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Abstract

Background—Available screening instruments for identifying temporomandibular disorders 

(TMDs) exhibit methodological or logistic limitations. The authors conducted a study to develop 

and assess the validity of a self-report instrument in screening patients for pain-related TMDs.

Methods—By using psychometric methods for item selection, the authors developed short 

(three-item) and long (six-item) versions of the questionnaire and evaluated them for validity 

among 504 participants.
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Results—Internal reliability was excellent, with coefficient α values of 0.87 and 0.93 for the 

short and long versions, respectively. When the authors dichotomized instrument scores at optimal 

thresholds, both versions had a sensitivity of 99 percent and a specificity of 97 percent for correct 

classification of the presence or absence of TMD. The specificity was at least 95 percent in the 

correct identification of people with nonpainful TMJ disorders or headahce without TMD pain.

Conclusions—With use of appropriate psychometric methodology, the selected items exhibited 

excellent content validity. The excellent levels of reliability, sensitivity and specificity 

demonstrate the validity and usefulness of this instrument.

Clinical Implications—Using this instrument will allow clinicians to identify more readily—

and cost-effectively—most patients with painful TMD conditions for whom early and reliable 

identification would have a significant effect on diagnosis, treatment and prognosis.
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Clinicians increasingly are using disease screening instruments, or “screeners,” in clinical 

settings for triage. Primary care providers can obtain patients’ self-reported symptoms 

efficiently with use of a screener and, if the results are positive, then more comprehensively 

assess signs and symptoms. Screeners must have adequate reliability and validity. Validity is 

best judged by identifying true- and false-negative results and true- and false-positive results 

relative to a reference standard diagnosis, thereby yielding diagnostic validity statistics such 

as sensitivity, specificity, predictive value and likelihood ratios. In addition, a screening 

instrument must be evaluated for its utility to determine whether it will demonstrate clear 

benefits in terms of either community or individual health.

The assessment of temporomandibular disorders (TMDs) is recognized as integral to the 

practice of dentistry.1,2 Consequently, investigators have developed a variety of instruments 

to accomplish the first step of evaluation. TMD screeners could help provide answers to a 

variety of questions important for patient care in general dental practice, such as whether a 

patient should be referred for diagnosis and care by a health care provider with training in 

orofacial pain and whether a patient is a likely candidate for intervention. A valid and 

reliable TMD screener also could be useful in general population settings. In some special 

populations, a TMD screener might make a valuable contribution to determining a patient’s 

fitness for forthcoming tasks—such as military personnel who are to be deployed to areas in 

which treatment of an acute episode of pain is difficult logistically. In each of these settings, 

the relative importance of false-negative and false-positive results justifiably would vary 

according to the triage setting. In screening a patient for fitness, the clinician may find false-

negative results more relevant than false-positive results, whereas false-negative results may 

be more desirable than false-positive results in making referral decisions.

Findings from previous studies have demonstrated the feasibility of TMD screening,1,3–8 

although there are several notable problems with the instruments used (Table 1). Reference 

standards varied considerably in quality, and none used all three Standards for Reporting of 

Diagnostic Accuracy–recommended parameters of assessment: operationalized criteria, 
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examiners using a calibrated technique and consensus diagnosis.9 Some instruments 

combined items for both pain-related TMD and mechanical symptoms associated with the 

temporomandibular joint (TMJ), but they did not discriminate between these two major 

subtypes of TMD. This discrimination is critical because treatments and prognosis for the 

two types of problems differ. In summary, each of the existing screening instruments 

exhibits limitations in at least one of the following areas: psychometric properties and 

diagnostic statistics, application in representative populations, multidimensionality of items 

and use of a reference standard diagnosis.

These shortcomings motivated us to develop our screening instrument, which emerged from 

several related studies of participants who were phenotyped extensively. Our design goals 

for this instrument were to

• restrict content domain to items that are relevant for pain-related TMD diagnoses 

only;

• use comprehensive psychometric methods for item selection and development;

• keep the instrument short and easy to score;

• account for the context-specific aspects associated with reporting pain symptoms;

• identify additional symptoms relevant for a TMD pain diagnosis;

• assess the instrument’s usefulness in distinguishing related diagnoses of nonpainful 

TMJ disorders and headache.

Because TMD has clinical characteristics that overlap with those of most other orofacial 

pain conditions, we included a group of participants with odontalgia to identify a source of 

potential false-positive responses to our screening instrument.

METHODS

Participants

We obtained data from two convenience samples (Figure 1, page 1186). The first sample 

consisted of 732 adults at three academic health centers in the Research Diagnostic Criteria 

for TMD (RDC-TMD) Validation Project whom we characterized by using the expanded 

RDC-TMD assessment protocol.10 Case status was based on consensus by two dentists at 

each site (among them Y.M.G. and R.O. at the University at Buffalo, N.Y., E.S. at the 

University of Minnesota, Minneapolis, and E.L.T. at the University of Washington, Seattle) 

using calibrated technique.10 We recruited putative control participants on the basis of 

absence of pain in the facial area during the preceding six months. At the time of 

participants’ enrollment, we evaluated them according to history, clinical examination and 

panoramic radiographic findings to exclude people with any possibility of odontogenic pain. 

We used this first sample for initial item development. Among the participants with TMD, 

we included 65 in a reliability assessment, with an interval of two to seven days between 

survey administrations to evaluate temporal stability.11

For validity testing, we divided the 732 participants into four groups. We defined the target 

group, those having pain-related TMD, as those having a diagnosis of pain-related TMD 
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(that is, myofascial pain, arthralgia or both) (as described by Schiffman and colleagues10). 

We identified two comparison groups without pain. One of them consisted of healthy 

control participants, defined as not meeting criteria for a diagnosis of TMD; exclusion 

criteria at enrollment permitted only low-severity headaches (per International Classification 

of Headache Disorders, second edition [ICHD-II], criteria12) that were not affected by 

masticatory function. The second comparison group consisted of those with a nonpainful 

TMJ disorder, defined as a TMJ disorder (such as disk displacement or osteoarthrosis) 

identified via magnetic resonance imaging or computed tomography, and this group served 

as a comparison for reporting of masticatory system symptoms. Participants in this latter 

group may have had jaw pain symptoms, but we required that those symptoms be 

insufficient to meet criteria for a diagnosis of TMD pain. We identified a third comparison 

group—those with headache in the temple region—by means of an algorithm from the 

ICHD-II criteria.12 This group was a subset of the healthy control participants and those 

with nonpainful TMJ disorders, and we selected it on the basis of the absence of a diagnosis 

of TMD pain. Consequently, these participants represented those with regional headache 

without TMD pain and served as a comparison for pain symptom reporting. To create 

groups with similar sample sizes, we randomly selected a subset of the participants with 

pain-related TMD and retained it for analyses.

Another pain group, that with odontalgia, consisted of 80 participants whose chief complaint 

was toothache and odontogenic disease confirmed by means of clinical examination and 

radiographs. We did not determine the presence or absence of TMD in this group owing to 

logistic limitations, so we used these data for secondary analyses to determine the false-

positive rate associated with a competitive pain condition.

Initial instrument development

The investigators in the Validation Project10 developed a comprehensive self-administered 

symptom instrument that contained 49 items assessing masticatory system pain. These items 

inquired into pain symptoms on each side of the face or in each of the designated areas (jaw, 

temple, jaw joint, ear) with a range of response options. Many of the items were conditional 

on response to a prior filter item inquiring about pain in the preceding month. If a person 

responded “no” to the filter items, the instrument directed him or her to skip to the next 

major section; however, many responded “no” to the filter item but completed the 

subsequent pain items within the skip range as though their response to the filter question 

had been “yes.” This type of seemingly contradictory behavior, according to the results of 

participant interviews, typically occurred because of the relation of the “no” response to the 

simplicity of the filter question, whereas “yes” responses to the subsequent items within the 

skip range occurred because the greater level of detail regarding pain elicited recognition of 

their applicability.

For this first part of item analysis, we accepted responses “as is” in the data set to assess the 

maximal information provided by the items and ignore any possible misclassification of 

response related to following or ignoring a skip pattern. To assess each item, we used 

TestGraf (McGill University, Montreal),13 a nonparametric approach for discovering 

response behaviors among people. TestGraf makes few assumptions about the 
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dimensionality of the item, and the response curves are constructed on the basis of the 

presumed severity of the symptoms experienced by the people providing responses. The 

goal was to simplify the items to produce new items that clearly assessed one construct and 

that were reliable in terms of item-response probability curves.14–16 We explored each of the 

49 items and constructed an interim 18-item instrument. Importantly, we could not reliably 

distinguish reports of pain arising from only the TMJ versus those of pain arising from only 

the masseter area, and so we combined these anatomical areas, which led to better reliability. 

Furthermore, we reduced the response options to no more than two beyond the null 

response.

We administered this interim instrument to the participants with odontalgia to assess 

responses to these items on the basis of a competing pain diagnosis.

Final instrument development and statistical analysis

We considered both item-response and factor-analytic approaches appropriate techniques for 

exploration of further item reduction of the interim 18-item instrument. We used Rasch 

analysis17,18 to determine if a response hierarchy was present among the items but found no 

discernible hierarchical pattern of severity among the items. We then used exploratory-

factor analysis (EFA) to determine if an indicator variable model would identify a latent 

construct (a non–directly measurable concept such as TMD pain). We performed EFA by 

using a polychoric correlation matrix (because of the binary or ordinal response options) and 

weighted least squares estimator; for simplified scoring, a single factor solution was 

desirable, with an eigenvalue of greater than 1.0 required for factor identification.19

We constructed short and long versions of the instruments and tested them across the 

different groups. We defined “case participants” as those with pain-related TMD, whereas 

the comparison control groups were healthy control, nonpainful TMJ and headache. By 

using traditional 2 × 2 tables, we computed sensitivity as correct identification of case 

participants and specificity as correct identification of control participants. Additional 

statistics included likelihood ratios and area under the curve (AUC) from the receiver 

operating characteristic (ROC) analysis. We computed the response rate of above-threshold 

scores by the odontalgia group. Among the software we used were Test-Graf 9813; 

Winsteps, Version 3.68.020; Mplus, Version 5.021; and Stata, Version 11.22 We compared 

demographic characteristics by using robust errors (as described by Wilcox23) for age, 

owing to unequal variances, and by using the proportion test for sex.24

RESULTS

Table 2 describes group statistics for sample sizes, age and sex distribution. A two-factor 

EFA using all 18 items explained 60.6 percent of the variance. We found substantial overlap 

in factor structure assessing modification of pain in the temporalis and masseter/TMJ area. 

Therefore, we combined the items pertaining to these three anatomical areas, resulting in 11 

items. An EFA of the 11 items resulted in a single factor solution with 66.7 percent variance 

explained. Six of the retained items assessed core symptoms (Figure 2) on the basis of 

emerging definitions of TMD pain diagnosis,25 which requires each of two findings: pain of 

sufficient frequency across a recent period and modification of the pain by function. Table 3 
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(page 1189) shows their contribution. We explored an additional item—pain modified by 

resting the jaw—but its inclusion did not improve the model. Therefore, we selected a 

single-factor solution based on six items for subsequent testing. It explained 76.8 percent of 

the variance, which is considered an excellent fit. We also created a shorter form (Figure 2), 

and we found that these three items explained 83.0 percent of the variance within a single-

factor solution.

We based scores for the three-item and six-item instruments on simple sums (Figure 2 

shows the scoring rules), and we then evaluated the instruments for other characteristics. We 

computed internal consistency using the composite data set, and coefficient α was 0.87 and 

0.93 for the short and long versions, respectively. When we assessed temporal stability, we 

found the reliability of the individual items (κ) ranged from 0.52 to 0.78, indicating fair to 

excellent agreement, whereas the summary scores of the short and long versions exhibited 

acceptable intraclass correlation values of 0.83 and 0.79, respectively.

Table 4 (pages 1190–1191) presents information regarding sensitivity and specificity of the 

short and long versions of the screener. We established threshold values for a positive score 

as 2 for the short version and 3 for the long version. These threshold values provided for 

each of the versions, respectively, the best balance between sensitivity and specificity with 

use of ROC analysis. Both versions exhibited excellent validity in correct identification of 

participants with pain-related TMD (sensitivity, 99 percent) and healthy control participants 

(specificity, 97 percent). The validity of the short screener was excellent in correct 

identification of participants with competing symptom conditions of non-painful TMJ 

disorder (specificity, 95 percent) and headache not related to TMD (specificity, 96 percent). 

The validity of the long screener was slightly better in identification of people with 

nonpainful TMJ and with headache. The response rate of the odontalgia group was 29 

percent and 26 percent for the short and long screeners, respectively.

Represented by the AUC, the probability that a test result from a randomly selected pair of 

participants with pain-related TMD, versus results from healthy control participants or 

participants with nonpainful TMJ disorder, would correctly identify the true-positive and 

true-negative participants was 98 to 99 percent. The AUC values remained high for the 

comparison with headache. The positive likelihood ratio obtained ranged from 19.2 to 44.6, 

varying according to the comparison control group, whereas the negative likelihood ratio 

was 0.01 throughout. Both positive and negative ratio findings exceeded the accepted 

benchmarks of 10 or more and 0.1 or less for the positive and negative likelihood ratios, 

respectively.

DISCUSSION

In this study, we synthesized information from responses to a large number of questions and 

tested the questions’ performance in relevant diagnostic and control groups to derive two 

screening questionnaires for pain-related TMD, one with three items and one with six items. 

Both versions had excellent validity when judged against a reference standard diagnosis 

with use of the expanded RDC-TMD protocol. Our primary intent in developing the three-

item TMD screener was to use it in a cost- and time-effective manner in population-based 
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studies and other research applications in which aggregate group statistics are an acceptable 

outcome. The intent with the six-item TMD screener was to enhance its internal reliability 

(and thereby increase its precision) for use in clinical settings. Also, the three additional 

items in the instrument could be used as part of the formal diagnosis of a pain-related TMD 

consistent with emerging diagnostic criteria for TMD,25 which require positive modifying 

factors for a TMD pain diagnosis. In population settings, one could use the six-item version 

if more certainty about the likely diagnosis is desired. With the use of either version of the 

screener, we recognized that the clinician must perform a comprehensive pain assessment, 

including interview and clinical examination, if the goal is to provide a diagnosis.

Similarities in pain characteristics across different pain-related disorders that share the same 

anatomical region and, hence, involve some of the same functional structures challenge the 

process of differential diagnosis. Moreover, these similarities equally challenge the 

development of screening instruments capable of detecting a pain condition of interest, 

simultaneous with the ability to discriminate among different pain conditions that often 

coexist. Consequently, absolute detection of pain-related TMD and absolute nondetection of 

odontogenic pain should not be expected from an inquiry into a small number of symptoms. 

The 29 percent response rate among the participants with odontogenic pain could represent 

some mix of splinting pain,2 perhaps as a consequence of odontogenic nociception, or it 

could represent a possible source of false-positive responses to the screening instrument. 

Nevertheless, the present result does not detract from the performance of this instrument in 

the detection of pain-related TMD. In addition, the large separation in threshold response 

rates, as based on symptom reporting by participants with TMD versus that by participants 

with odontogenic pain, should be regarded as encouraging.

The low sensitivity among participants who reported having temple headache but no pain-

related TMD diagnosis would appear to represent an ideal outcome for use of this 

instrument in a setting in which the user wants to focus on detecting TMDs. One could 

expect much higher detection of headache related to a TMD, especially on the basis of the 

expected endorsement of the items pertaining to modifying factors—but, of course, this is an 

empirical question subject to confirmation.

The initial patient history questionnaire in the RDC/TMD26 contains a single item for 

assessing the presence of regional pain during the preceding month. Through systematic 

examination of this instrument during the Validation Project,10 we discovered that using a 

single item as a basis to assess pain, despite its being quite logical in structure, does not 

capture completely the nuances of pain in people whose pain experience is ambiguous—that 

is, sits on the borderline between clearly present and clearly absent. Although published data 

demonstrate that this single item can have excellent sensitivity and specificity (96 percent 

and 95 percent, respectively),27 and although we were able to replicate such findings in our 

data set, we were concerned that those values of sensitivity and specificity in our data were 

biased by our recruitment method, in which we asked essentially the same question to 

determine inclusion for people with pain and exclusion for control participants. Furthermore, 

we noticed that the reference standard Reissmann and colleagues27 used also ultimately was 

based on this same item for those who did or did not receive a diagnosis, leading to 

circularity in the findings. More generally, the findings of Reissmann and colleagues may 
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illustrate the known problems with reliability associated with the use of a single item for a 

complex construct. Consequently, this instrument does not use this single item as a filter 

question. Alternatively, the indicator variable model for measurement would appear to be a 

better approach for developing an instrument whose purpose is to identify the presence of 

pain, given that its recognition by the person often is based on access to semantic 

memory,28,29 which is enhanced by using a variety of cues within the questionnaire 

structure. An additional advantage of this approach is that in many settings, the presence or 

absence of pain across the preceding 30 days is used frequently as either a critical inclusion 

criterion (for research) or as a critical criterion for a pain diagnosis.

Given that risk factors for TMD onset or a symptom profile of early-stage TMD have not 

been established yet, a screening instrument for TMD is, at this time, best constructed on the 

basis of symptoms. An alternative approach to questionnaire-based screening instruments 

has been the use of a screening examination, as proposed by Schiffman and colleagues,30 

although this is in the context of first determining who has symptoms on the basis of the 

presence of pain. The primary challenge, however, in using an examination as part of a 

screening process is that clinical parameters such as joint sounds, jaw opening pattern and 

pain on palpation may represent a variation of normality or simply may be poor descriptors 

of the phenomena under study. One additional challenge in the use of clinical examination 

procedures for screening purposes is that the examiner must be sufficiently reliable. In 

contrast, the virtue of a short self-administered screening instrument is that it can be more 

reliable and can be used by the patient before a clinic visit or in field studies in which 

examiners are not available.

If a screening instrument is used for early identification of a condition in a clinical setting, 

there must be a suitable consequence if the finding is positive. In the case of TMD, this 

means that a positive finding with the screener must be followed by a more comprehensive 

evaluation to establish a diagnosis. Diagnosis must be followed by appropriate intervention 

at the early stage of identification to minimize chronicity.31

Limitations

This study has several limitations. First, our study samples were based on convenience and 

are not intended necessarily to represent population-based demographics. However, the 

demographic distributions of our samples were similar to typical findings for corresponding 

clinical patient groups. A second limitation is that the final instrument item content is based 

on collapsing specific items. Although the data from the odontogenic pain group provide 

some support for how participants would respond to the items as currently worded, further 

research with the final instrument is needed to replicate the findings. A third limitation is 

that we did not assess the odontogenic pain group for TMD owing to logistic restrictions in 

data collection.

CONCLUSION

The validity of the TMD-pain screening instrument we developed and tested is demonstrated 

by the instrument’s excellent levels of sensitivity and specificity. The intended uses of this 

instrument are to identify patients who require further clinical evaluation and to provide a 
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standardized screening instrument for research purposes. For clinical use, the responses from 

the screener then can be used as part of the diagnostic process for a pain-related TMD 

diagnosis. The brevity of this instrument allows for its routine use in clinical and research 

settings for better assessment of patients who may have pain-related TMD.
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Figure 1. 
Flowchart of study design showing participant sources, analyses and participant groups.
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Figure 2. 
Final instrument and scoring rules.
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TABLE 2

Demographic characteristics of the study population.

DIAGNOSTIC GROUP SAMPLE SIZE MEAN (SD) AGE, IN YEARS FEMALE SEX (%)

Healthy Control 96 36.2 (13.2) 62.5

Nonpainful Temporomandibular Joint (TMJ) Disorder 116 39.9 (13.1) 76.7

Pain-Related Temporomandibular Disorder (TMD) 212 36.9 (12.6) 91.0

Headache Without TMD Pain† 45 37.7 (11.7) 80.0

Odontalgia 80 37.4 (18.3) 53.8

*
Across the primary groups, age did not differ; significant Bartlett’s test for equal variances (χ23 = 18.6, P = .000) was followed by a W test with 

robust errors (W = 1.81 [3, 213.9], P = .15). Female sex was predominant overall (P = .000) and was allocated unequally across groups (χ23 = 58.2, 

P = .000). Across the two subsets, age did not differ (F = 0.08 [1, 195], P = .78); female sex was predominant (P = .000) but the proportion was 

different across the two groups (χ21 = 3.3, P = .07).

†
This group is a subset of the group with nonpainful TMJ disorder and the healthy control group.
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