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Accuracy of Monofi lament Testing 

to Diagnose Peripheral Neuropathy: 

A Systematic Review

ABSTRACT
PURPOSE We wanted to summarize evidence about the diagnostic accuracy of 
the 5.07/10-g monofi lament test in peripheral neuropathy.

METHODS We conducted a systematic review of studies in which the accuracy of 
the 5.07/10-g monofi lament was evaluated to detect peripheral neuropathy of any 
cause using nerve conduction as reference standard. Methodological quality was 
assessed using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS) 
tool.

RESULTS We reviewed 173 titles and abstracts of articles to identify 54 poten-
tially eligible studies, of which 3 were fi nally selected for data synthesis. All stud-
ies were limited to patients with diabetes mellitus and showed limitations accord-
ing to the QUADAS tool. Sensitivity ranged from 41% to 93% and specifi city 
ranged from 68% to 100%. Because of the heterogenous nature of the studies, 
a meta-analysis could not be accomplished.

CONCLUSIONS Despite the frequent use of monofi lament testing, little can be 
said about the test accuracy for detecting neuropathy in feet without visible 
ulcers. Optimal test application and defi ning a threshold should have priority in 
evaluating monofi lament testing, as this test is advocated in many clinical guide-
lines. Accordingly, we do not recommend the sole use of monofi lament testing to 
diagnose peripheral neuropathy.

Ann Fam Med 2009;7:555-558. doi:10.1370/afm.1016.

INTRODUCTION

P
eripheral neuropathy causes loss of sensation and increases the risk 

of ulceration of the feet. Timely identifi cation of loss of protective 

sensation may allow preventive intervention. Peripheral neuropathy 

is a complication in approximately 50% of patients with diabetes, and up 

to 50% of patients with peripheral neuropathy may not have symptoms.1-3

Several tests are used to detect peripheral neuropathy, including vibra-

tion perception, application of warmth and cold, and nerve conduction 

studies, which are assumed to be the reference standard.4 Electrodiagnos-

tic tests can be complex, expensive, and time consuming, which hampers 

their widespread use, especially in primary care, where for most patients 

peripheral neuropathy is diagnosed and treated.

Monofi lament testing is an inexpensive, easy-to-use, and portable test 

for assessing the loss of protective sensation, and it is recommended by 

several practice guidelines to detect peripheral neuropathy in otherwise 

normal feet.1,5,6 Monofi laments, often called Semmes-Weinstein mono-

fi laments, are calibrated, single-fi ber nylon threads, identifi ed by values 

ranging from 1.65 to 6.65, that generate a reproducible buckling stress. 

The higher the value of the monofi lament, the stiffer and more diffi cult 

it is to bend. Three monofi laments commonly used to diagnose periph-

Jacquelien Dros, MD1

Astrid Wewerinke, MD1

Patrick J. Bindels, MD, PhD2

Henk C. van Weert, MD, PhD1

1Department of Family Medicine, 

Academic Medical Center, University of 

Amsterdam, Amsterdam, The Netherlands

2Department of Family Medicine, Erasmus 

Medical Center, Erasmus University Rotter-

dam, Rotterdam, The Netherlands

Confl icts of interest: none reported

CORRESPONDING AUTHOR

Jacquelien Dros, MD

Department of Family Medicine

Academic Medical Center

University of Amsterdam

Meibergdreef 15, 1105 AZ 

Amsterdam, The Netherlands

j.dros@amc.uva.nl



ANNALS OF FAMILY MEDICINE ✦ WWW.ANNFAMMED.ORG ✦ VOL. 7, NO. 6 ✦ NOVEMBER/DECEMBER 2009

556

MONOFIL AMENT TEST ING FOR PERIPHER AL NEUROPATHY

eral neuropathy are the 4.17, 5.07 and 6.10.7-9 Forces 

required to bend these monofi laments are 1, 10, and 75 

g, respectively. The fi lament is placed on the patient’s 

skin (usually the feet); when there is considerable loss 

of sensation, the patient will not be able to detect the 

presence of the fi lament at buckling. The 5.07/10-g 

monofi lament has been described as the best indicator 

to determine loss of protective sensation.7,10-12 The aim 

of this review was to perform a meta-analysis of stud-

ies evaluating monofi lament testing with the 5.07/10-g 

monofi lament in diagnosing peripheral neuropathy of 

the feet from any cause.

METHODS
We searched MEDLINE and EMBASE from database 

inception to June 2007 to identify 

diagnostic accuracy studies of periph-

eral neuropathy that used mono-

fi lament testing. Our search strategy 

focused on monofi laments, peripheral 

neuropathy, and diagnostic studies. 

The complete strategy is available 

in Supplemental Appendix 1, 

available at http://annfammed.

org/cgi/content/full/7/6/555/DC1). 

We applied no language restrictions, 

and we supplemented our searches by 

manually reviewing the reference lists 

of eligible studies.

Selection
Two reviewers (A.W., J.D.) indepen-

dently selected potentially relevant 

studies by titles and abstracts. We 

included articles when peripheral 

neuropathy of the feet was the tar-

get condition, monofi lament testing 

with a 5.07/10-g monofi lament was 

the index test, and nerve conduction 

study was used as reference standard. 

If the 2 reviewers disagreed, con-

sensus was sought with the help of a 

third reviewer (H.W.). . Of all possibly 

relevant articles, the full text was 

reviewed using the above-mentioned 

inclusion criteria.

Quality Assessment
The methodological quality of the 

studies was independently assessed 

by 2 reviewers (A.W., J.D.) using 

the Quality Assessment of Diagnos-

tic Accuracy Studies (QUADAS) 

checklist (the QUADAS checklist can be found in 

Supplemental Appendix 2, available at http://

annfammed.org/cgi/content/full/7/6/555/DC1).13 In 

case of disagreement consensus was reached with a 

third reviewer (H.W.).

Data Synthesis and Analysis
Sensitivity and specifi city were calculated from 2 × 2 

tables or retrieved from data available in the primary 

articles. The aim of the review was to perform a 

meta-analysis.

RESULTS
The study selection process is shown in Figure 1. The 

characteristics of the fi nal assessed 3 diagnostic accuracy 

 Figure 1. Flowchart of the study selection process. 

119 References excluded 
after screening titles 

and/or abstracts 

48 Articles excluded 

 14 No diagnostic accuracy study

 12  Index test not 5.07/10-g monofi la-
ment testing 

 8  Target condition not peripheral 
neuropathy of feet

 12  No appropriate reference standard 

 2  Duplicate publication

5 Articles excluded 

3  Insuffi cient data to construct 
sensitivity and specifi city

2  Patients with a visible ulcer 

173 Potentially relevant citations 
identifi ed in MEDLINE and EMBASE to 

capture primary articles on monofi lament 
testing in peripheral neuropathy

54 Primary articles retrieved 
for detailed evaluation

8 Primary articles assessed 
with QUADAS

3 Studies included 
in systematic review

2 Additional studies identi-
fi ed through reference lists
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studies are shown in Table 1. All studies appeared to 

be limited to patients with diabetes mellitus. Sensitivity 

of the monofi lament test ranged from 0.41 to 0.93, and 

specifi city ranged from 0.68 to 1.00. All studies showed 

methodological limitations that could have infl ated sensi-

tivity or specifi city. A meta-analysis could not be accom-

plished because of important differences in the methods 

of execution of the index test and relevant differences in 

thresholds defi ning conduction abnormalities.

DISCUSSION
The aim of this systematic review was to evaluate 

monofi lament testing with the 5.07/10-g monofi lament 

as a diagnostic test for peripheral neuropathy of the 

feet of any cause. An effective diagnostic test requires 

an acceptable and well-established sensitivity and an 

acceptable specifi city. Sensitivity in the included stud-

ies ranged from 41% to 93%, and specifi city ranged 

from 68% to 100%. These wide ranges are possibly 

due to differences in application of the monofi lament 

(number and site), interpretation of the monofi lament 

test (defi nition of thresholds), and differences in study 

populations. A meta-analysis was not possible because 

of this clinical heterogeneity.

We believe our identifi cation of studies has been 

complete, as we applied no language restriction and 

conducted a sensitive search. The study with the best 

characteristics (Lee et al14) showed a possibly seri-

ous methodological fl aw: it was unclear whether the 

interpretation of the monofi lament test was infl uenced 

by knowledge of the results of the reference standard 

and vice versa. In addition, a study population of 37 

patients is quite small.

Another problem is the lack of standardization of 

the monofi lament test methods. Different methods are 

described varying from 1 testing site15,16 to 10 testing 

sites14 on 1 foot, and there is no evidence or consensus 

about the most appropriate threshold.

We found various published reference standards for 

peripheral polyneuropathy, including clinical examina-

tion, vibration perception thresholds with biothesiom-

eter/vibrameter/tuning forks, warm/cold detection, and 

nerve conduction studies. We rejected clinical exami-

nation, vibration perception, and warm/cold detection 

as reference standards: the fi rst 2 because of obvious 

limitations in sensitivity or specifi city,4,17,18 and thermal 

sense detection because it tests small-fi ber neuropathy, 

whereas applying a monofi lament and light touch, such 

as vibration and nerve conduction, tests for large-fi ber 

Table 1. Characteristics of the Included Studies, With Nerve Conduction Study as Reference Standard

Characteristic Lee, 200314 a,b Perkins, 200115 a,c Shin, 200019 d

Participants n (% women) 37 (46) 478 (34) 126 (54)

Age, mean, y 59 54 58

Population Unselected type 2 diabetic 
outpatients in Pusan, Korea

a.  426 Unselected diabetic patients 
attending secondary and tertiary 
diabetic clinics, and recruited 
through advertisements

Consecutive diabetic patients 
referred to a secondary 
foot clinic in Seoul, Korea

b.  52 Nondiabetic reference subjects in 
Toronto General Hospital/University 
Health Network, Canada

Methods of monofi lament testing

Sites, No. and Location 10, Dorsal between base digit 
1-2; ventral digit 1,3,5; MT 
heads 1,3,5; medial and lat-
eral midfoot; heel

1, Hallux NR

Threshold ≥5 of 10 incorrect (1 foot) a. ≥5 of 8 incorrect (both feet) 

b. ≥2 of 8 incorrect (both feet)

NR

Sensitivity (95% CI) 93.1 (0.77-0.99) a. 40.9 (0.36-0.46)

b. 77.0 (0.72-0.81)

56.7 (0.44-0.69)

Specifi city (95% CI) 100.0 (0.63-1.00) a. 96.2 (0.90-0.99) 

b. 68.3 (0.58-0.77)

94.9 (0.86-0.99)

LR+ (95% CI) 16.5 (1.1-245.0) a. 10.6 (4.0-28.0)

b. 2.4 (1.8-3.2)

11.2 (4.0-34.0)

LR– (95% CI) 0.07 (0.02-0.26) a. 0.61 (0.56-0.67)

b. 0.34 (0.27-0.42)

0.46 (0.35-0.60)

CI = confi dence interval; QUADAS = Quality Assessment of Diagnostic Accuracy Studies, LR = likelihood ratio; MT = metatarsal, NR = not reported.

a QUADAS limitation: selection criteria not clearly described.
b QUADAS limitation: test results possibly not interpreted without knowledge of the other test results.
c QUADAS limitation: withdrawals from study not clearly explained.
d QUADAS limitation: execution of index test and reference standard not described in suffi cient detail.
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neuropathy. Only 4 studies assessed with QUADAS 

used nerve conduction as the reference standard,14,15,19,20 

of which 3 were included in our fi nal selection.

We also rejected studies if the monofi lament test 

was performed on patients who had visible ulcers. In 

patients with current visible ulcers, the interpretation 

of the monofi lament test and the nerve conduction 

studies may be infl uenced by this knowledge (observer 

or reviewer bias).

We conclude that despite of the frequent use of the 

(Semmes-Weinstein) monofi lament test, little can be 

said about the test accuracy for detecting neuropathy 

in feet that do not have visible ulcers, because diag-

nostic studies with adequate methodology are lacking. 

Further research on monofi lament testing should focus 

on optimal standard test application procedures (num-

ber and sites) and on defi ning a reproducible threshold.

As this test is already widely used and advocated 

in many clinical guidelines, especially for diabetic 

patients, standardization of the method for the mono-

fi lament test and studies to defi ne the sensitivity of this 

method in clinical practice are important. Meanwhile, 

the sole use of a monofi lament test to diagnose periph-

eral neuropathy is not recommended. The diagnosis of 

peripheral neuropathy can be made only after a careful 

clinical examination with more than 1 test, as recom-

mended by the American Diabetes Association.1 Tests 

for this clinical examination are vibration perception 

(using a 128-Hz tuning fork), pressure sensation (using 

a 10-g monofi lament at least at the distal halluces), 

ankle refl exes, and pinprick.1,2,21 When in doubt, a 

nerve conduction test might be necessary to establish a 

fi rm diagnosis.

To read or post commentaries in response to this article, see it 
online at http://www.annfammed.org/cgi/content/full/7/6/555.
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