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Sensory Testing with Monofilaments in Hansen's
Disease and Normal Control Subjects'
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Monofilaments have been widely used in
Hansen's disease (HD) to monitor sensory
loss in hands and feet, provide a guide for
the treatment of reactions and identify pa-
tients at risk of injury (4.8. 11, 16, 24, 27, 353.) There
are limited and inconclusive data on normal
threshold values (6.7. 17, 31, 3(, 32) and limited
statistical evidence for the reliability of test-
ing with nylon filaments (5, 10, 21, 22, 26).

The use of a standardized set of nylon fil-
aments for sensory testing was first reported
by Semmes, Weinstein, Ghent and Teuber
in 1960 (31). Their original 20 filament set
was calibrated to incrementally bend at
forces that were approximately log linear.
Filaments were identified by their corre-
sponding marking numbers derived by the
formula log. [10(bending force mg)].
Semmes-Weinstein filamentS (SWF) are
commercially available and are designed
after the filament dimensions (diameter and
length) of the original set (31).

Reported SWF thresholds for the hand of
normal subjects vary between 2.83 (6.7. ")
and 3.61 marking numbers (17. 23), and for
the feet of normal subjects between 3.61 O
and 4.31 marking numbers (17. 23). Sensibil-
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ity has been shown to be related to age,
gender and anatomic location (2, 10, 19, 31, 36).

Sensory thresholds have been found to be
lower in females than males, lower in the
face than the hands, lower in the hands than
the feet and lower in younger subjects. A
basis for reported gender differences has
not been found. The density of sensory end
organs, such as Meissner's corpuscles, has
been shown to vary by anatomic location
and age (12). Much of previous SWF norma-
tive data, however, has been based on
young adult populations.

The reproducibility of SWF testing has
been reported to be good when filament
length and diameter are standardized
High inter-observer and intra-observer reli-
ability has been found when testing normal
subjects (31), and testing the hands, feet and
eyes of HD patients and the feet of diabetes
patients using mini-sets (3-4 filaments) of
nylon filaments (3, 21, 22, 26, 29, 343.) Inter-ob-
server reliability has been shown to be de-
pendent upon the training and experience of
the observers (26). The reliability of testing
patients using the full set of 20 SWF has
not been reported.

Loss of protective sensation predisposes
an individual to mechanical, thermal or
chemical injury (8). Threshold leveis pre-
dictive of loss of protective sensation have
been proposed for the hand (6, 18, 19, 36) and
the foot (9, 13-15, 20, 24, 25, 32, 33s.) There is no
agreement on the level of protective sensa-
tion for either the hand or the foot. The use
of the 10-g monofilament has been shown
to be predictive of risk for foot problems in
diabetes (30), and has been adopted as a
standard of care by the American Diabetes
Association (1).

This study was designed to: determine
the effects of age, gender and occupation on
SWF thresholds in normal subjects, test the
inter-observer and intra-observer reliability
of the full SWF set on HD patients and
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TABLE 1.^Bending forces of Semmes -Weinstein filaments and theoretical bending forces.

Marking
numbers

Range of
bending forces

(grams)

Theoretical
bending(12) forces

(grams)

1.65 0.007-0.008 0.005
2.36 0.011-0.015 0.023
2.44 0.041-0.047 0.028
2.83 0.079-0.081 0.068
3.22 0.144-0.169 0.166
3.61 0.375-0.412 0.408
3.84 0.607-0.623 0.697
4.08 0.860-0.828 1.2
4.17 1.2-1.6 1.5
4.31 2.6-3.1 2.1
4.56 4.2-4.9 3.6
4.74 6.5-6.9 5.5
4.93 7.0-7.7 8.6
5.07 8.5-10.2 11.7
5.18 14.7-15.8 15.0
5.46 22.0-23.2 29.0
5.88 50.5-58.8 75.0
6.10 96.8-119.6 127.0
6.45 172.0-203.0 281.5
6.65 292.0-313.0 447.0

'Range of two sets of Semmes-Weinstein filaments.

identify thresholds for hand and foot in-
juries in an HD population.

MATERIALS AND METHODS
Instruments. Sensory testing was per-

formed using two sets of SWF (North Coast
Medical Inc., San Jose, California, U.S.A.),
each consisting of 20 ordered instruments.
The bending forces of the filaments used in
this study were measured using a strain
gauge recorded off an oscilloscope as previ-
ously described (5) and compared with the
theoretical design (31) (Table 1). The mea-
sured bending forces generally follow a log
linear pattern similar to the theoretical de-
sign reported by Semmes and Weinstein
(Fig. 1).

Filaments were applied perpendicular to
the skin of subjects for a duration of 1-2
seconds. Three touches were made ran-
domly to each area tested on the hand and
foot. Filaments were applied in an ascend-
ing order. The 6.65 marking number fila-
ment was not used in testing hands because
it was felt to be too stiff for use on the fim-
ger or palm. The threshold was determined
by a subject's verbal response to at least
two out of three touches (g). This method
provides less chance of guessing than a one

out of three (6) and is less time consuming
than averaging the mean of thresholds (31).
Testing was performed in an isolated room
to control noise. Subjects were seated with
the hands and feet comfortably supported
during testing. A curtam n shielded subjects
from view of filament touches. Testing was
performed on HD patients, workers and vis-
itors at the McKean Rehabilitation Center,
Chiang Mai, Thailand.

Thresholds in normal control subjects.
Sensory testing was performed on 53 male
and 59 female Thai subjects who had no
history of HD or other neuropathic condi-
tions. Subjects were a shoe-wearing popu-
lation. The mean age of normal subjects
was 39.5 ± 12.7 (range 18-66 years). Fila-
ment tests were performed on the nondom-
inant side of the body at the volar distal
phalanx of the fifth finger, hypothenar emi-
nence of the palm, plantar distal phalanx of
the great toe, medial arch of the foot, and
plantar heel of the foot. The nondominant
side of the body was tested to reduce the
likelihood of nerve damage associated from
overuse syndromes. Occupation was rated
in 64 subjects as: heavy, moderate and light
work based on interview and income status.
The heavy work group were primarily
farmers and laborers, and the light work
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FIG. 1. Log linear distribution of two commercial Semmes-Weinstein filament sets compared to the theoret-
ical set.

group were mainly medical, clerical and
professional workers. Occupations that
were not primarily sedentary or manual la-
bor were rated as moderate work. These oc-
cupation groups were used to determine if
physical labor was associated with reduced
hand and foot sensibility.

Reliability of SWF testing. Testing was
performed on 25 hands and 25 feet of 27
HD patients with sensory neuropathy. Pa-
tients who could not perceive any of the fil-
aments were eliminated from the study.
Two experienced therapists tested the pre-
determined anatomic locations on the fifth
finger, palm, great toe, and arch of the foot
at one session, and one observer tested the
same locations at a second session the fol-
lowing day.

Thresholds on arcas of ulceration.
Thresholds were determined in 101 HD pa-
tients, 72 with a history of hand ulcerations
and 68 with a history of foot ulcerations.
Determination of neuropathic ulceration
was based on inspection and a history of
chronic or repeated wounds. Raters were
careful to perform testing outside the mar-
gin of a wound scar or callus formation.

Analysis. Regression analysis was used
determine the relationship between age,
gender, and occupation on sensory thresh-
olds in normal subjects. A multiple range
test at the 0.05 alpha levei was used for
comparisons among age, gender and occu-
pation groups. Filament thresholds were re-
ported in marking numbers. Filament mark-
ing numbers are log transformations of fila-

TABLE 2. Mean ± standard deviation (marking number) Semmes-Weinstein filament thresholds
between three age groups of normal male and female subjects.

No.

Age groups

18-29 yrs. 30-49 yrs. 50-69 yrs.

24 63 26

5th finger 2.50 ± 0.22' 2.85 ± 0.45' 2.93 ± 0.49'
Palm 2.60 ± 0.38' 2.94 ± 0.43" 3.01 ± 0.475
Great toe 3.59 ± 0.35' 3.89 ± 0.38' 4.24 0.42'
Arch of foot 3.45 ± 0.34' 3.74 ± 0.41" 3.91 ±0.36k
Plantar heel 4.06 ± 0.22' 4.53 ± 0.48' 4.85 ± 0.51'

Duncan's multiple range test results a < b < c, p <0.05.
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TABLE 3.^Intraclass correlation coefficients
(ICC) and standard errors of measurement
(S.E.M.) for filament testing between two ob-

o servers on patients with Hansen's disease.
I 2.0
E ICC'

1.0 5th Finger^0.93^± 0.02
li- Palm^0.90^± 0.02

0.0 Great toe^0.95^±0.01
Female^ Mele Arch of foot^0.88^-± 0.03

Fio. 2. Mean hánd and foot Semmes-Weinstein
filament thresholds for male and female groups of nor-
mal subjects.

ment bending forces which are more suit-
able for statistical analysis. Intraclass corre-
lation (ICC) and standard error of measure-
ment (SEM) was used to determine the in-
ter-observer and intra-observer reliability of
filament measurements. ICC is a reliability
index that measures both the degree of cor-
respondence and the agreement among rat-
ings, and the SEM measures the expected
error among ratings (28).

RESULTS
Analysis showed sensory threshold was

related to age (p <0.002). Filament thresh-
olds were lower in the 18-29 age group
compared to the 30-49 age group and lower
in the 30-49 year age group compared to
the 50-69 year age group (Table 2). There
was no relationship between filament
thresholds and gender (p >0.01) (Fig. 2).

There was a difference in sensory thresh-
olds among occupational leveis (p <0.001).

'ICC measures both the degree of correspondence
and the agreement among ratings (28).

S.E.M. measures the extent of the expected error
among ratings ().

Light labor occupations had lower filament
thresholds, in both the hands and the feet,
than heavy and medium labor occupations
(Fig. 3).

Intraclass correlations were high and
standard errors of measurement were low
for both inter-observer (Table 3) and intra-
observer (Table 4) testing at the sites tested.

There was a clear discrimination be-
tween the frequency distributions of sen-
sory thresholds in HD patients with a his-
tory of ulceration and normal controls for
both the foot (Fig. 4) and the hand (Fig. 5).
The 4.93 (7.0-7.1 g) SWF had 97% sensi-
tivity and 100% specificity for discriminat-
ing patients with ulcerations of the foot.
The 4.17 (2.6-3.1 g) SWF had 100% sensi-
tivity and 100% specificity for discriminat-
ing patients with ulcerations of the hand.

DISCUSSION
This study finds good reliability when test-

ing HD patients using the full set of 20 SWF
by experienced observers, and agrees with

4.0

E^3.0
TABLE 4.^Intraclass correlation coefficients

(ICC) and standard errors of measurement
o

.-reá` 2.0

a a (S.E.M.) for monofilament testing between two
sessions by one observer on patients with

c

g^1.0

Hansen's disease.

ICC'
IL 5th Finger^0.89^-± 0.03

Palm^0.92^-± 0.020.0

Heavy Work^Moderate Work^Light Work^Great toe^0.91^-± 0.02
Arch of foot^0.91^± 0.02

FIG. 3. Mean hand and foot Semmes-Weinstein
filament thresholds for three work groups of normal
male and female subjects. Duncan's multiple range test
results a> b, p <0.05.

'ICC measures both the degree of correspondence
and the agreement among ratings (").

S.E.M. measures the extent of expected error
among ratings (28).
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Filament Marking Number

FIG. 4. The frequency distribution of Semmes-Weinstein filament thresholds in normal subjects and in
Hansen's disease patients with a history of foot ulceration.

previous studies that were performed using
filament mini-sets on patients (3, 21, 22, 26, 29, 34)

and the full SWF set on healthy subjects
(31). In this study the estimated normal
thresholds would be the 3.84 (marking
number) filament for the hand and the 4.31
filament for the foot (Table 3). These data
generally agree with the upper limits of pre-

viously published normal values for the
hand (3.61 marking number) 23) and the
foot (4.31 marking number) (12' 23). These
and comparative normal values have been
based on an approximate 95% confidence
interval where 97 of 100 normal individuais
tested would be within the normal threshold
range. Lack of agreement among published
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Fio. 5. The frequency distribution of Semmes-Weinstein filament thresholds in normal sujects and in

Hansen's disease patients with a history of hand ulceration. The 6.65 marking number filament was not used in
testing hands because it was felt to be too stiff for use on the finger or palm.
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normal data could be explained by a mea-
surement error resulting from differences in
instrument design and wear, criteria for
threshold determination, environmental
conditions, differences in age, occupation
or skin callus.

In this study, age and occupation were
significantly related to SWF thresholds. In
the absence of age adjusted norms, clini-
cians should be cautious not to overstate
sensory loss in older individuais. This study
found that subjects in heavy or medium-
heavy occupations had higher sensory
thresholds than those engaging in light oc-
cupations. While this study did not assess
the amount of walking or hand activity on
the job, the authors speculate that individu-
ais performing heavy work are likely to de-
velop more callus on the hands and feet,
which could increase the threshold of sen-
sory perception. The effect of callus may be
quite significant in the feet of subjects who
often walk barefoot. Normal data should be
developed specifically for a population who
usually walk barefoot. This study did not
find SWF thresholds to be lower in females
as reported in previous studies. The gender
effect reported in previous studies may be
related to occupation and the higher pres-
ence of callus in males.

In this study the 4.93 (7.0-7.1 g) fila-
ment in the foot and the 4.17 (1.2-1.6 g)
filament in the hand had optimal sensitiv-
ity and specificity for discriminating be-
tween normal individuais and those with a
history of hand and foot ulceration. These
threshold leveis are similar to previous re-
ported threshold leveis for individuais
with a history of hand (19, 24) and foot ul-
cerations (9 15). Future prospective re-
search is needed to test the accuracy of
these threshold leveis in predicting risk for
ulceration.

SUMMARY
Sensory testing with Semmes-Weinstein

filaments was conducted on: 112 normal
subjects to determine the effects of age,
gender and occupation on threshold percep-
tion, 27 Hansen's disease (HD) patients to
determine inter-observer and intra-observer
reliability of testing, and 101 patients with
HD and a history of hand and/or foot ulcer-
ation to identify thresholds for injury risk.
Filament thresholds were found related to

age (p <0.002) and occupation (p <0.001)
but not gender (p >0.1). Inter-observer and
intra-observer reliability was found to be
high (intraclass correlation coefficient =-
0.88-0.93). The 4.93 (7.0-7.7 g) filament
had 97% sensitivity and 100% specificity
for identifying a history of foot injuries, and
the 4.17 (1.2-1.6 g) filament had 100% sen-
sitivity and 100% specificity for identifying
hand injuries.

RESUMEN
Se practicaron pruebas sensoriales con los filamen-

tos de Semmes-Weinstein en: (a) 112 individuos nor-
males para determinar los efectos de la edad, género y
ocupación en el umbral de percepción, (b) 27 pacientes
con ia enfermedad de Hansen (HD) para determinar ia
confiabilidad dentro y entre los ejecutores de ia
prueba, y (c) 101 pacientes con HD y una historia de
ulceración en ia mano o el pie para identificar los um-
brales de riesgo de daão.

Los umbrales de sensibilidad a los filamentos estu-
vieron relacionados con la edad (p <0.002) y ocu-
pación (p <0.001) pero no con el género (p >0. I ). La
confiabilidad dentro y entre los ejecutores de la prueba
fue alta (coeficiente de correlación intraclase: —0.88—
0.93). Los filamentos 4.93 (7.0-7.7 g) tuvieron una
sensibilidad del 97% y una especificidad dei 100% en
la identificación de una historia de lesiones en el pie, y
el filamento 4.17 (1.2-1.6 g) tuvo una sensibilidad dei
100% y una especificidad dei 100% en la identifi-
cación de lesiones en la mano.

RÉSUMÉ
Des tests sensoriels utilisant les filaments de

Semmes-Weinstein furent utilisés pour tester: 112 sub-
jets normaux afim de déterminer l'influence de l'âge, le
genre et la profession sur les limites de perception sen-
sorielle, 27 patients hanseniens (HD) afim de deter-
miner la répétitivité au sem n d'un même et entre les ma-
nipulateurs et 101 patients hanséniens présentant des
commémoratifs d' ulceres aux pieds et/ou aux mains
pour identifier des limites de perception sensorielle as-
sociées á de forts risques de blessures. Une relation en-
tre les limites de perception sensorielle et l'âge (p
<0,002), la profession (p <0,001), mais pas le genre (p
>0,1) fut établie: La reproductibilité inter et intra-util-
isateur fut trouvée être forte (coefficient de corrélation
intra-classe = 0,88-0,93). Le filament numéro 4.93 (7,0
à 7,7 g) a présenté 97% de sensibilité et 100% de spéci-
ficité pour identifier des patients avec des commé-
moratifs de blessures aux pieds et le filament numéro
4.17 (1,2 à 1,6 g) a présenté 100% de sensibilité et
100% de spécificité pour identifier des patients avec des
commémoratifs de blessures aux mains.

Acknowledgment. This study was supported by a
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Netherlands.
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