
Examining Diagnostic Tests:
An Evidence-Based Perspective

Diagnosis is an important aspect of physical therapist practice. Select-
ing tests that will provide the most accurate information and evaluating
the results appropriately are important clinical skills. Most of the
discussion in physical therapy to date has centered on defining
diagnosis, with considerably less attention paid to elucidating the
diagnostic process. Determining the best diagnostic tests for use in
clinical situations requires an ability to appraise evidence in the
literature that describes the accuracy and interpretation of the results
of testing. Important issues for judging studies of diagnostic tests are
not widely disseminated or adhered to in the literature. Lack of
awareness of these issues may lead to misinterpretation of the results.
The application of evidence to clinical practice also requires an
understanding of evidence and its use in decision making. The
purpose of this article is to present an evidence-based perspective on
the diagnostic process in physical therapy. Issues relevant to the
appraisal of evidence regarding diagnostic tests and integration of the
evidence into patient management are presented. [Fritz JM, Wainner
RS. Examining diagnostic tests: an evidence-based perspective. Phys
Ther. 2001;81:1546–1564.]
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P
hysical therapy has a rich history of dialogue
concerning the meaning of diagnosis within
the profession.1,2 The Guide to Physical Therapist
Practice (2nd ed)3 (the Guide) identifies diag-

nosis as 1 of 5 interrelated elements of patient manage-
ment (Fig. 1). The Guide describes diagnosis as com-
posed of 2 aspects: first, the process of evaluating data
obtained from the examination, and, second, the end
result of such a process.3 As noted by Delitto and
Snyder-Mackler4 in 1995, debate has focused mostly on
clarifying the role and function of the end result of the
diagnostic process, with little attention devoted to the
first aspect of the Guide’s definition: the process of
diagnosis. Since the time this observation was made, the
paucity of discourse on the diagnostic process has per-
sisted. The Guide identifies diagnosis as a keystone in
the process of maximizing patient outcomes, represent-
ing the culmination of the examination and evaluation
process and directing subsequent decisions related to
prognosis and interventions. In view of the role that
diagnosis is given in the Guide and the identification of
numerous priorities related to diagnosis within the Clin-
ical Research Agenda for Physical Therapy of the Amer-
ican Physical Therapy Association (APTA),5 we believe
that the need for further discussion of the diagnostic
process is of paramount professional importance. The

purpose of this article
is to describe the diag-
nostic process in physi-
cal therapy from an
evidence-based perspec-
tive. Issues relevant to the
appraisal of evidence

regarding diagnostic tests are presented, and the integra-
tion of evidence into clinical practice is discussed.

The Diagnostic Process in Physical Therapy
As explicated by the Guide, diagnosis requires gathering of
data through examination. During the initial examination,
data are obtained through the history, systems review, and
selected tests and measures.3 Therefore, questions of his-
tory and the screening procedures performed during the
review of systems are also considered diagnostic tests, along
with the various tests performed and measurements
obtained. Throughout the examination, data are gathered
to evaluate and to form clinical judgments. The result of
this diagnostic process is a label, or classification, designed
to specifically direct treatment. Individual pieces of data
are collected for different purposes during the process.6,7

Some data are collected to focus the examination on a
region of the body or to identify a particular pathology (eg,
screening tests). Other data are gathered for the purpose
of selecting an intervention (eg, tests used for classifica-
tion). In determining the accuracy of a diagnostic test, the
intended purpose of the test should be considered.8
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Diagnosis serves as

the link between

examination

findings and

interventions.
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Although, according to the Guide, the end result of the
diagnostic process should most often be a classification
grouping based largely on impairments and functional
limitations instead of pathoanatomy, individual tests may
be used to focus the examination or detect conditions
not appropriate for physical therapy management. Tests
used in this manner need to demonstrate accuracy for
identifying the underlying pathoanatomy. An example
of a test used for this purpose is the ankle-arm index,9,10

a ratio of ankle to arm systolic blood pressure, as a
method of screening for atherosclerotic diseases. Some
studies have shown that low ankle-arm index values are
indicative of various atherosclerotic diseases,9,10 and
such a finding during an examination may indicate the
need for referral of the patient to a physician. Another
example would occur during the examination of an

elderly patient with symptoms in both the lumbar and
hip regions. The therapist may want to determine
whether the hip symptoms indicate degenerative
changes of the hip or whether the symptoms are referred
from the lumbar region. Various tests and measures
might be considered helpful in making this determina-
tion; however, the measurements with the highest diag-
nostic accuracy for detecting degenerative changes of the
hip have been shown to be hip medial (internal) rotation
range of motion of less than 15 degrees and hip flexion
range of motion of less than 115 degrees.11 The occurrence
of these impairments during the examination, therefore,
could provide useful diagnostic information, indicating a
need to focus the examination on the hip region.

Figure 1.
Five interrelated elements of patient management. (Reprinted with permission of the American Physical Therapy Association from the Guide to Physical
Therapy Practice [2nd ed].3)
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Some diagnostic tests are performed by physical thera-
pists because the results, singularly or in combination
with other findings, are believed to indicate that a
particular intervention will be most effective in maximiz-
ing the patient’s outcome. Tests used in this manner
form the foundation of classification systems and need to
demonstrate accuracy for identifying which interven-
tions might be useful. For example, the observation of
frontal-plane displacement of the shoulders relative to
the pelvis (ie, lumbar lateral shift) in a patient with low
back pain (LBP) is frequently cited as an important
examination finding.12–16 This finding has been consid-
ered by some to be diagnostic of a lumbar disk hernia-
tion16,17; however, the diagnostic accuracy of a lateral
shift for detecting the presence of a disk herniation is
poor.14 Other measures, such as the straight-leg-raise
test, serve as more accurate diagnostic tests for the
presence of a lumbar disk herniation.18,19 Despite the
lack of accuracy for diagnosing a disk herniation, a
lateral shift may be meaningful, not based on its ability to
indicate a specific pathoanatomical origin, but because it
may indicate which intervention (ie, correction of the
lateral shift) will be most useful in reducing pain and
disability.15,20 Although it lacks accuracy for detecting a
disk herniation, the presence of a lateral shift may still
have diagnostic value if it can be demonstrated that
patients judged to have a lateral shift who are treated
with correction of the shift have outcomes superior to
those of patients treated with alternative approaches. No
studies to date have investigated this hypothesis.

In summary, both clinicians and researchers need to
consider the purpose for which a diagnostic test is
performed. Tests may serve to focus and refine the
examination, or they may be used for classification with
the goal of selecting effective interventions. The same
test may have the potential to serve both purposes,
whereas some tests may be useful for one purpose or
neither purpose. This distinction is important in consid-
ering how to use the diagnostic process in an evidence-
based manner. The purpose of a test has important impli-
cations for examining the evidence in support of the use of
the test and applying the test to clinical practice.

Evidence-Based Practice and the Diagnostic
Process
Recently, the term “evidence-based practice” has entered
the lexicon of physical therapists, as it has for most
medical professionals. Evidence-based practice has been
defined by proponents as “the conscientious and judi-
cious use of current best evidence in making decisions
about the care of individual patients.”21(p71) Implicit in
this definition is the need for a method of determining
what constitutes the “best” evidence and how to apply
evidence in clinical practice. Substantial effort has gone
into the development and dissemination of methods for

grading evidence as it relates to treatment effectiveness.
Several hierarchical schemes have been promulgated for
the purpose of ranking evidence from studies concern-
ing treatment outcomes.22–24 Although the schemes have
some variations, all emphasize the importance of factors
such as random assignment to treatment groups, com-
pleteness of follow-up, and blinding of examiners and
patients in determining the quality of evidence.
Although principles for evaluating the quality of an
article on treatment outcomes are relatively well known,
some authors8 contend that the question being asked
should determine the nature of the evidence to be
sought. Therefore, when seeking to answer a diagnostic
question, the rules governing the evaluation of studies
regarding treatment outcomes are no longer applicable.
Rules for judging evidence offered by a study of a
diagnostic test have been elucidated; however, they tend
to be less widely known and frequently remain unheeded
by researchers designing and reporting studies in this
area.25–28 Knowledge of the issues that are important for
determining the strength of evidence offered by studies of
diagnostic tests is important if the professional dialogue on
the diagnostic process in physical therapy is to move
forward within a context of evidence-based practice.

Central to the concept of evidence-based practice is the
integration of evidence into the management of
patients. Integration cannot be reduced to a dichotomy
(eg, “use the test or don’t use the test”) but instead
involves a complex interaction between the strength of
the evidence offered through use of a test and the
unique presentation of an individual patient. Diagnostic
tests cannot simply be deemed good or bad. The same
test may provide important information for certain
patients under certain conditions, but not for others. For
example, testing vibration perception is useful for diag-
nosing a lack of protective sensation and an increased
risk of ulceration in the feet of patients with diabetes.29

However, vibration perception deficits are of more lim-
ited diagnostic value in the examination of a patient
suspected of having lumbar spinal stenosis.30

We will next examine further 2 aspects of evidence-based
practice as they apply to the diagnostic process. First, we
will discuss 2 of the most important considerations for
the evaluation of the strength of evidence related to
diagnostic tests: study design and data analysis.25–27 Sec-
ond, we will examine the integration of the evidence
into the diagnostic process.

Evaluating the Evidence—Study Design
The strength of evidence provided by any study will be
substantially affected, and potentially limited, by the
study’s design. The optimal study design is the one that
most effectively reduces susceptibility to bias (ie, a
deviation of the results from the truth in a consistent
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direction).27,31 For studies investigating treatment out-
comes, the design best accomplishing this objective is
recognized as the randomized clinical trial. However, if
the research question is one of diagnosis, the random-
ized trial is no longer the most desirable design. The
optimal design for examining a diagnostic test, in the
opinion of experts, is “a prospective, blind comparison
of the test and the reference test in a consecutive series of
patients from a relevant clinical population.”26(p1062) That
is, a study investigating a diagnostic test should utilize a
prospective cohort design in which all subjects are evalu-
ated using the diagnostic test or tests and a reference
standard representing the definitive, or best, criteria for the
condition of interest. When performed in this manner, the
results of the test and the reference standard can be
summarized in a 2 3 2 table, as depicted in Table 1.

Issues beyond the basic design of a study are important
for determining the extent to which the potential for
bias has been minimized in a study and for determining
the strength of the evidence. For studies of diagnostic
tests, the most important issues are the reference stan-
dard, the diagnostic test, and the population studied.
The most important considerations for each issue are
summarized in Table 2 and are described below.

The Reference Standard
In a study of a diagnostic test, the test of interest is
compared with a reference standard. The reference
standard is the criterion that best defines the condition
of interest.32 For example, if a test is performed to
determine the presence of a meniscal tear in the knee,
the most appropriate reference standard would be
observation of the meniscus with arthroscopy. The ref-
erence standard should have demonstrated validity that
justifies its use as a criterion measurement.33 If the
reference standard is determined to lack validity, little
meaningful information can be derived from the com-
parison.34 The validity of the reference standard may be
compromised by several factors.

First, the reference standard should possess acceptable
measurement characteristics, as defined by the APTA’s

standards for tests and measurements.33,35 For example,
the Ashworth scale has become a commonly used mea-
sure of “muscle spasticity.”36 Despite several studies
questioning the reliability and construct validity of mea-
surements obtained with the scale in either its original or
modified form,37–40 the Ashworth scale continues to be
used as a reference standard.41 If a reference standard is
not reproducible, or lacks a strong conceptual basis for
its use, it should not be used as the criterion against
which to judge the adequacy of another test.26

The reference standard should also be consistent with
the intended purpose of the diagnostic test. The major-
ity of reference standards used to study diagnostic tests
have been measures of pathoanatomy.42 If a pathoana-
tomical reference standard is consistent with the test’s
purpose, this could serve as a valid measure for compar-
ison. If a diagnostic test is used to select interventions
with the goal of maximizing outcomes, a measure of
pathoanatomy is unlikely to serve as an appropriate
reference standard. As defined by the Guide,3 outcomes
are measures of functional limitations, disability, patient
satisfaction, and prevention; therefore, diagnostic tests
used to select interventions should be tested against a
reference standard related to one of these measures.

An investigation by Burke et al43 of the Phalen test,
which is commonly used for patients with suspected
carpal tunnel syndrome (CTS), provides an example of
selecting reference standards consistent with the pur-

Table 1.
Contingency Table Created by Comparing the Results of the
Diagnostic Test and the Reference Standard

Reference
Standard
Positive

Reference
Standard
Negative

Diagnostic test
positive

True positive results False positive results
A B

C D
Diagnostic test

negative
False negative results True negative results

Table 2.
Potential Pitfalls for the 3 Most Important Variables Related to the
Design of a Study of a Diagnostic Test

Study Variable Potential Pitfalls

Reference standard Insufficiently definitive of the condition of
interest

Not consistent with the intended purpose
of the diagnostic test

Not applied consistently in all subjects
(verification bias)

Not independent of the diagnostic test
(incorporation bias)

Judged by an examiner who is not blinded
to the diagnostic test result and clinical
condition of the subjects (review bias)

Diagnostic test Intended purpose of the test not clearly
defined

Lack of clarity in the description of the test
performance

Lack of clarity in the description of the test
interpretation

Judged by an examiner who is not blinded
to the results of the reference standard
(review bias)

Study population Study subjects not representative of the
population on whom the test is used
clinically (spectrum bias)
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pose of the diagnostic test. The Phalen test could be
examined as a screening test to detect compression of
the median nerve or as a test indicating the need for
specific interventions (eg, wrist splinting).43 To reflect
these different purposes, Burke et al43 compared the
Phalen test against 2 reference standards: results of a nerve
conduction velocity study and patient-reported improve-
ment after a 2-week course of wrist splinting. The nerve
conduction study in which the distal motor and sensory
latencies of the median nerve were measured served as the
reference standard for an examination of the Phalen test’s
ability to detect nerve compression. Patient-reported
improvement after 2 weeks served as a reference standard
for the accuracy of the Phalen test as an indication of
whether wrist splinting was useful as an intervention.

If the reference standard is not consistent with the
purpose of the diagnostic test, the results become diffi-
cult to interpret. For example, 2 recent studies exam-
ined various tests for sacroiliac (SI) region dysfunction
in patients receiving physical therapy.44,45 In both stud-
ies, the reference standard was the presence of LBP,
judged as positive (patient consulting for LBP) or neg-
ative (patient consulting for an upper-extremity condi-
tion). By using this reference standard, the researchers
examined the accuracy of the SI region tests in distin-
guishing between individuals with and without LBP. It
does not appear, however, that this reference standard is
consistent with the purpose of these tests. In the litera-
ture, SI region tests are proposed to distinguish patients
thought to have SI region dysfunction from those with
LBP related to other syndromes46–48 or to determine
whether a patient is likely to respond to a particular
intervention designed for SI region dysfunction (eg, SI
region manipulation).12,49 The results of studies using a
reference standard of the presence of LBP when the issue
is whether there is SI region dysfunction are difficult to
interpret because this standard is inconsistent with the
purposes for which the tests are commonly used. Determin-
ing the usefulness of the tests based on the results of these
studies may lead to erroneous conclusions.

Improper use of reference standards in a study may
compromise the validity of the research. The reference
standard should be applied consistently to all sub-
jects.25,26,32 If the reference standard is expensive or
difficult to obtain, it may not be performed on subjects
with a low probability of having the condition. Verifica-
tion (or workup) bias occurs when not all subjects are
assessed by use of the reference standard in the same
way.27,50 A common example of verification bias is dem-
onstrated by a study of diagnostic accuracy of tests for
posterior cruciate ligament (PCL) integrity.51 The refer-
ence standard was magnetic resonance imaging (MRI),
an appropriate pathoanatomical reference standard for
PCL integrity. A group of individuals with no history of

knee injury were included in the study. These individuals
were assumed to have an intact PCL without MRI
verification.51 Another example comes from a study of a
screening examination using goniometry for detecting
cerebral palsy in preterm infants.52 Goniometric mea-
surements were taken at the hip, knee, and ankle. If the
range of motion measurements fell outside a normal
range, the child was believe to be at an increased risk of
having cerebral palsy.52 Infants with a high suspicion of
cerebral palsy were referred to a neurologist whose
evaluation then served as the reference standard. Only
97 of 721 infants were referred, and a less rigorous
reference standard consisting of chart reviews was used
for the remaining subjects.52 The impact of verification
bias is related to the likelihood that an individual not
assessed with the reference standard could have the
condition. It may be unlikely that an individual with no
history of knee injury would have a compromised PCL.
The adequacy of using a chart review for identifying
cerebral palsy may leave this study more susceptible to
verification bias. Verification bias can lead to an over-
estimation of diagnostic accuracy.26,53

The reference standard should also be independent of
the diagnostic test. Incorporation bias occurs when the
reference standard includes the diagnostic test being
studied.54 An example comes from a study of single-leg
hop tests for diagnosing anterior cruciate ligament
(ACL) integrity.55 The authors evaluated 50 subjects with
a chronic ACL-deficient knee and 60 subjects with no
prior knee injury. All subjects performed the hop tests.
The reference standard was defined as the mean (62
standard deviations) of the absolute value of the right-
to-left difference in time to complete the test in the
subjects without knee injury. The authors then applied
this standard to the results of all 110 subjects and found
high levels of diagnostic accuracy for the tests in distin-
guishing the 2 groups of subjects.55 This result is not
surprising given that the interpretation of the reference
standard was based on the test results of the subjects
without knee injury. Incorporation bias is also likely to
inflate the accuracy of a diagnostic test.26

The reference standard should be judged by an individ-
ual who does not know the diagnostic test results and the
overall clinical presentation of the subject.26,53,56 If blind-
ing is not maintained, judgments of the reference stan-
dard may be influenced by expectations based on knowl-
edge of the test results or by some other clinical
information.56 Review bias may occur if either the refer-
ence standard or the diagnostic test is judged by an
individual with knowledge of the other result.53

The Diagnostic Test
Practitioners and researchers should be able to describe
diagnostic tests in sufficient detail to permit replication
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of the tests by other therapists. We contend that test
descriptions should cover 3 aspects: the intended use,
physical performance, and scoring criteria. The
intended clinical use of a test is an important consider-
ation, although this aspect of the test description is often
overlooked by researchers and practitioners.25 As indi-
cated previously, a diagnostic test may be used for a
variety of purposes. If researchers do not clarify the
intended purpose of a test under study, it is difficult to
assess the appropriateness of the reference standard.
When clinicians do not consider the purpose of diagnos-
tic tests used in practice, they are susceptible to viewing
tests as either good or bad, without recognition that a
test may be useful for one purpose, but inappropriate for
another purpose. For example, the KT-1000 knee
arthrometer* possesses a high degree of diagnostic
accuracy for distinguishing between individuals with and
without ACL deficiency,57,58 but it has not been shown to
be useful for assisting in the selection of an intervention
(surgical versus nonsurgical).59

The manner in which a test is performed should be
detailed. A study’s results can be generalized to a clinical
setting only if a test is performed as it was performed in
the study. For example, Katz and Fingeroth60 compared
various tests for ACL integrity against a reference stan-
dard of observation of the ligament during arthroscopy.
The Lachman test demonstrated very good diagnostic
accuracy for ACL integrity; however, the test was per-
formed with the subjects under anesthesia. If the results
were accepted without consideration of the manner in
which the test was performed, a clinician may have
unrealistic expectations of the usefulness of test results
when applying the test to patients who are not under
anesthesia. This is illustrated by a study of the Lachman
test performed by physical therapists in a clinical setting
that led to lower levels of diagnostic accuracy.61

The description of a diagnostic test should include the
criteria used to determine positive and negative results.
Many tests used in physical therapy, though well known,
may have varied or unclear grading criteria. Testing for
centralization in patients with LBP is an example. There
is general agreement that centralization is an important
diagnostic finding,62–64 but no such consensus exists on
precisely what constitutes centralization. Some therapists
use definitions strictly based on movement of symptoms
from distal to proximal,16,65 whereas other therapists
define centralization to include diminishment of pain
during testing.63 Such disagreements are not unique to
judgments of centralization, and it is crucial for authors
to clarify how they defined positive and negative results.
It is also important to indicate whether the test cannot
be performed or the results are indeterminate for any

subjects. Because these occurrences could influence the
clinical use of a test, they should be reported and
explained.53,66 Measurements obtained with a test also
are susceptible to review bias, as previously explained.
Review bias can be avoided if the measurements and
judgments are done by individuals who are blinded to
the reference standard. Diagnostic accuracy may be
overestimated if blinding is not maintained.26

The Study Population
Subjects included in a study of a diagnostic test should
consist of individuals who would be likely to undergo the
test in clinical practice.26,53 This also means that individ-
uals who are positive on the reference standard should
reflect a continuum of severity, from mild to severe,
whereas those who are negative with respect to the
reference standard should have conditions commonly
confused with the condition of interest and should not
be a group of control subjects without impairments or
disabilities.34 Many of the tests already cited in this
perspective have used groups of subjects without impair-
ments or disabilities who were chosen out of conve-
nience. When subjects without any symptoms, impair-
ments, or disabilities are tested, this does not reflect the
way most tests are applied clinically, where distinctions
between individuals with similar symptoms are required.
Any test should at least be expected to demonstrate
greater diagnostic accuracy when attempting to distin-
guish between individuals without symptoms and those
with severe conditions.56 Spectrum (or selection) bias
may occur when study subjects are not representative of
the population on whom the test is typically applied in
practice.26 Spectrum bias, in our opinion, can pro-
foundly affect the results of a study.26

The best method of ensuring a representative sample
and avoiding spectrum bias is to utilize a prospective
cohort design with a consecutive group of subjects from
a clinical population. Use of a case-control design with
retrospective selection of subjects for inclusion makes a
study susceptible to spectrum bias.53 This type of design
occurs when a group of subjects with the condition of
interest and a group of comparison subjects are assembled
for examination. Even if the use of subjects without known
impairments or disabilities is avoided, case-control designs
can distort the typical mix of subjects seen in a clinical
setting by artificially controlling the prevalence and presen-
tation of the condition of interest, potentially affecting the
accuracy and utility of a diagnostic test.28,54,67,68

A comparison of studies examining the diagnostic accu-
racy of the Phalen test for detecting median nerve
compression in the carpal tunnel provides an example of
the impact of spectrum bias (Tab. 3). The study by Burke
et al43 and 2 other studies69,70 compared the Phalen test
against a reference standard involving nerve conduction

* MEDmetric Corp, 7542 Trade St, San Diego, CA 92121.
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velocity studies. Similar criteria for judging the reference
standard were used in the 3 studies. The description of
how the diagnostic test was performed and the grading
criteria were nearly identical in 2 studies, but they were
not reported in the third study. The greatest difference
among the studies was the subjects. In 2 studies,43,70

there were cohorts of subjects with symptoms consistent
with CTS. In the third study,69 subjects included those
with symptoms consistent with CTS, a few with known
diagnoses other than CTS but with a similar presentation
(eg, diabetic peripheral neuropathy), and 25 subjects
(50 hands tested) without symptoms consistent with
CTS. Inclusion of people without symptoms creates a
spectrum bias by assembling a population unrepresenta-
tive of the clinical population in which the test is typically
used. As would be anticipated, the study most subject to
spectrum bias also demonstrated the highest level of
diagnostic accuracy for the Phalen test (Tab. 3).

Evaluating the Evidence—Data Analysis
The basic layout for the data analysis in a study of a
diagnostic test is depicted in Table 1. The result for each
subject fits into only 1 of the 4 categories based on a

comparison of the results of the diagnostic test and the
diagnosis based on the reference standard. Results in
categories “a” (true positive) and “d” (true negative)
represent correct test results, whereas categories “b”
(false positive) and “c” (false negative) contain errone-
ous results. From this basic layout, several statistics can
be calculated (Tab. 4).56

The overall accuracy of a test can be determined by
dividing the number of correct results by the total
number of tests conducted.56 A perfect test would have
an overall accuracy of 100%; however, no test used in
clinical practice can be expected to demonstrate this
level of accuracy, and the goal is to characterize the
nature of the errors.71 The overall accuracy of a test does
not distinguish between false positive and false negative
results and therefore has limited usefulness.72

Sensitivity, Specificity, and Predictive Values
Sensitivity and specificity values are calculated vertically
from the 2 3 2 table and represent the proportion of
correct test results among individuals with and without
the condition, respectively. Sensitivity (or true positive

Table 3.
Comparison of Studies Examining the Accuracy of the Phalen Test for Diagnosing Compression of the Median Nerve Within the Carpal Tunnela

Kulhman and Hennessey70 Burke et al43 Gellman et al69

Reference standard Nerve conduction study (any one of
the following):

Nerve conduction study (any one of
the following):

Nerve conduction study (any one of the
following):

1. Median motor onset distal
latency $1.0 ms longer
than ulnar motor onset distal
latency

1. Minimum median sensory distal
latency measured at 14 cm of 4.1
ms and a minimum motor distal
latency at 8 cm of 4.4 ms

1. Minimum median sensory distal
latency of .3.5 ms, or of
1 ms more than the opposite
side

2. Median sensory peak distal latency
to the thumb $0.5 ms longer than
radial sensory peak distal latency to
the thumb

2. Median sensory distal latency
.0.5 ms longer than ulnar
sensory distal latency

2. Minimum median motor distal
latency of 4.5 ms, or of 1 ms more
than the opposite side

3. Median sensory peak distal latency
to the long finger $0.5 ms longer
than ulnar sensory peak distal
latency to the small finger

Diagnostic test
performance

The subject actively places the wrists in
complete, but unforced, flexion for
60 s

Not described The subject actively places the wrist in
complete, but unforced, flexion for
60 s

Diagnostic test
grading

If numbness or paresthesia is produced
or exaggerated in the hand, the test
is positive

Not described If numbness and tingling are produced
or exaggerated in the median nerve
distribution of the hand, the test is
positive

Study population 180 consecutive subjects (228 hands)
referred for electrodiagnostic
consultation with suspected CTS

186 subjects (290 hands) referred for
splinting with a history consistent
with CTS

106 hands with symptoms consistent
with CTS, 16 hands with symptoms
commonly confused with CTS, 50
asymptomatic hands

Sensitivity (%)
(95% CI)

51 (43, 60) 51 (44, 58) 71 (59, 81)

Specificity (%)
(95% CI)

76 (66, 83) 54 (35, 71) 80 (67, 89)

Overall accuracy
(%)

60 52 72

a Accuracy represents the percentage of correct results on the diagnostic test when compared with the reference standard. CTS5carpal tunnel syndrome,
CI5confidence interval.
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rate) is the proportion of subjects with the condition
who have a positive test result. Specificity (or true negative
rate) is the proportion of subjects without the condition
who have a negative test result.42

Predictive values are calculated horizontally from the
2 3 2 table and represent the proportion of subjects with a
positive or negative test result that are correct results. The
positive predictive value is the proportion of subjects with a
positive test result who actually have the condition. The
negative predictive value is the proportion of subjects with a
negative test result who do not have the condition.73

Predictive values might appear to be more useful for
applying the results of a study because these values relate
to the way these tests are used in clinical decision
making: given a test result (positive or negative), what is
the probability that the result is correct? Sensitivity and
specificity values work in the opposite direction: given
the condition is present or absent, what is the probability
that the correct test result will be obtained? Despite their
apparent usefulness, predictive values can be deceptive
because they are highly dependent on the prevalence of
the condition of interest in the sample. Positive predic-
tive values will be lower and negative predictive values
will be higher in samples with a low prevalence of the
condition. If prevalence is high, the trends reverse.74

Sensitivity and specificity values remain fairly consistent
across different prevalence levels.42 A comparison of 2
studies examining the diagnostic accuracy of weakness of
the extensor hallucis longus muscle for detecting L5
radiculopathy illustrates this point. Lauder et al75 stud-
ied consecutive patients referred to physical medicine
physicians with a suspicion of lumbar radiculopathy
(Tab. 5). The reference standard was electromyographic
findings, and, based on this standard, the prevalence of
L5 radiculopathy was 11% (10/94). Kortelainen et al76

studied patients referred for surgery with symptoms of
sciatica (Tab. 6). Based on a reference standard of
surgical observation of the nerve root, the prevalence of
L5 radiculopathy was 57% (229/403). The sensitivity
and specificity values remained fairly consistent. The
predictive values, however, varied greatly between stud-
ies due to disparate prevalence rates, with the study with
higher prevalence of radiculopathy showing a higher
positive predictive value.

Sensitivity and specificity values provide useful informa-
tion for interpreting the results of diagnostic tests.
Sensitivity represents the ability of the test to recognize
the condition when present. A highly sensitive test has
relatively few false negative results. High test sensitivity,
therefore, attests to the value of a negative test result.77,78

Sackett et al42 have advocated using the acronym

Table 4.
Statistics Commonly Used to Examine Diagnostic Tests

Statistic Formula Description

Overall accuracy (a 1 d)/(a 1 b 1 c 1 d) The proportion of test results that are correct
Positive predictive value 1/(a 1 b) Given a positive test result, the probability that the individual has the

condition
Negative predictive value d/(c 1 d) Given a negative test result, the probability that the individual does

not have the condition
Sensitivity a/(a 1 c) Given that the individual has the condition, the probability that the

test will be positive
Specificity d/(b 1 d) Given that the individual does not have the condition, the probability

that the test will be negative
Positive likelihood ratio sensitivity/(1 2 specificity) Given a positive test result, the increase in odds favoring the

condition
Negative likelihood ratio (1 2 sensitivity)/specificity Given a negative test result, the decrease in odds favoring the

condition

Table 5.
Accuracy of Weakness of the Extensor Hallucis Longus Muscle for Diagnosing L5 Radiculopathy in the Study by Lauder et al75,a

L5 Radiculopathy Present L5 Radiculopathy Not Present

Weakness positive 6 38 Positive predictive value:
(6/46)5.14, 95% CI: .06, .27A B

C D
Weakness negative 4 46 Negative predictive value:

(46/50)5.92, 95% CI: .81, .97Sensitivity (%): (6/10)5.60
95% CI: .31, .83

Specificity (%): (46/84)5.55
95% CI: .44, .65

a Prevalence of L5 radiculopathy in this study was 11%. CI5confidence interval.
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“SnNout” (if sensitivity [Sn] is high, a negative [N] result
is useful for ruling out [out] the condition). High
sensitivity indicates that a test can be used for excluding,
or ruling out, a condition when it is negative, but does
not address the value of a positive test. Specificity
indicates the ability to use a test to recognize when the
condition is absent. A highly specific test has relatively
few false positive results, and therefore speaks to the
value of a positive test.77,78 The acronym applicable in
this case is “SpPin” (if specificity [Sp] is high, a positive
[P] result is useful for ruling in [in] the condition).42

Unfortunately, few tests possess both high sensitivity and
specificity. Knowledge of the sensitivity and specificity of
a test can help clinicians refine clinical decision making
by allowing them to weigh the relative value of positive
or negative results. A recent study79 examining the
diagnostic accuracy of clinical tests for detecting sub-
acromial impingement syndrome provides an example.
Six tests were compared against a reference standard of
MRI of the supraspinatus tendon. No test had high levels
of both sensitivity and specificity (Tab. 7). The Hawkin
test was the most sensitive, and the drop arm test was
most specific.79 The high sensitivity (92%) indicates that
a negative Hawkin test is useful for ruling out subacro-
mial impingement. The low specificity (25%), however,
signifies that a positive Hawkin test has little meaning.
The drop arm test was very specific (97%), indicating
that a positive test is useful for confirming subacromial
impingement. The sensitivity of the drop arm test was
poor (8%), revealing a high number of false negative

results and attesting to the lack of meaning of a negative
result.

Likelihood Ratios
Sensitivity and specificity values provide useful informa-
tion; however, they have several shortcomings. These
values work in the opposite direction of clinical decision
making. Clinicians have knowledge of the test result and
want to infer the probability that the result is correct.
Sensitivity and specificity values infer the probability of a
correct test, given the result of the reference standard.
Sensitivity and specificity values can be used as indepen-
dent estimates of the usefulness of negative and positive
test results, but this information cannot be combined
and analyzed simultaneously. The actual performance of
a diagnostic test is not only related to sensitivity and
specificity values, but also dependent on the pretest
probability that the condition is present. Useful tests
should produce large shifts in probability once the result
of the test is known.77,80,81 Sensitivity and specificity
values cannot be used to quantify the shift in probability
of the condition given a certain test result.

The best statistics for summarizing the usefulness of a
diagnostic test are likelihood ratios.82,83 Likelihood
ratios (LRs) overcome the difficulties cited by reflecting
a combination of the information contained in sensitiv-
ity and specificity values into a ratio that can be used to
quantify shifts in probability once the diagnostic test
results are known.84 The positive LR is calculated as
sensitivity/(1 2 specificity) and indicates the increase in

Table 6.
Accuracy of Weakness of the Extensor Hallucis Longus Muscle for Diagnosing L5 Radiculopathy in the Study by Kortelainen et al76,a

L5 Radiculopathy Present L5 Radiculopathy Not Present

Weakness positive 126 54 Positive predictive value:
(126/180)5.70, 95% CI: .63, .76A B

C D
Weakness negative 103 120 Negative predictive value:

(120/223)5.54, 95% CI: .47, .60Sensitivity (%): (126/229)5.55
95% CI: .49, .61

Specificity (%): (120/174)5.69
95% CI: .62, .75

a Prevalence of L5 radiculopathy in this study was 57%. CI5confidence interval.

Table 7.
Accuracy Statistics of Clinical Tests for Diagnosing Subacromial Impingement Syndromea

Test Sensitivity (%) Specificity (%) Positive LR Negative LR

Hawkin 92 (84, 96) 25 (14, 42) 1.2 (1.0, 1.5) 0.32 (0.12, 0.76)
Neer 89 (80, 94) 31 (17, 46) 1.3 (1.0, 1.6) 0.37 (0.18, 0.86)
Horizontal adduction 82 (73, 89) 28 (15, 43) 1.1 (0.90, 1.4) 0.65 (0.32, 1.4)
Speed 69 (58, 77) 56 (40, 71) 1.5 (1.0, 2.3) 0.57 (0.37, 0.87)
Yergason 37 (28, 48) 86 (70, 94) 2.7 (1.1, 6.0) 0.73 (0.59, 0.91)
Painful arc 33 (23, 43) 81 (63, 90) 1.7 (0.76, 3.3) 0.84 (0.68, 1.1)
Drop arm 8 (4, 16) 97 (85, 100) 2.8 (0.35, 21.7) 0.95 (0.87, 1.3)

a Numbers in parentheses represent 95% confidence intervals, which were estimated from the data presented in the study.79 LR5likelihood ratio.
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odds favoring the condition given a positive test result.
The negative LR is calculated as (1 2 sensitivity)/
specificity and indicates the change in odds favoring the
condition given a negative test result.27 An LR of 1
indicates that the test result does nothing to change the
odds favoring the condition, whereas an LR greater than
1 increases the odds of the condition, and an LR less
than 1 diminishes the odds of the condition. Table 8
provides a guide for interpreting the strength of an LR.83

A positive LR indicates the shift in odds favoring the
condition when the test is positive. It is desirable, there-
fore, to have a large positive LR. Tests with a large
positive LR generally have high specificity because both
values attest to the usefulness of a positive test. In the
study by Calis et al,79 for example, the drop arm test had
the highest specificity (97%) for determining the pres-
ence of subacromial impingement syndrome and also
the largest positive LR (2.8) (Tab. 7). Because the
negative LR indicates the change in odds favoring the
condition given a negative result, a small negative LR will
indicate a test that is useful for ruling out a condition
when negative. Small negative LR values correspond to
high sensitivity, as illustrated by the subacromial impinge-
ment syndrome tests. The highest sensitivity and smallest
negative LR were found for the Hawkin test. A comparison
of the horizontal adduction and Speed tests indicates the
importance of combining sensitivity and specificity values.
The sensitivity of the Speed test (69%) was less than that of
the horizontal adduction test (82%). However, because the
Speed test was substantially more specific than the horizon-
tal adduction test (56% versus 28%), the negative LR was
smaller for the Speed test (0.57 versus 0.65).

Diagnostic tests measured on a continuous scale are
frequently transformed into multilevel ordinal outcomes
based on cutoff scores. When this is the case, LR values
can be calculated for each level of the test.42 Riddle and
Stratford85 illustrated this process using the Berg Bal-
ance Test. Different test results were used as cutoff
scores, and the LR values were calculated for each level.
A more detailed explanation of the process can be
obtained from the article by Riddle and Stratford.85

Evaluating the Evidence—Additional
Considerations

Confidence Intervals
As is true of all statistics, sensitivity, specificity, and LR
values are taken from a sample and represent an esti-
mate of the true value that could be found in the
population.84 The confidence interval (CI) attests to the
precision of this estimate. A 95% CI is the most common
and indicates a range of values within which the popu-
lation value would lie with 95% certainty.86 If the CI is
wide and contains values that are not clinically impor-
tant, the usefulness of the measure may be questionable.
That is, if another estimate were taken from a different
sample, the statistic calculated might be substantially
different. In the study by Calis et al,79 for example, the
drop arm test had the largest positive LR among the tests
for subacromial impingement (2.8), but the 95% CI was
wide (0.35–21.7), indicating that the positive LR esti-
mated from this sample of 120 patients was not very
precise. Formulas for calculating CI ranges for diagnos-
tic statistics have been published.84,86,87 As is apparent in
Table 7, the recommended formulas do not result in a
symmetrical CI about the statistical estimate.88 The asym-
metry is more pronounced as the sensitivity and speci-
ficity values move farther from 50% in either direction.86

The width of the CI will also be related to the sample size
and the amount of variability in the test being studied.
Reporting of a CI with any diagnostic statistic is recom-
mended to permit an assessment of the precision of any
estimate of diagnostic accuracy.86,89

The Chi-Square Statistic
Studies of diagnostic tests comparing categorical results
of a test and a reference standard are frequently ana-
lyzed with a chi-square statistic and accompanying signif-
icance level. The chi-square statistic tests the hypothesis
that the test results and reference standard have no
association, but it does not indicate the strength or
direction of any relationship that exists.90 Chi-square
statistics and associated probability values cannot assist
in the process of probability revision based on test results
in individual patients and, therefore, cannot be consid-
ered evidence-based statistics.91

Conclusions based strictly on chi-square analyzes can be
misleading without information on sensitivity, specificity,
and LR values. The study by Burke et al43 on diagnostic
tests for patients with suspected CTS illustrates this
concern. One diagnostic test examined by the authors
was the patient self-report of hand swelling, graded as
present (positive) or absent (negative), against a refer-
ence standard of response to 2 weeks of splinting. The
reference standard was graded as “positive response to
splinting” or “no response to splinting” based on patient
self-report.43 The authors chose to analyze the data using

Table 8.
A Guide to Interpretation of Likelihood Ratio (LR) Valuesa

Positive
LR

Negative
LR Interpretation

.10 ,0.1 Generate large and often conclusive
shifts in probability

5–10 0.1–0.2 Generate moderate shifts in probability
2–5 0.2–0.5 Generate small, but sometimes important,

shifts in probability
1–2 0.5–1 Alter probability to a small, and rarely

important, degree

a Adapted from Jaeschke et al.83
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a chi-square test only and found a statistically significant
result (P5.028) (Tab. 9). The authors concluded,
“These data suggest that the complaint of subjective
swelling in the hand or wrist may be one of the most
important findings from the history and clinical exami-
nation for determining which patients will, in fact,
respond to conservative treatment (splinting).”43 The
sensitivity, specificity, and LR values calculated from the
data do not support this conclusion. The sensitivity
(33.3) and specificity (49.8) were low, resulting in a
positive LR of 0.66 and negative LR of 1.34 (Tab. 9).
Both LR values are close to 1, with the negative LR
slightly greater than 1 and the positive LR slightly less
than 1, indicating that the weak relationship between a
complaint of swelling and response to splinting is in an
inverse direction (ie, a negative complaint of swelling is
associated with an increased likelihood of response to
splinting). Because evidence-based statistics were not
reported, we believe that the authors overinterpreted the
utility of the test. This example illustrates the necessity of
reporting sensitivity, specificity, and LR values to permit an
appropriate assessment of a diagnostic test and interpreta-
tion for individual patient decision making.

The Role of Reliability
In order to provide useful information, a test should
yield reliable results in the clinical setting. That is,
performance of the test on different occasions should
yield the same result if the status of the patient being
examined has not changed. Traditionally, reliability has
been emphasized as a precursor to validity, a preliminary
step that should be completed prior to initiating any
study of validity. The numerous studies examining diag-
nostic test reliability without any assessment of validity
attest to this mind-set. The peril in this approach is that
it may lead to the dismissal of potentially useful tests

based on an inability to reach an arbitrary threshold of
reliability. This could be due to properties of the statis-
tics used to measure reliability.

The kappa statistic is the reliability coefficient typically
used in studies of agreement between examiners for
categorical data.92 The kappa statistics appropriate for
this purpose because it is a chance-corrected measure of
agreement; however, it can be subject to deflation based
on the prevalence of the condition being measured.35,93

For example, Spitznagel and Helzer94 noted that, if 2
raters of equal ability each performed a test and each
rater was known to have 80% sensitivity and 98% speci-
ficity when his or her results were compared with a
reference standard, the kappa statistic between the rat-
ers would be .67 if the errors made by the raters relative
to the reference standard were independent. If the same
raters, with the same level of accuracy, repeated the test
in a second population with a prevalence of only 5%, the
kappa value would fall to .52.94 This is an example of the
difficulty in interpreting kappa values when prevalence
is extremely high or low. Many conditions of interest in
physical therapy are rare, and kappa statistics used in
these instances may be artificially lowered.

In addition, although arbitrary scales exist for categoriz-
ing kappa values as poor, fair, good, and so on,92 the
threshold level making a test “reliable enough” is not
known. For example, Smieja et al95 examined the reli-
ability and diagnostic accuracy of tests used in the
identification of patients with diabetes who lacked suffi-
cient protective sensation of the feet. A total of 304
patients were examined, 200 of whom were also exam-
ined by a second rater to measure reliability. The
reference standard was a Semmes-Weinstein monofila-
ment examination. One diagnostic test that was exam-
ined was position sense assessed at the interphalangeal
joint of the great toe for a 10-degree change. The kappa
value between raters for judgments of position sense was
only fair by most standards (k5.28). The results
(Tab. 10), however, show that the position sense test
provided useful information when it was positive (spec-
ificity598%, positive LR512.8).95 If the reliability assess-
ment had been performed separate from the study of
validity, it is possible that the position sense test would
have been discarded from further consideration due to a
lack of reliability, and the potential diagnostic value of a
positive result may not have been uncovered.

Reliability data certainly convey meaningful informa-
tion; however, we believe that their usefulness is best
appreciated when considered in conjunction with data
examining diagnostic accuracy or utility. Reliability
assessments conducted as independent preliminary stud-
ies can lead to the premature exclusion of useful tests or
the promotion of highly reliable, but diagnostically

Table 9.
Comparison of the Results of the Patients’ Complaints of Hand
Swelling and Results of a 2-Week Period of Splinting in a Group of
Patients With Suspected Carpal Tunnel Syndrome43,a

Positive
Response
to Splinting

Negative
Response
to Splinting

Complaint of
swelling positive

17 120
A B

C D
Complaint of

swelling negative
34 119

Sensitivity (%)533.3
95% CI: 20.4, 46.3

Specificity (%)549.8
95% CI: 43.5, 56.1

x254.80, P5.028
Positive likelihood ratio50.66, 95% CI: 0.44, 1.0
Negative likelihood ratio51.34, 95% CI: 1.06, 1.69

a The chi-square test shows statistical significance, but the likelihood ratio
values indicate a lack of accuracy for the complaint of hand swelling in
diagnosing a positive response to splinting. CI5confidence interval.
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meaningless, tests. To encourage complete examination
of a diagnostic test, reliability data should be considered
a complement to, not a precursor of, an assessment of
diagnostic value. An important role of reliability data in
the context of assessing the strength of evidence pro-
vided by a diagnostic test is that it may provide an
explanation for inadequate accuracy or utility.56,77 When
a measurement is found to have little diagnostic mean-
ing and poor reliability, the test’s diagnostic ability may
be improved if the test is performed in a manner that
leads to more reliable measurements.

Applying the Evidence—Practicing Evidence-
Based Practice
Although it may not be viewed in this manner by all
therapists, the diagnostic process is essentially an exer-
cise in probability revision (Fig. 2).96 Prior to performing
a test, a therapist has some idea of the likelihood that the
patient has the condition of interest. The likelihood may
be most readily expressed in qualitative terms such as
“highly likely,” “very unlikely,” and so forth. These terms,
however, can be made more quantitative by speaking in
terms of probabilities. For instance, if a condition is
thought to be highly likely, this may translate in the
therapist’s mind to a probability of 75% or 80% cer-
tainty. The condition of interest may be a question of
screening (Does the patient’s problem involve a certain
anatomical structure or region?) or of classification (Is
the patient going to respond to a certain treatment?).
The therapist can also have in mind a treatment thresh-
old level of certainty at which he or she will be “sure
enough” and ready to act.81 For example, a therapist may
feel that he or she must be at least 80% certain that a
patient has lumbar spinal stenosis before initiating a
program of flexion exercises. Treatment thresholds may
not be explicitly stated, but we believe that all therapists
reach a point when the examination and evaluation
process stops and intervention begins. This threshold
should take into consideration the costs associated with
being wrong versus the benefits of being correct.97,98 For

example, a high threshold is required when ruling out
metastatic disease as a source of LBP. Conversely, if the
question concerned the application of a treatment with
minimal cost and low potential for side effects, the
threshold would be lower. For example, the application
of patellar taping for a patient with patellofemoral joint
pain is a low-cost intervention with few side effects. A
therapist may feel it necessary to be only 50% certain
that the treatment will be effective in order to initiate the
treatment.

The patient’s values should also be considered in estab-
lishing treatment thresholds and determining when to
implement an intervention.99 As an example, during the
examination of a patient who had a stroke over 1 year
previously, a therapist may test the modality of light
touch by alternately touching both of the patient’s hands
and checking for any difference in feeling. If the light
touch test is positive (ie, there is a difference in feeling),
there is evidence to suggest that the patient has a higher
probability of improving function of the hemiplegic
upper extremity with an intervention involving forced-
use therapy.100 This intervention, however, requires the
patient to immobilize the healthy upper extremity for up
to 12 hours per day and attend daily therapy sessions
lasting for 6 hours.100 Some patients may not value the
potential increased function of the extremity highly
enough to tolerate the required treatment intensity
unless the probability of improving function is very high.

The amount of data required to move beyond the
treatment threshold is partly determined by the pretest
probability that the condition of interest is present. The
pretest probability is an important consideration for
examining the diagnostic process because it determines
how much data will be required to reach a treatment
threshold. If the pretest probability that a condition is
present is very high, perhaps 80%, one negative test
result is unlikely to lower the probability sufficiently to
permit its exclusion from further consideration, and
additional testing will likely be required to reach a
threshold at which the diagnosis would be sufficiently
ruled out.101 Likewise, if the pretest probability is low, a
single positive finding will probably not be adequate to
elevate the probability beyond the threshold to rule in
the condition. That is, if the therapist is fairly certain
regarding a diagnosis and an unexpected finding occurs,
further data are probably required before a treatment
threshold can be reached. Pretest probabilities can come
from a variety of sources, including epidemiological data
on prevalence rates for certain conditions, information
already obtained on the patient from the examination,
and clinical experience with similar presentations.72

Regardless of the source, an often overlooked step in
examining the diagnostic process is recognizing and

Table 10.
Accuracy of Position Sense Testing for Diagnosing a Lack of Protective
Sensation in the Feet of Patients With Diabetes95,a

Monofilament
Test Positive

Monofilament
Test Negative

Position sense test
positive

34 2
A B

C D
Position sense test

negative
135 126

Sensitivity (%)520.1
95% CI: 14.1, 26.2

Specificity (%)598.4
95% CI: 96.3, 1.0

Positive likelihood ratio512.8, 95% CI: 3.1, 52.2
Negative likelihood ratio50.81, 95% CI: 0.75, 0.88

a CI5confidence interval.
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quantifying the level of certainty in a diagnosis prior to
the performance of a test.

The information provided by the results of a diagnostic
test will alter the pretest probability to some extent,
resulting in a revised posttest probability that the condi-
tion of interest is present. The magnitude of the revision
is based, as has been noted, on data derived from
comparisons of the diagnostic test with a reference
standard. Likelihood ratios quantify the direction and
magnitude of change in the pretest probability based on
the test result and, therefore, provide the best informa-
tion needed to select the test or tests that will most
efficiently move from the uncertainty associated with the
pretest probability to the threshold for action.32,102 To
illustrate the process, we will use an example of a
question that may arise during the examination of a
67-year-old patient with symptoms in both the low back/
buttock and anterior hip/groin that worsen when the
patient is walking: Are the patient’s symptoms coming
from the lumbar spine (eg, lumbar spinal stenosis)?

What is a reasonable pretest probability of lumbar spinal
stenosis for this patient? Based on the patient’s age and
symptoms, epidemiological data103,104 as well as clinical
experience suggest that the probability is fairly high,
perhaps 50%. What test should be performed to rule in
this diagnosis? Examining the results from several stud-
ies30,105,106 (Tab. 11), the best test appears to be asking
the patient whether symptoms are absent when sitting
(positive LR56.6). It is not uncommon that information
from the history exceeds that obtained from the systems
review or the tests and measurements with regard to
diagnostic accuracy. If the test is positive, what should
the posttest probability of lumbar spinal stenosis be? Two
methods can be used to make this determination. The
simpler, but less precise, method uses a nomogram
(Fig. 3).107 A straightedge is anchored along the left-

hand side of the nomogram at the
point corresponding to the pretest
probability. The posttest probability is
determined by running the straight-
edge from this point through the
appropriate LR value. The point of
intersection of the straightedge with
the right-hand side of the nomogram
represents the posttest probability.42

An alternative method for quantifying
posttest probability utilizes a 3-step cal-
culation process described by Sackett
et al42 and outlined below:

1. Convert the pretest probability
(50%) to odds using the formula:

Pretest odds5
pretest probability

1 2 pretest probability

In this example, the pretest odds would be: .50/
(1 2 .50)51:1.

2. Multiply the odds by the appropriate LR value (in this
case, the positive LR) using the formula:

Pretest odds 3 LR5posttest odds

In this example, the posttest odds would be: 1:1 3
6.656.6:1.

3. Convert the posttest odds back to probability using the
formula:

Posttest odds
Posttest odds11

5posttest probability

In this example, the posttest probability would be:
6.6/(6.6 1 1)587%.

Knowledge of the positive LR values permitted the
selection of the test that produced the greatest shift in
probability favoring the condition. Had another test been
selected with a smaller positive LR, the results would not
have been as conclusive. For example, if the therapist had
opted to assess pain with lumbar flexion and the test were
positive (ie, no pain), the posttest probability would
increase to only 58%. Without knowledge of the relative
unimportance of this finding, the therapist might over-
interpret the value of the positive result.

The importance of the pretest probability is also high-
lighted by this example. If the patient in question had
the same symptoms but was younger, perhaps 45 years of

Figure 2.
Illustration of the probabilistic nature to the diagnostic process.72 The determination of which
tests will most efficiently provide the critical examination information is made from the likelihood
ratio values.
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age, the pretest probability of lumbar spinal stenosis
would be lower. If the pretest probability was estimated
at 20% (pretest odds50.25:1) and the question of the
absence of pain when seated was positive, the posttest
probability would increase to 62%. It is likely that, in the
mind of the therapist, further confirmation would be
needed to reach the action threshold for diagnosing the
patient with lumbar spinal stenosis. Based on the data
shown in Table 11, comparing walking tolerance with
the spine flexed versus extended would be the best
option (positive LR56.4). If this test were positive, the
probability would increase from 62% to 91%, likely
exceeding the action threshold.

When the pretest probability is low, the therapist may
instead seek information to rule out stenosis and then
proceed with confirming an alternative hypothesis.4 In
this circumstance, the test with the smallest negative LR
would be desirable because a negative result would most
effectively exclude the condition. Examining Table 11, it
is again apparent that a question from the history will be
more effective for this purpose than other factors. The
patient is asked to rank sitting, standing, and walking
from “best” to “worst” with regard to symptoms. If the
test is negative (ie, pain during standing or walking is not
ranked as “worst”), the negative LR associated with the
finding is 0.33 and the probability of stenosis drops to
8%. Table 11 also illustrates the impact of the phrasing
of the question. If the patient is asked simply whether or
not symptoms become worse when walking, the result is
useless, with positive and negative LR values of about 1.0.
If the patient instead is asked about improvement in
walking when holding on to a shopping cart, the speci-
ficity and positive LR increase, but the negative LR
remains fairly low. If the goal is ruling out lumbar spinal
stenosis, having the patient rank pain during sitting,
standing, and walking has the potential to provide the
strongest evidence.

Likelihood ratios provide the most powerful tool for
demonstrating the importance of a particular test within
the diagnostic process in a quantified manner. Because
LR values can be calculated for both positive and nega-
tive results, the importance of each can be examined.
This is necessary because few tests provide useful infor-
mation in both capacities, and understanding the rela-
tive strength of evidence provided by a negative or
positive result helps to refine test interpretation. For
these reasons and for other reasons discussed, research-
ers examining diagnostic tests should calculate, or pro-
vide sufficient data to permit the calculation of, LR
values.83 Therapists should focus on LR values in deter-
mining which tests are most effective for ruling in or
ruling out conditions of interest.

Applying the Evidence—The Consequences of
Not Practicing Evidence-Based Diagnosis
Diagnostic tests play a critical role in the management of
patients in physical therapy. The results of individual
tests are evaluated during the examination process,
determining which hypotheses should be ruled in or out,
ultimately leading to a decision to a use a certain
intervention that is believed to provide optimal out-
comes for the patient. The ability to judge evidence for
diagnostic tests, select the most appropriate test for an
individual patient, and interpret the results will need to
become familiar skills if physical therapy diagnosis is to
become a more evidence-based process.

Many aspects of physical therapist practice, including
diagnosis, have been criticized for excessive allegiance to
expert opinion and uncritical acceptance of standards
that are not based on evidence.108,109 Systems of integrat-
ing diagnosis and intervention in common usage by
physical therapists too frequently owe their popularity to
tradition instead of sound data attesting to their useful-
ness. For example, neurodevelopmental treatment

Table 11.
Accuracy of Diagnostic Tests for Lumbar Spinal Stenosisa

Test Sensitivity Specificity Positive LR Negative LR

Factors from the history
Symptoms become worse with walking30 71 (57, 85) 30 (14, 46) 1.0 (0.80, 1.3) 0.96 (0.50, 1.75)

Ranks standing or walking as worse than sitting with regard
to symptoms105

89 (76, 100) 33 (12, 55) 1.3 (0.93, 1.9) 0.35 (0.10, 1.2)

Able to walk better when holding on to a shopping cart105 63 (42, 85) 67 (40, 93) 1.9 (0.79, 4.5) 0.55 (0.27, 1.1)

Absence of pain when seated30 46 (30, 62) 93 (84, 100) 6.6 (2.4, 18.0) 0.58 (0.43, 0.77)

Factors from the examination
No pain with lumbar flexion30 79 (67, 91) 44 (27, 61) 1.4 (1.1, 1.9) 0.48 (0.25, 0.92)

Absent Achilles reflex30 46 (31, 61) 78 (64, 92) 2.0 (1.1, 3.6) 0.69 (0.51, 0.95)

Able to walk farther with the spine flexed vs extended106 58 (36, 80) 91 (74, 100) 6.4 (0.95, 42.9) 0.46 (0.27, 0.81)

a Numbers in parentheses represent 95% confidence intervals calculated from the data presented in the references.
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(NDT) is an approach to the management of patients
with movement disorders in which the therapist exam-
ines factors such as movement patterns and postural
reactions and then selects interventions to reduce abnor-
mal movements and improve function.110,111 Even
though NDT appears to be the method most commonly
used by physical therapists for managing children with
cerebral palsy,112 little research has been performed to
examine the evidence for examination techniques used
within the system or the manner in which the tests are
evaluated to determine appropriate interventions.111

Without any validation of the diagnostic decision making
underlying intervention choices, it is not surprising that

clinical trials comparing patients treated with an NDT-
based approach versus other interventions have not
demonstrated improved outcomes with the use of the
NDT system.113–117 A similar situation exists for the most
common treatment approach for patients with LBP, the
McKenzie system.118 The McKenzie system uses a variety
of examination techniques, the results of which are used
to place patients into categories and to determine inter-
ventions. Little work has been done to examine the
diagnostic process used by the McKenzie system, and the
reliability of the classifications is questionable.119 A
recent clinical trial comparing outcomes for the McKen-
zie system with chiropractic care and a patient education
pamphlet resulted in essentially no differences among
the treatment approaches.120

Reliance on patient management systems that are not
evidence-based, in our view, has negative consequences
not only for practitioners, but also for the profession of
physical therapy as a whole. Both the McKenzie system
and NDT have been used in clinical trials as representa-
tive of “physical therapy” interventions for patients with
LBP or cerebral palsy, respectively.117,120 The negative
results of these trials have led to the conclusion that
physical therapy may not have a role in the management
of these conditions. It should not be surprising, however,
that systems whose diagnostic procedures are not
evidence-based do not result in improved patient out-
comes. If diagnostic decisions had been made on the
basis of tests with evidence attesting to their ability to
focus the examination and determine the most effective
interventions, the results might have been more positive.
The McKenzie system and NDT serve only to illustrate a
more fundamental problem. Without evidence-based diag-
nosis, interventions will continue to be based on observa-
tion that may not even be systematic, pathoanatomical
theories, ritual, and opinion. Studies examining the out-
comes of such interventions will continue, in our opinion,
to offer discouraging results. The solution is not only to
explore new and innovative interventions, but to refine the
process by which interventions are linked to examination
findings by studying evidence-based diagnosis.

Conclusions
The process of diagnosis is an essential task for physical
therapists because it serves as the link between examina-
tion findings and interventions. To be able to examine
diagnosis from an evidence-based perspective, we argue
that therapists need to be familiar with the standards
defining the “current best evidence” and how the evi-
dence can be used for “making decisions about the care
of individual patients.”21(p71) The standards relate to
several aspects of the study design and data analysis.

An important first step is to define the purpose for which
a diagnostic test is used. The purpose should be reflected in

Figure 3.
Nomogram for estimating posttest probability of a diagnosis.107 For the
example given in the test, the pretest probability was estimated as 50%,
and the positive likelihood ratio was 6.6.
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the choice of a reference standard (measurement) against
which the results are compared. Both the diagnostic test
and the reference standard should be applied consistently
in all subjects and judged by blinded examiners.

The study sample should be representative of the type of
patients on whom the test is typically used in the clinical
setting. The best statistics for application in individual
patient decision making are LRs because they can be
used to quantify probability revision based on positive or
negative test results. The application of evidence into
patient management requires an understanding of prob-
ability and the shifts in probability caused by a certain test
result. Systems of patient management that link diagnostic
tests with interventions may produce less favorable results
when the diagnostic process within the system is not
evidence-based. More studies are needed to examine com-
monly used diagnostic methods in physical therapy. The
evidence provided by past and future studies should be
applied to the management of patients in order to make
the practice of physical therapy more evidence-based.
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