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Abstrrct

The purpose of this study was to determine the Qffect of strength tlainhg in prcpubescent boys

and girts on muscle stlength and closssectional area of upper arm muscle Subjects were ninety-nine

healthy elementary school chil&en who belonged to lst, 31d and 5th gades and they were assigned

to two groups of training (N=52) and control (N=4?). Training group particiPated i! strength training

progtam foi l2 weeks which consisted of maximum sustained isometric contlaction of elbow flexion

for ten s€c, whereas control goup did not participate in special tmining program in this period' In

order to determine the chalges due to trainirg, cross.sectional areas of the tissues in upper arm, such

as the whole tissue, muscle, fat and bone, were measured by the ultrasonic methods' Maximum isomet-

ric and isokinetic muscle strengths of elbow flexion and extension were measured by means of iso-

kinetic cybex dynamometer. In order to assess the development of physological maturity TW2 method

was used to estimate the skeletal age ill each subject by taking the hand-wrist X-my photograph. After

l2-week training period, the cross-sectional area of the whole tissue significantly increased in both

training (2.52 c^2 , 8.g7o) and contlol groups (2. I I cmz , 7 .3%). This increase was due to siSnificant

increases in muscle and bone areas in the taining group and, on the other hand, due to the significant

inqease only in fat arca in the control group. In the training goup increase in muscle area was about

5O9o of that delived from the study on adults (Fukunaga, 1978). The increment in closs-sectional arca

of muscle with training was siSnificantly corelated with th€ skeletal age (r=0'36, p(0 01)' lsometric

shengthofelbowextensionshowedsignificantincrease(l.l?kg,l'l'sVo')andfor5thgademalesthis
increase was abottt 40% of that obtained from adults, whereas irokinetic strength unchanged with

training. Muscle strcngth per crcss-sectional area did not show a significant inclease except the training

group of 5th grade boys. In conclusion, the effects of stlength tlaininS on closs-sectional muscle area

and muscle strength for prcpubescents were similar in its direction to but different in its magnitude

from those found ful adults.

Key wordt: isometdc skength tnining, prcpubescent boys and girls, skeletal age, muscle strength,

muscle area

Introduct ion

Strength trainiru causes the ilcre8se in maximum mucle strenSth and the hypertrophy of muscle

fiber, if Eaining protocol such as intensity, frequency, and period are enough to stimulate the muscle'

Those morphological and functional changes in muscle due to strength training ware almost derived



10

from postpubescent childrens), adults s) and animal pteparationsr o). Horrerer, it fu not well known
whether prepubescent ch dren would have 8 similar training effects on muscle as obtained in post-
pubescents and adults.

In endutance training on the othet hand, many investigators2)'3) recognized the gain in aerobic
capacity thrcugh training on pubescent children. In strength tlaining, Vrijens, Jl2) showed litfle
effect on muscle strengths in the prepubescent chdren. o,' the contrary, pfeiffer et al.9) demon-
strated significant increases in isokinetic muscle stlength through weight training for prepubescent,
pubescent and post-pubescent males. Foumier, M4) indicated the unchanged muscle fiber area and
incleased actiyity of pFK, but lower than that of adults, after 3 months sprint tmining proglam on l6_
l7 year old boys. Recently National stlength and Conditioning Association (NSCA) and sports medi-
cine groups in America arc coming to suppo and rccommend the supervised strength training for pre_
pubescent childrenl).

From those background, it is necessary to determine the possibilities of strength training gains on
prcpubescent children. The purpose of the present study was to measure the effects of strength
tnining on muscle strength and crosesectionar area of muscles rclated to skeletal ag€ in prepubescent
elementary school children.

Methods

Ninety-nine healthy elementary school ch drcn of first, third and fiifth grades, aged 6-l l years

old, were randomly assigned to two groups; training group (N=52) and control group (N=4?). Informed
consent was obtained from each subject and was countersigned by a parent. Physical chalacteristics of
subjects before, middle and after the training period are shown in Table l.

Trainirg group participated in strcngth training progam which consisted of maximum voluntary
isometdc elbow flexion for t€n seconds using a newly designed training device as shown in Fig. l.
Three repetitions of this sustained contraction incorporated with 3 to 5 minutes rest between con-
tractions werc performed twice a day at three days per week for 12 weeks. Each subject recorded by

Fig. l. Newly destned device for trainilu of elbow flexion.
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himself the maximum values of strength developed during three repetitions o[ a tnining card in ord€r
to motivate to this truining program. The control goup did not engage in any special physical activity
program dudng this three-month training period.

The followirg determinations were made before, middle, and after the three months training
program.

The cross.sectional area of tissues such as muscles, fat, and bone in upper arm were measured by
means of ultrasonic method (SSD-120, ECHO VISION, ALOKA, JAPAN) described by Ikai (1968)6).
The frequency of the ultrasonic u/ave was chos€n to be 5 MHz. The subjects immersed his upper arm
along the central axis of a water tank. The measured site was 60z, distal of humerus shaft in right
upper arm. The scanner circurates around the tank and produces an image of arm cross-section of the
upper arm. Photograph of the cross-section on the oscilloscope was taken by 35 mm camera. The
cross-sectional areas were measured by planimeter for the whote tbsue, muscles (m. biceps brachii, m.
brachialis aIId m. triceps brachii), fat, and bone, respectively.

The maximum isometric and isokinetic strength of flexion and extension of elbow joint were
measured using a cybex dynamometer (Lumex co. New york). subject seated on the specially de-
signed chair and the isometdc strength of elbow flexion and extension werc measured in the elbow
joint at I l0 degrees and 130 degrees, respectively (fult extension: lg0 degrees). Isokinetic strength of
elbow extension and flexion were measured at three constant speed of 60, lgo, and 3oo degrees per
sec.

Hand-$'iist x-my (softex co. Japan) were taken before training for each subject and the skeletal
age was determtred by radiologist according to the TW2 methodsll).

Training and contlol groups were respectively divided into subgroups based on grade and sex.
The differences in variables between before- and after- trainirg were examined by means of dapendent
t-test and they were defined as statistically significant if t vatue was less than 57a.

Results

Table 2 shows the cross-sectional arcas of the whole, lea[, fat, and bone. After 12 weeks of
traidng, the increases in the whole area w€le observed in both training (2.52 cm2, g.9 7a) and control
goups (2. t I cm2 , 7.3 %'). In control group the fat area increased significantly, except for 3rd grade
male (3M) and 5th grade female (5F). However, in all training subgoups, no sigtrificant change in fat
area was obseryed. The bone area increased significantly in the training groups of 3M (p<O.Ol), 5M(p(0.001), and 5F (p(0.05), while rto significant increase was observed in all control groups.

The significant increases in muscle area ( I .2 9 cm2 , l},3fr1 werc obserbed in training gloup except
for only one subgoup of lM, whercas in contror group no muscle aiea indicated sigdficant difference
except for 5F (Tabre 3). The muscle areas in traininS group remarkablly increased for fifth graders; fo!
mate(1.88 cm2,12.5%,p<O.OOl) and forfemale(1.80 cm2 12.,17a, p<O.Ot). In fifth gade students,
the increases in muscle atea of the flexor were O.g cm2 (12.2Vo, g(0.001) anrt O.g cm2 (ll.g%,
p(0 05) for male and female, rcspectively. Extensor muscle area also increased with the training byl.l cm2 (13.2V., p(0.01) for male and 0.i cm2 (g.tfo, p<O.05) for female. In conttol group, insignifi-
cant increase (0.83 cm2, 5%) in muscle area was observed except for the subgoup of 5F.

Significant correlation was observed between the skeletal age and the increment of muscle area in
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with the training, respectively. The mean increases in muscle strcngth of flexion and extension werc

respectively 0.3k9 (5.1%) afi l.l'lke (l'7.5Vo) Ior training goup and -O.25kE Gl.OVo) and O.3ke 6.7Vo)
for control goup. The strength of extension incrcased more than that of flexion. The increase in
strength of extension were statistically significant in subgroups of lM (3O.6Va, p(0.01), lF (23.0%, p(
0.05), 3M ( 10.5 70, p<0.05 ) ard, 5M (31 .l%, p(0.05 ). These three subgroups also exhibited the signifi-
cant increase in muscle area of extensor except a subgoup of lM.

Significant co elations werc observed between cross-sectional areas atrd strengths of extensor and

flexor muscles both before and after trainings (Fig. 5). Muscle strength pet cross-sectional area did not
change through training. However, only 5M irdicated a significant increase in strength of extension per

unit muscle area from 4.410.8 kg/cm2 to 5.3t0.5 k'lcmz (22.5% in(,:ease, p<O.Ol).

Isokinetic strength did not increase with the training except for the stengths of extension at 60
degrees per sec (p<0.001) and at 180 degees per sec (p(0.05) in lF.

Discussion

Fig. 5 is the summary of the results of this study in compadson with the Fukunaga,s datas)
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Flg. 5. Relationships between cross{ectional area of muscle and mBcle stength for extensor and flexor.

BT: before traidng and AT: after trairdng. (*t:p<0.01, ***:p<0.001)

obtained in 13-years old students and adults uoder the same training program as used in this study.

In this study maximum increased ratio in isomet c stlength through training was 37.1% fot ihe

subgroup ol fifth'gade boys (11.0 i 0.3 years old) and this value almost equaled to 6OV. atd 407"

of the value obtained in l3-year old boys and adutts, lespectively. vri.lens, J.t2) repo ed no con.

sistent strcngth gains in prepubescents due to weight tmi11ing. on the other hand, Pfeiffer, R.D. et al.9)

feported l't.'l% increases in isokinetic strength of elbow flexion at the speed of 120 degees per sec

through various weight training ol1 prepubescent males aged of lO.26t1.l? years old. This ltudy could

not demonstrate the improvement in isokiletic strength through training. The diffelence between

Pfeiffer,s results alld ours may be due to the difference irl the type of strcngth tlaining. Pfeiffer used

the dynamic muscle conttaction such as weight tlaining, while subjects in this study were trained

though sustaired isometric conkaction.

The mean iocrease in muscle area with training in this training was about 160% of the value

obtained from l3-year old males and about 5o7o of that from adults (Fig, 5). Increase in muscle area in

this study suggests that even in plepubescent boys and girls, muscle hypertrophy may be caused by

strength training as indicated in adultss).

skeletal age is used to sssess the development of physiological maturityl t) ' si8rrifi"ant corelation

between skeletal age and the increase in muscle area sucgests that physiological age must be one of the

timiting factor to derive the muscle hypertrophy thtough stlength training in prQpubescent boys and

BT AT

1ST

3RD

5TH
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gnb.

In this study, 8rea of extensor muscle group also increased ir spite of intending to produce hy-
pertrophy in elbow flexot muscles. This implies that, during isometric elbo*, flexion, extensor muscle
group was activated to a great extent. The reason for this would be explained from followinS two
points; one is the corontraction of agonist and antagonist muscles due to the undevelopment in
reciprocal innelvation in the prepubescent age, and the other is an anatomical ploblem, i.e., muscle of
caput longum of triceps brachii is a two.joint muscle and, therefore, this muscle has a function to ad-
duct the upper arm in such a case of this training method as shown in photo. l.

Muscle strength per cross-sectional area did not increase with training except a subgroup of SM.

This finding does not agtee with the r€sult in adult males (Fukunagas)). Foumier, M. et at.4) reported
that in l6-year old adolescent boys, low phosphofructokinase activity and the failurc of the FTb fibels
to hypertrophy with sp ,t training differcd from the findirgs in adults. It is considered that the
unchanged muscle strength per cross-sectional area in prepubescent childreD woutd be att buted to the
different effects of training on glycolytic enzyme activities, FT fiber area,and motor unit activityT),E)
from those of adults.

It is concluded that the effects of strength training on crosssectional muscle area and muscl€
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strength for prepubescents werc s血■ar h■ s dlrectお n to but different h ls magn■ ude from those

found■ n adults

Wc are very much grateful for the cooperat市 e efforts devoted by the teachcrs at Komaba

Elementary School,especla■ y Salto K,Kudo Y,and Hallda H who atted us ln admmstrat衝 嘔

strength tramhg We tte also mdebtcd to Dr Murata,M and Dr Tatara,H ofthe Tokyo Women's

Medlcal College for determllung the skeletal age
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