:1000-677X(2015)10-0046-09

DOI: 10.16469/j. css. 201510007

%\) 2015 C 35 ) 10
CHINA SPORT SCIENCE
Vol. 35,No. 10,46-54,2015.

Increased Rate of Peak Torque Development

in Human Skeletal

Muscle following Isokinetic

Training with Sports Beverages

b

7ZHU Rong, WANG Shou-du

46

27 s 4 (TD )7 s + 3
; (T H6 + 3
5 (D )7 s + 3 ; cC )7 s
+ 3 . 10 ., 6 4 B
(60°/s / 7 ,180°/s / 18 ,20°/s / 7
YX2 o, 1 min, 3 min, 180°/s / 18 R
; 3 150%, 3 220% ,
o 6% ( 0.1 g/kg . 1.0 g/kg ,
0.4 g/kg ). TD 0.5h 1/3, 15 min 1 , 150
ml, , T (kg) /6% ml .
TD T ,D C s o N 6 \
4 60°/s 180°/s
s (VL,RF,VM) . (SE., BF) iIEMG s RFD RER,
:1)6 , TD 60°/s RFD, RER D ,P<0.05;TD
180°/s RFD,RER T D .C ,P<0.05, 4 ,180°/s
,TD  RFD,RER T D .C ,P<<0.05, 2)6 , TD
60°/s BF  RER D ,P<{0.05;TD 180°/s RF RER
T D .C ,P<0.05, 4 ,180°/s , TD VL RER
C ,L,P<<0.05;TD RF RER T .D .C ,P<0.05,
; ,BF . RF.,VL s , .

: ; ; ; ;

Abstract : Objective ; The present study examined the effect of isokinetic training with sports
beverages on the rate of peak torque development in athlete skeletal muscle during maximal
muscle contraction. Methods: Twenty-seven taekwondo athletes in universitiy were randomly
divided into four groups, TD group (n=7) with routine professional training and isokinetic ex-
ercise with sports beverages,T group (n=6) with routine professional training and isokinetic
exercise with water,D group (n=7) with routine professional training and with beverages, C
group (n=7) with routine professional training and with water. Experimental session for 10
weeks , included training for 6 weeks and detraining 4 weeks. Subjects were asked to complete
quadriceps and hamstring muscle isokinetic training in two legs,including 2 sets of 7 repetitions
concentric contraction at 60 °/s and 18 repetitions concentric contraction at 180 °/s,and 7 rep-
etitions eccentric contraction at 20°/s ,then 18 repetitions concentric contraction at 180 /s, 1-
min rest in set, 3 ~min rest interval set,3 days a week. Moment of skeletal muscle eccentric
contraction was 150 % of the maximum moment of resistance in the first 3 weeks,and 220 %
in last 3 weeks. Sports beverages were carbohydrate solution (6% wt/vol) including creatine
(0. 1g/kg weight) , carbohydrate (1g/kg weight) and protein (0. 4g/kg weight). Drank 1/3
before isokinetic exercise, then 150 ml per 15 minutes until finishing exercise, the remaining
solution was drunk up after finishing exercise in TD group and Dgroup. The volume of water
was (kg weight) /6 % ml. The maximum torque,iEMG and completion time were measured in

predominant leg at 60°/s and 180°/s before training, after 6 weeks training and 4 weeks de-



training , calculated RFD and RER. Results: (1) RFD and RER of hamstring muscle increased
in TD group than D group at 60°/s( P<C0. 05) after 6 weeks training. RFD and RER of
quadriceps were higher in TD group than T,D,C groups at 180°/s(P<C0. 05) after 6 weeks

training and 4 weeks detraining. (2) RER of BF increased in TD group than D group while fle-
xing knee at 60°/s( P<C0. 05) after 6 weeks training. RER of VL increased in TD group than
C group while extending knee at 180°/s(P<C0. 05) after 4 weeks detraining. RER of RF in-
creased in TD group than T,D,C groups while extending knee at 180°/s(P<C0. 05) after 6

weeks training and 4 weeks detraining. Conclusion: The rate of force (or peak torque) develop-

ment significantly increased after isokinetic training with sports beverages and detraining , which was

associated with increased neuromuscular activity. And BF, RF, VL. was suggested to be have a major

role in muscle strength formation accounted for their neural activation significantly.

Key words: RFD ; isokinetic training ; sports beverages ; knee joint ;athlete
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Table 1 Characteristics of the Subjects
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Table 4 Two-factor Analysis of Variance of RER of Major Muscles of Thigh for Beverages Supplement and Isokinetic Training

60°/s 180°/s
VL RF VM SE BF VL RF VM SE BF
0. 20 2.90 0. 68 1. 04 2.69 7.35 12. 29 0.13 0.01 1.61
0.653 0.093 0.413 0.310 0. 105 0.008 0. 001 0.721 0.938 0.209
0.99 2.85 2.94 0. 64 6.97 4.89 9.09 0.25 0.91 2.59
0.323 0.095 0. 090 0.427 0.010 0.030 0.003 0.615 0. 344 0.111
* 0.00 1.23 1. 80 0. 54 0.57 6.35 10. 84 0. 64 0. 50 1.71
0.982 0. 270 0.184 0. 465 0.453 0.014 0.002 0.427 0.484 0.195
3.00 6.00 1
2250 =
Z2.00 L Oca E .
Z 1.50 2 3.00
E 100 - @pa g
2050 BT =
0.00 B TD4 2':18_
3.007 .
= 2501 S
2.001 <3004
§ 1.504 E & 00
= 1.00 &
= 0.504 0.00
0.00 6.001
3.00 =
250 15
£2.00 + ++ E Z 3.001
2 1.00 =4
& 0.00
0.50
0.00 6007
3.007 z
Z 2,501 Z 3.00
£2.004 + &
# 1,501 T8 £
2 1.001 0.00
0.00 o
3.007 E
z 2.5)(:- e Z 3.004
£2.001 . 2
g 1(5)2 ++ A 0.00
T TH #ilk
A%H W 8 180°/s
7 60°/s RER
RER Figure 8. Changes of RER of Major Muscles
Figure 7.  Changes of RER of Major Muscles of Thigh in Knee Isokinetic Exercise at 180°/s
of Thigh in Knee Isokinetic Exercise at 60°/s ,A P<<0.05; %k
s ,% P<C0.05, s P<C0.05; .l P<<0.05, . ,

s+ P<<0.05,++ P<<0.01; . # P<<0.05,

+ P<<0.05,++ P<<0.01; s # P<C0.05,

51



2015 C 35 ) 10

3 s s
s . » RFD ( A force/
Atime, /\moment//\time) , s , .
RFD I, RFD RFD R o
, ( N . . .
) e s ) s s
iy ) ,
RFD t, RFD . s
RFD s . s ,180°/s RFD o
s , REDH7
(3] | T RFD
( SN e . . .
. . T s
RFD , Oliveira 5% 60°/s s . TD
/ RFD. ( N . ) s ,
Markus B / , s s
RFD, . . RFD 0~30s,30~60 s,60~90
60°/s.180°/s s s (100 ms )RFD
, RFD, Ll RFD
60°/s 180°/s RFD, o1, , RFD
180°/s RFD, 180°/s RFD B s
. ,TD 180°/s RFD 180°/s
RFD, s s
, Cribb 1 , . s ,
R : «
1 RM o N ,
. . ATP )
) [46] ; ,
s -1, s ,
, s (electromyogram , EMG) , s
fz.ssl ] s .
. o , I.1a. o , (integrated EMG.
Ix s . bl 1IEMG) , .
s s (2] s
I .Ila b >, s . .
s b s, . s s
. s Lzl EMG
Ca*" -ATP . catt s . . , NEMG/
s L A\ time( , rate of EMG rise, RER)

52



s 14 s
Barry [ 4 RFD
. Balso M L4
s RFD o
,EMG bl
EMG bl |
EMG
201 Hakkinen [**
IEMG s IEMG
VL.RF,VM RER
s RER, SE.BF RER
RER, 180°/s
RER s 60°/s
180°/s RER s
180°/s RER s
RFD B , 6 N, ,TD
180°/s RER o . TD
RFD RER
. Kyrolainen
0 s . II
s o T RER
. RER
o iIEMG
(4, IEMG
s T
Westerblad % s s
o T RFD RER
s s T
. TD s
) VL.RF. VM,
SE . BF RER TD 60°/s
BF RER 3180°/s . RF VL

) Aagaard

[23]

RF,

[1]

(2]

[3]

[4]

(5]

L6]

L7]

[8]

(9]

[10]

[11]

[12]

[13]

6 N . N
, . ; .BF,
VL y o
[Jl. ,2009,28(3) :304-305.
[Jl ,2010,46(3) :91-97.
[ M. ,2003:
312-319.
. ,
2010,29(6) :661-665.
(1. ,

2009,16(5) :104-107.
AAGAARD P. Training-induced changes in neural function[ J]. Exe
Sci Rev,2003,31:61-67.
AAGAARD P.SIMONSEN E, ANDERSEN ]J. et al. Increased rate
of force development and neural drive of human skeletal muscle fol-
lowing resistance training[J]. J Appl Physiol,2002,93:1318-1326.
ANDERSEN L L, ANDERSEN J L, MAGNUSSON S P, ez al. Neu-
romuscular adaptations to detraining following resistance training in
previously untrained subjects[ J]. Eur J Appl Physiol,2005;93(5-6) :
511-518.
ANDERSEN L, ANDERSEN ], ZEBIS M, et al. Early and late rate
of force development: Differential adaptive responses to resistance
training[J]. Scand J Med Sci Sports,2010,20(1) : e162-¢169.
ANGUS D J,HARGREAVES M,DANCEY J,et al. Effect of car-
bohydrate or carbohydrate plus medium-chain triglyceride ingestion
on cycling time trial performance[J]. ] Appl Physiol,2000,88:113-
119.
BAKER D, WILSON G,CARLYON B. Generality versus specifici-
ty:acomparison of dynamic and isometric measures of strength and
speed-strength[ J]. Eur ] Appl Physiol,1994,68:350-355.
BALSO C D,CAFARELLI E. Adaptations in the activation of hu-
man skeletal muscle induced by short-term isometric resistance
training[ J]. J Appl Physiol,2007,103:402-411.
BARRY B K. WARMAN G E.CARSON R G. Age-related differ-
ences inrapid muscle activation after rate of force development train-

ing of the elbow flexors[ J]. Exp Brain Res,2005;162;122-132.

[14] BILODEAU M, ARSENAULT A B, GRAVEL D, et al. EMG

53



2015 C 35 ) 10

[15]

[16]

[17]

(18]

[19]

L20]

L21]

L22]

[23]

[24]

[26]

[27]

(28]

54

power spectra of elbow extensors during ramp and step isometric
contractions[ J]. Eur ] Appl Physiol,1991,63;24-28.
BLAZEVICH A,HORNE S,CANNAVAN D,et al. Effect of con-
traction mode of slow-speed resistance training on the maximum rate
of force development in the human quadriceps[ ] ]. Muscle Nerve,
2008,38:1133-1146.

BLAZEVICH A ]J,CANNAVA D,COLEMAN D R.ez al. Influence
of concentric and eccentric resistance training on architectural adap-
tation in human quadriceps muscles[ J]. J Appl Physiol, 2007,103:
1565-1575.

BOHANNON R W, LARKIN P A. Cybex]| isokinetic dynamometer
for documentation of spasficity[ ] ]. Phys Ther.1985,65(1) :46-47.
BOZIC P,SUZOVIC D,NEDELJKOVIC A,et al. Alternating con-
secutive maximum contractions as a test of muscle function[ J]. ]
Strength Cond Res,2011,25(6) ;1605-1615.

CAROLAN B,CAFARELLI E. Adaptations in coactivation after i-
sometric resistance training[ J]. ] Appl Physiol, 1992, 73(3):911-
917.

CLANCY E A, HOGAN N. Multiple site electromyograph ampli-
tude estimation[ J]. IEEE Trans Biomed Eng,1995,42:203-211.
CRIBB P J,WILLIAMS A D,HAYES A. A creatine-protein-carbo-
hydrate supplement enhances responses to resistance training[ J].
Med Sci Sports Exe,2007,39(11) :1960-1968.

DANGOTT B, SCHULTZ E, MOZDZIAL P E. Dietary creatinr
monohydrate supplementation increases satellite cell mitotic activity
during compensatory hypertrophy[ J]. Int J Sports Med. 1999, 20
13-16.

GLYNN E L,FRY C S.DRUMMOND M ], ez al. Muscle protein
breakdown has a minor role in the protein anabolic response to es-
sential amino acid and carbohydrate intake following resistance exer—
cise[ J]. Am J Physiol Regul Integr Comp Physiol,2010,299:R533-
R540.

HAKKINEN K, KOMI P V, ALEN M. Effect of explosive-type
strength training on isometric force- and relaxation-time, electro-
myographic and muscle fiber characteristics of leg extensor muscles
[J]. Acta Physiol Scand,1985,125:587-600,.

HAKKINEN K.PAKARINEN A,ALEN M, et al. Neuromuscular
and hormonal adaptations in athletes to strength training in two
years[J]. ] Appl Physiol,1988,65(6) :2406-2412

HOLM L,OLESEN J L, MATSUMOTO K, et al. Protein-contai-
ning nutrient supplementation following strength training enhances
the effect on muscle mass, strength, and bone formation in postm-
enopausal women[ J]. J Appl Physiol,2008,105.274-281.
HOLTERMANN A,ROELEVELD K, VEREIJKEN B, ez al. The
effect of rate of force development on maximal force production; A-
cute and training-related aspects[ J]. Eur J Appl Physiol,2007,99;
605-613.

HORTOBAGYI T,LAMBERT N J, HILL ] P. Greater cross edu-
cation following training with muscle lengthening than shortening

[JJ. Med Sci Sports Exe,1997,29(1):107-112.

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

KYROLAINEN H, AVELA J,MCBRIDE ] M., et al.. Effect of
power training on muscle structure and neuromuscular performance
[J]. Scand J Med Sci Sports,2005,15;58-64.
MARKUS D J, EMIL S, MORTEN B R. et al. The effect of
strength training, recreational soccer and running exercise on
stretch-shortening cycle muscle performance during countermove-
ment jumping[J ]. Hum Movement Sci,2012,31:970-986.
NARICI M V,HOPPELER H,KAYSER B, et al. Human quadri-
ceps cross-sectional area, torque and neural activation during 6
months strength training[ J ]. Acta Physiol Scand, 1996,157;175-
186.
OLIVEIRA A S,CORVINO R B, GONCALVES M, et al. Effects
of a single habituation session on neuromuscular isokinetic profile at
different movement velocities[ J]. Eur J Appl Physiol, 2010, 110:
1127-1133.
OLSEN S, AAGAARD P,KADI F,et al. Creatine supplementation
augments the increase in satellite cell and myonuclei number in hu-
man skeletal muscle during strength training[ J]. ] Physiol, 2006,
573:525-534.
PREBEG G, CUK I, SUZOVIC D, et al. Relationships among the
muscle strength properties as assessed through various tests and
variables[ J]. ] Electromyogr Kinesi,2013,23,455-461.
RENATO M, BENEDITO S D. Dissociated time course recovery
between rate of force development and peak torque after eccentric
exercise[J]. Clin Physiol Funct Imaging,2012,32:179-184.
RICH C,CAFARELLI E. Submaximal motor unit firing rates after
8 weeks of isometric resistance training[ ]J]. Med Sci Sports Exe,
2000,32:190-196.
RUITER D E C J,KOOISTRA R D,PAALMAN M I, et al. Initial
phase of maximal voluntary and electrically stimulated knee exten-
sion torque development at different knee angles[ ]J]. ] Appl Physiol,
2004,97.:1693-1701
SUKOP J,Nelson R C. Effects of isometrical training on the force-
time characteristics of muscle contractions M ]/ /Biome-chanics V.
Champaign, IL.; Human Kinetics,1974,440-447.
TERZIS G, STRATAKOS G, MANTA P, et al. Throwing per-
formance after resistance training and detraining[ J]. J Strength
Cond Res,2008,22(4) :1198-1204.
THORSTENSSON A, KARLSSON ], VIITASALO H T, ez al.
Effect of strength training on EMG of human skeletalmuscle[ ] ].
Acta Physiol Scand,1976,98:232-236.
VAN LEEMPUTTE M. VANDENBERGHE K., HESPEL P.
Shortening of muscle relaxation time after creatine loading[J]. J
Appl Physiol, 199986 ;840-844.
VIITASALO J T,LUHANEN P,RAHKILA P,et al. Electromyo-
graphic activity related to aerobic and anaerobic threshold in ergom-
eter bicycling[ J]. Acta Physiol Scand,1985,124(2) :278-293.
VIKNE H,REFSNES P E,EKMARK M, et al. Muscular perform-
ance after concentric andeccentric exercise in trained men[ J]. Med

Sci Sports Exe,2006,38:1770-1781. ( 73 )



[1] . : [cl.
.2010-08-25.
[2] . . : [Jl.
L2014, (4) :54.
[3] ,
[yl ,2005,29(4) ;1-5.
[4] . [ 2011, (3): 24~
29.
[5] Lo v ” [N].
,2012-6-11(6).
[6] . « ) 0. ,2003,
25(4) :6-8.
[7] . N ) [Jl.
.2009,30(3) 3841,
(810 . . [M].
12005 :404.
[9] . . L1l
( ).1984.(2):135-137.
L10] . — [l
,2014,37(1) :24-31.
(1] r o1 . . . .
[M]. . : ,2008:115.
[12] ( ))INT. ,2008-7-10(4).
[13] A ) [Jl.
.2011,26(2) :114-117.
[14] . — )

LJl. .2006,(6) :68-70.
[15] . N ) [Jl.
,2010,44(11) ;33-38.
[16] . 0. . 2005,
(3) :104-110.
[17] .« ) [ ,
2013,28(4) :330-334.
(18]
[M]. : ,2013.16.
[19] . [J].
2014, (6).
[20] , .
LI .1998.10(4) : 7-13.
[21] . — LJ].
.2015,39(2) : 1-4.
[22] . " Lyl
,2005,28(5) :661-662.
[23] -« ) Ly
.2006,26(8) :71-74.
[24] . . . § by
Lyl »+1999,20(1) :5-10.
[25] .« ) (1. .2005,26
(3):15-19.
[26] . [M]. : s
1993.67.
[27] .« ) )[M]. .2003:
83.
[28] . . (M. : ,
2006:215.

( 54 )

[44] VOLEK J S,DUNCAN N D,MAZZETTI S A,et al. Perform-
ance and muscle fiber adaptations to creatine supplementation
and heavy resistance training[ J]. Med Sci Sports Exe, 1999,
31:1147-1156.

[45] WESTERBLAD H,DUTY S, ALLEN D G. Intracellular calci-
um concentration during low-frequency fatigue in isolated single

fibers of mouse skeletal muscle[ J]. J Appl Physiol, 1993, 75

382-388.

[46] WILLOUGHBY D S.ROSENE ]J. Effects of oral creatine and
resistance training on myosin heavy chain expression[]J]. Med
Sci Sports Exe,2001,33:1674-1681.

[47] WILSON G J, MURPHY A J. The use of isometric tests of
muscular function in athletic assessment[ J]. Sports Med, 1996,

22(1):19-37.

73



