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FIFTH IN A SERIES

I

n the previous articles in this series, we introduced
the process of evidence-based dentistry (EBD),1 how
to search for evidence to inform clinical practice,2
and how to use articles about therapy or prevention3
and harm.4 In this article, we will explain how to use an
article to inform clinical decisions regarding questions
of diagnosis. We will
introduce and describe
the basic concepts
needed to understand
diagnostic test studies, and we will explain how to use the
concepts to appraise such studies critically. In subsequent articles we will describe how to use other types of
study designs.

ABSTRACT
Background and Overview. Questions regarding
diagnosis are common in dental practice. Studies in which
investigators apply a diagnostic test and a reference standard to all patients and compare their results represent the
best type of design to answer these questions. The critical
appraisal of these studies includes an assessment of the risk
of bias, results, and applicability of the study. The authors
provide the concepts and guidelines that dentists can apply
to most effectively use articles regarding diagnosis to guide
their clinical practice.
Practical Implications. Dentists who wish to inform
their clinical decisions regarding questions related to
diagnostic test properties can use these guidelines to decide
what type of studies to search, deﬁne the speciﬁc question
of interest to search efﬁciently for these studies, and critically appraise studies addressing diagnosis.
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BOX 1

Clinical scenario.
During a meeting of the clinicians in your practice, a colleague raises
the idea of acquiring a new laser device to help with the diagnosis
of caries. This clinician explains that a sales representative described
how this device was excellent for detecting noncavitated occlusal
carious lesions, and your colleague wants to know your opinion.
Because you believe that evidence is necessary to inform this important
decision for your practice, you tell your colleague that you need to
conduct a literature search and a critical appraisal to inform your
opinion.

CLINICAL QUESTIONS OF DIAGNOSIS

Dentists face diagnosis questions every day. With most
patients, dentists need to use diagnostic tests before they
can establish a course of action to follow. In the context of everyday practice, a diagnostic test can refer to
any test performed in a laboratory or any information
obtained from a medical history or clinical examination
that is used to conﬁrm or rule out a speciﬁc diagnosis.5
Dental radiographs are a common diagnostic test
used by clinicians in many dental specialties, but other
procedures such as performing a vitality test and
measuring probing depths can be considered diagnostic
tests as well.
When facing diagnosis questions, clinicians need to
modify the classic Population, Intervention, Comparison, Outcome (PICO) framework for stating questions.
The population is the patients of interest (that is, those
to whom we will apply the diagnostic test when there
is suspicion of a condition or disease). The intervention
is the diagnostic test (that is, the test in which we are
interested in learning). The comparison is a test we use
as a reference to compare the diagnostic test against—
this is called the reference standard (or gold standard).6
Finally, the outcomes are either the health consequences
after using the diagnostic test or the measures that
describe the performance of a diagnostic test. Both of
these cases are described later in this article. Table 1
shows examples of diagnostic test questions and their
PICO components.
WHAT STUDY DESIGN BEST ADDRESSES QUESTIONS
ABOUT DIAGNOSIS?

Clinicians can answer diagnostic questions by conducting studies using one of the following two types
of designs: randomized clinical trials and cross-sectional
studies. Ideally, a study’s investigators would treat a
diagnostic test as an intervention. Researchers would
randomize patients to receive one of two diagnostic
strategies, which for the purposes of this article we
will call strategy A and strategy B. Clinicians would
manage patients according to the results of the test,
including providing whatever interventions they think
might be appropriate on the basis of test results.

Ultimately, they would measure patient-important outcomes in the group whose participants received test
strategy A and the group whose participants received test
strategy B.
For example, when assessing how useful laser ﬂuorescence is for detecting early interproximal carious
lesions, researchers should randomly assign patients to
undergo diagnosis with either laser ﬂuorescence or bitewing radiographs. Then clinicians would treat patients
according to the results of the test the patients received,
either laser ﬂuorescence or bite-wing radiographs. The
investigators would follow up with all patients to determine, for example, how many participants in each group
have carious lesions extending into the dentin and what
is each participant’s need for restorations (outcomes). To
date, we have not been able to identify any of these study
designs in the dental literature, and therefore, they will
not be further covered in this article.
In studies whose investigators address the accuracy
of a diagnostic test, a group of patients undergo both
tests (that is, the diagnostic test and the reference standard). The reference standard is considered to be the
way to know whether the disease or condition is truly
present or absent. The investigators compare the results
of the diagnostic test with the reference standard as a
way to determine the diagnostic properties of the diagnostic test.
For example, with the aim of assessing the accuracy
of thermal and electrical dental pulp tests to diagnose
pulp vitality, Villa-Chavez and colleagues7 conducted the
cold, hot, or electrical pulpal tests (3 different diagnostic
tests) in 110 patients. They used as the reference standard
the direct observation of the pulp after opening the pulp
chamber, and then they estimated the sensitivity, speciﬁcity, predictive values, and accuracy of each of the
diagnostic tests by comparing the results with those of
the reference standard.
Ideally, clinicians would have available the results of
systematic reviews of primary studies addressing test
properties. We found that few such systematic reviews
have been published in the dental literature. In the
absence of reviews, clinicians look to the results of the
best single primary diagnostic studies to inform their
practice. In this article, we address such studies; in subsequent articles, we will describe how to use systematic
reviews.

ABBREVIATION KEY. CT: Computed tomography. EBD:
Evidence-based dentistry. ICDAS: International Caries
Detection and Assessment System. LFE: Laser ﬂuorescence
examination. PICO: Population, Intervention, Comparison,
Outcome. RE: Radiographic examination. VE: Visual
examination.
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BOX 2

The study you found.
During your search, you found a primary study8 that seems to answer the
question at hand. The investigators of the study8 addressed whether
using Diagnodent, a laser ﬂuorescence device, was accurate for
diagnosing noncavitated occlusal carious lesions extending to the dentin.
You read the abstract of this study in which the researchers compared
the diagnoses they obtained by using the laser ﬂuorescence device with
the diagnoses they obtained by doing an enameloplasty and by
observing the carious lesions directly. The authors claimed that “.the
laser device had an acceptable performance, this equipment should be
used as an adjunct method to visual inspection to avoid false positive
results.” To ﬁnd out whether the methods and results support the
authors’ conclusion, you retrieve the article and begin a critical appraisal.

CRITICALLY APPRAISING A STUDY ASSESSING THE
PROPERTIES OF A DIAGNOSTIC TEST TO INFORM
CLINICAL DECISIONS

The process of using an article from the dental literature
involves 3 steps: an assessment of the risk of bias, an
assessment of the results themselves, and an assessment
of the applicability of the results.9
1. How serious is the risk of bias? The extent to
which a study’s results are likely to be correct for the
sample of patients enrolled depends on how well the
study was designed and conducted.10 Factors to consider
in judging the risk of bias of diagnostic test studies include
whether any of the patient’s conditions presented a
diagnostic dilemma, whether the reference standard was
appropriate and independent from the diagnostic test,
whether the investigators independently interpreted the
results of both tests and did not know the results of the
other investigators, and whether all patients underwent both
the diagnostic test and the reference standard irrespective of
the results of the diagnostic test.11 Table 28,12-14 lists questions
that address the risk of bias associated with diagnostic tests
used in studies and presents examples from the dental
literature.

1a. Did participating patients present a diagnostic
dilemma? Researchers performing diagnostic test studies
should select patients who are representative of those to
whom the test would be applied in clinical practice. For
the results of a diagnostic test to be useful, the results
have to discriminate between patients who have and
patients who do not have the target condition
(for example, in our scenario, the target condition was
noncavitated occlusal caries lesion extending to the
dentin) when there is a diagnostic dilemma. If patients
clearly had the target condition, or clearly did not, there
would not be a need to apply the diagnostic test, and in
the setting of a study, the accuracy of the test would be
overestimated. For example, if a patient had a cavitated
mesio-occlusal carious lesion, the clinician would have
no need to use a laser ﬂuorescence device to conﬁrm the
presence of a carious lesion. In this case where it is so
obvious that the carious lesion is present, the device will
result in a correct diagnosis most (if not all) of the time.
Therefore, for a diagnostic test study to provide a
trustworthy assessment of the value of the test, researchers must include patients with early manifestations
of the disease, in whom there is doubt regarding the
diagnosis, similar to the patients whom clinicians will see
in their daily practices.11
1b. Did investigators compare the test with an
appropriate, independent reference standard? An
appropriate reference standard is also a key aspect in
assessing the risk of bias of diagnostic test studies. As
described previously, clinicians assess the properties of
the diagnostic test by comparing the results with the
reference standard, which is considered to be the truth.5,11
Clinicians should consider 2 aspects when assessing
whether the reference standard is appropriate. First, the
reference standard should be the test that is accepted
most widely as the deﬁnitive test to establish a diagnosis.5
For example, to diagnose oral squamous cell carcinoma,
the reference standard is a biopsy and histologic

TABLE 1

Examples of diagnosis questions and the Population, Intervention, Comparison,
Outcome framework.
CLINICAL QUESTION

POPULATION

DIAGNOSTIC
TEST

REFERENCE STANDARD

OUTCOMES

How useful is cone-beam computed
tomography at detecting the proximity of
third-molar roots with the inferior alveolar
nerve?

Patients undergoing thirdmolar extraction surgery

Cone-beam
computed
tomography

Direct observation of the
inferior alveolar nerve
when performing the
surgery

True positives, true
negatives, false
positives, and false
negatives

How useful is the oral pathologist’s clinical
observation for diagnosing an oral mucosal
lichen planus?

Patients with oral mucosal
lesions compatible with oral
mucosal lichen planus

Pathologist’s
observation

Biopsy plus histologic
conﬁrmation

True positives, true
negatives, false
positives, and false
negatives

How useful is the laser ﬂuorescence device
for detecting noncavitated occlusal caries
lesions extending into the dentin?

Patients who might have a
noncavitated occlusal caries
lesion extending into the
dentin

Laser
ﬂuorescence
device

Direct observation of the
caries lesion after
performing an
enameloplasty

True positives, true
negatives, false
positives, and false
negatives
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conﬁrmation. Sometimes, however, using the reference
standard is only the best available method for diagnosing
a target condition instead of the ideal method. For
example, to identify a carious lesion extending into the
dentin, the reference standard would be to use a combination of clinical signs and radiograph images, as
opposed to extract the tooth and perform a histologic
conﬁrmation. Considering this example, the clinician
should judge whether the reference standard used in the
study is an acceptable way to arrive at a deﬁnitive
diagnosis.
Second, the reference standard should be independent
from the diagnostic test. This means that the diagnostic
test should not be part of the reference standard. For
example, if the diagnostic test used to diagnose pulpal
vital status was a cold test, and the reference standard
was a combination of responses from thermal and electrical tests, the diagnostic test would not be independent
from the reference standard. Including the test as part of
the reference standard leads to overestimation of test
accuracy.11
1c. Were the investigators who interpreted the test
and reference standard blinded to the other results?
Another factor to consider when appraising the risk of
bias of a diagnostic test study is whether the investigators who interpreted the results of the diagnostic test
and the reference standard were blinded to the results of
the other test.11 Many tests, such as radiographs or
histologic conﬁrmation, require interpretation by specialists. If the investigators who interpreted the diagnostic test or reference standard were aware of the
results of the other test, they may have been inﬂuenced
subconsciously when they interpreted the results of the
diagnostic test or reference standard. Again, the result
would be an overestimate of the accuracy of the diagnostic test.
1d. Did investigators apply the same reference standard to all patients regardless of the results of the test
under investigation? Finally, it is important that researchers apply the same reference standard to all patients, irrespective of the results obtained with the
diagnostic test.11 Researchers could overestimate the accuracy of the diagnostic test if only those patients diagnosed as “target positive” by the results of the diagnostic
test undergo conﬁrmation with the reference standard,
because they would not detect patients wrongly classiﬁed
as “target negative” by the results of the diagnostic test.
For instance, in the example in Table 2,8 some patients
who tested negative in the diagnostic test did not undergo the reference standard, and therefore, it is possible
that some of these patients had lesions but nevertheless
were classiﬁed as not having lesions. Again, such
misclassiﬁcation will make the test look more accurate
than it really is.
2. What are the results? After assessing to what extent
bias may inﬂuence the results of a diagnostic test study,

BOX 3

Your assessment of the risk of bias of
the study you identiﬁed.
With respect to the patients who had diagnostic dilemmas in the study
you reviewed,8 it seems likely that only patients whose teeth showed
signs of possible carious lesions were included in the study. With respect
to applying the reference standard, even though the investigators used
the best method (that is, enameloplasty and direct observation of the
carious lesion), they did not apply this method to all patients, but rather
only to those patients for whom they highly suspected having the
diagnosis. It is also not clear whether the investigators who performed
the test were blinded to the results of the reference standard. Even
though, owing to ethical reasons, you determined that it could have
been appropriate not to apply the reference standard to all patients, this
omission may have led to an overestimation of the performance of the
diagnostic test (eTable,8 available online at the end of this article,
provides more details).

clinicians must review the results to determine how to
apply the test in clinical practice. The outcomes of diagnostic test studies reﬂect the ability of the test to
discriminate between target-positive patients and target
negative patients. When thinking about test results,
clinicians can consider the probability of being target
positive before the test is conducted (pretest probability)
and the probability of being target positive after the test is
conducted (posttest probability).
The most commonly used measures of accuracy in
diagnostic test studies are sensitivity, speciﬁcity, probability of having the target condition if the test result is
positive (that is, the posttest probability if the test result
is positive or—in an unfortunate choice of words—the
positive predictive value), probability of having the target
condition if the test result is negative (that is, posttest
probability if the test result is negative—or, in an even
worse choice of terms and meaning—the probability of
not having the target condition if the test result is
negative [that is, the negative predictive value]), and
likelihood ratios. All of these measures are deﬁned and
explained below.
Because the diagnostic test is being compared with a
reference standard, if the diagnostic test is a yes-no or
dichotomous test (either positive or negative, rather
than presenting a range of results), patients could be
classiﬁed correctly as target positive (true positive),
correctly classiﬁed as target negative (true negative),
incorrectly classiﬁed as target positive (false positive),
and incorrectly classiﬁed as target negative (false
negative).
Assessments of the accuracy of a diagnostic test are
made on the basis of this classiﬁcation (Figure 1).
Sensitivity is the capacity of the test to correctly
classify target-positive patients, whereas speciﬁcity is
the ability to correctly classify target-negative patients.15,16 Posttest probabilities, sometimes referred to
as predictive values, reﬂect the likelihood of patients
being target positive in those studies whose investigators

JADA 146(3) http://jada.ada.org

March 2015 187

ORIGINAL CONTRIBUTIONS

TABLE 2

Examples of the critical appraisal of the validity of the results of studies about
diagnosis.
QUESTION

EXAMPLES

Did participating patients present a
diagnostic dilemma?

“.135 patients (161 impacted teeth), ., who
underwent additional examination by cone-beam
CT* because of panoramic features suggesting a
close relationship of the tooth root to the
mandibular canal were included.”12

Did investigators compare the results of a
test with an appropriate, independent
reference standard?

“Panoramic and cone-beam CT features were
correlated with the intraoperative ﬁndings, that is,
the presence or absence of the inferior alveolar
neurovascular bundle exposure at the time of
extraction.”12

EXPLANATION

In both examples, the authors indicated that
patients included in the study had characteristics
that presented a diagnostic dilemma, such as
features suggesting proximity of the third-molar
root to the alveolar canal, or occlusal appearances
representing a spectrum of patients, ranging from
“Each surface had to meet one of the three listed those who seemed healthy to those who seemed
criteria to be included in the study:
diseased. Therefore, in both of these examples,
macroscopically intact occlusal ﬁssure that
there is a low risk of bias on the basis of this
exhibited absolutely no signs of caries; occlusal
criterion.
ﬁssure with a discolored, brown or black area at
the clinical examination without cavitation; grey
discoloration from the underlying dentin without
enamel breakdown.”8
In the ﬁrst example, the reference standard was
the direct observation of the inferior alveolar
neurovascular bundle during surgery, which most
clinicians would agree is the best method to
diagnose proximity of the third-molar roots with
the alveolar canal. In the second example, the
“All teeth included in the study underwent
clinician must judge how appropriate it is that
endodontic treatment, and the presence or
only bleeding was considered as a sign of pulp
absence of bleeding pulp in the pulp chamber on vitality and whether this may have affected the
access was used as a true positive or true
results of the study. In both cases, the reference
negative.”13
standard was independent from the diagnostic
test, which was the cone-beam CT scan and
thermal tests, respectively.

Were those investigators who interpreted “LFE† scores were analyzed using the
the test and reference standard blinded to manufacturer’s cutoff points, taking into account
the other results?
the absence of a histological examination and the
in vivo nature of the study. VE‡ and RE§ data were
analyzed using the ICDAS II¶ method (Table 3),
and modiﬁed criteria were validated in vivo by the
method of .”14

When the authors described the way in which the
tests were interpreted, they did not mention
whether this was done by different clinicians or by
the same clinician in a blinded fashion. Therefore,
clinicians should consider the potential for bias
owing to this factor.

“The validation method for diagnosis (gold
standard) was determined by ﬁssure eradication
or enameloplasty using an invasive ﬁssure sealing
kit . However, not all ﬁssures could be validated
as this is an invasive method. Thus, for ethical
reasons, opening of the cavities occurred only in
cases when both examiners agreed to the
presence of dentin caries.”8

The authors mentioned not applying the
reference standard to some patients, which is not
appropriate (that is, it seems likely that the
authors assumed that those patients were
healthy). There is a risk that the investigators
misclassiﬁed those patients for whom a
substandard reference was used, which could
have biased the results. Because this
misclassiﬁciation was done owing to ethical
reasons, the clinician should judge how likely it is
that bias could have occurred and what the
magnitude of this bias could have been.

Did investigators perform the same
reference standard with all patients
regardless of the results of the test under
investigation?

* CT: Computed tomography.
† LFE: Laser ﬂuorescence examination.
‡ VE: Visual examination.
§ RE: Radiographic examination.
¶ ICDAS: International Caries Detection and Assessment System.

used positive and negative tests in the particular sample
studied,16
Posttest probabilities when test results are positive
or negative are what clinicians want to know. Unfortunately, the posttest probabilities reported in a particular
study will only be accurate for clinicians’ use if their
patients have the same pretest probability as the population studied, which likely will be true for only a few
patients.
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The posttest probability of having the target condition
if the test is positive is sometimes referred to as the
positive predictive value. Unfortunately, instead of
reporting the posttest probability of having the target
condition if the test is negative (that is, the intuitive way
to think of the situation), the investigators of studies
often report the posttest probability of not having the
target condition if the test is negative; this is referred to
as the negative predictive value.5,15 Figure 2 provides an
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example of how these
outcomes are calculated.
Reference Standard
Because all of these outcomes are proportions or
Healthy
Diseased
probabilities, they can
range from 0 to 1 (or
True positive
False positive
Diseased
Diagnostic
from 0% to 100%), and
Test
thus, values closer to 1
True negative
False negative
Healthy
reﬂect greater accuracy,
True positive
or a greater posttest
Sensitivity =
True positive + False negative
probability, of a patient’s
having the target
True negative
condition.
Specificity =
True negative + False positive
The likelihood ratio
(LR) is an outcome that
True positive
helps clinicians moving
Posttest probability (if test is positive) =
True positive + False positive
from a pretest probability to a posttest probTrue negative
Posttest probability (if test is negative) = 1 –
ability of having the
True negative + False negative
target condition. This
number can range from
zero to inﬁnity. An LR of Figure 1. Outcomes of a diagnostic test study based on the relationship between the results from the diagnostic
test and the reference standard.
1 indicates that the
posttest probability of
having the target condition is the same as the
pretest probability. In
Reference Standard
other words, when the
LR is 1, the test result has
Healthy
Diseased
provided no useful information. Large LRs
Diseased
30
180
Diagnostic
imply large increases in
Test
posttest probabilities
170
20
Healthy
relative to the pretest
probabilities, whereas
180
Sensitivity =
= 0.9
LRs close to zero imply
180 + 20
large decreases in post170
test probabilities relative
Specificity =
= 0.85
170 + 30
to pretest probabili11,17
As a rule of
ties.
180
thumb, LRs higher than
= 0.86
Posttest probability (if test is positive) =
180 + 30
5.0 or lower than 0.2
mean that the diagnostic
170
test is useful for arriving
Posttest probability (if test is negative) = 1 –
= 0.11
170 + 20
11
at a diagnosis. Unfortunately, investigators
do not commonly report
Figure 2. Calculation of diagnostic test studies outcomes.
the LR in diagnostic
test studies in dentistry;
however, it can be
calculated easily using the sensitivity and speciﬁcity
In summary, when appraising the results of a diagvalues reported frequently in these studies (Table 311,17). nostic test study, clinicians should look at sensitivity,
After LRs have been calculated, they can be used to move speciﬁcity, and predictive values, which ideally should be
from speciﬁc pretest to posttest probabilities by using
close to 1. Calculating the LR for positive and negative
mathematical formulas, or more easily, graphical tools
results also can be valuable, although clinicians need to
such as the Fagan nomogram.17
keep in mind the fact that the pretest probabilities differ
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BOX 4

TABLE 3

Your assessment of the results of the
study you identiﬁed.
You ﬁnd that the likelihood ratio (LR) of a positive test is 3.68, which is a
somewhat large value and indicates that the test produces moderate
shifts from pretest to posttest probabilities. For instance, in a patient with
a 40% pretest probability, if the test is positive, the posttest probability is
71%. In addition, the LR negative is 0.09, a small LR that indicates that a
negative result with the laser ﬂuorescence test will be helpful for ruling
out the presence of caries lesions (eTable,8 available online at the end of
this article, provides more details). For instance, in the same patients
with a 40% pretest probability, a negative result of the test would result
in a posttest probability of 5.7%. Therefore, you conclude that the laser
ﬂuorescence device is accurate for conﬁrming or ruling out the presence
of caries lesions.

among patients and individual patients in a clinical
practice may not have the same pretest probability as
that of the patients in the study.
3. How can I apply the results to patient care?
Finally, it is necessary to assess to what extent the results of
a study are applicable to a particular context. The
following factors should be considered when evaluating
the applicability of results published in articles about
diagnosis.
3a. Will the reproducibility of the test results and its
interpretation be satisfactory in my clinical setting?
First, it is necessary to judge whether the diagnostic
test had adequate reproducibility (that is, whether the
study yielded the same results when reapplied to the
same patient in the study). The investigators of diagnostic test studies often report interrater reproducibility,
intrarater reproducibility, or both. These values range
from 0 to 1, and values closer to 1 represent better
reproducibility. For example, Jablonski-Momeni and
colleagues18 reported that the “intra-class correlation
coefﬁcient (ICC) was 0.89” when using a ﬂuorescencebased camera for detecting occlusal carious lesions. This
is a high value that makes us conﬁdent that, in a study
setting, the results of the diagnostic test would be highly
reproducible.
Clinicians, however, need to consider whether
the test will be equally reproducible in their own
clinical setting. Limitations of reproducibility include
lack of optimal training or experience in applying
the test or interpreting its results, or limitations in
the maintenance or calibration of the necessary
equipment.
3b. Are the study results applicable to the patients in
my practice? If the patients in the study had different
characteristics than the patients to whom the results
would be applied, the performance of the test may
change. A test could have different properties when
evaluated in patients with a different mix of disease
severity or comorbidities that could confuse the diagnosis.11 For example, if investigators assessed a
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Calculation and interpretation of
likelihood ratios.*
Calculation

Interpretation

Likelihood
Ratio for
Positive Test
(LRþ)

Sensitivity
1  Specificity

¼

0:86
1  0:89

¼ 7:81 When the result of
the diagnostic test is
positive, the probability
of having the disease
is high. The exact
probability of having the
disease depends on the
pretest probability and
the speciﬁc LRþ result.†

Likelihood
Ratio for
Negative Test
(LR)

1  Sensitivity
Specificity

¼

1  0:86
0:89

¼ 0:16 When the result of
the diagnostic test is
negative, the probability
of having the disease is
low. The exact probability of having the
disease depends on the
pretest probability and
the speciﬁc LR result.†

* Described on the basis of numbers from Figure 2.
† The pretest probability is speciﬁc to individual patients and is estimated by the physician on the basis of the patient’s medical history
and clinical examination results. The shift from pretest to posttest
probabilities can be estimated easily using an LR nomogram.11,17

diagnostic test for detecting interproximal carious lesions in a population with enamel defects, a clinician
can expect that the test would perform differently when
used in patients without these defects. Therefore, the
clinician should look at the selection criteria and
characteristics of the patients included in the study and
judge whether they are similar to the patients in their
practice.
3c. Will the test results change my management
strategy? A third aspect clinicians have to consider
when judging the extent to which a test will be useful in
their practice is the frequency with which results with
LRs far from 1.0 occur. For instance, consider a positive
test that has an LR of 1.5 (extremely uninformative) and
a negative test that has an LR of 0.1 (leading to large
decreases in posttest versus pretest probability). This will
be a useful test if the negative result occurs frequently,
but not if it is rarely seen.
3d. Will patients be better off as a result of the test?
This ﬁnal point requires clinicians to consider the
consequences of applying a diagnostic test.11 When the
consequences of not diagnosing a disease are severe, it is
likely that the clinician would want to apply the diagnostic test. The consequences of false-positive and falsenegative results should be considered as well. Other
considerations include possible adverse effects from
having the test if it is invasive as well as taking on the
ﬁnancial cost of the test and addressing issues of convenience and burden. These judgments require clinical
expertise.
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BOX 5

Your assessment of the applicability
of the study you identiﬁed.
When assessing the applicability of the results, you note that even
though the test would be easy to use and its results would be
reproducible in your clinical practice, one applicability issue is that the
researchers only included teeth from young patients (that is, 10 to 13
years old), which is not the age group you usually see in your practice. As
you continue to think about whether to use the test, you remember its
good performance, which may be satisfactory enough to change your
clinical practice. However, you also remember that in this study the
conventional methods for detecting noncavitated dentin carious lesions
(for example, bite-wing radiographs) performed better. You conclude
that your patients would not beneﬁt from the additional use of the laser
ﬂuorescence device for identifying the presence of caries lesions (eTable,8
available online at the end of this article, provides more details).

CONCLUSION

The investigators of the best studies of diagnostic test
accuracy will enroll a population in whom there is
genuine uncertainty about the diagnosis, and these investigators will undertake a blinded comparison between the test and a reference standard to patients. The
critical appraisal of diagnostic test studies focuses on
aspects of risk of bias, results, and applicability. Clinicians should apply these guidelines using their best
judgment. n
BOX 6

What you say to your colleague.
You explain to your colleague that the performance of the laser
ﬂuorescence device for detecting noncavitated carious lesions seems to
be good, but that the numbers reported by the authors of the article you
found8 probably overestimate its performance. Also, you explain to your
colleague the applicability issues that you could face, which make you
think that you should be cautious and continue to investigate the device
before making a ﬁnal decision regarding acquiring it, especially
considering that the diagnostic methods you usually use in your practice
seem to perform better.

SUPPLEMENTAL DATA

Supplemental data related to this article can be found at
http://dx.doi.org/10.1016/j.adaj.2015.01.011.
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eTABLE

Critical appraisal of an article about diagnosis*
GUIDE

EXPLANATION

Are the Results Valid?
Did participating patients present a diagnostic dilemma?

Some of them. Teeth included in the study could be at any stage of the
disease, ranging from healthy to decayed appearance. There was a
subgroup of healthy teeth that were excluded from the sample after the
teeth had been enrolled. In addition, when looking more closely at the
proportion of teeth from each category included, the results showed that
only teeth with signs of being decayed were included for the assessment
of the diagnostic test properties. This indicates that the accuracy of the
diagnostic test probably was overestimated.

Did investigators compare the results of the test with an
appropriate, independent reference standard?

Yes, the reference standard was ﬁssure eradication or enameloplasty, a
method that most clinicians would agree is the best available to diagnose
noncavitated carious lesions.

Were the investigators interpreting the test and reference
standard blinded to the other results?

Probably not. It is not clear from reading the description of the methods
whether the clinicians who applied the different diagnostic tests were the
same clinicians who applied all the tests. If the clinicians were the same,
then they were not blinded to the results of the other tests, as the
clinicians may have recognized the patients they were examining.

Did investigators perform the same reference standard with all
patients regardless of the results of the test under investigation?

No, owing to ethical reasons, only patients classiﬁed as sick underwent
conﬁrmation with the reference standard. This could have resulted in an
overestimation of the accuracy of the diagnostic test.

What Are the Results?
What LRs† were associated with the range of possible test results?

The positive LR (that is, LRþ ) value was 3.68. This means that a positive
test result would lead to moderate to low shifts in pretest to posttest
probabilities of having noncavitated occlusal carious lesions. The negative
LR (that is, LR-) value was not reported by the investigators of this article,
but it can be calculated using the sensitivity and speciﬁcity values. Because
the sensitivity is 0.93 and the speciﬁcity is 0.75, the LR- value is 0.09. This
means that, when the test is negative, the change from pretest to posttest
probability of being healthy would be important, and the disease could be
ruled out with more conﬁdence.

How Can I Apply the Results to My Patients’ Care?
Will the reproducibility of the test result and its interpretation be
satisfactory in my setting?

Interrater and intrarater reproducibility values ranged from 0.730 to 0.747,
which represents substantial agreement according to the criteria followed
by the authors. The laser device assessed in this study seems to be easy to
use and its results easy to interpret; therefore, it is likely that the study
results could be applied to many settings. However, the clinician should
assess whether there would be any limitation in his or her practice.

Are the results applicable to the patients in my practice?

The study investigators included permanent molars and premolars with
and without apparent carious lesions from 26 patients aged 10 to 13
years. Clinicians should consider whether their patients might have any
different features that could alter the performance of the test.

Will the results change my management strategy?

Probably not. The LR shows that the diagnostic test alone would not be
enough to conﬁrm or rule out the diagnosis of noncavitated carious
lesions.

Will patients be better off as a result of this test?

Probably not. Even though the consequence of not diagnosing a
noncavitated carious lesion could be severe, potentially leading to pulp
necrosis, the test results were not accurate enough. Conventional methods
performed better than the diagnostic test. Therefore, patients are unlikely
to beneﬁt from the additional use of this diagnostic test.

* Source: Costa and colleagues.8
† LR: Likelihood ratio.
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