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Physical fitness and motor ability associations with morphology,
lower limb muscle thickness, and subcutaneous fat thickness
in early childhood

Kyotaro FUNATSU*

Abstract

The purpose of this study was to examine children in first to third grades (aged 6 to 8 years) to
determine the associations of physical fitness and motor ability with morphology, lower limb muscle
thickness, and subcutaneous fat thickness in early childhood as well as grade and gender differences
in those relationships. Participants were 92 first graders (48 boys, 44 girls), 107 second graders (50
boys, 57 girls), and 109 third graders (51 boys, 58 girls). Among first graders, total fitness test score
was significantly positively correlated with height in both girls and boys and significantly negatively
correlated with subcutaneous fat thickness in boys. This indicates that

fitness is influenced by such factors as morphology and subcutaneous fat thickness in the lower
limbs in the early stage of childhood. Total score did not correlate significantly with morphology, lower
limb muscle thickness, or subcutaneous fat thickness in second and third grade boys, indicating that
fitness is affected by factors other than morphology, lower limb muscle thickness, and subcutaneous
fat thickness in later grades. Unlike boys, total test score was significantly associated with either
morphology, lower limb muscle thickness, or subcutaneous fat thickness in girls in all grades. This
suggests that fitness is influenced by morphology, lower limb muscle thickness, and subcutaneous fat
thickness in girls in early childhood.
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Table 1. Participants in each grade
Grade
1 2 3
Boys n 48 50 51
Age (yrs) 6.8+0.3 7.9+0.3 8.9%+0.3
Girls n 44 57 58
Age (yrs) 6.9+0.3 7.9%£0.3 8.8%£0.3

Data are expressed as mean=SD.
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Table 2. Anthropometric characteristics of the participants
Grade ANOVA

1 2 3 Grade Sex Int

Body height (cm) Boys  117.4%5.1 124.6%5.3 129.5%£4.7 P<0. 01 NS NS
Girls 116.8%£5.0 123.9%4.8 128.8%5.5

Body mass (kg) Boys 22.1+t4.4 25.4+4.8 27.9%4.3 P<0. 01 NS NS
Girls 21.3+£3.0 25.6+t4.6 27.7%5.1

BMI (kg/m?) Boys 15.9£2.1 16.3£2.3 16.6£2.0 P<0. 05 NS NS
Girls 15.5£1.3 16.6£2.2 16.6£2.3

Thigh circum (cm) Boys 31.8+3.6 34.1£3.7 35.843.5 P<0.01  P<0.05 NS
Girls 32.4+2.6 35.4713.8 36.713.8

Calf circum (cm) Boys 24.1£2.2 25.7+2.1 26.6+£2.2 P<0. 01 NS NS
Girls 24.1£1.7 25.8+t2.1 26.5+£2.2

circum:circumference, Int:Interaction. Data are expressed as mean=SD.
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Table 3. Lower limb muscle thickness
Grade ANOVA
1 2 3 Grade Sex Int
MT
MTa  (mm) Boys 26.7£3.5 * 28.0£2.9 «  29.1%3.5 P<0.01  P<0.01 NS
Girls 28.5+3.1 29.8+4.4 30.5%4.2
MTp  (mm) Boys 39.5+3.9 * 42.3+4.1 41.9%5.1 P<0.01  P<0. 05 NS
Girls 37.5%3.5 41.5%5.2 41.3£6.5
MTC  (mm) Boys 39.3%+3.7 42.9%4. 4 42.8£3.7 P<0. 01 NS NS
Girls 39.3%+3.4 41.4+3.7 42.2£4.5
MT/BH
MTa (mm/m) Boys 22.7+2.6 %% 22.5+2.2 %k 22.5+2.6 * NS P<0. 01 NS
Girls 24.4+2.6 24.0%3.5 23.7£3.0
MTp (mm/m) Boys 33.6+2.7 33.9%+3.2 32.3%3.6 P<0. 01 NS NS
Girls 32.1%+2.8 33.5%+3.5 32.0%4.4
MTC (mm/m)  Boys 33.4%2.6 34.443.4 33.1%2.8 P<0. 05 NS NS
Girls 33.7+2.8 33.4+2.7 32.8£3.0
MT: Muscle thickness; BH: Body height; MTa: Muscle thickness of the anterior thigh; MTp: Muscle

thickness of the posterior thigh; MTC: Muscle thickness of the calf; Int: Interaction. Data are

expressed as mean®SD. Sex difference:

*P<0. 05; *xP<0. 01

Table 4. Lower limb subcutaneous fat thickness
Grade ANOVA
1 2 3 Grade Sex Int

SET

SFa  (mm) Boys 6.843.0 7.142. Tk 6. 9742, bk NS P<0.01 NS
Girls  7.4%+1.7 8.6+2.3 8.1+2.3

SFp  (mm) Boys 6.7+£2.7 6. 512, 4k 7.34+2. 5% NS P<0.01 NS
Girls  7.4%+2.1 8.2+2.2 8.2+2.1

SFC  (mm) Boys 6.1£1.7 6.2+ 1. 5% 5.9+1. 5% NS P<0.01 NS
Girls  6.5+1.1 6.8+1.5 6.5+1.4

SFT/BH

SFa  (mm/m) Boys 5.6+2.4 5. 642, 0%k 5. 374 1. 9k NS P<0.01 NS
Girls  6.3%+1.3 7.0+1.8 6.3+1.8

SFp  (mm/m) Boys 5.56+2.1 5.2+ 1. 8% 5.6+1. 8% NS P<0.01 NS
Girls  6.3%+1.8 6.6+1.7 6.4+1.6

SFC (mm/m) Boys 5.1+1.3 4.9+1. 1% 4.5+1. 1% P<0.01  P<0.01 NS
Girls  5.6+0.8 5.541.2 5.041.1

SFT: Subcutaneous fat thickness; BH: Body heigh; SFa: Subcutaneous fat thickness of the anterior

thigh; SFp: Subcutaneous fat thickness of the posterior thigh; SFC: Subcutaneous fat thickness
of the calf Int: Interaction. Data are expressed as mean®SD. Sex difference: *P<0.05; **P<0. 01
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Table 5. Result of physical fitness test
Grade ANOVA
1 2 3 Grade Sex Int
Hand grip Boys 9.1£2.0 11.2£2.4 12.3£2.3 P<0. 01 NS NS
(kg)  Girls 817 10.8£2.2 11.8£2.7
Sit-ups Boys 10.8*4.6 12.9%4.6 14.8%£6.0 P<0. 01 NS NS
(count)  Girls 10.7£3.9 14.6%4.5 15.2%4.3
Sit and reach Boys 27.3+6.3 27.6+6.8 28.3%£17.8 NS P<0. 05 NS
(em)  Girls 28.2%+5.5 29.5+4.7 30.0£5.6
Side—to-side Boys 26.3%4.4 28.2%£3. 6% 35.8£5.3 #k P<0. 01 P<0. 01 P<0.
(count)  Girls 26.4£2.8 26.8£2.7 32.1£6.6 05
20m shuttle run Boys 11.1£6.2 23. 511, 9k 37.7£13.9 *xk P<0. 01 P<0. 01 P<0.
(count)  Girls 10.7£5.0 16.3£7.1 28.0%10.6 01
Standing broad jump Boys 1.0£0.2 1.2£0.2 1.4£0.2 %% P<0. 01 P<0. 01 NS
(m)  Girls 1.0%0.2 1.2+0.1 1.3%0.2
Soft ball throwing Boys 9.1%£3.3 *x* 12.8£3.6 %k 16.4=£5.3 %k P<0. 01 P<0. 01 P<0.
(m)  Girls 5.9+1.7 8.6+£2.8 9.9£2.4 01
Sprint speed Boys 4.2+0.4 4.5+0.3 %% 4.8+0.4 ** P<0. 01 P<0. 01 NS
(m/s)  Girls 4.1+0.3 4.4%+0.3 4.6%+0.3
Fitness test score Boys 27.8£5.8 35.4£5.3 43.27%6.8 P<0. 01 NS NS
(point)  Girls 27.9%5.7 36.5+5.9 42.4%6.9
Int: Interaction. Data are expressed as mean®SD. Sex difference: *%P<0.01; *P<0.05
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Table 6.

Correlation coefficient between fitness test and anthropometrics,

muscle thickness,

subcutaneous fat thickness in boys

First grade

Body Body

height s MTa MTp MTC SFa SFp SFC
Hand grip (kg) 1=0. 66k — — — — — — r=-0. 32%
Sit-ups (count) — — — — — — — —
Sit and reach (cm) T=0. 49k — — - - - - -
Side-to-side (count)  1=0. 44%x* — — - - T=-0. 43%k - T=0. 32%
20m shuttle run (count) — — — — — — - —
Standing broad jump  (m) — — r=0. 52 — — r=—0. 613k — —
Soft ball throwing  (m) — — — — — — — —
Sprint speed (m/s) — r=0. 62%% — — — r=—0. 7T0%x — —
Fitness test score  (point)  r=0.58%* — — — — 1=—0. 45%%k — —

Second grade
Hand grip (kg) 1=0. 44%% — — 1=0. 30% — — — —
Sit-ups (count) r=0. 32% — — — — — — —
Sit and reach (cm) — - - — — - - —
Side-to-side (count) - — — - - - - -
20m shuttle run (count) - r=0. 413k - - — r=—0. 56%* - —
Standing broad jump  (m) — — — — — — — —
Soft ball throwing  (m) — — — — — — — —
Sprint speed (m/s) — — — — 1=0. 40%% — 1r=—0. 45%% —
Fitness test score  (point) — — — — — — — —
Third grade

Hand grip (kg) — — — — 1=0. 52%:% — — —
Sit-ups (count) — — — — — — — —
Sit and reach (cm) — - - — — - - —
Side-to-side (count) - — — - - - - -
20m shuttle run (count) - — — — r=0. 46%* — r=—0. 53k -
Standing broad jump  (m) - 1=0. 35% — - - 1=—0. 44%% — -
Soft ball throwing  (m) — — — — — — — —
Sprint speed (m/s) — — — — 1=0. 42%% r=—0. 36% — —
Fitness test score  (point) — — — — — — — —
Sex difference: *P<0.01; *P<0.05

MTa: Muscle thickness of the anterior thigh; MTp: Muscle thickness of the posterior thigh; MTC: Muscle thickness of the calf;
SFa: Subcutaneous fat thickness of the anterior thigh; SFp: Subcutaneous fat thickness of the posterior thigh; SFC: Subcutaneous
fat thickness of the calf.
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Table 7. Correlation coefficient between fitness test and anthropometrics,
muscle thickness, subcutaneous fat thickness in girls
First grade
Body Body

height s MTa MTp MTC SFa SFp SFC
Hand grip (kg) — 1=0. 58 — — — — r=—0. 33% —
Sit-ups (count) — — — — — _ — _
Sit and reach (cm) - — — — — — _ _
Side-to-side (count) — — — — — — — —
20m shuttle run (count) - — — — — — — _
Standing broad jump  (m) 1=0. 40% — — — — — - —
Soft ball throwing (m) 1=0. 33% — — — — — — _
Sprint speed (m/s) r=0. 41%* — — r=0. 48%% — r=—0. 53k — —
Fitness test score (point)  1r=0. 48%x — — — — — — —

Second grade
Hand grip (kg) r=0. 56%% — — r=0. 53%% — — r=-0. 33% —
Sit-ups (count) — — — — — _ _ _
Sit and reach (cm) — — — — — _ _ _
Side-to-side (count) — — — — — _ _ _
20m shuttle run (count) — — — 1=0. 424k — r=—0. 48%* — —
Standing broad jump  (m) — — — — — _ _ _
Soft ball throwing (m) — — — — — — _ _
Sprint speed (m/s) — — — 1=0. 54k — 1r=—0. 43%x% — —
Fitness test score (point)  r=0.34x% — — — — — — —

Third grade
Hand grip (kg) — 1=0. 68 — — — r=—0. 5 1% — —
Sit-ups (count)  — — 7=0. 49%* — — — — -
Sit and reach (cm) — — — 1=0. 454k - — — —
Side—to-side (count) — — - — — _ _ _
20m shuttle run (count)  — r=-0. 33% — — r=0. 42%% - — —
Standing broad jump  (m) — — — — — _ _ _
Soft ball throwing (m) — — — — r=0. 55%* — — —
Sprint speed (m/s) — — — 1=0. 52%% — r=—0. 51%% — —
Fitness test score (point) — — r=0.28% 1=0. 42%% — 1=—0. 39%x — —

Sex difference: #kP<0.01; *P<0.05

MTa: Muscle thickness of the anterior thigh; MTp: Muscle thickness of the posterior thigh; MTC: Muscle thickness of the calf; SFa:
Subcutaneous fat thickness of the anterior thigh; SFp: Subcutaneous fat thickness of the posterior thigh; SFC: Subcutaneous fat
thickness of the calf.
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