
,/

THE EFFECTS OF ?HAI:!:!::;C MiD

I:·J'1OEILIZATION UFOU ·:rEU?O:·ruSCUL\R

FUNC':'IOli Ei

By

,., .,
,'.J\;I

\,

):

•

DIGBY G. S,\LE, B.P.H.E., M.A.

A Thesin

Submitted to the School of Graduate Studien

in Partial Fulfilment of the Requirements

for the Degree
~

Doctor ·of Philosophy

~lc~laster University

:·~Februa.ry 1979

-

....".



.

/

ADAPTATION TO TRAINING AND

Hl!-()BILIZAl1ION IN MAN

•

•

..



DOCTOI~ or- PHILOSOPHY ,l,Y"l'
pledic"I Sciences)

~lcmSTER lr.-;IVERSIn'
Hal;\iIton, Ontario

TITLE: Effects of Training and Imrnobili:ation Upon :\eurol;\uscuIar
Func tion in ~lan.

AUTHOR: Digby G. Sale, B.P.H.E.

~I.A .

SUPERVISOR: Professor A. J. ~lcComas

(Universitr of Toror:to)

(Univcrsi ty of I(estern Ontario)

1\U~lBER OF PAGES: xvii, 366

../

'.

,

. .

•

ii ,~

, ,
,



ABSTRACT

The effects of strength training and immobili~ation upon neuro-

muscular function in man were investigated. Th~ selected measures of

neuromuscular function were voluntary strength and.. a number of electro-

physiological measurements, including motor unit counts, motor nerve

conduction velocity, reflex potentiation, and the contractile properties

of isometric twitch contractions.

participated in training and immobilization experiments. - ~raining,
, .,

which consisted of maximal isometric and concentric musclelcon~ractions
. . I ~

and weight' lifting, was performed three times per week over a period of

Three kinds of experiments were conducted. FiIlSt,' subj ects
i ,

10-20 weeks. Relative disuse of selected muscle groups was achieved

by immobilizing the elbow, wrist and thumb joints in a cast for 3c6

weeks. Second, measurements were made in selected groups of athletes

(weight lifters, gymnasts, cyclists, sprinters, cross country skiers)

to provide cases of long term training.

on control subjects, whose results were

Third, measurements were made

cok;ared to those of the athletes.
•

Trai~ing resulte~in an increase in voluntary strength. As
. ,

\ , ~

cases o£ long term training, voluntary strength was enhanced in weight

lifters and cyclists. Immobilization resulted in a decrease in voluntary

strength.

Training had no effect upon motor unit counts and the ITlQtor unit

counts in the weight lifters were normal; however, the gymnasts exhibited

reduced motor unit counts in distal but not proximal muscles. It was

hypothesized that injury to the nerves at the wrist and ankles was
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responsible for ~l1ceJ ",otor uni t counts in the ~:y:,:,.nasts. I r.:"pl11"1 i -

:~tion had no cffcct upon motor unit ..:ounts.

;\cithcr traininr. nor imr.1ohili:ation cluseJ a chan,p'c in ;:"otor ncn'C'

conduction velocity in relation to the control condition; hOh'C\'Cr, in

one group of subjects. there was a small thou!:h sil:nilicant difference

betl,'een the greater post training and the lesser post i,J:1obili:ation

values. ~c-rvc conduction velocity was greater in h'cight lifters :md

~~asts than in controls.

Reflex potentiation increased follOliing training. providing

new evidence in support of the hypothesis that adaptation occurs wi thin

the nervous' system in response to training. In agreement 'ii th the

above finding was the enhanced reflex potentiation in the weight

lifters. Immobili:ation caused ~ decrease in reflex potentiation.

indicating that the nervous sys~em is involved in the adaptation to

re lati ve disuser--h'e!-!;:-=.. ~trail).ing.
, ----.-.,.

~fusclc (triceps surac ) twitch tension and cont raction ti~le 'Were Greater in

..
weight lifters than in controls. In this same muscle. short term

training resulted in an increase in twitch half relaxation-time. TIlese

findings represent the first report of a ~lowing of muscle contraction-' .

,
'.!;

"

- in response to training,

In conclusion, the present --~investigat.ion prOVided new evidence

indicating adaptation within both the m~scle and the nervous system

in response to strength training and wi tl)in the nervous system in

response to immobili:ation.
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