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Temporomandibular disorders 
cases with high‑impact pain 
are more likely to experience 
short‑term pain fluctuations
Alberto Herrero Babiloni1,2, Fernando G. Exposto3,4, Connor M. Peck5, Bruce R. Lindgren6, 
Marc O. Martel1,7, Christophe Lenglet8,9, David A. Bereiter10, Lynn E. Eberly9,11 & 
Estephan J. Moana‑Filho5,9*

Temporomandibular disorders (TMD) patients can present clinically significant jaw pain fluctuations 
which can be debilitating and lead to poor global health. The Graded Chronic Pain Scale evaluates 
pain‑related disability and its dichotomous grading (high/low impact pain) can determine patient 
care pathways and in general high‑impact pain patients have worse treatment outcomes. Individuals 
with low‑impact TMD pain are thought to have better psychosocial functioning, more favorable 
disease course, and better ability to control pain, while individuals with high‑impact pain can present 
with higher levels of physical and psychological symptoms. Thereby, there is reason to believe that 
individuals with low‑ and high‑impact TMD pain could experience different pain trajectories over time. 
Our primary objective was to determine if short‑term jaw pain fluctuations serve as a clinical marker 
for the impact status of TMD pain. To this end, we estimated the association between high/low impact 
pain status and jaw pain fluctuations over three visits (≤ 21‑day‑period) in 30 TMD cases. Secondarily, 
we measured the association between jaw pain intensity and pressure pain thresholds (PPT) over 
the face and hand, the latter measurements compared to matched pain‑free controls (n = 17). Jaw 
pain fluctuations were more frequent among high‑impact pain cases (n = 15) than low‑impact pain 
cases (n = 15) (OR 5.5; 95% CI 1.2, 26.4; p value = 0.033). Jaw pain ratings were not associated with 
PPT ratings (p value > 0.220), suggesting different mechanisms for clinical versus experimental pain. 
Results from this proof‑of‑concept study suggest that targeted treatments to reduce short‑term pain 
fluctuations in high‑impact TMD pain is a potential strategy to achieve improved patient perception of 
clinical pain management outcomes.

Chronic pain patients often experience different pain trajectories over  time1,2. While some individuals report 
stable pain patterns, others describe wax and wane  fluctuations3,4. Clinically significant pain fluctuations are 
 disruptive5 and more debilitating than momentary pain  intensity2,6,7, as they result in a sense of lack of control 
in the patient’s  life7,8. Indeed, pain fluctuations are associated with higher levels of depression and poor mental 
 health3,6,9,10,  catastrophizing7,11, and reduced work  efficiency2.

It has been reported that patients with painful temporomandibular disorders (TMD), a common chronic 
orofacial pain condition affecting the temporomandibular joint and/or muscles of  mastication12,13, also present 
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pain fluctuations over  time14,15. Clinically significant pain fluctuations, often defined as changes in pain intensity 
of at least 20 in a 0–100 pain  scale16,17, have been identified in TMD case samples in both short-14,14 and long-
term19,20 periods. These pain fluctuations are influenced by several factors such as menstrual  cycle15,21,  weather14, 
 stress22 or treatment  modality22,23. While the literature related to pain fluctuations and their determinants is 
comprehensive for several painful conditions such as rheumatoid  arthritis24,25,  osteoarthritis4,26,27, and low back 
 pain10,28, our current understanding of chronic TMD pain fluctuations is limited. Understanding the factors that 
render TMD pain patients at greater risk for clinically significant pain fluctuations and treatment strategies to 
reduce them may lead to improved quality of life for this patient population.

The Graded Chronic Pain Scale (GCPS) is a widely used instrument to assess pain disability  level29, and its 
dichotomous grading (high/low impact pain)30 can be used to determine patient care strategies and resource 
 allocations31,32, while also characterizing individuals with different psychosocial  subtypes33. Indeed, individuals 
with low-impact TMD pain are thought to have better psychosocial functioning, more favorable disease  course34, 
and better ability to control pain, whereas individuals with high-impact pain present with higher levels of physi-
cal and psychological  symptoms33. Together, these findings suggest that individuals with low- and high-impact 
TMD pain experience diverse pain trajectories.

Chronic TMD pain involves both peripheral and central  mechanisms35,36, the latter being suggested as pre-
dominant in high-impact pain  patients32,37. The differential contribution of peripheral and central mechanisms 
to pain fluctuations in TMD patients is unexplored, and it is possible that clinically significant pain fluctuations 
are associated with altered quantitative sensory testing (QST) measures that are assumed to assess the periph-
eral component of the somatosensory  system38, such as pressure pain thresholds (PPT). Pressure algometry is 
considered a reliable, clinically accessible technique to assess bodily deep tissue pain  sensitivity38,39, including 
orofacial  structures40,41.

Experimental pain assessed with PPT fluctuates along long-term periods (3–6 months) over the clinical 
course of painful  TMD42. By contrast, PPT fluctuations over shorter periods of time (≤ 3 months) were not cor-
related with clinical pain ratings while TMD patients underwent conservative  treatment43. Neither of the studies 
investigated if pain impact level was associated with TMD pain fluctuations. Therefore, the association between 
experimental pain as assessed with PPT and clinical TMD pain ratings in patients categorized by pain impact 
status remains to be determined.

Our primary objective was to determine if jaw pain fluctuations over three visits in a ≤ 21 day-period serve as 
a clinical marker of low- or high-impact TMD pain. Secondarily, in order to examine the possible contribution 
of experimental pain sensitivity to jaw pain fluctuations over time, we estimated the association between jaw 
pain intensity ratings and PPT over the face and hand in the same period. PPT measures were also compared to 
matched pain-free controls to have a reference for the normal variability of PPT over the three visits.

Methods
Participants. Data reported here were collected as part of a parent study conducted at the University of Min-
nesota School of Dentistry (UMN SOD) assessing somatosensory characteristics and neuroimaging outcomes 
from participants with chronic TMD pain and pain-free  controls44,45. Of the 52 female participants enrolled in 
the parent study, five had partial data missing which prevented them to be considered for the present study. Thus, 
a total of 30 females with chronic TMD pain and 17 age-matched pain‐free controls are included. As in other 
studies of painful  TMD46–48, only female participants were recruited due to the significantly greater prevalence 
of TMD in  females49. Inclusion criteria for chronic TMD pain cases were: (a) adults (≥ 18 years of age); (b) fulfil-
ment of the diagnostic criteria for temporomandibular disorders (DC/TMD) for myalgia (defined as “pain of 
muscle origin that is affected by jaw movement, function or parafunction, and replication of this pain occurs 
with provocation testing of the masticatory muscles”) with or without concurrent arthralgia (defined as “pain of 
joint origin that is affected by jaw movement, function or parafunction, and replication of this pain occurs with 
provocation testing of the temporomandibular joint (TMJ)”)12. Specifically, pain location for myalgia should be 
present over the masseter and/or temporalis muscles area. The presence of concurrent pain over the pre‐auricu-
lar area (TMJ) was accepted; (c) pain present for a minimum of 6 months and ≥ 15 days of pain in the previous 
30 days.

Age‐ matched pain‐free controls were included if they did not report the presence of any persistent pain 
condition in the previous 6 months and did not meet the DC/TMD criteria for any of the most common pain‐
related TMD (myalgia, arthralgia, headache attributed to TMD). Exclusion criteria for all participants were: 
(a) current acute pain medication use (e.g., opioids, ibuprofen, acetaminophen) that could not be stopped 24 h 
prior to testing; (b) conditions/diseases associated with altered pain perception: neurological (e.g., multiple 
sclerosis, trigeminal neuralgia), major psychiatric disorders, diabetes, neoplasm and cardiovascular disorders; 
(c) substance abuse; and (d) pregnancy.

Experimental protocol. The study protocol was approved by the UMN Institutional Review Board, and 
all methods were performed in accordance with the relevant guidelines and regulations. All participants were 
informed in detail about the experimental protocol and gave oral and written informed consent before entering 
the study. Full description of the experimental protocol can be found  elsewhere44,45. Briefly, data were collected 
during three experimental visits, each of them separated by a 2–4 day period which is defined here as “short-
term”. In the first visit, participants completed questionnaires assessing several sociodemographic and anthro-
pometric characteristics. In the same visit, all participants underwent a clinical examination in accordance with 
the DC/TMD  criteria12 performed by a trained and calibrated examiner. The two additional experimental visits 
included quantitative sensory testing and neuroimaging data collection, which were not part of the present study 
and are not reported further.
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Repeated measures were collected at each of the three visits. They included PPT of the face (average PPT 
of bilateral masseter muscles) and dominant hand (thenar eminence), current jaw pain intensity ratings using 
a 0–100 numerical rating scale (NRS) and potential confounders for sensory testing (e.g., time of the testing, 
caffeine intake, medication intake, menstrual cycle).

Sociodemographic, anthropometric and pain characteristics. Most of the sociodemographic data 
were collected using the DC/TMD Patient History  Questionnaire12. As described  previously44,45, anthropomet-
ric characteristics such as age, height and weight were based on self‐report. Pain characteristics encompassed 
characteristic pain intensity (0–100) from the graded chronic pain scale (GCPS)29, pain duration since it was 
first noticed by the patient, total number of body sites (0–45) marked as painful in the last 30 days using a body 
 drawing12 and a comorbidity index based on self‐report for the presence of 18 comorbid conditions (migraine 
headache, tension-type headache, chronic fatigue syndrome, chronic pelvic pain, chronic low‐back pain, vul-
vodynia, vulvar vestibulitis syndrome, irritable bowel syndrome, interstitial cystitis, premenstrual dysphoric 
disorder, neuropathic pain, osteoarthritis, rheumatoid arthritis, obstructive sleep apnea, restless leg syndrome, 
tinnitus, whiplash and post‐traumatic stress disorder)44,45, in a similar way than other studies aiming to describe 
comorbid conditions in individuals with  TMD13,50.

Psychosocial characteristics. To collect psychosocial variables, the following valid and reliable instru-
ments from the comprehensive DC/TMD Axis  II12 were used; Jaw Function Limitation Scale 20‐items (JFLS-20) 
for jaw limitation; Patient Health Questionnaire‐9 (PHQ‐9) for depression; Generalized Anxiety Disorder‐7 
(GAD‐7) for anxiety; Patient Health Questionnaire‐15 (PHQ‐15) for physical symptoms/somatization; Oral 
Behavior Checklist (OBC) for oral parafunctions. Additional questionnaires included the Perceived Stress Scale 
(PSS) for perceived levels of  stress51 and Pittsburgh Sleep Quality Index (PSQI) for sleep  quality52. The order of 
questionnaire administration was randomised for each participant to reduce priming  effects53 and response bias, 
e.g., due to fatigue or boredom.

Experimental pain measures. Participants were seated in a comfortable armchair, in a quiet room with 
an ambient temperature of approximately 23 °C. Sensory testing was performed using a digital pressure algom-
eter (SOMEDIC, Sweden) fitted with a probe (1  cm2 surface area) to deliver blunt pressure with a ramp rate of 
50 kPa/s over the thenar eminence of the dominant hand (extra-trigeminal location) and the masseter muscle 
body (centered within its antero-posterior and supero-inferior dimensions, trigeminal location) in each side. 
PPT was defined as the pressure in kPa delivered by the pressure algometer which the participants first perceived 
as painful. Three measurements were taken in each body site and the mean was defined as the PPT for that site. 
To determine PPT in the face, PPT values of both masseter muscles were averaged, as in previous  studies38,44. 
The pressure algometer was calibrated and maintained periodically according to the manufacturer’s instructions.

Confounders that could influence pain sensitivity responses were  recorded54, including starting time for 
each visit, first day of menses’ onset (if occurring) and caffeine and medications intake in the last 24 h prior to 
each of the three visits. If occurring, the menstrual cycle phase was determined as previously  described55 into 
the following categories: menstrual, follicular, periovulatory, luteal and premenstrual. Caffeine intake in the 
last 24 h was divided into three categories: low (< 100 mg/day), moderate (101–200 mg/day) or high (> 201 mg/
day)56. Participants were asked to not take any acute pain medications 24 h before sensory testing (e.g., opioids, 
ibuprofen, acetaminophen) and all other pain medications taken in the last 24 h were recorded to derive a score 
based on the Medication Quantification Scale (MQS)57.

Data reduction. Dichotomization using the GCPS. The GCPS scoring algorithm allows classification on 
a 5-point ordinal scale from grade 0 (pain free) to grade IV (high disability, severely limiting). A dichotomized 
GCPS grade categorization (low: 0–IIa; high: IIb–IV) was calculated for each TMD case to assign them to one of 
two groups: high-impact (n = 15) or low-impact (n = 15) pain. This method of GCPS score dichotomization has 
been used in several  studies30,32,37,58,59, as it assesses pain intensity and disability by averaging three questions for 
each with scores ranging from 0 to 10. These scores are then combined with the number of days patients report 
being prevented from their usual activities in the past 6 months, where high-impact chronic pain could then be 
aligned with other operational definitions such proposed by the National Pain Strategy, where: “High-impact 
chronic pain is associated with substantial restriction of participation in work, social, and self-care activities for 
six months or more”60. As a matter of fact, in this study, the 180 days version of the GCPS was  used29. While 
this version may sustain more pronounced recall bias than shorter versions (i.e., 30 days for obvious reasons), it 
possibly captures the impact of pain in a wider manner, possibly being more representative of the “usual” pain 
of the individual.

Clinically significant pain fluctuations. Jaw pain intensity changes of magnitude ≥ 20 in a 0–100 NRS occurring 
between sequential visits (period 1: visit 1 to visit 2; period 2: visit 2 to visit 3) were considered as positive for 
pain  fluctuations17. Given our focus on short periods of time (2–4 days), fluctuations between visit 1 and visit 3 
were not considered. The presence of pain fluctuations for each participant in either period was set as a binary 
outcome (yes/no). Participants who had pain fluctuations in one or both time periods were categorized as having 
pain fluctuations, whereas participants who did not experience fluctuation in either period were categorized as 
not having pain fluctuations.
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Statistical analyses. Anthropometric and sociodemographic characteristics collected at visit 1 are pre-
sented as means and standard deviations (SD) for continuous variables. Descriptive statistics determined that 
these data were not normally distributed. Thus, statistical comparison for these characteristics between two 
groups were conducted using the Mann–Whitney U test, while three group comparisons were conducted using 
the Kruskal–Wallis test followed by post-hoc pairwise comparisons. Bonferroni correction for multiple com-
parisons was done for the main between-group comparisons.

Before conducting analyses for the primary objective, we first conducted exploratory analyses examining the 
potential confounding influence of patient demographics, psychosocial and clinical characteristics. Variables that 
were significantly associated with main study outcomes (i.e., jaw pain fluctuations) were retained as covariates 
in subsequent analyses.

For our primary objective, Pearson’s Chi Square test was used to assess differences in number of cases experi-
encing pain fluctuations by TMD group. Binary logistic regression was used to calculate the likelihood of TMD 
cases experiencing pain fluctuations between visits. In this analysis, the presence of pain fluctuations (yes/no) 
was considered as a dependent variable, while the TMD group category (low-/high-impact pain) was considered 
as the independent variable. The results of the logistic regression model are presented as odds ratios (ORs) plus 
95% confidence intervals (CI). The alpha threshold for statistical significance was set at 0.05.

For the secondary objective, we assessed within- and between-group differences in current jaw pain ratings 
(high- and low-impact TMD groups) and PPT (high- and low-impact TMD and pain-free controls groups) in the 
face and in the hand over the three visits. Thus, a linear mixed model for each outcome was performed assuming 
an auto regressive variance/covariance matrix for time (assuming adjacent time points are more correlated than 
non-adjacent time points). Main effects for “group” and “visit”, and the interaction between “group” and “visit” 
were included. Correlations between jaw pain intensity and PPT of the face and hand for the three visits was 
also assessed using Pearson correlation analyses and linear models. Finally, we assessed the association of jaw 
pain intensity ratings and PPT for face and hand with potential sensory testing confounders collected at each 
visit: starting time of the visit (“6:00 to 10:00”, “10:01 to 14:00”, or “14:01 and later”), menstrual cycle phase (no 
menses, menstrual, follicular, periovulatory, luteal, premenstrual), caffeine intake (none, low, moderate, high) 
or medication intake (MQS score).

All statistical analyses were performed with R software version 4.0.2 (R Foundation for Statistical Computing, 
Vienna, Austria) and SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA).

Results
Clinical and psychosocial characteristics are reported in Table 1. While age and body mass index were similar 
between groups (p value = 1.000), both groups of TMD cases differed from controls in several clinical and 
psychosocial characteristics, suggesting higher psychosocial distress for TMD cases regardless of pain impact 
status. This difference was more evident between the high-impact TMD pain group and pain-free controls, where 
greater scores were observed across all domains in the high-impact TMD group, including total number painful 
body sites and number of comorbidities, jaw functional limitation, depressive symptoms and somatization, oral 

Table 1.  Clinical and demographic characteristics collected at visit 1. Results are reported as means and 
standard deviations. Two group comparisons were conducted using Mann–Whitney U test, while three group 
comparisons were conducted using Kruskal–Wallis test. p values presented for the main between-group 
comparisons are Bonferroni corrected for multiple comparisons. BMI body mass index, JFLS jaw functional 
limitation scale; PHQ pain health questionnaire, OBC oral behavioral checklist; PSS perceived stress scale, 
PSQI Pittsburgh sleep quality index. *Characteristic pain intensity was measured as part of the graded chronic 
pain scale scoring algorithm.

Controls (n = 17)
Low-impact TMD 
(n = 15)

High-impact TMD 
(n = 15) 3-Group p value

Post-hoc pairwise comparison p values

Controls versus 
high-impact TMD

Controls versus low-
impact TMD

High- versus low-
impact TMD

Age (years) 34.5 ± 13.7 33.9 ± 13.6 33.8 ± 12.6 1.000 – – –

BMI (kg/m2) 25.7 ± 6.5 26.5 ± 6.3 25.7 ± 7.1 1.000 – – –

Characteristic pain 
intensity (0–100)* – 47.3 ± 16.1 65.6 ± 10.1 0.013 – – –

Pain duration (years) – 14.1 ± 12.1 11.0 ± 8.6 1.000 – – –

Total number painful 
body sites (0–45) 0.5 ± 1.2 13.3 ± 7.9 14.7 ± 9.1 0.013 0.013 0.013 1.000

Comorbidity Index 
(0–18) 0.4 ± 1.0 2.3 ± 2.0 2.5 ± 1.9 0.013 0.026 0.004 1.000

JFLS‐20 (0–10) 0.0 ± 0.0 1.9 ± 1.0 2.9 ± 1.6 0.013 0.013 0.013 1.000

PHQ‐9 (0–27) 1.8 ± 1.5 6.7 ± 5.4 6.8 ± 5.2 0.013 0.026 0.065 1.000

GAD‐7 (0–21) 3.1 ± 3.8 6.1 ± 4.1 7.8 ± 6.2 0.195 0.299 0.897 1.000

PHQ‐15 (0–30) 3.7 ± 2.7 8.8 ± 4.3 10.6 ± 6.7 0.013 0.013 0.026 1.000

OBC (0–84) 18.9 ± 7.0 35.3 ± 10.7 35.9 ± 15.7 0.013 0.026 0.013 1.000

PSS (0–40) 10.7 ± 6.4 15.0 ± 6.4 17.3 ± 6.6 0.234 0.247 1.000 1.000

PSQI (0–21) 4.0 ± 2.4 8.2 ± 4.6 9.3 ± 3.4 0.013 0.013 0.169 1.000
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habits and sleep quality (Table 1). However, no significant differences were observed in anxiety or stress. In the 
low-impact TMD pain group, the total number of painful body sites, jaw functional limitation, oral behaviors, 
and somatization scores were significantly higher than pain-free controls. Nonetheless, no significant differences 
were found between high- and low-impact TMD pain groups for any of those measures except characteristic 
pain intensity (CPI, p value = 0.013), which was partially expected as it is included in the algorithm to determine 
GCPS grades 0 to IIb (grades III and IV are determined from other information, regardless of the CPI).

Jaw pain fluctuations at the individual level. Jaw pain fluctuations were observed in 14 out of 30 TMD 
cases, being more frequent among high-impact TMD cases: 10 out of 15 (66.7%), than those with low disability: 
4 out of 15 (26.7%); Chi square (df = 1) = 4.53; p = 0.033 (Fig. 1). Results from the logistic regression revealed 
that high-impact TMD cases had more than five times higher odds of experiencing pain fluctuations than low-
impact TMD cases (OR 5.5; 95% CI 1.2, 26.4). Exploratory univariate analyses did not reveal any potential vari-
able significantly associated with pain fluctuations, except for a positive trend in the association between age and 
pain fluctuations when used alone in the model (p = 0.079). Based on the importance of age in pain fluctuations 
as previously  reported61,62, we decided to include it as a covariate in the logistic regression model which led to 
higher odds of pain fluctuations in the high-impact compared to low-impact TMD group (OR 7.4; 95% CI 1.2, 
43.5; p value = 0.028).

Jaw pain mean ratings over time. Results from the linear mixed model revealed a significant group 
and visit interaction (F [2, 56] = 5.45, p = 0.007). Between-group comparisons by visit (Bonferroni-corrected p 
value cut-off = 0.017) showed significantly greater jaw pain ratings for the high-impact TMD group at visit 1 (t 
[28] = − 2.80; p = 0.009) and visit 2 (t [28] = − 2.7; p = 0.012) but no different than the low-impact TMD group at 
visit 3 (t [28] = − 0.57, p = 0.573) (Fig. 2).

PPT means over time. Regarding PPT in the face, the linear mixed model revealed a significant main 
effect for visit (F [2, 92] = 11.05; p value < 0.001), but the main effect for group was not significant (p = 0.131). The 
“group” and “visit” interaction effect was also not significant (p = 0.221) (Fig. 3A).

Similar findings were observed for PPT of the hand (Table 2). The main effect for visit was significant (F [2, 
92] = 4.41; p value = 0.015) but not for the main effect for group across all visits (p = 0.930) nor the interaction 
group × visit (p value = 0.803) (Fig. 3B).

Associations between mean jaw pain intensity and mean PPT over time. Univariate correlation 
analyses between jaw pain intensity ratings, PPT face, and PPT hand for each of the three visits for both TMD 
groups are shown in Fig. 4. While the correlations between PPT and jaw pain were non-significant in both TMD 
groups, the low-impact TMD group displayed significant positive correlations between jaw pain ratings for all 
three visits, with correlation for PPT face in visit 1 and visit 3 (Fig. 4A) surviving Bonferroni correction. In con-
trast, the high-impact TMD group showed no significant correlations between jaw pain ratings at each visit, yet 
it had significant positive correlations between PPT for the face and hand across visits with several of them below 

Figure 1.  Current jaw pain intensity over time: individual responses. Dotted symbols and solid lines in either 
one or both periods identify participants who presented with pain fluctuations, defined as jaw pain rating 
difference ≥ 20 (0–100 NRS) between visit 1 and visit 2 (period 1) or between visit 2 and visit 3 (period 2). 
Empty symbols and dashed lines in both periods identify participants with no such pain fluctuations.
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Figure 2.  Current jaw pain intensity over time: Group means. Symbols on the left represent raw data points per 
participant; boxplots show median and interquartile range. Group means are shown with error bars representing 
their respective bias-corrected and accelerated (BCa) bootstrapped 95% confidence intervals.

Figure 3.  Pressure pain thresholds in the face (A) and hand (B) over time: group means. Symbols on the left 
represent raw data points per participant; boxplots show median and interquartile range. Group means are 
shown with error bars representing their respective bias-corrected and accelerated (BCa) bootstrapped 95% 
confidence intervals.
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Bonferroni-corrected p value threshold (Fig. 4B). Results from the linear model including jaw pain intensity and 
PPT did not reveal any significant associations between jaw pain ratings and PPT of the face (p = 0.968) and the 
hand (p = 0.071).

Potential sensory testing confounders. Most potential sensory testing confounders tested (menstrual 
phase, caffeine intake, medication intake) did not differ between the three groups over time, nor were associated 
with pain-impact status or jaw pain intensity ratings for TMD groups (Supplementary Table S1). For starting 
time of the visit, significant positive associations were observed with jaw pain intensity ratings across all TMD 
participants (F [2, 21] = 6.04; p value = 0.009), as later starting times were associated with higher pain intensity 
(“6:00–10:00” vs. “14:00+”, p value = 0.025; “10:01–14:00” vs. “14:01 or later”, p value = 0.004); however when the 
model included pain-impact status for TMD participants plus its interaction with visits, the starting time of the 
visit was no longer significant (p value = 0.738).

Discussion
The main outcomes from the present proof-of-concept study suggest that individuals with high-impact TMD 
pain have greater likelihood of experiencing clinically significant pain fluctuations within a short-term period 
than those categorized as having low-impact TMD pain. Indeed, high-impact TMD cases had 5.5 greater odds 
of experiencing jaw pain fluctuations relative to low-impact TMD cases, indicating that short-term jaw pain 

Table 2.  Repeated clinical and experimental pain measures for each visit. Results are presented as mean and 
standard deviation. NRS numerical rating scale, PPT pressure pain thresholds, TMD temporomandibular 
disorders.

Controls (n = 17) Low-impact TMD (n = 15) High-impact TMD (n = 15)

Pain intensity (0–100 NRS)

Visit 1 – 26.0 (23.5) 47.5 (18.3)

Visit 2 – 21.0 (15.6) 37.9 (18.8)

Visit 3 – 19.1 (19.3) 22.9 (16.4)

Face PPT (kPa)

Visit 1 155.8 (35.5) 120.7 (32.4) 152.1 (72.4)

Visit 2 140.6 (33.4) 114.3 (32.6) 148.8 (55.2)

Visit 3 163.9 (34.9) 149.2 (45.3) 159.7 (39.4)

Hand PPT (kPa)

Visit 1 342.8 (76.0) 314.9 (83.9) 341.8 (144.8)

Visit 2 309.2 (76.2) 295.5 (89.1) 311.0 (92.5)

Visit 3 343.8 (75.6) 358.0 (122.1) 343.4 (111.5)

Figure 4.  Correlograms for Pearson’s correlation coefficient in low-impact (A) and high-impact (B) TMD 
pain cases. The diameter and color of the circles is proportional to the correlation coefficient magnitude and 
sign, respectively, as shown in the color bar on the right. p values for correlations represented as: “*” ≤ 0.05; 
“**” ≤ 0.01; “***” ≤ 0.001.
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fluctuations may be at least partially associated with greater impact for TMD pain. In addition, we found that 
jaw pain intensity ratings were not associated with PPT when assessed over trigeminal and non-trigeminal body 
sites, potentially suggesting dissociated mechanisms underlying fluctuations of ongoing clinical jaw pain and 
evoked PPT measurements over short-term periods (Fig. 5).

Reports of pain fluctuations over time and their possible determinants have increased in numbers over the 
last decade to address the need to better understand the pain experience of chronic pain cases in a longitudinal 
fashion. Several factors have been associated with the presence of clinically significant pain fluctuations in diverse 
pain conditions. For example, mechanical issues such as knee and hip buckling have been associated with more 
short-term pain exacerbations in patients with  osteoarthritis63,64, while psychological problems such as depres-
sion and stress have been independently associated with a higher risk of pain flares in low back  pain28. Other 
factors such as poor sleep quality and heightened stress were also implicated with pain flares in qualitative studies 
among patients with  fibromyalgia65. Moreover, pain fluctuations have also been associated with external factors 
such as  weather65,66 and daily temperature  variations67,  smoking25 among other reported  factors68. Altogether, 
these findings support the view that the pain experience over time is a highly complex and dynamic process, 
and teasing apart which factors contribute most to pain fluctuations for a particular individual may assist in 
developing personalized treatment strategies aimed at reducing those fluctuations and their deleterious effects 
to global health self-perception.

Several studies have recognized disability (i.e., impairment in daily activities) as not only an important 
 consequence69 of but also a contributor to pain fluctuations in different pain  conditions24,70. For instance, it was 
found that in patients with rheumatoid arthritis the functional disability assessed with the Health Assessment 
Questionnaire–Disability Index (HAQ-DI) at baseline was independently associated with an increased risk of 
pain flares over a 12 months  period24,70. The GCPS is a widely used instrument to assess the global severity of 
chronic pain based on its related  disability29, and it is probably one of the most frequently used among orofacial 
pain  disorders71–74. To the best of our knowledge, no previous study investigated the influence of pain-related 
impact status on short-term jaw pain fluctuations in TMD cases. As stated previously, our results suggest that 
high-impact TMD pain cases were more likely to experience pain fluctuations than those with low-impact pain 
observed over a < 21 days period. One possible explanation is that high-impact TMD pain patients present a more 
“active” state of the disease. TMD is a heterogenous group of muscular and TMJ disorders, which can include 
inflammation especially when the TMJ is affected. Although our TMD case definition is based on myofascial 
pain, the presence or absence of arthralgia was not an exclusion criterion, therefore one cannot rule out that dif-
ferent pathophysiological mechanisms that could be related to  arthralgia35,75, such as for example inflammation 
(e.g., due to arthritis)76–78, could lead to jaw pain exacerbations. Against this possibility is the fact that the pres-
ence of arthralgia was equally present among TMD cases (86.7% in each TMD group). In addition, even though 
patient pain-impact status were determined prior to the assessment of jaw pain fluctuations, we cannot exclude 
that chronic and frequent pain fluctuations prior to study enrollment is related to TMD cases reporting greater 
disability related to jaw pain thus leading them to be categorized as high-impact TMD cases. Future studies will 

Figure 5.  Graphical summary of the study from a conceptual illustration perspective.
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need to address the direction of this association more closely, possibly including different diagnostic subgroups 
or profiles (i.e., only myofascial pain, only arthralgia, combined myofascial pain and arthralgia, etc.), as their 
underpinnings and outcomes may  differ79–81.

Experimental pain assessed by PPT over the face and hand did not show significant associations with clinical 
jaw pain ratings reported by TMD cases, which is consistent with observations of previous  studies43. Similarly, 
PPT changes over time could not predict the incidence of new onset TMD in the Prospective Evaluation and Risk 
Assessment (OPPERA) study, likely the largest prospective investigation of TMD incidence published to  date42. 
This lack of association between clinical pain ratings and PPT was also demonstrated for other pain conditions 
such as fibromyalgia, whiplash, and low back  pain82–85, perhaps suggesting that ongoing clinical pain and evoked 
pain assessed with PPT likely involve different contribution of peripheral and central pain  mechanisms82. How-
ever, this remains as an educated conjecture and it needs to be interpreted cautiously within the complexity of 
the chronic pain conundrum, as for example a recent study found that local PPT only explained a 9% variance 
in resting (i.e., not provoked) pain  ratings85. In addition, there is evidence pointing towards other sources of 
variability such as the difference between static (e.g., pain threshold) and dynamic (e.g., temporal summation) 
pain sensitivity ratings, and between movement-evoked pain and traditional clinical pain  measures85–87, possibly 
suggesting different underlying mechanisms. In that way, the assessment of pain in TMD in a more exhaustive 
fashion, also including dynamic tests and motor tasks such as talking, yawning, or chewing becomes highly 
pertinent in the study of pain fluctuations.

Remarkably, we did not observe a statistically significant difference in PPT between cases and controls, despite 
low-impact TMD cases presenting numerically lower mean PPT in the face in visits 1 and 2. This finding is in 
contrast to a body of literature reporting decreased PPT over the masseter muscles in TMD cases when compared 
to  controls88–90, however this discrepancy has also been reported previously by  others91 and it has been recently 
suggested that somatosensory amplification may act as confounder for decreased  PPT92. We observed that jaw 
pain ratings across visits were correlated between each other in the low-impact TMD group, while in the high-
impact TMD group significant positive correlations were found between PPT across visits (both face and hand 
sites), which could suggest that pain-related impact status differentially contributes to the longitudinal pattern for 
clinical and experimental pain in each of these TMD groups. Future studies investigating the association between 
pain fluctuations using methods that can probe central neural pain mechanisms, such as endogenous pain modu-
lation and neuroimaging may help advance our understanding of the role of pain fluctuations in chronic TMD.

The GCPS is thought to characterize patients suffering from diverse pain conditions and categorize them in 
a way that improves pain management leading to more efficient  care32,59. One potential treatment strategy aris-
ing from the classification of TMD patients based on pain-related impact is that treatment strategies focused on 
self-care recommendations in non-specialist settings may be more appropriate for “functional” TMD patients 
(low-impact pain), whereas “dysfunctional” TMD patients (high-impact pain) may be better served by add-
ing psychological interventions such as cognitive behavioral therapy in specialist care  centers32,33, given their 
increased report of psychosocial  issues93,94. Interestingly, we did not observe psychosocial scores differences 
between high- and low-impact TMD pain groups (Table 1), as one could originally expect. Whereas both TMD 
groups presented a higher number of comorbidities and painful body sites, somatization, depressive symptoms, 
oral habits, jaw limitation and poorer sleep quality than healthy controls, psychosocial measures did not differ 
between TMD groups. A possible explanation might be the existence of other subgroups and pain disability 
gradients with TMD cases, as past research observed that differences in psychosocial scores were more pro-
nounced between painful TMD patients with no disability (GCPS grades I and II with no disability points) 
and high disability (GCPS grades III and IV with 3–6 disability points) when they were categorized into three 
groups (i.e., no disability, low disability, high disability)33,95. Future studies are needed to determine the presence 
of different subgroups of TMD cases, possibly using the recently proposed revision of the GCPS (GCPS-R)96, 
where an additional category in between low- and high- impact pain, such as “bothersome” (moderate to severe 
pain intensity with lower interference with life activities as per the GCPS-R), could prove to be more specific to 
capture clinical differences.

This study presents some limitations to be considered. First, it is based on secondary analyses of a parent 
study that was designed to assess outcomes related to somatosensory characteristics and neuroimaging, so the 
sample size included was not based on a priori power analysis to detect the effect of the statistical tests at the 
pre-established significance level of 0.05 for the primary outcomes reported herein. Chronic pain is a complex 
phenomenon with inherent within and between person high variability, influenced by numerous internal and 
external  variables9,10. In adult musculoskeletal conditions, pain fluctuations are recognized as a complex, multi-
layered, whole-body experience events that affect quality of life through different angles that are not only limited 
to pain and are unique for each  individual10,97–99. Hence, the limited sample size in this study is unlikely to capture 
the full complexity of pain fluctuations, and larger studies with increased sample size and experimental visits are 
encouraged. Second, as only females were included given the higher prevalence of TMD in females, these results 
might not be generalizable to male TMD cases. Third, a denser sampling of jaw pain ratings would improve the 
assessment of within-person short-term variability for the included outcomes. Micro-longitudinal studies with 
daily assessments that may include two or more intra-day measurements can provide more insight about both 
day-to-day and intra-day symptoms fluctuations in TMD patients. One option is the use of electronic diaries 
as they can provide measurements of short-term pain changes assessed in a natural environment rather than in 
experimental  settings100,101, thus allowing more adequate “real-life” pain fluctuations estimation and identifica-
tion of their determinants. Moreover, as mentioned earlier, the use of dynamic sensory tests and motor tasks in 
addition to static sensory measures is also encouraged.

In conclusion, results from this proof-of-concept study suggest that high-impact TMD pain cases are more 
likely to experience short-term clinically significant pain fluctuations than those with low-impact TMD pain. 
These pain fluctuations were not well correlated with PPT fluctuations, suggesting that potentially complex and 
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dynamic diverse mechanisms mediate these short-term variations in the pain experience. Due to the nature of 
the study, caution is warranted when interpreting these results. Future studies are needed to better understand 
the role of pain-related impact level and other possible determinants for short-term jaw pain fluctuations among 
TMD cases, with the goal of developing targeted treatment strategies to reduce their occurrence leading to 
improved patient perception of clinical pain management outcomes.
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