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Introduction
Physiotherapists establish a diagnosis and a prognosis by

way of history taking, systems review, and tests and
measures1. The data collected in these processes are used to
determine whether the patient will benefit from
physiotherapy intervention or needs to be referred for (co-)
management with another health care provider. A patient
presenting to physiotherapy with an undiagnosed fracture is
not only a prime example illustrating the need for referral to
a medical physician, but also a plausible scenario in
jurisdictions where physiotherapists are allowed to act as
direct access health care providers. The British Columbia
Health Professions Act2 clearly limits physiotherapy scope
of practice disallowing treatment of a recent fracture,
except when under physician direction and, therefore, signs
and symptoms indicative of a scaphoid fracture constitute a
clear indication for referral to a physician in this prvince
(and likely also in other jurisdictions).

Evidence-based practice (EBP) represents a recent and
major paradigm shift within medicine and allied health
education and clinical practice from a reliance on
authority-based knowledge and anecdotal evidence to the
use of research-based evidence. However, research is not
the sole component of EBP: Sackett et al3 defined evidence-
based medicine as the process of integrating the best
research evidence available with both clinician expertise
and patient values. For history items and tests and measures
to be clinically useful for diagnosis, prognosis, and

treatment planning within the EBP paradigm, the data they
yield need to be reliable, valid, and responsive to clinically
relevant change1. In the clinical scenario introduced above
of a patient presenting to physiotherapy with signs and
symptoms indicative of a scaphoid fracture, the question
the physiotherapist needs to answer is, when is the
probability of a scaphoid fracture high enough to warrant
referral to a physician? Knowledge of the statistical
measures associated with reliability and concurrent
criterion-related validity of available diagnostic tests is a
prerequisite to answer this question based on research
evidence.
The goal of this article is threefold:
● To discuss the process of evidence-based diagnosis
● To discuss the statistical measures associated with

reliability and concurrent criterion-related validity of
diagnostic tests and measures

● To illustrate evidence-based diagnosis (and the use of
statistical measures of reliability and validity) using the
example of a patient with a suspected scaphoid fracture

Statistical measures of reliability
Reliability of a diagnostic test has two aspects. Intra-rater

reliability refers to the stability of measurements taken by
one rater across two or more trials; inter-rater reliability is
concerned with the level of agreement between findings of
two or more raters measuring the same subject or group of
subjects4. Statistical measures used in research to establish
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reliability are percentage agreement, variations of the
(κ-statistic, intra-class correlation coefficients, measures of
correlation, and measures of clinical significance5.

Huijbregts5 has provided an in-depth discussion of
reliability and its statistical measures and noted that
percentage agreement values, measures of correlation, and
measures of clinical significance are invalid statistical
measures for expressing agreement. Percentage agreement
values do not correct for agreement based on chance,
measures of correlation express the level of covariance
rather than actual agreement, and statistical significance is
influenced more by sample size than by actual agreement5.

Both the intra-class correlation coefficients and
variations of the (κ-statistic are chance-corrected indicators
of agreement. Both statistics have many variants. Study
methodology determines the appropriate type of these
statistics to be used and both indices produce invalid results
when limited variation exists within the data set5. An
evaluation of statistical conclusion validity is needed when
discussing the quality of evidence provided by reliability
studies5.  For the purpose of this case report, it is sufficient
to know that (κ-values of 0.60-0.80 are agreed upon as
indicating substantial agreement and are commonly
assumed sufficient for clinical decision making4.

Statistical measures of concurrent criterion-related
validity

The validity of a measurement is the degree to which a
meaningful interpretation can be inferred from this
measurement1. Pretty and Maupome6 defined the validity of
a diagnostic procedure at the basic conceptual level as the
extent to which it measures what it claims to measure. Of all
aspects of validity, most relevant to history items and tests
and measures collected for diagnostic purposes is
concurrent criterion-related validity. Criterion-related
validity indicates the extent to which a test can be used as a
substitute measure for an established gold standard or
criterion test4. Concurrent criterion-related validity involves
two tests performed at approximately the same time; the
research then evaluates whether the test studied could be
used as a clinical alternative to the gold standard test4.
Research into concurrent criterion-related validity yields
data on the statistical measures of accuracy, sensitivity,
specificity, and positive and negative predictive values of a
history item, test, or measure7. Positive and negative
likelihood ratios can be calculated from values for
sensitivity and specificity7.

Often, diagnostic tests and measures yield a
dichotomous result: either the patient has or does not have
the disease or dysfunction. When we compare a clinical test
or measure to a gold standard (or criterion) test, there are
four possible outcomes6:

● True positive (TP): the test indicates that the patient has
the disease or dysfunction and this is confirmed by the
criterion test

● False positive (FP): the clinical test indicates that the
disease or dysfunction is present, but this is not
confirmed by the criterion test

● False negative (FN): the clinical test indicates absence of

the disorder, but the criterion test shows that the disease
or dysfunction is present

● True negative (TN): both the clinical and the criterion
test agree that a disease or dysfunction is absent
We can map out these four outcomes in a two-by-two

contingency table6,7 as illustrated in Table 1. From this table
we can calculate the statistical measures of accuracy,
sensitivity, specificity, and positive and negative predictive
values as indicated in Table 27.

Data on diagnostic accuracy can give us an overall idea
of the value of a diagnostic test, but accuracy has little
further value in making actual diagnostic decisions, as it
does not distinguish between the diagnostic value of
positive and negative test results. Negative predictive values
tell us how likely it is that patients who test negative do not
have the disease or dysfunction, whereas positive predictive
values indicate how likely it is for a person who tests
positive to in fact have the disease or dysfunction. The
usefulness of predictive values seems great, but is limited by
the fact that for predictive values to apply, the prevalence in
the clinical population we are examining has to be identical
to the prevalence in the study population from which the
predictive values were derived7. Davidson7 noted that
consequently we could almost disregard positive and
negative predictive values in the diagnostic process.

Sensitivity and specificity are easy to interpret when they
are high6,7. In case of a highly sensitive test, negative test
results will likely rule out the disease or dysfunction, as
there are very few false negatives when sensitivity is high7.
The higher the specificity of a test, the more likely that a
positive test result will rule in a disease or dysfunction: in
tests with high specificity, the number of false positives is
low7. So we can use highly sensitive tests for ruling out
disease or dysfunction and highly specific tests for ruling in
disease or dysfunction. Davidson7 used the mnemonics
SnOUT and SpIN:

● SnOUT: with highly Sensitive tests, a Negative result
wil rule a disorder OUT

● SpIN: with highly Specific tests, a Positive result will
rule a disorder IN

Of course, the ideal diagnostic test would possess both
high sensitivity and high specificity, but for most diagnostic
procedures these statistical measures are inversely related:
high sensitivity usually means low specificity, and vice
versa6. In fact, a diagnostic test can only be 100% sensitive
and 100% specific if there is no overlap between the
population that has the disease or dysfunction and the
population that does not6. However, as Pretty and
Maupome6 noted, in this case the presence of the disease or
disorder is often so obvious that no diagnostic testing is
needed.

Another problem with sensitivity and specificity is that
these measures tell us how often a test will be positive or
negative in patients that we already know have or do not
have the condition7. This, of course, does not correspond
with the clinical situation, where we do not know whether
our patient has or does not have a certain condition.
Likelihood ratios (LR) summarize the information
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contained in the statistical measures of sensitivity and
specificity7. We can calculate likelihood ratios as follows:

● Positive LR = sensitivity / (1-specificity)
● Negative LR = (1-sensitivity) / specificity
A positive LR tells us how likely a positive test result is in

patients that have a certain disease or dysfunction as
compared to how likely it is in patients who do not have the
disease or dysfunction. A negative LR provides information
on how likely a negative test result is in patients with the
disorder as compared to how likely it is in patients without
the disorder.

Davidson7 provides simple guidelines on interpreting
likelihood ratios:

● The higher a positive LR, the more certain one can be
that a patient with a positive test has the disorder for
which you are testing

● The lower a negative LR, the greater the chance that a
person with a negative test result does not have the
disorder

● A positive or negative LR close to 1.0 provides little
change in the probability that a patient has or does not
have a disease or dysfunction, i.e., this test is of little
diagnostic value
A LR can be used qualitatively, but it can also be used

quantitatively to express the effect a test result has on post-
test probability of a certain disorder. We can use a
nomogram or a mathematical solution involving the
calculation of pre- and post-test odds to determine the effect
on post-test probability. Further information on this

quantitative approach is provided in the reference by
Davidson7, accessible full-text on the Internet.

Evidence-based diagnosis of scaphoid fractures
Evidence-based diagnosis makes use of the best

available research evidence into properties of demographic
data, history items, and tests and measures used for
diagnostic purposes. As an example of the use of data on
reliability and validity for the OMPT residency program at
his clinical workplace, the first author did a search for full-
text, peer-reviewed references using the key word scaphoid
on the Infotrac and Proquest databases available to
students and faculty through the University of St. Augustine
for Health Sciences.
Demographic data

Scaphoid fractures account for 75% of all carpal injuries
in men aged 15-308,9 and for eight percent of all sports
injuries8. The fracture is rare in children and elderly people:
children more frequently fracture the distal radial epiphysis
with a fall on the outstretched wrist and older people will
commonly fracture the distal radius10.
History items

The mechanism of injury for a scaphoid fracture is
frequently a fall on the extended wrist. For a fracture to
occur, a wrist extension of greater than 95° is required8. In
the controlled laboratory situation, scaphoid fractures have
been produced with wrists in more than 90° of extension
and more than 10° of radial deviation with in excess of
400(kg) of force9. However, flexion and compression
mechanisms are described in the literature10. A description
of a rapid onset of swelling is indicative of haemarthrosis,

Statistical measure Definition Calculation

Accuracy

Sensitivity

Specificity

Positive predictive value

Negative predictive value

The proportion of people who were correctly
identified as either having or not having the
disease or dysfunction

The proportion of people who have the
disease or dysfunction who test positive

The proportion of people who do not have
the disease or dysfunction who test negative

The proportion of people who test positive
who have the disease or dysfunction

The proportion of people who test negative
who do not have the disease or dysfunction

(TP + TN) / (TP + FP + FN + TN)

TP / (TP + FN)

TN / (FP + TN)

TP / (TP + FP)

TN / (FN + TN)

Table 2: Definition and calculation of statistical measures of concurrent criterion-related validity7.

Result criterion test

Result clinical test 
Present Absent Totals

Positive TP FP TP + FP
Negative FN TN FN + TN
Totals TP + FN FP + TN TP + FP + FN + TN

Table 1: Two-by-two contingency table6,7.
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possibly due to fracture8. Patients complaining of pain
localized to the dorsoradial wrist, pain on gripping, and
decreased wrist active range of motion (AROM) constitutes
the classical group of symptoms indicative of a scaphoid
fracture8. Data regarding reliability and validity of these
history items is lacking.

Tests and measures
Tests with established inter-rater reliability and

concurrent criterion-related validity for the diagnosis of
scaphoid fractures include AROM tests and palpation tests:
● Scaphoid fractures will result in an inability to extend the

wrist with frequently more normal wrist flexion8,9.
Tenderness on thumb movement is 100% sensitive for
diagnosing scaphoid fractures and 48% specific10.

● Palpation of the anatomic snuffbox may be positive for
pain, fullness, or swelling. Palpation with the wrist in
ulnar deviation exposes the waist of the scaphoid, the
location of 70% of scaphoid fractures8. Exquisite
tenderness is common with fracture8. Inter-rater
agreement for anatomical snuffbox tenderness yielded a
(κ-value in patients with suspected scaphoid injury of
0.66411. Tenderness and swelling upon palpation of
the anatomical snuffbox is 100% sensitive, but has a
specificity of only 9%10.

● Tenderness of the scaphoid tubercle at the radio-palmar
aspect of the wrist, immediately radial to flexor carpi
radialis tendon (which is more accessible in radial
deviation) is more reliable and more specific for
scaphoid fracture. Scaphoid tubercle tenderness yielded
an inter-rater agreement of κ=0.739 in patients with
suspected scaphoid injury11. In addition, this test has
been shown to be 100% sensitive and 30% specific10.

● A combination of tenderness with palpation of the
anatomic snuffbox and the scaphoid tubercle and pain
on thumb movement is 74% specific 24 hours post-
injury10. Assuming for the sake of this example of
diagnostic clinical reasoning conform the EBP paradigm
that all three, rather than two, tests have an individual
(and therefore also combined) sensitivity of 100%, we
can calculate a positive LR for this combination of tests
as 100/(100-74) = 3.85.
Pain on compression through the thumb is another test

commonly done to diagnose scaphoid lesions. However,
this test yielded only an inter-rater agreement of κ=0.289 in
patients with a suspected scaphoid injury11.

Patient presentation
A 66-year-old woman presented to physiotherapy with a

complaint of left-sided bicipital region pain. Evaluation
showed a tendinopathy of the tendon of the long head of
the biceps, a supraspinatus insertion tendinopathy,
decreased rotator cuff strength and endurance, and a
decreased length of the posterior glenohumeral
capsuloligamentous structures. Treatment consisted of
transverse friction massage, glenohumeral joint
mobilization, education, a home exercise program, and
modalities (ultrasound, interferential current, and cold
application).

On the third visit, the patient reported a fall onto the

extended right wrist. There was a temporary inability to grip
objects, but the wrist pain was already decreasing. On a
fourth visit, two weeks later, the patient reported continued
pain in the dorsoradial right wrist with axial pressure and
contraction of the wrist and finger flexors. On AROM and
PROM testing, especially wrist extension was painful and
limited. Pain was present with palpation of the right
scaphoid tubercle, the anatomic snuffbox, and on AROM of
the thumb. The patient was referred to her physician with a
clinical suspicion of scaphoid fracture. A subsequent series
of six radiographic views showed a radiolucent line across
the proximal ventro-ulnar aspect of the right scaphoid. The
patient was immobilized in a short-arm thumb spica splint
due to suspected undisplaced scaphoid fracture.

Discussion
There is no clear consensus, let alone an evidence-based

consensus, on the management of undisplaced scaphoid
fractures: authors disagree on length of immobilization and
immobilization position8,10. What is evident is the adverse
effect an undiagnosed and, therefore, inappropriately
treated scaphoid fracture can have: Hooper et al8 noted the
risk of non-union, rotatory instability of the wrist, avascular
necrosis, degenerative radiocarpal arthritis, and carpal
collapse with subsequent impairments of wrist and hand
function. One could argue that the physiotherapist should
refer any patient with a suspected scaphoid fracture due to
the great risk of adverse effects in a missed fracture as noted
above. However, pain in the dorsoradial aspect of the wrist
can be the result of many different pathologies and
dysfunctions: Table 3 provides a list of differential
diagnostic options. It is the physiotherapist’s responsibility
to establish a physiotherapy diagnosis prior to treatment. It
is, of course, not the responsibility of the physiotherapist to
establish a medical diagnosis for every patient presenting
with dorsoradial wrist pain. However, the therapist needs to
be able to identify signs and symptoms indicating that a
patient is not appropriate for (sole) management by
physiotherapy and, when needed, refer a patient for
medical management.

This case report demonstrates the process of evidence-
based diagnosis for a patient with a suspected scaphoid
fracture. A literature search provided information on

Osteoarthritis CMC I
Scapholunate dissociation
Radial styloid fracture
Trapezium fracture
Trapezoid fracture
Lunate fracture
De Quervain’s disease
Flexor carpi radialis tendonitis
Tendonitis extensores carpi radialis
Tendonitis extensor pollicis longus
Tendonitis extensor digitorum communis
Kienbock’s disease
Colles fracture

Table 3: Differential diagnosis for dorsoradial wrist pain8.
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reliability, sensitivity, and specificity of diagnostic tests and
measures: a combination of tenderness with palpation of
the anatomic snuffbox and the scaphoid tubercle and pain
on thumb movement was shown to have a specificity of 74%
and an individual test sensitivity of 100% (resulting in a
calculated positive LR of 3.85) for diagnosing a scaphoid
fracture10. Inter-rater agreement for two of these tests was
determined to be substantial and thus sufficient for clinical
decision making11. A positive response for a test or regimen
of tests with a high specificity and a high positive LR helps
to rule in a particular condition. Both specificity and
positive LR in this case were moderately, but not extremely
high. This brings into play the other two components of
EBP: clinician expertise and patient values. Dorsoradial
wrist pain after a fall onto the extended wrist with a painful
restriction of mainly wrist extension and pain with gripping
in combination with positive results on the above
combination of tests, despite the demographics not fitting,
sufficiently raised the suspicion of the clinician to warrant
referral to a physician. The risk of adverse effects in case of
a missed diagnosis was good reason for the patient to follow
up with the physiotherapist’s request to go see the
physician. As noted above a referral for further medical
diagnosis was appropriate and justified by imaging findings.

Conclusion
We presented a case report illustrating the use of data

collected from a literature search on test reliability and
concurrent criterion-related validity for identifying a patient
with signs and symptoms of dorsoradial wrist pain not
amenable to physiotherapy management. Referral to the
medical physician and subsequent imaging confirmed our
suspicion of an undisplaced scaphoid fracture. Using data
on test reliability and validity is of benefit to our diagnostic
abilities and a necessity in this era of EBP, but also
strengthens our case when communicating the reason for
referral to the physician thereby facilitating appropriate
patient care. We advocate for a continued and increased

emphasis on diagnostic test properties and their effect on
clinical decision-making in entry-level and post-graduate
medical and allied health education.
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