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Abstract

KIM, S.-R., NISHIHIRA, Y. and HATTA, A. Changes in the Periph-
eral Motor Nerve Conduction Velocity and its Distribution in the
Lower Limbs with Long-term Exercise. Adv. Exerc. Sports
Physiol., Vol.15, No.3 pp.95-100, 2009. We changed the subjects
to soccer players undergoing long-term exercise to confirm these
findings in detail. The leg motor nerve conduction (MCV) and
distribution of the MCV (DMCV,), which reflects the nerve
conduction velocity of the maximum relative number of nerve fi-
bers, were measured employing the collision method to closely re-
investigate the influence of long-term exercise on the MCV. The
subjects were 13 athletes (20.61+1.38 years) and 13 non-athletes
(19.53+0.96 years). The athlete group consisted of active soccer
players with a 10-year or longer experience of competition. The
non-athlete group consisted of subjects who had never belonged
to any exercise club and performed little exercise in daily activi-
ties. The MCV and DMCV ., of two nerves each in the upper
and lower limbs were significantly faster in the athlete than in the
non-athlete group, suggesting that, in addition to congenital fac-
tors, complex long-term training and the specific characteristics
of individual sports act to change the MCV and DMCV .
Keywords: Soccer players, Collision method, Long-term exer-
cise, MCV and DMCV e

I. INTRODUCTION

Many studies on the influence of exercise, particu-
larly, long-term exercise training, on the body have been
performed, and functional improvement of the respiratory
(6), circulatory (16), and skeletal muscle (13) systems
were reported. Molecular- and cellular-level changes asso-
ciated with adaptation to exercise have also been reported.
Mitochondrial enzyme expression was enhanced by train-
ing in rats, the number of mitochondria increased as the
training period prolonged (12), and long-term endurance
exercise training enhanced lipolysis by catecholamine in
adipocytes (11). In addition, long-term exercise training
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was reported to change the motor nerve conduction veloc-
ity of the peripheral nerve system (2, 17). Kim et al. (17)
investigated the influences of long-term exercise training
on the motor nerve conduction velocity (MCV) and distri-
bution of the MCV (DMCV,) in the upper limbs of
wheel-chair endurance athletes (athletes), and confirmed
that the MCV and DMCV 5 were faster in the athlete than
in a non-athlete group, suggesting that, in addition to con-
genital (genetic) factors, complex long-term training com-
prised of aerobic, anaerobic, and power exercise changed
the MCV and DMCV ... However, these were observed in
athletes mainly training the upper limbs long-term. Thus,
we changed the subjects to soccer players undergoing long-
term exercise to confirm these findings in detail. The leg
motor nerve MCV and DMCV ., which reflects the nerve
conduction velocity of the maximum relative number of
nerve fibers, were measured employing the collision
method to closely re-investigate the influence of long-term
exercise on the MCV.

II. METHODS

A. Subjects

The subjects were 13 athletes (20.61+1.38 years) and
13 non-athletes (19.53+0.96 years). The athlete group con-
sisted of active soccer players with a 10-year or longer ex-
perience of competition. The non-athlete group consisted
of subjects who had never belonged to any exercise club
and performed little exercise in daily activities. Handed-
ness was determined using the questionnaire of the Edin-
burgh Handedness Inventory (15), and all subjects were
right-handed. The physical characteristics of the subjects
are shown in Table 1. The objective and method of the ex-
periment were explained to the subjects before the study,
and consent to participate was obtained.

B. Procedure

After entering the experimental room, the subject
rested in a sitting position for 30 minutes or longer to adapt
to the room temperature (22.5-25.5 °C). Thermistor tem-
perature probes for skin temperature measurement were
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then attached to the measurement sites on the bilateral fore-
arms. An earth electrode was attached to the styloid proc-
ess of the ulna. Using an Ag/AgCl dish electrode as a
derivation electrode, probe electrodes were attached to the
muscle belly innervated by the test nerve at about 2-cm in-
tervals, and the reference electrode was attached to a site
near the distal tendon. M waves were recorded via the in-
nervated muscle by percutaneously stimulating the test ner-
ve, and the MCV and DMCV ., were determined. The
MCV and DMCV, of the test nerve were measured on
the dominant and non-dominant sides in a random order.

C. Measurement method

The test nerves were the median and ulnar nerves. For
evoked electromyography, the little finger abductor was
used for the ulnar nerve and the short abductor of the
thumb for the median nerve. In the legs, the abductor of
the big toe was used for the tibial nerve and the short exten-
sor of the toes for the fibular nerve. The DMCV e, Was
measured employing Tachibana’s collision method, and
the measurement was initiated after the skin temperature
stabilized (30.2-33.5 °C). The duration and frequency of
stimulation were 0.3 msec and 1 Hz, respectively. The
stimulation intensity at which the M wave amplitude
reached the maximum was adopted, and a supramaximum
stimulus (100-120 V) corresponding to about 120% of the
maximum M-wave amplitude-inducing stimulation inten-
sity was applied to stabilize the effect of the stimulus. Re-
garding the stimulation interval, 2 stimulation devices of
Unique Medical Co., Ltd. and Nihon Kohden Co.
(Neuropac) were simultaneously operated. M waves were
recorded so as to achieve as sharp a rise as possible, and at-
tention was paid to recording identical M waveforms
evoked by stimulating 2 sites. As the distance between
stimulating electrodes, the distance between the negative
stimulating electrodes on the peripheral and central sides
was measured.

D. Collision method
A procedure of the collision method to measure
DMCV devised by Hopf (6) and changed by Tachibana

Table 1 Physical characteristics of subjects

Training group Non-training group

(n=13) (n=13)
Age (years) 20.61 +1.38 19.53 + 0.96
Height (cm) 173.4 +7.34 170.9 £5.73
Weight (kg) 67.89 + 7.16** 62.19 + 8.2
Carcer (years) 13.0 + 1.53 —

Values are means + SD.
**p < 0.01; a significant difference between training group and
non-training group

{(18) Collision method (by Hopf 1963): From uppermost
trace to down frace, interval of two stimulation sites (S1-
S2) is increased step by step. If two stimulation are given
simultaneously (A), only the muscle response evoked by
distal stimulation site (M1) can be recorded, for in all the
motor fibers, descending impulses evoked at the proximal
stimulation site collides with ascending impulses evoked at
the distal stimulation site and disappear. In case of that the
proximal stimulation (S2) is given when the ascending im-
pulse evoked by distal stimulation (S1) has passed the
proximal stimulation site in the fastest conducting motor fi-
ber (B), a small muscle response corresponding to the
proximal stimulation site (M2) can be recorded. Conduc-
tion velocity of the fastest motor fiber in the nerve bundle
can be calculated as the distance of two stimulation sites is
divided by the interval of the two stimulation. As interval
is increased, muscle response corresponding to the proxi-
mal stimulation site (M2) increase its amplitude (C). M2 re-
sponse becomes maximum in case of that the S2 is given
when in all the fibers ascending impulses evoked by S1
has passed the proximal site (D). As mentioned above, the
slowest conduction velocity in this study can be calculated.
(Fig. 1)

E. Statistical analysis

The body weight was analyzed employing the un-
paired t-test. The measured MCV and DMCV ¢, were sub-
jected to two-way layout mixed ANOVA of group (athlete
and non-athlete groups) x dominant side (dominant and
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Fig. 1 A procedure of the Collision method to measure DMCV de-
vised by Hopf and changed by Tachibana
S1: distal stimulation
S2: proximal stimulation site
M1: Muscle response evoked by distal stimulation site

M2: Muscle response evoked by proximal stimulation site
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non-dominant sides). When a main effect was obtained re-
garding the groups, the unpaired t-test was employed, and
when a main effect was obtained regarding the dominant
side, the paired t-test was employed. When an interaction
was detected, subsequent analysis was performed. When
no Mauchly’s sphericity could be assumed on ANOVA,
the degree of freedom and significance level of the test
were re-calculated using the Greenhouse-Geisser ¢ value.
The significance level was set to less than 0.05.

lll. RESULTS
A. Physical characteristics of the subjects
Table 1 shows the physical characteristics of the sub-
jects. On the unpaired t-test of the body weight, the value
was significantly higher in the athlete than in the non-ath-
lete group (Table 1).

B. MCV

Table 2 shows the ulnar MCV in the athlete and non-
athlete groups. On two-way mixed ANOVA of the ulnar
MCV (group x dominant side), a main effect was detected
in the factor of group {F(1,24)=4.53, p<0.05}. On the un-
paired t-test, the MCV tended to be faster in the athlete
than in the non-athlete group on the dominant (p=0.057) as
well as non-dominant side (p=0.085). No interaction was
noted.

Table 2 shows the median MCV in the athlete and
non-athlete groups. On two-way mixed ANOVA of the me-
dian MCV (group x dominant side), no significant differ-
ence was noted in any factor.

Table 2 shows the fibular MCV in the athlete and non-
athlete groups. On two-way mixed ANOVA of the fibular
MCV (group x dominant side), a main effect was detected
in the factor of group {F(1, 24)=43.19, p<0.001}. On the
unpaired t-test, the MCV was significantly faster in the ath-
lete than in the non-athlete group on both the dominant and
non-dominant sides. No interaction was noted.

Table 2 shows the tibial MCV in the athlete and non-
athlete groups. On two-way mixed ANOVA of the tibial

MCYV (group x dominant side), a main effect was detected
in the factor of group {F(1, 24)=21.36, p<0.001}. On the
unpaired t-test, the MCV was significantly faster in the ath-
lete than in the non-athlete group on both the dominant and
non-dominant sides. No interaction was noted.

C. DMCVpear

Fig. 2 shows the ulnar DMCV ., in the athlete and
non-athlete groups. On two-way mixed ANOVA of the ul-
nar DMCV . (group x dominant side), a main effect was
detected in the factor of group {F(1, 24)=27.07, p<0.001}.
On the unpaired t-test, the MCV was significantly faster in
the athlete than in the non-athlete group on both the domi-
nant and non-dominant sides. No interaction was noted.

Fig. 3 shows the median DMCV ., in the athlete and
non-athlete groups. On two-way mixed ANOVA of the me-
dian DMCV . (group x dominant side), main effects were
detected in the factors of dominant side {F(1, 24)=6.40,
p<0.05} and group {F(1, 24)=14.46, p<0.001}. On the
paired t-test regarding the factor of the dominant side, the
DMCV,ix was significantly faster in the dominant side
than non-dominant in the both groups. On the unpaired t-
test regarding the factor of group, the DMCV . Was sig-
nificantly faster in the athlete than in the non-athlete group
on both the dominant and non-dominant sides. No interac-
tion was noted.

Fig. 4 shows the fibular DMCV .5 in the athlete and
non-athlete groups. On two-way mixed ANOVA of the
fibular DMCV 5 (group x dominant side), a main effect
was detected in the factor of group {F(1, 24)=45.90,
p<0.001}. On the unpaired t-test regarding the factor of
group, the DMCV ., was significantly faster in the athlete
than in the non-athlete group on both the dominant and
non-dominant sides. No interaction was noted.

Fig. 5 shows the tibial DMCV . in the athlete and
non-athlete groups. On two-way mixed ANOVA of the tib-
ial DMCV ¢, (group x dominant side), a main effect was
detected in the factor of group {F(1, 24)=7.89, p<0.01}.
On the unpaired t-test regarding the factor of group, the

Table 2 Comparison of MCV in athlete and non-athlete

Membrum superius Ulnar nerve Median nerve
Dominant Non-Dominant Dominant Non-Dominant

Training group (n = 13) 58.19 + 1.89 57.73 £2.27 58.28 £ 2.48 56.70 +£2.81

Non-training group (n=13) 55.48 £2.38 55.04 £ 2.80 57454222 56.12 +3.22

Membrum inferius

Peroneal nerve

Tibial nerve

Dominant Non-Dominant Dominant Non-Dominant
Training group (n=13) 4999 £ 0.34** 4921 £+ 0.61%* 49.17 £ 0.64%*  48.69 + 0.66**
Non-training group (n=13) 45.94 + 0.51 44.9 + 0.81 4434+ 0.8 44.11 + 1.07

Values are means = SE

**p < 0.01; a significant difference between training group and non-training group
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M Training group
[ Non-training group

DMCVpeak (m/sec)

Dominant hand Non-dominant hand

Values are means + SE.

**¥p < 0.0015 a significant difference between training and non-training group.

Fig. 2 Fig. 2 shows the ulnar DMCV e in the athlete and non-ath-
lete groups. On two-way mixed ANOVA of the ulnar
DMCVpea (group x dominant side), a main effect was de-
tected in the factor of group {F(1, 24)=27.07, p<0.001}. On
the unpaired t-test, the MCV was significantly faster in the ath-
lete than in the non-athlete group on both the dominant and

non-dominant sides. No interaction was noted.

B Training group
[[] Non-training group

[
a7 | — —’
s [__**_

{

Mr

38r

DMCVpeak (m/sec)

37r

3

oL

Dominant hand Non-dominant hand

Values are means * SE.

*¥*p < 0.01; a significant difference between training and non-training group.

#p < 0.05; a significant differencebetween the dominant and non-dominant hands in the
training group. ##p < 0.01; a significant difference between the dominant and non-dominant
hands in the non-training group.

Fig. 3 Fig. 3 shows the median DMCV . in the athlete and non-ath-
lete groups. On two-way mixed ANOVA of the median
DMCV,e (group x dominant side), main effects were de-
tected in the factors of dominant side {F(1, 24)=6.40, p<0.05}
and group {F(1, 24)=14.46, p<0.001}. On the paired t-test re-
garding the factor of the dominant side, the DMCV ey Was sig-
nificantly faster in the athlete than in the dominant side than
non-dominant in the both groups. On the unpaired t-test re-
garding the factor of group, the DMCV . was significantly
faster in the athlete than in the non-athlete group on both the

dominant and non-dominant sides. No interaction was noted.

DMCV . was significantly faster in the athlete than in the
non-athlete group on both the dominant and non-dominant
sides. No interaction was noted.

[V. DISCUSSION

In our preceding study, the MCV and DMCV ey, Te-
flecting the nerve conduction velocity of the maximum
relative number of nerve fibers, were measured employing
the collision method in subjects with experience of long-
term exercise training, and the influence of such long-term
exercise training on the upper limb peripheral motor nerve
conduction velocity was investigated. The MCV and
DMCV . were faster in the athlete (wheelchair endurance
athletes) than in the non-athlete group, suggesting that, in
addition to congenital (genetic) factors (9), complex long-
term training comprised of aerobic, anaerobic, and power
exercise changed the MCV and DMCV e,

To more closely confirm these findings, we measured
the MCV and DMCV,,, reflecting the nerve conduction
velocity of the maximum relative number of nerve fibers
employing the collision method, and re-investigated the in-
fluence of long-term exercise on the motor nerve conduc-
tion velocity and distribution.

No significant differences were noted in the ulnar or
median MCV in the upper limbs on the dominant or non-
dominant side between the athlete and non-athlete groups
(Table 2). However, the DMCV ., findings indicated that
the relative number of nerve fibers was greater in the re-
gions in which the conduction velocity was faster in the
athlete than in the non-athlete group in both nerves bilater-
ally (Fig 2 and 3). In addition, the fibular and tibial MCV
were significantly faster in the athlete group bilaterally
(Table 2), and the DMCV,; was also faster in both the
fibular and tibial nerves, showing that the relative number
of nerve fibers was greater in the regions in which the con-
duction velocity was faster in the athlete than in the non-
athlete group (Fig 4 and 5).

The characteristics of soccer players may be repre-
sented well by these findings. Unlike in other ball games,
soccer players (excluding goal keepers) do not use their
hands. Players become able to accurately handle the ball at
a high speed without using their hands after considerable
training. Accordingly, muscle strength, endurance, speed,
and power are 4 main physical attributes generally consid-
ered necessary for soccer. Although soccer players do not
use their hands or arms to touch the ball or other players,
the hands and arms play an important role in all move-
ments, such as running, stopping, balancing, kicking, and
jumping.

Singh and Maini (20) compared the fibular and tibial
MCYV of the legs between 38 rickshaw men and 25 general
healthy adults, and found that the fibular MCV was signifi-
cantly faster in the rickshaw men. Park (7) compared ulnar
and median MCV in the upper limb and tibial and fibular
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Dominant leg

Non-dominant leg
Values are means = SE.

**p < 0.015 a significant difference between training and non-training group in
the dominant leg. *p < 0.05; a significant difference between training and non-
training group in the Non-dominant leg.

Fig. 4 TFig. 4 shows the fibular DMCV . in the athlete and non-ath-
lete groups. On two-way mixed ANOVA of the fibular
DMCV,e (group x dominant side), a main effect was de-
tected in the factor of group {F(1, 24)=45.90, p<0.001}. On
the unpaired t-test regarding the factor of group, the
DMCV,ex Was significantly faster in the athlete than in the
non-athlete group on both the dominant and non-dominant

sides. No interaction was noted.

M Training group
[l Non-training group

E 3 *hE

a3f l—

DMCVpeak (m/sec)
(3
©

Dominant leg Non-dominant leg

Values are means = SE.

#¥%p < 0.001; a significant difference between training and non-training group.

Fig. 5 Fig. 5 shows the tibial DMCV .y in the athlete and non-ath-
lete groups. On two-way mixed ANOVA of the tibial
DMCV e (group x dominant side), a main effect was de-
tected in the factor of group {F(1, 24)=7.89, p<0.01}. On the
unpaired t-test regarding the factor of group, the DMCV ey
was significantly faster in the athlete than in the non-athlete
group on both the dominant and non-dominant sides. No inter-

action was noted.

MCYV in the lower limb between soccer players and gym-
nasts. In the upper limb nerves, the MCV was faster in the
gymnasts bilaterally, while the MCV of the lower limb
nerves tended to be bilaterally faster in the soccer players.
The MCV was faster in body regions mainly used in the

sport than in those not used, suggesting that the MCV may
affect sports training. Hatta et al. (2) reported similar study
results. They compared athletes (trained in kendo) and gen-
eral healthy adults. They observed that the ulnar MCV was
significantly faster on not only the dominant but also non-
dominant side, and considered that the sporting characteris-
tics of kendo may be closely involved. They discussed the
fact that the dominant side is consistently used in racket
sports, such as badminton, whereas not only the dominant
but also non-dominant side plays an important role in
kendo because a bamboo sword is held with both hands.
The sporting characteristics may have also influenced our
findings. Although soccer players mainly use their lower
limbs, the peak relative number of nerve fibers in the upper
limb (DMCV,y,) was detected in the region in which the
conduction velocity was significantly faster in the athletes
than in the non-athletes (Fig 2 and 3).

Although they do not use their hands or arms to touch
the ball or other players, the hands and arms play an impor-
tant role in all movements, such as running, stopping, bal-
ancing, kicking, and jumping. Thus, their upper limbs are
trained as well as the lower limbs, although they do not di-
rectly use them in games. It has been reported that the
MCV and DMCV,,. were significantly faster in subjects
who had experience of long-term exercise training (Le.,
athletes) (2, 7, 8, 10, 17). The conduction velocity of
nerves is influenced by the axon diameter, and the conduc-
tion velocity becomes faster as the diameter increases. A
greater electric current flows because the axon resistance is
small, which shortens the time required to excite the adja-
cent segment (14). Arbuthnott et al. (1) and Waxman (21)
reported that morphological changes in the axon diameter
simultaneously change the MCV. Edds (4) confirmed in an
animal study that the axon diameter increased with training
in peripheral nerves, showing that training increased the
nerve fiber thickness. Furthermore, Shokouhi et al. (19) re-
cently reported that the lipoperoxide level in the sciatic
nerve and Schwann cell apoptosis were reduced and the
myelin sheath was thickened in treadmill exercise-loaded
rats (9 and 12 months) compared to those in control rats.
Bengtsson ct al. (3) also reported that skillful finger move-
ment increases the number of nerve fibers distributing
from the cerebral motor area toward the spinal cord in pian-
ists who have practiced piano since childhood. An in-
creased number of structures, called medullary sheath of
nerve cells, indicate that nerve fibers covered with an insu-
lator rapidly send electrical impulses along the nerve fibers
by saltatory conduction.

The findings including the greater MCV and
DMCV,e values in the athlete than in the non-athlete
group suggested that not only the legs but also the hands
and arms play an important role in all movements of soc-
cer, such as running, stopping, and balancing, resulting
from training of the upper as well as lower limbs. As de-
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scribed above, the MCV and DMCV . values of the two
nerves in the upper limbs as well as two nerves in the
lower limbs were significantly greater in the athlete than in
the non-athlete group, suggesting that, in addition to con-
genital factors, complex long-term training and the specific
characteristics of individual sports act to change the MCV
and DMCV peu.

V. CONCLUSION

The MCV of nerves in the lower limbs and
DMCYV pea, reflecting the nerve conduction velocity of the
maximum relative number of nerve fibers, were measured
employing the collision method in soccer players perform-
ing long-term exercise, and we investigated the influence
of long-term exercise on the MCV.

The MCV and DMCV ;i of two nerves each in the
upper and lower limbs were significantly faster in the ath-
lete than in the non-athlete group, suggesting that, in addi-
tion to congenital factors, complex long-term training and
the specific characteristics of individual sports act to
change the MCV and DMCV .
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