Journal of the Korean Applied Science and Technology
Vol. 38, No. 1. February, 2021. 318~331

ISSN 1225-9098 (Print)

ISSN 2288-1069 (Online)
http://dx.doi.org/10.12925/jkocs.2021.38.1.318

Jadse] 2AYT APe 5 A4 AL Ho] A%

AQE" - 237" - oMol - o] FF! - APE? - AP
FHA - AFT - AFY - AFY - U’ - @FoPT

5}
(2021 1€ 289 H4=: 20214 2¢

The Verification of Physique and Physical Fitness Differences Through
Bone Age and Chronological Age Among Adolescents

Dae-Hoon Kim"" - Hyoung-Ki Yoon' - Sei-Yi Oh' - Young—Jun Lee! - Buem-Jun Kim?
Young—-Min Choi® - Dae=Sik Song” + Ju-Ho An? - Dong—Nyeuck Seo?
Ju-Won Kim? - Gyu—Min Na? + Kyung-A Oh®T

School of Sports, Professor, Soongsil University
2Department of Sports for All Studies, Graduate School, Soongsil University
3Future Education Institute for Globalization, P.E. Professor, Soongsil University
(Received January 28, 2021, Revised February 27, 2021, Accepted February 28, 2021)

8 o & A4+ HaFE9 AFT AFGE ook Hl glo] EA-ol v add Aolghs HE
7oz APstgon, B o] 2He HAidr|e] sHYEL e R Ty Jdde 5 AAx
A Zol5 st FaES9] A, A #34 Y} st=9] HdAF5He 71osk= © Uk
AT 2 MR 16M71219] & 1100 9] BT 5 PAPSCEHIAZA G H7het TW3 1
] [qﬁ} Z 8747 (d7} 4837, ozt 391“4)94 114 ~16A4] Bads ‘:H*}O stelom, BESHY A&7
£ Uil 28455 X ray 2% & TW3(Tanner-Whitehouse 3) W& o]-&ste] Hrlsto o
ﬁaéo *“L:] Ae AFESEITH AlA-2 A1AA|, InBody270(Biospace, Korea),% o] &sle] 27 RS =AY
StRal AE= é% T TN FEer 29, 334, 1R, «Ud, 94, AT, A4 ]? g5 5435
Ak A=A HH o 2= SPSS 25.04 /‘]'30}04 EY8E Z“—testE AAIBFAAL, p< .05 FEo| A Folgt
ZAog AFoigith. & A9 ddte o £k A, Sd-T qAFg2 o837t Zﬂﬁ/] HlwofA 11
Al, 124 G2t 719 AlFolA |2t o]zt vehgtew, 134] @2t AlFolA |22t 2tol7t vttt
114 A4ZF= Al A, 124 o2 AolA o8t Ztol7k eyt 24, 931 A5 0§
gt A=Y v woA 114] b= 29, &8E, 494, AHAFEoA Fg ZFol7F et 124] H2t

1

L 2o, e, AT, 134 Has faaold folg Aol et 114 oA e, e,

T - 1, &

TCorresponding author
(E-mail: oka99@ssu.ac.kr)

- 318 -



2 0] 040 odR ez A 44 42T Y - 279 Uil 97t Journal of the Korean Applied Science and Technology

G4, oA, AATE, 144 ol Q014 Folg Aol7h eRdth. olist ATt B Q7o
M 223 2 7o) olzolAk A7l BAPL F|Zo R AT APL Wolsks Ao Jde A%
ool Hrur At ANE EEeA

FAo - F2Y FAY, 99, AH, A

Abstract : This study was conducted on the assumption that bone age would be more effective
when it comes to physique and physical fitness assessment for adolescents, and the purpose of this
study was to identify the differences in physique and physical fitness for students in their adolescence
through bone age and chronological age in order to contribute to the well-balanced physique and
physical fitness development in adolescents and the health improvement in students. Total 874
adolescents(483 males, 391 females) aged 11~16 were selected as subjects out of the total population
of 1100 adolescents aged 6~16 based on the PAPS(Physical Activity Promotion System) and age
standards of the TW3 method; and skeletal maturation, which symbolize the indicators of biological
maturation, were evaluated by using the TW3(Tanner—Whitehouse 3) method after hand-wrist
radiographs, and birth date was used for chronological age. A stadiometer and InBody 270 (Biospace,
Korea) were used to measure 2 components in physique. A total of 7 components in physical fitness,
which included muscular strength, muscular endurance, flexibility, power, cardiovascular endurance,
balance, agility, were measured as well. A independent samples rtest was conducted for data
processing using SPSS 25.0, and the significance level was set at p< .05. The study results are as
follows. First, bone age and chronological age used for physique comparison in males aged 11 and 12,
height and weight showed significant difference; in males aged 13, weight showed signicant difference.
Weight and height in females aged 11, and height in females aged 12 showed significant difference.
Second, bone age and chronological age used for physical fitness comparison in males aged 11,
muscular strength, power, flexibility, cardiovascular endurance showed significant difference; in males
aged 12, muscular strength. power, cardiovascular endurance; in males aged 13, flexibility showed
significant difference. Muscular strength, power, flexibility, muscular endurance, cardiovascular
endurance in females aged 11, and flexibility in females aged 14 showed significant difference. As a
result, this study concluded that in a period of rapid skeletal growth, evaluating physique and physical
fitness based on bone age is more accurate than evaluating based on chronological age.
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Table 1. Bone Age Distribution According to the Chronological Age

CA Sex CA(n) BA BA(n) CA Sex CA(n) BA BA(n)
8 14 10 1
9 26 11 1
10 32 12 5
Male 100 11 23 Male 52 13 9
12 4 14 19
15 12
11 13 ! 14 16 5
8 6 10 1
9 32 11 1
Female 10 36 12 8
96 1 13 Female 54 13 .
12 8 14 14
13 1 15 23
8 2 12 1
9 7 13 2
10 20
Male 102 11 42 Male 50 14 7
12 14 15 16
13 13
12 14 A 15 16 24
10 19 13 1
11 40
Female 115 12 37 Female 39 14 8
13 15
1 4 15 30
8 1
9 ) 13 2
10 10
11 31 14 >
M
ale 114 12 32 Male 65 5 3
13 23
14 10
15 4 16 55
13 16 ) 16
9 1
10 8 14 8
11 10
Female 87 12 17 Female 68
13 28
14 15 15 60
15 8
CA : Chronological Age, BA : Bone Age
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Table 2. The Difference in Physique According to Bone Age and Chronological Age of Males

and Females Aged 11 to 16

Sex Male Female
Age n M S.D. t—value n M S.D. r—value
REGES =St s o
WA T 100 4001 8.954 3.360" %6 37.07  8.676 3.090"
BA . 7, N . 877 .
L S T
WA T 100 482 10759 2.836" 115 4248 7820 03
BA 158.94  7.02 2 1554 81
s o e w1 he e e
WA T 114 5082 10981 2.036" 87 4595 o002 380
BA | 4 165.62 34 49 158, 022
Pl
WA =2 5956 12852 % s 4896 7332 20
s oo wen s e e T
WA T 0 6160 10215 0 T30 sa7r 10485 2
B
"p< 05, T p< 0L, " pd 001

BA : Bone Age, CA : Chronological Age, H :
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According to Bone Age and Chronological Age of

Sex Male Female
Age n M S.D. t—value n M S.D. t-value
HGS BAJ 07 o1 3047 .. | 64 1184 3415 .
(lefo CA| 100 1666 3093 * 9% 1542 3097 *
HGS BA| 07 2071 4671 .| 64 1838 3993 .
(Righo CA | 100 1778 3707 * 9% 1607 3564 -
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"p< 05, T pC 01, T p< 001

BA : Bone Age, CA @ Chronological Age, HGS :

Hand Grip Strength, BST : Bass Stick Test, PLT

. Plate Tapping, SLJ : Standing Long Jump, S&R : Sit&Reach, S-U : Sit—Up, SR : Shuttle Run
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Table 3-2. The Difference in Physical Fitness According to Bone Age and Chronological Age of

Males and Females Aged 12

Sex Male Female
Age n M S.D. t—value n M S.D. t-value
HGS  BA | 56 2126 4.204 170 1877 3878
(Left)y CA | 102 19.76 4.898 2.003 115 18.16 3.786 1.053
HGS BA| 56 233 435 |70 193 410
(Righ) CA | 102 2128 5647 115 1880 4198 -
BA | 56 2283 19875 70 2060 22993
BT —caT 10z 213 21257 =P [115 2721 26362 7
BA | 56 658  .989 70 697 1333
o T a1z 658 tios P [T est 1oa1 P
BA | 56 16473  20.118 170 14015 19.534
S —Ga 1102 15668 18756 2% 115 14095 17231 2!
BA | 56 1038  5.686 70 1355 6410
SR —ca T 102 961 5630 %2 115 1447 5051 014
BA | 56 5598 37.236 70 3650 31104
SU a1 102 5497 43120 - 115 3965 32888 %
BA | 56 7851 23486 .. .| 70 7248 21614
SR AT 102 8810 22143 2% 15 7779 0443 LOP

"p< 05, T pC 01, T pd 001
BA @ Bone Age, CA : Chronological Age, HGS : Hand Grip Strength, BST @ Bass Stick Test, PLT :
Plate Tapping, SLJ @ Standing Long Jump, S&R : Sit&Reach, S-U : Sit-Up, SR : Shuttle Run
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Table 3-3. The Difference in Physical Fitness According to Bone Age and Chronological Age of
Males and Females Aged 13

Sex Male Female
Age n M S.D. r—value n M S.D. t—value
HGS BA . . . J
50 24.02 5.499 1.203 52 20.81 3.750 1,090
(Left) CA | 114 22.83 5.912 87 20.05 4.076
HGS BA 50 26.31 6.223 1712 52 22.61 3.966 1165
(Right) CA | 114 24.51 6.179 ’ 87 21.66 5.021 ’
BA 50 21.94 19.465 52 29.68 26.684
BST CA | 114 19.67 20.331 666 87 27.95 26.285 373
BA 50 6.45 1.467 52 6.69 1.418
13 PLT a4 654 1239 ' 87 657 134 ™
BA 50 166.66  23.411 52 150.31 22.541
SLJ CA | 114 163.92 24.102 676 87 148.98 21.824 344
BA 50 6.95 7.864 wx | 52 15.50 6.755
S&R CA | 114 9.91 5.881 2.666 87 16.78 6.081 L1352
BA 50 71.80 88.534 52 44.44 34.233
S-U CA | 114 67.34 70.180 345 87 48.28 47.580 ~07
BA 50 73.44 24.435 52 75.04 23914
SR —-.656 495
CA | 114 76.14 24.209 87 73.03 22.592

"p< 05, TTp 01,

o ko

< .001

BA : Bone Age, CA : Chronological Age, HGS : Hand Grip Strength, BST : Bass Stick Test, PLT :
Plate Tapping, SL] : Standing Long Jump, S&R : Sit&Reach, S-U : Sit-Up, SR : Shuttle Run

Table 3-4. The Difference in Physical Fitness According to Bone Age and Chronological Age of
Males and Females Aged 14

Sex Male Female
Age n M S.D. r—value n M S.D. t—value
HGS
BA 45 27.35 5.834 1143 49 21.22 5.170 1277
(Left) CA 52 25.85 6.895 54 20.00 4.574
HGS
' BA 45 28.47 5.255 1,226 49 22.92 5.693 1.450
(Right) CA 52 26.95 6.717 54 21.48 4,349
BA 45 20.68 21.087 49 27.68 24.936
BST CA 52 21.38 18.930 172 54 25.53 22.594 460
BA 45 6.34 1.471 49 6.27 1.015
14 PLT CA 52 6.37 1.518 099 54 6.65 1.243 1630
BA 45 176.96 24.497 49 143.65 22.368
SLJ CA 52 183.08 20.744 1.333 54 143.61 22.081 010
BA 45 5.08 8.101 49 14.77 8.035 «
S&R CA 52 3.88 9.129 672 54 11.61 7.843 2.010
BA 45 67.91 48,533 49 37.80 35.125
SU Al 52 6379 38243 7 [Tsi 3730 28047 O
BA 45 83.27 22.497 49 63.63 23.750
SR CA 52 83.27 21.660 001 54 67.06 20.743 781

"p< .05, T p< 01,

ko

p< .001

BA : Bone Age, CA : Chronological Age, HGS : Hand Grip Strength, BST : Bass Stick Test, PLT :
Plate Tapping, SL] : Standing Long Jump, S&R : Sit&Reach, S-U : Sit-=Up, SR : Shuttle Run
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Table 3-5. The Difference in Physical Fitness According to Bone Age and Chronological Age of
Males and Females Aged 15

Sex Male Female
Age n M S.D. r—value n M S.D. t—value
HGS BA[ 35 2034 684 . [ 121 2256 5023 |
(Left) CA | 50 30.45 7.489 ) 39 21.49 4,225 '
HGS BA| 35 3093 7000 [ 121 2386 5089 |
(Righ) CA | 50 3194 785 39 2287 4176 -
BA | 35 3378 24427 21 3261 23.600
BT —ea 150 2642 21250 77 39 3577 2588 W0
BA | 35 667 2212 121 664 1526
s T Teal 50 645 tas . Y 39 61 1ser P
BA | 35 18391 26515 121 13925  21.280
SU —Ea 50 18226 20555 2% |39 13508 2030 078
BA | 35 525 8080 121 1361 8534
SER =3 1750 568 8532 20 39 1236 8916 2
BA | 35 7817 41118 121 3491 26193
SU A 50 7118 20819 /%% |30 38 26720 2
BA | 35 8194 19552 121 5853 21.19%
SR "CA 150 87.66 16468 8 39 6367 18602 3

BA @ Bone Age, CA : Chronological Age, HGS : Hand Grip Strength, BST : Bass Stick Test, PLT
. Plate Tapping, SLJ : Standing Long Jump, S&R : Sit&Reach, S-U : Sit—Up, SR : Shuttle Run

Table 3-6. The Difference in Physical Fitness According to Bone Age and Chronological Age of
Males Aged 16

Sex Male
Age n M S.D. t—value
TGS BA 86 35.79 8.682 s
(Lef) CA 65 36.19 7.908 :
HGS BA 86 3741 7.871 e
(Right) CA 65 37.76 7.927 :
BA 86 24.66 20.869
BST CA 65 28.94 21.981 1.218
BA 86 6.00 1.289
s PLT CA 65 6.16 1.899 265
BA 86 18537 26.977
SL CA 65 185.04 25.898 —075
BA 86 7.10 7.973
S&R CA 65 722 7.835 094
BA 86 66.46 48.026
S-U CA 65 7347 74218 703
BA 86 .17 28512
SR CA 65 62.44 27.461 1.892

BA : Bone Age, CA : Chronological Age, HGS : Hand Grip Strength, BST : Bass Stick Test, PLT
. Plate Tapping, SLJ @ Standing Long Jump, S&R : Sit&Reach, S-U : Sit=Up, SR : Shuttle Run
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