What Do We Know About the
Reliability and Validity of Physical
Examination Tests Used to Examine

the Upper Extremity?
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The literature regarding the reliability and validity of commonly used clinical tests for
disorders of the upper extremity was reviewed. Formal literature search, standard texts, and
experts in the field of upper extremity were consulted to locate relevant articles. Range of
motion and strength testing of the upper limb have been shown to be reliable, while various
tests used for the diagnosis of conditions in the upper limb, such as carpal tunnel syndrome
and rotator cuff tendinopathy, have been shown to have varying degrees of validity. Overall,
however, we determined that there is little evidence regarding the reliability and validity of
physical examination for the upper extremity and specifically less information available
regarding the reliability of diagnostic physical examination tests and the validity of impairment
measures used for the upper limb. Further studies in this area are warranted in view of the
impact of these findings on the treatment of patients. (J'Hand Surg 1999;24A:185-193.
Copyright © 1999 by the American Society for Surgery of the Hand.)
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Physical examination is used in conjunction with
history, laboratory investigation, and imaging studies to
evaluate the upper extremity.! Physical examination is
used primarily to document the seventy of impairments
or to diagnose clinical conditions. Impairment is de-
fined as a limitation or abnormality of physiologic or
anatomic structure or function at the organ level.* For
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example, a limitation in the range of motion of the
elbow is an impairment. Diagnostic physical examina-
tion tests are used to identify or rule out pathologic
conditions. For example, impingement tests are used to
make the diagnosis of rotator cuff tendinopathy.

The elements of the physical examination should be
reliable and valid.®> Reliability is the extent to which
repeated measurements of a relatively stable phenom-
enon are close to each other.* Validity is the degree ©
which the results of measurement correspond to the true
state of the phenomenon being measured.>® Accuracy
is defined as the proportion of all test results, both
positive and negative, that are correct.® The results of an
examination are of limited value if they are not consis-
tently repeatabie in the hands of the same (intraobserver
reliability) or ditferent (interobserver reliability) clini-
cians,>® Measurement reliability also may be affected
by procedural variability due to the technician’s perfor-
mance ot equipment.’ An examination that does not
accurately measure the phenomenon of interest is nota
useful tool.*?
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The reliability of a test can be determined without
a gold standard for diagnosis. In many cases in which
a gold standard does not exist, the reliability of the
test may be of greater importance than the validity.
Despite the complexity of the determination of va-
lidity in the measurement of clinical phenomena, it is
incumbent on the clinician to strive to use valid tools.

Validity, or accuracy, is difficult to define in many
clinical situations. There is no easily measurable
gold standard for many medical and/or upper limb
conditions. For example, the ultimate diagnosis of
osteoarthritis of the glenohumeral joint would entail
biopsy of the articular cartilage, which is not feasible
in most clinical situations. If an inaccurate standard
of validity is used, a new test can perform no better
than that standard and may seem inferior even
though it approximates the truth more closely.® Fur-
thermore, many factors affect the assessment of va-
lidity. Although the validity of a test is theoretically
independent of the prevalence of the condition, pa-
tient characteristics such as stage and severity of
disease, as well as clinician variables such as expe-
rience and expertise, may affect the performance of
the test.*

Physical examination is an important part of pa-
tient assessment that is used by all upper extremity
surgeons. The history of present illness, diagnostic

imaging studies, and electrodiagnostic tests also play -

an important role in patient evaluation. For the phys-
ical examination to yield useful information, each
test performed should be both reliable and valid.

The purpose of this study was to review the liter-
ature specific to the reliability and validity of com-
monly used physical examination tests for disorders
of the upper extremity. This information will inform
clinicians who use these tests of their properties and
focus future research in this area.

Materials and Methods

A formal literature search was performed to find
studies evaluating the reliability and validity of phys-
ical examination for the upper extremity. Medline
(1966 o 1996) was used as the database. Several
specific searches were conducted. Arm (exploded) or
shoulder (exploded) were crossed with anatomy (ex-
ploded), kinematics (text word), physiology (explod-
ed), sensitivity and specificity (exploded), reliability
(text word), validity (text word), physical exam (ex-
ploded), epidemiologic methods (exploded), and re-
producibility of results (exploded).

Three other strategies in addition to the literature

search were used to locate important articles. The
reference sections of retrieved articles were used (o
locate other pertinent literature, the reference lists of
standard texts were reviewed,”™'? and €Xperts in the
field of upper extremity were asked to identify art-
cles relating to the reliability and validity of physica]
examination for the upper limb. No articles were
excluded from this search because of the paucity of
literature in this area. Rather, papers with noteable
weaknesses were included for completeness, with the
relevant flaws identified. Rather than reviewing all
aspects of the upper extremity physical examination,
however, we restricted our attention to the most
commonly performed components of the physical
examination. Seven standard texts relating to physi-
cal examination of the upper limb were identified by
polling a group of experienced upper extremity sur-
geons. These texts were used to define the examina-
ton techniques for the upper limb reviewed in this
article.””"? We reviewed tests used to measure im-
pairments and those used for diagnosis separately.
Reports published before 1966 were not systemati-
cally reviewed. Moreover, the literature review pre-
sented.is not purported to be exhaustive, but rather as
complete as possible.

o

Results

Measures of Impairment for the
Hand and Wrist

Only one study that examined the reliability of the
range of motion of the metacarpophalangeal and
interphalangeal joints in the hand was located'” (Ta-
ble 1). This study demonstrated that the intraobserver
variations both for clinical observation and the use of
a goniometer were not significant and that the inter-
observer variation was greater. Three studies exam-
ined the reliability of the measurement of wrist range
of motion and demonstrated similar findings'*™"’
(see Table 1).

The two methods that have been used to test mus-
cle power include manual muscle testing®! and mus-
cle dynamometry.'*> Manual muscle testing is de-
scribed as semiquantitative because it is an ordinal
level of measurement.*® This method of quantifying
muscle strength has been shown to be reliable both
within and among observers, particularly when the
scale is expanded to plus or minus a half or a full
grade.23'24

One study found the reliability of pinch strength
measurements, including palmar (3-jaw chuck), key
(lateral), and tip (2 point) pinch. to be high® (see




The Journal of Hand Surgery / Vol. 24A No. 1 January 1999 187

Table 1. Reliability and Validity of Impairment Measures for the Wrist and Hand

Physical Examination Test

Reliabilin/Validity

Significance

Range of motion of the MCP and IP joints'
Range of motion of the wrist'*~"7
Manual and dyrametric muscle testing'®?

Pinch strength measurement™

Intraobserver variation, p < .01
(ANOVA)

[ntraobserver variation, 5° to 8%
interobserver variation, 6° to 10°

Reliability coefficient = 0.88

Pearson r = .98 between observers;
r = .98 for test-retest

Reliability acceptable for
clinical practice
Reliability acceptable for
clinical practice
Reliability acceptable for
clinical practice
Reliability acceptable for
clinical practice

MCP, metacarpophalangeal: IP, interphalangeal.

Table 1). Manual muscle testing for wrist extension'®
and dynametric muscle testing for wrist flexion and
extension also had high reliability coefficients within
individuals (r = .88)'®'? (see Table 1).

Measures of Impairment for the
Shoulder and Elbow

Goniometry has been used to measure both active
and passive range of motion of the shoulder. Several
studies have shown the intraobserver variation to
be satisfactory (intraclass correlation coefficients
=0.89).""%°* Williams and Callaghan®® found that
visual estimation by experienced and skilled therapists
was equal to measurements by goniometry (Table 2).

Hand-held dynamometry has adequate test-retest
reliability for the measurement of shoulder abduc-
tion, flexion, internal rotation, and external rotation
power (r = .85)*%7'7** (see Table 2).

We were unable to locate any studies validating
measures of range of motion or strength of the upper
extremity.

Diagnostic Physical Examination Tests for the
Hand and Wrist

The reliability and validity (sensitivity and speci-
ficity) of diagnostic physical examination tests have
been reported for three conditions: carpal tunnel syn-

drome, peripheral nerve injuries, and traumatic wrist
instability. We were unable to locate any studies
documenting the reliability and validity of diagnostic
physical examination tests for other conditions of the
hand and wrist.

Many clinical diagnostic physical examination
tests have been described to aid in the diagnosis of
carpal tunnel syndrome, including thenar muscle at-
rophy,®® the wrist flexion (Phalen’s) test,>® the Tinel
test,> the tourniquet test.’” vibrometry,”® and
Semmes-Weinstein monofilaments.”® The assess-
ment of validity of these tests is difficult because
there is no generally accepted gold standard for the
diagnosis of carpal tunnel syndrome.*®* Although
not a true gold standard, most studies use electrodi-
agnostic testing as the benchmark for validity test-
ing.*' The validity of physical examination tests for
carpal tunnel syndrome varies for the different tests
(Table 3).

Although there have been many studies on the
validity of physical examination for carpal tunnel
syndrome, relatively little attention has been directed
toward documenting the reliability of these diagnos-
tic physical examination tests. We recently per-
formed a study to evaluate the reliability of physical
examination for carpal tunnel syndrome® (see
Table 3).

Table 2. Reliability and Validity of Impairment Measures for the Shoulder and Elbow

Physical Examination Test

Reliabiliry/Validity

Significance

Active and passive shoulder range
of motion by goniometry and
visual estimation'32%-26:28-30

Hand-held dynamometry for
shoulder strength!®31=¢

(ICC = 0.89)

High iniraobserver and interobserver reliability

High test-retest reliability (r = .85)

Reliability acceptable for
clinical practice

Reliability acceptable for
clinical practice

ICC, intraclass correlation coetficient.
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Table 3. Reliability and Validity of Diagnostic Physical Examination Tests for the Wrist and Hand

Physical Examination Test

Reliabiliry/Validity

Significance

Phalen’s test for carpal tunnet
syndrom635.38.4247

Tinel’s test for carpal tunnel
Syndromezs,ss.uxz_w

Thenar eminence wasting for carpal
tunnei syndrome?®3*?

Tourniquet test for carpal tunnel
syndrome?333+

Carpal compression test for carpal
tunnel syndrome>®

Two-point discrimination for carpal
twnoel syndrome?® 34446

Semmes-Weinstein monofilament testing
for carpal tunnel syndrome?3-#24¢

Weber static 2-point discrimination for
nerve-injured patients”'

Detlon moving 2-point discrimination
for nerve-injured patients®'

Scaphoid shift test for traumatic wrist
instability®?3*

Intraobserver reliability, kappa = 0.53;
interobserver reliability, kappa =
0.65; sensitivity, 67% to 88%;
specificity, 32% to 86%

Intraobserver reliability, kappa = 0.80;
interobserver reliability, kappa =
0.79; sensitivity, 26% to 73%;
specificity, 55% to 94%

Sensitivity, 3% to 19%, specificity,
93% to 100%

Sensitivity, 16% to 65%; specificity,
60% to 87%

Sensitivity, 87%; specificity, 90% to
95%

Intraobserver reliability, ICC = 0.45
(static), ICC = 0.66 (moving);
interobserver reliability, ICC = 0.58
(static), ICC = 0.77 (moving);
sensitivity, 22% to 33%; specificity,
81% to 100%

Intraobserver reliability, ICC = 0.15;
interobserver reliability, ICC =
0.71; sensitivity, 80% to 91%;
specificity, 80%

Pearson r = 0.83-0.92 between
observers

Pearson r = 0.92-0.96 between
observers

Sensitivity, 69%; specificity, 64% to
68%

Reliability and validity moderately acceprable
for use in clinical practice

Reliability and validity moderately acceptable
for use in clinical practice

Validity acceptable to aid in diagnosis if
positive

Insufficient evidence for use in clinical
practice

Validity acceptable for use in clinical practice

Reliability acceptabie for use in clinical
practice; insufficient validity for use in
clinical practice

Reliability not acceptable for use in clinical
practice; validity acceptable for use in
clinical practice if the expertise is available

Reliability acceptable for use in clinical
practice

Reliability acceptable for use in clinical
practice

Insufficient evidence for use in clinical
practice

Ballottement test for tralimatic wrist
instability>* .

Ulnomeniscotriquetral glide test for
traumatic wrist instability®?

Sensitivity, 64%; specificity, 44%

Sensitivity, 66%; specificity, 64%

Insufficient evidence for use in clinical
practice

Insufficient evidence for use in clinical
practice

ICC, intraclass correlation coefficient.

Static and moving 2-point discrimination were
found to be reliable in nerve-injured patients®' (see
Table 3). A hand surgeon and a hand therapist mea-
sured within 1 mm of each other 93% and 87% of the
time for the moving and static 2-point discrimina-
tion, respectively. There were no cases in which the
examiners differed by more than 2 mm.>"

Tests to evaluate patients with traumatic wrist
instability include the scaphoid shift test,>® the bal-
lottement test,*® and the ulnomeniscotriquetral dorsal
glide test.”® These tests were found to have moderate
to low sensitivity and specificity, with arthroscopy
used as the gold standard (see Table 3).

Diagnostic Physical Examination Tests for the
Shoulder and Elbow

The sensitivity and specificity ot diagnostic phys-
ical examination tests for thoracic outlet syndrome,

shoulder instability, and rotator cuff tendinopathy
have been studied.

In addition to a typical history and physical find-
ings, the diagnosis of thoracic outlet syndrome relies
on various provocative maneuvers, including the Ad-
son maneuver, the costoclavicular maneuver, and the
Allen hyperabduction test. The Adson maneuver in-
volves the detection of a diminished radial pulse
when the shoulder is abducted, extended, and exter-
nally rotated with the head turned toward the ipsilat-
eral side.® The Allen maneuver is positive when a
decreased radial pulse is noted with the shoulder
abducted to 90° in 90° of external rotation.'® The
costoclavicular maneuver is positive when the radial
pulse is decreased with the arm in extension and
external rotation but not abduction.'” No studies
documenting the reliability of these findings have
been performed. The specificity, determined in
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asymptomatic patients, has been reported to be be-
tween 18% and 87%.57-%° The sensitivity has been
documented at 94%°° (Table 4).

The classic method of diagnosing anterior insta-
bility of the shoulder is the apprehension test.® A
study of 103 patients with arthroscopically proven
anterior instability showed this test to have a sensi-
tivity of 63%.°' The anterior drawer test for the
shoulder involves sliding the humeral head in an
anterior direction on the glenoid to detect anterior
instability. This test has been reported to be 100%
sensitive for the detection of instability in patients
with recurrent dislocation but not in cases of recur-
rent subluxation.® Similarly, examination under an-
esthesia was found to be 100% sensitive in 66 pa-
tients about to undergo anterior repair for
instability.®® In both cases, the investigators failed to
describe the false-positive rates of the tests (see
Table 4).

The relocation test®” for diagnosing anterior insta-
bility was evaluated by Speer et al.*> The diagnosis
was confirmed in all patients at the time of surgery.
In 54 patients with diagnoses other than anterior
instability (8 posterior instability, 34 rotator cuff
tendinopathy, 5 acromioclavicular arthritis, 5 gleno-
humeral arthritis, and 2 biceps tendon instability),
none had a positive relocation test (specificity =
100%). The sensitivity of the test in 46 patients with
anterior instability was 74% (see Table 4).

A knee laxity tester has been used to attempt to
measure instability of the shoulder in an objective
fashion.®® The amount of shoulder translation {mm)
was measured reliably when tested on 40 normal and
unstable shoulders (intraclass correlation coefficient,
.996). The laxity tester also found statistically sig-
nificant differences between the normal and unstable

shoulders of patients with unilateral, recurrent epi-
sodes of dislocation and overhead athletes who felt a
sensation of instability during overhead activity and
had a positive apprehension test. No statistically sig-
nificant difference was found, however, between the
shoulders of patients without shoulder pathology or
in patients with atraumatic multidirectional instabil-
ity due to generalized joint hyperlaxity.®®

We were only able to locate one study evaluating
the reliability and validity of tests for posterior in-
stability of the shoulder.®' In 13 patients who were
suspected to have traumatic posterior instability and
who had subsequent arthroscopic confirmation, only
4 had a positive apprehension test in adduction and
internal rotation.®" The method used to perform the
test, however, was not described in detail.

Lyons and Tomlinson® reported the accuracy of
the diagnosis of the presence and size of rotator
cuff tears in patients referred to a special shoulder
unit. In this study, physical examination consisted
of palpation and strength testing of the rotator
cuff. The sensitivity of physical examination for
detecting the presence of a cuff tear was 91% and
the specificity was 75%, with open surgery used as
the gold standard.®* Unfortunately, the investiga-
tors neglected to mention who examined the pa-
tients (see Table 4)6..

Another investigation compared multiple phys-
ical examination tests to arthroscopy for the diag-
nosis of impingement syndrome,®® as described by
Neer.®® The investigators did not feel that it was
appropriate to use a single test to diagnose im-
pingement syndrome and that a combination of
tests used by an experienced clinician was more
accurate. In 45 patients, the sensitivity and speci-

Table 4. Reliability and Validity of Diagnostic Physical Examination Tests for the Shoulder and Elbow

Physical Examination Test

Reliabilin/Validity

Significance

Adson maneuver for thoracic outlet syndrome3-%°

Costoclavicular maneuver for thoracic outlet
syndrome®*¢°

Allen hyperabduction test for thoracic outlet
syndrome®7-0

Apprehension. relocation. and anterior drawer
tests for anterior instability of the shoulder®!~%?

Palpation and strength testing for rotator cuff
tears™

Multiple physical examination tests for the
diagnosis of impingement syndrome®®

Specificity, 32% to 87%

Sensitivity, 94%, specificity, 53% to 83%
Specificity, 18% to 43%

Sensitivity, 63% to 100%

Sensitivity, 91%; specificity, 75%

Sensitivity, 86%; specificity, 74%

Insufficient evidence for use in
clinical practice

Insufficient evidence for use in
clinical practice

Insufficient evidence for use in
clinical practice

Validity acceptable for use in
clinical practice

Validity acceptable for use in
clinical practice

Validity acceptable for use in
clinical practice
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ficity of the multiple tests was 86% and 74%,
respectively®® (see Table 4y.

Discussion

In virtually all patients with upper extremity dis-
orders, the physical examination is used to grade the
level of impairment and to make a diagnosis. This
study has shown that not all aspects of the physical
examination have been shown to be reliable and
valid. The determination of the reliability and valid-
ity of physical examination tests is further compli-
cated by the fact that there is no gold standard for
many of the conditions that are routinely diagnosed
by clinicians. In these cases, the reliability of the
tests used assumes a greater importance to ensure
that clinicians are measuring the same phenomenon
when the true entity is difficult to define. Further-
more, the determination of the reliability must be
performed using both diseased and nondiseased in-
dividuals (if it is possible to make this distinction) to
avoid bias and to ensure that the test is useful in both
situations.*

Measurements of joint motion in the upper extrem-
ity have been shown to be relatively reliable both
between examiners and in terms of intraobserver
reliability; interobserver and intraobserver variability
is in the range of 5° to 10°. A study comparing the
standard techniques, such as visual estimation or
goniometric measurement, with a gold standard,
however, would be useful to further validate these
methods. Strength testing using a dynamometer also
has been shown to be reliable both within and be-
tween observers.'®2'=*7® Intraobserver'® and inter-
observer>* reliability have been shown to be
satisfactory for manual muscle testing. Thus, mea-
surements of joint motion and muscle power (manual
and with dynamometer) in the upper extremity have
adequate intraobserver and interobserver reliability
and we recommend their use for clinical practice.

The diagnosis of carpal tunnel syndrome often
relies on aspects of the physical examination. How-
ever, the diagnostic accuracy of these tests has often
used electrodiagnostic studies as a gold standard.
The results of electrodiagnostic testing may vary
between operators or testing centers due to technical
factors.*"”"""* The disparate results in the studies that
have been performed to evaluate the sensitivity and
specificity of physical examination are likely due to
several factors. First, the criteria selected for the
electrodiagnostic diagnosis of carpal tunnel syn-
drome differ among investigators. Second, the clin-

ical criteria used to determine a positive response for
the physical examination tests vary from investigator
to investigator and in some cases they are not de-
scribed in sufficient detail to allow reproducibility.
Finally, various methods were used to locate patients
for the studies. Investigators recruited patients by
survey,” in electrodiagnostic clinics.*> and before
surgery.”® Thus, the studies evaluated different sam-
ples of patients, which also could have contributed to
differences in the results.

Tinel’s and Phalen’s tests for the diagnosis of
carpal tunnel syndrome have been shown in multiple
studies to have varying sensitivities and specificities.
Taking the methodologic strengths and weaknesses
of these studies into account, these tests should be
used in clinical practice with the understanding that
a positive or negative result may not bear a direct
relationship with the truth. The carpal compression
test 1s a recently described test that has been shown
to be valid in 2 studies and is suitable for clinical
practice. Another study described a similar test, the
pressure provocative test, which involves the use of
a sphygmomanometer over the carpal tunnel rather
than the examiner’s finger.”> These investigators also
found the test to be very sensitive and specific.
Semmes-Weinstein monofilaments also have been
shown to be useful for the diagnosis of this condi-
tion; however, recent work has documented poor
interobserver reliability,42 limiting the usefulness of
this test in patients with suspected carpal tunnel
syndrome. Thenar muscle wasting has a very low
sensitivity and a very high specificity for this diag-
nosis. This test should thus be used to help diagnose
carpal tunnel syndrome when positive in a patient in
whom the diagnosis is suspected. There is insuffi-
cient evidence to support the use of the tourniquet
test, sensibility testing, or 2-point discrimination for
this diagnosis. The reliability of tests for the diagno-
sis of carpal tunnel syndrome has been shown to be
adequate overall.** Two-point discrimination testing
was found to be highly reliable and may be useful in
the examination of nerve-injured patients. There is
insufficient evidence to advocate the use of provoc-
ative tests for carpal instability.

There have been several studies of the sensitivity
and specificity of diagnostic maneuvers for thoracic
outlet syndrome.’”%%7* The results were conflicting.
which likely is due to the fact that the investigators
chose varying methods to define the presence of
thoracic outlet syndrome. Thus, the true sensitivity of
specificity of these maneuvers cannot be accurately
determined based on the available literature and
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should be used with caution, if at all, in clinical
practice.

We were unable to identify any studies that ade-
quately documented the reliability and validity of
physical examination {or patients with either poste-
rior or multidirectional instability. Anterior instabil-
ity of the shoulder is a more common condition in
which physical examination plays an important role
in the evaluation of the patient. In view of this fact,
it is surprising that there has been only one formal
test of validity for the standard tests. Speer et al®
found a sensitivity of 74% and a specificity of 100%
for the relocation test. These figures may have been
higher and lower, respectively, if the examiners had
used nonverbal signs of apprehension. By not record-
ing such signs, the investigators likely increased their
rate of false-negative results and decreased their rate
of false-positive results.

Rotator cuff tendinopathy is a very common con-
dition, with tears having been identified in 5% to
80% of cases in cadaveric studies.” There have been
relatively few studies documenting the measurement
properties of physical examination for this condition.
Two studies documented the accuracy of multiple
tests performed by an experienced orthopedic sur-
geon for the diagnosis of impingement syndrome®’
and rotator cuff tears.*-The tests performed well;
however, further studies would be useful to confirm
these findings and to document the reliability and
validity of the tests on an individual basis.

The reliability of range of motion and strength
testing in the upper extremity has been well-docu-
mented. There is a lack of documentation of the
reliability and validity of diagnostic physical exam-
ination tests for conditions of the upper extremity,
particularly reliability. Many tests have no studies
documenting their properties, such as deep ten-
don reflexes,® Cozen’s test for tennis elbow,'©
O’ Driscoll’s test for posterolateral rotatory instabil-
ity of the elbow,’® Froment's sign,'* Finkelstein’s
test,> Neer’s sign,69 Hawkins’ test,’” and Jobe’s
test.”® Further studies in this area are warranted in
view of the impact of these findings on the treatment
of patients.

The tests for physical examination discussed
above are used daily by upper extremity surgeons.
Although these tests are not used in isolation, it is
important to document the properties of each test to
allow clinicians to reliably and accurately examine
patients. There is little evidence regarding the reli-
ability of diagnostic physical examination tests for
the upper limb. As in all fields of clinical medicine,

the determination of the validity of physical exami-
nation tests is complicated by the lack of an easily
measurable gold standard for many conditions. Fur-
thermore. the many factors that may atfect the reli-
ability or validity of these tests, such as clinician
experience or patient variables, have not been stud-
ied. The reliability and validity of physical examina-
tion for the upper extremity should be an area of
future research.
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