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The Effects of Long-term Exercise Training on the Motor Nerve
Conduction Velocity (MCV) in Long-distance Wheelchair Athletes
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Abstract

This study was designed to clarify the effects of long-term exercise training on the
motor nerve conduction velocity (MCV) and distribution of the MCV (DMCV.,..). The
subjects were 9 long-distance wheel-chair racers who had undergone training of the upper
limbs over many years (31.6 = 2.2 years) and 9 non-racer wheel-chair users (20.5 = 1.9
years). The MCV and DMCV... were measured by the collision method in the median
and ulnar nerves of the dominant and non-dominant limbs. As a result, the MCV and
DMCV,... of both nerves were significantly faster in the wheel-chair racers than non-
racers. This suggests that long-term exercise training causes changes in not only the
MCV but also the DMCV.,.., which is the nerve conduction velocity involving the largest
number of nerve fibers.
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Table 1 A physical characteristics of subjects

Training group (n =9)

Non-training group (n =12)

Age (years) 3.6 = 2.2% 205 £ 1.9
Height (cm) — 170.5 = 3.7
Weight (kg) 63.7 = 5.1 62.1 = 7.3
Career (years) 10.6 = 3.3 _—

Right Left Right Left
Grip strength (kg) 57.6 = 1.1% # 56.8 1. 0% 38.0 = 5.4# 35.8 = 5.8
Maximum 35.4 = 1.6%# 343 = 1.3* 24.5 + 1.6# 23.8 + 1.8
upper arm (cm)
Maximum forean 29.3 + 1.1% 28.7 0.9 240 = 1.8 235 + 1.8

circumference (cm)

Values are means = SD.

*p <0.05; a significant difference between training group and non-training group
#p <0.05; a significant difference between dominant and non-dominant hand.
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Fig. 1. A procedure of the Collision method to
measure DMCV devised 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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Fig. 2 shows the ulnar MCV of the dominant and
non-dominant hands in the groups with and
without training. On two-way mixed-model
ANOVA (group x dominant side), the domi-
nant side: {F (1, 16)={8.54, p<0.01}, and
group: {F (1, 16)=48.32, p<<0.001}, showed
main effects. Subsequently, the MCV was
significantly faster in the training than in
the non-training group in both the dominant
and non-dominant hands. The MCV was
significantly faster on the non-dominant
side than dominant in the non-training
group. Values are means + SE. *p<<0.05; a
significant difference between training and
non-training group. #p<0.05; a significant
difference between the dominant and non-
dominant hands in the non-training group.
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Fig. 3 shows the median MCV of the dominant
and non-dominant hands in the fraining
and non-training groups. On two-way
mixed-model ANOVA (group x dominant
side), the dominant side: {F (1, 16)=11.86,
p<0.001}, and group: {F (1, 16)=37.29, p<
0.001}, showed main effects. Subsequently,
the MCV was significantly faster in the
training than in the non-training group in
both hands. The MCV was significantly
faster on the dominant side than non-
dominant in the non-training group. Values
are means+SE. *p<005 a significant
difference between training and non-train-
ing group. #p<0.05; a significant difference
between the dominant and non-dominant
hands in the non-training group.
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Fig. 4 shows the ulnar DMCVpeak of the dominant
and non-dominant hands in the training
and non-training groups. On two-way
mixed-model ANOVA (group x dominant
side), the group: {F (1, 16)=37.30, p <0.001}
showed a main effect. Subsequently, the
DMCV,eak was  significantly faster in the
training than in the non-training group in
both hands. Values are means £ SE. *p<
0.05; a significant difference between
training and non-training group.

NI | -El ectronic Library Service



Japan Soci ety of Exercise and Sports Physi ol ogy

& BBEN - VOPHEM - SREIRER - ANHARE AR & - AR - Ble—E - & fEE

I Training group
[l Non-training group

44 * *

42 r
40 L
38

36

DMCVpeax (m/sec)

34

32 r

30

Dominant hand Non-dominant hand

Fig. 5 shows the median DMCVyeak of the dominant
and non-dominant hands in the training and
non-training groups. On two-way mixed-
model ANOVA (group * dominant side), the
group: {F (1, 16=3141, p <0001} showed a
main effect. Subsequently, the DMCVpeax
was significantly faster in the training than
in the non-training group in both hands.
Values are means +SE. *p<0.05; a signifi-
cant difference between ftraining and non-
training group.
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NI | -El ectronic Library Service



Japan Soci ety of Exercise and Sports Physi ol ogy

RHIES) b L — = v 72 X B EBCRIEE (R R DAL

W EEEE N L — = I X B ERMROTRE
HWEAPZEZOoNE. BlzE, Edds"iZT7 v b2 H
WIFET, PL—= U Lo THPERTA2D
EFU &) KRR OEROEFEIERT LI &
rEE L TWA. & 61T Bengtsson et al¥ b &
A 72 8B 2 3 AU R E B I 2 & FRENA] DD
MRAGMES T 22 2 HME LTS, T /7,
Devor and Govrin-Lippmann®{ZL I A% > A F L —
=V IHMCVOEME 7206 Lt MELTw5
WoRFOEFELT, LYRF VAL =2
DAL I =) Y OBEROHWKRIZEFES L T35
EEEL TS, [FEERIC, Van Meeteren et al® 5
by hoLFHEEHLORL, EEHEEICIE24H
MOLIAY VAN L —Z 0 Fh S87-6R, WiE
WIZ BT D MCV D50t FREEIC W 2 & 23 L
Twa, MEOGRERERIEROBERICEEL S
I, EEFPRCIE CEERE T H. bhiﬁ$ﬁ
PLAVN S WD ERD S (i, BEs i o8 |2
VELEEEPERT A0 EINE®,. Lzt
T, KGR LS T TOMREEL Y, IEod
(2B O MCV, DMCVoea 5B WVEZ 7R L 72
Z ki, BRE GEER) 2ER™ DMz, iﬁ
%Mﬁ@ﬁ@f%%ﬁ@%@kﬁxﬁ@ X5z

—ROBEEWLE L —= /7WﬁwmmV&U
DMCVM WCEALRE L SR TV ATRER S 5 &
EZbND.

V. &5

AL TIIELNER ML — = v FBBREIZOVT
O MCV & H MR R O B b 2V RS
% LS 5 DMCVear 122> T Collision #: % Fivs T
MEh L, EWLES) b L — = 2 7 A R B AR
RERBEICRIZTREBIIOVWTHE L. 208
E S ﬁﬁ THAHERR (TR LR
F) ®MCV, DMCV,eurx DS W EZ R L 72 2 & 14,
FERE (EER) ZERDDAICS, BREIMIZH:
LEMREE BRREE SO0 —ROBEEWN S
FL ==Y 72 k5 TMCV KU DMCV,eu V2 ZEAL %
HELSETVWETMREESDLLEZ NS,

5IAER

D) FReEsisk, ATH 28 (1997) BEHF~I V¥ —[E-
BRI & EERREE - ABREBIR, 95-115,
HOR

2) BalsE, vEERE, AEERE B OB, &[0
S, BMTE—ER, T HEE (20000 B RE
FRBROSFSZEEEMIIRIZTRE KORE
49 : 267-276

3) Bengtsson S L, Nagy Z, Skare S, Forsman L,
Forssberg H, Ullen F (2005) Extensive piano
practicing has regionally specific effects on white
matter. Nat Neurosci 8: 1148-1150

4) Del percio C, Rossini P M, Marzano N, Iacoboni
M, Infarinato E Aschieri P, Lino A, Fiore A, To-
ran G, Babiloni C and Eusebi F (2008) Is there a
“neural efficiency” in athletes? A hight-resolution
EEG study. Neuroimage 42: 1544-1553

5) Devor M and Govrin-Lippmann R (1979) Matura-
tion of axonal sprouts after crush. Exp Neurol
64: 260-270

6) Di Russo E Pitzalis S, Aprile T and Spinelli D
(2005) Effect of practice on brain activity: an in-
vestigation in top-level rifle shooters. Med Sci
Sports Exerc 37: 1586-1593

7) Edds M V Jr (1950) Hypertrophy of nerve fibers
to functionally overloaded muscles. ] Comp Neu-
rol 93: 259-275

8) Falco ¥ J E, Hennessey W ], Braddom R L and
Goldberg G (1992) Standardized nerve conduction
studies in the upper limb of the healthy elderly.
Am J Phys Med Rehabil 71: 263-271

9) Fry A C, Allemeier C A and Staron R S (1994)
Correlation between percentage fiber type area
and myosin heavy chain content in human skele-
tal muscle. Eur J Appl physiol Occup Physiol 68:
246-251

10) Halar E M, Hammond M C and Dirks S (1985)
Physical activity: its influence on nerve conduc-
tion velocity. Arch Phys Med Rehabil 66: 605-609

11) AHAEEE, TPER, e B THEE 3= &R
(1995) A —»#ifE o REHERERE - 3
B, NFIYbY, VI NTZABEEE L R
O -, HAEBABSFMEE 2 177-184

12) Hopf H C (1963) Electromyographic study on so-
called mononeuritis. Arch Neurol 9: 307-312

13) Iwadate M, Mori A, Ashizuka T, Takayose M and
Ozawa T (2005) Long-term physical exercise and
somatosensory event-related potentials. Exp
Brain Res 160: 528-532

14) Jones A M and Carter H (2000) The effect of en-
durance training on parameters of aerobic fitness.
Sports Med 29: 373-386.

15) Kamen G, Taylor P and Beehler P J (1984) Ul-

NI | -El ectronic Library Service



Japan Soci ety of Exercise and Sports Physi ol ogy

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

& BRI VOSPRIR - MRS - AHBE A S RALCR - BE—H - &

nar and posterior tibial nerve conduction velocity
in athletes. Int J Sports Med 5: 26-30

Kato M (1960) The conduction velocity of the ul-
nar nerve and spinal reflex time measured by
means of the H wave in average adults and ath-
letes. Tohoku J Exp Med 73: 74-85

Kita Y, Mori A and Nara M (2001) Two types of
movement-related cortical

potentials preceding

wrist extension in humans. Neuroreport 12: 2221-
2225

Komi P V, Klissouras V and karvinen E (1973)
Genetic variation in neuromuscular performance.
Int Z Angew Physiol 31: 289-304

Lastovka M (1969) The conduction velocity of
the peripheral motor nerve fibres and physical
training. Act Nerv Super (praha) 11: 308

LaFratta C W and Canestrairi R (1966) A com-
parison of sensory and motor nerve conduction
velocities as related to age. Arch Phys Med Reha-
bil 47: 286-290

Maffiuletti N A, Martin A, Babault N, Pensini M,
Lucas B and Schieppati M (2001) Electrical and
mechanical H (max)-to-M (max) ratio in power-
and endurance-trained athletes. ] Appl Physiol
90: 3-9

Nakamoto H and Mori S (2008) Effects of
stimulus-response compatibility in mediating ex-
pert performance in haseball players. Brain Res
1189: 179-188

Narici M V, Hoppeler H, Kayser B, Landoni L,
Claassen H, Gavardi C, Conti M and Cerretelli P
(1996) Human quadriceps cross-sectional area,
torque and neural activation during 6 months
strength training. Acta Physiol Scand 157: 175-186
Nielsen J, Crone C and Hultborn H (1993) H-re-
flexes are smaller in dancers from the royal dan-
ish ballet than in well-trained athletes. Eur ]
Appl Physiol Occup Physiol 66: 116-121

Norris A H, Shock N W and Wagman I H (1953)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

TRk

Age change in the maximum conduction velocity
of motor fibers of human ulnar nerve. J Appl
Physiol 5: 589-593
O'Sullivan S E and Bell C (2000) The effects of
exercise and training on human cardiovascular re-
flex control. J Auton Nerv Syst 81: 16-24
Oldfield R C (1971) The assessment and analysis
of handedness: the Edinburgh inventory. Neurop-
sychologia 9: 97-113
Ozmerdivenli R, Bulut S, Urat T and Ayar A
(2002) The H- and T- reflex response parame-
ters of long- and short-distance athletes. Physiol
Res 51: 395-400
A OMREE, B (1991) AR—v PL—=¥
775 R B AR R A 1 R T R
Jpn J Sports Sci 10: 155-161
Polich J and Landon M T (1997) P300 and long-
term physical exercise. Electroencephalogr Clin
Neurophysiol 103: 493-498
Sleivert G G, Backus R D and Wenger H A
(1995) Neuromuscular Differences between Volley-
ball Players, Middle Distance Runners and Un-
trained Controls. Int J Sports Med 16: 390-398
i il (1987) EEpARERE#RE (DMCV) @
HvE. ERARMEEZD 1 710-714
Van Meeteren N L, Rrakkee ] H, Hamers Frank
F P, Helders P J and Gispen W H (1997) Exer-
cise training improves functional recovery and mo-
tor nerve conduction velocity after sciatic nerve
crush lesion in the rat. Arch Phys Med Rehabil
78: 70-77
Mg, RMARE, BE A (1996) R
BLUHBRMEOBEF MK E L. Eiygks
23 1 441-443
FHAGE (1977) MO KRR EREIIRIT
TREIIDOWT, RRAER 7 412-419
(FR204: 6 A 1 Ha2AF, FH204E 8 H19HETIE,
FR214E 4 H20H %8

NI | -El ectronic Library Service



