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Temporomandibuiar disorder literature contains serious înisunder-
standings and misapplications of statistical concepts, induding pre-
dictive values, in evaluating diagnostic modalities and in clinical
decision making. Tbe use of general population prevalence data for
temporomandibular disorders to evaluate positive predictive values
of diagnostic modalities is sbown to be invalid. Tbe positive predic-
tive value of a diagnostic tool should not be used to evaluate the
efficacy of tbe tool or to confirm the presence of temporomandibu-
lar disorders wben tbe pretest ¡ikelibood of temporomandibuiar
disorder is iow (eg, 10%). in sucb a situation, tbe TM} Scale's neg-
ative predictive value of 98% supports the dentist's clinical impres-
sion of the absence of temporomandibuiar disorders. When the
pretest iikeiihood of TMD is high (eg, 90%), the TMJ Scale's posi-
tive predictive value of 97% supports the dentist's clinical impres-
sion of the presence of temporomandihular disorders. The predic-
tive values of the subscales of the TMJ Scale that measure joint
dysfunction and stress may be used to further refine tbe diagnostic
impression. When the dentist is unsure ofthe presence of TMD and
makes a pretest estimate of 50%, the TMJ Scale's positive predic-
tive value of 81% and negative predictive value of 83% substan-
tially improve the accuracy of ciinicai decisions.
J OROFACtAL PATN 1994;8:298-308,

Aburgeonmg interest is evident in the recent scientific and
clinical hterature on diagnostic tests for temporomandibular
disorders (TMD).'-' At the same time, considerable contro-

versy has evolved over which diagnostic modalities are valid and
useful for screening and evaluating patients for TMD and for mak-
ing clinical decisions.*-" The ADA Council on Dental Materials
Instruments and Equipment (CDMIE) has published research
guidelines thar must be met for TMD diagnostic modalities to be
considered for the ADA Acceptance Program,'" The second edition
of Temporomandibular Disorders: Guidelines for Classification,
Assessment and Management," published by the American
Academy of Orofacial Pain (AAOP), emphasizes that the efficacy
of all diagnostic tests should be established through studies that
determine the sensitivity, specificity, and positive and negative pre-
dictive values of the test. It states that the sensitivity and specificity
should generally be better than 70% and that these important char-
acteristics are known for very few diagnostic tests for TMD.

A number of reviews of various diagnostic methods have
appeared in the literature"-"; these are generally critiques of the
research basis and performance of the various diagnostic tech-
niques. Most of these reviews seem to conclude that no diagnostic
modality has achieved sufficient sensitivity, specificity, and predic-
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tive values to be considered useful for screening or
clinical decision making.'""-'

Critique of the Literature

Sensitivity, specificity, and predictive values are
simply ratios expressing the probability of the
occurrence of an event and are derived from statis-
tical mathematics. However, many of the reviews
of TMD diagnostic methods have used these math-
ematic concepts inappropriately by subjectively
evaluating the results of these calculations and
using them to infer "clinical truth."-*

In a recent review of the theory and clinical
application of these mathematic concepts to diag-
nosis of TMD, Christensen and Ash-' discuss the
shortcomings of many of these reviews of TMD
diagnostic modalities. They pomt out that the
establishment of the so-called "gold standard" for
a clinical diagnosis, against which diagnostic tech-
niques are tested, can be a highly spurious concept,
and they discuss the fallacy of assuming that one
can conclusively establish such a standard. They
point out that TMJ imaging techniques and TMJ
clinical examination techniques are effectively
assigned a probability of 100% by certain
researchers in arriving at a correct ("true") TMJ
diagnosis. Their discussion emphasizes cause for
concern, because the probability models of many
clinical researchers, including Lund and Widmer,''
Greene,'' Goulet and Glark,'' Widmer et al," and
Mohl et al,-"--- "appear to be too optimistie and
too oversimplified."-'

Christensen and Ash"' argue quite convincingly
that many of these authors have used the concepts
of probability to inappropriately infer the degree
of behef in a particular diagnostic method. Their
conclusion is that it is incorrect to subjectively
evaluate, or pass judgment on, probability ratios
such as sensitivity, specificity, and predictive
values on the basis of an elusive gold standard, as
is done in the TMD literature."--•'•̂ '•̂ " Christensen
and Ash-" conclude that the work of certain
authors-'' uses the decision-making matrix as a
framework for beliefs that are often far removed
from "clinical truth.""

Dworkin et al"' have recently discussed the vali-
dation of examination methods for TMD. Much
attention was again paid to the importance of sen-
sitivity, specificity, and predictive values. A preva-
lence of 10% for TMD in the general population
was used as the basis for setting acceptable sensi-
tivity and specificity as well as positive predictive
values. Using this approach, they state that to

achieve a positive predictive value of 75%, the
specificity would have to he greater than 95%
while the sensitivity could range between 70% and
100%. Various diagnostic methods arc then evalu-
ated using these concepts. However, the manner in
which these concepts are employed once again rep-
resents a serious misunderstanding of the proper
application of predictive values in evaluating diag-
nostic modalities and in clinical decision making.
Specifically, the application of population preva-
lence data for evaluating diagnostic methods and
for clinical decision making on individual patients
IS entirely inappropriate. Their misapplication of
predictive values may lead to erroneous conclu-
sions and calls into question much of their results.

A careful examination of the Dworkin et aP'
results shows that using the recommended TMD
prevalence of 10%, no diagnostic tool with a sen-
sitivity of even 100% and a specificity of 90%, nor
any diagnostic tool with a specificity of 100% and
a sensitivity of 90%, would have a positive pre-
dictive value even close to 75%. Clearly, the
approach of using population prevalence data for
TMD to evaluate positive predictive values of
diagnostic tools eliminates the possibility that
almost any tool can meet the acceptable criteria.
Although many diagnostic tools do lack sufficient
accuracy and science for general use, another
problem is the repeated inappropriate application
of statistical concepts in this field.

The incorrect application of predictive values to
certain clinical situations is again exemplified by
the suggestion that although the sensitivity (84%)
and specificity (80%) of one particular diagnostic
tool, the TMJ Scale (Pain Resource Center,
Durham, NC), are acceptable, this tool is not suit-
able for screening for TMD because its positive
predictive value is too low at a prevalence rate of
10% for TMD.^' A prevalence of 10% was appar-
ently again chosen because it represents the
approximate prevalence of TMD in the general
population. The error is again made of using gen-
eral population prevalence rates for TMD to eval-
uate diagnostic tools in clinical settings. In addi-
tion, positive predictive values were used when, in
fact, it is the negative predictive values that are
required.'"

It is not widely appreciated that the proper use
of predictive values is based on using the clini-
cian's best pretest estimate of the presence of dis-
ease or disorder in the individual patient being
evaluated.'" This estimate is always based on the
history and examination of the particular patient
and virtually nevet on population prevalence data.
The ADA and AAOP have recommended that
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every dental patienr be screened for TMD.'"" This
screening usually takes the form of a brief history
and clinical examination covering certain key ele-
ments of TMDs,'" The only time it would be
appropriate to use population prevalence data as
the best pretest estimate of TMD is during epi-
demiologic studies in the general population,
where a diagnostic tool is used to screen for TMD
and where no clinical information on the lndividti-
als being tested is available. In such a case, the
positive predictive value of a diagnostic rool for
TMD would necessarily be applied.

The use of general population prevalence dara ro
estimate a patient's probability of having TMD is
a last resort. Use of such an approach would be
entirely invalid in the many dental practices that
specialize in facial pain and TMD, In these prac-
tices the prevalence of TMD would be more accu-
rately estimated at 50% to 100%. Even in sucb
practice setdngs, tbe best estimate of the likelihood
of a patient having TMD is a good history and
clinical examination. The poinr is that population
or practice prevalence data is never as good as an
estimate based un the specific history and clinical
examination results for the individual patient.

Further confusion has appeared in certain
reviews regarding the proper selection of a diag-
nostic method and appropriare use of predictive
values in clinical decision making,''' As will be
shown below, when the dentist's pretest estimate
of TMD is low, eg, 10%, then a diagnostic tool
should be chosen to help confirm the dentist's pre-
diction of absence of TMD and nor arrempt to
contradict rhe dentist's prediction by confirming
presence of TMD.'" In such a case, it is the nega-
tive predictive valtie that is used, not the positive
predictive value,"̂ ' Using one reviewer's example
of the TMJ Scale,-'' rhe negative predictive value of
the TMJ Scale at a pretest estimate of 10% for
TMD is 98%, a very high and acceptable level of
predicrion.^- Whenever rhe likelihood of the pres-
ence of a disease or disorder is low in a given
patient, rhe positive predictive value of a diagnos-
ric tool should never be used ro contradict the
clinician's impression by artempting to rule in the
disorder,'" The fallacy of rhis approach is rhar
diagnostic tools in general have low positive
predictive values when the pretest estimate of dis-
order is low. This leads to excessively high false-
positive rates.

When the demist believes that a TMD is proba-
bly present (prerest estimate of 51% to 99%), it
may be decided to corroborate rhis prediction by
appropriately employing a diagnostic tool that has
a high positive predictive value for TMD, When

the dentist believes that a TMD is probably absent
(pretest estimate of less than 50%), then it may be
decided to corroborate this prediction by appropri-
ately employing a diagnostic tool that has a high
negative predictive value for TMD,

In mosr instances, when the dentist feels that a
TMD is not present, no diagnostic tool will be
employed to further rule out TMD. The exception
is the case of the orthodontist, surgeon, or other
specialist who plans on performing an irreversible
procedure. In such a case, the dentist may desire ro
more strongly support and corroborate the pre-
sumed absence of TMD through use of a diagnos-
ric test with a high negative predictive value.

Cerrain reviews also contain some important
omissions of published research findings and gross
inaccuracies regarding the availability of sensitiv-
ity, specificity and predictive values for parricular
diagnostic tools. For example, in one such review
in 1992, it was stated that "Assessing the diagnos-
tic vaiidity of the TMJ Scale was reported in one
study" and "Unfortunately, no measures of sensi-
tivity, specificity or positive predicrive values were
included in their study, and since there are no
reported numbers of successful or unsuccessful
diagnoses by their indices ir is not possible to cal-
culate sensitivity or specificity.""' The sensitivity
and specificity of all 10 subscales of the TMJ Scale
were first reported in 1985 at the Annual Meetings
of the International Association for Dental
Research and American Pain Society by Lundeen
et al ."" They were again published in tbe TMJ
Scale technical manual in 1986.'' Sensitivity and
specificity studies based on extensive cross-valida-
tion samples were published again in 1988.̂ ^ This
was foilowed hy three separate publications on the
predictive values of this diagnostic tool in 1990
and 1991.'í¡"." A rotal of 16 publications on the
TMJ Scale"-'""' were in print at least 1 year before
the above incorrect statements,'^ and since then,
additional published studies by numerous investi-
gators continue to confirm the TMJ Scale's validity
and clinical usefulness,"""

The confusion generated by omission of impor-
tant research findings and published misinfor-
mation (see erratum") is compounded by an incon-
sistency and an apparent double standard in the
literature. Certain aurhors, "•'"-"•" demand adequate
sensitivity, specificity, and predictive value studies
for all diagnostic methods, yet they employ diag-
nostic methods of their own for which no sensitivi-
ty, specificity, or predictive value research has been
published.̂ * Specifically, drastically modified ver-
sions of two subscales of the SCL-90-R*'' are used
extensively without having their internal structure
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revalidated, witb no internal consistency or test-
retest reliability studies published, and with no pub-
lished sensitivity, specificity, or predictive values."

Focus of the Present Study

Few diagnostic tools actually tnake a direct predic-
tion regarding presence of TMD. Therefore, pre-
dictive values for such tools are scarce. One diag-
nostic tool that does make a direct prediction of
presence or absence of TMD is tbe TMJ Scale."*"'"
This diagnostic tool also makes similar predictions
for the physical symptoms of TMD including pain,
palpation pain, joint dysfunction, and range of
motion limitation, as well as for psychological fac-
tors and stress, among other scales. Tbis tool will
be used to illustrate how the efficacy of a TMD
diagnostic method should be evaluated and to
demonstrate, usmg a nnmber of clinical scenarios,
tbe proper application of tbe theory of predictive
values to clinical decision making.

Calculation of Sensitivity, Specificity, and
Predictive Value

Sensitivity is the probability that a test result will
be positive when the disease is present. Specificity
is the probability that a test result will be negative
when the disease is absent.'" These mathematic
concepts may be calculated using a binary decision
matrix diagram (Fig 1) in which:

Sensitivity = TP/TP -t- FN

and

Specificity = TN/TN + FP

Sensitivity and specificity are expressions of
probability as applied to groups of patients, as
opposed to individual patients. Although a sensi-
tivity and specificity of at least 70% are sometimes
considered the minimum requirement for a useful
TMD diagnostic method," the sensitivity and
specificity desired is actually situation specific. A
high sensitivity is needed for screening ot exclud-
ing a disease and high specificity is needed to con-
firm a disease.'" Since the application of a diag-
nostic tool may vaty depending on the specific
clinical need, many psychometric diagnostic tools
attempt to set the cut-off scores at a level that
simultaneously maximizes both sensitivity and
specificity. '̂

Positive

Test
Result

Negative

Disease

Present Absent

True
Positive

TP
FN

False
Negative

False
Positive

FP
TN

True
Negative

Fig 1 Binary decision matrix diagram.

Setting the cut-off score lower will increase sen-
sitivity, ie, have a higher hit rate for ttue positives,
while at the same time reduce specificity. Likewise,
raising the cut-off score will increase specificity, ie,
produce a higher hit rate for true negatives, while
at the same time reduce sensitivity.

The consequences of low sensitivity or low
specificity differ depending on the risks and costs
of treating patients who do not have the disease
compared to underdiagnosing and not treating
patients who have the disease. Some believe that
many TMDs are self-limiting and resolve without
serious long-term effects."" It is felt that aggres-
sive, irreversible, and costly treatments such as
complex occlusal therapy and surgery should be
avoided in most cases." If this is true, then the
costs and risks associated with low specificity
(high false positives) would appear to be a greater
problem than missing and not treating patients
who have TMD. Also, since the prevalence of
TMD is low (presumed about 10%) in the general
population, there will be a small number of false
negatives resulting from a lower sensitivity as
opposed to a relatively large number of false posi-
tives resulting from a lower specificity.--' For this
reason, some researchers feel that specificity
should be maximized at the expense of
sensitivity.-'

The predictive values of a test give the clinician
a better estimate of its accuracy in a given clinical
situation for the individual patient.^" The positive
predictive value of a diagnostic tool is the proba-
bility tbat a patient with a positive test result actu-
ally has tbe disease. Tbe negative predictive value
is the probability that a patient with a negative test
result does not have the disease. These two mea-
sures of probability of occurrence of disease may
be calculated using the same binary decision
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matrix used for sensitivity and specificity (Fig 1) in
which:

Positive Predictive Vakte = TP/TP + FP

Negative Predictive Vakte = TN/TN + FN

If a given sensitivity and specificity for diagnos-
tic tests for TMD are determined to be acceptable
(eg, 70% for TMD"), then the predictive values
for those tests at all prevalence or pretest estimates
of disease are also determined. It should be noted
that the predictive values of a diagnostic test are
affected by the prevalence or pretest likelihood of
disease presence. In fact, calculation and use of
predictive values depends on being able to make a
pretest estimate of disease presence for the patient
being tested.

Sensitivity, Specificity, and Predictive
Values of the TMJ Scale

The TMJ Scale is a TMD symptom-based, psycho-
metrically derived tool with an extensive research
basis and numerous studies discussing its clinical
application." •""̂ •' The theory used to construct and
deveiop the TMJ Scale and the research basis for
its vahdity, reliability, and clinical utility have been
previously reported.'-'"^'''' It contains subscales to
measure both rhe physical and psychological com-
ponents of TMDs. The sensitivities, spectficities,
and predictive values of the 10 subscales of the
TMJ Scale have been thoroughly studied.'-'*""

The present study will focus on three subscales
(Global, Joint Dysfunction, and Stress Scales) to
explore the appropriate use of predicttve values m
chnical decision making and in evaluating diagnos-
tic tests for TMD.

The Global Scale makes a direct prediction as to
whether the patient has a TMD.'-'''''' The patient's
score on this scaie can be used to help screen and
rule in or exclude and rule out the presence of
TMD. The Joint Dysfunction Scale is sensitive to
TMJ noises (clicking, poppmg, grating, grinding,
crepitus) and iocking (open and closed),'''"" The
Stress Scale measures the overall level of reported

Table 1 sbows the sensitivities and specificities of
these subscales,"" Figures 2 through 4 graphically
show the results of predictive value calculations for
these subscales.'-•*"•" Some general observations
may be made at this point. The positive predictive

Table 1 Sensitivity and Specificity of the Global
Scale, Joint Dysfunction, and Stress Scales of the
TMJ Scale''"

Specif ic i ty

Scale name
Sttidy
size

SensltivlC}'
(%)

Global Scale
Joint Dysfunction
Stress

1215
808
197

84.2
76,3
73,7

BO. 3
73,1
71,1

value of any diagnostic method is relatively low at
iow pretest estimates of disease (disease in the pre-
sent context means TMD or the particular symp-
tom of TMD such as pain or joint dysfunction)
and increases as the pretest estimate of disease
increases from 0% to 100%. The negative predic-
tive value behaves in an opposite manner, being
relatively high at low pretest estimates of disease
and decreasing as the pretest estimate increases.
When the pretest estimate of disease is low, the
negative predictive value is higher than the positive
predictive value, and more confidence is placed in
negative test results. When the pretest estimate of
disease is high, the positive predictive value Is
greater than the negative predictive value and more
confidence is placed in positive test results,™

From a clinical decision making point of view,
these results for all diagnostic tests mean that a
positive test result is not helpful in confirming the
presence of a disease when the pretest likelihood of
disease is low.'" Thus, using rhe estimated popula-
tion prevalence of TMD of 10% as the pretest esti-
mate precludes the use of positive predictive values
to evaluate the diagnostic method and prevents the
use of a positive test result in screening for or con-
firming TMD. However, when the pretest likeli-
hood of disease is low, a negative test result is
helpful in excluding the disease.™ This means that
if, in the unhkely circumstance that the population
prevalence of TMD of 10% is used as the pretest
estimate, a diagnostic method with a high negative
predictive value is desirable and a negative test
helps the dentist rule out TMD.

The above observations represent the fundamen-
tal principles involved in using predictive values in
clinical decision making. It is worth emphasizing
again that predictive values should only be used in
conjunction with the dentist's pretest estimate of
the likelihood of presence of TMD or the particu-
lar symptom being evaluated. Tbis estimate sbould
be based on clinical information obtained from the
history and examination of the patient, not on esti-
mates of TMD in the general population.
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Fig 2 Predictive values of che Global Scale versus pre-
test estimates of the likelihood of TMD.
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Fig 3 Predictive values of the Joint Dysfunction Scale
versus pretest estimates of the likelihood of presence of
joint dysfunction.

Discussion

Pretest Estimate of TMD is Low

Let it be supposed that a patient presents to the
dentist's office with a chief complaint of facial
pain. The history reveals that the patient has been
having pain in the area of the left maxillary third
molar for about 2 weeks. There has been a prior
history of similar pain and dental work on that
particular tooth in the past. Examination of the
tooth reveals it to be sensitive to perctjssion, which
reproduces the pain. The TMD screening history
reveals mild pain on opening in the region of the
left TMJ, no stiffness or difficulty on opening or
masricating, and no history of locking. The patient
does report an occasional clicking noise in the left
TMJ. No history of injury is elicited. There is some
generalized tenderness in the left masseter muscle.
No preauricuiar or intrameatal TMJ tenderness is
found. No click or crepitus is present on ausculta-
tion, and rhe range of motion of the mandihie is
42 mm vertical and 7 mm bilateral laterotrusion.
The occlusion is felr to be adequate. The remain-
der of the TMD screening examination is normal.
A large carious lesion is noted on panoramic
radiograph at the bottom of a prior restoration
and in very close proximity to the dentin.

Treatment of the third molar carious lesion is
indicated, and the possible need for a root canal is
noted. Based on this history and examination, the
dentist estimates that the likelihood of a TMD is
no more rhan 10%, The dentist wishes to establish
more firmly rhe absence of a TMD before an

-B 40-

0 10 2 0 3 0 4 0 5 0 6 0 7 0 SO 9 0 tOO

Pretest Estimate (%)

Fig 4 Predictive values of the Stress Scale versus
pretest estimates of the likelihood of presence of stress.

attempt at restoration or referral to an endodontist
for root canal. The dentist now needs to corrobo-
rate his impression rhat a TMD is absent, A diag-
nostic test is required that can rule out the pres-
ence of TMD with a high degree of certainty. The
tool must have a high negative predictive value at
a pretest estimate for presence of TMD of 10%.

The TMJ Scale is administered with the result
that the Glohal Scale score is below the cut-off and
indicates absence of TMD. Using Fig 2, the nega-
tive predictive value of the Glohal Scale is 98% at
a pretest estimate of TMD of 10%, The negative
test result means that there is a 98% probability
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Table 2 Use of Predictive Values of the TMJ Scale to Confirm or Rule Out
TMD, Joint Dysfunction, and Stress m the Dental Patient

Disorder

Global Scale"
TMD
TMD
TMD
TMD

JoiFit Dysfunction Scale"
Joint Dysfunction

Stress Scale"
Slress

Pretest
estimate of

likelihood (%)

10
SO
50
90

80

60

Positive
predictive
value (%)

-
81
-
97

92

79

Negative
predictive
value (%)

98
-
83
-

-

-

Gain In
accuracy (%}

8
31
33
7

12

19

that the patient does not have TMD. This strongly
supports the dentist's pretest impression.

Note that the dentist's pretest estimate of 10%
means that he felt the likelihood of absence of
TMD was 90%. The Global Scale's negative pre-
dictive value of 98% adds an increment of 8%
(98% - 90% = 8%) accuracy to the dentist's pre-
diction (Table 2). Therefore, while the test per-
forms very well in this situation, the increase in
accuracy is relatively small. This holds true for all
diagnostic methods at low pretest estimates of dis-
ease. In other words, the closer the dentist's pretest
prediction is to "certainty" (0% or 100%), the less
room exists for any diagnostic method to exceed
that level of aecuracy.

Pretest Estimate of TMD is High

Suppose a patient presents to the dentist's office
with a 2-year history of right facial pain following
a fall during which the patient's face hit the
ground with considerable force. The patient
noticed immediate pain in the right jaw joint and
surrounding areas. He was seen by his regular den-
tist who, after taking a radiograph, told the patient
that there was no fracture. Over the next several
weeks the patient noticed stiffness, pain, and diffi-
culty in opening his jaw when yawning or masti-
cating. A few months later the patient reports
occasional episodes during which the jaw got stuck
open about half way. There is a loud popping
sound on opening wide and this is sometimes
accompanied by pam in the jaw joint. All of these
symptoms have persisted for 2 years. Over this
time the patient has come to feel that his bite is off
or changing. He also now experiences headaches,
usually in the right temple region and across the
right face. The patient reports feeling occasionally
stressed to a mild degree by the pain and problems

with jaw function, and that these problems have
interfered with some of his usual leisure activities.

The dentist proceeds with a screening examina-
tion for TMD. The vertical range of motion is
measured at 35 mm, with an opening click at 23
mm. Right and left laterotrusion are 6 mm and
7 mm, respectively. There is preauricular and
intrameatal tenderness to palpation on the right
side. Auscultation reveals crepitus in the right TMJ
on opening and closing. The masseter and tempo-
ralis muscles are tender on the right side. There is
a Class II, grade II malocclusion.

At this point in the evaluation the dentist
believes that the data strongly support the presence
of a TMD, probably primarily involving the right
TMJ as well as the muscles of mastication on the
right side. Before proceeding with more extensive
examination, radiography, and other expensive
imaging techniques to further help define the diag-
nosis, the dentist wishes to further eonfirm his
impression of the presence of TMD and confirm
TMJ involvement. He also is concerned about the
patient's level of stress. The dentist makes a pretest
estimate for presence of TMD of 90%. A diagnos-
tic tool that can confirm and rule in the presence
of TMJ with a high accuracy is needed. The tool
must have a high positive predictive value at a
pretest likelihood of TMD at 90%.

The dentist also feels, quite strongly, that the data
suggest that TMJ dysfunction is involved and some-
what less strongly that the patient's stress level is
abnormally high. The dentist makes a pretest esti-
mate for the presence of TMJ dysfunction of S0%
and for presence of elevated stress of 60%. There-
fore, a diagnostic tool is needed to confirm and rule
in the dentist's diagnostic impression of the presence
of joint dysfunction and stress. It is desirable fot
such a test to have high positive predictive values
for these symptoms at the pretest estimate levels of
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the dentist. It should be noted that, in general, the
prevalences of borh rbe pbysical symptoms of TMD,
such as pain, joint dysfunction, and range of motion
limitation, as well as elevations in psychological dis-
tress and stress, are quite bigh in the TMD popula-
tion,"••'"•"' The best pretest estimate of these factors
in rhe individual patient remains the denrist's his-
tory and clinical examination.

The TMJ Scale is administered to this patient
with the result that the Global Scale score is above
the cut-off and indicates presence of TMD, Using
Fig 2, the positive predictive value of the Global
Scale is 97% at a pretest estimate of TMD of
90%. The positive test result means that there is a
97% probability that the patient has a TMD. This
strongly supports the dentist's pretest impression.
The increment in accuracy over the dentist's pre-
diction is 7% (97% - 90% = 7%) (Table 2),
Again, ar 907o likelihood there is not much room
for improvement.

The denrisr also may use the TMJ Scale to help
better define the TMD and the patient's response
to it. Tbe history and physical examination suggest
TMJ involvemenr. The dentist's pretest prediction
is 80% for TMJ dysfunction. The Joint Dys-
funcrion Scale score is elevated above the cut-off
and predicts the presence of joint dysfunction. The
positive predictive value of the Joint Dysfunction
Scale is 92% at a pretest estimate of 80%. This
result means rhat the probability of the patient
having joint dysfunction is 92% and this strongly
confirms the dentist's prediction. The improve-
ment in accuracy over the dentist's pretest predic-
tion is 12% (92% - 807o = 12%) (Table 2), In a
similar manner, the dentist may use the Pain,
Palpation Pain, Range of Motion Limitation, and
Perceived Malocciusion Scales of the TMD Scale
to further refine diagnosric impression.'"' "

The Srress Scale score is also above the cut-off
and predicts the presence of stress as a significanr
factor in the patient's response to rhe TMD symp-
toms. The positive predictive value of the Stress
Scale is 79% at a prerest estimate of 60%. The
positive test result means that the probability of
the patient experiencing significant stress is 79%,
and rhis tends ro confirm the dentist's predicnon.
It also improves the accuracy of the dentist's
pretest predicnon by 19% (79% - 60% = 19%)
(Table 2). In a similar manner, the dentist may
also use the Psychological Factors and Chronicity
Scales of the TMJ Scale to further assess the
patient's psychological state,*'"'"

With the resulting confirmations, the dentist
may proceed with a higher degree of certainty in
expending rime and resources to further define the

TMD. He may also discuss the test results with the
patient and indicate that, based on the patient's
responses, a referral for stress management ap-
pears appropriate as parr of the treatment and
management protocol.

Pretest Estimate of TMD is Intermediate

Suppose a patient presents to the dentist's office
with a 3-month history of some difficulty in open-
ing the mouth as wide as previously. There is no
hisrory of trauma to the head, neck, or face. The
patient reports some occasional mild pain in the
area of both ¡aw ¡oints wben chewing. The
mandible has never gotten "stuck" open or closed.
There is an infrequent clicking sound in the left
TMJ, occurring only once or twice every 6 months
or so. The jaws don't feel stiff and there is no his-
tory of headaches. The bite is not reported to feel
off or changed. There is no prior history of trear-
menr for a ¡aw-joint problem.

The clinical examination reveals a vertical open-
ing of 40 mm and laterotrusion of 6 mm bilateral-
ly. There is no preauricular or intrameatal TMJ
tenderness and no clicking or crepitus is noted.
There is some miid diffuse tenderness in the mas-
seter muscles biiateraily. The occlusion appears
normal and no excessive tooth wear is found. The
face, dental arches, and ¡aws are found to be sym-
metric and in proper alignment.

The dentist feels unsure of the presence of a
TMD based on rhis history and clinical examina-
tion findings. The findings do not clearly suggest
the presence of TMD, although the findings of
occasional pain, borderline limitation in range of
motion, and an occasional click seem su.spicious.
Suppose in this situation the dentist's pretest esti-
mate for presence of TMD is 50%. This is precisely
the clinical situation in which the denrist may be
helped most by diagnostic screening tools for TMD,

Whenever rhe dentist is very sure of the presence
of TMD (pretest hkelihood of TMD estimated at
90% or greater) or very sure of the absence of
TMD (pretesr likelihood of TMD esrimated at
10% or less), no diagnostic test can improve much
on the dentist's accuracy. The maximum improve-
ment in accuracy of prediction is less than 10%
even if the diagnostic tool has a positive and nega-
tive predictive value of 100% (not possible).

In examining the positive and negative predic-
tive value curves (Figs 2 through 4), it is easily seen
that a combination of high predictive values com-
bined with substantial improvements in accuracy
over the dentist's pretest estimates occur over the
midrange of pretest estimates. This means a diag-
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nostic tool can be of most use when the dentist is
unsure of the presence of the disorder or entity for
which a test is being made.

For example, the positive predictive value of the
Global Scale (Fig 2) varies from 74% at a pretest
estimate of presence of TMD of 40% (producing a
34% increase m accuracy) to 867o at a pretest esti-
mate of presence of TMJ of 60% (producing a
26% increase in accuracy). The negative predictive
value of tbe Global Scale varies from 77% at a
pretest estimate of 60% (producing a 37%
increase in accuracy), to S8% at a pretest estimate
of 40% (producing a 28% increase in accuracy).

Using the dentist's pretest estimate for presence
of TMD of 50%, the Global Scale has a positive
predictive value of 81% and a negative predictive
value of 83%. If the Global Scale score is above
the cut-off and predicts the presence of TMD, then
there is an 8t% probability that tbe patient has
TMD and use of the TMJ Scale has produced a
gain in accuracy of 31% (Table 2). If, on the other
hand, the Global Scale score is below the cut-off
and predicts the absence of TMD, tben there is an
83% probability that the patient does not have
TMD and use of the TMJ Scale has produced a
gain in accuracy of 33% {Table 1). In either case,
use of the TMJ Scale helps the dentist make a clini-
cal decision regarding presence or absence of TMD
by providing estimates of probability of occurrence
of TMD that are high and substantially above the
probability estimates made by the dentist.

Conclusion

The results of probability studies as related to sen-
sitivity, specificity, and predictive value ratios fre-
quently have beeu judged subjectively and used
inappropriately to infer the degree of belief in a
particular diagnostic method for TMD. The TMD
literature contains serious misunderstandings of
the proper application of statistical concepts,
including predictive values, in evaluating diagnos-
tic modalities and in clinical decision making The
frequent approach of using general population
prevalence data for TMD to evaluate positive pre-
dictive values of diagnostic modalities, and thereby
the efficacy of tbese modalities, is shown to be
invalid and highly misleading. The use of predic-
tive values depends on having available the den-
tist's best pretest estimate of the presence of TMD.
This estimate is always based on a proper bistory
and clinical examination, not prevalence data.
"When the dentist's pretest estimate for the pres-
ence of TMD is low, ie, below 50%, a diagnostic

method is needed to confirm the absence of TMD
and the modality chosen should have a high nega-
tive predictive value. When the dentist's pretest
estimate for presence of TMD is high, ie, greater
than 50%, a diagnostic method is needed to con-
firm the presence of TMD and the modality cho-
sen should have a high positive predictive value.
The positive predictive value of any diagnostic tool
is not helpful and should not be used to eonfirm
the presence of TMD when the pretest likelihood
of TMD is low. Similarly, in situations where the
pretest likelihood of TMD is low, the positive pre-
dictive value of a diagnostic tool should not be
used to evaluate the efficacy of that tool.

The use of general population estimates fot
prevalence of TMD of about 10% should not be
used to pass judgement on diagnostic modalities for
TMD. In clinical settings, the best pretest estimate
of TMD is always based on the history and chnical
examination of the individual patient. When the
pretest likelihood of TMD is low (eg, 10%), a diag-
nostic modality such as the TMJ Scale, which has a
negative predictive value of 98%, can be used to
support the dentist's chnical impression of absence
of TMD. When the pretest likelihood of TMD is
high (eg, 90%), a diagnostic modality such as the
TMJ Scale, which has a positive predictive value of
97%, can be used to support tbe dentist's clinical
impression of presence of TMD.

Tbe subscales of tbe TMJ Scale that measure
physical symptoms, such as joint dysfunction, or
psychological factors, sueh as stress, have predic-
tive values of such a magnitude that they too may
be used in a similar manner to further refine the
diagnostic impression by confirming or ruling out
the presence of TMJ involvement and stress in the
TMD patient. The use of the TMJ Scale in this
manner adds a substantial amount of accuracy to
the dentist's clinical decision making. In the situa-
tion where the dentist is unsure of the presence of
TMD and makes a pretest estimate of 50%, the
TMJ Scale's positive predictive value of 81% and
negative predictive value of 83% allow this diag-
nostic and screening too! to help the dentist make
a clinical decision regarding presence or absence of
TMD with a substantially higher degree of accu-
racy than without the use of this tool.
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Resumen Zusammenfassung

La utilización apropriada de valores estimativos para ia Der richtige Gebrauch von Voraussagewerten im klinis-
toma de decisiones clínicas y ia evaluación de exámenes chen Entscheidungsprozess und in der Evaluation von
diagnósticos para los desórdenes temporomandibulares d iagnost ischen Tests für Myoar thropath ien des

Kausystems (MAP)

La literature reiacfonada a ios desórdenes temporomandibuiares
ÍDTM) contiene una serie de malentendidos y apiícaciones
erradas de ccinceplos estadisticos, incluyendo los vaiores estima-
tivos, en ia euaiuación de ias modalidades diagnósicas y en la
tome de decisiones ciínicas. Ei uso de la información sobre ia fre-
cuencia de DTM en ia población general para e í̂aiuar los valores
estimativos positivos de las modaiidades diagnósticas ha side
inválida. El vaior estimativo positivo de un medio de diagnóstico
no deberia ser utiliíado para eualjar la eficacia del medio o para
confirmar la presencia de DTM cuando la probabilidad de ia prue-
ba preiiminar dei DTM es baja, por ejemplo, un 10%. En tai
situación, ei valor estimativo negativo de la Escaia de la ATM dei
98%, soporta la impresión ciinica dei dentista sobre la ausencia
de DTM. Cuando ia probabiiidad de la prueba preiiminar de ios
DTM es aita, o sea como un 90%, ei vaior estimative positivo de
ia Escala de ia ATM dei 97% soporta ia impresión ciinica dei den-
tista de la presericia de DTM. Los vaiores estimativos de ias
Eubescaias de la Escaia de ia ATM que miden la disfunción arlicu-
iar y ei stress pueden ser utilizadas para refinar mas la impresión
diagnóstica Cuando el dentista no eslá seguro de ia presencia
de DTM y fiace una eslimación preiiminar dei 50%, el valor esli-
mative positivo de ia Escaia de ia ATM dei 81 % y ei valor eslrrna-
tivo negativo del 83% substancial men te mejoran ia exactitud de
las decisiones ciitiicas.

Die Literatur zu den MAP enthalt grobe Missverstandiiisse und
Feiilanwendungen von statistischen Konzepten — insbesondere
der Voraussagewerte — zum Auswerten von diagnostischen
Modalitäten und zum klinischen Entscheidungsprozess. Der
Gebrauch von Prävaienzdaten von MAP für gan^e Popuiationeri
ist unbrauchbar zum Evaluieren des positiven Voraussagewertes
für diagnostische Modalitaten Der positive Voraussagewert
eines diagnostischen Instrumentes seilte nicht gebraucht werden
z j r Prüfung der Tauglichkeit des Instrumerites oder zur
Bestätigung der Präsenz von MAP, wenn die Wahrschemlichkeil
fur MAP im Vortest tief, aiso z. B. 10% ist. In einer soichen
Situation unterstützt der negative Voraussagewert der TMJ Scaie
von 98% den kiinischen Eindruck des Zahnarztes, dass keine
MAP vorhanden sei. Wenn die Wafirscheinlichkeit im Vortest für
MAP hoch ist. etwa 90%, so unterstCilzt der positive
Voraussagewert von 97% den klinischen Eindruck des
Zahnarztes, dass eine MAP vorliegt Die Voraus sage werte der
Subskaien der TMJ Scale, die die Geienkdysfunktion und den
Stress beschreiben, können den klinischen Eindruck weiter ver-
feinern. Fails der Zahnarzt unsicher ist, ob MAP vchanden sind
und eine Vortestscbätzung von 50% macht, verbessert der posi-
tive Voraussagewert der TMJ Scaie vori 81 % und der negative
Voraussagewert von 83% die Genauigkeit der klinischen
Entscheidung.
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