.76 for TMJ pain at 
follow-up (unpublished data).

Outcome Measure
The study’s primary outcome measure was follow-up 
TMD pain intensity, measured by the CPI score from 
the GCPS.5 The CPI score ranges from 0 to 100 and 
is calculated from three items of self-reported TMD 
pain intensity: (1) pain at present time; (2) worst pain 
in the last 6 months; and (3) average pain in the last 6 
months. Each item consists of a 0–10 numeric rating 
scale (NRS), where 0 indicates no pain and 10 indi-
cates pain as bad as it could be. The 3 scores are av-
eraged and multiplied by 10 to obtain the CPI score.

Baseline Predictors
Baseline questionnaires included the SF-12 version 
228 and the JFLS-20.36,42 The SF-12 is a reliable and 
valid HRQoL questionnaire29,33,43 used in both clinical 
and research settings. The SF-12’s concurrent va-
lidity with the SF-36 has been established for PCS 
and MCS29,33 and with the EuroQol 5-Dimension 
(EQ-5D), another HRQoL questionnaire.44 MCS and 

Validation Project participants = 724

Validation Project participants included = 705

Participants excluded from Validation Project = 19  
(no consensus diagnosis = 5; comorbid pain conditions = 14)

Participants not eligible for present study =192  
(controls = 91; non–pain-related TMD diagnoses = 101)

Participants not eligible for present study 
followed up for the TMJ Impact Project = 128

Participants not eligible for present study not 
followed up for the TMJ Impact Project = 64

Participants with pain-related TMD diagnoses = 513

Participants with pain-related TMD diagnoses not followed up for the  
TMJ Impact Project = 240

Participants with pain-related TMD diagnoses followed up 
for the TMJ Impact Project and present study = 273

Participants excluded from present study (no baseline SF-12 = 8;  
no follow-up CPI = 1; painful TMD diagnoses + CPI of 0 = 6)

Final sample of present study = 258 participants

Fig 1 Flow diagram of study participants. CPI = Characteristic Pain Intensity.

© 2018 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 



Kapos et al

116 Volume 32, Number 2, 2018

PCS summary scores range from 0 to 100, with a 
higher score indicating better quality of life. The JFLS 
consists of 20 items, each with a 0–10 NRS, where 
0 indicates no jaw limitation and 10 severe jaw lim-
itation for each specified activity. The JFLS has three 
subscales: mastication, vertical jaw mobility, and ver-
bal and emotional expression; their average yields a 
global jaw functional limitation score on a 0–10 scale. 
The JFLS has been validated in TMD patients with re-
liability coefficients of 0.82 for persons and 0.99 for 
items.42 

Participant self-reports of TMD treatments during 
the follow-up period consisted of a questionnaire 
with 39 yes/no items, which were clustered into three 
groups for analyses: 

• A: Medical management/physical rehabilitation
• B: Mind-body/complementary and/or  

alternative medicine
• C: Occlusal treatments/surgery

A fourth grouping (D: standard multidisciplinary 
treatments) was formed from a subset of 10 of these 
items (Fig 2). Three definitions for TMD treatments 
received were considered as adjusters in the analy-
ses: (1) any treatment (yes/no); (2) any Group A (yes/
no), Group B (yes/no), or Group C (yes/no) treat-
ments; and (3) any Group D treatments (yes/no). 

Statistical Analyses
Linear regression was used to investigate base-
line PCS, MCS, and JFLS scores as predictors of 
follow-up CPI in multivariable models adjusted for 
baseline characteristics: age, sex, TMD treatments 

received, and baseline CPI. Linear regression coef-
ficient estimates are often reported as the difference 
in outcome associated with a one-unit increase in a 
given predictor. Since the present study’s multiple 
study predictors were measured on different scales, 
the respective effects of one-unit increases were not 
directly comparable; thus, for each predictor, the dif-
ference in the outcome associated with one standard 
deviation (SD) increase in the predictor was com-
puted. SD standardization of coefficient estimates 
is often employed in epidemiology to facilitate direct 
comparison of the effect sizes of study predictors.

Additional Analyses. Since the analyzed subset 
of cases differed from excluded cases in average age 
and global JFLS score, the analyzed sample was dif-
ferentially weighted to adjust for these differences 
by using the inverse of each person’s probability of 
being an included case.45 These probabilities were 
estimated in a secondary logistic regression analysis 
with the outcomes yes (included case) or no (exclud-
ed case). Covariates for the weighting analysis were 
age and baseline JFLS. 

Given that about half of the TMD pain partici-
pants from the Validation Project were not included 
in the analysis in the interest of generalizing the pres-
ent study’s findings to all 513 TMD pain cases in the 
Validation Project, the authors did a series of variant 
analyses, adding to the main analysis interactions of 
the main effects with selected population character-
istics: sex, age (continuous), or age (categorical).

To determine whether the association between 
baseline predictors and follow-up CPI differed ac-
cording to baseline CPI, the authors also estimated 
and tested their interactions with baseline CPI. 

A: Medical management/ 
physical rehabilitation
•Evaluation only (no treatment) 
•Counseling by dentist or staff
•Heat/ice
•Soft diet
•Rest/relax jaw
•Jaw exercise
•Muscle relaxant
•Strong analgesics
•Prescription anti-inflammatories
• Over-the-counter  
anti-inflammatories

•Acetaminophen
•Antidepressants
•Antibiotics
• Physical therapy (heat, cold, 
ultrasound; transcutaneous 
electrical nerve stimulation; soft 
tissue or TMJ manipulation) 

•Mouth appliance

B: Mind-body/complementary 
and/or alternative medicine 
•Yoga
•Herbs/nutrition
•Homeopathy
•Craniosacral treatment
•Massage
•Chiropractic treatment
•Acupuncture
•Biofeedback
•Whole-body relaxation
•Stress management
•Psychotherapy
•Hypnosis

C: Occlusal treatments/
surgery
• Extensive treatment to change 
bite 

•Grinding on teeth 
• Dental reconstruction to 
improve bite

•Orthodontic treatment
•TMJ surgery
•TMJ arthrocentesis
•Jaw surgery to realign bite
•Treatment for broken jaw
• Major jaw surgery for any other 
reason

D: Standard multidisciplinary 
treatments
•Jaw exercise
• Physical therapy (heat, cold, 
ultrasound; transcutaneous 
electrical nerve stimulation; soft 
tissue or TMJ manipulation) 

•Mouth appliance
•Biofeedback
•Whole-body relaxation
•Stress management
•Psychotherapy 

Fig 2 Survey of treatments received. These items and treatment categories were used for multivariable analyses adjustments. 
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Statistical significance was set at 
P ≤ .025 for each of the two primary 
analyses (baseline PCS and MCS 
scores predicting follow-up CPI [ie, 
Bonferroni correction]). For all other 
tests considered exploratory, statistical 
significance was defined as P < .05. All 
analyses were done using SAS (v. 9.3; 
SAS Institute). Graphs were plotted in R 
(http://www.r-project.org).

Results 

Elapsed time between the baseline and 
follow-up examinations averaged 8.0 
± 0.7 years (range 6.3 to 10.0). Of the 
258 participants included in the analysis 
with TMD pain at baseline, 186 (72%) 
were also diagnosed with TMD pain at 
follow-up. Of the total 258 participants, 
88% were women with a mean age of 
38 ± 13 years (range 18 to 67). Table 1 
presents characteristics of participants 
with and without follow-up pain-related 
TMD diagnoses. Considering all 258 
participants, follow-up TMD pain inten-
sity (CPI score) had an overall mean of 
28.1 ± 19.9 points (range 0 to 86.7) on 
a 0–100 scale, an average of 22.1 points 
(43.8%) lower compared to baseline CPI 

scores (mean 50.2 ± 20.0 points). For the subset of participants 
with pain-related TMD diagnoses at follow-up, the mean follow-up 
CPI was 34.5 ± 18.0 points (range 6.7 to 86.7); that is, lower than 
baseline by an average of 15.7 points (31.3%). At follow-up, some 
participants reported a CPI score greater than 0 for a 6-month 
time frame but were classified as not having a pain-related TMD 
diagnosis. This situation was clinically possible because the diag-
nostic criteria were based on pain in the last month; hence, Table 1 
includes some participants with follow-up CPI > 0 in the group 
without follow-up pain-related TMD diagnoses.

Multivariable Linear Regression 
The multivariable linear regression model included all three base-
line study predictors (PCS, MCS, and JFLS scores), as well as po-
tential confounders (age, sex, and baseline CPI) (Table 2). One SD 
(9.0)–higher baseline PCS score predicted a 3.2-point (6.4%)–
lower follow-up CPI (95% confidence interval [CI] –5.8 to –0.7, 

Table 1 Characteristics of Participants With and Without Follow-up Pain-Related TMD 

Variable Category
Overall

N = 258

Follow-up pain-related TMD diagnoses 

Yes  
n = 186

No  
n = 72

Sex, n (%) Male 31 (12.0) 18 (9.7) 13 (18.1)
Female 227 (88.0) 168 (90.3) 59 (81.9)

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

Baseline CPI score (0–100) 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 score (0–100) Mean (SD) 50.6 (9.0) 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 score (0–100) 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 TMD pain location, n (%) TMJ pain only 35 (13.6) 26 (14.0) 9 (12.5)
Muscle pain only 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) 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)

Follow-up CPI (0–100) 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 TMD pain location, n (%) 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; PCS = Physical Component Summary; MCS = Mental Component Summary; JFLS = Jaw Functional Limitation Scale; 
SD = standard deviation.

Table 2  Difference in Follow-up Characteristic Pain 
Intensity (CPI) Predicted by One Standard 
Deviation (SD)–Higher Baseline Predictors

Baseline predictor SD coefficient estimates 95% CI P value
PCS (SD 9.0) –3.2 (–5.8, –0.7) .012
MCS (SD 9.1) –1.2 (–3.6, 1.1) .30
JFLS (SD 1.4) 0.4 (–2.2, 3.0) .78

SD coefficient estimates represent β (regression line slope), interpreted as the difference in 
follow-up CPI associated with one SD–higher baseline predictors when controlling for age 
and sex, the other baseline predictors in the model, and baseline CPI. Please compare to 
Table 5, as the PCS estimate was not uniform for all levels of baseline CPI. PCS = Physical 
Component Summary; MCS = Mental Component Summary; JFLS = Jaw Functional Lim-
itation Scale; CI = Confidence Interval.
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P = .012) after adjusting for age, sex, MCS, JFLS, and 
baseline CPI (Fig 3). One SD (9.1)–increase in base-
line MCS score predicted a 1.2-point (2.4%)–lower 
mean follow-up CPI (95% CI –3.6 to 1.1, P = .30) 
after adjusting for age, sex, PCS, JFLS, and baseline 

CPI scores (Fig 4). One SD (1.4)–higher baseline 
JFLS score predicted a 0.37-point (0.74%)–higher 
mean follow-up CPI (95% CI –2.2 to 3.0, P = .78) 
after adjusting for age, sex, PCS, MCS, and base-
line CPI scores (Fig 5). After adjusting further for 
treatments received using each of the three ways of 
summarizing the treatments received, each predictor 
maintained similar statistical significance and overall 
magnitude of its effect (Table 3). 

Sensitivity Analysis: Potential Bias due to 
Partial Follow-up
Compared to those cases who were not followed up 
or who were excluded from the analysis, cases includ-
ed in the analysis were on average 2.6 years older 
(included = 37.8 ± 13.0 years, 95% CI 36.2 to 39.4; 
not included = 35.2 ± 13.1 years, 95% CI 33.6 to 36.8; 
P = .028). Included cases had a 0.39-point–lower av-
erage JFLS score at baseline (included = 1.8 ± 1.4 
points, 95% CI 1.7 to 2.0; not included = 2.2 ± 1.5 
points, 95% CI 2.0 to 2.4; P = .004). Although this 
baseline difference in JFLS score was less than 5% 
of the range for JFLS score (0.00 to 7.98), the statisti-
cal influence of this difference was investigated to rule 
out a systematic difference between cases included 
and not included in the analysis. A sensitivity analysis 
compared the unweighted linear regression estimates 
above with suitably weighted analyses in a series of 
variant regression models with and without adjusters 
(Table 4). Weighting created slight differences in the 
SD standardized coefficient estimates for predicting 
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Fig 4 Linear association between baseline Mental Component 
Summary (MCS) score and follow-up Characteristic Pain Intensi-
ty (CPI). One standard deviation (9.1)–higher increase in baseline 
MCS predicted a 1.2-point lower mean follow-up CPI score; there 
was no significant linear association (95% CI –3.6 to 1.1, P = .30) 
after adjusting for age, sex, PCS, JFLS, and baseline CPI scores. 

Fig 5 Linear association between baseline Jaw Functional Limita-
tion Scale (JFLS) score and follow-up Characteristic Pain Intensi-
ty (CPI). One standard deviation (1.4)–higher baseline JFLS score 
predicted a 0.37-point higher mean follow-up CPI score; there 
was no significant linear association (95% CI –2.2 to 3.0, P = .78) 
after adjusting for age, sex, PCS, MCS, and baseline CPI scores. 

Fig 3 Linear association between baseline Physical Component 
Summary (PCS) and follow-up Characteristic Pain Intensity (CPI). 
One standard deviation (9.0)–higher baseline PCS was associat-
ed with a 3.2-point lower follow-up CPI score (95% confidence 
interval [CI] –5.5, –0.6; P = .012) after adjusting for age, sex, 
MCS, JFLS, and baseline CPI. 
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follow-up CPI, but the P values for these estimates 
were similar. No other baseline characteristics (sex, 
CPI, PCS, MCS, or pain location) differed significant-
ly between included and excluded cases.

Generalization of Results to Population 
Subgroups
To assess the generalizability of the present study’s 
findings to population subgroups, potential interac-
tions were investigated between baseline predic-
tors and three principal population characteristics. 
Interactions of sex with the three predictors showed 
P values ranging from .23 to .86. For age treated as 
a continuous measure, the range of P values was .25 
to .81. For the age category of 18 to 35 years, the 
P value range was .11 to .48. Interactions with the 
category of 36 to 50 years showed P values ranging 
from .29 to .91.

Differences in the Association Between 
Baseline Predictors and Follow-Up TMD Pain 
Intensity According to Baseline TMD Pain 
Intensity
The multivariable linear regression estimate for the 
overall PCS effect size associated with follow-up 
CPI was an average 3.2-point–lower follow-up CPI 

score for every one SD increase in baseline PCS 
score. Although this estimate was statistically signif-
icant (P = .012), an analysis including an interaction 
of baseline CPI with baseline PCS score found that 
the interaction was statistically significant (P = .008), 
implying that the PCS effect size associated with fol-
low-up CPI depended on the baseline CPI. In par-
ticular, baseline PCS score predicted significantly 
larger differences in follow-up CPI in participants who 
had higher baseline CPI. For every SD (20.0)–high-
er baseline CPI, the follow-up CPI predicted by one 
SD–higher baseline PCS score was 3.14 points low-
er (95% CI 0.82 to 5.47). Using this analysis, Table 
5 presents examples of the estimated effect of base-
line PCS score on follow-up CPI for four values of 
baseline CPI: (1) minimum observed; (2) maximum 
observed; (3) minimum baseline CPI for which the as-
sociation between baseline PCS score and follow-up 
CPI was statistically significant; and (4) minimum 
baseline CPI for which the association between 
baseline PCS score and follow-up CPI was clinically 
significant (at least 10% change from mean baseline 
CPI, or 5.0 points) (Fig 6). This figure shows that the 
effect of PCS score was statistically significant only 
for participants with baseline CPI > 51.3 and clini-
cally significant only for participants with baseline 

Table 3  Difference in Follow-up Characteristic Pain Intensity (CPI) Predicted by One Standard 
Deviation (SD)–Higher Baseline Predictors Adjusted for Age, Sex, Baseline CPI, and  
TMD Treatments Received

Baseline predictor

Any treatment Any Group A, B, C Any Group D

SD coefficient  
estimates (95% CI) P value

SD coefficient  
estimates (95% CI) P value

SD coefficient  
estimates (95% CI) P value

PCS (SD 9.0) –3.0 (–5.5, –0.6) .014 –3.6 (–6.0, –1.2) .004 –3.2 (–5.8, –0.7) .012
MCS (SD 9.1) –1.2 (–3.4, 1.1) .31 –0.81 (–3.0, 1.4) .48 –1.2 (–3.5, 1.2) .34
JFLS (SD 1.4) 0.47 (–3.0, 2.1) .72 –0.31 (–2.8, 2.2) .81 0.26 (–2.3, 2.9) .84

SD coefficient estimates represent β (regression line slope), interpreted as the difference in follow-up CPI associated with one SD–higher baseline 
predictors when controlling for age, sex, the other predictors in the model, baseline CPI, and for treatments received, with the latter defined in three 
different ways: (1) any treatment; (2) any Group A, B, or C treatments; and (3) any Group D treatment. PCS = Physical Component Summary;  
MCS = Mental Component Summary; JFLS = Jaw Functional Limitation Scale; CI = Confidence Interval.

Table 4 Sensitivity Analyses for Study Predictors of Follow-up Characteristic Pain Intensity (CPI) 

Type of analysis Baseline predictors

Unweighted SD  
coefficient  

estimates (95% CI) P value

Weighted SD  
coefficient  

estimates (95%CI) P value
Unadjusted PCS (SD 9.0) –6.0 (–8.3, –3.6) < .001 –6.1 (–8.5, –3.7) < .001

MCS (SD 9.1) –0.8 (–3.3, 1.6) .51 –0.5 (–3.0, 2.0) .72
JFLS (SD 1.4) 5.7 (3.3, 8.1) < .001 5.1 (2.7, 7.4) < .001

Adjusted for sex and age PCS (SD 9.0) –4.9 (–7.3, –2.4) < .001 –5.2 (–7.8, –2.7) < .001
MCS (SD 9.1) –1.4 (–3.7, 1.0) .26 –1.0 (–3.4, 1.5) .44
JFLS (SD 1.4) 5.0 (2.6, 7.3) < .001 4.5 (2.2, 6.8) < .001

Adjusted for baseline PCS, MCS, 
JFLS, sex, age, baseline CPI, and 
any treatment 

PCS (SD 9.0) –3.0 (–5.5, –0.6) .014 –3.4 (–6.0, –0.9) .009
MCS (SD 9.1) –1.2 (–3.4, 1.1) .31 –1.1 (–3.4, 1.2) .34
JFLS (SD 1.4) 0.5 (–3.0, 2.1) .72 –0.7 (–3.2, 1.8) .59

SD coefficient estimates represent β (regression line slope), interpreted as the difference in follow-up CPI associated with one SD–higher baseline 
predictors. Weighted analyses were based on the inverse probability weighting method to address bias associated with loss to follow-up. PCS = Physical 
Component Summary; MCS = Mental Component Summary; JFLS = Jaw Functional Limitation Scale; CI = Confidence Interval.
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CPI > 68.7. Conversely, baseline PCS score had no significant 
effect on follow-up CPI for about half of the participants, those 
with baseline CPI < 51. The association between baseline MCS 
and JFLS scores with follow-up CPI did not depend on baseline 
CPI (P = .24 and P = .81 for the interactions, respectively).

Discussion

To the authors’ knowledge, this is the first study to report the 
effect size and clinical significance of PCS, MCS, and JFLS 
scores as predictors of long-term TMD pain intensity in indi-
viduals with baseline TMD pain. The present study found that 
PCS had a statistically significant association with follow-up 
CPI and that this association was also clinically significant for 

participants with higher baseline TMD pain 
intensity. The differences in outcome pre-
dicted by MCS and JFLS scores were not 
statistically significant.

Clinical Significance of Differences in 
Pain Intensity
Statistically significant outcomes may not 
attain clinical significance. IMMPACT has 
recommended that a decrease of 10% 
to 20% in self-reported pain intensity is 
minimally important improvement, 30% or 
greater is moderately important, and 50% 
is substantially important.46 Also, a differ-
ence of 2 points on a 0–10 NRS or a 30% 
change from baseline was considered clin-
ically important to patients with osteoar-
thritis, fibromyalgia, chronic low back pain, 
diabetic neuropathy, or postherpetic neu-
ralgia.47 When the present study accepted 
the threshold of a 10% to 20% improve-
ment for minimum clinical importance, 
PCS was a clinically significant predictor 
of follow-up CPI in the subset of partici-
pants reporting moderate to severe base-
line TMD pain intensity (ie, CPI > 68.7).

After effect modification by baseline 
CPI was taken into consideration, PCS 
score could contribute to a multifactorial 
model for predicting long-term pain, along 
with other factors not considered in this 
study’s focused analyses. Such a compre-
hensive model could then be used to in-
form treatment and secondary prevention 
of long-term TMD pain.

Power and Sample Size
As a secondary data analysis, the pres-
ent study had a fixed sample of 258 cases 
determined by applying the inclusion and 
exclusion criteria to the existing cohort of 
the Validation38 and TMJ Impact Projects.39 
With statistically significant results for 
PCS score, the statistical power was nec-
essarily adequate. For JFLS and MCS 
scores, which did not have statistically sig-
nificant associations with follow-up CPI, 
the respective CIs did not include clinically 
significant changes (at least 10% change 
from mean baseline CPI, or 5.0 points).

Factors That May Have Reduced 
Observed Clinical Significance of 
Predictors 
The long interval between baseline and 
follow-up data may partially account for 
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Fig 6 Linear association between baseline Physical Component Summary (PCS) 
score and follow-up Characteristic Pain Intensity (CPI) according to baseline CPI. 
After adjusting for age, sex, MCS, and JFLS score at four values of baseline CPI 
(in ascending order of depicted lines): aminimum baseline CPI observed; bmini-
mum baseline CPI for statistical significance of the association between baseline 
PCS score and follow-up CPI; cminimum baseline CPI for clinical significance 
(at least 10% of mean baseline CPI, or 5.0 points) of the association between 
baseline PCS score and follow-up CPI; and dmaximum baseline CPI observed.

Table 5  Difference in Follow-up Characteristic  
Pain Intensity (CPI) Predicted by One SD (9.0)–
Higher Baseline Physical Component Summary 
(PCS) According to Baseline CPI

Baseline CPI
SD coefficient 

estimates 95% CI P value
Minimum (6.7) 3.7 (–2.6, 10.1) .25
Maximum (100) –9.4 (–15.2, –3.7) .001
Statistical significance (51.3) –2.6 (–5.1, 0.0) .050
Clinical significance (68.7) –5.0 (–7.9, –2.1) .001

SD coefficient estimates represent β (regression line slope), interpreted as the difference 
in follow-up CPI associated with one SD (9.0)–higher baseline PCS score at different 
values of baseline CPI, controlling for age, sex, MCS, and JFLS scores. MCS = Mental 
Component Summary; JFLS = Jaw Functional Limitation Scale; CI = Confidence Interval.
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the limited clinical significance of PCS score and 
the absence of statistical significance of MCS and 
JFLS scores as predictors of long-term TMD pain in-
tensity. The validated 6-month reference43,48 for the 
CPI questions was used because this was the period 
used in the original GCPS questionnaire5 and in the 
Validation Project.38 Also, considering the fluctuat-
ing nature of TMD pain, it is possible that pain sta-
tus at follow-up may differ from other times between 
assessments. However, a 6-month reference period, 
compared to shorter intervals, is thought to provide 
a better estimate of pain in the long interval between 
baseline and follow-up.

Potential Bias Associated With  
Partial Follow-up
Of the 513 eligible participants with baseline TMD 
pain in the Validation Project, 273 were followed up 
for the TMJ Impact Project and 240 were not fol-
lowed up. Another 15 participants were excluded in 
the present study due to inconsistent or missing data, 
yielding the sample of 258 participants. Comparing 
included participants (n = 258) vs not included 
(n = 255) participants revealed a statistically signif-
icant 2.6-year difference in average age that was un-
likely to have caused a clinically significant difference 
for the risk of long-term TMD pain, and the 0.39-point 
difference in JFLS score represented less than 5% 
of the range of baseline JFLS scores. Finally, the 
unchanged statistical significance of the study pre-
dictors in the sensitivity analysis gave the most com-
pelling evidence that selective follow-up most likely 
did not introduce noteworthy bias.

Generalizability of Study Results 
Participants in the Validation Project were enrolled 
according to the Standards for Reporting Diagnostic 
Accuracy (STARD)49 guidelines, which have recom-
mended using a sample of individuals with the target 
condition who are free of relevant comorbidities when 
first validating diagnostic criteria. Thus, it is possible 
that results could have differed in samples with other 
medical and pain comorbidities.

The Validation Project was designed to gener-
alize its findings to TMD cases with the most com-
mon pain-related TMD diagnoses: TMJ soft tissue 
disorders (disc displacement) and TMJ hard tissue 
disorders (degenerative joint disease). With a large 
number of subjects recruited across the USA (New 
York, Minnesota, and Washington), the generalizabil-
ity of the Validation Project results has been demon-
strated.41 No significant interactions (P > .1) were 
found between the three study predictors and three 
selected population characteristics: sex, age as a 
continuous measure, and age when the population 
was split into two categories. The authors conclude 

that these study results are generalizable to individu-
als having one or more pain-related TMD diagnoses, 
whether male or female, for ages in the range of this 
study.

Conclusions

In participants with moderate to severe baseline TMD 
pain intensity, higher baseline physical HRQoL (but 
not baseline mental HRQoL or baseline jaw func-
tioning) was a statistically and clinically significant 
predictor of lower TMD pain intensity at 8 years fol-
low-up. This secondary data analysis suggests PCS 
could contribute to a future multifactorial prediction 
model for long-term TMD pain for the purpose of im-
proving clinical management and secondary preven-
tion of ongoing TMD pain. Further research is needed 
to validate these findings.
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