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ORIGINAL ARTICLE

Diagnostic accuracy of three screening questions (3Q/TMD) in relation to the
DC/TMD in a specialized orofacial pain clinic

Anna L€ovgrena , Hasti Parvanehb, Frank Lobbezoob , Birgitta H€aggman-Henriksona,c ,
Anders W€anmana and Corine Mirjam Visscherb

aDepartment of Clinical Oral Physiology, Umeå University, Umeå, Sweden; bDepartment of Oral Kinesiology, Academic Centre for Dentistry
Amsterdam (ACTA), University of Amsterdam, Amsterdam, The Netherlands; cDepartment of Orofacial Pain and Jaw function, Faculty of
Odontology, Malm€o University, Malm€o, Sweden

ABSTRACT
Objective: To determine the diagnostic accuracy of three screening questions (3Q/TMD) in relation to
the Diagnostic Criteria for Temporomandibular Disorders (DC/TMD), in a specialized clinic.
Material and methods: Consecutive patients,>18 years, referred with a possible TMD complaint to
the Orofacial Pain and Dysfunction clinic, Academic Centre for Dentistry Amsterdam, the Netherlands,
were included in the study. All patients (n¼ 449; mean age 44 years; 72% females), answered the 3Q/
TMD and the DC/TMD questionnaire before a DC/TMD examination. The 3Q/TMD constitutes of two
questions on weekly pain from the jaw, face and temple region (Q1), and on function (Q2), and one
function-related question on weekly catching and/or locking of the jaw (Q3). Q1 and Q2 were
evaluated in relation to a DC/TMD pain diagnosis and Q3 in relation to a subgroup of DC/TMD intra-
articular diagnosis, referred to as the reference standard.
Results: In total, 44% of patients received a pain-related DC/TMD diagnosis and 33% an intra-articular
reference DC/TMD diagnosis. Sensitivity for the two pain screening questions was high (0.83–0.94),
whereas specificity was low (0.41–0.55). For the function-related question, sensitivity was low (0.48),
whereas specificity was high (0.96).
Conclusions: In a specialized pain clinic, the two pain questions (Q1, Q2) are positive in most patients with
pain-related TMD. Therefore, in case of a positive response, further diagnostic procedures for TMD pain are
warranted. For the functional screening question (Q3), a positive response is indicative for an intra-articular
DC/TMD diagnosis, while in case of a negative outcome, an intra-articular TMDmight still be present.
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Introduction

Temporomandibular disorders (TMD) are an umbrella term
for different conditions including jaw muscle and temporo-
mandibular joint (TMJ) pain, limitations of mandibular move-
ments, and intra-articular functional disturbances, such as
TMJ sounds and locking of the jaw [1]. Epidemiological stud-
ies have shown that TMD and orofacial pain conditions are
common in the general population. The prevalence of TMD
is highly dependent on the criteria attributed to the condi-
tion (e.g. frequency, intensity, duration and level of disability).
TMD pain represents the major cause of non-dental chronic
pain in the orofacial region. It has a prevalence of approxi-
mately 10% [2], while the prevalence of intra-articular non-
painful TMJ disorders ranges from 20% to 40% [2,3].

On an individual basis, TMD can pose a negative effect on
the quality of life [4], comparable to that of individuals with
acute dental pain [5]. Acute pain has the potential risk to
develop into a chronic pain condition. Pain, especially
chronic, can cause increased levels of stress, pain spreading
and associated mood and social disturbances, which are all
examples of psychosocial factors related to TMD [6].

Patients referred to specialized TMD/orofacial pain clinics are
likely to present more severe and complex symptoms as
compared to what is expected in a general dental practice.
Referred patients are typically women [7] and often with co-
morbid symptoms, such as wide-spread pain and psycho-
social impact [8]. Early diagnosis along with appropriate
interventions are regarded important in order to prevent
chronicity as well as to reduce the negative impact of the
condition [9,10]. Screening tools to guide the practitioner
towards more accurate diagnostic procedures within the
wide array of differential diagnostic procedures are required
for early diagnosis.

Despite the benefits of early identification and treatment
of patients with TMD pain, there is a known discrepancy
between the estimated treatment need and traceable
received treatment for these patients [11–13]. This may partly
be explained by described difficulties among clinicians in pri-
mary care to properly recognize and address TMD conditions
[14,15]. Recently, the TMD pain screener was introduced and
showed excellent sensitivity and specificity for detecting TMD
pain [16]. Ahead of the publication of the TMD pain screener,
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three screening questions (3Q/TMD) were introduced during
2010, in large parts of the primary and secondary dental
health system in Sweden for the identification of patients
with a potential TMD [17]. Even though the reference was
first published in 2016, the publication included data from
2010 and onwards. In addition to the areas covered by the
TMD pain screener, the 3Q/TMD also aims to incorporate a
selection of functional aspects of TMD. Recently, the 3Q/TMD
were shown to be valid and suitable for screening purposes
in primary dental health care in order to detect adult
patients in the general population, who would benefit from a
further diagnostic TMD examination [18].

Patients referred to secondary specialized TMD/orofacial
pain clinics usually present with more complex complaints,
including neuropathic pain, atypical odontalgia and chronic
dental pain. These referred patients will have chronic com-
plaints more prevalently in comparison to a patient popula-
tion in primary dental care. In addition, they more often
present with comorbid symptoms, such as neck pain, head-
aches, widespread pain and psychosocial distress [19]. In sec-
ondary care, screening tools may be used to select which
differential diagnostic procedures should be applied to evalu-
ate the full spectrum of the patients’ complaints. Since the
diagnostic accuracy of a test may be influenced by the type
of population under study [20–22], the accuracy of the 3Q/
TMD when applied in secondary care might differ from that
shown in the general population. Therefore, the aim of this
study was to evaluate the diagnostic accuracy of the 3Q/TMD
among adult patients referred to a specialized TMD/orofacial
pain clinic.

Materials and methods

Participants

The study design was a retrospective medical file study from
patients referred to the Orofacial Pain and Dysfunction (OPD)
clinic of the Academic Centre for Dentistry Amsterdam, the
Netherlands. Consecutive patients referred between 17
September 2014, until 2 May 2016, who fulfilled the inclusion
criteria were included in the sample. Inclusion criteria were:
at least 18 years of age, referred for a TMD complaint, com-
plete intake examination and written informed consent by
the patient to grant the researchers the anonymous use of
their clinical data. The study sample consisted of 449 adults
(72% female), with a mean age of 44 years (SD ¼ 14.2 years;
range ¼ 18–76 years). This study was considered by the
Ethical Committee of ACTA not to fall under the provisions
of the Medical Research Involving Human Subjects Act and
medical ethical approval was granted (ref no 2017006).

Questionnaire

Preceding the intake visit, as part of the usual care, all
patients received a questionnaire regarding their general and
oral health, physical complaints and psychosocial factors.
This questionnaire also included the Diagnostic Criteria
for Temporomandibular Disorders (DC/TMD) Symptom
Questionnaire [23] and the 3Q/TMD screening tool [17]:

Q1. Do you have pain in your temple, face, jaw, or jaw
joint once a week or more? Q2. Do you have pain once a
week or more when you open your mouth or chew? Q3.
Does your jaw lock or become stuck once a week or more?

Individuals with an affirmative answer to at least one of
the 3Q/TMD were classified as 3Q-positives, whereas individ-
uals with negative answers to all three questions were classi-
fied as 3Q-negatives.

Physical examination

At the intake visit, all patients underwent a standardized clin-
ical examination according to the DC/TMD protocol [23]. The
intake examination was performed as part of the usual care
by one of 10 well-trained dentists from the OPD clinic. The
dentists were calibrated annually to perform the standardized
DC/TMD clinical examination. The calibration was supervised
by a dentist previously trained and calibrated in the DC/TMD
clinical examination by an official DC/TMD Training and
Calibration Centre according to the DC/TMD Training and
Calibration Guidelines [24].

Reference standard

The DC/TMD was used as reference standard to compare the
outcomes of the 3Q/TMD with. The DC/TMD classification has
shown high sensitivity and specificity for the most common
pain-related TMD diagnoses and some intra-articular disor-
ders [23]. The DC/TMD consists of two axes – axis I for
assessment of a diagnosis based on signs and symptoms,
and axis II for assessment of psychosocial factors of import-
ance for prognosis and treatment planning.

As a reference standard to compare the outcomes of the
3Q/TMD with, the various DC/TMD diagnoses were grouped
into two reference categories: (1) Pain-related TMD, including
patients with myalgia and/or arthralgia, and (2) Intra-articular
TMD, including patients with disc displacement with reduc-
tion with intermittent locking, disc displacement without
reduction with limited opening, disc displacement without
reduction without limited opening, and/or subluxation.

The 3Q/TMD was constructed to capture symptoms with
an expected major influence on individuals’ physical func-
tioning, which may be associated with treatment need. TMJ
sounds without pain or limitation/locking of jaw movement
were regarded symptoms of minor significance for the indi-
vidual [22] and therefore not incorporated as part of the ref-
erence standard.

Statistical analysis

Frequencies for the different DC/TMD diagnoses and affirma-
tive answers to the 3Q/TMD are presented descriptively. The
sensitivities and specificities of the 3Q/TMD pain questions
(Q1, Q2) were calculated with the pain-related TMD as refer-
ence standard. Sensitivity and specificity of the screening
question for function-related TMD (Q3) was calculated in rela-
tion to the category of intra-articular TMD as the reference
standard. Combinations of 3Q/TMD questions (at least one
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positive, two or more positives, and all three positive) were
evaluated in relation to the reference standard (i.e. either
pain-related TMD or intra-articular TMD). The estimated
prevalence of a TMD-pain diagnosis for a specialized clinic
was set at 50% [25]; this was also the case for the intra-
articular TMD [7], the positive and negative predictive values
(PPV and NPV) were calculated based on these estimates.
Confidence intervals for sensitivity, specificity, and predictive
values were calculated according to the Wilson score method
[26].

Positive and negative likelihood ratios (LRþ and LR-),
including 95% confidence intervals, were calculated as
suggested by Simel and co-workers [27]. The related
post-test probabilities were also provided (post-test
probability¼prevalence�LR/(1-prevalenceþprevalence�LR)).
The statistical calculations were conducted with SPSS
version 24, and a p value<.05 was considered statistically
significant.

Results

The prevalence of TMD diagnoses (either pain-related or
intra-articular) was 55% (n¼ 247) (Table 1). In total, 44%
(n¼ 196) qualified for any TMD-pain diagnosis, with myalgia
being the most prevalent DC/TMD diagnosis (Table 1). The
prevalence of DC/TMD diagnoses not included in the refer-
ence standard, viz., disc displacement with reduction and
degenerative joint disorder, was 71% and 37% among 3Q-
positives compared to 27% and 5% among 3Q-negatives,
respectively.

In total, 64% of the 3Q-positives and 14% of the 3Q-nega-
tives qualified for at least one of the DC/TMD diagnoses used
as reference standard (Figure 1).

The frequencies of affirmative answers are provided in
Table 2. In total, 82% of the patients answered affirmatively
to at least one of the 3Q/TMD. There was a large overlap
between affirmative answers to the separate screening ques-
tions of the 3Q/TMD (Figure 2).

For the two questions related to pain, the sensitivities
were high (0.81–0.96). When calculated for this patient

sample referred to a specialist clinic, the negative predictive
values were 0.76-0.89 for the questions on pain, separately or
in combinations. The corresponding positive predictive value
was highest for a TMD-pain diagnosis when both Q1 and Q2
were positive (0.69). The highest positive likelihood ratio was
associated with both Q1 and Q2 positive (2.16; 1.82–2.57). In
contrast, the sensitivity for Q3 was low (0.48), whereas the
positive predictive value and post-test probability was high
(0.92, 0.92, respectively). The option of ‘at least one affirma-
tive answer’ of the three screening questions was related to
the highest sensitivity and negative predictive value for any
TMD (either pain-related or intra-articular) (0.96;0.90).

Discussion

The main findings from this specialist clinic patient sample
are that the vast majority of patients responded affirmatively
to one or more of the three screening questions.
Furthermore, the two screening questions on pain (Q1 and
Q2) are strongly associated with a pain-related TMD diagno-
sis, as illustrated by the high sensitivity. However, the lower
specificity illustrates that also individuals without a TMD
complaint answer affirmatively to the two questions on pain.
For the functional screening question (Q3), the sensitivity
was low, although the specificity was high (0.96). In other
words, the question is usually answered negatively in
absence of an intra-articular DC/TMD diagnosis. Yet, in case
of a positive answer, still not many patients receive an intra-
articular TMD diagnosis with expected major influence on
the individuals’ physical functioning.

While sensitivity and specificity are independent of the
prevalence of a condition, positive and negative predictive
values are related to the prevalence of the condition in the
population of interest. For all diagnostic tests, including
screening tests, the diagnostic accuracy should be expressed

Table 1. DC/TMD diagnoses in the study sample (n¼ 449 patients).

Number (%)

Pain-related TMD
Myalgia 168 (37.4)
Arthralgia 112 (24.9)
Any TMD Paina 196 (43.7)

Subgroup of intra-articular TMD
Disc displacement with reduction
with intermittent locking

3 (0.7)

Disc displacement without reduction
with limited opening

53 (11.8)

Disc displacement without reduction
without limited opening

89 (19.8)

Subluxation 30 (6.7)
Any intra-articular tmd used in analysisa 149 (33.2)
Any dc/tmd used in analysisa 247 (55.0)
Disc displacement with reduction 98 (21.8)
Degenerative joint disease 42 (9.4)
Any DC/TMD diagnosis 370 (82.0)

aDC/TMD diagnoses used as reference standard in analysis e.g. disc displace-
ments with reduction and degenerative joint disease excluded.
# 3 missing.

evitagen-Q3evitisop-Q3

1

evitagen-Q3evitisop-Q3

79370

236
(64%)

68
(86%)

11
(14%)

134
(36%)

DC/TMD
diagnosis

DC/TMD
diagnosis

No DC/TMD
diagnosis

No DC/TMD
diagnosis

SUBDIAGNOSIS

163/5 Myalgia

110/2 Arthralgia

52/1 DD no reduction & limited opening

85/4 DD no reduction w/o limited opening

2/1 DD w reduction & intermittent locking

29/1 Subluxation

3Q/TMD

Figure 1. The distribution of diagnoses used in the analysis among 3Q-positives
and 3Q-negatives based on answers to the 3Q/TMD (disc displacement (DD),
DD with reduction, and degenerative joint disorder excluded).
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in a way that can guide clinicians in their clinical decision-
making for the individual patient. For such a purpose, the
positive and negative predictive values are useful measures
that describe the individual risk of having a condition, given
a positive or negative test result, respectively [28]. The indi-
vidual risk of having a diagnosis could also be reported by
post-test probabilities that will express the chance that the
patient will have the condition, after the test has been per-
formed [29]. For the recognition of TMD, acceptable levels of
sensitivity and specificity have been proposed to be at least
70% and 95%, respectively [30]. For specialized clinics, the a
priori estimated prevalence for TMD was 50% [25], which
was well in line with the observed prevalence in the study
sample of 44%. With the above recommendations, and a
50% estimate of the prevalence of TMD in specialized clinics,
a positive predictive value of 93% and a negative predictive
value of 76% is generated. For screening purposes within a
specialized clinic, a high positive predictive value is most
important, since this will rule in individuals with a possible
disorder. Further diagnostics can then be applied to confirm
the initial screening diagnosis. In this sample, Q3 and ‘all
three questions answered affirmatively’ (as indicative for
either pain-related or intra-articular TMD) met the suggested
cut-off.

Nowadays, the 3Q/TMD is widely implemented in the
Swedish system, so information on its validity is important
for clinicians using the screener. Yet, in the meantime, a
partly comparable screening questionnaire, the TMD pain
screener (16), has been introduced. The TMD pain screener
has shown higher sensitivity and specificity (0.99 and 0.97,
respectively) (16) for TMD pain as compared to the 3Q/TMD.
However, the 3Q/TMD uniquely incorporates an item to
screen for a selection of functional disorders. These condi-
tions represent a group of TMD disorders, like disc displace-
ments without reduction with limited mouth opening, that
also need to be better recognized in primary dental care.
Future research could explore the possibilities of combining
the outcomes of both screening tools to reach the most validTa
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Figure 2. Covariance of affirmative answers to the separate 3Q/TMD questions;
weekly pain from the jaw, face, and temple region in rest (Q1) and on function
(Q2), and weekly catching and/or locking of the jaw (Q3).
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and comprehensive questionnaire covering all relevant
domains of TMD that should be recognized in primary care.

Pain-related TMD

On an individual basis, when translated into positive and
negative predictive values, the results show that according to
the negative predictive value, the two pain-related questions
(Q1 or Q2) are useful to screen for the absence of TMD pain
in a specialist clinic setting. This is also reflected in the nega-
tive likelihood ratio post-test probability after a negative test
outcome; when applied in a specialized clinical sample, the
probability of an individual to qualify for a DC/TMD pain
diagnosis decreases from 50% (i.e. the pre-test probability
based on the estimated prevalence) to below 11% after a
negative test outcome. In case of a positive answer, the likeli-
hood of the individual to suffer from TMD pain has increased,
especially when both Q1 and Q2 are positive (i.e. from 50%
to 69%), and further procedures for a definite diagnosis of a
pain-related TMD are warranted. Yet, not all patients who
had an affirmative answer to the pain questions received a
DC/TMD diagnosis. An obvious reason is that within a popu-
lation that is referred to a secondary care setting for orofacial
pain complaints, also patients with other causes of pain are
included (such as neuropathic pain or atypical odontalgia).
Since TMD pain is the most frequent cause for chronic orofa-
cial pain, in the case of a positive screening outcome in a
specialist clinic, the following examination should first care-
fully examine the masticatory system. In case that examin-
ation does not verify the patient’s complaint, the diagnostic
examination should be expanded towards other orofacial
pain disorders, such as neuropathic pain.

The sensitivity of the 3Q/TMD of the two pain questions
(Q1 and Q2) was comparable to that of the TMD pain
screener. However, the specificity of the 3Q/TMD in a special-
ist clinic sample was lower. Probably, this relates to the dif-
ferent choice of study population. In the present study, all
participants were patients referred with complaints in the
orofacial area, while in the paper on the TMD pain screener,
the sample used to calculate specificity consisted of healthy
controls. As illustrated before [21], the estimation of specifi-
city of a diagnostic tool usually drops when outcomes from
healthy controls are compared to those of patient controls
(i.e. participants with complaints in the same region, other
than the disease of interest).

Function-related TMD

For the outcomes of the screening question for function-
related TMD (Q3), the specificity was high, and sensitivity
was low. Individuals without an intra-articular diagnosis sel-
dom reported signs of locking (Q3, high specificity).
However, individuals with a disc displacement with intermit-
tent locking or limited opening, or with a subluxation of the
TMJ, were often not identified by the screening question (Q3,
low sensitivity). One reason for the lower sensitivity of Q3
might be related to the reference standard itself. The sensi-
tivity of some intra-articular DC/TMD diagnoses has been

reported to be low [23,31] and instead, imaging, such as
magnetic resonance imaging, is suggested to be the appro-
priate reference standard [23]. As a consequence, in the pre-
sent study, an individual with signs and symptoms of a
function-related TMD, such as disc displacement with reduc-
tion and intermittent locking, might screen positive on Q3
but might not receive a DC/TMD intra-articular diagnosis. In
addition, this may reflect the possibility that for individuals
with a true intra-articular TMD, the Q3 is not interpreted by
patients as dentists intended when the question was con-
structed. Still, the high specificity combined with the esti-
mated prevalence of 50% for these disturbances in a
specialized clinic, show that Q3 is useful to screen for an
intra-articular TMD. The post-test probabilities show that after
a positive test outcome, the probability of an individual to
qualify from an intra-articular TMD increases from 50%
to 92%.

The effects of samples on outcome

The outcome of diagnostic accuracy will differ, depending on
the prevalence of the condition in the examined population
and will therefore differ for patients with TMD in the general
population compared to a specialized clinic with a higher
prevalence of the disorder of interest (20).

The 3Q/TMD has recently been validated in relation to the
DC/TMD in adults from a general population [18]. In the gen-
eral population, the separate questions as well as combina-
tions of questions showed high negative predictive values.
The highest positive predictive value was related to a posi-
tive outcome on both Q1 and Q2. In the previous paper,
based on the sensitivity and specificity found in the general
population, data were extrapolated to estimate the diagnos-
tic accuracy of the 3Q/TMD in a secondary care setting (with
higher prevalence of TMD) [16]. The predictive values calcu-
lated in the current study are however quite different from
these previously estimated values. This confirms the idea that
differences in study populations significantly impact the out-
comes of diagnostic accuracy [20,21,32]. The results also
reinforce the importance of taking the relevant prevalence
into account when determining diagnostic accuracy.

Taken together, screening questionnaires for TMD seem to
be highly needed in primary care, since many patients with
TMD-pain complaints are not adequately recognized. The 3Q/
TMD is shown efficient to rule out a TMD within the general
population, and individuals with positive 3Q/TMD results
should be referred for further diagnostic examination [18]. In
more specialized pain clinics, the 3Q/TMD seems useful as a
tool to direct clinicians in the differential diagnostic phase
towards tailored further examinations.

Strengths and limitations

The diagnostic accuracy of the 3Q/TMD in this specialist set-
ting was established in relation to the DC/TMD. The DC/TMD
is at present recommended for both research and clinical
purposes, and thus constitutes a valid reference standard in
relation to the aim of this study. However, the psychometric
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properties of the 3Q/TMD are not evaluated, which may be
regarded a limitation of the screening tool. On the other
hand, the 3Q/TMD is not intended to be a psychometric tool
for an optimal description of the construct TMD. It is merely
intended as a screening tool for the clinician not to oversee
TMD, and an incentive to carry out further examination to
diagnose a possible TMD.

As recommended, the 3Q/TMD was always filled out by
the patient before the structured clinical examination. The
3Q/TMD was part of the intake questionnaire, starting with
the Symptom Questionnaire, while the 3Q/TMD are answered
at the end. Since the screening questions were answered
after completing the Symptom Questionnaire, it is possible
that the validity of the 3Q/TMD was inflated by the previ-
ously asked questions. On the other hand, the length of the
questionnaire itself may instead deflate the validity.

The present study population has shown an expected
high proportion of TMD diagnoses (44% had a pain-related
TMD and 33% showed an intra-articular TMD) as well as a
high variety of other chronic pain conditions. The data for
this study were extracted from routine patient files and
based on this, we evaluated the diagnostic accuracy. The
test-retest reliability of the screening tool in adults has not
been established yet. Further research is needed to evaluate
the reproducibility of the 3Q/TMD. Due to the selection of
patients from a specialized clinic sample, where most
patients will have symptoms, the number of 3Q-negative
individuals was rather small. In order to increase the control
group, patients from other specialized clinics from ACTA
could have been included. This, however, would have inter-
fered with the usual care as provided in the other specialized
clinics, as a standardized DC/TMD examination is not part of
their routine. Furthermore, the composition of patient groups
within different specialist clinics can vary widely, depending
on the focus in the clinic, which will affect the external valid-
ity of the results. Taken together, the results may be general-
ized to comparable specialist clinic settings, where mainly
patients with orofacial pain and dysfunction are referred to.

Conclusions

Within the limitations of this study, in a specialized pain
clinic, the two pain screening questions are positive in most
patients with a pain-related TMD. Therefore, in case of a posi-
tive response, further diagnostic procedures for TMD pain are
warranted. The high negative predictive values of the two
questions on pain (Q1 and Q2) indicate that in patients with
negative responses, the presence of pain-related TMD is
unlikely, and differential diagnostic procedures should
include a wider array of possibilities at an early stage. For the
functional screening question (Q3), a positive response is
indicative for an intra-articular DC/TMD diagnoses, while in
case of a negative outcome, an intra-articular TMD might still
be present.
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