LOWER-EXTREMITY PERIPHERAL NERVE PROBLEMS

Comparison of Measures of Large-Fiber
Nerve Function in Patients with Chronic
Nerve Compression and Neuropathy

Measurement of large-fiber peripheral nerve function is critical to the as-
sessment of patients with nerve injury, chronic nerve compression, and
neuropathy. We evaluated the Semmes-Weinstein nylon monofilament
(SWM), vibrometry, and the Pressure-Specified Sensory Device (PSSD)
(Sensory Management Services LLC, Baltimore, Maryland) prospectively
on the plantar surface of the hallux, bilaterally, in 35 patients with periph-
eral nerve problems related to nerve compression and neuropathy. Five
patients had carpal tunnel syndrome and, therefore, had normal hallux
measurements. Normative data for the SWM were obtained for 59 age-
stratified people. A moderately strong Pearson product moment correla-
tion was found for large-fiber nerve function between the PSSD and the
SWM and between the PSSD and vibrometry. However, when these func-
tions were compared with normative values for each neurosensory test-
ing technique, sensitivity for detecting the presence of a peripheral nerve
problem was 100% for the PSSD, 63% for the SWM, and 30% for vibrom-
etry. False-positive test results were obtained for the hallux in 0% of nor-
mal feet when the PSSD was used, in 20% when vibrometry was used,
and in 30% when the SWM was used as the test instrument. The PSSD
was the most sensitive in identifying the presence of a large-fiber periph-
eral nerve problem in patients with pain or paresthesia in the foot related to
the posterior tibial nerve. (J Am Podiatr Med Assoc 95(5): 438-445, 2005)
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Evaluation of the patient with chronic nerve com-
pression or peripheral neuropathy requires the abili-
ty to measure the population of large myelinated
nerve fibers that transmit neural impulses for the
perception of touch. The sensation of touch is the

perception of moving and static stimuli, commonly
referred to as movement, vibration, touch, and pres-
sure.! The devices available today to quantify these
perceptions include the Semmes-Weinstein nylon
monofilament (SWM), vibrometry, and the Pressure-
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Specified Sensory Device (PSSD) (Sensory Manage-
ment Services LLC, Baltimore, Maryland).2 Chronic
nerve compression and peripheral neuropathy may
or may not be associated with pain. Evaluation of the
small myelinated or unmyelinated nerve fibers can
be done by measuring thermal detection thresholds
for hot or cold. This, however, is not usually necessary
in clinical practice except for the neurologic evalua-
tion of two rare problems: a spinal cord cyst that
compresses the anterolateral spinal thalamic tract
(syrinx), and neuropathy of unknown etiology.? ¢ Use
of a visual analog scale appropriately quantifies the
degree of pain associated with neuropathy. If a pa-
tient primarily has painful neuropathy, it is essential
to evaluate the large myelinated nerve fiber popula-
tion, because if the large fibers are functioning nor-
mally, the patient has a rare small-fiber neuropathy.>
This form of neuropathy can be documented by cuta-
neous biopsy to evaluate intraepithelial nerve fibers.% 7
Such a patient would not be a candidate for surgical
decompression of peripheral nerves.

The patient with chronic nerve compression or
peripheral neuropathy may become a candidate for
surgical decompression of nerves if nonoperative
treatment fails. It is, therefore, essential to be able to
measure the function of the large myelinated nerve
fibers before surgery to document the problem and
to stage the degree of peripheral nerve dysfunction.®
Although vibratory stimulation with a tuning fork® or
vibrometer!® has been demonstrated to be useful
clinically in the identification of a patient with a pe-
ripheral nerve injury or nerve compression, this
method of evaluating large myelinated nerve fiber
function has a significant limitation. Vibration, being
a waveform stimulus, will stimulate nerve fibers to
the dorsal (radial sensory nerve) and volar (median
nerve) surfaces of the thumb in the upper extremity
and to the dorsal (peroneal nerve) and plantar (tibial
nerve) surfaces of the big toe in the lower extremity.
It is self-evident that a surgeon cannot direct a surgi-
cal procedure to a unique nerve if a waveform stimu-
lus is used for the measurement. Although vibratory
testing has been demonstrated to identify popula-
tions of patients with diabetic polyneuropathy and,
at a threshold of 25 V, a population of patients with
diabetes mellitus at risk for ulceration,® 113 no study
has compared the vibratory threshold of a skin sur-
face with the cutaneous pressure threshold of the
same skin surface in a series of patients with a wide
spectrum of peripheral nerve problems.

This study compared the measurements obtained
using a vibratory stimulus with those obtained using
two different measures of touch and pressure stim-
uli—the SWM and the PSSD—in a series of patients

with peripheral nerve problems that might benefit
from surgical decompression. The null hypothesis to
be tested was that measurement of the cutaneous
pressure threshold for distinguishing one-point from
two-point static touch stimuli will not identify the pe-
ripheral nerve problem at an earlier stage than will
estimation of the cutaneous pressure threshold for
one-point static touch or vibration at 128 Hz.

Materials and Methods

A consecutive series of 35 patients being evaluated
for peripheral nerve symptoms in the hands, feet, or
both were tested for 10 weeks during the summer of
2004. Each patient underwent bilateral testing and
had the same skin surfaces tested: the index (median
nerve) and little (ulnar nerve) finger pulp, the pulp of
the hallux (tibial nerve), and the dorsal web space of
the foot between the first and second toes (deep per-
oneal nerve). A single examiner (E.A.) used the PSSD
to obtain measurements. Another examiner (H.R.) who
was blinded to the measurements obtained using the
PSSD used the SWM and the vibrometer to obtain
measurements. Data analysis was performed by a
third person (G.D.R.). Only data for the hallux are re-
ported in this article. Five patients had carpal tunnel
syndrome and no symptoms in their feet, and these
patients (ten toes) are considered in the “hallux nor-
mal” group for statistical analysis.

The PSSD testing was performed with the patient
in a relaxed position in a chair in a quiet recovery
room, separate from the room in which the other sen-
sibility testing was performed. The patient had 15 min
of test-free time between the PSSD testing and the
subsequent testing. The SWM testing was performed
using a new set of 20 monofilaments (Touch-Test Sen-
sory Evaluators; North Coast Medical, Morgan Hill,
California). The vibrometer was the Bio-Thesiometer
(Bio-Medical Instrument Co, Newbury, Ohio), a single-
frequency (128-Hz), variable-intensity instrument. The
SWM and vibrometer testing was performed with the
patient in a comfortable, reclining chair. The SWM
testing was performed before the vibrometer testing
to minimize any effect of residual “buzzing” in the skin
of the test site on subsequent testing.

The inclusion criterion was referral to the senior
author (A.L.D.) for evaluation of a peripheral nerve
problem. Therefore, we included patients with upper
(b patients with carpal tunnel syndrome) and lower
(4 patients with tarsal tunnel syndrome) nerve com-
pression problems and those with peripheral neu-
ropathy (20 patients with diabetic neuropathy and 6
with neuropathy of unknown etiology). The popula-
tion included patients who were early in the course

Journal of the American Podiatric Medical Association ¢ Vol 95 ¢ No 5 * September/October 2005 439



of their clinical problem as well as late in the course,
thereby presenting the full spectrum of abnormal
large myelinated nerve fiber function for evaluation.
Criteria for exclusion were central nervous system
disease, cognitive impairment related to neuropathic
pain medications or narcotics, and post-traumatic or
iatrogenic painful neuromas.

Normative data for the PSSD were taken from
published age-adjusted values for the upper!* and
lower'® extremities. Normative data for the Bio-The-
siometer were taken from data supplied by the man-
ufacturer. Values for grading the results of the SWM
testing were taken from the hand-rehabilitation liter-
ature! and from a recent study of data for the foot.!”
Because the latter study included only college-aged
subjects, and patients with neuropathy are an older
population, new normative data were obtained. Fifty-
nine people aged 18 to 86 years were evaluated (11
were aged 18-29 years, 7 were aged 30-39 years, 11
were aged 40-49 years, 8 were aged 50-59 years, 11
were aged 60—69 years, and 11 were aged =70 years).
None of the participants had a known history of pe-
ripheral nerve injury, nerve compression, peripheral
neuropathy, or systemic disease associated with neu-
ral dysfunction (diabetes mellitus, thyroid disease,
lupus, or renal disease). Study participants were pa-
tients from the clinical practice of one author (J.S.).
These patients each had a unilateral foot problem re-
lated to a forefoot problem, with a noninvolved con-
tralateral foot. The measurements were made on the
contralateral foot. The population consisted of 14
men and 45 women with a mean + SD age of 51 + 17.6
years. Twenty-two left feet and 37 right feet were
tested.

A 20-piece SWM set was used to evaluate five sites
on the foot (the pulp of the big toe and the little toe,
the first metatarsal head, the medial heel, and the dor-
sal first/second web space) for each patient. Testing
was conducted in a quiet, distraction-free room with
the leg resting comfortably on a padded chair. The fila-
ments were applied perpendicular to the skin surface
until buckling occurred, were held in place for ap-
proximately 1.5 sec, and were then removed. The fila-
ments were applied in order of decreasing stiffness,
beginning with the 5.07 marking. Per the manufactur-
er’s instructions, monofilaments were applied at the
same location up to three times to elicit a positive re-
sponse. Care was taken to avoid areas of excessive
callus formation. The last filament size (the lowest
SWM marking) that the subject could identify and lo-
cate correctly was recorded as the cutaneous (force)
threshold for that site. The filaments used in this
study were independently calibrated by measuring
their buckling force directly using a Mettler electron-

ic scale (accurate to the 0.001-mg level) in the phar-
macy department of Union Memorial Hospital, Balti-
more, Maryland by obtaining the average of three
force recordings. This mean force is given for each
filament in the set in Table 1, which includes the
force analysis of a set of filaments by Levin et al.!
For statistical analysis, the SWM markings were not
converted to pressure (grams per square millimeter).

Data analysis was performed by comparing the
three different test results for each skin area tested.
For each skin surface tested, it was determined
whether the data from the SWM, the vibrometer, or
the PSSD were abnormal as a method of determining
which of the three test results became abnormal first.
Data analysis was also performed by comparing, for a
given skin surface, the degree of correlation between
the measurement from the SWM versus the PSSD and
the vibrometer versus the PSSD. The coefficient of
correlation was calculated.

Results

The age-related normative data for the five sites of
the foot tested using the SWM are given in Table 2:
the big toe pulp (medial plantar nerve), the heel (medi-
al calcaneal nerve), the dorsal first/second web space
(deep peroneal nerve), the first metatarsal head
(medial plantar nerve), and the fifth toe pulp (lateral
plantar nerve). These data demonstrate that for each

Table 1. Force Measurements for Semmes-Weinstein
Monofilaments

Mean Force (g), Measured

Levin et al'® Pressure
Filament vs This Study Area (g/mm?2)
Marking vs Manufacturer (mm2)  (Levin et al'8)
5.18 18.6 vs 15.2 vs 13.6 0.22 84.9
5.07 17.0vs11.8 vs 8.9 0.18 94.9
4.93 10.6 vs8.5vs6.5 0.14 76.1
4.74 3.14vs5.5vs5.8 0.081 38.9
4.56 2.81vs3.6 vs3.7 0.077 36.6
4.31 1.85vs2.0vs1.7 0.063 29.5
417 1.58 vs1.48 vs1.25 0.047 33.7
4.08 0.977 vs1.20 vs 0.91 0.041 23.9
3.84 0.562 vs0.69 vs0.58 0.036 15.7
3.61 0.213vs0.41vs0.36  0.023 9.29
3.22 0.112vs0.17vs0.13  0.015 7.50
2.83 0.091vs0.68vs0.66 0.014 6.52
2.44 0.034 vs NM vs NM 0.0085 4.02
2.36 0.0094 vs NM vs NM 0.0044 2.14
1.65 0.0045 vs NM vs NM 0.0040 1.29

Abbreviation: NM, not measured.
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Table 2. Semmes-Weinstein Monofilament Normal Data

Filament Age Group (years)
Marking? 18-29 30-39 40-49 50-59 60-69 >70 Total

Big Toe Pulp (Medial Plantar Nerve)

5.07
4.93
4.74
4.56
4.31
4.17
4.08
3.84
3.61
3.22
2.83
2.44
1.65
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Table 2. continued

Age Group (years)

Filament
Marking? 18-29 30-39 40-49 50-59 60-69 270 Total
Fifth Toe Pulp (Lateral Plantar Nerve)
5.07 0 0 0 0 1 0 1
4.93 0 0 0 0 0 1 1
4.74 0 0 0 0 0 2 2
4.56 0 0 0 0 0 1 1
4.31 0 0 0 0 0 0 0
417 0 0 2 0 3 0 5
4.08 3 1 2 1 3 1 11
3.84 0 0 1 2 2 4 9
3.61 2 4 4 4 2 0 16
3.22 5 0 2 1 0 2 10
2.83 0 2 0 0 0 0 2
2.44 1 0 0 0 0 0 1

Note: Data are given as the number of people who could feel the filament.

aMarking = log1o (force in 0.1 mg).

site tested there is a wide range of filament markings
within each age group but that, in general, the nu-
meric value of the markings increases with age. Each
skin site can be characterized statistically by the
mode (the filament marking to which the greatest
number of patients responded). Using this criterion,
the big toe pulp and the first dorsal web space were
the most sensitive, with a marking of 3.22. The least
sensitive skin surface by this criterion would be the
heel, with a marking of 4.17. The other two sites
were intermediary, with markings for the mode of
3.61. Defining normal, for example, for the big toe
pulp for all ages, by giving the 90th percentile (not
confidence limit) as the upper limit would mean that
anyone who could perceive the 4.56 filament mark-
ing would be considered normal. For the age range
40 to 69 years, the age range of the patients in the
present study, the 90th percentile filament marking
would still be 4.56. Defining normal, for example, for
the dorsal first web space for all ages, by giving the
90th percentile (not confidence limit) as the upper
limit would mean that anyone who could perceive
the 4.08 filament marking would be considered nor-
mal. For the age range 40 to 69 years, the age range
of the patients in the present study, the 90th per-
centile filament marking would still be 4.08.

Figure 1 presents the data for the PSSD measure-
ments versus those obtained using the SWM. Figure 2
presents the data for the PSSD measurements versus
those obtained using the vibrometer. With the PSSD
measurements recorded on the x-axis, the vertical line
represents the 99% upper limit of normal for an indi-
vidual 45 years of age. In Figure 1, with the SWM mea-
surements recorded on the y-axis, the horizontal line

represents the 90th percentile for the SWM. In Figure
2, with the vibrometry measurements recorded on the
y-axis, the horizontal line represents the upper limit of
normal for the vibrometer. Analysis of the number of
points above the horizontal line in Figures 1 and 2
demonstrates the number of patients found to have ab-
normal measurements as obtained with the SWM and
vibrometry, respectively. Analysis of the number of
points to the right of the vertical line in Figures 1 and 2
demonstrates the number of patients found to have ab-
normal measurements using the PSSD.

Statistical analysis for sensitivity and specificity
using the data in Figures 1 and 2 demonstrates a sen-
sitivity for the PSSD of 100%, for the SWM of 63%,
and for vibrometry of 30%. The specificity for the
PSSD is 100%, for the SWM is 70%, and for vibrome-
try is 80%. Using %2 analysis, the PSSD was found to
be significantly more sensitive than the SWM and vi-
brometry (P < .001 for both) in identifying patients
with abnormal large-fiber function in the posterior
tibial nerve. The SWM is more significantly able to
identify abnormal large-fiber function than vibrome-
try in the posterior tibial nerve (P < .001).

Discussion

The results of this study demonstrate that the first
change in large myelinated nerve fiber function that
can be demonstrated for the posterior tibial nerve is a
change in the pressure required to discriminate one-
point from two-point static touch stimuli, as mea-
sured using the PSSD. The cutaneous vibratory
threshold obtained using the vibrometer and the esti-
mate of the cutaneous pressure threshold for one-
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Figure 1. Relationship between Pressure-Specified Sensory Device (PSSD) measurements and Semmes-Weinstein
monofilament (SWM) estimates for the hallux. The SWM values below the horizontal line are considered normal, and
the PSSD values to the left of the vertical line are considered normal. The ten dots to the left of the vertical line repre-
sent hallux values for normal feet, so that those dots in the bottom left quadrant of the graph represent measure-
ments for those without disease and correctly identified as such by the PSSD and the SWM. Those dots in the upper
right quadrant of the graph represent measurements that are abnormal by the PSSD and the SWM for patients with a
peripheral nerve problem. Those dots in the lower right quadrant of the graph represent patients for whom the PSSD
identified abnormal sensibility but the SWM did not. In the upper left are patients found to have a normal measure-

ment using the PSSD who were normal but for whom the SWM test demonstrated an abnormality.

point static touch obtained using the SWM identified
significantly fewer patients as having abnormal mea-
surements (P < .001), demonstrating that these testing
modalities are less sensitive than the PSSD in identify-
ing the presence of a peripheral nerve problem in a pa-
tient with symptoms related to the tibial nerve.

The results of this study are not surprising regard-
ing the inability of the SWM to identify early changes
in nerve compression or neuropathy. The filaments
have been repeatedly criticized with regard to 1) the
problem with their being interpreted as measuring a
pressure threshold, when they actually measure a
force threshold; 2) the statistical problem of the mark-
ings not being treated as logarithms; 3) the inability
to know the true surface area in contact with the
skin at the moment the filament buckles; 4) the vari-

ance in manufacturing that gives a 10% error in the
initial applied force of new filaments; 5) the fatigue
of the nylon with more than 100 uses, which causes a
10% change in the applied force; and 6) the fact that
the SWM does not make a true measurement but,
rather, gives an estimate of a range of the given skin
surface tested.!$2! These problems are compounded
by the fact that it is not statistically possible to state
a mean or a 99% confidence interval for a testing de-
vice that does not make a measurement, so that nor-
mative data for the SWM for the foot do not exist in
the scientific literature.

The results of this study show a neurophysiologic
correlation between the PSSD and the SWM for large-
fiber function, with a Pearson product moment cor-
relation coefficient of 0.545, which is significant at
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Figure 2. Relationship between Pressure-Specified Sensory Device (PSSD) measurements and vibrometry find-
ings for the hallux. Vibrometry values below the horizontal line are considered normal, and PSSD values to the left
of the vertical line are considered normal. The ten dots to the left of the vertical line represent hallux values for
normal feet, so that those dots in the bottom left quadrant of the graph represent measurements for those without
disease and correctly identified as such by the PSSD and vibrometry. Those dots in the upper right quadrant of the
graph represent measurements that are abnormal by the PSSD and vibrometry for patients with a peripheral nerve
problem. Those dots in the lower right quadrant of the graph represent patients for whom the PSSD identified ab-
normal sensibility but viborometry did not. In the upper left are patients found to have a normal measurement using

the PSSD who were normal but for whom vibrometry demonstrated an abnormality.

P < .001. However, when these data are plotted
against normative data to obtain a relationship that is
clinically relevant, the interpretation of these data
changes. The outcome of this study—that the results
of using SWM to evaluate a piece of skin do not cor-
relate clinically with the results of using the PSSD to
evaluate that same piece of skin—confirms the re-
sults of the only previous study? to compare these
two instruments. A psychophysical explanation for
this lack of clinical correlation is that the varying
cross-sectional area of the nylon filaments means
that each time a patient is tested, the patient is really
being asked two questions: can you detect a differ-
ence in cross-sectional area between the two stimuli,
and can you detect a difference in force between the
two stimuli? In contrast, the cross-sectional area of

the hemispheric metal prong of the PSSD is constant,
and only the force of application changes. Another
reason to expect these two instruments not to clini-
cally correlate is that a regression analysis of the first
measurable PSSD variable to change in patients with
chronic nerve compression is the threshold for two-
point static touch.!* Therefore, even if the same infor-
mation were to be given by the SWM and the one-
point static touch mode of testing for the PSSD, the
one-point static touch variable would not be expect-
ed to identify the earliest changes.

The normative data reported in this study for the
SWM deserve comment. Two previous studies?* 23
used 20 nondiabetic patients older than 60 years as a
control group in their evaluation of patients with dia-
betic neuropathy at risk for ulceration. One study
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used the SWM to test the feet of 40 college-aged vol-
unteers.!” The present group of patients was aged 18
to 86 years. In the present study, the data were inter-
preted after plotting individual patient SWM esti-
mates for a threshold and calculating the 90% level
for a healthy person to respond to the filament. This
approach recognizes that the SWM gives an estimate
of a range and cannot, therefore, have the logarith-
mic markings used to give either a mean value or a
99% upper confidence limit as a normative value.

Of the three test techniques evaluated in the present
study, the poorest performer in determining whether
a patient has a specific peripheral nerve problem was
vibrometry, probably owing to the inherent problem
with using a waveform to stimulate tissue. The wave
travels through the hallux and stimulates the peroneal
and tibial nerve innervations of this tissue. Further-
more, the wave travels to the lateral side of the foot
and stimulates the lateral plantar and medial plantar
nerves. The results of this study suggest that although
vibratory testing is appropriate for studying cohorts
of patients with a problem compared with other co-
horts of patients (eg, patients with diabetes with and
without neuropathy), vibrometry is not the best test
to use to attempt to distinguish a peroneal nerve
problem from a tibial nerve problem in the hallux.

Conclusion

The PSSD is significantly more sensitive than the SWM
or vibrometry in identifying peripheral nerve prob-
lems in the hallux pulp.
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