545 568
545

CY03513-



546



545 568
547

disuse
detraining bed rest
casting use of crutches pardyss aging
microgravity of spaceflight

Hikida , 1989; Hather , 1991

detraining adaptation




548

Narici ,1989; Houston , 1983; Staron , 1991
off-season

Hikida , 1989; Dudley , 1989; Duchateau, 1995
diffness
lower limb
suspension
Berg , 1991; Berg ,
1993; Berg , 1996; Adams , 1994; Dudley
,1992; Hather ,1992;  Ploutz-Snyder '
,1995 Tesch 1991 1

Berg, H.E., G.A. Dudey, T.
Haggmark, H. Ohlsen, and P.A.
Tesch,(1991). Effect of lower limb
unload on skeleta muscle mass
and function in humans. J. Appl.

Physiol ., 70, 1882-1885.



Paralyss
aging
Tseng , 1995
15%
80
Kandarin , 1991
area

15

Edgerton

Booth

549

, 1995; LeBlanc , 1995
Manfredi , 1991;
D%
25~50
50~-80 4%
, 1993
cross-sectiona
Deitrick 1948 4



550

20~43%
Berg (1991) 4
™
muscle biopsy 14% Hather , 1992
rectus femoris
&% Miles , 194
30
8% Convertino , 1989 35 plantar flexor
12% dorsiflexor LeBlanc , 1988
75
14.7 (soleus)
Hikida , 1989
Lieber, 1992
Hikida , 1989
119
dorsiflexors 21% LeBlanc , 1992
(
) 9 LeBlanc , 1992
Hikida , 1989
muscle morphology
2
MRI limb volume
Convertino , 1989; Hikida , 1989; LeBlanc
, 1988; LeBlanc , 1992 MacDougdl , 1980; Sargeant

, 1977



551

2 35
LeBlanc , 1988
LeBlanc , 1992
2000 Orificial Joumnal of the American Callege of Sports Medicine
|1!-..1._ ...... 1 Lag FT & ST 4V
casimg
[ = =
L) e——— i
33-d
waaling T & ST(TE)
36l — bk
sugpenzion
Fii] —
begks] m—
15 Pl
casling
30-d :_;sr-r"s::_l.l'\- el
bedresi ::.'r.*.nl; .
*,ui.jl.'llil“ll-ﬂ. T 5 :lrrl-e.:l’l:rrr
B MeacleCRA
0. p—foram
SuspREnsicn
g o S | T T T 1
i « ¥ =20 M) «A0 =50
% CHANGE
2 (suspension), (casting) (bed
rest) , FT (fast-twitch muscle);
ST (dow-twitch muscle); VL (vestuslateralis); TB
(triceps brachii); SOL (Soleus);PF
(plantar flexors); DF (dorsiflexors); CSA
(cross-sectiona  area) Bloomfield (1995) Change in
musculoskeletal structure and function with prolong bed rest.
1% Hather ,1991; Narici , 1989; Houston , 1983; Staron

, 1991

detraining



552

4-6
Hikida , 1989; Berg , 1996; Berg , 1993; Adams , 194
Hather
1991; Staron , 1991
type I1b % type lla
Staron , 1991
type I1b type lla
type b
5% Martin , 1992; Taylor
1993;
Vadus laterdis muscle
Hather , 1992 gadrocnemius muscle
Carpenter , 1982

capillary/muscle



553

30
pesk torque 18~20%
6% Dudley , 1989 30
9% Dudley , 1989

dose-respone reationship

60
60
9 Miles
, 1994
1
Fuglsang-Fredericksen 27-43 -40~-80
& sched(1978) (cadting)
MacDougdl (1980) 35 -35~41
(casting)
Gogia (1988) 35 -26
(bed rest) -24
-8
-8
-19
-7
LeBlanc (1988) 119 -4
(bed rest) -26
Dudley (1989) 30 -6
(bed rest)
-19

Berg (1991) 28 -20




554

neura inhibitory mechanisms

Michel , 1991
neutral
lengthened positions EMG
7
Vskaya , 1984 He (1982

5%
potential 45%
excitability
fedter
space flight
time

peek tenson
Sein , 1992

Mack, o Lachance, 1967;

Grigorier , 1992

28
shortened
Fournier 1983 28
EMG 5%
wet weight
datic isokinetic
EMG Kozlo,
2% reflex
SAe , 1982
peed torque
Harvis , 1994
Edgerton , 1995 120
relaive rise
ATP ATPase

Koryak, 1995
tibidis anterior muscle



555

twitch mechanics
ATP ATPae Martin

ATP ATPase
mechanica function

Ploutz-Snyder ,
1995 5 n
15% vs
25%  Edgerton , 1995
Berg , 1996; Duchateau , 1995; Kandarin , 1991
Purakhin , 1972
Tinetti , 1988
mazimal
voluntary contractions maxima firing rae
maximal integrated EMG EMG
high threshold motor unit
Duchateau, 1995

magnetic resonance imaging,
MRI Beg ,
1996



556

motor control
(in-season) (off-season)
(succinate dehydrogenase, SDH) (cytochrome oxidase)
40%~60% 3
30
Hikida , 1989 B beta-
oxidation 3B%
Convertino , 1989
Hikida
, 1989
Edgerton , 1995, Kandarin , 1991
absolute muscular endurance Duchateau,
1995; Berg , 1993 relative muscular endurance
Berg , 1993

absolute load



,1992

557

m

£ 0 -

£ TR

E 10 =

a

=

“_,-E_ 20 -

=

E 30

£ a0 -

@

=

£ 0
¥ I L} 1
0 2 4 &

Weeks of detraining

- = VO, max

—0— SDOH activily

—+— Cytochiome oxidase

Sen

(detraining) (VO,max)
(succinate dehydrogenase, SDH)
(Cyt oc horxoindega s e

,1992

( ( phosphorylase )

, 1984)

Martin
((glycolytic enzymes)
(' (phosphofructokinase PFK)
&4 Coyle
60%(Coyle
40%(Codtill ,1985)
pH



558

A% 200 (183 )
2
2 (200 )
()
a b
4.2 6.3 6.8 9.7c
(mmol L- )
pH 7.259 7.237 7.236 7.138c
HCO3- 211 19.5¢c 16.1c 16.3c
(mmol L-1)
() 130.6 130.1 130.5 130.0
a
12 4
C
(acid-base baance)
(bicarbonate)( )
( )
2 () (
() () (acid-base baance) ()
21 (SHtin , 1968) ()
() 2% ()
2%0( ) 2% VO2max
(VO2max )

(VO2max)



559

1 ) 40

VO2max
? 12
(stroke volume) av
02 difference
Coyle ,1986
(dextran solution) ( 3 )
VO2max
200-300ml hemoglobin
Coyle ,1986 21 4
a—v 02 difference
Type lla  43% 2% Typellb % 19% Coyle
,1985;Coyle ,1984
3
(ml) 5,177 4,692 5412
(ml) 166 146b 164
L minl) 4.42 4.16b 4.28
(min) 9.13 8.44 8.06c

c ( )
adapted from coyle (1986)



560

Drinkuater
Horvath(1972) 7

( )
VO2max 155% VO2max
(VO2max)

Brynteson Sinning(1973)
5 4

2/3

Hickson (1985)

VO2max 70% VO2max 10 15
13 () (VOZmax)( )
( 80% VO2max ) ) 13
(48 )
(off-season)
exercise-induced dysfunction Morukov
, 1989 muscle biopses

Z Z-line dreaming



561

myofibrillar protein disorganization cdlular edema
Hikida
, 1989
2%
eccentric exercise
MRI

4
(muscle biopsy) Z

10
2% reambulation

Manfredi
, 1991



562

(anterior cruciate ligaments)

(20 60 ) 4
16
20~60
45
2
Pacy , 1987:
Herbert , 1983
Cavanagh , 1992
cardiomyoplasty
Tseng , 1995

Adams, G.R., Hather, B.M., & Dudley, G.A.(1994). Effect of short-term unweighting on human
skeletal muscle strength and size. Aviat Space Environ Med, 65,1116.

Berg, H.E., Dudley., GA., & Haggmark, T. (1991). Effects of lowerlimb unloading on skeletal
muscle mass and function in humans. J Appl Physiol, 70,1832

Berg, H.E., Dudley, G.A., & Hather, B.M.(1993). Work capacity and metabolic and morphologic



563

characteristics of the human quadriceps muscle in response to unloading. Clin Physiol, 13,
337.

Berg, H.E., Larsson, L., & Tesch, P.A.(1996). Lower limb skeletal muscle function after 6weeks of
bedrest. J Appl Physiol, 82, 182-188.

Berg, H.E., & Tesch, P.A.(1996). Changes in muscle function in response to 10 days of lower limb
unloading in humans. Acta Physiol Scand, 157, 63-70.

Brynteson, P., & Sinning, W.E(1973).The effects of training frequencies on the retention of
cardiovascular fitness. Medicineand Sciencein Sports, 5, 29-33.

Carpenter, S, & Karpati, G. (1982). Necrosis of capillaries in denervation atrophy of human
skeletal muscle. Muscle Nerve, 5, 250.

Cavanagh, PR, Davis, B.L., & Miller, T.A.(1992). A biomechanical perspective on exercise
countermeasures for long term spaceflight. Aviat Space Environ Med, 63, 482.

Chekirda, |.F., Bogdashevskiy, R.B., Yeremin, AV. & Kolosov, I.A.(1971). Coordination structure
of walking of Soyuz-9 crew members before and after flight. Kosm. Biol Med, 5, 48-52.
Convertino, VA., Doerr, D.F., Mathes, K.L., Stein, S.L., & Buchanan, P.(1989)Changes in volume,
muscle compartment, and compliance of the lower extremities in man following30 days of

exposure to simulated microgravity. Aviat Space Environ. Med, 60, 653-658.

Coyle, EF.,Hemmert, M.K., & Coggan, A.R.(1986). Effects of detraining on cardiovascular
responses to exercise: Role of blood volume. Journal of Applied physiology, 60, 95-99.

Coyle E.F., Martin, W.H.IIl, Sinacore, D.R., Joyner, M.J., Hagberg, JM., & Holloszy, JO.(1984).
Time course of loss of adaptations after stopping prolonged intense endurance training.
Journal of Applied Physiology, 57, 1857-1864.

Deitrick, JE., Whedon, G.D., & Shorr, E(1948). Effects of immobilization upon various metabolic
and physiologic functions of norma men. Am. J. Med, 4, 3-36.

Duchateau, J. (1995). Bed rest induces neura and contractile adaptations in triceps surae. Med Sci
Sports Exerc, 27, 1581.

Dudley, G.A., Duvoisin, M.R., & Convertino, V.A. (1989). Alterations of the in vivo torque-
velocity relationship of human skeletal muscle following 30 days exposure to simulated
microgravity. Aviat Space Environ Med, 60, 659.

Dudley, G.A., Duvoisin, M.R., & Adams, G.R(1992). Adaptations to unilateral lower oimb
suspension in humans. Aviat Space Environ Med, 63, 678.

Edgerton, V.R., Zhou, M.Y., & Ohir, Y(1995). Human fiber size and enzymatic properties after 5



564

and 11 days of spaceflight. J Appl Physial, 78, 1773.

Fournier, M., Roy, R.R., Perham, H., Simard, C.P., & Edgerton, V.R(1983). Is limb immohilization
amodel of muscle disuse? Exp Neural, 80, 147-156.

Fuglevand, A.J.,, Bilodeau, M., & Enoka, R.M.(1995). Short-term immobilization has a minimal
effect on the strength and fatigability of a human hand muscle. J Appl Physiol, 78, 847.

Fuglsang-Frederiksen, A., & Scheel, U.(1978). Transient decrease in number of motor units after
immobilization in man. J. Neurol Neurosurg. Psychiatry, 41, 924-929.

Gogia, P.P., Schneider, V.S, LeBlanc, A.D., & Krebs, C. (1988). Bed rest effect on extremity
muscle torque in healthy men. Arch Phys Med Rehabil, 69, 1030-1032

Goldspink, D.F., Morton, A.J., & Loughna P. (1986). The effect of hypokinesia and hypodynamia
on protein turnover and the growth of four skeletal muscles of the rat. Pflugers Arch, 407,
333.

Hather, B.M., Adams, G.R,, Tech, PA., & Dudley, G.A.(1992). Skeletal muscle responses to lower
limb suspension in humans. J. Appl. Physiol. 72, 1493-1498.

Hather, B.M., Bruce, M., & Tesh, P.A. (1991).Influence of eccentric actions on skeletal muscle
adaptationsto resistance training. Acta Physiol Scand, 143,177.

Hather, B.M., Adams, G.R.,, & Texh, P.A.(1992). Skeletal muscle responses to lower limb
suspension in humans. J Appl Physiol, 72, 1943.

Herbert, M.E., Roy, R.R., & Edgerton, V.R.(1988). Influence of one-week hindlimb suspension and
intermittent high load exercise on rat muscles. Exptl Neurol, 102, 190.

Hickson, R.C., Fogter, C., Pollock, M.L., Galassi, T.M., & Rich, S.(1985). Reduced training
intensities and loss of aerobic power, endurance, and cardiac growth. Journal of Applied
Physiology, 58, 492-499.

Hikida, R.S,, Gollnick, P.D., & Dudley, G.A.(1989). Structural and metabolic characteristics of
human skeletal muscle following 30 days of simulated microgravity. Aviat Space Environ
Med, 60, 664-670

Houston, M.E., Froese E.A., & Vaeriote P (1983). Muscle performance, morphology and
metabolic capacity during strength training and detraining: a one leg model. Eur JAppl
Physiol, 51, 25.

Kandarin, S.C.& Boushd, R.C, & Schulte, L.M.(1991). Elevated interdtitial fluid volume in rat
soleus muscles by hindlimb unweighting. J Appl Physial, 71, 910.

Koryak, Y. (1995). Contractile of properties of the human triceps surae muscle during simulate



565

weightlessness. Eur J Appl Physiol, 70, 344.

Kozlovskaya, 1.B., Grigoryeva, L.S, & Gevlich, G.1.(1984). Comparative analysis of effects of
weightlessness and its models on velocity and strength properties and tone of human skeleta
muscles. Kosm. Biol. Aviakosm Med, 18, 22-26.

LeBlanc, A., Rowe, R., & Schneider, V. (1995). Regiond muscle loss after short duration
spaceflight. Aviat Space Environ Med, 66, 1151.

LeBlanc, A., Gogig P., & Schneider, V. (1988). Caf muscle area and strength changes fter five
weeks of horizontal bed rest. Am J Sports Med, 16, 624.

LeBlanc, A., Gogia, P., Schneider, V., Krebs, J.,, Schonfdd, E., & Evans, H.(1988). Caf muscle area
and strength changes after five weeks of horizontal bed rest. Am. J. Sports Med, 16, 624-629.

LeBlanc, A.D., Schneider, V.S, Evans, H.J,, Pientok, C., Rowe, R., & Spector, E. (1992).Regional
changes in muscle mass following 17 weeks of bed rest. J. Appl. Physiol. 73, 2172-2178.

LeBlanc, A., Schneider, V., Krebs, J, Evans, H., Jhingran, S., & Johnson, P.(1987). Spina bone
mineral after Sweeks of bed rest. Calcif. Tissuelnt. 41, 259-261.

Lieber, R.L.(1992). Skeletal muscle structure and function: Implications for rehabilitation and
sports medicine. BatimoreWilliams & Wilkins, PP. 210-259.

MacDougall, J.D., Elder, G.CB., Sale, D.G., Moroz, JR., & Sutton, JR.(1980). Effects of strength
training and immobilization on human muscle fibers. Eur. J. Appl. Physial, 43, 25-34.

Mack, P.B., & Lachance, P.L.(1967).Effects of recumbency and space flight on bone density. Am. J.
Clin. Nutr, 23, 397-401.

Manfredi, T.G., Fielding, RA., & OReilly, K.P.(1991). Plasma creatine kinase activity and
exercise-induced muscle damage in older men. Med Sci Sports Exerc, 23, 1028.

Martin, T.P., Stein, RB., & Hoeppner, PH.(1992). Influence of eectrica stimulation on the
morphologica and metabolic properties of paralyzed muscle. J Appl Physiol, 72, 1401.

Michd, B.A., Lane, N.E., Bloch, D.A., Jones, H.H., & Fries, JF.(1991). Effect of changes in
welight-bearing exercise on lumbar bone mass after age fifty. Ann. Med, 23, 397-401.

Miles, M.P., Clarkson, P.M., Bean, M., Ambach, K., Mulroy, J., & Vincent, K(1994). Muscle
function at the wrist following 9 d of immobilization and suspension. Med. Sci. Sports Exerc.
26, 615-623.

Morukov, BV., Orlov, O.., & Grigoriev, A.l. (1989). Cacium homeostasis in prolonged
hypokinesia Physiologist 32, S37-$40.

Narici, MV., Roi, G.S, & Landoni, L. (1989). Changes in force, cross-sectional area and neural



566

activation during strength training and detraining of the human quadriceps. Eur J Appl
Physiol, 59, 310.

Ploutz-Snyder, L.L., Texch, PA., & Crittenden, D.J.(1995). Effect of unweighting on skeleta
muscle use during exercise. J Appl Physial, 79, 168.

Purakhin, Y.N., Kakurin, L.I., Georgiyevskiy, V.S, Petukhov, B.N.& Mikhaylov, V.M.(1972).
Regulation of vertical posture after flight on the * Soyuz-6' to ‘ Soyuz-8' ships and 120-day
hypokinesia Kosm. Biol. Med. 6, 47-53.

Roy, RR., Badwin, K.M., & Edgerton, V.R.(1991). The plasticity of skeletal muscle effects of
neuromuscular activity. Exerc Sports Sci Rev, 19, 269.

Sde, D.G., McComeas, A.J., MacDougall, J.D., & Upton, A.R.M.(1982). Neuromuscular adaptation
in human thenar muscles following strength training and immobilization. J. Appl. Physiol, 53,
419-424.

Sdltin, B., Blomgvigt, G., Mitchell, J.H., Johnson, Jr., R.L., Wildenthal, K..& Chapman, C.B.(1968).
Response to submaximal and maximal exercise after bed rest and training . Circulation, 38
(Suppl. 7).

Sargeant, A.J,, Davies, C.T.M., Edwards, RH.T., Maunder, C., & Young, A(1977). Functiona and
structural changes after disuse of human muscle. Clin. Sci. Mol. Med., 52, 337-342.

Staron, RS, Leonardi, M.J,, & Karapondo, D.L. (1991). Strength and skeletal muscle adaptations
in heavy-resistance-trained women after detraining and retraining. J Appl Physial, 70, 631.

Stein, R.B., Gordon, T., & Jefferson, J(1992). Optimal stimulation of paralyzed muscle after human
spina cord injury. J Appl Physiol, 72, 1393.

Taylor, P.N., Edwins, B.J.,, & Fox, B.(1993).Limb blood flow, cardiac output and quadriceps muscle
bulk following spinal cord injury and the effect of training for the Odstock functional
eectricd stimulation standing system. Paraplegia, 31, 303.

Tesch, PA., Berg, HE., Haggmark, T., Ohlsen, H., & Dudley, G.A.(1991). Muscle strength and
endurancefollowing lowerlimb suspension in man. Physiologist, 34, S104-S106.

Tinetti, M.E., Speechley, M., & Ginter, SF., Risk factors for falls among elderly persons living in
the community. N. Engl. J. Med, 319, 1701-1707.

Tseng, B.S,, Marsh, D.R., & Hamilton, M.T.(1995). Strength and aerobic training attenuate muscle
wasting and improve resistance to the development of disability with aging. J Gerontol Series
A, 50A (Specissue),113.



Journal of National Taipel Teachers College, Vol.XI11(June 2000)545 568
NATIONAL TAIPEI TEACHERS COLLEGE 567

The Physiological Effect after Detraining
and Bed Rest

Shuei-pi Lee*

ABSTRACT

Physicd activity reduction due to detraining or the bed rest commonly occurred in
people who got injuried or was sick. Reduction in physica activity may have influence on
musculoskeletd use, which affects body physologicd adaptation. Therefore, to
understand the physiologica response after detraining and bed rest is a very important
topic in the prevention from functional decrease and rehabilitation after injury or muscle
disuse. Meanwhile, the physiological responses are quite different in the prior studies.

In order to educate people well in the area of detraining and the period of bed rest,
many ways of detraining and bed rest, including casting, crutches, paralyss, space flight,
and aging, etc. are discussed by reviewing related literature. Typicaly the response area of

morphologica, strength, neuromuscular, speed, agility, flexibility, and muscular endurance
will be discussed in this study.

Keywords. detaining, bed rest
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