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Abstract

Objective: The diagnosis of a polyneuropathy depends on the patient’s history, physical examination, and electrophysiologi-
cal study. We planned to define the values of the median, ulnar and sural sensory fibers up to the 8" decade and to define

their relationship to each other.

Material and Method: We performed nerve conduction studies on the sensory fibers of the median, ulnar and sural nerves
in normal adults up to the 8" decade. We created a formula that allows us to compare the sural nerve to the nerves of the up-

per extremities.

Result: We define the normal means and standard deviation for each variable for each nerve across the different decades.
There is a progressive decline in the sensory amplitude for all three nerves with age. A logistic regression curve was created
to produce the probability that the sensory variables diagnose a neuropathy. The reliability of this analytic method was con-
firmed when applied on patients with the diagnosis of polyneuropathy.

Conclusion: A logistic regression formula and curve will allow a more accurate diagnosis of a polyneuropathy than depend-

ing on cut off values or normal values.
Significance: Using the logistic curve is better than referring to normal values in diagnosing uncertain neuropathies.
Keywords: Polyneuropathy; Sensory Fibers; Sural Nerve; Clinical Neurophysiology; Nerve Conduction Studies; Mathemati-

cal Formula
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Highlights

o Patients with neuropathy have longer distal sensory
latencies, lower sensory amplitudes and lower

sensory conduction velocities.

e Sensory amplitudes of the median, ulnar and sural

nerves decrease gradually with increasing age.

e The wide range of normal sensory amplitudes
makes the diagnosis of mild and early neuropathies

uncertain.

¢ Comparing the sural to the ulnar sensory amplitude
is a more reliable indicator of pathology than
comparing the sural amplitude to age-matched

normal subjects.

e A mathematical formula producing a logistic
regression curve can show the probability that an
ulnar sensory amplitude is part of a neuropathy or

not.

Acronyms

NCS: nerve conduction studies; SD: standard devi-
ation; SNAP: sensory nerve action potential; SNCV: sensory
nerve conduction velocity; MDSL: median distal sensory la-
tency; MSA: median sensory amplitude; MSCV: median sen-
sory conduction velocity; UDSL: ulnar distal sensory laten-
cy; USA: ulnar sensory amplitude; USCV: ulnar sensory con-
duction velocity; SDL: sural distal latency; SA: sural ampli-
tude; SCV: sural conduction velocity; HC: health controls;
NP: polyneuropathy; uV: microvolts; mv: millivolt; m/s: me-

ter/second

Introduction

A polyneuropathy (NP) is a disease of the peripher-
al nerves that is diagnosed primarily in the clinical setting,
and then confirmed by electrophysiological studies. NCS
and EMG confirm the disorder and characterize the type
and degree of the pathological process.

The variables retrieved from a NCS have to be

compared to each other and to the normal population to al-
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low the electrophysiologist to define the abnormalities in

the peripheral nerves [1-7].

The sural nerve is usually the first neve to be affect-
ed in a sensorimotor NP. It is sometimes difficult to decide
if the values retrieved for this nerve are normal or abnor-
mal, because the literature presents a wide range of normal
values, and does not show the numbers for the very elderly
[1-9].

We performed a prospective study on normal peo-
ple from the 3" to the 8" decade. We studied the sensory
nerve characteristics of the median, ulnar and sural nerves,
and followed them up over this extended period. We com-
pared the values of the sural nerve to the median and ulnar

sensory fibers in each individual.

We then created a formula integrating the normal
values of the sural and ulnar nerves. This formula will allow
us to define whether the nerves in this subject fall within the

normal range for age or are abnormal.

We then collected the values of the sensory nerves
in patients with the clinical and electrophysiological diag-
noses of sensorimotor NP secondary to chronic diabetes
mellitus and chemotherapy. We incorporated their num-
bers in the formula to prove the reliability of this mathemati-
cal equation in differentiating patients from normal individ-

uals.

Material and Method

We interviewed, examined and performed nerve
conduction studies on 75 healthy subjects (52% females,
48% males) with no medical illness and not on any medica-
tions. The subjects were chosen to be divided equally be-
tween the third and eighth decade, around 13subjects in
each decade. The subjects were recruited from the staff, stu-
dents, employees and their families, working in the medical
center where the study was performed. All subjects consent-
ed to the study. They were interviewed and examined by the
corresponding author to ascertain that they were healthy
and had a normal neurologic examination. They underwent
sensory nerve conduction studies of the median, ulnar and
sural nerves on one side. The nerve conduction studies were

performed by a senior neurophysiology technician under
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the supervision of the corresponding author.

The sensory nerve conduction studies were per-
formed on a Nicholet Viking IV EMG machine. The sub-
jects, healthy controls (HC) were in the sitting position with
the hands resting on a pillow for the median and ulnar
nerves and prone for the sural nerve. Skin temperature over
the hand and lateral aspect of the foot were maintained at
32 degrees Celsius. The low and high frequency filter sett-
ings were 10 Hz and 5 kHz respectively. Median sensory
nerve conduction studies were performed antidromically
with stimulation of the median nerve at the mid-wrist, 17
cm from the recording surface electrodes place over the in-
dex finger, with the reference 2.5 cm distally. The ulnar
nerve was stimulated at the lateral aspect of the wrist, 13 cm
from the recording electrodes placed at the fifth digit. The
sural nerve conduction studies were performed antidromi-
cally with stimulation at the mid-calf region between the
two heads of the gastrocnemius muscles and recording by
surface electrodes 14 cm distally placed over the posterior
lateral malleolus. Stimulus intensity was increased until the
best supramaximal SNAP was recorded. This was averaged
several times until the response was clear enough for accu-
rate recording. For each SNAP the distal sensory latency
was measured from the stimulus artifact to the onset of the
first negative peak. . The amplitude was measured from the
baseline to the negative peak. The conduction velocity was

calculated by dividing the distance over the latency [4-12].
Statistical Analysis

Means and standard deviation were calculated for
each variable for each nerve using the SSPM statistical soft-
ware. All group comparisons were done using Wilcoxon
rank sum tests (p < .05 corrected for multiple comparisons).
To determine whether USA can be used to identify a NP pa-
tient from a healthy control, a generalized linear model was
built with USA as the predictor and group (HC, NP) as the
outcome variable. To determine whether USA values can be
used to categorize a patient as having neuropathy or as
healthy, a logistic regression was built with USA as the pre-
dictor and group (HC, NP) as the outcome variable. The
test was done on the entire dataset. The logistic regression
equation can be used to predict suspected patients' group be-

longingness given their USA. This can be used clinically to
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categorize suspected patients as having neuropathy or not.

Results

The first aim of the study is to establish the aver-
age SNAP properties (distal sensory latency, amplitude and
velocity) for the three nerves (median, ulnar and sural) for
each decade. Means and SD for each decade were calculated
(Table 1). This will reveal the changes of the variables for

each nerve with increasing age.

Means and SD for the HC sample was divided into
two groups: aged 20 to 49 (younger) and aged 50 to 80 (old-
er) (Table 2). Wilcoxon tests of significance were used to cal-
culate differences between the younger and older on all vari-

ables (p < .05 corrected for multiple comparisons).

The second aim of the study was to determine
whether the following proportions can be used to determine
group belongingness: SDL/MDSL, SDL/UDSL, SA/MSA,
SA/USA, SCV/MSCV, SCV/UCV. These were calculated for
each subject. This will reveal the changes of the sural nerve
in comparison to the median and ulnar nerves with increas-
ing age. The value of this comparison is to show how these

nerves relate to each other in normal aging.

The third aim of the study is to confirm that this
relationship between the sural nerve variables in compari-
son to the median and ulnar nerves, changes in neuro-
pathies. This was done by comparing the results of the 40
HC aged 50 - 80 (older HC) with 30 patients, in the same
age group, with the clinical and electrophysiological diagno-
sis of sensorimotor NP. These patients were collected from
the cohort of patients referred to the neurophysiology labo-
ratory with the clinical diagnosis of sensorimotor polyneuro-
pathy secondary to chronic diabetes mellitus or chemothera-
py-induced neuropathy. Their NCS diagnosed a sensorimo-
tor NP. (Table 3)

Results show that across the median nerve, there
was a significant difference in all properties between the
younger and older healthy controls, with the older group
showing increased latency, reduced amplitude and conduc-
tion velocity (p < .005) (figures 1,2,3). Across the ulnar and
sural nerves only the amplitude was significantly different,

with the older group showing reduced amplitudes (p < .005)

J Neurophysiol Neurol Disord 2025 | Vol 13: 104



(figure 4,5)

Qualitative analysis of the data revealed that the
small SA/USA values were due to small USA values rather
than high SA values. Therefore, USA values were used to
predict group belongingness (whether a patient is more like-

ly to have neuropathy or is healthy).

Since the sural/ulnar amplitude calculations gave
the smallest proportions (greater difference between sural
and ulnar values), the study was continued using only su-
ral/ulnar proportions (table 4). Since there is no difference
in the results of the older HC and the whole group of HC,
the remaining calculations were done on the whole HC
group. As can be seen in Table 4, SA/USA values are less
than 1. To determine whether SA/USA values differed be-
tween HC and NP, the proportions were compared. Wilcox-
on test revealed a significant difference in SA/USA propor-
tion between healthy controls and NP, W = 737, p=0.008,
with the NP revealing a smaller proportion (0.4) compared
to the HC group (0.51). Although statistically there was a
significant difference in the SA/USA proportion between
HC and NP, the range of values was large for both groups
(i.e., a lot of overlap) (figure 6). This indicates that the
SA/USA value might not be helpful in identifying a poten-

tial neuropathy patient.

For this reason, we built a logistic regression mod-
el with USA as the predictor and group belongingness (HC,
NP) as the outcome variable. The test was done on the en-

tire dataset.

Results of the logistic regression were statistically
significant, z = -4.85, p < .0001, which indicates that USA
significantly predicts group belongingness. The probability
of being a NP given a certain USA value can be extracted
from the model. The logistic regression model can be repre-

sented as follows:
logit (p) = 4.5521 - 0.2042*USA
4.5521 is the intercept (beta0) of the model.
-0.2042 is the estimate (betal)

After logit (p) is calculated, one refers to the proba-
bility table (table 5) to determine (p) which is the probabili-
ty that the subject suffers from a polyneuropathy (multiply
by 100 to get the percentage). The logistic regression curve
(Figure 7) represents the probability of having a NP given a

certain USA value.

Table 1: Sensory nerve conduction values for median, ulnar and sural nerves in healthy controls across age latency (ms); amplitude (£V);

velocity (m/s); age (years)

Mean (SD)
Median Nerve Ulnar Nerve Sural Nerve
Age latency | amplitude | velocity | latency | amplitude | velocity | latency | amplitude | velocity

20-29 2.75(0.4) 54.6 58.3 2.45 50.2 54.5 2.44 23.6 54.5
-18 -5.44 -0.41 -22.4 -7.31 -0.37 -7.12 -9.52
30-39 2.48(0.25) 58.82 65.09 2.21 65.09 55.91 243 25.45 51.64
-16.96 -5.7 -0.23 -21.3 -5.07 -0.31 -11.67 -7.53
40 -49 2.63(0.35) 43.42 63.08 2.28 43.83 59.33 2.54 24.83 56.17

-13.04 -8.9 -0.24 -14.08 -3.65 -0.38 -13.81 -7
50-59 2.68(0.26) 39.83 58.08 231 43.42 53.75 2.36 19.08 53.42
-10.14 -5 -0.25 -10.7 -5.75 -0.38 -4.62 -6.84
60 - 69 2.88(0.34) 33 56.07 2.35 31.93 53.14 2.3 16.43 54.86
-9.92 -8.55 -0.15 -8.2 -4.72 -0.42 -5.23 -5.53
70 - 80 2.89(0.22) 29.67 54.87 2.28 33.47 55.8 2.19 17.53 54.33
-8.04 -3.7 -0.21 -8.98 -6.68 -0.29 -6.49 -5.67
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One can also interpret the results in terms of odds
exponent (-0.2042) = 0.815, which
shows that for a unit increase in USA the change in odds is
(0.815 - 1)*100 = -18.5%. In other words for a unit increase
in USA there is 18.5% decrease in the odds of being a NP.

ratios. Odds ratio =

Looking at it the other way, for a unit decrease in USA, the
odds of being a patient increases by a factor of 1/0.815 =

1.23 or 123%. The way fractional odds can be interpreted is
the following (table 6): for every one HC with a USA of 4,
you have 55 NP with this USA value, i.e., an individual is 55
times more likely to be a NP if he/she has a USA =4 (the
odds of being a NP is 55:1). If an individual has a USA = 17,
he is three times more likely to be a NP than a healthy con-
trol. The proportion of patients with neuropathy and
healthy individuals is almost the same when the USA = 22.

Table 2: Sensory nerve conduction values for median, ulnar and sural nerves for younger (< 50 yrs) and older (= 50 yrs) healthy controls

and difference between the groups (Wilcoxon significance test). * significant at p<.005 (5% error corrected for multiple comparisons)

Mean (SD)
Median Ulnar Sural
Groups latency amplitude velocity latency amplitude velocity latency amplitude velocity
2.31 56.73 247 54.15
younger 2.62 51.94 (16.89) | 62.3(7.32) (0.31) 52.85 (20.86) (5.65) (0.35) 24.67 (11.09) (7.99)
-0.35
54.29 2.28 54.24
older 2.82 33.78 (10.02) | 56.22 (6.1) | 2.31(0.2) | 35.85(10.31) (5.78) (0.36) 17.61 (5.54) (5.86)
-0.29
W () 393 1114.5 1021 606 1040 872.5 873.5 969.5 651.5
P (0.0019)* (<.0001)* (0.0002)* (0.44) (<.0001)* (0.033) (0.0315 (0.0014)* (0.789)

Table 3: Sensory Nerve Conduction Properties for median, ulnar and sural nerves in patients with Neuropathy and comparison to older

HC (Wilcoxon significance test)

Mean (SD)
Group Median Nerve Ulnar Nerve Sural Nerve
Latency Amplitude Velocity Latency Amplitude Velocity Latency | Amplitude | Velocity
49.47 2.89 2.89 45.33
NP 3.5(0.73) 15.6 (7.83 (8.33) (0.59) 16.07 (8.9) 46.9 (7.75) (0.46) 5.07 (1.93) (6.17)
54.29 2.28 54.24
Older 2.82 33.78 (10.02) | 56.22 (6.1) | 2.31(0.2) | 35.85(10.31) (5.78) (0.36) 17.61 (5.54) (5.86)
HC (0.29)

W (p) 210.5** 1139** 910.5* 153** 1132.5%* 967** 184.5** 1220** 1058**

Table 4: The mean proportion (standard deviation) of the sural vs ulnar and sural vs median sensory amplitudes in control subjects and

neuropathy patients. SA: sural amplitude; USA: ulnar sensory amplitude; MSA: median sensory amplitude. HC: healthy control, NP: neu-

ropathic. W (p): Wilcoxon rank sum test between HC whole group and NP and p-value.

Mean Proportions (SD)
SA/USA SA/MSA
HC (whole group) 0.51 (0.19) 0.53 (0.21)
HC (older) 0.51(0.17) 0.56 (0.22)
NP 0.4 (0.23) 0.45 (0.33)
W (p) 1483 (< .05) 1494 (< .05)
JScholar Publishers J Neurophysiol Neurol Disord 2025 | Vol 13: 104



Table 5: Example of logit(probability), probability of neuropathic patient (NP), and odds of NP given certain ulnar sensory amplitude

(USA) values.
USA Logit (p) p(NP) and CI QOdds (NP)

4 3.7353 0.98 [0.88-0.99] 54.56 (or 1/55)*
8 2.9185 0.95 [0.80-0.99] 25.32 (or 1/25)
10 2.5101 0.92 [0.77-0.98] 11.5

17 1.0807 0.75 [0.55-0.88] 3

22 0.0597 0.52 [0.35-0.68] =1

24 -0.3487 0.41 [0.27-0.58] 0.69

Table 6: Comparing USA and SA and SA/USA in older healthy control and neuropathy patients. Values in red/bold are those that do not
satisfy the first criteria of neuropathy (SA/USA < 50%). For these cases log value was calculated. The resulting probability corrected the

uncertainty in favor of the correct diagnosis

50 - 60 years
Healthy controls Neuropathy patients
USA SA SA/USA% log prob USA SA SA/USA% log prob
35 13 37 -2.595 7% 39 4 10
40 28 70 24 11 46
48 26 54 9 5 56 2.71 94%
48 22 46 13 5 38
38 22 58 27 4 15
54 17 32 -6.478 <1% 4 4 100 3.74 97.00%
52 18 35 -6.068 <1% 9 6 67 2.714 94%
34 18 53 -6.69 <1% 21 4 19
55 17 31 -6.679 <1% 19 6 32
57 15 26 -7.088 <1% 19 5 26
70 - 80 years
49 34 69 10 9 90 2.5101 92.5
33 29 88 9 6 67 2.713 94
38 17 45 11 9 82 2.3 91
30 17 57 32 5 16
17 10 59 33 7 21
37 17 46 24 5 21
17 10 59 8 5 63 2.92 95
46 14 30 -4.85 <1% 10 4 40
34 14 41 -2.39 <8.5% 11 3 27
34 18 53 26 5 19
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Table 7: log (probability) to probability conversion table.

P logit(p} p logit(p} p logit{p} P logit{p}
0.01 -4.5951 0.26 -1.0460 0.51 0.0400 0.76 11527
0.02 -3.8918 0.27 -0.9946 0.52 0.0800 0.77 1.2083
0.03 -3.4761 0.23 -0.9445 0.53 01201 0.78 1.2657
0.04 -3.1781 0.29 -0.8954 0.54 0.1603 0.79 1.3249
0.05 -2.9444 0.30 -0.8473 0.55 0.2007 0.80 1.3863

0.06 -2.7515 0.31 -0.8001 0.56 0.2412 0.81 1.4500
0.07 -2.5867 0.32 -0.7538 0.57 0.2819 0.82 15163
0.08 -2.4423 0.33 -0.7082 0.58 03228 0.83 15856
0.09 -2.3136 0.34 -0.6633 0.59 0.3640 0.24 1.6582
0.10 -2.1972 0.35 -0.6190 0.60 0.4055 0.85 1.7346

0.11 -2.0907 0.36 -0.5754 0.61 0.4473 0.86 1.8153
012 -1.9924 0.37 -0.5322 0.62 0.4895 0.87 1.9010
013 -1.9010 0.38 -0.4895 0.63 05322 0.88 1.9924
0.14 -1.8153 0.39 -0.4473 0.64 0.5754 0.89 2.0907
0.15 -1.7346 0.40 -0.4055 0.65 0.6190 0.90 21972

0.16 -1.6582 0.41 -0.3640 0.66 0.6633 0.91 23136
017 -1.5856 0.42 -0.3228 0.67 0.7082 0.92 2.4423
0.18 -1.5163 0.43 -0.2819 0.68 0.7538 0.93 2.5867
0.19 -1.4500 0.44 -0.2412 0,69 0.8001 0.94 27515
0.20 -1.3863 0.45 -0.2007 0.70 0.8473 0.95 29444

0.21 -1.3249 0.46 -0.1603 0.71 0.8954 0.96 3.1781
0.22 -1.2657 0.47 -0.1201 0.72 0.9445 0.97 34761
0.23 -1.2083 0.48 -0.0800 0.73 0.9946 0.98 3.8918
0.24 -1.1527 0.49 -0.0400 0.74 1.0460 0.99 4.5951
0.25 -1.0986 0.50 0.0000 0.75 1.0986
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Figure 1: Bar graph showing the mean and standard deviation values of the median distal sensory latencies (milliseconds) for

the healthy controls and patients with polyneuropathy across the different age categories.
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Figure 2: Bar graph showing the mean and standard deviation values of the median sensory amplitudes (uV) for the healthy

controls and patients with polyneuropathy across the different age categories.
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Figure 3: Bar graph showing the mean and standard deviation values of the median sensory conduction velocities (meters/se-

cond) for the healthy controls and patients with polyneuropathy across the different age categories.
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Figure 4: Bar graph showing the mean and standard deviation values of the sural amplitude (uV) for the healthy controls and

patients with polyneuropathy across the different age categories.
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trols and patients with polyneuropathy across the different age categories.
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Figure 6: Bar graph comparing the mean and standard deviation values of the sural amplitude / ulnar sensory amplitude be-

tween the healthy controls and patients with neuropathy.
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Figure 7: Logistic regression curve representing the probability of having a neuropathy (y-axis) given a certain ulnar sensory

amplitude value (x-axis in (V). Probability ranges between 0 and 1. The white dots represent the actual data in our sample. The

black dots are different points on the curve that connect the USA values to the probability of having a neuropathy.

Discussion

NP is a common neurological disorder with a pre-
valence of 2.4% in the general population and increases gra-

dually with increasing age [2, 11, 13].

The neuropathy is usually diagnosed after taking a
history and performing a physical examination, which re-
veals decreased sensation distally and depressed or absent
deep tendon reflexes. NCS are important not only to con-

firm the suspected diagnosis of a neuropathy, but also to
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define the type of fiber involvement, whether the neuropa-
thy is demyelinating, axonal or mixed, the degree of patholo-
gy, as well as the presence or absence of re-innervation. [1,
2,6-9, 12].

We performed a prospective study on normal peo-
ple from the 3rd to the 8th decade. NCS produce numbers
for each variable (latency, amplitude, or velocity) for each
nerve studied. Pathology is defined when these numbers fall
outside the normal ranges. Normal ranges are defined by

means and standard deviations of the corresponding nerve

J Neurophysiol Neurol Disord 2025 | Vol 13: 104



in the normal population. [1-7].

The impact of age on sensory NCS has been exten-
sively studied in the literature. A linear decrease in SNCV
with age in the order of 0.14 m/s/year or 1.8 m/s/decade has
been reported. [2, 13, 14]. The change occurs at a greater
rate in the median than in the ulnar sensory nerve parame-
ters. This was interpreted secondary to an increased sus-
ceptibility of the median nerve to repetitive motion trauma
or increased intra-carpal canal pressure with different wrist

postures [11].

The mean and SD for the DSL, SA, and SCV for
the median, ulnar, and sural nerves in our sample was very
similar to the textbooks used as references in most clinical

neurophysiology laboratories worldwide (table 1).

Stratifying our sample over the different age
groups and separating the young (less than 50 years) from
the older (above 50 years) revealed that for the median
nerve, the older group showed increased latency, reduced
amplitude and reduced velocity (figure 1,2,3). For the ulnar
and sural nerves only the amplitude was significantly differ-
ent, with the older group showing reduced amplitude (fig-
ure 4,5).

The neuropathy cohort in our study showed an in-
crease in the DSL, a decrease in the SA and SCV, for the me-
dian, ulnar and sural nerves when compared with the age--
matched older HC. This is in accordance with the results de-

scribed in the literature.

The sural nerve conduction parameters are the
most useful in diagnosing neuropathies. The classical clini-
cal neurophysiology textbooks define a normal sural ampli-
tude > 6 pV, conduction velocity > 40 m/sec and distal laten-
cy < 4.4 msec. [4]. Other references state that the sural ampl-
itude can vary between 6.3 and 23.7 uV, sural latency be-
tween 1.46 and 3.7 msec and sural conduction velocity be-

tween 33.9 and 52.5 m/sec [5].

The sural nerve conduction parameters studied in
92 normal controls aged 15 - 45 years showed a SCV of 53
(+0.3) m/s, and SA of 30 (+0.3) pV. [14]. Some authors
claim that the sural sensory response is most vulnerable to

aging, being absent in 23% of normals in the 6th decade and
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40% above the age of 80 years [13]. Other studies claim that
there is always a sural response, even if of low amplitude, in

the normal aging population [3].

Many laboratories state that the lower limit of nor-
mal for the sural amplitude is 6 pV, while others found that
the lower limit for younger subjects was much higher than
that, and the lower limit for subjects above 60 years was as
low as 3.2 uV volts. [1-7, 10] The variability in values consid-
ered “normal” for the sural nerve especially in the elderly,
makes it difficult to choose a single cut-off value to differen-
tiate normal from NP. Values presented in the literature can
therefore be unreliable and their use subject to false nega-

tive results [2-7, 10, 13].

References claim that a normal MSA should be
above 20 gV and a normal SA amplitude above 6 uV. [1-7,
10].

This means that a person with the NCS showing th-
ese values is considered to be normal. On the other hand,
one sees exactly these numbers in patients with the history
and examination compatible with a sensory neuropathy, as
in patients suffering from diabetic polyneuropathy. This
raises the issue that one cannot take these cut-off values in
absolute terms or else one may end up with a false negative

diagnosis.

In a study of the peripheral nerves in patients with
diabetes mellitus type I, the authors define abnormality in
the sural amplitude or conduction velocity if the values
were below the third percentile of the control. The sural
nerve in their normal cohort had an amplitude of 20.8

(9.02) pV and the conduction velocity was 55.16 (6.8) m/s.
[8].

Another study, also studying the NP of diabetes
mellitus, showed quite different values for their normal co-
hort. They took the sural distal latency of 2.32 (0.72) and
2.50 (0.64) msec, a sural amplitude of 14.35 (4.81) and 14.96
(5.86) uV and a conduction velocity of 73.54 (20.47) and
76.37 (23.18) m/s [9].

Considering this wide variability in the normal val-
ues of the sural nerve, it may be better to define a NP based

on a comparison of the sural nerve parameters to the me-
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dian, ulnar or radial nerve. This correlation favors the prin-
ciple that neuropathies affect predominantly the length-de-

pendent nerves.

The sural SNAP amplitude is the most sensitive pa-
rameter in detecting a NP [9]. Some authors studied the ra-
tio of the sural/radial sensory amplitude (SRAS). This ratio
appears to define a neuropathy more reliably than the sural
SA alone [3]. In their study of this ratio in normal individu-
als they found that, the SA in uV ranged from 10.4 - 67.3 in
those < 40 years, 4.3 - 50.2 uV in subjects between 40 and
60 years, and 2.1 — 28 uV in those above 60 years. An SRAR
above 0.4 was considered normal, while a value < 0.4 was as-
sociated with a mild NP. The SRAR may be a better electro-
diagnostic parameter that the sural SNAP in diagnosing
mild and early neuropathies, as it is an age-independent ra-

tio [3].

Upon studying the values of the NCS in patients
with NP, one can sometimes encounter relatively similar
numbers in the nerves of the upper and lower extremities.
For example, in moderate NP, the sensory amplitudes in the
median and ulnar nerves may be low and the sural ampli-
tudes slightly lower, but not in the same proportion as in
the normal population. This makes the classical definition
of length-dependent abnormality less applicable. To better
understand this picture, we compared the values of the su-
ral nerve to the median and ulnar nerves in HC and NP pa-
tients and established proportions. The only proportions
that did not approximate a value of 1 was SA/USA and
SA/MSA. Results showed that the proportion of SA to MSA
or USA is around 50% in the HC over all the decades, and
around 40% in NP (table 4). This indicates that if the
SA/USA is less than 50% then this subject most probably
suffers from a polyneuropathy. We found, however, that a
few NP patients did not show a small proportion but actual-
ly had SA/USA values > 50%. Therefore, although this pro-
portion is informative, it could inaccurately categorize a
neuropathic patient as a healthy individual (false negative).
Looking more closely at those NP cases that had large
SA/USA values, we detected very small USA values. The rea-
son for the much lower USA is that the neuropathy had af-

fected also the sensory nerves of the upper extremities (table

JScholar Publishers
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7).

For this reason, a two-step process is suggested to
help the neurophysiologist when the diagnosis is uncertain
because the numbers are not diagnostic for a NP. If the
SA/USA is less than 50% then the subject has a NP. If this ra-
tio is larger than 50%, but the clinical picture favors a NP
and the electrophysiologist needs further reassurance, then
the logarithmic formula using the USA can be applied: logit
(p) = 4.5521 - 0.2042*USA to estimate the probability that
the patient in question suffers from a neuropathy. After log-
it(p) is calculated, one can refer to the probability conver-
sion table (table 5) to determine the probability (multiplied
by 100 to get the percentage) of having a NP.

For example, if a patient with a USA of 16 is sus-
pected of having a polyneuropathy, using the equation
above, the electrophysiologist calculates the probability that
this patient has a NP: logit (p) = 4.5221 - 0.2042*16 =
1.2851. By locating 1.2851 (or an approximate value) in
table 5, the probability of NP can be found. In this example,
the probability that a patient with a USA of 16 having a NP
is approximately 0.78 or 78%.

In principle, one should thus calculate SA/USA
and the probability of NP using the logarithmic formula for
every patient presenting for NCS with the suspicion of a po-
lyneuropathy. Combining these tests will give a more accu-

rate probability for the diagnosis of a neuropathy (table 7).

Using the above formula and conversion table, a
neurophysiologist can predict the likelihood of a patient hav-
ing a neuropathy more accurately than comparing absolute
numbers of age-matched controls, or referring only to cut-

off values (figure 7).

In conclusion, sensory amplitudes of the median,
ulnar and sural nerves decrease with increasing age. In
some neuropathies the sensory amplitudes may still fall
within the normal limits described in the literature, because
of the wide range of values in the normal population. A
more accurate electrophysiological definition of a neuropa-
thy will be comparing the sural to ulnar amplitudes, fol-
lowed by an estimate of probability derived from a logistic

regression equation with USA as the predictor.
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