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Abstract :

Journal of the Korean Applied Science and Technology

This study aims to evaluate physical fitness according to the bone age of youth, and

ultimately provide basic data for balanced development of youth through physical fitness standard

indicators according to the bone age. A total of 730 youth aged 11 to 13 years in bone age and 11
to 13 years in chronological age were selected as subjects; and after taking X-ray films to calculate

the bone age, they were evaluated by using the TW3 method. A total of 2 components in physique,

which were stature and weight, were measured using a stadiometer(Hanebio, Korea, 2021) and Inbody
270(Biospace, Korea, 2019). A total of 7 components in physical fitness were measured as well, which
included muscular strength (Hand Grip Strength), balance (Bass Stick Test), agility (Plate Tapping),
power (Standing Long Jump), flexibility (Sit&Reach), muscular endurance (Sit—Up), and cardiovascular

endurance (Shuttle Run). Descriptive statistics and independent #test were conducted for data

processing using the SPSS PC/Program(Version 26.0), and it was considered significant at the level of

p< .05, The results of this study may be summarized as follow. First, the result of comparing the bone
age and the chronological age of 11 to 13 years old in physical fitness, males showed significant

difference in muscular strength, power, muscular endurance, and cardiovasular endurance. In females,

muscular strength, balance, agility, power, flexibility, muscular endurance, and cardiovascular
endurance showed significant difference. Second, physical fitness standard indicators were presented for

each gender and age (11-13 years old) of youth according to the bone age; and based on this,
physical fitness standard indicators, which are basic data for physical fitness evaluation according to

the bone age of youth, were presented.

Keywords * Youth, Bone Age, Physical Fitness, Development of Standard Indicators, TW3
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Table 1. General Characteristics of Participants
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Male
Height Weight
BAN CA ! M S.D) M S.D)
10 1 143.300 - 53.900 -
11 49 145.488 4.5314 45.602 8.9352
11 226 12 103 147.581 5.3676 47.929 10.5418
13 72 150.592 5.4904 46.135 8.5292
14 1 163.700 - 58.800 -
11 5 146.500 8.2253 49.040 11.3441
12 26 151.427 6.4003 48.346 10.8786
12 94 13 57 154.667 6.7873 53.237 11.2803
14 5 156.900 3.7954 49.800 7.2805
15 1 157.500 - 43.300 -
11 2 151.200 8.2024 54.850 5.0205
12 16 156.269 8.8194 58.531 10.5116
13 7 13 39 158.903 5.5849 56.495 10.8874
14 9 161.878 5.7041 55.978 12.8697
15 2 164.400 5.6569 52.700 9.3338
16 2 169.050 1.3435 55.050 4.4548
Female
Height Weight
BA N CA ! M S.D) M S.D,
10 5 141.220 3.3041 37.400 4.0398
11 39 144.959 5.6451 40.982 7.5792
11 148 12 70 148.546 5.1901 41.983 7.6726
13 33 150.848 5.8983 41.339 7.2939
14 1 151.200 - 37.500 -
11 11 147.527 4.0522 43.373 9.8679
12 113 12 49 151.937 5.5183 45.576 7.0879
13 45 154.076 4.9295 46.451 8.7149
14 8 157.150 4.5422 44.600 8.8470
11 1 161.400 - 74.300 -
12 19 154.111 5.4833 49.632 11.9042
13 79 13 51 155.476 5.4908 48.025 9.5570
14 7 159.629 3.9280 53.529 7.0807
15 1 161.100 - 48.800 -

BA: Bone Age, CA: Chronological Age

g2 AREeH7] wiE(Promax, Taiwan,
2006), F9A8L HHEF =H71(World  Sports
Industry, Korea, 2019), X782 AYEE
(Everlast, China, 2013), wjx|ato g Az

o
g
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Table 2. Measuring Components of Bone Age, Physique, Physical Fitness

Factor Components Content
Bone Age Bone Age X-ray, TW3
) Height Measurement of Height
Physique . .
Weight Measurement of Weight

Cardiovascular Endurance Shuttle Run
Muscular Strength Hand Grip Strength
Muscular Endurance Sit-Up
Physical Fitness Flexibility Sit&Reach
Power Standing Long Jump
Agility Plate Tapping
Balance Bass Stick Test
Table 3. Measuring Instrument
Measurement Measuring Measuring Instrument
Components
Diagnosis Radiation Equipment
Bone Age Bone Age (DK Medical System, Korea, 2006)
. Human Measuring Instrument
. Height (Hanebio, Korea, 2021)
Physique Inbody 270
Weight 1bocy

(Biospace, Korea, 2019)

Muscular Strength
Balance
Agility

Physical Fitness Power

Flexibility

Muscular
Endurance
Cardiovascular
Endurance

Grip Strength Indicator

(Donghwa Athletic Corporation, China, 2019)

Custom—Made Stick

(Wood Land Furniture Workshop, Korea, 2021)

Custom—Made Board

(Wood Land Furniture Workshop, Korea, 2021)

Standing Long Jump Mat
(Promax, Taiwan, 2006)
Sit & Reach Box
(World Sports Industry, Korea, 2019)
Sit-=Up Board
(Everlast, China, 2013)
All-In-One CD Player System
(INVIO, Korea, 2019)

2.4, Xt2x2

Az A e SPSS PC/Program(Version
26.0)0= ol-gsto] FAskH. FAAQ 24
He o 2o AHA, 49 13709 wWo
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dgos Azw A 54 B Sl
eEAS AASAT. AR, TAF 114~13
Aol A AAF 114~134 Aol Hols
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Lt . BP0 EA9(58.98+70.832)
o] A (41.38+51.018)Hr}t =7 ety &
ARoz §olgt 2o|(,=3.032")7F YErdTh A
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3.889N KL =7 Uehdi SAHo=m fojgt
2ol (¢7.300""")7F UEbgt) EHEge 29
(6.93+1.3309)0] &8 (7.51+1.5570) Kt} =7
Uehgy SAHoz folgt o|(=-3.857 )7t
vebgch AR 299(137.294
19.0692)°0] HAA(127.28+18.3884)Er} =74
Uehgy EAZeg §oJgt Apo|(,=5.125" )7}
bt A2 2A9(10.94+6.5319)0]
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2 8O3 2o](=3.025 )7 YERyith Bgo
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(55.15£23.912)0] A= (42.69£18.587) Hr}

Table 4-1. The Difference in Physical Fitness According to Bone Age and Chronological Age of

Males and Females Aged 11

Sex Male Female
Age n M S.D. r—value n M S.D. —value
o B BT T s T
ST Gt s e Y [ i e
R = =i R B e
TR ¥ S avarsiE e
SR Dn = = o
Er == == o
R~ T awor ot * e imsr S

EEEY

"p< 05, T pd 01, T p< 001

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

Shuttle Run
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Table 4-2. 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. r—value n M S.D. +—value
HOS —C i ton saaen— “% o iras assee 20
I TN T G T T T
T Gt en am " [ ew as O
O S W il Y
SRS E avreE o
S N 1T Y T R
EE = s =BT

ok

"p< 05, T pd 01, T p< 001
BA: Bone Age, CA: Chronological Age, HGS: Hand Grip Strength, BST: Bass Stick Physical Fitness,
PLT: Plate Tapping, SLJ: Standing Long Jump, S&R: Sit&Reach, S-U : Sit-Up, SR: Shuttle Run

Table 4-3. 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. r—value
BA 70 26.04 5.8328 - 79 22.05 4.2793

HGS CA | 230 23.72 5.8039 2932 196 21.27 47674 1.258
BA 70 22.68 23.8626 79 26.78 26.9075

BST CA | 230 26.11 29.6154 887 196 30.90 29.4382 1076
BA 70 6.45 1.3649 79 6.94 1.4218

PLT CA | 230 6.69 1.2951 1.298 196 6.86 1.4519 372
BA 70 163.00 24.8862 79 144.33  22.0071

BSH ea T 230 16016 255613 0 [o6 14325 202817 0

BA 70 6.25 7.4203 79 12.81 8.4489

S&R CA | 230 7.49 6.9788 1.276 196 13.29 7.3088 467
BA 70 68.17 78.547 79 42.61 33.139

S-U CA | 230 62.95 58.861 98 196 49.34 61.896 915

SR BA 70 66.07 26.247 020 79 65.43 25.387 1.262
CA | 230 66.00 24.7736 196 61.50 22.510

T pC 01

BA: Bone Age, CA: Chronological Age, HGS: Hand Grip Strength, BST: Bass Stick Physical Fitness,
PLT: Plate Tapping, SLJ: Standing Long Jump, S&R: Sit&Reach, S-U : Sit-Up, SR: Shuttle Run
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Table 5-1. Physical Fitness Standard Indicators in 1lyears of Bone Age and Chronological Age

Physical Physical Fitness Level and Score
Fitness Sex Poor Low Moderate Good Fxcellent (1)
Program (5) 4) 3) @) e
™ BA  ~142 143~187 188~216 21.7~272 273~
HGS T TCA ~104  105~150  151~17.8  17.9~234 235~
(Right) BA  ~112 113~162 163~18.7 18.8~259 260~
Female
CA  ~88  89~134  135~158 159~214 215~
v BA  ~20 2.1~9.2 93~189  19.0~71.8  71.9~
- T A ~20 2.1~89 9.0~202  203~77.9  78.0~
BA  ~23  24~120  121~332 333~1074 1075~
Female
CA  ~28  29~130 131~306 30.7~878 879~
vl BA 118~  9.0~117 7.0~8.9 6.1~6.9 ~6.0
- T TCA 149~ 99~148 73~98 63~7.2 ~6.2
BA 128~  95~127 7.1~9.4 6.4~7.0 ~63
Female
CA 120~ 107~119  7.8~10.6 6.6~7.7 6.5~
v BA  ~1100 110.1~141.4 141.5~1555 155.6~188.6  188.7~
- T TCA ~1084 1085~1338 133.9~150.0 150.1~1750 1751~
o BA ~1044 1045~1300 130.1~1450 1451~1708 170.0~
CMEE TTCA T <988 98.9~1200 120.1~1350 135.1~1550  155.1~
BA  ~-72  —71~27  28~80 8.1~17.9 18~
Male
. CA  ~-60  -59~30 3.1~7.6 77~145 14.6~
BA  ~02 03~8.2 83~133  134~224 225~
Female
CA  ~-33  -32~65  66~120 121~187 188~
BA  ~10 11~28 29~50 51~204 205~
Male
U CA ~8 9~22 23~37 38~114 115~
BA  ~11 12~26 27~43 44~144 145~
Female
CA ~5 6~18 19~30 31~103 104~
- BA  ~19 20~44 45~69 70~107 108~
@ T A <18 19~37 38~54 55~86 87~
BA  ~17 18~46 47~62 63~96 97~
Female
CA  ~15 16~33 34~51 52~75 76~

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

Age
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Table 5-2. Physical Fitness Standard Indicators in 12years of Bone Age and Chronological Age

Physical Physical Fitness Level and Score
Fitness Sex Poor Low Moderate Good Fxcellent (1)
Program ©) 4) 3 2
v BA  ~157 158~208 209~244  245~306 307~
HGS T CA ~123 124~178  179~211  212~273 274~
Righ) —  © BA  ~129 130~181 182~2L5  216~212 213~
MAE TTCA T 111 112~158  159~19.0  19.1~249 250~
v BA  ~26  27~94  95~209  21.0~66.1 662~
- T T A ~23 2.4~9.0 9.1~21.4  21.5~79.6  79.7~
BA  ~18  19~108  109~243  244~696 697~
Female
CA  ~29  30~112 113~357 358~1235  123.6~
v BA 101~  8.7~100 8.6~7.0 6.9~6.2 ~6.1
- A 12~ 90~119 6.9~8.9 6.1~68 6.0~
BA 115~ 95~114  72~94 6.2~7.1 ~6.1
Female
CA 107~  95~106 7.1~9.4 7.0~6.4 ~63
- BA  ~1149 115.0~150.0 150.1~169.5 169.6~202.5  202.6~
- T OTCA <1100 110.1~140.0 140.1~156.0 156.1~1849  185.0~
o BA ~1063 1064~1300 130.1~1450 145.1~1722 1723~
CEE TTCA T <1061 129.0~142.5 142.6~167.7 167.8~189.0  189.1~
ol BA  ~-50  -40~69  70~115  11.6~176 177~
on YT CA ~64  —63~37 3.8~8.6 8.7~17.5 17.6~
BA  ~06  07~107  108~135 13.6~230 231~
Female
CA  ~06  05~93 04~140  14.1~223 224~
- BA  ~10 11~40 41~60 61~155 156~
U YT CA <82 83~327  328~540 54.1~1635 1636
BA ~9 10~20 21~34 35~105 106~
Female
CA  ~70  7.1~240  241~410 41.1~1000  100.1~
- BA  ~32 33~54 55~76 77~108 109~
@ TCOTCA <190 19.1~467  468~73.0 73.1~1120 1121~
BA  ~26 27~51 52~73 74~98 99~
Female
CA  ~235  23.6~447 448~650 651~1017  101.8~

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

Age
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Table 5-3. Physical Fitness Standard Indicators in 13years of Bone Age and Chronological Age

Physical Physical Fitness Level and Score
Fitness Sex Poor Low Moderate Good Excellent (1)
Program ©) 4) 3) )
™ BA  ~17.0 17.1~23.6  23.7~263  264~38.1 382~
HES YT CA <150  151~211  21.2~252  253~352 353~
(Right) Fernal BA ~13.9 14.0~20.6  20.7~23.7  23.8~29.7 29.8~
m
CMAC TTCA T <142 143~1901  192~224  225~297  29.8~
- BA  ~20  21~102  103~194  195~78.1 782~
- YT CA <22 23~105  10.6~240  241~900  90.1~
BA  ~15  1.6~102  103~240 24.1~800  80.1~
Female
CA  ~19  20~139  140~330 331~900  90.1~
BA 121~  93~120 6.5~9.2 5.0~6.4 ~538
Male
- CA 92~ 7.0~9.1 6.2~6.9 5.1~6.1 ~5.0
BA  Ill~  9.8~110 7.1~97 6.2~7.0 ~6.1
Female
CA 97~ 7.2~96 63~7.1 5.1~6.2 ~5.0
™ BA  ~122.7 1228~1518 151.9~170.0 170.1~207.2  207.3~
- T TCA ~1130 113.1~1508 150.9~170.0 170.1~2044 2045~
o BA ~1100 1101~1350 135.1~1500 150.1~1860 1861~
CMAE TTCA T <1100 110.1~1350 135.1~151.0 151.1~1751 1752~
" BA  ~-100 -99~49  50~90 91~163 16.4~
ale
. CA  ~-57 -58~56  57~103  104~180 181~
BA  ~-03  -02~90  9.1~164  165~260  26.1~
Female
CA  ~05  06~108 109~160 161~251 252~
BA  ~17 18~41 42~60 61~177 178~
Male
U CA  ~14 15~37 38~60 61~168 169~
BA ~8 9~27 28~40 41~100 101~
Female
CA  ~12 13~27 28~42 43~122 122~
v BA  ~26 27~51 52~75 76~105 106~
w T T A~ 28~55 56~74 75~106 107~
BA  ~25 26~52 53~74 75~103 104~
Female
CA  ~25 26~52 53~69 70~96 97~

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