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The goal of this study was to

determine the interobserver and intraobserver reliability of static and

moving two-point discrimination, Semmes-Weinstein monofilament testing, Tinel’s test, manual

motor testing of abductor pollicis brevis,
tunnel syndrome. Twelve patients with suspec

vibration and Phalen’s test in the diagnosis of carpal
ted carpal tunnel syndrome were examined in an

outpatient setting. The interobserver reliability was satisfactory for all tests except for Semmes-

Weinstein monofilament testing.
two point discrimination had higher reliability
the diagnosis of carpal tunnel syndrome

Intraobserver reliability was also satisfactory for all tests. Static
than moving two-point discrimination. Seven tests for
were reliable in the hands of skilled health care

professionals. Hand surgeons and hand therapists examined patients more reliably than

‘occupational health workers.
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Physical examination is used to evaluate patients who
may have carpal tunnel syndrome. The diagnosis of
carpal tunnel syndrome is generally based on history.
physical examination, electromyography and nerve con-
duction studies. Physical examination is used both to
diagnose the condition and to grade the severity of any
associated nerve dysfunction.

Measurements used to evaluate patients should be reli-
able and valid (Feinstein, 1987). Reliability is the extent to
which repeated measurements of a relatively stable
phenomenon fall closely to each other (Feinstein, 1987,
Fletcher et al, 1988; Wright and Feinstein, 1992). Validity
is the degree to which the results of measurement corre-
spond to the true state of the phenomenon being measured
(Fletcher et al, 1988). The reliability and validity directly
influence the quality of the information gathered (Fess,
1986). A test for physical examination that is not reliable
both for a given observer and between observers, is of
limited or no use. Conversely, a test that is documented to
have high intraobserver and interobserver reliability will
yield useful information providing the test is valid.

The validity of the physical examination for carpal
tunnel syndrome has been extensively investigated (De
Krom et al, 1990; Durkan, 1991; Gellman et al, 1986;
Gilliatt and Wilson, 1953; Golding et al, 1986; Gonzalez
Del Pino et al, 1997; Gunnarsson et al, 1997; Katz et al,
1990; Kuschner et al, 1992; Phalen, 1972; Pryse-Phillips,
1984; Stewart and Eisen, 1978; Szabo et al, 1984).
However, the reliability of physical examination in the
evaluation of patients with carpal tunnel syndrome is
unknown. The purpose of this study was to determine the
reliability of physical examination for carpal tunnel syn-
drome when done by occupational health workers, hand
therapists and hand surgeons in an outpatient setting.

PATIENTS AND METHODS

Twelve patients referred to a tertiary care centre for pos-
sible carpal tunnel syndrome were asked to return for
one afternoon of testing. Patients were examined at the
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time of study enrolment by a physician with experience
in carpal tunnel syndrome assessment to ensure that
patients with and without positive findings on the tests
being studied were included in the study group. All
patients underwent electrophysiological testing which
revealed six patients with carpal tunnel syndrome, four
patients with generalized sensory neuropathy, one
patient with cubital tunnel syndrome and one patient
with generalized diabetic neuropathy. Informed consent
was obtained for all patients and patients were reim-
bursed for their travel expenses. The mean age of the 12
patients (six men and six wormen) was 55 years (range,
31-77).

Examiners with varying backgrounds were selected to
determine the effect of clinical experience and training
on reliability of physical examination. The six examiners
consisted of two hand surgeons, two hand therapists
(working in tertiary care hand centres) and two_occupa-
tional health workers with experience in interviewing
patients with work-related musculoskeletal disorders but
with no experience of examining patients. Examiners
were blinded to the diagnoses of the patients and had
had no previous contact with them.

One week before the study, all examiners met to
review the examination protocol. The seven tests studied
included moving and static two-point discrimination,
Semmes-Weinstein  monofilament  testing, vibration
sense, Motor pOwer, Phalen’s test and Tinel's test. A
description of each test was provided and all examiners
were instructed in order to standardize the protocol. The
tests were also re-reviewed with the examiners on the day
of the study.

Each examiner performed all seven tests on each of
the 12 patients according to an extra period Latin square
design (Hoaglin et al, 1991). This study design allows the
determination of the effect of the patient, the examiner
and the order in which the test was performed on the reli-
ability of the test. Each patient was evaluated a total of
seven times (once by six of the examiners and twice by
one examiner). The final examination was performed by
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the examiner who first examined the patient to deter-
mine intraobserver variation. The patients were ran-
domly assigned to the order of tests and each test was
done an equal number of times first, second, third and so
on. Tests were done one after another, with a 1 min rest
interval following Phalen’s tests in an attempt to avoid a
potential “carry-over” provocative effect secondary to
transiently impaired nerve function.

Patients were instructed to answer only questions that
pertained directly to the physical examination and not to
comment on their previous examinations. The examiners
did not reveal their area of expertise to the patients and
did not make reference to previous examiners.

The intraobserver and interobserver variability for
two-point  discrimination (moving and static) and
Semmes-Weinstein monofilament testing was determined
using the random-effects intraclass correlation coefficient
(Fleiss, 1986). The intraclass correlation is an index of
agreement for continuous data. An intraclass correlation
coefficient of < 0.40 indicates poor reproducibility, 0.41
to 0.75 fair to good reproducibility and > 0.75 excellent
reproducibility (Fleiss, 1986). The intraobserver and
interobserver variability for Tinel’s test, motor power,
vibration and Phalen’s test were determined using the
Kappa statistic. The Kappa statistic is an index of agree-
ment for ordinal data. A Kappa between 0 and 0.20 is
considered poor agreement, 0.21 to 0.40 fair, 0.41 and
0.60 moderate, 0.61 and 0.80 substantial and > 0.80
almost perfect (Landis and Koch, 1977). All reliability
calculations were made for the whole group of examiners
combined, as well as separately for the surgeons, thera-
pists and occupational health workers (OHW).

RESULTS

All patients were examined by all examiners. There were
no missing values as all patients were examined the
appropriate number of times. The overall intraclass cor-
relation coefficient (ICC) for interobserver reliability was
“fair” (0.45) for moving two-point discrimination and
“good” (0.66) for static two-point discrimination (Tables
I and 2). In both instances the occupational health
workers had a lower ICC than the therapists and sur-
geons (Tables 1 and 2). The interobserver reliability for
Semmes-Weinstein monofilament testing was “poor”
(ICC = 0.15, overall; Table 3). The ICC was lowest for
the therapists. Interobserver reliability was “substantial”
for Tinel’s test and Phalen’s test, “moderate” for vibra-
tion (mean pairwise Kappa 0.40) and “fair” for motor
power (mean pairwise Kappa 0.25; Table 4). The mean
pairwise Kappa was higher for all four tests when calcu-
lated for only the surgeons and therapists (mean pairwise
Kappa varying from 0.50 to 0.83; Table 4).

The intraobserver reliability was “good to excellent”
for moving and static two-point discrimination as well as
for Semmes-Weinstein monofilaments, with all three
groups of examiners showing acceptable reliability
(Table 5). Intraobserver reliability of Tinels test,
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Phalen’s test, motor power and vibration were also
“moderate” to “almost perfect” with Cohen’s Kappa
ranging from 0.53 to 1.0 (Table 6). The therapists had the
highest agreement as their Kappa was 1.0 for all four
tests (Table 7). For the three tests with a continuous out-
come where the intraclass correlation coefficient was
used, the order in which the tests were performed did not
have an effect on the reliability.

DISCUSSION

This study evaluated the reliability of seven standard
tests in the assessment of patients with carpal tunnel syn-
drome and investigated the reliability of different kinds
of examiners. Moving and static two point diserimina-
tion, performed using the discriminator (Mackinnon and
Dellon, 1985), had fair to good interobserver and
intraobserver reliability (Tables 1, 2 and 5). Interobserver
reliability was higher for health care professionals than
for the occupational health workers, who had had no
previous experience examining patients, while intra-
observer reliability was similar in all three groups of

Table 1—Interobserver reliability for moving two-point discrimination

Yovariation  Vivariation Vo variation % variation Intra-class

Examiners due 1o due to due to due to correlution
patients order raters error coefficient
Overall 453 0.6 59 48.2 045
Therapists 53.1 11.6 9.2 26.1 0.53
Surgeons 44.3 6.7 10.7 383 . 044
OHW 37.0 16.0 9.8 37.2 037

Table 2—Interobserver reliability for static two-point discrimination

Yo variation Y variation % variation %% variation Intra-cluss
Examiners  due to due to due 1o due to correlution

patients  order raters error coefficient
Overall 66.2 0.5 3.2 30.1 0.66
Therapists  70.3 4.0 29 22.8 0.70
Surgeons  85.1 134 0.0 11.5 0.85
OHW 49.5 5.9 17.8 26.7 0.50

Table 3—Interobserver reliability for Semmes-Weinstein monofilament
testing

Yo variation % variation % variation % variation Intra-cluss

Examiners  due to due to due to due 1o correlation
patients  order raters error coefficient
Overall 14.6 0.0 30.0 554 0.15
Therapists 0.0 0.0 4.2 95.8 0.00
Surgeons 114 0.0 324 56.2 0.11
OHW 43.0 1.2 42.1 13.7 0.43
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Table 4—Interobserver reliability for Tinel's test, motor power, vibration
and Phalen’s test
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Table 6—Intraobserver reliability for Tinel’s test, motor power, vibration
and Phalen’s test

Mean pairwise Kappa,  Mean pairwise Kappa.

Test Overall Surgeons and therapists
(asymptotic standard ~ only
error) (asymptotic standard

error)

Tinel's test 0.77 (0.15) 0.79 (0.18)

Motor power 0.25(0.24) 0.50(0.23)

Vibration 0.40 (0.14) 0.51(0.24)

Phalen’s test 0.65(0.19) 0.83(0.19)

_Tiible 5—Intraobserver reliability for moving two-point discrimination,
< “static two-point discrimination and Semmes-Weinstein monofilament’
testing

% variation  Intra-cluss
due to error  correlation
coefficient

% variation 7o variation
Test due to due to order
patients

2 point moving

Overall 57.6 0.0 42.4 0.58
2 point static

QOverall 76.9 0.6 22,5 0.77
SwW

monofilaments

Overall 711 0.0 28.9 0.71

observers. Both interobserver and intraobserver reli-
ability were higher for static two-point discrimination
compared with moving two point discrimination (Tables
1,2 and 5).

Intraobserver reliability for Semmes-Weinstein
monofilament testing was good to excellent for all three
groups. However, Semmes-Weinstein monofilament test-
ing had very low overall interobserver reliability (Table
3). Thus, although the same examiner can be expected to
obtain the same results on re-examination, the results
vary substantially between examiners, raising concerns
about the usefulness of this test. Interestingly, this was
the one test where the occupational health workers sub-
stantially out-performed the therapists and the surgeons.
This difference between observers likely arose due to
chance, as the proportion of variance due to error was
only 13.7% for the occupational health workers whereas
it was 56.2% and 95.8% for the surgeons and therapists,
respectively (Table 3).

Interobserver reliability was substantial for both
Tinel's and Phalen’s tests (Table 4). Intraobserver relia-
bility was substantial for Tinel’s test and moderate for
Phalen’s test (Table 6). Interobserver reliability was mod-
erate for vibration whereas it was fair for motor power
(Table 4). There was perfect intraobserver reliability for
vibration and motor power in all cases (Table 6). For
Tinel's test, Phalen’s test, motor power and vibration the
interobserver reliability increased when calculated for the

Estimated Cohen’s Kappa,

Test (asymptotic standard error)
(Overall)

Tinel’s test 0.80 (0.19)

Motor power 1.00 (0.0)

Vibration 1.00 (0.0)

Phalen’s test 0.526 (0.209)

Table 7—Intraobserver reliability broken down by observer group

Test Therapists Surgeons ‘OH W
2-point moving (ICC) 0.80 0.73 . 0.67
2-point static (ICC) 0.60 0.42 0.78
SW monofilaments (ICC) 0.73 0.75 0.80
Tinel's test (Kappa) 1.0 1.0 0.50
Motor power (Kappa) 1.0 1.0 1.0
Vibration (Kappa) 1.0 1.0 1.0
Phalen’s test (Kappa) 1.0 0.50 0.20

surgeons and therapists only. This is likely to be due to
greater experience and expertise in performing the tests.
The occupational health workers also had a lower
intraobserver reliability for two of the four tests com-
pared with the health care professionals (Table 7); how-
ever this effect was small and the number of
examinations was limited. .

This study had three potential limitations. First, it was
done on a single day in an experimental setting, leading
to potential recall on the parts of both the patients and
the examiners. However, with seven tests, 12 patients, and
six examiners, the ability to recall previous examinations
was minimized. Second, before conducting the study, we
were concerned about the possibility of median nerve
irritation from multiple examinations, since this could
alter the findings during the day long examination. One
patient who had a negative Phalen’s test when first exam-
ined, had converted to a positive at the time of re-exami-
nation. This may have been due to a change in the
patient’s condition from nerve irritation, or may have
been due to patient variation, examiner variation in per-
forming the test, or measurement error. However, for the
remainder of the patients, the order in which the tests
were done did not have a significant impact on the three
tests for which we were able to calculate the effect of this
variable (Tables 1, 2 and 3). The final limitation concerns
the general applicability of the results. Patients were
referred to a tertiary care centre and were evaluated by
sub-specialists. However, the fact that the patients had
several different diagnoses on neurophysiological testing
allows application of the results to patients referred to a
hand unit for possible carpal tunnel syndrome, which 1s
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the clinical context in which these tests are often
used.

In conclusion, the interobserver reliability of all tests,
except for Semmes-Weinstein monofilaments, was satis-
factory. Furthermore, the interobserver reliability was
increased when the tests were performed by surgeons or
therapists with expertise in the physical examination of
the hand. Although Semmes-Weinstein monofilament
testing had a high intraobserver reliability, it should not
be used in the diagnosis of carpal tunnel syndrome
because of poor interobserver variability.
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