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Fat - free mass and muscle cross - sectional area in Japanese soccer
players - age related changes from under - 13 to professional players

Yoshihiro HOSHIKAWA

[Abstract)

The purpose of the study was to describe growth trends of whole and regional
muscularity in Japanese soccer players using both cross-sectional and longitudinal
approach. A total of 390 high-level soccer players between the age of 12 and 32
years participated in the cross-sectional study, and 12 field players (FD) were followed
longitudinally between the age of 16 and 20 years. Fat-free mass (FFM) was
determined by air-displacement plethysmography and cross - sectional area (CSA) of
the psoas major (PM) and thigh muscle groups, i.e., quadriceps femoris (QF),
hamstrings (Ham) and adductors (Add) were obtained from the magnetic resonance
images. Under- 15 players showed nearly 40% larger values in FFM and all of the
CSA compared to Under- 13 players, suggesting dramatic growth in whole and regional
muscularity of soccer players in this short period, whereas the increase in FFM and CSA
reduced to less than 10% from Under-17 to - 22 players. In addition, over the age of 17
years growth trend seems to be muscular specific, in which PM CSA for FD and Add CSA
for FD and goal keepers increased in higher rate than QF or Ham CSA. Moreover, from
the examination of relation between PM CSA and FFM predominant development in PM
was remarkable for Over - 23 successful FD players. These results suggest that prolonged
experience of soccer training may lead to development of specific muscle groups and the
muscle groups may have more important role for soccer performance. Although wide
range of individual variation was observed, the longitudinal subjects showed the increases
in FFM and all of the CSA groups similar to the cross-sectional observation in direction
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and magnitude between the age of 16 and 20. However, no predominant growth of PM

in relation to FFM was observed for longitudinal subjects. This result indicates that,

not only growth or training effect, selection bias also affected on the present results of

age - related change in muscularity.
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Table 1 Physical characteristics of subjects for cross-sectional analyses

uU13 u15 ui7 u19 u22 023 Significant Difference
FD
N 31 70 92 51 52 49
Age yrs 13.1(0.3) 15.3(0.5) 16.7(0.5) 19.1(0.4) 21.4(0.9) 26.8(2.9)
Height cm 159.5(7.5) 170.3(5.2) 171.2(55) 172.7(6.2) 172.2(6.0) 175.4(5.5) U13<Over U15, Under U22<023
Weight kg 47.7(7.8) 60.3(5.6) 63.6(4.9) 66.5(6.0) 65.6(5.7) 70.8(6.0) U13<U15<Over U17, Under U22<023
%Fat % 13.1(4.0) 8.8(2.5) 8.8(2.8) 8.8(2.6) 8.1(2.8) 8.6(3.1) U13>Over U15
GK
N 11 7 7 6 8 6
Age yrs 13.3(0.3) 14.9(0.7) 16.6(0.5) 19.4(0.5) 21.7(0.8) 29.1(2.7)
Height cm 172.0(7.3) 174.2(42) 181.3(2.7) 182.7(25) 180.6(5.6) 183.1(3.6) U13<Over U19
Weight kg 59.6(85) 66.8(43)  71.7(23)  79.6(38)  76.0(60) 79.8(50) U13<Over U17, U15<OverU19
%Fat % 11.6(4.7) 12.8(2.8) 9.3(2.0) 15.2(3.3) 7.6(3.8) 10.3(2.6) U19>U17, U22
N number of subjects, % Fat percent body fat
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Figure 1 Age related changes in FFM (left) and the relative value to height(right) in the
cross-sectional sample. Closed circles for FD and open circles for GK.
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Figure 3 Age related changes in %QF, %Ham and %Add in the cross-sectional sample.
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Figure 5 Changes in the CSA of thigh TMC (left) and PM (right) in relation to FFM from the
cross-sectional sample. See the results section for explanation of gray lines backside.
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Table 2 Physical characteristics of subjects for longitudinal analyses (N=12)

Age 16 17 18 19 20 Significant Difference
Height cm 172.8(4.4) 173.5(4.3) 174.2(4.1) 1745(4.1) 174.7(4.1) 16<17<Over 18
Weight kg 64.0(5.3) 65.4(4.8) 66.3(5.1) 67.8(4.5) 67.8(4.5) 16<Over 18, 17<Over19
%Fat % 8.0(2.6) 7.3(1.8) 6.4(1.7) 6.6(2.0) 6.4(2.2) 16>18, 20
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Figure 7 Changes in FFM (left) and CSA of thigh TMC (center) and PM (right) in the longitudinal sample.
@ — @ Average for 12 subjects. See the results section for explanation of gray lines backside.
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Table 3 Changes in %QF, %Ham, %Add and the CSA ratio of PM to thigh TMC in the longitudinal sample.

Age 16 17 18 19 20 Significant Difference
%QF % 50.5(2.1) 50.5(1.9) 50.3(2.1) 49.6(2.5) 49.8(2.6) NS
%Ham % 24.9(2.4) 24.7(2.0) 25.1(2.3) 25.0(2.2) 246(23) NS
9%Add % 18.1(3.4) 18.3(3.2) 18.3(2.3) 19.2(2.4) 19.4(2.7)  Under 18<Over19

Psoas major/Thigh TMC

0.114(0.009) 0.114(0.007) 0.116(0.008) 0.117(0.007) 0.119(0.007) NS

QF quadriceps femoris, Ham, hamstrings, Add, aductors, PM psoas major, TMC total muscle compartment, NS Non-

Significance

%QF, %Ham, % Add indicating the CSA ratio of each muscle group to thigh TMC.
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Figure 8 Changes in the CSA of thigh TMC (left) and PM(right) in relation to FFM from the

longitudinal sample. @ —@ Average for 12 subjects. ® —® Cross-sectional data in
FD. (See Figure5).
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