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1  |  INTRODUC TION

The term ‘Temporomandibular disorders’ (TMD) is an umbrella term 
which encompasses a range of conditions affecting the temporoman-
dibular joint, surrounding musculature or both (Leeuw, 2013). They 
could manifest in an array of symptoms, including pain, limitation 
of mouth opening, deviation in mandibular movements, joint sounds 
and otalgia (Durham, 2013). The prevalence of this group of condi-
tions is reported to be from 5% to 50% of the general population, 

and is estimated third among chronic pain conditions after common 
headaches and backache (Dworkin, 2011). The Diagnostic Criteria 
for TMD (DC/TMD) classifies TMD broadly into pain-related TMD 
and headache, intra-articular joint disorders and degenerative joint 
disorder (Schiffman et al.,  2014). Being a chronic pain condition, 
TMD is theorised to fall under the biopsychosocial model of pain, 
which depicts pain as a reciprocating interplay among physiological, 
psychological and social factors, eventually giving rise to complex 
pain syndromes such as fibromyalgia, temporomandibular disorders 
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Abstract
Objectives: The aim of this cross-sectional study was to explore the structural valid-
ity and internal consistency reliability of General Anxiety Disorder-7, Patient Health 
Questionnaire-8, 15 and Jaw Functional Limitation Scale-20 in patients with chronic 
pain of temporomandibular disorders.
Materials and Methods: Validity and reliability were assessed in 129 patients diagnosed 
according to the diagnostic criteria for temporomandibular disorders. Structural validity 
was explored using factor analysis, and internal consistency by calculating Cronbach α.
Results: Confirmatory factor analysis revealed a suitable 2-factor model for Patient 
Health Questionnaire-8, with Cronbach α of 0.89, and 0.86. One and 2-factor models 
were suitable for General Anxiety Disorder-7, with overall Cronbach α of 0.93 for the 
1-factor model, and 0.91 and 0.84 for both factors in a 2-factor model. A 4-factor 
solution was appropriate for Patient Health Questionnaire-15, with Cronbach α of 
0.72, 0.57, 0.71 and 0.73 for each factor separately. Exploratory factor analysis was 
conducted to explore the factor structure of Jaw Functional Limitation Scale 20, and 
a 3-factor solution was appropriate.
Conclusions: This study provides positive evidence of structural validity and internal 
consistency of these questionnaires in patients with pain of temporomandibular disor-
ders. However, additional testing is required to explore further psychometric properties.
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and back pain (Edwards et al., 2016). Research has also supported 
a bidirectional link between mood disorders and enduring pain. As 
pain persists, a higher risk of an effective disorder is expected, and 
similarly, psychosocial variables such as distress and anxiety are 
among the most robust predictors of the transition from acute to 
chronic pain (Edwards et al.,  2016). A good deal of empirical evi-
dence supports this argument and several reviews have highlighted 
the importance of such elements in shaping pain-related experiences 
and associated treatment outcomes (Pincus et al.,  2002; Vissers 
et al.,  2012). However, in practice, psychological components are 
often viewed as a reaction to the pain and are assigned secondary 
status (Edwards et al.,  2016). Evidence also suggests that chronic 
orofacial pain is not only a local phenomenon, but an organismic re-
sponse (Dworkin, 2011), where central sensitisation (CS) is involved. 
The International Association for the Study of Pain (IASP) defines 
central sensitisation as ‘Increased responsiveness of nociceptive 
neurons in the central nervous system to their normal or subthresh-
old afferent input’ (IASP, 2011). Chronic pain conditions which are 
considered to fall within the spectrum of CS include fibromyalgia, 
irritable bowel syndrome and TMD. These represent conditions with 
overlapping clinical and pathophysiological features where central 
factors may play a role in their aetiology (Harte et al., 2018).

PROMs are ‘standardised, validated questionnaires that are com-
pleted by the patients to ascertain perceptions of their health status, 
perceived level of impairment, disability, and health-related quality 
of life’ (Kingsley & Patel,  2017). Health measurement instruments 
have many applications in clinical research and practice, based on 
which, treatment decisions may be made. Hence, it is important that 
these instruments are well-designed and psychometrically sound. 
This is usually demonstrated by providing sufficient evidence of a 
rigorous development process and satisfactory psychometric prop-
erties such as validity and reliability (Mokkink et al., 2010a, 2010b). 
One aspect of validity is structural validity, which is defined as ‘the 
degree to which the scores of a health-related PRO instrument are 
an adequate reflection of the dimensionality of the construct to be 
measured’. As for internal consistency reliability, it is ‘the degree 
of the interrelatedness among the items’ (Mokkink et al.,  2010a, 
2010b). PROMs are often tested in a specific population to study 
the acceptability of their behaviour and performance in that popu-
lation, as it cannot be assumed that they will perform well across all 
cohorts. For example, an instrument which measures depression or 
health-related quality of life may require modifications to its factor 
structure or standard cut-off points (Dyer et al., 2016). The present 
authors could not locate any articles which tested the structural va-
lidity of General Anxiety Disorder-7 (GAD7), Patient Health Ques-
tionnaire-8 (PHQ8) and Patient Health Questionnaire-15 (PHQ15) 
in a TMD population.

Thus, the aim of this study was to explore the structural validity 
and internal consistency reliability of GAD7, PHQ8, PHQ15 and Jaw 
Functional Limitation Scale-20 (JLS20) in patients with chronic pain 
related to TMD, to investigate pain levels, functional limitation and 
psychological co-morbidities in this cohort of patients, and to study 
the associations between these variables.

2  |  MATERIAL S AND METHODS

2.1  |  Study design

This was a questionnaire-based study with a cross-sectional design. 
It received ethical approval from the Southeast Scotland Research 
Ethics Committee 1 (REC reference: 19/SS/0130) and was con-
ducted in accordance with the Declaration of Helsinki. The eligible 
participants were recruited from Oral Surgery and Facial Pain clinics 
at UCLH Eastman Dental Hospital from March to September 2021. 
The research activity was conducted at a single time point along-
side standard of care after the conclusion of the participants' rou-
tine clinical visits. They were informed about the study orally and 
provided with a Patient Information Sheet (PIS). Those who showed 
interest were invited to sign an informed consent form and complete 
the study questionnaires.

2.2  |  Participants

Participant recruitment was based upon convenience sampling. Pa-
tients were eligible to take part if they were over the age of 18 and 
had a diagnosis of TMD with associated pain according to the DC/
TMD criteria (Schiffman et al., 2014). Patients having at least one of 
the following diagnoses were eligible: myalgia (local myalgia, myo-
fascial pain, myofascial pain with referral), arthralgia and headache 
attributed to TMD. Additionally, a good command of the English lan-
guage, and an ability to give informed consent were required. Eligible 
patients were invited to take part whether they were new or follow-
up patients at the clinical centre. They were excluded if they had a re-
cent history of surgery or trauma to the head and neck region, if they 
had intra-articular complaints with no associated pain, poor com-
mand of the English language or inability to give informed consent.

The sample size was determined according to the guidance of the 
COnsensus-based Standards for the selection of health Measure-
ment Instruments (COSMIN) initiative risk of bias checklist, where an 
adequate sample when testing the structural validity through factor 
analysis would be at least five times the number of items and ≥100; or 
at least six times the number of items but <100 (Mokkink et al., 2018). 
The longest tool in this study was the JFLS20, containing 20 items. 
Therefore, a minimum of 100 participants were needed.

2.3  |  Procedure and outcomes

A comprehensive clinical exam was carried out to confirm the 
diagnosis of TMD and classify the participants according to the 
DC/TMD criteria. This popular diagnostic criteria consists of two 
axes; axis I offers a classification system obtained from a thorough 
history and an examination checklist, and axis II contains a set of 
PROMs to record several parameters, including pain intensity, jaw 
function, psychological status and psychosocial function (Schiff-
man et al., 2014).
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    |  3TAIMEH et al.

The participants were then asked to complete a set of paper-
based questionnaires including a demographics form collecting the 
age of the participants, sex, ethnicity, smoking status (never, pre-
vious, current smoker), alcohol consumption (Y/N) and the medical 
co-morbidities including other systemic chronic pain conditions. Ad-
ditionally, the participants completed the GCPS version 2.0, PHQ8, 
GAD7, PHQ15 and JFLS20. These five scales compose a part of the 
second axis of the DC/TMD criteria.

The study was reported according to the COSMIN reporting 
guidelines for studies on measurement properties of PROMs (Gag-
nier et al., 2021).

2.4  |  Patient-reported outcome measures

Graded Chronic Pain Scale (GCPS) version 2.0 is a composite score 
which takes into account the Characteristic Pain Intensity (CPI) and 
Interference Score (IS). Two versions exist, 6-month and 1-month 
versions. The 1-month version was chosen as the axis 1 of the DC/
TMD criteria is based on a 1-month reference, therefore, this ver-
sion would be consistent with the classification system used.

Patient Health Questionnaire 8 (PHQ8) is a measure of depressive 
disorders in the general population (Kroenke et al., 2009). The scores 
range from 0 to 24, with values of 5, 10, 15 and 20 representing 
cut-off points for mild, moderate, moderately severe and severe 
depression respectively. A 10-point cut-off score was used in the 
second part of this study to identify positive cases of clinical depres-
sion, hence categorising the scores into a binary variable (<10 and 
≥10) (Feingold et al.,  2017). This scale has been tested repeatedly 
in various populations, with several alternative factor structures 
suggested, including 1-factor, 2-factor and bifactor models. (Chilcot 
et al., 2013; Granillo, 2012; Krause et al., 2011).

General Anxiety Disorder 7 (GAD7): This tool is a simple and short 
questionnaire which was developed to increase recognition of gen-
eral anxiety disorder in primary care (Spitzer et al.,  2006). Scores 
range from 0 to 21, and values of 5, 10 and 15 represent cut-off 
points for mild, moderate and severe anxiety. Similar binary cate-
gorisation was applied to the scores with a 10-point cut-off value 
to identify positive cases of general anxiety disorder (Feingold 
et al., 2017). Akin to PHQ-8, GAD-7 has more than one suggested 
factor solution found in the literature.

Patient Health Questionnaire-15 (PHQ-15): A brief and self-
reported PROM to screen and monitor somatisation and somatic 
symptom severity (Kroenke et al., 2002). Several studies have exam-
ined the psychometric properties of the scale, contributing to sup-
port its validity and reliability in various settings (Han et al., 2009; 
Hyphantis et al., 2014). Scores range from 0 to 30, with scores of 5, 
10 and 15 represent cut-off points for low, medium and high physi-
cal symptoms respectively. Similar to the previous two scales, a 10-
point cut-off score was applied to establish patients with medically 
unexplained physical symptoms (North et al., 2019).

Jaw Functional Limitation Scale-20 (JFLS-20): This instrument as-
sess disability related to facial pain and covers a range of activities 

such as eating foods of various consistencies, yawning and laughing 
in patients with TMD (Ohrbach, Granger, et al., 2008). Two articles 
were identified exploring the factor structure of this instrument 
in the literature, and both showed a three-domain solution (Fetai 
et al., 2020; Xu et al., 2020). A single global score of ‘jaw functional 
limitation’ can be computed as the mean of the available items or by 
computing the mean of the three subscale scores (Mastication: mean 
of items 1–6, Mobility: mean of items 7–10 and Verbal and non-verbal 
communication: mean of items 13–20).

2.5  |  Data analysis

The statistical analysis was performed using STATA version 17 (Stata-
Corp). Descriptive analysis was first conducted to summarise the 
demographics and outcome scores of the sample. The normality of 
distribution of the data was also tested using the Shapiro–Wilk test.

The structural validity of PHQ15, PHQ8, GAD7 and JFLS20 was 
explored in this study by conducting confirmatory factor analysis 
(CFA). Where the factor solutions proposed in the literature did not 
suit any of the PROMs, exploratory factor analysis (EFA) was con-
ducted. The following fit indices were used to judge the suitability 
of the proposed models in CFA: root mean square of error approxi-
mation (RMSEA), standardised root mean squared residual (SRMR), 
comparative fit index (CFI) and Tucker-Lewis index (TLI). RMSEA and 
SRMR values <0.5 are indicative of a good fit, and values <0.8 of an 
acceptable fit. CFI and TLI values greater than 0.95 are considered 
acceptable (Hu & Bentler,  1999). Satorra–Bentler correction was 
applied to account for non-normality in the data, as some of these 
indices are affected by it, especially in small to medium sample sizes 
(Frazier et al., 2018; Nima et al., 2020; Satorra & Bentler, 2001).

In the cases were EFA was needed, several steps were applied 
starting with evaluating whether the data are suitable for this type 
of analysis. A pair of tests were used to that end; the Kaiser–Meyer–
Olkin (KMO) Measure of Sampling Adequacy and Bartlett's Test of 
Sphericity. The KMO index ranges from 0 to 1, with values higher 
than 0.50 considered suitable for factor analysis. The Bartlett's 
test of sphericity should be significant, indicating sufficient inter-
correlations for factor analysis. (Hair et al., 1995; Tabachnick & Fi-
dell,  2007). Factor extraction was subsequently carried out using 
principal factor analysis, to reduce the large number of items into 
factors. Two rules were utilised; the Kaiser's criteria (eigenvalue >1 
rule) (Kaiser, 1960) and the scree test (Cattell, 1966). The scree plot 
is a heuristic graph that plots the eigenvalues against the compo-
nents. By inspecting the elbow of the plot—the point where the no-
table decline in factors levels off—the number of retained factors 
could be estimated (Ledesma et al., 2015).

The initially extracted loadings are usually not particularly inter-
pretable because the items may load on multiple factors. Therefore, 
factor rotation was applied next. It is a mathematical transformation 
with the aim of obtaining an interpretable factor loading matrix that 
provides a simple structure solution (Finch, 2020). Factor rotation 
was done using Promax rotation method with a 0.45 cut-off point 
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4  |    TAIMEH et al.

for factor loadings. Items were excluded if they had weak loadings 
on factors (<0.45), or if they cross-loaded on more than one factor.

Cronbach α was used to measure the internal consistency reli-
ability, with a minimum cut-off point of 0.7 as an acceptable value 
(Terwee et al., 2007).

The associations between the various PROMs and correspond-
ing demographic data were explored by running bivariable analysis 
using Mann–Whitney rank sum test, Kruskal–Wallis test and Spear-
man's correlation for continuous variables, and chi-square and Fish-
er's exact tests for categorical variables. All tests were two-tailed 
and p <0.05 were considered statistically significant.

Missing values were dealt with by mean imputation, where the 
mean of the rest of the items in the scale for each participant was 
used to estimate the missing value. The integer mean value was used.

3  |  RESULTS

One hundred and twenty-nine participants took part in this cross-
sectional study. The mean age was 39.8 years (median = 37) and 
ranged from 18 to 74. 82.17% (n = 106) were females and 17.83% 
(n = 23) were males. The mean duration of onset of symptoms was 
7.5 years (±7.9 SD) with a range of 0.05–38 years. See Table 1 for a 
full description of the participants' details.

In relation to missing data, 0.3%, 0.3%, 1% and 1.8% of the data 
sets were missing for PHQ8, GAD7, PHQ15 and JFLS20 respec-
tively. Mean imputation was used to replace the missing values. No 
participants were excluded as a result of missing data.

3.1  |  PHQ8

Several factor solutions were described in the literature (Krause 
et al., 2011; Lamela et al., 2020; Pagán-Torres et al., 2020). Four of 
those were tested for this scale to identify a suitable fit in a TMD 
sample; 1-factor, 2-factor and bifactor models. See the supplemen-
tary material for a full description of the models tested and the CFA 
fit indices for each of the models. The most suitable solution was 
a 2-factor model. This model suggested a 2-factor solution, with 
items 1, 2 and 6 comprising a cognitive component, and items 3, 4, 
5, 7 and 8 comprising a somatic component. Figure 1 describes this 
model, and Table 2 details the associated CFA fit indices. Cronbach 
α was subsequently calculated based on this model for all the items 
grouped together and for the factors separately. Both values were 
good and fell above the acceptable cut-off point of 0.7. See Table 2.

3.2  |  GAD7

Akin to the other scales, GAD-7 was also tested for its factor struc-
ture several times in different populations (Johnson et al., 2019; Ter-
rill et al., 2015). 1 and 2-factor solutions (f1: emotional and cognitive, 
f2: physical) were tested to assess the best fit model. The fit indices 

for both solutions were suggestive of a good fit. Figure 1 displays 
the tested models, and Table 2 details the resultant CFA fit indices.

Cronbach α was calculated next and gave good results for both 
solutions as well. All alpha values were good and above 0.7. See 
Table 2.

3.3  |  PHQ15

Studies exploring the factor structure of PHQ-15 were reported 
abundantly in the literature (Cano-García et al.,  2020; Leonhart 
et al., 2018; Liao et al., 2016). Hence, multiple models were tested 
to find the best fit. 1-, 3-, 4- and bifactor models were tested. The 
suggested factors were gastro-intestinal, pain, fatigue and cardio-
pulmonary. The supplementary material describes the tested models 
and the fit indices for each solution.

The 1 and 3-factor solutions yielded the poorest fit. The 4-factor 
and bifactor solutions gave a good fit to the data. However, a cou-
ple of points were noted; item 4 was omitted from most articles as 
it contained gender-specific content (menstrual problems). Item 8 
(fainting spells) was also omitted from the model suggested by Cano-
García et al, as it had a very low base rate in their sample. This model 
gave very good results in the current sample, whether item 8 was 
included or excluded.

Cronbach α was calculated for the 4-factor and bifactor models 
proposed in the previous section. Based on the CFA and Cronbach α 
results, the 4-factor solution gave the most satisfactory results. See 
Figure 1 for a description of this model, and Table 2 for the associ-
ated CFA fit indices and Cronbach α.

TA B L E  1  Descriptive statistics of the demographic variables of 
the study participants.

Gender N (%)

Female 106 (82.14%)

Male 23 (17.83%)

Ethnicity

White 84 (65.1%)

Asian 27 (20.9%)

Black 9 (6.98%)

Mixed 5 (3.88%)

Other 4 (3.10%)

Smoking status

Never smoked 84 (65.1%)

Previous smoker 31 (24%)

Current smoker 14 (10.9%)

Alcohol consumption

Non-drinker 69 (49.64%)

Drinker 70 (50.36%)

TMD symptoms

Pain only symptoms 65 (50.4%)

Pain+ intraarticular involvement 64 (49.6%)
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    |  5TAIMEH et al.

3.4  |  JFLS20

The original development articles used Rasch analysis to as-
sess the relevance of the items. (Ohrbach, Granger, et al., 2008; 

Ohrbach, Larsson, et al., 2008). Two further studies explored the 
factor structure of JFLS-20, both describing a 3-factor solution 
(Fetai et al., 2020; Xu et al., 2020). The suggested models were 
tested in this sample of patients with TMD; however, both did not 

F I G U R E  1  Best fit models tested for the study PROMs.

2-factor model for PHQ8 1-factor model for GAD7

2-factor model for GAD7 4-factor model for PHQ15

cognitive

q1ε
1

q2ε
2

q3ε
3

q4ε
4

q5ε
5

q6ε
6

q7ε
7

q8ε
8

somatic

GAD7

q1ε
1

q2ε
2

q3ε
3

q4ε
4

q5ε
5

q6ε
6

q7ε
7

emotional_cognitive

q1ε
1

q2ε
2

q3ε
3

q4ε
4

q5ε
5

q6ε
6

q7ε
7

physical

q1ε
1

q11ε
2

q12ε
3

q13ε
4

q2ε
5

q3ε
6

q5ε
7

q6ε
8

q7ε
9

q8ε
10

q9ε
11

q10ε
12

q14ε
13

q15ε
14

GI

pain

cardio

fatigue
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6  |    TAIMEH et al.

yield a good fit. See the Data S1. Considering the lack of abun-
dant literature that describes the factor structure for this scale, 
exploratory factor analysis (EFA) was deemed appropriate in this 
case.

The Bartlett test of sphericity and the Kaiser–Meyer–Olkin Mea-
sure of Sampling Adequacy both gave favourable results; with the 
former giving a p <0.05, and the latter giving a value of 0.914. Next, 
all the items were inserted in the analysis equation. Promax factor 
rotation with 0.45 cut-off value was chosen. Three factors were 
retained as determined by the Kaiser's test (number of eigenvalues 
>1) and by plotting a scree graph. See Figure 2 for the scree graph. 
The first domain contained the items 1–4, 7 and 12, the second do-
main the items 5, 6, 9–11 and the third domain the items 13–20. See 

Table 3 for the STATA output of the rotated factors containing the 
corresponding items. No items had weak loadings or cross loaded on 
more than one factor; therefore, none were deleted.

Cronbach α for the overall score was 0.9605. As for the individ-
ual domains, alpha for factors 1, 2 and 3 were 0.9421, 0.8940 and 
0.9422 respectively.

3.5  |  Descriptive statistics and cross-sectional 
analysis of the associations between pain, functional 
limitation, anxiety, depression and somatisation

A 10-point cut off score was chosen to identify positive cases of 
anxiety and depression on the GAD7 and PHQ8. However, looking 
at the original classification system for these two PROMs, 35.66% 
had minimal anxiety, 27.91% had mild anxiety, 18.60% had moderate 
anxiety and 17.83% had severe anxiety. As for depression, 29.46% 
had no depression, 18.60% had mild depression, 12.40% had mod-
erate depression, 12.40% had moderately severe depression and 
8.53% had severe depression. Table 4 describes the mean, median, 
skewness, kurtosis and normality of the data for the different scales 
used. Most of the varibales were not normally distributed, hence, 
non-parametric tests were used.

The relationships between the demographic variables and the 
different scales were studied by running the following tests: Chi 
square, Fisher's exact test, Kruskal–Wallis test, Mann–Whitney 
rank sum test and Spearman's correlation as detailed in Table  5. 
Most of the results gave non-significant p-values, apart from the 
relationship of CPI scores with gender and the relationship of 
GCPS (total, CPI and IS), JFLS and PHQ-15 with the smoking sta-
tus. A post hoc Dunn test with Bonferroni adjustment was applied 
next to identify the responsible pair. Generally, the mean rank on 
the current smokers was higher than the other two groups, as de-
tailed in Table 5.

Further analysis was also conducted to study the relationships 
between the different study PROMs. Table 6 details the conducted 
tests and the associated p-values.

TA B L E  2  CFA fit indices for PHQ8, GAD7 and PHQ15.

PHQ8

Fit indices for the 2-factor model

RMSEA-SB 0.67

CFI-SB 0.980

TLI-SB 0.970

SRMR 0.044

Cronbach α all items 0.91

Cronbach α for factor 1 (items 1, 2, 6) 0.89

Cronbach α for factor 2 (items 3, 4, 5, 7, 8) 0.86

GAD7

Fit indices for the 1-factor model

RMSEA-SB 0.069

CFI-SB 0.989

TLI-SB 0.979

SRMR 0.027

Cronbach α all items 0.93

Fit indices for the 2-factor model

RMSEA-SB 0.067

CFI-SB 0.988

TLI-SB 0.980

SRMR 0.033

Cronbach α for factor 1 (emotional-cognitive) 0.91

Cronbach α for factor 2 (physical) 0.84

PHQ15

Fit indices for the 4-factor model

RMSEA-SB 0.042

CFI-SB 0.960

TLI-SB 0.949

SRMR 0.059

Cronbach α all items 0.84

Cronbach α factor 1 (GI): items 1, 11, 12, 13 0.72

Cronbach α factor 2 (pain): items 2, 3, 5 0.57

Cronbach α factor 3 (cardio): items 6, 7, 8, 9, 10 0.71

Cronbach α factor 4 (fatigue): items 14, 15 0.73

Abbreviation: SB, Satorra–Bentler correction.

F I G U R E  2  Scree plot of retained factors during exploratory 
factor analysis of JFLS20.
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4  |  DISCUSSION

This study aimed to explore the structural layout and internal 
consistency of four common scales in a TMD population. GAD-7, 
PHQ-8 and PHQ-15 have been validated in various samples, such 
as pregnancy (Soto-Balbuena et al., 2021) and atypical chest pain 
(Lin et al., 2021). All amounting to abundant literature describing 
their factor structure. In such a case, confirmatory factor analysis 
(CFA) was appropriate to apply (Kim & Mueller,  1978). CFA is a 
method used to compare the measures of construct in a current 
sample to a hypothesised/suggested model in previous analytical 

research (Kline,  2011). Several models were identified for these 
three scales in our search, and alternative solutions were tested 
for each. A 2-factor model with cognitive and somatic factors was 
suitable for PHQ-8, and both models proposed for GAD-7 (1 and 
2-factor models) delivered good results in terms of CFA indices 
and Cronbach α values. Perhaps with a larger sample size in future 
research, one model could edge the other in terms of robustness 
in a TMD population. As for PHQ-15, seven models were tested, 
with 4-factor and bifactor models producing good fit indices. 
Cronbach α values were the determining factor in this study, as 
a 4-factor solution consisting of GI, pain, cardiopulmonary and 

TA B L E  4  Descriptive statistics, response distribution, skewness, kurtosis, and normality of distribution for study PROMs.

N (%) Mean (SD) Median (Range) Skewness Kurtosis S-W (p-value)

GCPS-total 129 (100%) 2.5 (1.2) 2 (1–4) 0.09 1.5 0.89

Grade 1,2 69 (53.5%)

Grade 3,4 60 (46.5%)

GCPS-CPI 129 (100%) 56.0 (22.4) 60 (3.3–96.7) −0.44 2.3 0.002*

GCPS-IS 129 (100%) 36.9 (30.1) 10 0.46 2.2 0.005*

GAD-7 129 (100%) 8.1 (6.4) 7 (0–21) 0.45 2.0 0.0001*

<10 82 (63.6%)

≥10 47 (36.4%)

PHQ-8 129 (100%) 8.95 (6.6) 8 (0–24) 0.48 2.3 0.0002*

<10 78 (60.5%)

≥10 51 (39.5%)

PHQ-15 129 (100%) 9.58 (5.7) 9 (0–24) 0.51 2.5 0.002*

<10 74 (57.4%)

≥10 55 (42.6%)

JFLS-20 129 (100%) 3.1 (2.3) 3.14 (0–8.5) 0.38 2.3 0.000*

Abbreviations: CPI, characteristic pain intensity; IS, interference score.
*Bold values represent p-value <0.5 indicating statistical significance.

Variable Factor 1 Factor 2 Factor 3 Uniqueness

Jflsq19 0.9616 0.0307 -0.1522 0.2060
Jflsq15 0.9296 0.0168 -0.0539 0.1785
Jflsq20 0.7887 0.2463 -0.0912 0.1945
Jflsq16 0.7834 -0.0940 0.2335 0.2005
Jflsq17 0.7328 -0.1172 0.2348 0.3054
Jflsq13 0.7231 0.0199 0.1933 0.2421
Jflsq18 0.6644 0.0122 0.1904 0.3506
Jflsq14 0.4664 0.2099 0.1915 0.4338
Jflsq1 -0.0726 1.0019 -0.0486 0.1186
Jflsq2 0.0255 0.9441 0.0817 0.1535
Jflsq7 0.0597 0.9096 -0.0984 0.1933
Jflsq8 0.1039 0.8001 0.0239 0.2286
Jflsq4 -0.0287 0.7427 0.2431 0.2404
Jflsq3 -0.0816 0.6649 0.3725 0.2649
Jflsq12 0.4065 0.5299  -0.0772 0.3762
Jflsq6 -0.0311  -0.1225 0.9918 0.1571
Jflsq11 0.0246  -0.0219 0.7897 0.3689
Jflsq5 -0.0157 0.1944 0.7528 0.2662
Jflsq10 0.3307 0.0064 0.6234 0.2353
Jflsq9 0.3246 0.1784 0.4646 0.3052

TA B L E  3  Factor loadings of 
JFLS20 items during factor analysis 
using Promax rotation and 0.45 
cutoff point.
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fatigue domains gave the best internal consistency results. Hieta-
harju et al reported Cronbach α values of 0.85 for PHQ-9, 0.81 
for PHQ-15 and 0.91 for GAD-7 in their study comparing the 
tools of RDC/TMD to the updated version; DC/TMD (Hietaharju 

et al., 2021). The results of this study were in keeping with these 
reported values, indicating that indeed, these three scales have 
good internal consistency reliability in patients with chronic pain 
related to TMD.

TA B L E  5  Descriptive statistics and p-values of the relationships between study PROMs and patient characteristics.

N (%) GCPS-total CPI IS JFLS GAD-7 PHQ-8 PHQ-15

Ethnicity 0.34a 0.13b 0.28b 0.21b 0.25a 0.27a 0.36a

White 84 (65.1%)

Asian 27 (20.9%)

Black 9 (6.98%)

Mixed 5 (3.88%)

Other 4 (3.10%)

Gender 0.213c 0.035d,* 0.143d 0.34d 0.51c 0.607c 0.19c

Female 106 (82.2%)

Male 12 (17.8%)

Smoking status 0.032c,* 0.007b,* 0.0007b,* 0.029b,* 0.228c 0.123c 0.008c,*

Never† 84 (65.1%)

Previous 31 (24%) 0.04‡ 0.057¥ 0.0016‡ 0.07¥ 0.058¥

Current 14 (10.9%) 0.10¥ 0.009‡ 0.017‡ 0.048‡ 0.011‡

Alcohol 0.35c 0.18d 0.16d 0.22d 0.08c 0.08c 0.998c

No 61 (47.3%)

Yes 68 (52.7%)

DC-TMD 0.32c 0.34d 0.07d 0.064d 0.19c 0.047c 0.88c

Myalgia 62 (48.1%)

Myalgia + IA 67 (51.9%)

Age 0.64d 0.79e 0.76e 0.78e 0.14d 0.40d 0.88d

aFisher's exact test.
bKruskal–Wallis test.
cChi square test.
dMann–Whitney rank sum test.
eSpearman's correlation.
*Bold values represent p-value <0.5 indicating statistical significance.
†Reference group.
¥p-value with the reference group after post hoc Dunn test with Bonferroni adjustment.
‡Significant p-value with the reference group after post hoc Dunn test with Bonferroni adjustment.

GAD-7 PHQ-8 PHQ-15 JFLS-20

GCPS-total 0.003a,* 0.001a,* 0.008a,* 0.0001b,*

GCPS-CPI 0.0269b,* 0.0001b,* 0.0004b,* 0.0001c,* (r = 0.52, CI: 
0.381–0.642)

GCPS-IS 0.0003b,* 0.0007b,* 0.0004b,* 0.0001c* (r = 0.59, CI: 
0.467–0.699)

GAD-7 — 0.000a,* 0.001a,* 0.0026b,*

PHQ-8 — — 0.001a,* 0.0003b,*

PHQ-15 — — — 0.0116b,*

aChi square test.
bMann–Whitney rank sum test.
cSpearman's correlation.
*Bold values represent p-value <0.5 indicating statistical significance.

TA B L E  6  p-values resulting for analysis 
of the relationships between study 
PROMs.
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EFA was applied to explore the factor structure of JFLS20 in this 
study, indicating a suitable 3-factor model with very good internal 
consistency. Studies exploring some psychometric properties of this 
scale reported Cronbach α values >0.8 (Fetai et al., 2020; Ohrbach, 
Granger, et al., 2008; Ohrbach, Larsson, et al., 2008; Xu et al., 2020). 
Again, supporting the results in this study which demonstrated good 
internal consistency of the scale. Xu et al., also reported good test–
retest reliability as measured by interclass correlation coefficient for 
the domains of the scale (>0.85), providing additional evidence to 
support its use in patients with TMD.

GAD-7 and PHQ-8/9 are often used together to measure anxiety 
and depression respectively (Heindl et al., 2021; Reddy et al., 2021). 
Previous investigations revealed high levels of psychological dis-
orders in patients with TMD ranging from 21.4% to 60.1% for 
moderate–severe depression (Canales et al., 2018) and around 30% 
for moderate–severe anxiety (Bertoli & de Leeuw,  2016; Simoen 
et al., 2020). In this study, over a third of the participants were posi-
tive for anxiety and depression (36.4% and 39.5% respectively). Ad-
ditionally, participants with higher CPI scores, had higher anxiety, 
depression and somatisation scores as well.

Somatisation is ‘the association of medically unexplained so-
matic symptoms with psychological distress and health-seeking 
behaviour’ (Kroenke et al.,  2002). The triad of anxiety, depres-
sion and somatisation seems to constitute the most common 
psychological problems encountered in primary care (Kroenke 
et al., 2002). Having reliable measures to recognise somatic symp-
toms is therefore important. The DC/TMD initiative includes 
PHQ-15 as a measure of the severity of somatic symptoms, due to 
the emerging evidence of its importance in the overall symptom 
reporting in individuals with TMD (Fillingim et al., 2011; Schiffman 
et al., 2014). Somatic awareness was shown to be elevated among 
patients with chronic pain and indeed chronic TMD (Macfarlane 
et al., 2002; Manfredini et al., 2010). A recent systematic review 
by Canales et al. (2018) reported prevalence between 28.5% and 
76.6% for moderate–severe somatisation in patients with TMD. 
Most of the articles in the review, measured somatisation using 
Symptoms Checklist 90 (SCL-90), an instrument recommended by 
the original RDC/TMD. Replaced currently by PHQ-15 in the up-
dated criteria (DC/TMD), a shift may occur in future TMD studies 
to reflect these alterations.

Anxiety, depression and somatisation are discussed frequently 
in association with chronic pain. Manfredini et al reported a strong 
correlation between pain-related disability (GCPS categories) and 
both depression and somatisation in a multi-centre study of patients 
with TMD (Manfredini et al.,  2010). A high correlation coefficient 
(0.73) was also reported by Yap et al between depression and so-
matisation, concluding that a considerable section of clinically de-
pressed patients with TMD describe frequent non-specific physical 
symptoms such as chest pain or GI problems (Yap et al., 2002). While 
some studies suggested a less significant role for anxiety in chronic 
myofascial pain (Giannakopoulos et al.,  2010; Reiter et al.,  2015), 
others noted a high correlation between anxiety and depression in 
patients with TMD (Simoen et al., 2020) and indicated a statistically 

significant rise in anxiety when compared to non-TMD patients (Re-
sende et al., 2020; Simoen et al., 2020).

The results of this study reiterate the relevance of the psycho-
logical profile of patients with TMD and the importance of such as-
sessment before treatment. The psychological co-morbidities are 
viewed as elements of the biopsychosocial model of pain, which 
TMD is theorised to fall under (Hampf, 1990; Suvinen et al., 2005). 
Therefore, it is essential to have reliable and valid instruments able 
to give trustworthy results, based on which treatments can be 
planned and support can be arranged.

No gender or ethnic differences were detected in this study in 
relation to anxiety, depression and jaw functional limitation. Inter-
estingly, statistically significant results were obtained with PHQ-15, 
GCPS and JFLS scores when looking at the smoking status of the 
participants. While smoking does not offer pain relief, participants 
in a recent qualitative study exploring chronic pain, described it as a 
coping strategy (Lee et al., 2021). It serves as a cognitive distraction 
from the pain, resorting to it to ‘calm them down’. Other studies, also 
report that smokers describe greater pain intensity and greater pain-
related functional interference (Volkman et al.,  2015; Weingarten 
et al., 2009), which is in keeping with the results of this study.

It is worthwhile for future research to explore the rest of the 
psychometric properties of these scales in a larger sample size, to 
provide further evidence of their suitability in a population with 
TMD. A longitudinal design also offers the possibility of testing 
other measurement properties, such as test–retest reliability and 
responsiveness.

4.1  |  Limitations

All the participants in this study had myofascial TMD with approxi-
mately half having intraarticular involvement as well. Taking this 
into consideration, the results may not be generalisable to all types 
of TMD, such as those presenting with functional limitations with-
out pain.

The study was cross-sectional in nature without long-term 
follow-ups. Therefore, some psychometric properties could not be 
explored such as responsiveness and test–retest reliability.

Other limitations were related to the sample size used. Factor 
analysis in general is a technique for large samples (Kyriazos, 2018). 
The definition of a large and sufficient sample is still however debat-
able. The sample used in this study was adequate according to the 
recommendations of the COSMIN initiative.

5  |  CONCLUSION

Pervious literature has shown that the assessment of psychosocial 
functioning is an essential part of the diagnostic process of TMDs, 
and a useful prompt to a multidisciplinary approach to treatment 
(Schiffman et al.,  2014). Having reliable and validated instruments 
can facilitate communication regarding consultations, management 
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10  |    TAIMEH et al.

and prognosis. The results from this study provide positive psycho-
metric evidence in terms of structural validity and internal consist-
ency for the use of PHQ8, GAD7, PHQ15 and JFLS20 in patients 
with chronic pain related to TMD. Future research with a longi-
tudinal design and a larger sample size is needed to explore other 
psychometric properties in a TMD population such as test–retest 
reliability, responsiveness and construct validity.
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