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PATTERNS OF GROWTH FOR SOME
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1. INTRODUCTION

The purpose of this project was to obtain comprehensive
information about physical growth and motor development in boy-
swimmers between 11 and 18 years of age. The objectives of studies
were: 1) to get information about growth velocity and patterns of
morphological, functional characteristics and motor abilities in boy-
swimmers; 2) to assess the level of “motor maturity” of boy-swimmers
at every age; 3) to specify age margins for consecutive stages of multi-
year training.

2. METHODS
The studies included measurements of such '“traditional”
characteristics of physical develop-ment as height, weight; vital capacity
(VC) which are widely recognised as important criteria of growth
intensity. The rate of changes of these characteristics was used as a
scale to evaluate a relative intensity of growth and development of
motor and functional abilities, general and specific working capability,
etc. We included into consideration the ratios: "weight-height" and
"VC/weight" because their growth patterns differ significantly from age
dynamics of the absolute values of height, weight and VC and these
ratios reflect the process of maturation (Bulgakova, 1986; Timakova,
1985).
Complex of general and specific strength's characteristics in young
swimmers included:
- maximal double arm pulling force on land in bench test — PF ;
- relative pulling force on land - PF_ (in kg)/ Weight (kg) x 100%;
- endurance index (EI) in 30-sec double arm pulling bench-test using
Huttel-Mertens device with resistance 80% of individual maximal
PF,. established in bench-test;
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- endurance index (EI) in 3-min pulling bench-test with resistance
60% of individual maximal PF_ established in bench-test ;

- pulling force during tethered swimming in "dead" water (V=0) using
full co-ordination and kicking only — PF (V=0);

- pulling force during tethered swimming in water flume at water
velocities - 0.6; 1.0; 1.2 and 1.4 m/s (PF V=0.6; V=1.0; V=1.2;
V=1.4- Dyrco, 1986;Vorontsov et al., 1982).

Subjects performed PF | measurements and both pulling bench-
test in prone position. For PF,. measurements paddles were connected
by ropes to the the dynamometer. Swimmers exerted maximal effort
for 4-6 second with arm in "catch position. The best of 3 trials was taken
into consideration as maximal pulling force. Assessment of PF_ in bench
test and both endurance tests were performed in the same day with
rest inbetween 30 min (3-min test was executed first after PF_
measurement). EI (30 s) and EI (3-min) were calculated as:

EI(30-s)= R xn = 0.8 xPF. xn - where n - number of pulling

movements in 30 seconds;

EI(3-min) = Rx n = 0.6 x PF,. x n - where n - number of "pulls" per 3

min.

Mesurements of pulling force during tethered swimming in “dead
water” (V=0) and in water flume at water velocities 0.6; 1.0; 1.2; 1.4
m/s were performed in water flume of the Moscow Olympic Centre of
Aquatic Sports. The subject performing both “dead water” and flume
tests was connected to the measuring device by rope with rubber insert
1°.5 m long and 1 cm in diameter (k=1.5). The subjects were
instructed to exert maximal effort for 5-7 second. Result of the best of
three trials was taken as maximal pulling force at given water velocity.
The same procedure was folowed for every velocity of the water flow
with rest intervals 1.5 min.

The “stage-test” in water flume was used to evaluate aerobic
power (VO, max, Vg, VO, max mil/kg x min 1, anaerobic response to
workload (ExcCO,;) and anaerobic threshold (Vay). Before stage-test
subjects performed standard warm up - 2 min swim at water velocity
0.8-1 m/s following by 2 min rest. Execution of the test began at water
velocity 0.8 m/s for 11-12 years old boys, 0.9 m/s for 13 years old
and 1.0 m/s for 14-18 years old swimmers. During the test water
velocity was increased: for young swimmers 11-13 years of age - by
0.1 m/s every 2 min of work unti! they were not able to cope with water
stream any longer; for swimmers 14-18 years of age - by 0.2 m/s
every 2 min of work until velocity 1.6 m/s and than 0.1 m/s every next
2 min of work. All subjects swam front crawl.
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Air samples were collected into Duglas Bags during last 30 s of
work at every stage. Last sample was taken immediately after swimmer
refused to continue swimming due to exhaustion. Measurements of gas
volumes in bags were performed with special gas meter. All gas volumes
were corrected to BTPS conditions. Oxygen intake was calculated from
expired air samples collected in Duglas Bags and analysed for O, and
CO, content by Haldane technique. When air samples were used for
evaluation of metabolic rate they were corrected to STPD. As criteria of -
VO,max achievement by individuals we used plato in individual VO,
consumption or brea-thing coefficient R = 1.1-1.15.

Anaerobic power exerted by swimmers in stage-test was
assessed by ExcCO,. Lactic acid forming during intensive muscular
exercise is buffered by blood bicarbonates. It leads to excre-tion of
additional quantity of CO, above the level of metabolism. ExcCO,was
determined as:

ExcCO, = AR XVO,, where AR = R york = Rrest @and R et =
0.75 Anaerobic threshold in stage-test was estimated as "swimming " (V
»7) in the moment when non-linear increase of expired CO, began
(Wasserman et al., 1973). We took for this moment the break point on
semi-logarithmic graph " AExcCO; / Veume " whereAExcCO, = ExcCO,
- ExcCO,max ; and Vrywe - water flow velocity. War = Var 3 was used
as approximate equivalent of mechanical power of anaerobic threshold.
Blood lactate concentration after maximal test 4 x 50 m free with rest
15 s was determined using method of Barker-Summerson modified by
Srégm (Srgm, 1949). Subjects perfomed test 4 x 50 m after standard
warming-up 800 m. Blood samples were taken from index finger in the
begining of 4" minute of recovery. Total swimming time in this test,
Vagso (swimming speed) and Wauso were used as criteria of anaerobic
working capability.

Biological age (maturity) of subjects was determined at points
using the method of somatoscopy (Vlastovsky, 1976; Timakova, 1985).
This method is based upon evaluation of expression of 4 secondary sex
characteristics in individuals: pubic and axillary hair development,
breast nipple development, voice transformation (each parameter
could earn from O to 12 points ) with following calculation of the average
maturity score.

3. SUBJECTS AND ORGANIZATION

To obtain information on growth for all characteristics we used the
records of a number of cross-sectional, longitudinal and multi-
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longitudinal studies performed by the Swimming Department of the
Academy Physical Culture during 1982-1990. Number of subjects
accumulated in every age group for different characteristics was varying
from 108 to 19 with total number about 400. The subjects were boy-
swimmers of Moscow's Special Swimming Schools and candidates of the
National Junior Team who underwent compulsory annual observations.
Measurements occured during 3™ - 5" weeks of new sport season. Thus
boys were fit to perform all power and functional tests but did not
undergo hard specialised training yet.

3.1. GROWTH PATTERNS OF ANTHROPOMETRIC
CHARACTERISTICS, GENERAL AND SPECIFIC STRENGTH.

During age span 11-18 years total increase was found for: height -
21%, weight - 89%, VC - 120%. The PMRG for height was observed
between 12 and 15 years with the MAG at 13-14 years. The MAG for
body weight was at 14 to 15 years - just one year after "height's leap".
An increase of Weight/Height ratio up to 18 years is mainly the sequel of
retardation in height's growth accompanied by weight increase.

The VC from 11 to 18 years gained as much as 120% of it's
initial value with PMRG between 12-16 years and without noticeable
peak. At the same time the VC/Weight ratio attained only 15% of it's
value in the age of 11 years.

Maximal double arm pulling force in bench test increased from 11
to 18 years as much as 3 times with PMRG at 13-16 years and MAG at
14-15 years. The PF_ /Weight ratio changed slowly from 11 to 13 years,
with it's PMRG at 13-16 years and it's maximal value at age of 17.

The Endurance Index in 30-sec pulling test grew as much as 4
times from the ages 11 to 18 while the Endurance in 3-min pulling test
increased as much as 3.1 times. The PMRG of EI(30-s) was between 13
and 16 with it's MAG at 14-15 years. The EI(3-min) grew up quickly
from 12 to 15 years of age with it's MAG also at 14-15 years.

The PF(V=0) using full stroke co-ordination increased as much as
2.2 times while the PF(V=0) using kick only - 1.6 times with the MAG for
both at 14-15 years. The growth patterns of PF(V=0.6) and PF(V=1.0)
didn't differ from that for PF(V=0). For magnitudes of PF at higher water
velocities (V=1.2 and V=1.4 m/s) we observed rapid growth already at
11-12 years of age with the second peak at 14-15 years. The first
increase may be attributed mainly to improvement of core swimming
skills on early stages of multi-years training (this time was not observed
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any significant increase of muscle power) and the second peak should
be considered as result of the growth of muscle power.

For entire age period 11-18 years PF(V=0.6) increased by only in
2.4 times, PF(V=1.0) - by 3.4 times while PF(V=1.4) increased as much
as by 11.8 times. Since PF_ increased only as much as 3.0 times, such
high growth rate of pulling force during swimming at sub-maximal speed
may be explained as result of swimming technique improvement rather
than because of muscle power’s growth. It is likely that this is a
combined effect of both factors.

3.2. GROWTH PATTERNS OF AEROBIC AND ANAEROBIC

CAPABILITIES
The absolute values of maximal O,-intake demonstrated the PMRG at
12-16 years with the MAG at 14-15 years. It should be noted that the
assessment of aerobic abilities of young swimmers took place during the
swimming stage test in water flume (specific exercise). The young
swimmers from 11-13 years of age had relatively low values of VO, max
ml/kg x min ! as compared to the values obtained during running or
cycling (Solomatin, Vorontsov, 1990). Poor swimming skills and inability
to stand against gradually accelerated water stream do not allpw young
swimmers to achieve the same values of VO,max as they did for running
or cycling. But starting with age 14 they demonstrate higher values of
VO, max during the performance of the stage-test in water flume than
during cycling (Vorontsov, Solomatin, 1990). The PMRG for VO,max
and VO,max ml/kg x min ! was observed for 12 to 15 year-old. After
the age of 15 years the growth of both characteristics began to slow
down.

The ergometric criteria of aerobic abilities - Var and War had PMRG
in 11-15 years that supports opinion in favour of predominantly aerobic
character of training of young swimmers on early stages of multi-year
training. If Vo demonstrated almost even annual growth's rate, War had
MAG in 14-15 years followed by growth's retardation in 15-18 years.
Anaerobic response during performance of stage-test in water flume
(ExcCO,) grew up as much as 4.1 times from 11 to 18 years. The rapid
increase of this characteristic was seen between 12-14 and 16-18 years.

Characteristics of anaerobic lactic capacity (Bl.Lact.) and power
(Bl.Lact./tZ4x50) in maximal swimming test 4x50 m demonstrated slow
growth from 11 to 14 years with two consecutive peaks of growth in 14-
15 and 16-17 years. The mechanical power during the performance of
this test (Ways0) showed a fast increase at 12-14 and 16-18 years of
age. The first peak we relate to the improvement of basic swimming

TlNogumimak 11 (2002) 307



A. Vorontsov - Paterns of growth for some ...

technique, the second - to the maturity of anaerobic mechanism of
energy supply and growth of muscle power.

It is significant that for all ages the variability of ergometric
criteria -Var, War, Vaxso and Waso - was smaller than those of functional
characteristics. This shows that equal swimming results may be
achieved at expense of different individual relationship of aerobic and
anaerobic abilities, mechanical efficiency and muscular power.

Individuals either with very high or very low values of
characteristics were found in all age groups. The difference between
maximal and minimal individual values of VO, max l/kg x min 1
achieved 40-50% and individual values of Bl.Lact. in some age groups
differed by more than 3 times. These differences may have a
fundamental inborn character that makes possible the use of functional
characteristics as criteria of sport abilities in swimming.

4. MATURITY OF CHARACTERISTICS OF PHYSICAL
DEVELOPMENT, FUNCTIONAL AND MOTOR ABILITIES
IN BOYS-SWIMMERS OF DIFFERENT AGE.

Table 2 shows the maturity levels of different characteristics in boy-
swimmers, ages 11-17 years, measured as per cent value of their
respective definite value (as definite, "ultimate" level we conditionally
accepted values of parameters in 18 year-old boys). It's evident that
height is the most mature. Weight and VC fall behind height
significantly until the age of 14-15 years. Importantly, in all ages the
ratios for Weight/Height and VC/Weight are more mature than the VC
and weight. It follows that in younger ages there already exist
morphological premises for development of aerobic endurance.

The most immature among strength characteristics in all age
groups are EI(30-s) and EI(3-min). At the age of 13-15 years they
attain only 50% of their "definitive" values. It seems that better
conditions for development of local muscle endurance to workloads of
sub-maximal and high intensity appears in boys after 14 years. But
young swimmers of age 11-14 years are capable to improve significantly
their local muscle endurance in exercises with moderate and low
resistance (in those ages EI(30-s) and EI(3-min) increase year-by-year
at the expense of "pulling frequency", in older ages - predominantly at
the expense of maximal muscle power growth).

Table 2. Maturity of characteristics of physical development, functional
and motor abilities in boy-swimmers 11-17 years of age (% to definitive
level*).
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AGE inYEARS
Characteristics 11 12 13 14 15 16 17
Height 82.7 85.0 88.0 93.6 958 97.5 098.4
Weight 53.0 57.5 664 76.1 86.2 89.2 94.8
Vital Capacity 454 51.2 60.1 71.0 79.2 88.0 929
Weight / Height 64.3 67.7 74.7 814 90.1 91.6 96.3
VC / Weight 85.5 89.0 90.5 93.2 91.0 98.7 98.0
PF, 32.9 38,5 47.0 60.3 76.6 889 954
PF._/ Weight 62.0 67.0 70.7 79.2 88.9 99.7 100.
7
EI 30-s 24.7 31,5 41.2 63.9 79.7 93.4 97.3
EI 3-min 31.8 39.7 57.2 71.3 924 93.8 098.1
PF V=0 full stroke 45.5 50.0 59.5 674 84.7 93.4 98.1
PF V=0 kick only 61.2 66,9 74.3 80.2 91.7 93.3 97.5
PF V=0.6 m/s 42.3 48.2 57.1 66.7 839 946 97.6
PF V=1.0 m/s 29.3 36.7 47.3 58.0 72.7 86.7 94.0
PF V=1.2 m/s 20.3 30.5 43.8 57.8 75.0 90.6 93.8
PF V=1.4 m/s 85 19.8 358 519 745 90.5 95.3
VO, max , I/min 379 41.1 51.3 63.6 78.1 89.1 944
VO,max ml/ kg x 769 74.3 80.3 853 92.3 96.2 99.5
min 1
ExcCO, 22.7 268 349 44,7 545 585 78.9
Ve 41.2 445 535 578 748 819 0914
Var 72.3 783 84.2 89.5 96.0 98.0 99.3
War 37.9 479 59.8 71.8 88.6 94.3 97.7
Bl. Lactate4 x50 m 49.6 58.0 63.6 64.3 83.9 853 102.
. N 3
Bl.Lact. /t 24 x50 36.0 440 52.0 56.0 76.0 784 99.2
m 0
V4 x50 m 73.1 76.0 82.3 86.8 90.2 92.0 96.6
Way 50 39.1 44.4 556 66.5 74.3 81.9 90.8

PF(V=0) wusing kick only

counterparts.

is the most mature among all
characteristics of specific strength exerted by young swimmers in the
water. The natural growth of it almost ends at 15-16 years. Younger
swimmers, having better buoyancy and less resistance, exert enough
power during kicking to swim almost as fast as their

“older”

Less mature than other characteristics of specific strength are
values of PF in water flume. It may be seen from table 2 that the higher
the velocity was in flume the lower were maturity's levels of PF at every
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age. Even in 15 years old boys maturity of PF V=0.6-1.4 m/s were
significantly less than the maturity of PF(V=0) and of strength in land
tests.

Characteristics of functiona! abilities at the ages 11-13 years are
lagging in maturity levels far behind height, weight and VC. The
exception was VO,max ml/kg x min !, which yielded only a little bit to
height and VC/Weight. This is in accordance with the data of other
authors (Kozlov, Farber, 1980, Sonkin, 1979) that in every age maximal
aerobic power per unit of body weight is more mature than its absolute
value. Perhaps because of the more mature level of VO, max ml/kg x
min ! and VC/Weight of young swimmers they are able to perform big
training volumes of extensive swimming and show fast improvement of
swimming results in distance swimming at the age 11-12 years
(Bulgakova, 1986, Timakova, 1985).

In young swimmers of all ages the maturlty of Var and Wjar was
higher than the maturity of maximal O,-intake I/kg x min 1. It may
reflect one more time the predisposition of young swimmers to
extensive aerobic training.

Bl.Lact. and Bl.Lact/tZ4x50 in all age groups were closer to their
definitive levels than aerobic abilities, but the rate of maturation in
anaerobic  abilities was much slower than for aerobic ones. The
mechanical equivalent of aerobic power - W, also gained maturity more
rapidly than Wg,so. It follows from our data that the optimal time period
to develop anaerobic abilities in boy-swimmers is after they are already
14-15 year-old.

5. CONCLUSION

The results of current investigation. were used to develop scales
for assessment and monitoring of growth and development in boy-
swimmers 11-18 years of age. The scales allow subdivision of young
athletes into high, medium or low mor‘phologlcal" "strength" and
"functional” classes in every age (Vorontsev, Solomatin, 1990).

The data on PMRG and MAG, sexual and physiological maturity of
morphological, functional and motor criteria may be interpreted from the
point of view of 'the Theory of Sensitive Periods" (Bulgakova, 1986;
Harre, 1971; Timakova, 1985). Accordingly that theory maximal positive
training or learning effect upon development may be achieved during
periods of rapid growth. The obtained data permit us to presume that
the optimal age to develop aerobic capacity and efficiency (period of fast
growth for VO,max ml/kg x min 1, Var, War) is from 11 to 14; for
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aerobic power (VO,max) - 12-16; for anaerobic capabilities - 14-17, for
strength training - 15-18 years.
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