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ABSTRACT .
*This is a-report on research in the field of physical
responses- of children to strenuous activity. The paper is divideil

“into three subtopics: (1) peak performince measure in children; (2)

training effects on children; and (3) impdrtance of physical activity
for children. Measurements used are oxygen consumption, ventilation,

heart rate, cardiac output, and vork rate. Children betwveen the ages

of 6 and 13 are the squects. Conclusisns indicate that strenuous

-physical activity has beneficial effects in the physiological

development of the child, which appareatly carries over into
adalthood and that physical activity is needed for normal growth and
development. However, consideration sh>uld be given to the
possibility of stress fractures and related bone disorders that may
occur in children especially during a jrowth' spurt. Suggestiosns are
given on the best vays to provide healthful exercise for children.
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The assessment of peak physical perQor*ance measures
|
in young children is becoming increasingly lmportant with
the proliferation of youth sports programs in the United

; § 3 & ! ;
States. With over 22 million participants, there is a

l .
real need to know with respect to the following questions:

Do peak performahce measures differ between
age groups?

Are children trainable? 1f yes, anpe there ®
specific ages as to when they becpme trainable?

Does their trainability vary betwegn aerobic
(low intensity, long duration) and {aerobic
(high intensity, short duration) types of
physical a¢tivity?

what are the physiological beneficildl and/or
datrimental effects from part1c1paq10n in
physical activity? |

The paper is divided into three subtohiFs which
should provide us with the answers\@o the pbpve questions:
= ‘

1) Peak perférmance measures in children, 2 Trainihg

effects on children and 3) Importancé of phy$ica1 activity

for childrenf [

Before I begin, I would like to quickly | ;eview a fo@
of the phy51olog1ca1 terms which will be dlsqussed The
phy51ologlcal measure that is regarded as most indicative
of endurance (aerobic) capacity is maximum oxygen con-
sumption *(max §02)’ In physiologic terms. this is '

defined as the maximum rate of oxygen utiliqation during
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intense work. Max VO, is usually measured in liters of

oxygen per minute (1/min), but it is also expressed by
body weight (BW) and lean body weight (LBW), as well.
Another physiological effect studied is ca}diac output
(Q) which is defined as the volume of blood pumped by
the heart per minute (l1/min). Static dimensions such
as size of the heart (vdlume)[ blood hemoglobin (Hb)
concentration and lung volume also have been used to
measure physiologica% efficiency.

The use of muscle biopsies has- proven useful in
order to determine the effacts of training on muscle

tissue. ;By studying the biochemical and/or histochemical

. make-up of a muscle, onelfén determine if the muscle has

;ncreased its potential to peFform aerobically or anaero-
bically. Anaerobic (glycolytic) work is high-intensity,
short—duration activity, suéh as the 100-yard dash,
swinging a golf club or serving a tennis ball. Aerobic
koxidative) work 1is high-intensity, long-duration activ!ty
such as the one-mile run or cross country skiing. Enzymes
such as (SDH), and (DPNH-diaphorase) are indicative of
oxidative potential. Conversely{ (PFK), a rate limiting
Etep in glycolytic activity, and lactate concentrations

are measures of anaerobic potential.
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1. Peak Performance Measures. ° ' f

The first area of‘discussibn yill:center on peak
physical performance measures such -as oxygen consuﬁption,
ventilation, hégrﬁ/xéte, cardiac output and work rate in
children. fhere.appear§ to be a considerable volume of
literature concerning physical perfo;Tﬁﬁée measures in
chixldren between the ages of '11-15 years.. Literéture
péftaining to children less than 11 years, of age is prac-
tically non-existent, particularly comparative studies
between age groups.

In a recent.study from our laboratory, peak performance
measures were agssessed in three groups of children; 6 to § ‘
years, 4 to 10 years, and 11 to 13 yeérs. Even though the
ages ranged from 6 to 13 for this séudy, it should be notegd
that only two 6 year old and two 13 year old children were
tested. The mean heights and weights for each group were
similar to the rcsultg reported in earlier studies, shows'
tha¥ the mean heights and weights for each group were
si;;ificantly (P ¢ .05) different from each other.

The performance measures included oxygen consumption
(1/min and ml/kg‘body wt/min), respiratory quotient, ven-
tilation, cardiac-output, .stroke volume, (vol blood/beat),
workrate; and heart'rate.. We have chosen to refer to the

highest obtained performance scores for each variable as a

“peak" value as opposed to a "maximal" value. The ration-

véle for this, is:bgéed on the difficulty to obtain true

maximal values on the 'bike in younger children due to such

factors as general discomfort, nervousness, and deficient leg—
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strength at the higher frictiﬁnal resistances.

No significant difference existed between, the three
groups for peak heart r;te. The mean peak heart rate for
each group was about 193 b/min with a peak heé§£ rate
recorded for the younger, middle and older groups of 198;
204 and 210 b/min,) respectively. The mean peak heart
rates for the three graups in this study wefe siightly
lower than those reported by Skinner and Astrand who also

reported no statistical differences in mean peak heart

" rates between similar age(groups. - It should be pointed

out that both Skinner gand Astrand used the treadmill when,
collecting their work perforﬁé%ce data which ﬁay account
for the differences in.peuk heart rates between this study
and their studies. Statistical differences existed between
groupyg for ventilation or volume of air consume&/min. The
. ‘

older children had sigpificaptl; higher ventilation values
when compared to the ybunqef children. The mean peak
ventilation values were 50.8, 58.1, and_62.3 1/min for the
younger, middle and older groups, respectivély. Wilmore
reported similar ék;ﬁs for 7 to 13 year old girls. That is,
ventilation increased with age from 57.7 1/min to:70.1 1/min
for the youngest and oldest childY¥®n, respectively.

Significént increases in peak ventilation with age is
not surprising since several, studies have repor£ed increases
in lung volume with age ard body dimension which would account

for these increases.

' Mean peak workrate velues on the bike also differed

significantly (P <.05) between groups. The older children

» . ‘ .
6 . . L4
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always did significantly more work. ) Lo
Respiratory quotiegt, cardiac output, stroke volumé,
(vol/beat), arterio-venoﬁs 0, difference did not ;ignifican§1Y'
differ between the three groups. Thb‘méan peak respiratory
quotient varieq by .02 between groups with .92 recorded for-
the younger and middle grqyps and .94 for the older group.
éeak cardiac output increased with age but not significantly.
The younger group averaged 11.4 1/min while the. older group

averaged 13.1 1/min with 12.0 1/min for the middle group of

children. Stroke volume also showed a similar incroésc with

age. .That is, the younger, middle and older age groups had

mean peak stroke volume of.59.2, 61:4, and 7.9 ml/beat,
respectively. A similar pattern of increase with age .also
_existed with arferio-venous 0, differéﬁce: g
The indi;ect‘kcoz) Fick method for calculatihg cirdiac

output in young children has been shown to give very reason-
able results when -.-compared to results obtained via the direct
Fi¢k method. Abur data for cardiac output, stroke volume,
and arterio-venou‘;\‘o2 differences for the 10-13 year old
children cémpares favdxably with résults from other studies
utilizing both the directN\gnd indirect Fick method. When
comparing the Q, SV aﬂd a-v ON\Jdifferences results to data
reported for young adults, the Q agd SV values are lower and
the a-v O2 difference was larger foé owr study. Odé contri-
buting factor for these differences may be ™Mue to the absolute

7




sating for body size, Q and SV values for children are very .
sim}iér to young adults.

Significant differences (P (.05) were obtained for peak

..

oxyéen consumption measured in 1/min, between groups. How-
‘ i ~ever, when oxygen consumption was expressed in ml/kg body
wt/min, there were no significant differencés: The mean
peak oxygen consumption values for the younger group was
1.28 1/min which® ipcreased to 1.84 1/min for the older
group. The résdlts als§ shgy that the peak oxygen consump-
tion values a/miﬂ were significantly (P <:.05) different
between each group. That is, the middle group was sign-

ificantl& higher than the younger group but significantly

w

- " T ——— . ——  ——

'.‘lower tbah the older group. -
i . The mean peak oxygen consumption (Qoz) values for the
§»6 to 8 and 9 to 10 Year old age groups are similar to peak
002 values for the same age groups reported by Skinner and
Astrand. However, the mean peak 002 values for the 11 to 13
4 year old group is slightly greater (.3 1/min) than. the data
reported by Skinner. When considering peak oxygen consump-
tion as measured by liters per minute it appears that as
. ' chronological age increases from 6 to 13, children have
r a greater abilit} to consume more oxygen. This difference

1 ‘ between age groups does npot exist when body weight is taken

into consideration. Our data showed a decrease in peak

vo, (ml/kg body wt/min) for the two older groups when com-

pared to the 6 to 8 year old group. Skinner reported a

8
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"leveling off" .of peak VO, when expressed as ml/kg body wt

2

after the age of 7. Astrard reported a significant increase
: (I . . ’
fn_p?ak“voz (ml/kg body wt) from ages. 6 to,8 for both sexes -

and a "leveling off" from.age 8 to 14 for boys and a

decrease for girls.’

It is apparent from-these data and those reported by
other, that certain performance measures will increase with
age or maturation. These variables are oxygen consumption
(1/min), ventilation (1/min), and work rate (kpm/mip)._ Other
peak measures such as cardiac outéut, heart rate and resﬁira—
{ory’qﬁotient are not affected by ;he maturation, at least not
up through the age of 12.. That is these méa§urements do nSt
differ statistically bereen age groups.

-

2. Training Effects 6n Children.”

The question now arises io the probability of in;reasing
even further tﬁrough training those measures already positively
affected by maturation; Additionally, will training alter
the upper limits of those peak values not affected by
maturation. Schmucker reported that changes in peak oxygen
consumption other than thosz related to ngrmal growth and
development could not be expected until the age of 12. This
leads up to the second area of discussio; which deals with
the trainabidity of childreﬂ;

The first parameter of concern is oxygen consumption.
The literature on training of young shows that only ékbloﬁ
used control subjects throughout the entire study. Without
control subiects it is very difficult to assess any real

training effect since we already know that an increase in

9




. » v

peak oxygen codsumpéion can be expected through the
maturation 'process. Ekblom's study can be divided into

2 studies - one lagtiﬁg 6 nonths and the other 32 months.
In the fir§t part he.éeglth with 6 experimental (training)

3
s of age. The pre-training A

and 7 control poys, li‘year
hei;ht and ‘weight for both déoups were similar. The peak
&Ozl(l/min) Qalue for the control group increased from
2.01 1/min to 2.07 1/min or 5% after 6 months, whereas
the training group increased from 2.15 1/min fo 2.48 1/min
or 15% when -the study was extended to 52 months. One.
experimental subject and 3 control subjects dropped out
this reducing‘the sample size to.S and 4 for training.and
coptroi’respegtively. The peak 002 for the control group
increased 37% or from 1.85 1/min to 2.54 1/min as compared
to the training group which increaséd 55% or from 2.22 1/min
to 3.4% 1/min. The training consisted of interval running,
sprint traiming, distané;\zii;ning, strength. -

Like that of peak QOZ, E b}om showed an 18% increase’
in ventilation for the training group (68.0 1/min to 80.4
1/min) as co&kared to a 13% increase for the control group
(72.3 i/min to 81.8 1/min) after 6 months of training.
Following 32 months of training, the training group'increased
from 70.0 1/min to 111.0 1/min or 58% whereas the control
P group\demonstrated a 4i% increase (65.7 to 93.0 l/ﬁin).

Heart volume was determined via x-rays taken with the

subﬂect in the 1lying positich. Ekblom reported very little

10
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difference in change between the traihing group and contfql
group. In fact, the control group showed a 7% increase as
compared to the training group's 5% inérea§e;‘ after 6
months training. Féllowing 32 months ofAtraininq,'the
control éroup showed a heart incfease from 475 to 580 ml
(37%) , whereas the training .group increased from 480 to

710 ml (48%). Eriksson reported\g 10% increase as well as
Ddbelin. However, once againnyhere wére no controls for

comparative purposes.

” .

Another area of concern deals with the adaptation of

skeletal muscle in children to training.

2a. Fiber Composition and Enzyme Activity in Skeletal Muscle.

"From results of earlier studies by Eriksson, it appears
that local adaptations” occur in the skeletal muscle of boys
11-15 years of age as a result of training. Most of the
changes are similar to those reported for adults, but some
differences are specific to boys of this age. A search
of the literature révealed that no data on fiber composition
and enzyme activity are available on boys under the age of

‘il yearsfdr for girls of any age.

Biopsies of the vastus lateralis in five 11 year old
Boys revealed a muscle composition of 55 pefcent slow twitch
and 45 percent fast twitch fiﬁéfs before training, witk
no sighificant change followiné 6 Qeeks of training, on
the bicycle ergometer. Howavér, changes in the oxidative

aerobic and glycolytic anacrobic potential of children's

11
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mustle fibers were reported in another study by Eriksson.
SDH (aeroblc) act1v1ty was reported at 5.4 mol/ (g x min)
before traln;no.and was increased to 7.0 mol/(g x min)
following training. It should be noted that the SDH ac-

tivity found in boys was greater than in most sedentary

A
adults. - (DPNH-diaphorase) staining, which is glso?indi-

B ‘cative of oxidative capacity and also mitochrondrial density,
. , was more ‘pronounced following the training period. Both

SDH activity and DPNH-diashorase staining are indicators <
of aerobic potentla* Thus, it appears that the training
program had a p051tLVe effect on the aeroblc capacity of

11-13 year old boys. : ¥

3 The PFK (anaerobic) activity of children has been

reported to be 40-50 percent of that usually found in
adults. Also, when compared to adults, children have lower

muscle lactate concentrations and oxygen deficits. These
data help to explain why children hado a'relative}y iow
anaerobic capability. HOwever, training does have a posi-
tivo effect on these variables in that a 75-80 percent
¥ ~ increase 'in PFK activity and oigoificant (é ¢ .05) increases,
4 in musclo laotate concentration and oxygen deficit (1)

v * have been reported. It should be noted thaE'eQen after
training, the PFK activity of children was still less than
that of ad;lts. Training algo b;ougot about increases in

. the resting levels of the 1igh energy compounds of adenosine

triphosphate (ATP) and creatine phosphate (CP).

12 o R
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* ﬁb. Igportance of Phy51cal Activity for Children.

-It has been hypothesized that phy51cally active pre-
“pubertal chxldren w111 have gteater physiological upper
limlts (1 e., max voz) as adults because'of their 1nV01Ve—
ment in strenuous activity programs during thelr ‘growing
years. The rationale for this hypothesis is based on some
'iﬁdications tHat growth hormone p;ays an important role in
hypertrophy of the heart and other organs after exercise.
‘Du;ing growth and phygical activity, there- is an elevated
concentratio;fof growt;'hormone in the blood. Thus, it is
likely that fhe rate of growth can be acceletated-by physipalv
training during pubétty when tﬁéﬁinaividual is sensitive to
the action of growth hormone. It 'is felt that as a result qf
exercise, static dimensions -suchA\as lung volume, heart volume,
and height will increase more than expected. .These resultant
changes would have a pos?tiv% effect on the overall develop-
ment of the physiological upper limits, Wwhen children;gecome
adults. Further research in this area is needed to clar%fy
the relationship between activity, growth;and functional
capacity in young performeré.
There is abundant reégarch evidence to suggest that
physical activit} is essential for the harmonious deveiop;
mené”%f thildren. However, will strenuous physical train-

ing have ‘any deleterious =2ffects on the growing child? One .

longitudinal” study investigated the effects of very intense
physical training on static dimensions (i.e., heart and lung

13 . d
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vblume) ;; thirty top girl swimmers ages 12 to 16 years.

Positive cﬁanées were reoorted in the oxygen tfan§port

‘system. That is, not only did max y02 increase but vital
capadity, totél Hb and heart volume also increaséd. From

the data reported, there was no indication that hard physical \-
training had éaused any negative effects on the growth of

the organ; involved in the oxygen transport system. However,

the author noted that any one of the above measufes taken

by’itself could be construed as abnormal'developmént (i.e.,

an enlarged heart). The thirty young girl swimmers were -
studies for a total of 10 years. By the end.of the investi-
gation, all of thé girls had stopped their reéular t;aining
and had adopted a sedentary lifestyle. Due to this inactivity,

-~' . . the gifls showed a pronounced GQCfease in their aerobic power
"_ (29 percent). However, the dimentions of the lungs and g
*heart were relafively uncﬁanged. ~ _"‘ i
‘Other studies also have reported larges heart volumes {

in retired top athletes who formerly participateq in endur-
ance type‘sportst Thus, at presenﬂ.it appears that no
deleterious effects of strenuous ac%ivity have been demon-
strated oh certain static dimension% for adults who éérti:

cipated in athletie competition at youngér ages. . o

Af ' Summary . - L
. _ Even though a paucity 6f literature-‘exists concerning
. -$ s
the trainability of children, it does appear that children

begiﬁning as early as age 10 can epﬁance their aerobic

g 1"
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(endurance) capabilities throygh endurance type of train-

ing. lData for children less|than the age of 10 are not

Vo .2 " :
available. One can only spechlate as to what might occur

. » |

even though one researcher has stated that children aren't
trainable until after the agevof 12.

Data by Eriksson show that boys, 1l years of age in-
creased their ability to perform anaerobically. through
training but not to the extent as achieved through aerobic
;otk. In fact, Eriksson showed that aerobically, cﬁildfen
have the ‘same potential as adults when compensating for
body size. However, this was not true’for their anaé}ob;c
potential, which is probably due to a lower rate of activity
for the enzyme phosphoefructose kinase (PFg) which is a rate
fimiting enzyme in anaerobic metabolism. Apparently this
-difference1disappears during adolescence.

It does appear that_stfenuous physical gctivity has
beneficial effects in the physiological development of the
child. This bénefit apparently carries over into adulthood.
However, one should be cautioned about the poSsibility of
stress fractures and related bone disorders which may occur

‘
in children through strenuous, repetitive types of physical
acfivity especially during a growth spurt.

Lastly, I certainly support the contention that
physical activity is needed for normal growth and

development. In dealing with children in competitive

gports where some sort of physical training takes place,

15
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) ye must remember that we arc dtl]lnq with chlldro
Therefore, the followan Jquesglons may be helpful:
1. Provide them with frequent rest\porlods.

2. Be sensitive to thexr'individuaﬂ needs.
. If a child is in a grpwth opurtb he/she
: ' .will tire more 0a311y . \

5. . 3. Don't' abuse the fat ¢hild. It i$ importént o
) : ‘for them to be involved in physical act1v1ty.
Encourage them don't discourage hem

children with the proper liquids #especially
@ on hot, humid days; Remembey that fat
children are less tolerant of the\ heat.
- Therefore, they may need more rest and
fluids than usual. in order to prevent
heat disorders.

P 4. Be sensitive to the envlronmsrt .4| Provide

S. Remember that if a child is poorly skilled,
it may be due to his/her late maturation.
Once again, it is important that we don't
turn these children off to physical activity.
" Be patient and give the child a cHance to develop.






