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Abstract

Objective: The aim of this study was to investigate and com-
pare the conduction parameters of nerve bundles of medi-
an and ulnar nerves that innervate proximal and distal mus-
cles. Subjects and Methods: Thirty male and 30 female
healthy volunteers between 18 and 70 years of age were
enrolled in the study. The conduction parameters were re-
corded from the proximally located flexor carpi ulnaris, pro-
nator teres and the flexor carpi radialis muscles to the dis-
tally located abductor digiti minimi and abductor pollicis
brevis muscles for the ulnar and median nerves. Each nerve
was stimulated at the region above the elbow and at the
axillary region separately. The Student t test was used for
statistical analysis, and Levene’s test was used to assess
whether or not the group variances exhibited a uniform dis-
tribution. Results: The conduction velocities were faster
(78.27 £6.55vs.67.83 £6.76 m/s,and 74.57 £ 5.66 and 74.23
+5.88 vs. 66.38 + 6.85 m/s) and the durations of compound
muscle action potential (CMAP) response were longer (15.65
+2.43vs.13.55+ 1.78 ms,and 16.38 £ 2.39and 16.04 + 2.34
vs. 13.40 £ 1.79 ms) in proximally located muscles than in

distally located muscles that are innervated either by ulnar
or median nerves (p < 0.001). However, the CMAP ampli-
tudes were smaller (2.52 £ 1.16 vs. 5.81 = 3.13 mV, and 2.90
+ 1.20 and 3.59 + 1.66 vs. 6.88 £+ 2.77 mV) in proximal mus-
cles than in distal muscles (p < 0.001). There was no signifi-
cant difference (p > 0.05) between males and females re-
garding conduction velocities and CMAP amplitudes re-
corded from proximal and distal muscles. Conclusion:
Proximal muscles innervated by median or ulnar nerves had
lower CMAP amplitude values, longer CMAP durations and
higher conduction velocities than distal muscles. These
findings could reveal a temporal dispersion and phase can-
cellation due to desynchronized conduction during nerve
stimulation. © 2016 S. Karger AG, Basel

Introduction

The diameter of the peripheral motor nerve gradually
decreases until it reaches the target after leaving the spinal
cord [1]. In myelinated nerve fibers, the diameter of the
nerve fiber is directly proportional to the nerve conduc-
tion velocity [1]. Hence, the conduction velocity decreas-
es with the diameter [1]. In contrast, there have also been
trials suggesting that there is no difference between the
proximal and the distal segment [2].
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The motor unit size and the nerve fiber diameter cor-
relate with the size of the muscle they innervate [3, 4].
Therefore, it might be predictable that the nerve fibers of
muscles with larger mass and proximal localization are
larger and faster [5].

A single peripheral nerve stimulates many muscles
and, in the same peripheral nerve, nerve fibers can inner-
vate different muscle ends at different levels. The diam-
eters of the most rapidly conducting fibers differ among
the most rapidly conducting nerve fibers innervating a
proximal muscle, which has a larger diameter compared
to those nerve fibers innervating a distal muscle [4, 6].
Consequently, if a nerve is stimulated from the same re-
gion and an electrophysiological recording is conducted
in one proximally and another distally located muscle,
data can be obtained about the conduction parameters of
the nerve fibers of various diameters [7]. Hence, this
study was performed to assess nerve conduction veloci-
ties, amplitudes of compound muscle action potential
(CMAP) and the durations of a proximal forearm muscle
with a relatively larger mass and of thenar muscles that
were distally localized with a small mass stimulated by the
median nerve. The obtained data were compared to those
from the ulnar nerve using the same method and study
design.

Subjects and Methods

The study was approved by the Pamukkale University Non-In-
terventional Clinical Trials Ethics Committee. Statistical power
analysis was performed to estimate the number of subjects needed,
and 30 subjects were indicated in minimum. Thirty healthy male
subjects and 30 healthy female subjects at the age of between 18 and
70 years with no neuropathy detected via routine electrophysiolog-
ical protocols, assessed at the electromyography (EMG) laborato-
ry, were included in the study. All of the subjects gave written in-
formed consent and underwent a nerve conduction study in the
right upper extremity median nerve and ulnar nerve. The examina-
tion was performed with the patient in a supine position, with his
or her right arm parallel to his or her trunk and a 180-degree open-
ness in the forearm for median nerve investigation. Data were also
collected with the right arm at a 90-degree angle to the trunk and
the forearm at a 90-degree angle to the arm for ulnar nerve inves-
tigation. Stimuli were applied to the region above the elbow and the
axillary region separately. Recordings were also conducted from
the proximal flexor carpi ulnaris muscle (FCU) and the distal ab-
ductor digit minimi muscle innervated by the ulnar nerve. Record-
ings were conducted from the proximal pronator teres muscle (PT)
and the flexor carpi radialis muscle (FCR) as well as from the distal
abductor pollisis brevis muscle innervated by the median nerve.

The study was conducted using a Medelec Synergy Nicolet
EDX EMG device (Manor Way, Old Woking, Surrey, UK). The
room temperature was maintained between 25 and 28°C. If re-
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quired, the extremity was heated. During the trial, the duration of
stimulation was set at 100 ps, the screen sweep time at 40 ms, and
the sensitivity was 5 mV. 3-Hz low-frequency and 10-kHz high-
frequency filters were used.

Stimulation

The nerves were stimulated using a superficial bipolar elec-
trode with 2-cm constant intervals via supramaximal stimuli. The
intensity of the stimulus was slowly increased up to the point at
which the CMAP amplitude did not increase any more. Following
a 25% increase in the maximal value of stimulus, this point was
determined to be the level of supramaximal stimulation [3].

Ulnar Nerve Stimulation

On the right arm segment, the point 2 cm proximal from the
medial epicondyle on the sulcus nervi ulnaris on the humerus was
selected as the distal stimulus point; in the axillary region, the lat-
eral site of the brachial artery and the medial side of the biceps
brachi muscle was selected as the proximal stimulus point [8].

Median Nerve Stimulation

On the right arm segment, the brachial artery was chosen as the
point of brachial artery pulsation, and the medial site of the biceps
brachi muscle was selected as the distal stimulus point. In the axil-
lary region, the lateral site of the brachial artery and the medial side
of the biceps brachi muscle was selected as the proximal site of
stimulation [8].

Recording

A 50-mm-long superficial bar electrode with a 20 x 8 mm re-
cording surface and a 3-cm anode-cathode distance was used dur-
ing the recording. The active electrode was placed on the middle
of the muscle or at the most bellied site while the reference was
placed distal to the active electrode.

Muscles

For FCU, the active electrode was placed a distance of two fin-
gers lateral to the ulna at the junction of the proximal and the mid-
dle one-third section of the forearm; the reference electrode was
placed distal to the active electrode [9], and recordings were taken.

For abductor digiti minimi muscle (ADM), the active electrode
was placed on the middle point between the distal elbow line and
the 5th metacarpophalangeal joint; the reference electrode was
placed distal to the active electrode in the metacarpophalangeal
joint, and recordings were taken [10].

For PT, the active electrode was placed a distance of two fingers
distal to the middle point between the humerus medial epicondyle
and the biceps brachi muscle tendon; the reference electrode was
placed distal to the active electrode, and recordings were taken
[11].

For FCR, the active electrode was placed a distance of four fin-
gers distal to the middle point between the humerus medial epi-
condyle and the biceps brachi muscle tendon; the reference elec-
trode was placed distal to the active electrode, and recordings were
taken [11].

For abductor pollicis brevis muscle (APB), the active electrode
was placed on the middle point between the first metacarpopha-
langeal joint and the carpometacarpal joint on the palmar surface;
the reference electrode was placed distal to the active electrode in
the metacarpophalangeal joint, and recordings were taken [12].
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Table 1. CMAP amplitudes of distal and proximal muscles

a CMAP amplitudes of muscles innervated by median or ulnar
nerves (n = 60)

Muscle Mean amplitude + o, mV
FCU 2.52x1.16
ADM 5.81+£3.13
PT 2.90+1.20
APB 6.88+2.77
FCR 3.59%1.66

b Comparison of mean CMAP amplitudes of muscles innerva-
ted by the same nerves

Comparison t value p value
FCU with ADM -8.96 <0.001
PT with APB -11.25 <0.001
FCR with APB -9.40 <0001

Table 2. CMAP durations of muscles innervated by median or ul-
nar nerves (n = 60)

Muscle Mean CMAP
duration + o, ms
FCU 15.65+2.43
ADM 13.55+1.78
PT 16.38+2.39
APB 13.40+£1.79
FCR 16.04+2.34
Study Scheme

Table 3. Nerve conduction velocities in the arm segment

a Nerve conduction velocities of muscles innervated by median
or ulnar nerves (n = 60)

Muscle Mean velocity + o, m/s
FCU 78.27+6.55
ADM 67.83+£6.76
PT 74.57+5.66
APB 66.38+6.85
FCR 74.23+5.88

b Comparison of nerve conduction velocities of median and
ulnar nerves in the arm segment

Comparison t value p value
FCU with ADM 12.12 <0.001
PT with APB 12.14 <0.001
FCR with APB 12.08 <0.001
468 Med Princ Pract 2016;25:466-471
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For the recordings from each different muscle, we calculated
the nerve conduction velocity, the CMAP amplitude and the re-
sponse duration. Amplitude was measured as the interval between
the negative and positive peaks at the highest and lowest wave
(peak to peak); the latency was the distance from the stimulus ar-
tifact to the start of the first negative deflection and the response
duration was measured from the start of the first negative deflec-
tion to the end of the M response, i.e. the duration to the final re-
turn to the isoelectric line. The nerve conduction velocity using the
distance between the proximal and distal stimuli of the ulnar and
median nerves was calculated by an EMG device. CMAP ampli-
tudes, response durations and velocities by calculating the values
obtained from the proximal and distal stimulus for each muscle
were compared. In the entire group enrolled in the trial, the CMAP
amplitude and response duration values obtained from the proxi-
mal and distal stimuli from the same muscle were compared
among themselves.

Statistics

To statistically assess the obtained data, Student’s t test for
paired groups and an independent-group t test were used to com-
pare the male and female groups. Levene’s test was also employed
to assess whether the group variances were uniformly distributed.

Results

The mean age of the males and females in our cohort
was 35.9 + 8.2 and 35.5 + 9.0 years, respectively. This dif-
ference in age was not statistically significant (p > 0.05).

Higher amplitude values were obtained in the distal
muscles than in the proximal muscles innervated by the
same nerve (ADM 5.81 + 3.13 vs. FCU 2.52 + 1.16 mV,
and APB 6.88 + 2.77 vs. PT 2.90 + 1.20 and FCR 3.59 +
1.66 mV; p < 0.001) (table 1).

A comparison of the CMAP durations revealed longer
response duration values for the proximal muscles than
for the distal muscles innervated by the same nerve (FCU
15.65 £ 2.43 vs. ADM 13.55 £ 1.78 ms, and PT 16.38 +
2.39 and FCR 16.04 + 2.34 vs. APB 13.40 £ 1.79 ms; p <
0.001) (table 2). Compared to the distal muscles inner-
vated by the same nerve, the nerve conduction velocity
values obtained from the proximal muscles were higher
(FCU 78.27 £ 6.55 vs. ADM 67.83 £ 6.76 m/s, and PT
74.57 + 5.66 and FCR 74.23 + 5.88 vs. APB 66.38 + 6.85
m/s; p < 0.001) (table 3).

For all of the muscles assessed, the CMAP amplitude
values from the proximal stimulus were significantly low-
er than the values obtained from the distal stimulus (FCU
2.16 £1.10vs. 2.89 £ 1.31 mV; ADM 5.14 + 3.18 vs. 6.48
+3.25mV; PT 2.55+1.07 vs.3.25+ 1.39 mV; FCR3.32 +
1.71 vs. 3.85 £ 1.76 mV; APB 5.90 £ 2.72 vs. 7.87 £ 3.05
mV; p < 0.05); the CMAP response duration obtained via

Ongun/Oguzhanoglu


http://dx.doi.org/10.1159%2F000447742

Table 4. Comparison of median and ulnar nerve conduction pa-
rameters

Mean = ¢ Comparison
t value p value
FCU-V 78.27+6.55 4.138 <0.001
PT-V 74.57+5.66
FCU-V 78.27+6.55 4.651 <0.001
FCR-V 74.23+5.88
FCU-A 2.52+1.16 -2.277 0.026
PT-A 2.90+1.20
FCU-A 2.52+1.16 -4.306 <0.001
FCR-A 3.59+1.66
V = Velocity (m/s); A = amplitude (mV).

Table 5. Comparison between male and female groups

Mean + 0, ms Comparison

male female t value p value
FCU-D 14.75+£2.28 16.55+2.27 3.06 0.003
PT-D 15.74+2.79 17.02+1.72 2.13 0.037
FCR-D 15.33+2.46 16.75+£2.00 2.44 0.018

D = Duration.

the proximal stimulus was significantly longer than that
obtained from the distal stimulus (FCU 16.27 + 2.54 vs.
15.03 £2.41 ms; ADM 14.05 £ 1.95vs. 13.06 £ 1.73 ms; PT
17.05+2.51vs.15.71 £2.36 ms; FCR 16.71 + 2.42 vs. 15.38
+2.39 ms; APB 13.90 + 1.70 vs. 12.90 £ 1.97 ms; p < 0.05).
The recordings obtained from the proximal FCU stim-
ulated by the ulnar nerve revealed significantly higher
nerve conduction velocities and lower CMAP amplitude
values than the values obtained from proximal PT and
FCR (FCU 78.27 + 6.55 vs. PT 74.57 + 5.66 and FCR 74.23
+5.88m/s,and FCU2.52+1.16 vs. PT 2.90 + 1.20 and FCR
3.59 £ 1.66 mV; p < 0.05). The CMAP response duration
was shorter in the proximal muscle innervated by the ulnar
nerve than that in the proximal muscle innervated by the
median nerve (FCU 15.65 + 2.43 vs. PT 16.38 + 2.39 ms);
however, there was no statistically significant difference
(p=0.223). A comparison of the recordings obtained from
ADM and APB revealed no significant differences in terms
of nerve conduction velocity (ADM 67.83 £ 6.76 vs. APB
66.38 £ 6.85 m/s; p > 0.05) and CMAP amplitudes (ADM
5.81 +3.13 vs. APB 6.88 + 2.77 mV; p > 0.05) (table 4).

Nerve Conduction Parameters in
Proksimodistal Muscles

Comparing the mean CMAP amplitude values, the
mean CMAP durations and the nerve conduction veloci-
ties of the male and female groups, the proximal muscles
demonstrated significantly higher CMAP durations than
the distal muscles innervated by the same nerve for females
(FCU 14.75 £ 2.28 vs. 16.55 + 2.27 ms, p = 0.003; PT 15.74
+2.79vs.17.02 £ 1.72 ms, p = 0.037; FCR 15.33 + 2.46 vs.
16.75 £ 2.00 ms, p = 0.018), but no statistically significant
difference was detected in the other values (table 5).

Discussion

In this study, the proximal muscles innervated by the
median or ulnar nerves consistently showed lower CMAP
amplitude values, longer CMAP durations and higher
conduction velocities than the distal muscles. Fibers with
different diameters in the same nerve were noted.

In this study, the lower CMAP amplitude and longer
durations obtained in the proximal muscles compared to
the distal muscles innervated by the same nerve could be
due to desynchronization associated with the high level
of temporal dispersion resulting from the fibers having
different nerve conduction velocities in the same nerve.
When the amplitude of the action potential decreases, the
area is reduced and the duration is longer in tandem with
the distance between the stimulation and the recording
point [13, 14]. This is associated with temporal dispersion
[15], which is a term that describes the desynchroniza-
tion of the concomitantly stimulated components of the
CMAP due to differences in conduction velocity. There-
fore, temporal dispersion could explain the differences in
CMAP amplitude, time and area between proximal and
distal stimulations of the same nerve [16].

In this trial, the obtained CMAP amplitude and dura-
tion values from the proximal and distal stimuli in the
same muscle revealed that the values of CMAP amplitude
from the proximal stimulus were significantly lower than
those from the distal stimulus. Furthermore, CMAP du-
rations were significantly longer with the proximal stimu-
lus than with the distal stimulus. The difference between
the conduction rate of the slow fibers and the fast fibers
in the peripheral nerve during conduction to a distant
target became marked in relation to the short-distance
conduction. Hence, the longer the conduction distance,
the more did the stimuli in the slow fibers fall behind in
relation to the fast fibers. Therefore, as the distance be-
tween the stimulation point and the recording site in-
creases, the amplitude decreased and the time was pro-
longed even if the same number of fibers contributed to
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the action potential. In the trial by Olney and Miller [17],
the authors demonstrated a linear correlation between
the response size and the length of the nerve segment.
Mattler et al. [18] noted that the proximodistal CMAP
changes increased with the length of the nerve segment.
The data obtained in our study were similar to the data
obtained in these two studies. This could be a confirma-
tion of the presence of the nerve fibers with different ve-
locities in the same nerve.

In this study, ulnar nerve conduction parameters were
also performed by stimulating from different sites and re-
cording from the same muscle. The values of CMAP am-
plitude from the proximal stimulus were significantly
lower than those from the distal stimulus. In another trial
with ulnar nerves, Oguzhanoglu et al. [3] detected that the
arm segment amplitude values were lower than the fore-
arm segment amplitude values in the hypothenar region
recordings, and authors attributed this findings to tempo-
ral dispersion. This study showed that the same findings
also apply to the median nerve in addition to ulnar nerve
tindings. The mechanism proposed for a reduction in the
proximal CMAP area and the amplitude values is phase
cancellation that occurs during the composite of the tem-
porally diffused diphasic and polyphasic action potentials
[19]. Phase cancellation occurs during the algebraic sum
of the single muscle fiber action potentials constituting the
motor unit action potential. However, phase cancellation
related to the motor unit action potential is independent
of the site of stimulus. Even so, we can state that CMAP
formed by the sum of different motor unit action poten-
tials is associated with temporal dispersion [17].

Motor and sensorial peripheral nerves consist of nerve
fibers with different nerve conduction rates. The differ-
ence in the nerve conduction rate is said to be within a wide
range such as between 12 and 13 m/s [20]. Considering
that the fastest conducting A-alpha fibers have a rate
around 60 m/s, this difference matters. This variation in
nerve conduction velocities results in a desynchronized
activation in those obtained via proximal stimulus more
prominently than the motor unit action potentials ob-
tained via distal stimulation. In our study, longer dura-
tions were obtained in the proximal muscles compared to
the distal muscles innervated by the same nerve, and also
the CMAP durations were significantly longer with proxi-
mal stimulus than with distal stimulus. In the case of prox-
imal stimulation, i.e. along the longer conduction path, the
difference between the fast and slow conducting fibers be-
comes more marked compared to the stimulus from the
distal muscle along the shorter conduction path. This ex-
plains the longer CMAP duration obtained by proximal
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stimulation compared to that obtained by distal stimulus.
In addition, desynchronized activation of the motor unit
action potentials results in further increased phase cancel-
lation in the terminal section of the CMAP-negative phase.

Temporal dispersion may increase in cases of periph-
eral nerve injury; the effect of temporal dispersion on
CMAP amplitude and duration was demonstrated in sub-
jects with normal nerves and subjects with peripheral neu-
ropathy [21]. Abnormal desynchronization between nerve
fibers in focal demyelinated regions may result in the neg-
ative and positive phases of the diphasic action potential
constituting the motor response canceling each other. This
cancellation increases the temporal dispersion by reducing
the amplitude. In the case of demyelinating neuropathies,
the CMAP amplitude by distal stimulus decreases mildly
or moderately due to abnormal temporal dispersion. Phase
cancellation and distal latency can be delayed due to demy-
elination. With additional proximal stimulus, the CMAP
amplitude decreases due to temporal dispersion as well as
due to conduction block in some fibers. Since the likeli-
hood of the nerve action potentials crossing through the
demyelinated segments is increased, it is reduced mark-
edly [22]. This study showed that the proximal muscles in-
nervated by the median or ulnar nerves had lower CMAP
amplitude values, longer CMAP durations and higher con-
duction velocities than distal muscles. In this context, the
trial is important since it paves the way for a better under-
standing of physiological changes in nerve conduction pa-
rameters obtained from proximal and distal muscles in the
same nerve segment and neuropathic conditions.

In this trial, no significant differences in nerve conduc-
tion rates and CMAP amplitudes between the proximal and
distal muscles were detected between males and females.
However, different results have been obtained in other
studies. Alemdar [23] compared the sensory responses in
the median and ulnar nerves and detected a significantly
higher mean sensory nerve action potential amplitude and
a shorter distal latency in females compared to males.
Bolton and Carter [24] similarly detected higher sensory
action potential amplitude values in median and ulnar
nerves in females. Hennessey et al. [25] compared the nerve
conduction rates, distal latencies and amplitude values be-
tween males and females. These authors reported a higher
sensory action potential amplitude value only in females.

While there have been a few studies [25-27] explaining
the gender effect on nerve conduction with the fact that
males have more manual professions and their ulnar
nerve is thus more susceptible to injury, it seems difficult
to generalize this inference. The higher sensory nerve ac-
tion potential amplitudes in females, reported in some
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studies, may be attributed to the thinner cutaneous and
subcutaneous tissue of female fingers and the fact that the
action potential is recorded on a short distance. However,
previous studies did not report consistent results for the
differences in nerve conduction parameters between gen-
ders. This fact suggests the potential presence of factors
that have not yet been assessed or measured, and addi-
tional trials are clearly necessary.

Conclusion
In this study, proximal muscles innervated by median

or ulnar nerves had lower CMAP amplitude values, lon-
ger CMAP durations and higher conduction velocities

than distal muscles innervated by median or ulnar nerves.
The fast- and slow-conducting fibers progressed together
in the same nerve, and desynchronization was associated
with a high level of temporal dispersion resulting from
the fibers of different nerve conduction rates.
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