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Regular assessment of peripheral nerve
function is essential to prevent or to mini-
mize impairment, disability and deformity
in leprosy (2, 31.34,38,.) Following a "neuri-
tis workshop" at Karigiri, India, in 1980,
seven different tests of sensory and motor
function were recommended as "manda-
tory" ( 32 ). These included tests such as
nerve trunk palpation and a stretch and
compression test to elicit tenderness or
nerve pain, direct evaluation of axonal
function through nerve conduction velocity
measurement, as well as assessment of end
organ function, like touch, (moving) 2-
point discrimination, pain sensation and
muscle power. In the 13 years or so since
this workshop, only voluntary muscle test-
ing and sensory testing with graded nylon
monofilaments or ballpoint pen have gradu-
ally been introduced in the clinical manage-
ment of leprosy patients [Bell-Krotoski,
J.A. Hand screen for early detection and
monitoring of peripheral neuropathy, part II.
The Star 51 (1992) 3-7 and' . 1 s. 21 . 2(''''."SI.

The concept that any test or measurement
should itself be tested for reliability and va-
lidity before use in clinical medicine or re-
search is relatively new ( 15 . 25 . 35 ). It is, there-
fore, not surprising that very few studies
have looked at this issue in relation to clin-
ical testing in leprosy. Almost all of the
available data on reliability of sensibility
testing with Semmes-Weinstein monofila-
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merits (SWM) and moving 2-point discrim-
ination (M2PD) refer to testing of non-
leprosy patients.

The reliability or consistency of a test or
measure is the subject of this paper. Valid-
ity—whether a test measures what it is in-
tending to measure is related to reliability
in that a test can only he valid if it is also re-
liable. Validity will not be discussed here.
Recent studies at our hospital of concurrent
and criterion validity of the tests under con-
sideration have been published elsewhere
( 36 ).

We conducted two studies to determine
the intra- and inter-tester reliability of sen-
sibility testing with SWM, M2PD, and pin
prick. The results of these studies, which
were carried out at Green Pastures Hospital
in Pokhara, Nepal, are presented in this
paper.

MATERIALS AND METHODS
Reliability. The "reliability of a test"

refers to whether the instrument is measur-
ing something in a reproducible and consis-
tent fashion ( 3 '). Based on this, we defined
reliability of sensory testing instruments as
"the ability of a test to measure sensibility
in a reproducible and consistent fashion."
As a concept, reliability " may be
thought of as the ratio of 'signal' to 'noise'
in a measure" ( 2 ').

The first component of reliability assess-
ment is test-retest reliability, also called re-
peatability. This is defined as " ... the de-
gree to which a measure is consistent or re-
produced when readministered by trained
staff in maximally similar circumstances"
( 21 ). The second component is internal con-
sistency, which refers to the homogeneity
of the different items on a measurement
scale ( 25.' 5 ). This type of reliability is only
relevant when composite scores are used, as
in questionnaire surveys or psychological
assessments. The third component is inter-
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rater reliability, which is the degree of
agreement of measurement between two or
more raters when they rate the same subject
or phenomenon ( 21 ). To evaluate reliability
of a measurement both the repeatability and
the inter-rater agreement must be assessed.

The choice of the terms "rater," "ob-
server" or "tester" depends largely on the
circumstances, i.e., the test under review.
Because "tester" is the most appropriate
term in our situation, this is the term used
hereafter. In some situations it may be im-
portant to examine how well a given pair or
team of testers can reproduce test results
between them. This may reveal random or
nondifferential variability, or differential
variability (tester bias), if one tester rates
consistently higher (or lower) than the
other(s). We were more interested in evalu-
ating the reliability of the tests themselves
and, therefore, we chose a design with
many different tester pairs, each only test-
ing 1-4 patients ( 23 • 37 ).

Selection of patients. No randomiza-
tion was used since the objective was test
comparison within the same patient. Only
patients with a stable nerve function—no
changes in motor or sensory scores during
the previous 6 months, or acute leprosy re-
actions or neuritis—were asked to take part
in the study. Most patients were in- and out-
patients of Green Pastures Hospital (GPH)
in Pokhara. For the inter-tester reliability
study, a number of similar patients from
The Leprosy Mission Anandaban Hospital
in Kathmandu, Nepal, were included. All
patients had an established diagnosis of lep-
rosy. A few patients had only one hand or
foot tested if missing digits or severe defor-
mities made testing at the prespecified sites
on the other hand/foot impossible.

Testers and study design. The intra-
tester reliability study involved two trained
physiotechnicians with long experience in
nerve function assessment at GPH, each
testing 15 patients (test A). Most patients
were re-tested the next day and some pa-
tients after 2 days (test B). At the second
examination the testers were blinded for the
result of the previous test.

Forty-one different pairs of testers per-
formed the tests for the inter-tester reliabil-
ity study. Included were 5 trained physio-
technicians, 1 expatriate occupational thera-
pist, 4 nurses/paramedical workers (PMW)

who had been familiarized with the testing
techniques, and 2 expatriate medical stu-
dents who were also well acquainted with
the testing methods. Twenty-one pairs ex-
amined only I patient between them, 15
pairs examined 2, 4 pairs examined 3, and I
pair examined 4 patients. Where possible,
the two testers examined the patient on the
same day. Sometimes the second examina-
tion was only possible the next day. The
second tester was unaware of the results of
the first examination.

SWM. Patients were tested using the
standard set of 5 "colored Semmes-Wein-
stein monofilaments" as described by Bell-
Krotoski ( 4). This test evaluates touch sensi-
bility thresholds. The score per site varies
from 0-5. A score of 5 was given when the
thinnest monofilament in the test series was
felt; a score of 0, if even the thickest filament
was not felt. These filaments (Semmes-
Weinstein log numbers 2.83, 3.61, 4.31,
4.56 and 6.65) are equal to approximate ap-
plication forces of 70 mg, 200 mg, 2 g, 4 g
and 300 g when applied in such a way that
the filament bends slightly ('). The sites
tested were: for the median nerve, the volar
surface of the distal phalanx of the thumb
and index finger and the palmar skin over
the second metacarpophalangeal joint; for
the ulnar nerve, the volar surface of the dis-
tal phalanx of the little finger, the palmar
skin over the fifth metacarpophalangeal
joint and on the proximal end of the hypo-
thenar eminence; on the sole of the foot
(posterior tibial nerve), the big toe, the
plantar skin over the first and fifth meta-
tarsal heads, and the heel.

M2PD. Moving touch sensibility of the
median and ulnar nerves was tested with the
M2PD test as described by Dellon ( 15 ). This
test, which evaluates density of (quickly
adapting) touch receptors, can be done with
a simple paper clip. For this study we used
a Disk-CriminnatorTm (available through
P. 0. Box 13692, Baltimore, Maryland
21210, U.S.A.), a plastic disk on which
pairs of metal prongs are mounted with dif-
ferent inter-prong distances. The test was
first explained to the patient. Randomly,
one or two prongs were moved from proxi-
mal to distal over the test site, giving as lit-
tle pressure as possible, and the patient was
asked whether he felt one or two prongs.
The smallest inter-prong distance for which



64, 3^ran Brake!, et al.: Reliability ofSensibilityThsting^289

TABLE^I.^Inter-tester agreement be-
tween 125 paired SWM tests on the little
finger of leprosy patients in Nepal, using a
6-point scale."

TABLE 2.^Interpretation of values of lc
and is

Value of K or K Strength of agreementtester B

tester A 0 1 2 3 4 5 Total 0.40 poor

0 10 6 16 0.41-0.60 moderate

1 5 12 2 1 20 0.61-0.80 good

2 1 4 1 1 7 0.81-1.00 very good

3 1 2 2 3 3 3 14

4 2 3 3 8 N1oclilied from Altman(').

5 2 4 8 46 60

Total 17 24 7 11 14 52 125

1.- = 0.45 (0.34-0.57), = 0.89 (0.85-0.93).

the patient gave two correct responses out
of three trials was recorded in millimeters
for that site. The smallest distance tested
was 2 mm. If the testing device was not felt
at all, the score was recorded as 0. If the de-
vice was felt, but only as one moving point,
a score of 1 was given. The recorded scores
were transformed to a scale of 0-13 by sub-
tracting the scores (except 0 and 1) from 15.
Thus, 0 was the worst and 13 the best result
possible. Sites were the same as for the
SWM, but only the thumb, index and little
finger, big toe and heel were tested.

Pin prick. Pain sensation was tested
using commercially available, standard-
type wooden toothpicks. The toothpick was
applied randomly with the sharp end or the
blunt end, and the patient was asked to indi-
cate whether he felt "sharp" or "blunt." The
sites tested were the same as for the M2PD
test plus the plantar skin over the first
metatarsal head. The score per site was the
number of correct responses out of five tri-
als. This test was only added at the time of
the inter-tester study, so no intro-tester reli-
ability results were available.

Statistical methods. Agreement be-
tween two consecutive tests or between two
testers was measured with weighted kappa
( h,,) statistics ( 12 . I). A typical agreement

table is shown in Table I. Quadratic dis-
agreement weights were used, i.e., weights
for off-diagonal cells were the square of the
deviation of the pair of observations from
exact agreement ("."). Thus, a difference
of I would be weighted as 1, a difference of
2 as 4, of 3 as 9, and so on. Perfect agree-
ment was assigned a weight of "0." Refer-
ence values for K . were adapted from Alt-,
man (') and are Oven in Table 2. Paired dif-
ferences between tests and testers were
evaluated using the Wilcoxon matched-
pairs signed-rank test. The magnitude of the
differences between tests or testers relative
to the maximum score of each test was cal-
culated using a new indicator, the mean per-
cent difference (mpd).

Mean percent difference =
E !score A — score BI
n (maximum score)

This gives an easy-to-interpret figure rep-
resenting the average variability between
tests or testers as a percentage of the maxi-
mum score of the test, thus making direct
comparison between different tests possi-
ble. For example, an mpd of 6.3% for inter-
tester comparison of SWM testing on the
thumb shows that, on average, the test
scores differed by only 6.3% of the maxi-
mum score of 5. Two independent mpds
can be compared using standard formulas
for standard error and difference between
proportions (SND test). The mpd should
not he used to test a null hypothesis of no

x 100



290^ International Journal of Lemvsy^ 1996

TABLE 3. Intro- and inter-tester reliability of sensibility testing of the hand with
Senunes-Weinstein monolilaments in leprosy patients in Nepal.

Site type of number Weighted kappa mpd' VVilcoxon

test of pairs (95%Cl)d (%) p value'

thumb intra 59 0.83(0.74-0.93) 6.4 0.35

inter 127 0.87(0.82-0.92) 6.3 0.44

index finger intra 59 0.87(0.79-0.96) 4.4 0.25

inter 125 0.87(0.80-0.94) 7.0 0.43

median (3 sites)d intra 59 0.84(0.58-1.0) 5.2 0.31

inter 125 0.90(0.71-1.0) 6.6 0.043

little finger intra 59 0.92(0.85-0.99) 6.8 0.42

inter 125 0.89(0.85-0.93) 11 0.064

hypothenar intra 59 0.92(0.88-0.95) 7.1 0.19

inter 128 0.84(0.79-0.89) 11 0.049

ulnar (3 sites)` intra 59 0.92(0.67-1.0) 7.1 0.49

inter 125 0.91(0.73-1.0) 9.6 0.011

big toe intra 59 0.92(0.88-0.96) 7.1 0.21

inter 125 0.79(0.70-0.87) 14 0.63

mtp1` intra 59 0.89(0.83-0.96) 8.1 0.6

inter 130 0.76(0.67-0.86) 14 0.66

heel intra 59 0.83(0.71-0.94) 8.1 0.52

inter 130 0.79(0.71-0.87) 12 0.55

posterior tibial intra 59 0.88(0.63-1.0) 7.3 0.67

(3 sites) d inter 125 0.83(0.66-1.0) 12 0.23

95% confidence interval.
h Mean percent difference.
Wilcoxon's matched-pairs signed-rank test.

' Thumb + 2nd metacarpal phalangeal joint + index finger.
Little finger + 5th metacarpal phalangeal joint + hypothenar eminence.

' First metatarsal phalangeal joint.
Big toe + 1st metatarsal phalangeal joint + heel.

difference since negative differences have
been eliminated by taking the absolute
value of the difference.

A p value of < 5% was used as the level
of statistical significance. Of the kappa and
weighted kappa statistics, the 95% confi-

dence interval (C1) is given. Analysis was
done using Epi Info software, version 5.01
( 14 ) and SPSS for Windows, version 6. Ma-
trixes for calculating weighted kappa were
constructed in a spreadsheet (Quattro Pro
for Windows, version 1).
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TABLE 4. Intro- and inter-tester reliability of sensibility testing of the hand with mov-
ing 2-point discrimination in leprosy patients iir Nepal.

Site type of number Weighted kappa mpd b Wilcoxon's

test of pairs (95°/0C1)' (%) p value'

thumb intra 59 0.75(0.52-0.98) 7.7 0.83

inter 123 0.70(0.52-0.88) 10 0.26

index finger intra 59 0.80(0.56-1) 5.6 0.13

inter 121 0.73(0.56-0.90) 9.0 0.89

little finger intra 59 0.82(0.68-0.96) 10 0.39

inter 122 0.82(0.73-0.91) 13 0.51

big toe intra 59 0.82(0.66-0.97) 11 0.044

inter 122 0.74(0.63-0.84) 17 0.48

heel inter 126 0.54(0.40-0.67) 23 0.88

95% confidence interval.
h Mean percent difference.
Wilcoxon's matched-pairs signed-rank test.

RESULTS
Patients. Thirty patients were selected

for the intra-tester and 67 for the inter-tester
agreement studies. They represented differ-
ent immunological classification subgroups.
We assumed an equal and independent
chance of (dis-)agreement for the left and
right hand and foot of each patient. They
were, therefore, pooled, giving, one sample
of 60 hands and feet for the intra-tester
study and 134 hands and feet for the inter-
tester study. For various reasons not every
site could be tested on all patients; this is
the reason for the slight variation in the
number of pairs between different sites
(e.g., Table 3, column 3).

Intra-tester agreement. Table 3 shows
the statistics for the SWM test. Weighted
kappas (K) ranged from 0.83 (thumb) to
0.92 (little finger, hypothenar and big toe).
There were no apparent differences be-
tween K. values for the hands and feet.
None of the differences between test A and
test B were statistically significant accord-
ing to Wilcoxon's matched-pairs signed-
rank test. Mean percent differences (mpd)
did not exceed 8.1% (minimum 4.4%).

The M2PD results are given in Table 4.
Weighted kappas ranged from 0.75 (thumb)
to 0.82 (little finger and big toe). Only the
difference in scores of the big toe was sig-
nificant at the 5% level (p = 0.044, Wilcox-
on). The maximum mpd was 11%. Al-
though all SWM weighted kappas were
higher than those of the M2PD, these dif-
ferences were not statistically significant.

Inter-tester agreement. The SWM re-
sults (Table 3) showed a minimum weighted
kappa of 0.76 (first metatarsal head) and a
maximum of 0.89 (little finger). The mpd
ranged from 6.3%-14%. The paired differ-
ences between tester A and tester B were
close to or < 5% only for the median nerve
combined (p = 0.043), little finger (p =
0.064), hypothenar (p = 0.049) and ulnar
combined (p = 0.011). Inter-tester agree-
ment for the M2PD (Table 4) showed
weighted kappa values ranging from 0.54
(heel) to 0.82 (little finger). None of the in-
ter-tester differences were significant. Val-
ues of K tended to be higher for the hand
than tor the foot, but this difference was
only significant for the two highest values
(little finger vs big toe, z = 2.07, p = 0.019).
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TABLE 5. Mira- and biter-tester reliability of sensibility testing of the baud with a pin
prick in leprosy patients in Nepal.

Site

number

of pairs

Weighted kappa

(95%Cl) .

nip&

(%)

Wilcoxon's

p value'

thumb 123 0.57(0.39-0.74) 15 0.018

index finger 121 0.66(0.52-0.81) 12 0.56

little finger 122 0.85(0.78-0.91) 11 0.28

big toe 122 0.64(0.53-0.76) 20 0.039

mtp 1 126 0.51(0.37-0.66) 23 0.19

heel 126 0.45(0.30-0.60) 24 0.51

" 95% confidence interval.
Mean percent difference.
Wilcoxon's matched-pairs signed-rank test.

d First metatarsal phalangeal joint.

Weighted kappas were significantly differ-
ent for the thumb and the heel (z = 1.76, p =
0.039 and z = 3.15, p = 0.0008, respectively).

Table 5 shows the inter-tester agreement
for the pin prick test. Values of weighted
kappa ranged from 0.45 (heel) to 0.85 (little
finger). Inter-tester differences were signif-
icant for the thumb and the big toe (p values
0.018 and 0.039, respectively). All weighted

percent
80

kappas, except of the little finger, were sig-
nificantly lower than those of the SWM test
(p = 0.022-0.00003, z test).

Intra- versus inter-tester agreement.
The monofilament weighted kappas were
significantly higher for intra- than for inter-
tester agreement for the hypothenar, big toe
and first metatarsal phalangeal joint; M2PD
weighted kappas only for thumb and heel.

FR;. I.^Distribution of within- and between-tester differences in SWM test scores (test site = little finger).
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difference
FIG. 2. Distribution of within- and between-tester differences in SWM test scores (test site = big toe).

The distribution of between-test and be-
tween-tester differences of the SWM is il-
lustrated in Figure 1 for the little finger and
in Figure 2 for the big toe. Figure 3 illus-
trates the same for the M2PD on the little
finger.

Tester subgroups. We analyzed sub-
groups according to skill and experience
(data not shown). Although the number of
paired observations in each subgroup was

small, there was a striking and significant
difference between the physiotechnician-
only group (N = 28), the various mixed
subgroups and the PMW-only group (N =
13). The weighted kappa values in the
physio group were significantly higher than
in the whole group (e.g., SWM little finger
0.98 vs 0.89, p < 0.0001; M2PD little finger
0.99 vs 0.82, p = 0.00027; pin prick little
finger 0.97 vs 0.85, p = 0.027).

difference
FIG. 3.^Distribution of within- and between-tester differences in M21'1) test scores (test site = little linger).
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DISCUSSION

The objective of reliability testing is
twofold. First to evaluate how reliable or
consistent a given test or measurement is
under the present circumstances and, sec-
ond, to identify sources of measurement
variability that may be amenable to im-
provement.

lntra-tester reliability depends on within-
test variability (e.g., random measurement
error, calibration in different temperatures,
relative humidities, variation in application
force, etc.), within subject (patient) vari-
ability (cooperation, concentration, etc.);
variability in what is being measured (e.g.,
changes in blood pressure); within-tester
variability (accuracy, skill, experience) and
other factors that may vary in the environ-
ment between the first and the second test.
Good intra-rater reliability is perhaps the
most basic quality that a test should have.

Inter-tester reliability depends on the
variability between raters, such as differ-
ences in motivation, level of training and
testing technique, in addition to the sources
of intra-tester variability (error). Consider-
ing these sources of variability, it follows
that reliability is context specific. For in-
stance, if reliability of a test of visual acuity
has been established in North America, the
reliability of the same test will need to be
re-evaluated if it is to be used in a different
context, say, India.

SWM. Intra-tester agreement measured
with weighted kappa was "very good" by
the (arbitrary) standards in Table 2. Inter-
tester agreement was very good for the
hand and good for the foot. It is interesting
to note that agreement of testing on the sole
of the foot was as good as on the palm of
the hand. The thicker skin with callus on
the sole has a higher touch perception
threshold, but this apparently does not af-
fect the reliability of testing. Normal for our
patients is 2 g on the foot and 200 mg on
the hand ("). A mean percent difference
(mpd) range of 4.4%-8. % for intra- and
6.3%-14% for inter-tester comparison
seems acceptable. An average difference of
0.5 filament would give an mpd of 10%.

Birke, et al. (K) reported an intra- and in-
ter-tester intra-class correlation coefficients
(ICC) of 0.88-0.93 for all sites tested with
SWM, corresponding quite closely to our

range of K (0.76-0.92). Bell and Tomancik
studied application of the five standard
SWM to four small strain gauges ( 6 ). They
do not report any reliability coefficients, but
a measure of variability, the coefficient of
variation (CV; standard deviation divided
by the mean). In their case this was an ap-
propriate indicator of variability since they
measured directly in milligrams on a con-
tinuous scale. The CV ranged from 6%-9%
for intra- (I tester, 105 applications/fila-
ment) and 5%-8% for inter-tester (5 testers,
450 applications/filament) comparison.
They also measured application force vari-
ability of ballpoint and pin prick testing;
CVs were 11% and 14%, respectively.

Diamond, et al. tested the feet of 31 dia-
betic subjects with three different SWM
( 17 ). There were two testers for the inter-
tester comparison. Kappa values for intra-
and inter-tester reliability on this 4-point
scale ranged from 0.72 to 0.83.

M2PD. Values of weighted kappa were
all good to very good, except for inter-tester
agreement on the heel, which was only
moderate. This was not surprising to us
since we had found much variability in nor-
mal M2PD values on the heel in a different
study (to be published elsewhere). The
mpds were acceptable (5.6%-17%) except
for the heel (23%). A mean between-test(er)
variability of 1 mm would give an mpd of
7.7%, while 2 mm would give 15%. Most
values were between these two.

Dellon, et al. reported inter-tester agree-
ment between two testers examining 30
nerve-injured patients ( 16). Pearson's r was
0.92 for both index and little fingers. Paired
differences were not examined. Assuming
that a weighted kappa would have been of
similar magnitude, their reliability was con-
siderably higher than ours. This could be at-
tributed to the fact that the one tester-pair
were highly trained (a hand surgeon and an
occupational therapist) and experienced in
using the M2PD test. Our 41 tester pairs
were less well trained and (mostly) far less
experienced in using M2PD.

Pin prick. Except for the little finger,
all weighted kappas were significantly
lower than for the SWM. Mpd values were
almost twice as high on the foot as on the
hand. This may he due to the fact that the
thicker skin and callus on the sole makes
distinguishing sharp from blunt more diffi-
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cult. There was an indication that the test
was performed more reliably by phys-
iotechnicians than by less-trained staff.
However, reliability was clearly inferior to
the SWM and the M2PD, making this test
less suitable for serial comparisons.

Sources of variability and ways to im-
prove agreement. Our intra-tester reli-
ability was probably as good as can be rea-
sonably expected under the circumstances.
Both testers were experienced and well-mo-
tivated physiotechnicians. It is likely that
reliability would be somewhat less under
field conditions where staff motivation
tends to be less good and time pressure
more acute. In addition, it is often impossi-
ble to find the "quiet room" that is said to
be "mandatory" for accurate assessment ( 3 ).
A total lack of privacy is common. There-
fore, distraction and lack of concentration
will likely be sources of variability in the
measurement of sensibility thresholds tin-
der field circumstances. Green Pastures
Hospital, Anandaban Hospital, or the Mc-
Kean Rehabilitation Centre, Chiangmai,
Thailand, are not "a field setting" C), as is
often believed. It will, therefore, be neces-
sary to re-assess reliability of sensibility
testing under real field conditions.

Another source of potential variability is
the state of hydration of the skin areas to be
tested. McAuley, et al. demonstrated a
small but significant decrease in the average
monofilament sensibility threshold after
soaking of the hands for 30 min ("). They
conclude that attention should be given to
testing the patient under similar hydration
circumstances if comparison between mea-
sures is to be made.

The findings of Bell and Tomancik re-
ferred to above indicate that the amount of
measurement error due to the SWM instru-
ments themselves is small (`'). But calibra-
tion and standardization in terms of diame-
ter and length of the filaments is important
for comparability of results ( 3 ). Incorrect
application technique may also result in
spurious results ( 25 ). A further refinement of
the instrument, the Weinstein Enhanced
Sensory Test, was recently introduced by
Weinstein himself ("). Bell and Buford
showed that in M2PD testing with a hand-
held instrument variability in application
force was greater than in testing with the
SWM ( 5 ). Our indicator of variability (the

mean percent difference) was slightly
higher for the M2PD than for the SWM, but
these differences were only statistically sig-
nificant for the heel. It seems, therefore, that
in a clinical setting M2PD has an accept-
able instrument error.

It was encouraging to see the standard of
inter-tester reliability that was achieved by
our very mixed group of testers, which in-
cluded some experienced but also several
very inexperienced examiners. We attempted
an analysis of subgroups according to skill
and experience to see what influence these
factors have on the observed variability.
The weighted kappa values in the physio-
only group were significantly higher than in
the whole group, and differences between
the physic) group and the PMW-only group
were even greater. In the physio-only group
there were no significant differences be-
tween intra- and inter-tester reliability. This
indicates that skill and experience were the
main source of inter-tester variability in our
data and that, therefore, training and prac-
tice play a vital role in the reliability of these
sensory tests. Whenever leprosy PMW or
multipurpose health workers are trained in
nerve function assessment as much practice
as possible should be given.

Reliability statistics. Reliability is of-
ten expressed in Pearson correlation coeffi-
cients (r) (ft.'"). Several authors have ar-
gued that this is not an appropriate statistic
("'" . " . 35 ). The main reason is that the Pear-
son r measures the association and co-vari-
ance between two variables, rather than
agreement ( 1 ". 3"). Ottenbacher and Tomchek
( 31) and Sheikh ( 33) have convincingly
shown that high correlation coefficients
may, in fact, hide substantial or even total
disagreement. A second reason why Pear-
son's r is inappropriate is that our data
scales are ordinal rather than interval or
even continuous ('). Pearson's r is appropri-
ate as reliability coefficient for continuous
data, provided that paired between-test(er)
differences are examined for departure
from zero (21. 27).

Weighted kappa is recommended as the
measure of scaled agreement between cate-
gorical scales of more than two categories
(1.13.20,27 ). Quadratic disagreement weights
are recommended to ensure comparability
of weighted kappa values between studies
( 27 ). The highest direct agreement is oh-
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tained if scales are collapsed to binary vari-
ables. In practical terms, this means that
classifying sensory impairment as either
"absent" or "present" is the most reliable
way of testing. For screening purposes this
could be done with just one monofflament,
provided the appropriate cut-off (normal)
values are known. However, the strength of
SWM and M2PD is that they provide a
graded measurement of sensibility with
which (gradual) deterioration or improve-
ment can be monitored.

"The interpretation of the magnitude of
weighted kappa is like that of unweighted
kappa ... ," according, to Fleiss ( 2"). When
using the (arbitrary) criteria given by Alt-
man (I) a weighted kappa between 0.21 and
0.40 would still be called fair. We prefer
stricter criteria and, therefore, classified a
value of ±0.40 as "poor agreement" after
Fleiss (Table 2).

Infra-class correlation coefficients (ICC)
have been recommended as reliability coef-
ficients ( 7  "). The ICC is computed from
analysis of variance components and is
widely used in reliability statistics ( 3"). But
it has been observed that when qu'adratic
disagreement weights are used, the ICC is
identical to the 1C„ ( 27 35). Our weighted
kappa results can, therefore, be interpreted
as if they were ICC results. Cohen also
noted that weighted kappa with quadratic
disagreement weights is numerically very
close to Pearson's r, provided that the mar-
ginal distributions of the agreement table
are not very different (").

The reliability results found in our and
the above-mentioned centers are encourag-
ing, and indicate that perhaps even under
real field conditions acceptable standards of
reliability can be achieved.

CONCLUSIONS
I. Reliability of the SWM test was very

good, closely followed by the M2PD test.
2. There was evidence that the main

source of variability between testers was
testing skill and experience. Among the ex-
perienced physiotechnicians there was no
significant difference between intra- and in-
ter-tester reliability.

3. Reliability of the pin prick test was
clearly less good than that of the SWM and
M2PD.

4. The mean percent difference is an
easy-to-interpret statistic expressing, be-
tween tester) variability as a percentage of
the maximum test score.

5. The reliability of these instruments
should be re-assessed under field condi-
tions.

SUMMARY
We conducted an infra- and inter-tester

agreement study of three sensory screening
tests used in nerve function assessment of
leprosy patients: the Semmes-Weinstein
monofilament (SWM) test, moving 2-point
discrimination (M2PD), and the pin prick
test. The weighted kappa (K„) statistic was
used as the reliability coefficient. The SWM
had intra-observer K s ranging from 0.83 to
0.92 and inter-observer Kw s ranging from
0.76 to 0.89. The M2PD had infra- and in-
ter-tester lc s ranging from 0.75 to 0.82 and
0.54 to 0.82, respectively. Inter-tester agree-
ment for the pin prick test ranged from 0.45
to 0.85. There was evidence that the main
source of variability between testers was
testing skill and experience. Among the ex-
perienced physiotechnicians there was no
significant difference between infra- and in-
ter-tester reliability. We conclude that reli-
ability of the SWM test was very good,
closely followed by the M2PD test. Reli-
ability of the pin prick test was less good
than that of the SWM and M2PD, making it
less suitable for serial testing.

RESUMEN
Se hizo un estudio sohre la concordancia de los re-

sultados de 3 pruehas sensoriales dentro (variabilidad
interna) y entre (variabilidad externa) el personal en-
cargado de aplicarlas. Las pruehas de funcion nerviosa
fueron Ia prueha del microtilamento de Semmes-Wein-
stein, la discriminaciOn entre 2 puntos moviles, y Ia
prueha del piquete de alfiler. El coeliciente de confia-
biliclal de los resultados se calculi) de acuerdo a Ia es-
tadistica de k. La prueha del microfilamento tuvo una
K interna de 0.83 a 0.92, y una K externa de 0.76 a
0.82. La prueha de disciminaciOn entre 2 pumas tuvo
una K interim de 0.75 a 0.82, y una K externa de 0.54
a 0.82. La concordancia interim para la prueha del al-
filer variO de 0.45 a 0.85. La variabilidad en los resul-
tados estuvo en razOn directa de la hahilidad y Ia expe-
riencia de quienes aplican las pruehas. No huhieron
discrepancias signiticativas cuando se tratO de personal
experimental°. Concluimos que la prueha de los mi-
crolilamentos flue la intis contiable, seguida por la
prueha de discriminacitin entre 2 puntos mOviles. La
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prueba del altiler Inc stenos contiable clue las anteri-
ores y no es muy recomendable coino una pruebas de
retina.

RÉSUMÉ

Noes aeons realise une etude de concordance intra-
et inter-observateurs pour trois tests de depistage sen-
soriel utilises pour revaluation de Ia function nerveuse
de 'naiades de la lepre : le test an monotilament de
Semmes-Weinstein, la discrimination de deux points
mobiles et la pique avec une epingle. Le test kappa
pondere (k.  ) a etc utilise cont ri te 'efficient de liabilite.
Les monofilaments avaient un n intra-observateur al-
lant de 0.83 a 0.92, et tin inter-observateurs allant
de 0.76 a 0.89. Le test de discrimination de deux points
mobiles avail des ti intra- et inter-observateurs allant
respectivement de 0.75 a 0.82 et 0.54 et 0.82. La con-
cordance inter-observateurs pour le test a l'epingle al-
lait de 0.45 a 0.85. II y avait des signes que Ia source
principale de variabilite entre les observateurs etait
rhabilete an test et [experience. Parini les physiotech-
niciens experimentes, it n'y avait pas de difference sig-
nificative entre les concordances intra- et inter-obser-
vateurs. Nous concluons clue Ia tiabilite du test an
monotilament etait tres bonne, suivie de pros par le test
de discrimination de deux points mobiles. La tiabilite
du test de Ia pique a l'epingle emit monis bonne que
celle des monofilaments et de Ia discrimination de
deux points mobiles, rendant ce test moins approprie
pour des tests en series.
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