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Abstract
Purpose: Determine the intrarater-reliability, interrater-reliability and normal 
reference scores of the Semmes Weinstein Monofilament test (SWM) of the feet 
of healthy subjects. Additionally, the stability of the SWM for prospective use was 
assessed by determining systematic changes in sensory thresholds. 
Methods: Interrater-reliability was assessed on 5 locations of the plantar side of 
both feet using monofilaments 1.65, 2.36, 2.44, 2.83, 3.22, 3.61, 3.84, 4.08, 4.31, 
5.56, 6.65 in 60 healthy subjects by 2 or 3 investigators (test day 1). Intrarater-
reliability and systematic changes in sensory thresholds were assessed 3 weeks 
later (test day 22) by one investigator. 
Results: Median interrater-reliability for the 5 test locations for both feet was poor 
to moderate. Median intrarater-reliability was good for the left foot and poor to 
moderate for the right foot. Significantly lower median sensory thresholds were 
found for the first SWM measurement at test day 22 compared to the first and 
second measurement of test day 1. Given the observed reliability of the SWM, a 
normal sensory score for the feet was situated between monofilament 3.22 and 
4.08. 
Conclusions: The SWM are reliable when measured by one researcher. Systematic 
changes in sensory thresholds were observed, therefore, the stability of the SWM 
for use in prospective studies could not be verified.
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Introduction
Illnesses affecting the somatosensory nervous system (1), such as Complex Regional 
Pain Syndrome type 1 (CRPS 1) (2), herpes zoster (3) and diabetic neuropathy (4) 
are characterized by sensory abnormalities such as allodynia, hyperesthesia and 
hypoesthesia, affecting coetaneous sensibility. 
Various methods exist for determining coetaneous sensibility, of which the Semmes 
Weinstein Monofilament test (SWM) (5;6) is one of the most commonly used. 
The SWM consists of a kit of 20 nylon monofilaments attached to a rod. Each 
monofilament is of a different thickness, representing a logarithmic force on a base 
10, with a range of 1.65 (the lowest) up to 6.65 (the highest), needed to bend the 
monofilament. The SWM has been used to measure sensory abnormalities in CRPS 
1 (7;8), diabetic peripheral neuropathy and other chronic pain syndromes (9-11).
The SWM can be used to assess sensory disturbances in bilateral comparisons 
between affected and non-affected body regions, and in direct comparisons with 
normal reference standards (12) as specified by the SWM manufacturer for the 
upper extremity (see appendix 1). Although clinimetric properties of the SWM 
have been established for the upper extremity (13-16), information with respect to 
the reliability of the SWM and normal reference is lacking for the lower extremity. 
Physical influences from functional use of the lower extremities, in particular for 
the plantar side of the feet, differ substantially from those exhibited to the upper 
extremity, and may therefore lead to a different quality in sensory perception. 
The purpose of the present study is to assess the intrarater and the interrater-
reliability, and to obtain a normal reference sensory score of the SWM for the feet 
of healthy individuals. Furthermore, in order to assess the stability of the SWM for 
use in prospective studies, systematic changes in sensory thresholds measured with 
the SWM were assessed. 

Methods 
This study evaluating the interrater-reliability of the SWM was preceded by 2 
preparation studies, in which in the first preparation study the monofilaments 
required were selected. In the second preparation study, intrarater-reliability was 
assessed on the selected monofilaments. The results of the final interrater-reliability 
study will be described in more detail. For the 2 preparation studies and the final 
interrater-reliability study, the following test procedure and statistical analyses 
were performed.
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The test procedure
The tests were performed in a quiet and distraction free room under environmentally 
stable conditions, and were performed by trained researchers according to a 
standardized protocol.
For acclimatization purposes, ten minutes before the start of the measurements, 
subjects were asked to take both shoes and socks off and to lie down on the 
treatment bench. In addition, a short questionnaire about the actual health status 
of the subjects was assessed and test instructions were given to the subjects. 
Temperature of the feet was measured on 5 locations of the dorsum of the feet 
with an infrared thermometer (First Temp Genius®) and was averaged. To control 
for possible decrease in temperature of the feet, mean foot temperature measured 
before the first test was compared with mean foot temperature measured after the 
last test (17). 
As there is no consensus about the used SWM test locations (18), 5 SWM testing 
areas of the plantar side of the foot, representing various sensibilities of the foot, 
were selected. Test locations were: the distal phalanx dig.1, the distal phalanx dig.2, 
the distal phalanx dig.5, the arcus plantaris medialis and the arcus plantaris lateralis. 
All monofilaments were applied three times consecutively, except for filaments 3.84 
and higher, which were applied once according to the manufacturer’s instructions.
Subjects were instructed to close their eyes during the test. All monofilaments 
were applied 1.0-1.5 seconds to the test locations, starting with the smallest 
monofilament. Subjects were asked to name the exact location where a monofilament 
was detected. If a monofilament was perceived correctly on a test location, the 
filament representing a specific force was noted as the subject’s sensory score. If 
a monofilament was not detected, the researcher tested the next monofilament in 
rank. Subjects were kept unaware of the measurement sequence, and were given 
no indication as to whether a monofilament was identified correctly. 

Preparation study 1. Selection of monofilaments and intra-rater assessment
In the first phase of this study, the intrarater-reliability of the SWM was tested 
in the feet of 50 (20 male and 30 female) healthy subjects (age: mean 40.4, SD 
11.2 years). Five locations of the plantar side of the feet were tested bilaterally. 
To obtain a reference value for future comparisons, the monofilaments 1.65, 2.83, 
3.22, 3.61, 4.31, 4.56 and 6.65 were used, representing sensory ranges specified by 
the manufacturer (see appendix 1). Sensory thresholds were found to be situated 
between monofilament 3.61 and 4.31 (3.75; IQR 3.52-4.24 and 3.75; IQR 3.52-4.03, 
for the right and left foot respectively). Women had significantly lower median 
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sensory scores than men (women vs. men for the left foot: 3.66; IQR 3.38-4.03, 
3.95; IQR 3.67-4.31, p= 0.038 and women vs. men for the right foot: 3.61; IQR 3.45-
3.99, 3.89; IQR 3.61-4.31, p= 0.025). Intrarater-reliability was moderate for the 
right foot (ICC =.66; IQR.57-79) and very good for the left foot (ICC =.84; IQR.68-
.91). Consequently, in order to obtain a more sensitive estimation of the sensory 
threshold between filaments 3.61 and 4.31, monofilaments 3.84, 4.08 and 4.17 
were included. 

Preparation study 2. Second testing of monofilaments and intrarater-reliability 
assessment 
In the second preparation study, the intrarater-reliability of the augmented set of 
monofilaments was assessed. Ten male and 10 female subjects (mean age 40.4, SD 
10.3 years) from the sample used in the first phase were retested after 4 weeks. 
The intrarater-reliability was found to be good for both feet (right foot ICC:0.83; 
IQR 0.73-0.86, left foot ICC:0.86; IQR 0.83-0.92). Contrary, to the findings in the 
first preparation study significantly lower sensory thresholds were found (3.41; IQR 
3.22-3.58, 3.37; IQR 3.22-3.47, p<0.000 for the left and right foot, respectively), 
without significant differences between both sexes. 

Final interrater-reliability study
Based on preparation study 1 and 2, the final study was started in which the 
interrater-reliability and systemic differences in sensory thresholds over time were 
assessed. The same filaments were used as in preparation study 2 with the addition 
of monofilaments 2.36 and 2.44. These monofilaments were added to the testing 
protocol, due to the finding of significantly lower sensory thresholds in preparation 
study 2 compared to preparation study 1. Monofilament 4.17 was removed from 
the testing protocol because it appeared to have no added value above included 
monofilaments. As different subjects and researchers participated in this interrater-
reliability study compared to the preparation studies, the intrarater-reliability was 
determined again. 

Subjects
Sixty healthy subjects were recruited from hospital staff and medical students. 
Inclusion criteria were: 1. Age between 20 to 70 years; 2. No impairments in the 
lower extremity; 3. No recent traumas or operations in the testing area; 4. Written 
informed consent. Exclusion criteria were: 1. Sensibility or pain complaints of 
the feet; 2. Skin abnormalities (e.g., scars) in the testing areas; 3. Diagnosed with 
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diabetes mellitus and/or polyneuropathy; 4. Lower back complaints in combination 
with radicular pain in the leg; 5. Other complaints that could influence sensibility of 
the feet. Subjects were divided in 5 age subgroups: 20-30 years, 31-40 years, 41-50 
years, 51-60 years and 61-70 years. All subgroups contained 10 subjects except for 
subgroup 41-50 years which contained 20 subjects, as the prevalence of chronic 
pain disorders affecting the somatosensory system is higher in this age group. In the 
CRPS 1 population of our pain clinic a gender distribution of 2:3 is found. To mimic 
this gender distribution each subgroup contained 40% men and 60% women.

Interrater-reliability (test day 1)
In order to test the interrater-reliability of the SWM, measurements were repeated 
by a second and/or third researcher. The second and third test was performed 
5 minutes after the preceding test. The testing order of the researchers was 
randomized. 

Intrarater-reliability (test day 22)
Three weeks after test day 1 (test day 22), additional SWM measurements were 
performed by only 1 researcher. To obtain information about the intrarater-
reliability of the SWM, measurements were repeated immediately after finishing 
the first measurement. 

Systematic changes in sensory thresholds 
Systematic changes in sensory thresholds over time were examined by comparing the 
sensory thresholds measured on test day 1 with the sensory thresholds measured 
on test day 22. As there were no interventions between the measurements at day 1 
and 22, the sensory thresholds were expected to have about the same value. 

Statistical analysis
The data were processed and analyzed with SPSS 15. Intrarater-reliability and 
interrater-reliability (for 2 and 3 researchers) were calculated for the 5 SWM test 
locations individually, using the Intraclass Correlation Coefficient (ICC). Subsequently, 
the 5 individual ICC’s were used to calculate the median intrarater and interrater-
reliability for the whole foot. The following cut-off-points for the ICC were used: 
<0.50 poor reliability, 0.50-0.75 moderate reliability, >0.75 good reliability (19;20). 
Median interrater and intrarater-reliability were determined for the whole sample, 
and for men and women. In order to control for the influence of temperature 
decrease on sensory perception, subgroup analyses were performed for subjects 
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with a decrease in skin temperature, using cut off point of 0.6°C for 2 raters, or 1.0°C 
for 3 raters. These cutoff points were used, because a skin temperature difference 
of respectively 0.6°C and 1.0°C between the affected and unaffected extremity in 
CRPS 1 patients was shown to be a predictor for the diagnosis of CRPS 1 (21). Data 
were presented as mean (± SD) or medians (IQR) when appropriate. 
Wilcoxon signed rank test was used to compare ICC scores of subjects with low and 
high decrease of skin temperature and to compare sensory thresholds of test day 
1 with those of test day 2. Friedman test was used to compare reliability scores 
between different test locations. P values < 0.05 were considered statistically 
significant. 
The standard error of measurement (SEM= σ√1-ICC) was obtained from the 
intrarater-reliability and was used to calculate the minimal detectable change (i.e. 
the amount of change greater than measurement error) in sensory thresholds 
(22). Minimal detectable change in sensory thresholds was defined as the change 
between consecutive measurements exceeding the interval: 1.96 * √2 * SEM. These 
1.96 * √2 * SEM corresponds to the limits of agreement in a Bland and Altman 
method (23). 

Results
Sixty healthy subjects were included with a mean age of 44.0 (SD 13.3). 

Interrater-reliability
Thirty-four subjects were tested by 2 researchers and 26 by 3 researchers. Table 
1 shows the median interrater-reliability calculated between the researchers (3 
researchers, the first and second researcher, the first and third researcher and 
the second and third researcher, respectively) for the right and left foot. Median 
interrater-reliability for both the right and left foot was poor to moderate for the 
whole sample and for women and men separately. 
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Table 1: Median interrater-reliability for the three raters and per pair
Researchers 1, 2 and 3 1 and 2 1 and 3 2 and 3

N ICC (IQR) N ICC (IQR) N ICC (IQR) N ICC (IQR)
All   R 26 0.44 (0.40-0.47) 59 0.49 (0.39-0.59) 26 0.36 (0.31-0.53) 26 0.50 (0.31-0.72)

L 26 0.41 (0.16-0.61) 59 0.42 (0.39-0.56) 26 0.36 (-0.09-0.56) 26 0.52 (0.29-0.72)
Women R 15 0.33 (0.17-0.52) 35 0.58 (0.32-0.65) 15 0.38 (0.23-0.53) 15 0.27 (0.09-0.56)

L 15 0.18 (0.10-0.42) 35 0.41 (0.32-0.58) 15 0.00 (-0.15-0.35) 15 0.31 (0.11-60.1)
Men   R 11 0.56 (0.30-0.65) 24 0.42 (-0.21-0.54) 11 0.28 (-0.40-0.72) 11 0.58 (0.44-0.90)
    L 11 0.46 (0.30-0.47) 24 0.45 (0.41-0.63) 11 0.40 (0.12-0.71) 11 0.48 (0.34-0.83)
R: right foot, L: left foot. Median taken of 5 test locations, IQR: inter quartile range.

Poor to moderate ICC scores were found for the separate test locations (table 2). The 
5 test locations measures in the left foot differed significantly in reliability scores, 
with dig. 2 and 5 showing the highest reliability and the arcus plantaris medialis the 
lowest (Friedman test, p = 0.015). No significant difference was found between the 
test locations for the right foot (Friedman test, p = 0.699). 

Table 2: ICCs for interrater-reliability per location for the whole sample
Dig. 1 Dig. 2 Dig. 5 Medialis Lateralis

1, 2 and 3 R 0.40 0.45 0.44 0.40 0.48
L 0.41 0.54 0.68 0.07 0.25

1 and 2 R 0.45 0.33 0.49 0.63 0.54
L 0.40 0.42 0.63 0.37 0.48

1 and 3 R 0.16 0.36 0.25 0.38 0.68
L 0.46 0.37 0.61 -0.19 0.01

2 and 3 R 0.74 0.50 0.69 0.24 0.38
L 0.30 0.81 0.68 0.27 0.53

R: right foot, L: left foot.

The influence of decrease in skin temperature on the reliability of the SWM is 
shown in table 3 (N=57, missing n=2). Most of the subjects tested by 3 researchers 
had a skin temperature decrease of more than 0.6°C. No significant difference in 
reliability scores was found between the subjects with skin temperature decrease 
higher or lower than 0.6°C (p = 0.69) or 1.0°C (p = 0.50), respectively. 
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Table 3: Influence of temperature on reliability on median ICC 
2 researchers N ICC (IQR) 
< 0.6° R 10 0.55 (0.50-0.80)
> 0.6° R 23 0.51 (0.19-0.60)
< 0.6° L 6 0.40 (0.17-0.64)
> 0.6° L 27 0.41 (0.34-0.62)
3 researchers N ICC (IQR) 
< 1.0° R 5 0.60 (0.08-0.80)
> 1.0° R 19 0.33 (0.26-0.47)
< 1.0° L 6 0.42 (-0.36-0.89)
> 1.0° L 18 0.07 (-0.05-0.22)
R: right foot, L: left foot. Median taken of 5 test locations, IQR: inter quartile range.

Intrarater- reliability
Reliability scores for the whole sample and individual test locations are described in 
table 4. Good intrarater-reliability scores were found for the left foot for the whole 
sample, women and men separately, while poor to moderate reliability scores were 
found for the right foot. 
Reliability scores were significantly higher in the left foot compared to the right 
foot for the whole sample (p = 0.043) and women (p = 0.043) and tended to be 
higher in men (p = 0.08). No significant differences in intra-rater-reliability were 
found between different test locations for the right (Friedman test, p = 0.569) and 
left foot (Friedman test, p= 0.549). 
Bland and Altman plots (figures 1 and 2) for the left and right foot depict 
abovementioned differences. Negative mean differences between the first and 
second measurements indicate slightly higher sensory thresholds during the second 
measurement. No relationship between the magnitude of measurements and size 
of the difference could be observed.

Table 4: median intrarater-reliability for the 5 test locations and ICC per location
Median ICC ICC per location

N ICC (IQR) Dig. 1 Dig. 2 Dig. 5 Medialis Lateralis
All R 57 0.52 (0.42-0.58) 0.52 0.36 0.56 0.61 0.48

L 57 0.78 (0.68-0.83) * 0.80 0.78 0.84 0.78 0.69
Women R 34 0.56 (0.53-0.67) 0.72 0.63 0.56 0.52 0.54

L 34 0.90 (0.80-0.94) * 0.86 0.91 0.90 0.55 0.96
Men R 23 0.41 (0.23-0.65) 0.37 0.10 0.58 0.73 0.41

L 23 0.83 (0.48-0.86) 0.83 0.63 0.87 0.85 0.32
R: right foot, L: left foot. IQR: inter quartile range. * Significantly higher reliability scores in the left foot 
compared to the right foot (p< 0.05) 
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Systematic changes in sensory scores
Sensory thresholds measured during test day 1 and test day 22 for the whole sample, 
men and women separately are presented in table 5. For the whole sample, sensory 
thresholds were found to lie between monofilaments 3.22 and 4.08, without 
statistically significant differences between men and women.
Statistically significant lower sensory thresholds were found for the first SWM 
measurement at test day 22 compared to the first and second measurement of 
test day 1. No statistically significant differences were found in sensory thresholds 

Figure 2: Bland and Altman plot 
for the differences between 
measurement 1 and 2 against 
mean test retest sensory 
thresholds for the left foot

LoA: limits of agreement

Figure 1: Bland and Altman plot 
for the differences between 
measurement 1 and 2 against 
mean test and retest sensory 
thresholds for the right foot

LoA: limits of agreement
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between measurement 2 on test day 22 compared to measurement 1 and 2 of test 
day 1. 

Table 5: Median sensory thresholds for the first, second and third measurement of test day 
1 and for the first and second measurement of day 22 for the whole sample, women and 
men separately

Test day 1 Test day 22
Measurement 1 2 3 1 (test) 2 (retest)
All R 3.69 (3.37-4.04)* 3.75 (3.38-4.12)* 3.63 (3.34-3.86) 3.59 (3.30-3.86) 3.67 (3.23-4.12)

L 3.74 (3.22-4.07) 3.82 (3.47-4.11)* 3.61 (3.26-3.91) 3.64 (3.25-4.03) 3.80 (3.38-4.08)
Women R 3.64 (3.31-4.04)* 3.69 (3.30-4.13)* 3.57 (3.22-3.80) 3.59 (3.30-3.84) 3.63 (3.23-4.03)

L 3.69 (3.22-4.08) 3.81 (3.39-4.03) 3.39 (3.22-3.83) 3.64 (3.20-4.00) 3.72 (3.22-4.03)
Men R 3.76 (3.54-4.17)* 3.81 (3.48-4.22)* 3.70 (3.45-3.98) 3.58 (3.30-3.89) 3.73 (3.22-4.27)

L 3.83 (3.30-4.07) 3.89 (3.58-4.22) 3.77 (3.45-3.94) 3.80 (3.45-4.17) 3.86 (3.39-4.22)

Sensory thresholds in median (IQR). *Statistically significant higher sensory thresholds at day 1 
compared to measurement 1 on day 22 (p <0.05). 

The SEM values and limits of agreements are presented in table 6. Values are slightly 
higher for males compared to females and right foot compared to the left. For the 
total sample, the minimal detectable change in sensory threshold (i.e. changes 
exceeding the interval: 1.96 * √2 * SEM) does not exceed 0.91 points on the log 
force scale (see Appendix A). This means that, given the intarater-reliability found 
in this study, a change less than 0.91 in a person is probably due to measurement 
error, but changes larger than 0.91 points might be considered real changes. 

Table 6: Maximum sensory thresholds, mean sensory thresholds, ICC´s, SEM and limits of 
agreement for the whole sample, women and men separately

Right foot Left foot
Max sensory
Threshold †

Sensory
Thresholds ‡ 

ICC § SEM ‖ LoA ¶ Max sensory
Threshold †

Sensory
Thresholds ‡ 

ICC § SEM ǁ LoA ¶

All 4.93 3.56 (0.49) 0.52 0.33 ± 0.91 5.16 3.68 (0.53) 0.78 0.25 ± 0.69
women 4.32 3.55 (0.46) 0.56 0.31 ± 0.85 4.52 3.59 (0.51) 0.91 0.15 ± 0.42
men 4.93 3.56 (0.55) 0.41 0.42 ± 1.16 5.16 3.80 (0.54) 0.83 0.22 ± 0.61

†Highest sensory score for the whole feet. ‡Mean sensory thresholds (SD). §ICC: Intrarater-reliability. 
ǁSEM: standard error of measurement. 
¶LoA: Limits of agreement defined as: 1.96 *√2 *SEM.

Discussion
Poor to moderate interrater-reliability for the SWM tested for the feet was found 
in the present study. Our results are in line with those from the study by Rozental 
et al. (24), who assessed interrater-reliability of the SWM measured in hands of 
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healthy volunteers and found low reliability scores. However, in contrast to our 
and Rozental et al’s findings, other studies evaluating the interrater-reliability of 
the SWM (11;15;16;25-27) found much higher reliability scores. These studies 
(11;15;16;25-27), however, have evaluated the interrater-reliability of the SWM 
in patients. Reliability parameters (such as the ICC) are highly dependent on the 
heterogeneity of a study sample (22). Therefore, the lower interrater-reliability 
thresholds found in our and Rozental et al’s (24) study are, due to the less inter 
individual variation of sensory thresholds in healthy subjects compared to patients, 
to be expected.
Although the researchers in our study were all well trained and the SWM test was 
performed according to a strict and standardized assessment protocol, minimal 
differences in applied force between assessors may have influenced results (28). 
Examining median sensory thresholds for the 3 examiners (SC, PV and RP) revealed 
that slightly higher (non significant) sensory thresholds were obtained by SC 
compared to PV and RP (data not presented). Exclusion of the measurements of 
SC from the analyses did not significantly improve reliability scores. An alternative 
explanation may lie in actual differences in perception of sensory stimulation by 
patients in consecutive measurement. 
We are of opinion that testing 2 extremities represents best the current clinical 
practice in which the non-affected extremity is compared to the affected 
extremity. Whereas most studies evaluating the interrater-reliability of the SWM 
evaluated only 1 extremity, in the present study we assessed both feet, resulting 
in a longer test duration. Prolonged testing duration may have influenced subject 
concentration, leading to reduced alertness for sensory stimulation. Furthermore, 
the increase in testing duration appears to have led to decreased temperature of 
the feet due to reduced circulation requirements. Cooling down of the feet may 
lead to temporary numbed coetaneous sensory fibers resulting in lower sensitivity 
scores (29). Although in our sample lower sensitivity scores were not observed as 
the feet cooled down (data not shown), we do think that studies using the SWM 
should take the temperature of the measured extremities into account. 
Differences in the used filaments may also contribute to the differences in interrater-
reliability. Most studies used filaments that represented the upper limit of each 
sensory range (2.83: normal touch, 3.61: diminished light touch, 4.31: diminished 
protective, 4.56: loss protective and 6.65: deep pressure only) as stated by the 
manufacturer. We have added the monofilaments 1.65, 2.36, 2.44, 3.22, 3.84 and 
4.08 to our testing protocol, in order to increase sensitivity of the test. However, 
detection of individual monofilaments may have been hampered due to smaller 
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inter-monofilament differences in relation to variable discriminative properties of 
sensory receptors. 
Furthermore, differences in the tested locations may have influenced overall 
reliability scores. On the plantar side of the feet interrater-reliability scores were in 
general highest in digi 2 and digi 5 compared to the other test locations. Although 
these difference were not statistically significant, this may indicate that some test 
sites are more reliable than others. Further evaluation of alternative test sites (e.g., 
the dorsum site of the foot) may therefore provide more reliable testing areas for 
the feet. 
In contrast to the interrater-reliability, the intrarater-reliability was found to be 
moderate to good for the whole sample, which appeared to be consistent across 
the preparation studies as well as the final study. Remarkable were the significantly 
higher intrarater-reliability scores for the left foot compared to the right foot. In 
preparation study 1, we also found a slightly lower reliability score for the right 
foot. In both cases, the right foot was tested first in line according to protocol. 
Possibly, subjects were more reserved in response due to the unfamiliarity with the 
perception of the filaments.
Furthermore, lower intrarater-reliability scores were found in the final study compared 
to those found in preparation study 1, despite equal testing circumstances. A possible 
explanation for the differences between the preparation studies and the final study 
is that different subjects and different researchers participated in both studies. These 
findings underline our observations that inter-individual variation on subject and 
observer level contribute to reliability of SWM measurements for the feet.
In this sample of subjects, sensory thresholds for the whole foot were found to lie 
between monofilaments 3.22 and 4.08. In a study performed on healthy subjects by 
Kets et al. (30), monofilament 4.31 was found to be the first filament perceived on 
all locations of the foot. A mean sensory threshold score of 3.63 was found in the 
foot of healthy subjects by Jeng et al. (31). Furthermore, mean sensory thresholds 
corresponding with monofilament 3.61 were found in the feet of healthy subjects 
by Kemler et al. (12). Based on the latter and the concurrence in median sensory 
threshold scores found in the final study and first preparation study, we suggest that 
normal sensitivity of the feet lies between monofilaments 3.22 and 4.08. 
Systematic changes in sensory thresholds were observed during test day 1 and 22, 
which we could not explain. Whether these differences are related to the subjects 
or the SWM instrument needs to be established more thoroughly. Therefore, for 
now, the stability of the SWM assessments of the feet for use in prospective studies 
cannot be verified.
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Conclusion
This study found limited interrater-reliability of the SWM, suggesting that SWM 
thresholds scores obtained by different researchers are less comparable. According 
to our present data, we conclude that SWM measurements of the plantar side of 
the feet are reliable when measured by one researcher. In addition, in this sample 
of subjects, a normal sensory score is situated between monofilament 3.22 and 
4.08. Whether this score is generally applicable as a normal reference value needs 
to be further elucidated. 
The SWM are capable to detect true changes in sensory thresholds, however, is 
not clear whether the SWM is stable enough to be used in prospective studies. 
Therefore, the stability of the SWM needs to be further evaluated. In addition, future 
studies should also consider alternative test locations of the feet (e.g., dorsum side) 
or lower extremity for the SWM. 

Considerations for clinical use of the SWM for the feet
The SWM is an inexpensive, noninvasive, easy to use instrument that quantifies 
pressure detection thresholds of the skin and is therefore of value to the clinical 
setting. The clinical value of the SWM when used in the feet, however, can be 
(negatively) influenced by some aspects, which those working in the field should 
consider. 
Sensory disturbances can be assessed with the SWM by comparing affected with 
non-affected body regions, or by direct comparison with normal reference standards. 
Direct side to side comparison is preferred (12), but in cases where comparison 
within the same subject is not possible, age and sex categorized normal sensory 
thresholds for the plantar side of the foot as determined in this study can be used.
No agreement exist about the number of monofilaments and which filaments 
should be used in SWM testing of the feet. In case of within subject comparison, 
we recommend to use a broad range of monofilaments. However, the use of all 20 
monofilaments is not recommended as it is time consuming, and my lead to possible 
loss of subjects’ concentration and cooling down of the feet. For comparison with 
normal reference values, we suggest to test monofilaments in the middle of the 
normal reference range, and those outside this range. In this case of our study, for 
use in the plantar side of the feet, monofilaments 3.22 to 4.08, 1.65 to 2.83 and 
4.17 to 6.65 would be appropriate to represent respectively, normal, hyperesthesic 
and hypoesthesic sensory values. 
As there is no consensus regarding specific test localizations, we recommend to 
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choose test areas representative for the disorder. In disorders in which specific 
peripheral nerves are affected, locations representing these nerves can be chosen. 
In disorders without evident nerve damage, test locations representing different 
levels of sensibility (for instance both dorsum and plantar side of the feet) can be 
selected. 
Normal longitudinal variations in sensory thresholds for the plantar side of the 
feet are evident, and have to be taken into consideration when assessing changes 
in the course of time. Furthermore, SWM measurements in the feet performed 
by different researchers cannot be compared with each other, due to limited 
interrater-reliability. The SWM measurements can be reliably used for diagnosing 
sensory abnormalities (such as hyperesthesia and hypoesthesia) of the plantar side 
feet when assessed by one researcher. 

Appendix 
Sensory ranges for the hand as specified by Semmes Weinstein pressure 
Aesthesiometer manufactured by Smith & Nephew (USA)

Log force Grams Sensory range

1.65 0.0045

Normal
2.36 0.0230
2.44 0.0275
2.83 0.0677

3.22 0.1660
Diminished light touch3.61 0.4082

3.84 0.6958

Diminished protective sensation
4.08 1.1940
4.17 1.4940
4.31 2.0520

4.56 3.6320

Loss of protective sensation

4.74 5.500
4.93 8.650
5.07 11.70
5.18 15.00
5.56 29.00
5.88 75.00
6.10 127.0
6.45 281.5
6.65 447.0
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