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Introduction
Temporomandibular disorders (TMD) is a collective term 

used to describe musculoskeletal conditions characterized by 
pain in the muscles of mastication and temporomandibular joint 
or both, and/or associated structures [1]. The common signs and 
symptoms include tenderness in the muscles upon palpation, pain 
within the range of motion, or limitation of the jaw upon opening. 
This is followed by interference with vital functions such as eat 
ing, swallowing, and speaking [20]. The prevalence of TMD-related 
pain ranges between 5% to 12% [10,23] and the annual incidence is 
3.9%  [16]. TMD-related pain is more common among females than 
males [23]. Nevertheless, approximately 33% of TMD-related pain  

 
patients continue to suffer from moderate to severe levels of pain 
and disability, independent of treatment received [13,14]. Fatigue 
is a subjective experience with symptoms including a persisting 
lack of energy, exhaustion, physical and mental tiredness, and ap-
athy [2]. The prevalence of fatigue varies from 0.2% to 6.41%[11] 
Fatigue prevalence is considerably higher among subjects with 
TMD-related pain (14-43%) [2,5,9]. Dahan et al. [5] found that fa-
tigue was positively associated with chronic TMD-related pain in-
tensity and duration. The current prospective cohort study is part 
of the Acute to Chronic TMD Transition (ACTION) program, with an 
overall goal to identify the risk factors implicated in the transition 
from acute to chronic TMD-related pain and its persistence. 
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Abstract
Previous studies have demonstrated that fatigue is associated with chronic temporomandibular disorders (TMD) pain. TMD is a 
group of a musculoskeletal condition affecting the muscles of mastication, the temporomandibular joints, or both. This prospective 
cohort study determines whether fatigue is associated with the transition from acute to chronic TMD-related pain as well as its’ 
persistence, when chronic pain is defined by: (i) duration ( > 3 months), and (ii) dysfunction (Graded Chronic Pain Scale (GCPS II-
IV). The International Association for the Study of Pain (IASP) defines chronic pain as “persistent or recurrent pain lasting longer 
than 3-months” and is associated with significant dysfunction. From 454 subjects recruited between 2015 to 2021, through four 
locations in Canada, 376 completed the follow-up. A diagnosis was obtained using the Research Diagnostic Criteria or the Diagnostic 
Criteria for Temporomandibular Disorders. Fatigue was assessed at baseline with the Fatigue Severity Scale. Subjects completed 
the GCPS form at baseline and 3-month follow-up. When chronic pain was defined as dysfunction, fatigue was associated with an 
increased transition or persistence risk (RR adjusted = 1.72, P = 0.002), contrary to pain duration (RR adjusted =1.01, P = 0.99). This 
multivariable analysis was adjusted by baseline acute and chronic pain status, dysfunction, and sex. Results indicate that fatigue 
contributed to the transition and persistence of chronic TMD-related pain risk at a 3-month follow- up when chronic pain was 
defined by dysfunction contrary to defined by duration. This result suggests that fatigue assessment may be an essential part of a 
comprehensive clinical examination.
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The current study aimed to assess whether fatigue was asso-
ciated with the transition from acute to chronic TMD-related pain 
risk as well as with its persistence at a 3-month follow-up. Thus, the 
specific aims are: 

a)	 Aim  1: To determine if fatigue is associated with the transition 
and persistence risk when chronic TMD-related pain is defined 
as recurrent or persistent pain for more than 3 months.

b)	 Aim  2: To determine the contribution of fatigue on the tran-
sition or persistence risk when chronic TMD-related pain is 
defined by dysfunction as classified by GCPS (Graded Chronic 
Pain Scale Grades II-IV) [24].

The rationale to define chronic pain based on pain duration and 
dysfunction is described below. First, the International Association 
for the Study of Pain (IASP) defines chronic pain as recurrent or 
persistent pain lasting for more than 3 months [18,19]. Second, 
IASP states that chronic pain is associated with significant disabil-
ity [19]. Therefore, chronic TMD-related pain was also defined as 
a dysfunction state consisting of clinically significant pain and dis-
ability [24]. The study hypotheses are that fatigue increases the risk 
of a transition from acute to chronic TMD- related pain as well as 
its persistence when chronic TMD-related pain is defined by pain 
duration or dysfunction. To date, we are not aware of any study in-

vestigating the contribution of fatigue on the transition from acute 
to chronic TMD-related pain as well as its persistence.

Methods

Study design and study population
The Acute to Chronic TMD Transition (ACTION) program re-

ceived approval from the McGill Institutional Review Board in Mon-
treal, Canada (approval number: A12-M113-14A) and by the Dental 
Specialists Group in Ottawa, Ontario (approval number: 240-400). 
Eligible subjects with acute or chronic TMD-related pain were re-
cruited between August 2015 and March 2021 from four different 
sites: the Jewish General Hospital (JGH) general dental clinic, the 
Faculty of Dentistry of McGill University oral diagnosis (OD) clinic, 
the Montreal General Hospital dental department (MGH), and the 
Dental Specialists Group TMD-specialized clinic (Figure 1). The in-
clusion criteria for the participation in this study required subjects 
to be of 18 to 85 years of age with a positive diagnosis of TMD-re-
lated pain (muscle and/or joint) in accordance with Research Di-
agnostic DC [6] or the Diagnostic Criteria for Temporomandibular 
Disorders (DC/TMD) [15]. The excluded subjects were those who 
had other orofacial pain (e.g., dental pain), cancer, no access to a 
telephone, those who were unable to provide informed consent or 
incapable of understanding French or English.

Figure 1: Enrollment flowchart.

Acute and chronic pain classification
We used two criteria to define acute and chronic TMD pain: (i) 

pain duration of chronic TMD-related pain is in accordance with the 

International Association for the Study of Pain (IASP) which defines 
chronic pain as pain lasting for more than 3 months [18, 19], and 
(ii) dysfunction defined as grades II, III and IV with any disability 
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points on the Graded Chronic Pain Scale (GCPS) [24].

GCPS is an instrument used to assess overall chronic pain se-
verity based on the level of pain intensity and pain-related disabil-
ity. The GCPS grades are low-intensity pain, no disability (Grade I); 
high-intensity pain, without pain-related disability (Grade IIa); (iii) 
high-intensity pain, with low pain-related disability (Grade IIb), 
moderately limiting (Grade III), and severely limiting (Grade IV).  
The scoring is based on the subject’s responses to several items: 
1) current; 2) worst; and 3) average pain intensity (0–10 numeric 
scales); 4) pain-related disability days, and pain-related interfer-
ence with daily activities; work; and social or family activities (0–
10 numeric). Characteristic pain intensity (CPI) measured by the 
GCPS is the average of 0–10 ratings of current, worst and average 
pain in the prior 3 months multiplied by 10. The disability score is 
the average of 3, 0–10 interference ratings: daily activities, work, 
and social or family activities multiplied by 10 prior 3 months. 

Outcome variables
The primary outcomes were the transition from acute to 

chronic TMD-related pain or the persistence of chronic pain at the 
3-month follow-up when chronic pain was defined by pain duration 
and dysfunction. Secondary outcomes were the transition and the 
persistence state, both also defined by pain duration and dysfunc-
tion.

Assessment of fatigue
Fatigue severity and functionality were assessed using the Fa-

tigue Severity Scale (FSS), a validated and reliable instrument [21]. 
The FSS has 90% sensitivity and 86% specificity, with high reliabil-
ity (Cronbach α = 0.93). The scoring cutoffs are: < 35: no fatigue; 
and ≥ 36: fatigue.

Putative confounders and effect modifiers assessment
In our study, the possible confounders all assessed at baseline 

were acute and chronic pain status, dysfunction, psychological 
factors (anxiety, depression), CPI, sex, and age. The Patient Health 
Questionnaire-4 (PHQ-4) is a validated and reliable instrument 
used for screening for psychological factors: anxiety and depres-
sion [12]. PHQ-4 scoring cutoffs are: < 3: no anxiety and depression; 
and ≥ 3: anxiety and depression.

Statistical analysis
Chi-squared, Fisher’s exact test, analysis of variance, and Stu-

dent t-test were used to test statistical differences between cat-
egories of TMD-related pain groups relative to fatigue, acute and 
chronic pain status, GCPS grades (GCPS I-IV), CPI, age, sex, and psy-
chological factors.

Primary analysis
For aim 1, we conducted binary logistic regression. The depen-

dent variable was the presence or absence (yes or no) of chronic 
TMD-related pain at 3-month of follow-up. The risk factor under 
study was fatigue (yes or no) and the putative confounders were 

acute-chronic pain status at baseline, age, sex, CPI, and psychologi-
cal factors. For aim 2, a binary logistic regression analysis was also 
performed to assess the relative risk of fatigue. The dependent vari-
able was GCPS at 3-month of follow-up: 0-I (no dysfunction) vs and 
II-IV (dysfunction). The risk factor was fatigue (yes or no) or fatigue 
score (yes or no) and the putative baseline confounders dysfunc-
tion were acute-chronic pain status at baseline, age, sex, and psy-
chological factors an interaction term was created with GCPS status 
at baseline and fatigue or fatigue score to determine whether this 
covariate modify the RR associated with fatigue. In both analyses 
(Aims 1 and 2), the relative risk (RR) and their 95% confidence in-
tervals (CI) were estimated. In the final multivariable models, we 
kept in the model fatigue, the covariates associated with the depen-
dent variable, and the effect modifiers (interaction). The likelihood 
ratio test was used to assess the significance of the RR and the inter-
actions in the model. All analyses were performed using the statisti-
cal software package SAS (SAS 9.4; SAS Institute, Cary, NC, US), with 
the significance level for type I error set at the 0.05 level.

Secondary analysis
Interaction terms were created between fatigue and 

acute-chronic pain status and dysfunction status both at baseline, 
to determine whether fatigue’s risk depended on these covariates. 
The interaction term was retained in the model only if the signifi-
cance level of the regression coefficient was equal to or lower than 
0.10. Further, the analyses were stratified by pain duration (acute 
[≤ 3 months], chronic [> 3 months]) and dysfunction (no [GCPS I] 
and yes [II-IV]).

Results
Description of the baseline acute and chronic cohort de-
fined by pain duration

A total of 514 subjects were informed about the study. Of these, 
10 refused to participate (lack of time and distress), and 50 were 
not eligible. Table 1 shows the baseline characteristics of acute and 
chronic TMD-related pain cohorts defined by duration. 

From a total of 454 TMD-related pain subjects recruited, 123 
(27.09%) were included in the acute cohort (≤ 3 months) and 331 
(72.91%) in the chronic (> 3 months). The chronic cohort includ-
ed a larger number of subjects with fatigue (48.34%) and females 
(78.32%) than the acute cohort (35.77%, P = 0.02, 69.40%, P= 
0.04). 

From 454 subjects enrolled, 376 (82.28%) completed the 
3-month follow-up. The chronic cohort included a larger number 
of subjects with fatigue (50.0%) than the acute cohort (34.31%, P = 
0.007) (Table 2). From the acute TMD-related pain cohort including 
102 subjects who completed the 3-month follow-up, 50.98% (n = 
52) of subjects presented a transition to chronic TMD-related pain, 
and 49.02% (n = 50) of subjects had no pain. From the 274 chronic 
TMD-related pain cohort, 75.91% (n = 208) subjects had persistent 
chronic TMD-related pain whereas 24.09% (n = 66) of subjects had 
no pain, at 3-month follow-up. 
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Table 3 shows the baseline profile of subjects with (n = 260) 
and without chronic TMD- related pain (n = 116) at a 3-month 
follow-up. Fatigue was present in 49.62% of the chronic TMD- re-

lated pain subjects, and in 37.07% of the subjects without pain at 
3-month follow-up (P = 0.02).

Table 1: Baseline characteristics of acute and chronic TMD-related pain cohorts defined by duration.

Risk factor and 
Covariates Category

Acute Cohort (≤ 3 months) n (%) Chronic Cohort (> 3 months) n (%)
P-value

123 (27.09) 331 (72.91)

Fatigue, n (%)
≥ 36 44 (35.77) 160 (48.34)

0.02
< 36 79 (64.23) 171 (51.66)

Sex, n (%)
Female 93 (69.40) 307 (78.32)

0.04
Male 41 (30.60) 85 (21.65)

Psychological factors, 
n (%)

≥ 3 69 (56.10) 206 (62.24)
0.23

< 3 54 (43.90) 125 (37.76)

Mean age, (95% CI) Years 31.70 (23.39-40.01) 32.62 (27.56-37.69) 0.85

Mean CPI (95%CI) 0-100 NRS 57.44 (53.60-61.27) 57.37 (55.03-59.69) 0.97

CPI = characteristic pain intensity, CI = confidence interval, NRS = numeric pain rating scale n = number of subjects, % = percentage psychological 
factors ≥ 3 = Yes, < 3 = No

Table 2: Baseline profile of the acute and chronic TMD-related pain cohorts who completed the 3-month follow-up.

Risk factor and 
covariates Category

Acute cohort (≤ 3 months) n (%) Chronic cohort (> 3 months) n (%) Total n (%)
P-value

102 (27.13) 274 (72.87) 376

Fatigue, n (%)
≥ 36 35 (34.31) 137 (50.00) 172 (45.74)

0.007
< 36 67 (65.69) 137 (50.00) 204 (54.26)

Sex, n (%)
Female 72 (70.59) 212 (77.37) 92 (24.47)

0.17
Male 30 (29.41) 62 (22.63) 284 (75.53)

Psychological 
factors, n (%)

≥ 3 58 (56.86) 175 (63.87) 233 (61.97)
0.21

< 3 44 (43.14) 99 (36.13) 143 (38.03)

Age (years)

Mean, 42.64, 41.57, 41.86,

0.87median, 39.0, 39.00, 39.00,

SD (16.11) (16.18) (16.15)

CPI (0-100 NRS)

Mean, 57.43, 57.37, 57.36,

0.71median, 56.67, 60.0, 60.0,

SD (20.87) (21.69) (21.45)

CPI = characteristic pain intensity, SD = standard deviation, NRS = numeric pain rating scale n = number of subjects, % = percentage Fatigue ≥ 36 = Yes, 
< 36 = No Psychological factors ≥ 3 = Yes, < 3 = No

Table 3: Baseline profile of subjects with chronic TMD-related pain and those without pain at 3-month follow-up.

Risk factor and covariates Category
Chronic TMD- related pain n (%) No TMD-related pain n (%)

P-value
260 (69.15) 116 (30.85)

Fatigue, n (%)
≥ 36 129 (49.62) 43 (37.07)

0.02
< 36 131 (50.38) 73 (62.93)

Sex, n (%)
Female 209 (80.38) 75 (64.66)

0.001
Male 51 (19.62) 41 (35.34)

Psychological factors, n (%)
≥ 3 165 (63.46) 68 (58.62)

0.37
< 3 95 (36.54) 48 (41.38)
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Mean age, (95% CI) Years 34.23 (28.48-39.97) 30.17 (21.57-38.77) 0.44

Mean CPI (95%CI) 0-100NRS 60.45 (57.89-63.00) 50.84 (47.00-54.67) <.0001

CPI = characteristic pain intensity, CI = confidence interval, NRS = numeric pain rating scale n = number of subjects, % = percentage, Chronic > 3 
months Fatigue ≥ 36 = Yes, < 36 = No Psychological factors ≥ 3 = Yes, < 3 = No

Fatigue contribution to the transition and persistence of 
chronic TMD-related pain

Table 4 shows the findings of the binary logistic regression 
analyses. Fatigue at baseline was associated with the transition 

or persistence risk at 3-month follow-up (RR = 1.17, 95%CI: 1.02-
1.34, P = 0.02). When the model was adjusted by the covariates as-
sociated with the study outcome, fatigue RR was weaker and not 
significant (RR =1.01, P = 0.99).

Table 4: Crude and multivariable logistic regression analyses assessing the contribution of fatigue on transition and persistent TMD- 
related pain at 3-month follow-up.

Risk factor and covari-
ates at baseline Category Model I RR (95% CI) P-Value Model II RR (95% CI) P-Value Model III RR 

(95% CI) P-Value

Fatigue
< 36 1.0 (reference)

0.02
1.0 (reference)

0.90
1.0 (reference)

0.99
≥ 36 1.17 (1.02-1.34) 1.01 (0.89-1.14) 1.01 (0.86-1.10)

Acute and chronic TMD- 
related pain

≤ 3 m 1.0 (reference)
0.0001

1.0 (reference)
0.0003

1.0 (reference)
0.0004

> 3 m 1.49 (1.22-1.82) 1.45 (1.18-1.77) 1.44 (1.18-1.77)

Mean CPI

0-100

1.01 (1.00-1.01) 0.0001 1.00 (1.00-1.01) 0.003 1.01 (1.01-1.01) 0.003 

NRS

Sex
Male 1.0 (reference)

0.005
1.0 (reference)

0.04
1.0 (reference)

0.03
Female 1.33 (1.09-1.61) 1.23 (1.01-1.50) 1.24 (1.02-1.50)

Mean Age Years 1.00 (0.99-1.00) 0.19 1.00 (0.99-1.00) 0.71 Not in the model

Psychological factors
< 3 1.0 (reference)

0.38
1.0 (reference)

0.68 Not in the model
≥ 3 1.07 (0.92-1.22) 0.97 (0.86-1.10)

RR= relative risk, m = months, CPI = characteristic pain intensity, NRS = numeric pain rating scale Acute ≤ 3 m, Chronic > 3 m Model I = crude analysis, 
Model II = multivariable model including fatigue and all covariates Model III = multivariable model including fatigue and all covariates psychological 

factors ≥ 3 = Yes, < 3 = No

Secondary analyses
No interaction was found between fatigue and acute and chron-

ic TMD-related pain at baseline (P = 0.17). Furthermore, the strati-
fied analyses showed that fatigue was not associated with the tran-
sition (RR = 1.22, 95%CI: 0.84-1.75, P = 0.28) and persistent (RR = 
0.98, 95% CI: 0.86-1.11, P = 0.78) risks.

Acute and chronic cohort defined by dysfunction
Table 5 shows baseline characteristics of cohorts with and 

without dysfunction. At baseline, fatigue was present in 50.0% of 
the dysfunction subjects, and in 33.33% of subjects without dys-
function (P = 0.001). The chronic cohort included a larger number 
of subjects with psychological symptoms (66.35%) than the acute 
cohort (47.73%, P = 0.0002). 

Table 6 exhibits a baseline profile of the no dysfunction and 
dysfunction cohorts who completed the 3-month follow-up. Fatigue 

was more common in the dysfunction cohort (50.38%) when com-
pared to those without dysfunction (33.64%, P = 0.003). Psycho-
logical symptoms remained different between these cohorts that 
completed the follow-up (66.17% vs 51.40%, P = 0.008). 

From the no dysfunction baseline cohort including 107 subjects 
who completed the 3-month follow-up, only eight (7.48%) present-
ed a transition to chronic TMD-related pain defined by dysfunction, 
and 92.52% (n = 99) of subjects had no transition and remained 
with no dysfunction. The dysfunction cohort (n = 266) displayed 
90 (33.83%) subjects with the persistence of chronic TMD-related 
pain defined by dysfunction at a 3-month follow-up. 

Table 7 shows the baseline profile of cohorts of subjects with 
or without dysfunction at 3- month follow-up. Fatigue remained to 
be more frequent among subjects with dysfunction (63.27%) com-
pared to those without dysfunction (39.27%, P <.0001).
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Table 5: Baseline profile of the acute and chronic TMD-related pain cohorts defined by dysfunction.

Risk factor and covariates Category
No dysfunction (GCPS I) n (%) Dysfunction (GCPS II-IV) n (%)

P-value
132 (29.33) 318

Fatigue, n (%)
≥ 36 44 (33.33) 159 (50.00)

0.001
< 36 88 (66.67) 159 (50.00)

Sex, n (%)
Female 98 (74.24) 245 (77.04)

0.52
Male 34 (25.76) 73 (22.96)

Psychological factors, n (%)
≥ 3 63 (47.73) 211 (66.35)

0.0002
< 3 69 (52.27) 107 (33.65)

Mean age, (95% CI) Years 39.78 (37.02, 42.53) 42.72 (40.95-44.50) 0.08

Acute to chronic TMD pain 
defined by pain duration

Acute
35 (26.52) 86 (27.04)

0.93
(n = 121)

Chronic
97 (73.48) 232 (72.96)

(n = 329)

CI = confidence interval, n = number of subjects, % = percentage Fatigue ≥ 36 = Yes, < 36 = No Acute ≤ 3 m, Chronic > 3 m psychological factors ≥ 3 = Yes, 
<3 = No

Table 6: Baseline profile of the no dysfunction and dysfunction cohorts who completed the 3-month follow-up.

Risk factor and covariates Category
No dysfunction (GCPS I) n (%) Dysfunction (GCPS II-IV) n (%) Total n 

(%) P-value
107 (28.69) 266 (71.31) 373

Fatigue, n (%)
≥ 36 36 (33.64) 134 (50.38) 170 (45.58)

0.003
< 36 71 (66.36) 132 (49.62) 203 (54.42)

Sex, n (%)
Female 80 (74.77) 201 (75.56) 281 (75.34)

0.87
Male 27 (25.23) 65 (24.44) 92 (24.66)

Psychological factors, n (%)
≥ 3 55 (51.40) 176 (66.17) 231 (61.93)

0.008
< 3 52 (48.60) 90 (33.83) 142 (38.07)

Age (years)

Mean, 39.92, 43.22, 42.27,

0.81median 36.00, 41.00, 40.00,

 (SD) (16.90) (16.05) (16.35)

Acute to chronic TMD pain defined 
by pain duration, n (%)

Acute 27 (27.27) 72 (72.73) 99 (26.54)
0.72

Chronic 80 (21.45) 194 (70.80) 274 (73.46)

SD = standard deviation, n = number of subjects, % = percentage Fatigue ≥ 36 = Yes, < 36 = No Acute ≤ 3 months, Chronic > 3 months

Table 7: Baseline profile of cohorts without or with dysfunction at 3-month follow-up.

Risk factor and covariates Category
No dysfunction (GCPS I) n (%) Dysfunction (GCPS II-IV) n (%)

P-value
275 (73.73) 98 (26.27)

Fatigue, n (%)
≥ 36 108 (39.27) 62 (63.27)

< .0001
< 36 167 (60.73) 36 (36.73)

Sex, n (%)
Female 201 (73.09) 80 (81.63)

0.09
Male 74 (26.91) 18 (18.37)

Psychological factors, n (%)
≥ 3 159 (57.82) 72 (73.47)

0.006
< 3 116 (42.18) 26 (26.53)
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Age (years)

Mean, 40.12, 43.51,

0.98median, 37.00, 42.00,

 (SD) (16.94) (16.06)

Acute to chronic TMD pain defined by 
pain duration, n (%)

Acute (99) 79 (21.18) 20 (20.41)
0.11

Chronic (274) 196 (21.27) 78 (79.59)

SD = standard deviation, n = number of subjects, % = percentage Fatigue ≥ 36 = Yes, < 36 = No Acute ≤ 3 months, Chronic > 3 months

Fatigue contributions to the transition and persistence 
of chronic TMD-related pain defined by dysfunction 

Table 8 displays the findings of the binary logistic regression 
analysis including 373 subjects. Fatigue at baseline was associated 
with the transition or persistence risk based on dysfunction (RR 

crude = 2.05, 95% CI: 1.44-2.94, P < .0001) and remained significant 

in the multivariable analysis (RR ModelIII = 1.72, 95%CI: 1.21-2.44, P 
= 0.002) adjusted for dysfunction (RR = 4.07, P < .0001), acute and 
chronic pain status (RR = 1.27, P = 0.27), and sex (RR = 1.41, P = 
0.12). Psychological factors and age were not included in the final 
multivariable model because they were not associated with chronic 
TMD-related pain and did not improve the precision of the model.

Table 8: Crude and multivariable logistic regression analyses assessing the contribution of fatigue on the transition to chronic TMD- 
related pain based on dysfunction at 3-month follow-up using GCPS.

Risk factors and covariates 
at baseline Category Model I RR (95% 

CI) P-Value Model II RR (95% 
CI) P-Value Model III RR 

(95% CI) P-Value

Fatigue
< 36 1.0 (reference)

<.0001
1.0 (reference)

0.008
1.0 (reference)

0.002
≥ 36 2.05 (1.44-2.94) 1.62 (1.13-2.33) 1.72 (1.21-2.44)

Acute and chronic TMD-related 
pain

≤ 3 m 1.0 (reference)
<.0001

1.0 (reference)
0.28

1.0 (reference)
0.27

> 3 m 2.49 (1.59-3.88) 1.25 (0.82-1.91) 1.27 (0.83-1.94)

Dysfunction
No 1.0 (reference)

<.0001
1.0 (reference)

<.0001
1.0 (reference)

<.0001
Yes 4.52 (2.27-8.99) 4.03 (2.02-8.02) 4.07 (2.05-8.10)

Sex
Male 1.0 (reference)

0.10
1.0 (reference)

0.11
1.0 (reference)

0.12
Female 1.45 (0.92-2.29) 1.43 (0.92-2.21) 1.41 (0.91-2.18)

Mean age Years 1.00 (0.99-1.01) 0.98 0.99 (0.98-1.01) 0.42 Not in the model

Psychological factors
< 3 1.0 (reference)

0.008
1.0 (reference)

0.25 Not in the model
≥ 3 1.70 (1.14-2.53) 1.25 (0.85-1.85)

RR = relative risk, m = months Fatigue ≥ 36 = Yes, < 36 = No, Acute ≤ 3 m, Chronic > 3 m Model I = crude analysis, Model II = multivariable model includ-
ing fatigue and covariates Model III = multivariable model including fatigue and covariates Dysfunction is characterized by a combination of an average 

of 5 or greater over the three pain questions and pain related disability

Secondary analysis
No interaction was found between fatigue and dysfunction at 

baseline (P = 0.12). The stratified analysis demonstrated that fa-
tigue was associated with increased risk of transition from acute 
to chronic TMD-related pain (RR = 5.92, 95% CI: 1.25-27.85, P = 
0.02), and with the persistence of chronic pain (RR = 1.62, 95% CI: 
1.14-2.30, P = 0.007). 

Crude (RR crude analysis = 1.03. 95% CI: 1.02-1.05, P < .0001) and 
the multivariable analysis adjusted for acute and chronic pain sta-
tus, sex, psychological factors and clinically significant pain and 
dysfunction at baseline (n = RR multivariable model = 1.01. 95% CI: 
1.00-1.03, P < .002) demonstrated that fatigue score was associat-
ed with an increased risk of transition and persistent at a 3-month 
follow-up. An interaction was found between fatigue score and dys-
function at baseline (P = 0.06), suggesting that the RR of fatigue 

score is modified by dysfunction at baseline. Based on stratification 
analyses, the fatigue score was also positively association with no 
dysfunction (RR = 1.02, 95% CI: 1.01-1.04, P < .0001) and with dys-
function (RR = 1.03, 95% CI: 1.01-1.03, P < .0001), regardless of 
acute and chronic pain status at baseline and sex. 

There were no statistically significant differences between sub-
jects who dropout (n = 78) and who did not (n = 376): fatigue (P = 
0.45), acute to chronic (P = 0.97), dysfunction (P = 0.45), psycho-
logical factors (P = 0.18), age (P = 0.35), sex (P = 0.46), and CPI (P 
= 0.81).

Discussion
The primary finding of this prospective 3-month cohort study 

is that fatigue was associated with the risk of transition and per-
sistent TMD-related pain, at a 3-month follow-up when chronic 
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pain is defined by dysfunction (GCPS II-IV). Further, this association 
was not confounded by subjects’ age, sex, psychological symptoms, 
acute and chronic pain status and dysfunction at baseline (Table 8). 
Additionally, fatigue risk was not modified by the acute or chron-
ic pain status risk. Finally, the risk of transition and persistence of 
chronic TMD-related pain was positively related to fatigue score. 
Fatigue, however, was not related to the transition from acute to 
chronic TMD-related pain risk when chronic pain is defined by pain 
duration (Table 4). A search of the literature revealed nil studies 
examined the contribution of fatigue on the transition from acute 
to chronic TMD-related pain as well as its persistence. Chen et al. 
diagnosed 159 TMD pain patients using a modified version of the 
RDC/TMD criteria from the orofacial pain clinic and found 10% re-
port having fatigue [3]. Dahan et al. in a cross-sectional study found 
a fatigue prevalence of 14.4% in their chronic myofascial TMD pain 
population [4]. In our study, fatigue was reported by 35.77% of the 
acute TMD-related pain cohort, and 48.34% of the chronic cohort. 
These percentages of fatigue are close to those observed by Hoff-
mann et al. who surveyed 1511 TMD-related pain patients and 
found that 42-43% reported having fatigue after the onset of TMD 
pain [9].

We investigated if the risk would be confounded by the poten-
tial confounders such as age, sex, psychological factors (anxiety and 
depression), CPI, acute and chronic pain status, and dysfunction at 
baseline, on the fatigue’s risk. Our baseline findings show dysfunc-
tion (GCPS II- IV) present in the chronic (n = 232, 72.96%) com-
pared to acute (n= 86, 27.04%). Similar findings were found of dys-
function distribution among acute (n = 99, 26.54%) and chronic (n 
= 72, 73.46) at 3-month follow-up. This is consistent with findings 
from Garofalo et al. [8] showing dysfunction prevalence of more 
than 70% at baseline at 6-month follow-up. In this study, the mean 
CPI at baseline was also higher in individuals of chronic TMD-re-
lated pain at 6-month follow-up in comparison to those with CPI 
means of less than 15. 

The mean age and sex distribution of our subjects at baseline 
were similar to Garofalo et al. [8]. Garofalo et al. [8] also found that 
CPI of chronic TMD-related pain increased the risk of transition 
from acute to chronic pain at 6-month of follow-up. In addition, a 
borderline association risk was found with disability (GCPS III-IV) 
[8]. 

Regardless, although causality cannot be evaluated due to the 
design of the present study, these findings raise the hypothesis that 
fatigue may contribute to a dysregulation of pain modulatory sys-
tems involving central and peripheral sensitization that contribute 
to the transition and persistence of chronic pain defined by dys-
function [22].

The findings of this study are strengthened by the strong meth-
odology utilized and the characteristics of the study population. 
This is a prospective cohort study that ensures that the risk factors 
preceded the transition and persistence of chronic TMD-related 
pain. Prospective cohort studies are considered the gold standard 
of observational research [17]. Subjects were recruited from four 

different dental clinics, which decreased the chance of finding a 
positive association specific to a given hospital because of a refer-
ral pattern. Patients were diagnosed by four investigators following 
the same protocol to decrease misclassification. The questionnaires 
used are validated and have adequate specificity and sensitivity. 

It is important to bear in mind that even though this study has 
several strengths, it also has a few limitations. First, the classifica-
tion of acute and chronic TMD-related pain has been used different-
ly among researchers. To avoid misclassification, we followed the 
IASP to classify chronic pain, which suggested more than 3 months. 
GCPS is a validated instrument that we used to classify subjects with 
or without dysfunction [24]. Second, a self-report method was used 
to collect data. This method might have some disadvantages such 
as misunderstanding, exaggeration, and/or not remembering some 
details. Third, the acute cases sample size was not large enough to 
adequately study the transition from acute to chronic TMD-related 
pain. This is due to the difficulty of recruiting acute TMD patients 
due to COVID19 restrictions that were initiated on March 2019 clo-
sures. The known number of patients required to recruit enough 
eligible subjects for the study is not precise. We have conservatively 
estimated that 80% of patients who meet the criteria will be inter-
ested in the study to enable us to meet the sample size. The sample 
size for acute patients may have been close to achieving our power 
of analysis but yet was smaller than planned (120 subjects versus 
150 subjects). Therefore, type 2 error was introduced, where some 
results did not reach statistical significance although the hypoth-
esized trend was evident. A larger sample size in the acute cohort 
may have strengthened the power to demonstrate the associations 
in this study. This study design also takes time and is conducted at 
high costs which may be a limitation to some researchers. Finally, 
a major disadvantage of this type of prospective cohort design is a 
loss of follow-up. A follow-up rate of 50-80% has been suggested as 
acceptable by different authors [7]. In our study, our dropout rate is 
10.2%. No significant differences were found between subjects who 
dropped out and did not. 

This study has several clinical implications. We found that fa-
tigue contributed to the risk of transition and persistence risk of 
chronic TMD-related pain when chronic pain is defined by dysfunc-
tion. Assessing the patient’s level of fatigue may be introduced into 
a comprehensive clinical exam protocol to aid in the management 
of TMD-related pain patients. It is critical to match the level of com-
plexity of the case with the appropriate management program. For 
example, a patient reporting a single comorbidity will be managed 
differently from a patient presenting with multiple comorbidities. 
The latter may require an interdisciplinary pain clinic setting that 
uses a team of clinicians to address different aspects of the problem 
in a concerted fashion. Failure to identify and to address the entire 
scope of the problem may lead to no improvement in pain or func-
tion, and further perpetuation of the problem. 

In conclusion, this prospective cohort study is the first study to 
reveal the contribution of fatigue on an increased risk of transition 
from acute to chronic pain and the persistence of chronic TMD-re-
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lated pain at a 3-month follow-up when chronic pain is defined by 
dysfunction. Fatigue did not contribute to an increased risk of tran-
sition from acute to chronic, and the persistence of chronic TMD-re-
lated pain at a 3-month follow-up, when chronic pain was defined 
by duration. This result suggests that fatigue assessment should be 
considered as part of the comprehensive clinical exam for TMD pa-
tients and that its management should be tested as potential man-
agement to prevent the transition and persistence of TMD-related 
pain.
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