
O R I G I N A L  R E S E A R C H

Neurocognitive Functioning in Patients with 
Painful Temporomandibular Disorders
Kordian Staniszewski1, Eivind Haga Ronold 2, Åsa Hammar2,3, Annika Rosén 1,4

1Department of Clinical Dentistry, University of Bergen, Bergen, Norway; 2Department of Biological and Medical Psychology, University of Bergen, 
Bergen, Norway; 3Department of Clinical Sciences Lund, Psychiatry, Faculty of Medicine, Lund University, Lund, Sweden; 4Department of Oral and 
Maxillofacial Surgery, Haukeland University Hospital, Bergen, Norway

Correspondence: Kordian Staniszewski, Department of Clinical Dentistry, University of Bergen, Årstadveien 19, Bergen, 5009, Norway,  
Tel +47 47602632, Email Kordian.staniszewski@uib.no 

Aim: To investigate psychosocial factors in painful TMD (pTMD) which could have consequences for mastering chronic pain.
Methods: Our study included 22 patients (20 women, 2 men) with pTMD, refractory to conservative treatment, and 19 healthy 
controls. The control group was matched for gender, age, and educational level, and IQ tested on the Wechsler Abbreviated Scale of 
Intelligence. Neurocognitive function was tested with the Color-Word Interference Test (CWIT). Pain intensity was reported according 
to the General Pain Intensity Questionnaire (GPI), using the Numeric Rating Scale (NRS). Self-perceived cognitive difficulties were 
reported by the Perceived Deficits Questionnaire-Depression 5-item (PDQ-5). Two measures of rumination were included: the 
Rumination-Reflection Questionnaire (RRQ) and the Ruminative Response Scale (RRS). The Montgomery Åsberg Depression 
Rating Scale Self-report (MADRS-S) was used to measure depressive symptoms, and the Oral Health Impact Profile-TMD (OHIP- 
TMD) to measure QoL related to oral health.
Results: There were no statistical differences in age (median pTMD: 55 years, median control: 53 years), educational level, and IQ 
between pTMD and controls. Median pain intensity in pTMD was NRS 8 at maximum and the median pain duration was 18 years. 
There were no significant differences in CWIT between pTMD and controls. Self-perceived cognitive function (PDQ) was signifi-
cantly poorer in pTMD. Rumination scores from both measures, and the depression score from MADRS, were significantly higher in 
pTMD. The OHIP-TMD score revealed a significantly poorer QoL in pTMD.
Conclusion: The group of pTMD patients have self-perceived cognitive difficulties that may make it more difficult to master chronic 
pain and common everyday tasks. They reported significantly more self-perceived cognitive difficulties, higher rumination, more 
depressive symptoms, and lower QoL compared to healthy controls, suggesting that these psychosocial factors could be targeted in 
treatment and interventions. However, the tested neurocognitive performance was equivalent to the control group.
Keywords: cognitive function, chronic pain, self-perceived deficits, depressive symptoms, rumination, quality of life

Introduction
Temporomandibular disorders (TMD) are conditions that can cause pain, discomfort, and functional difficulties in the 
temporomandibular joint and the muscles involved in chewing.1 TMD have been found to be associated with several 
other comorbidities, including fibromyalgia, irritable bowel syndrome, and depression, and additionally to trauma and 
stress symptoms2 In the OPPERA study, it was found that individuals with TMD symptoms were more likely to have 
higher prevalence of psychosocial factors such as somatic awareness, distress, catastrophizing, pain amplification, and 
psychosocial stress, when compared to healthy individuals.3–5 Several studies have strongly associated catastrophizing, 
anxiety, and depression with TMD,6,7 and one study observed a significant correlation between catastrophizing and 
higher pain intensity in a group of patients with temporomandibular joint disorders and chronic pain.8 Previous research 
has demonstrated a higher likelihood of TMD in patients with a history of specific mental health and behavioral disorder 
diagnoses.9 Increased anxiety in the general population due to the COVID-19 pandemic has also been associated with 
increased incidence of TMD.10
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TMD patients make high demands of the healthcare system in terms of resources and finances, due to experienced 
non-resolving pain, sick leave, and disability.11 Based on the outcome from a review of chronic pain, it has been 
suggested that the patient’s emotional state may have a significant effect on how pain is experienced, through modulation 
of neuroendocrine and peripheral factors.12 Despite this link between chronic pain and cognitive processes and their 
impact, few studies have investigated the relationship between pain and neurocognitive function.

Neurocognitive function is a complex theoretical concept which can be divided into three main domains comprising 
memory, executive function, and attention. There are several aspects within each domain.13 Executive function (EF) is 
defined as the neurocognitive processes that regulate behavior, affects, and thoughts.14 One aspect of EF is cognitive 
inhibition, which can be measured by the Stroop effect,15 and is defined as “The stopping or overriding of a mental 
process, in whole or in part, with or without intention”.16–18 The Stroop test assesses this effect as the ability to inhibit/ 
stop an automated skill (specifically reading) and is a measure of prepotent response inhibition, which is the ability to 
deliberately suppress dominant responses. Cognitive functioning, including EF, can also be assessed by self-reported 
measures, but most studies find small correlations between standardized tests and self-reported measures.19 Both these 
aspects of cognition contribute to everyday functioning, and therefore both the Stroop task and self-reported cognition EF 
might be useful when conducting studies of neurocognitive functioning in patients with TMD.

As far as we know, few studies have investigated associations between EF and chronic pain outside more general 
conditions such as fibromyalgia,20 and only one of these focused on TMD patients.21 This study of 17 female TMD 
patients and matched controls reported a slower cognitive rate and longer response times for a cognitive inhibition task in 
the TMD group.21 A meta-analysis suggested that there were small to medium differences between chronic pain patients 
and neurocognitive inhibition.20 In populations of patients with fibromyalgia, neurocognitive testing has given contra-
indicatory results, however. More research of cognitive functioning in chronic pain patients is thus needed to investigate 
the extent to which neurocognitive deficits contribute to functioning, symptoms, and quality of life.

Self-reported complaints have also previously been reported to be associated with the increased severity of chronic 
pain, including self-perceived cognitive deficits,22 quality of life (QoL) related to oral health,23,24 and rumination.25,26 

Rumination is an emotional regulation strategy consisting of repetitive negative thoughts about past events and aspects 
of oneself, and is associated with anxiety, depression, and neurocognitive deficits.27 Ruminative processes could 
potentially exacerbate pain,25 and can be separated into reflective depressive and brooding rumination, of which the 
former is the least pathological.28 Depressive rumination28 is associated with low mood and could mediate the 
association between pain and depression. Pain could induce a lowered mood, causing depressive rumination. 
Neurotic rumination is the tendency to ruminate more independently of sad mood,29 which could be important with 
regard to chronic pain, as it represents a general tendency for maladaptive emotional regulation processes.26 However, 
little is known about the presence of these emotional regulation strategies in groups with chronic pain. Rumination 
would be expected to be higher in connection with chronic pain and associated with depressive states, lowered mood, 
and lower QoL.

The overall aim of the present study was to investigate psychosocial factors in painful TMD (pTMD) that could have 
consequences for the mastering of chronic pain. The psychosocial factors, including neurocognitive function, self- 
perceived cognitive difficulties, rumination, depression and QoL, were compared to healthy controls. We hypothesized 
that: 1) Cognitive inhibition measured by the Stroop test is significantly poorer in patients with pTMD compared to 
controls; and 2) Self-reported cognitive function and QoL is poorer, and rumination and depression is higher, in pTMD 
patients compared to controls.

Methods
Study Design
The present study utilized a controlled cross-sectional design to compare patients with pTMD to a healthy control group. 
The patients in the present study were previously assessed as part of a national interdisciplinary evaluation program for 
program for pTMD at Haukeland University Hospital (HUH) in Bergen, Norway.30
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Study Population
The pTMD patients were referred by their GMP to the National TMD project from all health regions in Norway during 
the years 2013–2018, for assessment by the interdisciplinary team, and were consecutively included in the study. The 
patients with pTMD were referred to the National TMD project by GMP from various health regions in Norway between 
2013 and 2018. These patients underwent assessment by the interdisciplinary team and were consecutively included in 
the study. The inclusion criteria were adults older than 18 years with TMD-related pain at least during the last year. The 
patients included were diagnosed by the interdisciplinary team in accordance with a beta version of the TMD guidelines 
from the Norwegian National Health Directorate that were later published in 2016,31 which are comparable with the 
diagnosis included in the Diagnostic Criteria for TMD (DC/TMD).32 Exclusion criteria were non-TMD-related orofacial 
pain, substance abuse, obvious psychiatric diagnoses, and unresolved economic disability claims. In total, 129 pTMD 
patients were clinically examined.

During 2021, the pTMD patients were invited by email to participate in the present study. Exclusion criteria for the 
TMD patients in the present study were the same as for the interdisciplinary investigation, in addition to (color) 
blindness, poor Norwegian language skills, and IQ< 70. A control group was randomly selected using the Norwegian 
National Population Register (Folkeregisteret) and invited by email to join the project, and also by recruiting acquain-
tances of the research group. In total, 150 control subjects were invited via the Norwegian National Population Register. 
The control group was matched with the pTMD patients in terms of age, gender, and educational level. The control group 
were adults matched by age and gender with the pTMD patient group. Exclusion criteria for controls were TMD 
symptoms or other musculoskeletal pain, and symptoms in the head and neck area, (color) blindness, poor Norwegian 
language skills, and IQ< 70.

Ethics
Ethical approval was granted by the Regional Ethical Review Board Southeast (2015/930) for the first 60 TMD patients, 
and (2018/647) for an extension to 129 patients, in accordance with the Helsinki Declaration (1964). The present study 
was a continuation of previous research from the interdisciplinary evaluation program at HUH. Written informed consent 
was received from all subjects prior to testing, and participating in the study.

Educational Level
The educational level of each subject was registered and categorized in 6 levels: 1) primary school, 2) vocational 
diploma, 3) high school, 4) bachelor’s degree, 5) master’s degree, 6) PhD or higher.

Assessment of General Cognitive Functioning
To assess whether the subjects’ general intelligence differed, the 2-subtest form of the Wechsler Abbreviated Scale of 
Intelligence (WASI) was performed for both the TMD patients and the healthy controls. The test consisted of 
a vocabulary and a matrix reasoning task.33 This was performed in order to evaluate whether differences between the 
groups in the Color-Word Interference Test (CWIT), and other outcomes, were due to specific deficits in inhibition or 
differences in general cognitive functioning (IQ).

Neurocognitive Inhibition Test/Stroop Test
The neurocognitive testing of the TMD patients and control subjects was performed at the Neuropsychological Clinic at 
the Faculty of Psychology, University of Bergen. The test applied was the CWIT from the Delis-Kaplan Executive 
Functioning Scale, consisting of four subtests to evaluate processing speed, inhibition, and mental flexibility.34 The 
subtests include S1) naming colors, S2) reading colors, S3) inhibition, and S4) switching. Subtest 3 consists of naming 
colored words, where there is a mismatch between the name of a color (eg “blue”, “green”, or “red”) and the color it is 
printed in (eg the word “red” printed in blue ink, instead of red ink). The test subject is asked to name the color of the 
print, and not the incongruently written word, resulting in an inhibition of the automatic tendency to read (Stroop effect). 
In subtest 4, the subject alternates between reading color words and naming the color printed in a mismatching ink (S2 
and S3 switching). A test score was registered for each subject, based on the time in seconds the subject needed to 
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perform each subtest, and the number of errors for each subtest. Two additional CWIT measurements were calculated; 1) 
Contrast inhibition = S3-((S1+S2)/2) and 2) Contrast switching = S4-((S1+S2)/2).

Questionnaires
Subjects in the pTMD and control groups were asked to fill in personal information, including age, gender, and 
educational level. Several validated questionnaires were included in the study for self-administration by the subjects.

A four-item General Pain Intensity Questionnaire (GPI) was used to indicate the subjects’ subjective experience of 
pain and degree of suffering from pain, according to the Numeric Rating Scale (NRS). The subjects reported their: 1) 
pain intensity when it is at a minimum, 2) pain intensity when it is at a maximum, 3) how much they suffered from pain, 
and 4) the highest pain intensity they could accept to live with. A 0–10 NRS was used, where 0 represents no pain at all, 
and 10 represents the worst imaginable pain.35

Both the Rumination-Reflection Questionnaire (RRQ)29 and the Rumination Response Scale (RRS)28 were included. 
The RRQ is a 24-item questionnaire based on a 1–5 scale, where 1 represents “strongly disagree” and 5 represents 
“strongly agree” to statements on the tendency to ruminate or reflect on various aspects of self-related thought. The first 
12-point rumination scale (RRQ questions 1–12) consists of questions concerning negative self-referential thought 
associated with neuroticism (Trapnell & Campbell, 1999). The second 12-point rumination scale (RRQ questions 13– 
24) measures reflection. The RRS is a 22-item 4-point scale measuring depressive rumination from 1-“almost never” to 
4-“almost always” (range 22–88).

The Montgomery Åsberg Depression Rating Scale Self-report (MADRS-S)36 is a 9-item questionnaire measuring 
depressive symptoms during the past three days. MADRS-S is based on a 7-point scale (0–6) to evaluate the state of 
depression, where a higher score refers to a higher level of depression symptoms.

For brief assessment of self-perceived cognitive difficulties, the Perceived Deficits Questionnaire-Depression 5-item 
(PDQ-5)37 was used. The PDQ-5 is a five-item, 5-scale (0–4) questionnaire, where a higher score refers to greater difficulties.

The Oral Health Impact Profile (OHIP) is a reliable and validated measure of QoL related to oral health.38 OHIP is 
based on a numeric 0–4 scale, where 0 represents “never” and 4 represents “very often”. OHIP-TMD was the version 
administrated by the subjects in the present study. OHIP-TMD is a 22-item questionnaire that has previously been 
reported to be an appropriate psychosocial measure of QoL in patients with TMD.39

Statistical Analyses
All statistical analyses were performed in STATA (StataCorp, College Station, TX, USA v.17). Mean, median, range, and 
standard deviation (SD) were calculated for each variable in both study groups. A p-value of no difference between the 
pTMD group and the control group was calculated with a Wilcoxon rank-sum test (Mann–Whitney U-test) for all 
variables, except pain duration due to non-applicable data in the control group.

Results
Study Population
In total, 126 of the 129 pTMD patients from the National pTMD project at HUH received an invitation to participate in 
the study. 39 out of the 126 pTMD patients signed up to participate in the study. 22 out of 39 pTMD patients completed 
the tests in the present study. In the control group, 11 out of 19 subjects were tested and included by random selection 
from the Norwegian National Population Register. The remainder of the control subjects were recruited from among 
acquaintances and co-workers at the university who were not part of the research group in the present study. The final 
study group consisted of 20 women and 2 men in the pTMD group, and 17 women and 2 men in the control group. 
Further details of the study population included are presented in Figure 1.

Demographic Data
There were no statistical differences in age, educational level, and IQ between the pTMD group and the control group. 
Demographic data is presented in Table 1.
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TMD Diagnoses and Pain Intensity
The TMD diagnoses for the full study group of 22 pTMD patients were myalgia (n = 10), arthralgia (n = 2), disc 
derangement (n = 3), and combinations (n = 7). The median pain duration in the pTMD group was 18 years, range 7–42. 
The median pain intensity for the pTMD group was NRS 8 at maximum and NRS 3 at minimum. The median suffering 
from pain was reported to be NRS 5 out of 10. Only one control subject reported pain (not in the head and neck area). 

Figure 1 Flow chart of pTMD patients and healthy individuals included. 
Note: In total, 22 pTMD patients and 19 controls were tested and included in the study. 
Abbreviations: TMD, temporomandibular disorder; pTMD, painful temporomandibular disorder.

Table 1 Demographic Data of pTMD Patients and Controls

Demographics Age (Years) Education 
(Level 1–6)

WASI (IQ) Pain Duration 
(Years)

pTMD (n=22; 20W, 2M)

Mean 54 3.1 112 21
Median 55 3.5 115 18

Range 34–78 1–5 94–130 7–42

SD 11.5 1.4 10.8 10.1
Control (n=19; 17W, 2M)

Mean 53 3.5 118 Na

Median 56 4 117 Na
Range 33–78 1–5 107–134 Na

SD 11.0 1.2 6.4 Na

p-value (Wilcoxon exact) 0.995 0.441 0.161 Na

Note: There were no statistical differences in age, educational level, or IQ between the pTMD group and the control group. 
Abbreviations: M, men; n, number; pTMD, painful temporomandibular disorders; SD, standard deviation; W, women; WASI 
(IQ), Wechsler Abbreviated Scale of Intelligence (intelligence quotient).
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The median highest intensity of pain with which the subjects could accept to live was significantly higher for the pTMD 
group than for the control group. Details of pain intensity are presented in Table 2.

Neurocognitive Inhibition
There were no statistical differences in CWIT performance between the pTMD group and the control group (Table 3).

Questionnaires
Rumination scores from RRQ questions 1–12, and the RRS, were significantly higher for the pTMD group. The 
depression score from MADRS was also significantly higher for the pTMD group. Self-perceived cognitive function, 
shown by tPDQ, was significantly poorer for the pTMD group. The score from the OHIP-TMD revealed a significantly 

Table 2 General Pain Intensity Questionnaire Using the Numeric Rating Scale

General Pain Intensity GPI Min 
(NRS 0–10)

GPI Max 
(NRS 0–10)

GPI Suffer 
(NRS 0–10)

GPI Accept 
(NRS 0–10)

pTMD (n=22; 20W, 2M)

Mean 2.5 7.5 5.6 3.1

Median 3.0 8.0 5.0 3.0
Range 0–7 4–10 1–10 0–5

SD 1.9 1.8 2.6 1.3

Control (n=19; 17W, 2M)
Mean 0.2 0.5 0.4 1.6

Median 0.0 0.0 0.0 2.0

Range 0–4 0–10 0–8 0–7
SD 2.3 2.3 1.8 1.9

p-value (Wilcoxon exact) <0.001 <0.001 <0.001 0.002

Notes: Results from the GPI questionnaire, using the NRS (0–10). All variables were significantly higher for the pTMD 
group compared to the control group, including pain intensity at minimum, pain intensity at maximum, how much the 
subjects suffered pain, and the highest pain intensity the subjects could accept to live with. 
Abbreviations: GPI, General Pain Intensity; M, men; NRS, Numeric Rating Scale; n, number; pTMD, painful tempor-
omandibular disorders; SD, standard deviation; W, women.

Table 3 Neurocognitive Performance Tested with the Color Word Interference Test (CWIT)

S1 Naming 
Colors 
(Sec)

S2 Reading 
(Sec)

S3 Inhibition 
(Sec)

S4 Switching 
(Sec)

Contrast 
Inhibition S3- 
((S1+S2)/2)

Contrast 
Switching S4- 
((S1+S2)/2)

TMD (n=22; 20W, 2M)

Mean 34.7 25.9 67.3 82.7 37.0 52.4

Median 33.0 24.0 58.5 72.0 29.8 39.0
Range 24–60 16.0–55.0 39.0–187.0 46.0–276.0 14.5–129.5 21.5–218.5

SD 10.0 8.4 30.5 47.8 23.7 41.5

Control (n=19; 17W, 2M)
Mean 33.5 24.4 56.6 72.6 27.6 43.6

Median 34.0 24.0 55.0 71.0 27.5 42.0

Range 21.0–48.0 18.0–39.0 44.0–87.0 54.0–111.0 18.5–49.5 25.0–79.0
SD 7.6 5.3 9.6 15.8 7.1 13.4

p-value (Wilcoxon exact) 1.000 0.790 0.200 0.964 0.113 0.974

Notes: Results from the CWIT, based on the Stroop effect. All variables were statistically equal between the pTMD group and the control group. Presented results are in 
seconds for S1, S2, S3 and S4. Additionally, two variables were calculated, including contrast inhibition (contrast S3), and contrast switching (contrast S4). 
Abbreviations: CWIT, Color Word Interference Test; GPI, General Pain Intensity; M, men; n, number; pTMD, painful temporomandibular disorders; S, subtest; SD, 
standard deviation; Sec, seconds; W, women.

https://doi.org/10.2147/JPR.S414922                                                                                                                                                                                                                                   

DovePress                                                                                                                                                               

Journal of Pain Research 2023:16 2020

Staniszewski et al                                                                                                                                                    Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


poorer QoL related to oral health in the pTMD group. There were no differences in reflection scores from the RRQ. 
Details of results from the questionnaires are presented in Table 4.

Discussion
In the present study, we observed that pTMD patients reported higher pain intensity, more self-reported cognitive 
difficulties, depression, low oral-health related quality of life (QoL), and more rumination (not reflection) compared to 
the control group. However, neurocognitive inhibition measured by a Stroop test did not differ significantly between the 
pTMD group and the control group.

Hypothesis 1) regarding group differences in neurocognitive inhibition measured by the Stroop test was not 
supported. The authors of a small, previous study of TMD patients, using similar measures of inhibition, observed 
a slower response to all Stroop tasks compared to a control group.21 This could suggest a more general deficit in 
processing speed, rather than a specific deficit in inhibition in TMD patients. However, none of the CWIT conditions 
measuring processing speed differed in the present study, contrary to this notion. There are few studies of TMD in 
relation to cognitive inhibition. However, several studies of patients with fibromyalgia and general chronic pain have 
investigated the relationship between chronic pain and impaired cognitive function. Similar to our results, one study of 
fibromyalgia patients reported subjective patient complaints, while cognitive inhibition examined by errors on a Stroop 
task did not differ from a healthy control group.40 In another study, patients with fibromyalgia showed poorer attention, 
but not inhibition, compared to a control group.41 On the other hand, results from a Stroop test have shown slower 
cognitive processing in patients with fibromyalgia compared to healthy subjects.42 Better cognitive inhibition shown by 
Stroop interference score has also been associated with lower pain intensity in healthy subjects.43 Similarly, poorer 
cognitive inhibition was observed in patients with high-intensity chronic pain, compared to healthy individuals.44 The 
conclusion from a meta-analytic review was that there were significant deficits in cognitive inhibition in populations with 
chronic pain, although the risk of bias is high.20 In the present study, the results of no significant difference in cognitive 
inhibition in pTMD compared to the control group might be due to a small sample size and selection bias, as the 
recruitment rate to participate in our study was low. Future studies of neurocognitive deficits in EF and inhibition in 
pTMD should therefore use sensitive measures and be adequately powered to detect small to medium effects.

Hypothesis 2) regarding group differences in self-reported cognitive functioning, depression, QoL, and rumination 
was supported. The pTMD patients reported significantly poorer cognitive function, higher depression, rumination, and 
reduced quality of life (QoL) related to oral health, compared to the healthy controls. The fact that neurocognitive 

Table 4 Results from Psychosocially-Related Questionnaires

Questionnaires RRQ 1–12 
(Score 12–60)

RRQ 13–24 
(Score 12–60)

RRS (Score 
22–88)

MADRS  
(0–54)

PDQ  
(Score 5–20)

OHIP TMD 
(Score 0–88)

TMD (n=22; 20W, 2M)

Mean 35.3 35.8 35.6 9.7 12.5 43.9

Median 36.0 35.0 33.5 8.0 12.0 43.0
Range 20–48 27–57 23–50 2–27 8–19 17–67

SD 7.5 7.2 8.0 6.1 2.9 13.5

Control (n=19; 17W, 2M)
Mean 27.1 33.7 30.4 4.0 8.5 5.2

Median 27.0 32.0 27.0 3.0 9.0 1.0
Range 12–43 22–45 22–53 0–15 5–15 0–36

SD 8.5 7.1 8.9 3.9 2.5 9.0

p-value (Wilcoxon exact) 0.003 0.564 0.021 <0.001 <0.001 <0.001

Notes: Results from the psychosocially-related questionnaires. All variables were significantly higher in the pTMD group compared to the control group, except RRQ 
questions 13–24 regarding reflection. The elevated scores in the pTMD group include rumination, depression, self-perceived cognitive deficits and quality of life related to 
oral health. 
Abbreviations: M, men; MADRS, Montgomery Åsberg Depression Rating Scale; n, number; OHIP, Oral Health Impact Profile, pTMD, painful temporomandibular disorders; 
PDQ, Perceived Deficits Questionnaire; RRQ, Rumination Reflection Questionnaire; RRS, Rumination Response Scale; SD, standard deviation; W, women.
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inhibition measured by the Stroop task did not differ from the control group indicates that mastering of chronic pain and 
everyday tasks is more related to self- perceived cognitive deficits, rather than neurocognitive function measured by 
behavioral/neuropsychological tests. Patients experience more cognitive impairments than they show in task perfor-
mance. The results are similar to a study of patients with chronic idiopathic pain, where self-perceived cognitive deficits, 
pain-related disability, and reduced QoL were observed, compared to a healthy control group.22 It thus seems that 
patients with chronic pain and pain-related disabilities suffer from self-perceived cognitive deficits and depression, even 
when executive function measured by neurocognitive tests is similar to healthy individuals. There could be several 
reasons for this, as previously discussed by Friedman and Gustavson.19 Self-reported cognitive functioning is more 
sensitive to certain deficits than neurocognitive tests, the latter often being administered in highly controlled, stationary 
environments. Subjectively reported cognitive functioning could thus be more ecologically valid, since it measures how 
patients actually function in their everyday life.19 This could be particularly relevant for chronic pain patients who might 
not be disrupted by pain in stationary tasks, such as neuropsychological testing, but might experience increasing 
difficulties and distress when out and about in their everyday lives. This was supported by a previous study that found 
an interaction between gait movement and Stroop performance in a population with chronic back pain.45 In conclusion, 
self-reported cognitive deficits are more apparent in pTMD than objective deficits, they could influence everyday 
functioning, and interventions reducing such deficits should be developed. In addition, future studies of pTMD should 
utilize more extensive cognitive self-reported measures to assess which areas of cognitive functioning (eg memory/EF) 
are most affected.

The group of pTMD patients in the present study reported significantly higher depressive (RRS) and neurotic (RRQ 
questions 13–24) rumination. Notably, reflection (RRQ questions 13–24) as an adaptive form of rumination did not differ 
from the control group. Rumination could potentially exacerbate pain,25 disrupt cognitive functioning and predispose 
individuals for depression, anxiety, and insomnia,27 and contribute to relapse and recurrence of depression.46 Neurotic 
rumination could influence sensitivity to negative emotion, and has been associated with a more severe course of illness 
in depression,47 and as likely to contribute to the relatively high levels of depression in the pTMD group. Importantly, the 
groups did not differ in reflection, supporting the presence of pathological emotional regulation in this group. In sum, the 
current findings support significantly pronounced dysfunctional emotional regulation strategies in pTMD patients 
compared to controls, which represents a risk factor for psychiatric disorders. Interventions targeting pathological 
rumination, such as cognitive behavioral therapy and mindfulness interventions, could be useful to prevent exacerbation 
of pain and the development of psychiatric disorders, and should be considered for pTMD patients.

Results from the OHIP-TMD questionnaire in the present study revealed that oral health-related QoL was signifi-
cantly poorer in the pTMD group compared to the control group. Poorer oral health-related QoL has also been related to 
more severe TMD in a previous study.23 In another study, oral health-related QoL was also significantly lower in TMD 
patients compared to a control group, and significantly correlated with higher pain intensity in the TMD group.24 

Findings indicate that the severity and pain intensity in TMD are correlated with poorer QoL.
The study had several considerable strengths. A well-selected pTMD sample underwent comprehensive cognitive 

assessment, including neurocognitive tests, emotional regulation, depression and pain, controlled by an IQ measure. To 
the authors’ knowledge this is one of the most comprehensive assessments of cognitive functioning in chronic pain 
patients in general and pTMD patients in particular. The groups were matched according to age and gender and did not 
differ in terms of important demographical variables. In addition, random sampling through recruitment under the 
Norwegian National Population Register was implemented. The internal validity and comprehensive assessments came at 
the cost of external validity and statistical power.

The limitation of the present study is, as mentioned, the small sample size, and possibly selection bias. The 
recruitment rate was low for both the pTMD group and the control group, and it is reasonable to assume that individuals 
with poor cognitive skills would seek to avoid participating in the study, as they might feel that they did not perform well 
enough in such tasks. A lack of significant results from neurocognitive tests could be due to a type-II error due to the 
small sample size.

Altogether, it seems that patients with pTMD might suffer from self-perceived cognitive deficits, rumination, and 
depressive symptoms, which would probably make it even harder for them to handle their pain and could put them at risk 
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of exacerbation and developing psychiatric disorder It is possible that patients with pTMD could increase their cognitive 
functioning by completing a cognitive training program to increase QoL. Such interventions have previously shown 
significant results for the cognitive functioning of patients with a history of depression of depression and residual 
symptoms,48,49 and significant long-term improvements in self-reported EF.50 In patients with chronic myofascial pain, 
self-care interventions have been shown to reduce pain intensity, and increase QoL.51 Nowadays, such interventions can 
be developed through digital platforms, with professional treatment feedback for patients.

Conclusion
Our results show that pTMD patients have self-perceived cognitive difficulties which may make it more difficult to 
master chronic pain and common everyday tasks. However, the neurocognitive inhibition tested by CWIT did not 
significantly differ from the control group. Based on our results, the hypothesis of “Neurocognitive inhibition is poorer in 
pTMD” was rejected, and the hypothesis “Self-perceived cognitive function and QoL is poorer, and rumination and 
depression are higher in pTMD” was approved, and the latter might put patients at risk of functional and psychological 
exacerbation. To improve pTMD treatment outcomes, a learning and mastering course in orofacial pain and digital 
treatment feedback was recently launched at HUH. To further increase the quality of care and the opportunity for patients 
to take responsibility for their own recovery, cognitive training and psychoeducation via digital platforms are being 
developed, and future studies should assess how those influence cognitive function and QoL.
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