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                  Abstract
KIM, S.-R., NISHIH[RA, 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
Physiel., Vol.15, No.3 pp.95-100, 2009. We  changed  the subjects

to soccer  players undergoing  long-term exercise to confirm  these
findjngs in dctail. /[he Eeg motor  nerve  conduction  (MCV) and
distribution of  the MCV  (DMCVp,,k), which  refiects  the nerve

conduction  velocity  of  the maximum  relative  number  of  nerve  fi-

bers, wcre  measured  employing  the collision  method  to closely  re-

investigate the influence ef  long-term exercise on the MCV  The

subjects  were  13 athletcs  (20.61± 1.38 years) and  13 non-ath]etes

(19.53±O.96 years>. The athlete  group consisted  of  active  soccer

pLayers with  a  10-year or  lo"ger experience  of  competition.  The

non-athlete groap consisted of  subiects who  had never  belonged
to any  excrcise  club  and  performed little cxercise  in daily activi-
ties. The MCV  and  DMCVp,ak  of  two nerves  each  in the upper

and  lower limbs were  significantly  faster in the athlete  than  in the

non-athletc  group, suggesting  that, in addhion  to congenita1 fac-

tors, cemplex  long-term training and  the specific  characteristics

of  individual sports  act  to change  the MCV  and  DMCVp,ak.

Keywords: Soccer ptayers, Collision rnethod,  Leng-term exer-

cise,  MCV  and  DMCV,,ak

             1. INTRODUCTION

   Many  studies  on  the influence of  exercise,  partieu-
larlM long-term exercise  training, on  the body haye been

perfbrmed, and  fimctional improvement  of  the respiratory

(6), circulatory  (16), and  skeleta] muscle  (13) systems

were  reported.  Molecular- and  cellular-level  changes  asso-

ciated  with  adaptation  to exercise  have also  been reported.

Mitechondrial 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), ln addition,  long-term exercise  training
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was  reported  to change  the metor  nerve  concfuction  ve]oc-

ity of  the peripheral nerve  systern  (2, 17), Kim  et al. (17)
investigated the influences of  long-term exercise  training

on  the motor  nerve  conduction  veloeity  (MCV) and  distri-

bution of  the MCV  (DMCV,,ak) in the upper  limbs of

wheel-chair  endurance  athletes  (athletes), and  confirmed

that the MCV  and  DMCV,,,k  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  arid  DMCVp..k.  However,  these  were  observed  in

athletes  mainly  training the upper  limbs long-term. Thns,
we  changed  the subjects  to soccer  players undergoing  long-
tcrm  exercise  to eonfirrn  these findings in detail. The  leg

motor  nerve  MCV  and  DMCV,..k,  which  rcfiects the ncrve

conduction  velocity  of  the maxirnum  retative  number  of

nerve  fibers, were  measured  employing  the collision

method  to close]y  re-investigate  the influence of  long-term

exercise  on  the MCV

                11. METHODS
A. Subjects

    The subjects  were  13 athletes (20,61±1.38 years) and
13 non-ath]etes  (19.53± O.96 years). The athlete group een-

sisted of  active  soccer  players with  a  1O-year or  longer ex-

perience of  competition.  The non-athlete  greup consisted
of  sulofects  who  had neyer  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  wcre

right-handed, The physical characteristics  of  the subjects

are  shown  in Tlable 1. The ebjective  and  method  of  the ex-

periment were  explained  to the subjects  before the study,
and  conscnt  to participate was  obtained.

B. Procedure

   Afier entering  the experimental  room,  thc subject

rested  in a sitting position for 30 minutes  or longer to adapt

to the room  temperature (22.5-25.5 
OC).

 Thermistor tem-

perature probes for skin  temperature measurcment  were
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then attached  to the  measurement  sites  on  the bilateral fbre-

arms.  An  earth  electrode  was  attached  to the styloid proc-
ess  of  the ulna.  Using an  AglAgCl  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  electrodc  was  attached  to a  sitc

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,.ak  were  determined. The
MCV  and  DMCVp,ak  of  the test nerve  werc  measured  on

the dominant and  non-dominant  sides  in a random  order.

C  Adbasurement 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  ef  the

thumb fbr 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 DMCVp,ak  was

measured  employing  [lachibana's collision  method,  and

the rneasurement  was  initiated after the skin  temperature

stabilized  (30.2-33.5 
eC).

 The duration and  firequency of

stimulation  were  O.3 msec  and  1 Hz, respectively.  The
stimulation  intensity at  which  the M  wave  amplitudc

reached  the maximum  was  adopted,  and  a supramaximum

stimulus  (100-120 V) corresponding  to about  120%  of  the

maximum  M-wave  amplitudc-inducing  stimulation  inten-

sity was  applied  to stahilize the effect of  the stimulus.  Re-

garding thc stimulatjon  interva], 2 stimulation  devices of

Unique Medical Co,, Ltd. and  Nihon Kohden Co.

(Neuropac) were  simultaneously  operated.  M  waves  were

recorded  se  as te 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  en  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

(18) Collision method  (by Hopf  1963)i From  uppermost

trace to dowp  trace, interval of  two  stimulation  sites (Sl-
S2) is increased step by step. If two stimulation  are  given
simultancously  (A), only  the muscle  response  evoked  by

distal stimulation  site (Ml) 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 Emd  disappear. In case  of  that the

proximai stimulation  (S2) is given when  the ascending  im-

pulse evoked  by dista] stimulation  (Sl) has passed the

proximal stimulation  site in the fastest conducting  motor  fi-
ber (B), a small  muscle  response  corresponding  to the

proximal stirnulation 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  ef  that the S2 is given
when  in all the fibers ascending  impulses cvoked  by Sl
has passed the proximal site  (D), As  mentioned  above,  the

slowest  conduction  velocity  in this study  can  be calculated.

(Fig. 1)

E. Statisticat analysis

    The body weight  was  analyzed  employing  the un-

paired t-test The  measured  MCV  and  DMCVp,ak  were  sub-

jected to two-way  layout mixed  ANOVA  of  group (athlete
and  non-athlcte  groups) x  dominant side  (dominant and
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Tlable 1 Physical characteristics  ef  subjects
t"
ab ptil l2I

NQ

Training group

   (n==13)
Non-training group

    (ll-13) CD)

Age  (years)
Height <cm}
Weight (kg)
Carcer (years)

20.61 ±  1.38

173.4± 7.34

67.89 ± 7.1 6**

 l.3.Q ±  1.53

19,53± O,96

170,9± 5,73

62.19 ± 8.2
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Fig. 1 A  proccdure of  the Collision rnethod  to measure  DMCV  de-

Vlilues are means  ±  SD,
""p

 <  O.Ol; a sigriificallt diffbrence bctween training group and

non-training  group

vised by Hopfand  changed  by Tachibana

Sl: distal stimulation

S2: proximal stimulation  site

M1:  Musele  responsc  evoked  by distal stimulation  sitc

M2:  Muscle  response  evoked  by proximal stimulation  site
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non-dominant  sides). When  a  main  eifect was  obtained  re-

gardmg the groups, the unpaired  t-test was  employed,  and

when  a main  effbct was  obtained  regarding  the dominant
side, the paired t-test was  employcd.  wnen  an  interaction
was  detected, subscquent  analysis  was  perfomied. 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 e  value.

The  signifieance  level was  set  to less than  O.05.

                 111, RESULTS
A, Plptsicat characteristics  ofthe subjects
    Table 1 shows  the physical characteristics  ofthe  sub-

jects, On  the unpaired  t-test of  tbe body weight,  the value

was  significantly  higher in the athlete than in the non-ath-
lete group (rlabLe 1),

B. MCV

    [Ibble 2 shows  the ulnar  MCV  in the athlete and  non-

athlete groups. On  two-way mixed ANOMPL  of  the ulnar
MCV  (group x  dominant side), a  main  effect was  deteeted
in the factor of  group {F(1,24)=4.53, p<O.05}. On the un-

paired t-test, the MCV  tended to be faster in th¢  athlete

than in the non-athlete  group on  the dominant tp=O.057) as

well  as non-dominant  side  (p=O,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<O.OOI}. On the

unpaired  t-test, the MCV  was  signifieantly  faster in the ath-
lcte 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 ANOV4L  of  the tibial

MCV  (group x  dominant side), a  main  efTect was  detected
in the factor of  group {F(1, 24)-21.36, p<O,OOI}. On  the

unpaired  t-test, the MCV  was  significantly  fastcr in the ath-
lete than in the non-athlete  group on  both the deminant and
non-dominant  sides.  No  interaction was  noted.

C  DMCZJeak

    Fig. 2 shows  the ulnar  DMCV,,ak  in the athlete  and

non-athlctc  groups. On  two-way  mixed  ANOVA  of  the ul-
nar  DMCVp,ak (group x  dominant side), a main  effect was

detected in the factor of  group {F(1, 24)=:27,07, p<O.OOI}.
On  the unpaircd  t-test, the MCV  was  significantly  faster in
the athlete thap in the non-athlete  group on  both the domi-
nant  and  non-donninant  sides.  No  interaction was  noted.

    Fig. 3 shows  the median  DMCVp.ak in the athlete and

non-athlete  groups. On  two-way  mixed  ANOVA  ofthe  me-

dian DMCVp,ak  (group x  dominant side), main  effects were

detected in thc factors of  dominant side {F(1, 24)=6.40,

p<O.05} and  group {F(1, 24)-14.46, p<O,OOI}. On  the

paired t-test regarding  the factor of  the dominant side, the
DMCV,,.k was  significantly  faster in the dominant side

than non-doininant  in the both groups. On the unpaired  t-

test regarding  the faetor of  group, the DMCV,.,k  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,..k  in the athlete and

non-athlete  groups. On  two-way  mixed  ANOVA  of  the
fibular DMCVp,ak  (group x  dominant side), a main  effbct

was  dctected in the factor o'f group {F(1, 24)=45.90,

p<O.OOI}. On  the unpaired  t-test regarding  the factor of

group, the DMCV,..k  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,..k in the ati]]ete and
non-athlete  groups. On  two-way  mixed  ANOVA  ofthe  tib-

ial DMCV,..k (group x  dominant side), a main  efTect was

detected in the factor of  group {F(1, 24)=7.89, p<O.Ol}.
On  the unpaired  t-test regarding  the factor of  group, the

1lable2Cornparison of  MCV  in athlete and  non-athlete

Membrum  supcrius Ulnarnerve Medlan nerve

Training group (n ==
 13)

Non-training  group (n=13)

Dominant

58,19± 1.89

55.48  ± 2.38

Nen-Dominant

57.73 t  2.27

55.04  ± 2.80

Dominant

5828  ± 2.48

57.45  ± 2.22

Non-Dominant

 56.70 ± 2.81

56.12± 3.22

Membium  inferius Peroneal nerve Tibial nerve

Training group (n=13)
Non-training group (n=:13)

 Dominant

49.99 ± O.34**

45.94 t  O.51

Non-Dominant

 49.21 ± O.61**

 44.9 ± O,81

Dominant

49.17 ± O.64**

44.34 ±  O.8

Non-Dominant

 48.69 ±  O,66**

 44."  ± 1,07

Vhlues are  rneans  ± SE
**p

 <  O.Ol; a significant  differenccbetween training group and  non-training  group
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-  TraininggTeup

a  Non'traininggroup
DMCVp,.k  was  significantiy  faster in the athlete than in the
non-athlete  group on  both thc dominant and  non-dominant

sides. No  interaction was  noted.
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Values  are  means  ±  SE.
M+p<O.Oel.;asignMcantdifferencebetweentralningananon'traininggroup.

Fig. 2

e-Msttg>9an

Fig. 2 shows  the ulnar DMCVp.k  in the ath]ete  and  non-ath-

lete groups. On  two-way  mixed  ANOVdL  of  the ulnar

DMCVpsnk (group x  dominallt side), a main  efTect  was  de-

tected in the factor of  groiip {F(1, 24)=27.07, p<O.OOI}. On

the  umpaired  t-test, the MCV  was  sigriificantly  faster in the ath-

lete than  in the  noll-athlete  group on  both the dominant  and

nDn-dominant  sides. No  interaction was  noted.

-  Traln{nggrDup

M  Noll'trnininggroup

nv

             nominnnthund  No"'dominanthAnd

Values th ve mean6  ± SE･.'i'"p<e.el;asigniticantdiff'eren[ebetv-'eentrainingandnon'trainlnggroup.
#p<O.O5/asignificantaffereueebct･weenlhcdominantandnon-fiouniiiamt.hanasintho
trahii]ggroup.##p(O.Ol;asignifieantd;fFerent/ebet"eenLhedcmiir/v]ta-dnon'domlnarrL

hanf]sinthtvion'trai]{nggro-p.

Fig.3Fig. 3 shows  the median  DMCVp,uk in the athlcte  and  nen-ath-

lete groups. On  two-way  mlxed  ANOVA  of  the median

DMCVp,.k  (group x  dominant side), main  etfects were  dc-

tected in the factors of  dorninmit sldc  {F(L, 24)=6.40, p<O.05}

and  group {F(1, 24)-14,46, p<e.OOl.}. On  the  paired t-test re-

garding the  factor of  the  dominanit sidc,  the DMCVp.ak  was  sig-

nificantly faster jn the athlete  than jn the dominant side than

non-dominant  in the both groxps. On  the umpaircd  t-tcst re-

garding the factor of  group, the DMCV,.uk was  signLficairtly

t'aster in the  athlete  than in the non-athlete  grourp on  both the

dorniiiant and  non-dorninant  sidcs. No  inLcraction was  noted.

               IV. DISCUSSION

    In our  preceding study, the MCV  and  DMCV,,.k, re-

fiecting the nerve  conduction  ve]ocity  of  the maximum

relative  number  of  nerve  fibers, were  rncasured  employing

the collision  methed  in subjects  with  experience  of  long-

term  exercise  training, and  the infiuence of  such  long-term
exercise  training on  thc uppcr  limb peripheral rnotor  nerve

conduction  velocity  was  investigated. The MCV  and

DMCVp,ak were  faster in the athlete  (wheelchair endurance

atbletes) than in the non-athlete  group, suggesting  that, in
addition  to congenita1  Cgenetic) factors (9), complex  long-

term training comprised  of  aerobic, anaerobic,  and  power
exercise  changed  the MCV  and  DMCV,,ak.

    Tb more  closely  confinm  these findings, we  measurcd

the MCV  and  DMCV,,ak, refiecting  the nerve  conduction

velocity  of  the  maximum  relative  number  of  nerve  fibers

employing  the collision  method,  and  re-inyestigated  the in-

fluence of  long-terrn exercise  on  the motor  nerve  conduc-

tion velocity  and  distr{bution.

    No  significant  difTerenees were  noted  in the ulriar  or

median  MCV  in the upper  limbs on  the dominant or non-

dominant side between the athletc and  non-athlete  groups
(Table 2). However, the DMCVp.,k findings indicated that

the relative  number  of  nerve  fibers was  greater in the rc-

gions in which  the conduction  velocity  was  faster in the
athlete  than in the non-athlete  group in both nerves  bilater-

aUy  (Fig 2 and  3). In additien,  the fibuiar and  tibial MCV

were  significantly  faster in the athlete group bilateraHy

(Tal)le 2), and  the DMCVp,ak  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-

sentcd  wcll  by these findings. Unlike in other  ball games,
soccer  players (excluding goal keepers) do not  use  their

hands. Players become able  to accurately  handlc tine ball at
a  high speed  without  using  their hands after  considerable

training. AccordinglM  muscle  strength,  endurance,  speed,

and  powcr  arc  4 main  physical atnibutes  generally consid-

ered  necessary  fbr soccer.  Although soceer  players do not

use  their hands er  anms  to touch the ball or  other  players,
the hands and  anns  play an  important role in all move-

ments,  such  as running,  stopping,  balancing, kicldng, and

.]umpmg.

    Singh and  Maini (20) compared  the fibular and  tibial

MCV  ofthe  ]egs between 38 riekshaw  men  and  25  general
healthy adults,  and  found that the fibular MCV  was  sigriifi-

cantly  faster in the rickshaw  men.  Patk  (7) compared  utnar

and  median  MCV  ln thc upper  lirnb and  tibial and  fibular
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Fig. 4 Fig, 4 shows  the fibular DMCVp.le  in the athlete  and  non-ath-

     lete greups, On two-way  mixed ANOMaj  of  the  fibular

     DMCVp.,k  (group x  dominant side), a  main  efftet was  de-

     tected in the facter of  groxp {F(1, 24)=4S.9e, p<O.OO1}, On
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     sides. No  interaction was  noLed.
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      E bN,::,".g.
 :1 g"Pgr,.p 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 kcndo) alld gen-
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 eral healthy adults. They  observed  that the ulnar  MCV  was
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                                    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  ltave also  infiuenced our

t-1･-1･
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   o
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 <  O.OOIi a  signtficanL  difference between  trafi ning  and  nen'training  greup,

Fig. 5 Fig. 5 shows  the tibial DMCVp.,k in the athlcte  and  non-uth-

     tete groups. On  two-way  mixed  ANOVA  of  the tibial

     DMCVpa,t  (group x  dominant side), a  main  effect  was  de-

     tected in the facter of  group {F(1. 24)=7.89, p<O.Oi}. On  the

     unpaired  t-test regarding  the facter of  group, the DMCVp,al,

     was  significantly  faster in the athletc than in the non-athlctc

     group on  both the dominant and  non-dominant  sides.  No  intcr-

     action  was  noted.

MCV  in thc lower limb between soccer  players and  gym-

nasts.  In thc upper  limb nerves,  the MCV  was  faster in thc

gynmasts  bilaterallM whi!e  the MCV  of  the lower limb
nerves  tcnded  to be bilaterally faster in the soccer  players.
The  MCV  was  faster in body regions  mainly  used  in the

findings. Although soccer  players mainly  use  their lower

lirpbs, the peak relative number  ofnerve  fibers in the upper
limb (DMCV,,ak) was  detected in the region  in which  the

conduction  yelocity  was  significantly  faster in the athletes

than in the non-athletes  (Fig 2 and  3).

   Although they do not  use  their hands or  arins to touch

the  ball or  other  players, the hands and  amis  play an  imper-

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  thcm in games. It has bccn reported  that the
MCV  and  DMCVp,ak  were  significantly  faster in subjects
who  had experience  of  long-term exercise  training (I.e.,
athletes) (2, 7, 8, 10, 17). The cenduction  velocity  of

nerves  is influenced by the axen  diarneter, and  thc conduc-

tion velocity  becomes faster as  the diameter increases, A

greater electric current  fiows because the axon  resistance  is
smalt, which  shortens  the time requir ¢ d to excite  thc adja-

c ¢ nt  segrnent  (14), Arbuthnott et  al. (1) and  Waxman  (21)
reported  that morphological  changes  in the axon  diameter
simultaneously  change  the MCVI  Edds (4) confirmed  in an
animal  study  that the axon  diameter inereased with  training

in peripheral nervcs,  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 treadmM  exercise-loaded

rats (9 and  12 months)  compared  to those in control  rats.

Bengtsson et al. (3) also  reported  that ski11fu1 finger move-
mcnt  increases the number  of  nerve  fibers distributing
frem the cerebral  motor  area  toward  the spinal  cord  in pian-
ists who  have practiced piar]o sinee  childhood.  An  in-

creased  number  of  structurcs,  called  rnedullary  sheath  of

nerve  cells, indicate that nerve  fibers covered  with  an  insu-
lator rapidly  send  electrjcal impulses along  the nerve  fibers
by saltatory  cQnduction.

    The  findings includmg the greater MCV  and

DMCVp,ak  values  in the athiete  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,,ak  vatues  of  the two

nerves  in the upper  limbs as well  as two  nerves  in the

lowcr Hmbs were  significantly  greater in the aihlete than in
the non-athlete  group, suggesting  that, in addition  to con-

genital factors, complex  long-term trajning  and  the  specific

characteristics  of  individual sports act to change  the MCV
and  DMCV,,,k.

             V. CONCLUS]ON
   The MCV  of  nerves  in the lower limbs and

DMCV,,ak, refiecting  thc nerve  conduction  velocity  of  the

maximum  relative  number  of  nerve  fibers, were  measurcd

employing  the collision  method  in soccer  players perform-
ing long-temn cxercise,  and  we  investigated the influence

of  long-term exercise  en  the MCV

   The MCV  and  DMCVp,ak  Qf  two nerves  each  in tlie
upper  and  lower limbs were  significantly  faster in the ath-

lete tban 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,eak,
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