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ABSTRACT

This study is to determine the biomechanical characteristics fo Korean, Male 58 and Female 54 were
participated for the measurement which was performed by immersion method and reaction board method, Body parts
were head with neck, trunk, upper arm, forearm, hand, thigh, leg, and foot, Their volumes were measures by
immersion method. Their weight were determined by using Dempster(1955), Drills and Contini(1969) density data.

Each center of body part weight were determined by specific posture on the reaction board. The postures
were asked to the subject forearm- lifted posture, total leg- lifted posture, leg-lifted posture, foot-lifted
posture, According to each posture, the center of each part were calculated,
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U AFL IHH2E ATy slMe 2 AANEEY Eedu Zo] 53} LE YL 222t o5 AN
=l i YA B & A%, Fu), APFA, BYRHE 5 212 470 $4 o]Fojo} Yot} Yuty
L ANEHY 4y B 2] A PHOE 1) ANRe] AT AFY, 2) AN ASY, 3) 284y 2y
& ol&Y WY Fol ArHAHA,1993). o|Y¥ FTL Harless(1860), Dempster (1955), Matsui(1958),
Contini(1966), Clauser(1969) & W& AFxtgo] AAE thyez Hy B4 2AE YAY 24 (lmertion) 5o
£ FAE &Fsiolen, ¥/HEA (Pendulun method)5-& o] g3le] BYRHUES ZAsi P o|&sidr). 23yt
a7 ool AN AY] Tigel ol F A 57 AFo] AW Fesheu o o] A}, weld oy Bxjd
T BU7] AY =Yoo QNG e A7t AT 43y 2Yg 235t WY ssidy 2ye o
Ex @771 AP Hanavan(1964)2 AAE 15702 202 Whitsett(1963)= 14702 BRHAA Aajo] o Al
AFHol oYt AYRUEE A5t ol Miller and Nelson(1973)& o] &2 A3}r} 712212 10% o] o &3tATt
B 3%} olch

HIole +HHA B} AURA BedtE 2¥ojehs x]Fo] glo] CT{Computerized Tomography) &odo] &j3t
A ¥y, 4, 349X 5& F&8AU, Martin et al. (1989), Mungiole and Martin(1990)3} o] 2lxjo] $Js)&
F2 3 vlzy FYstA AP AL, SN, FHERUE £& ZAY 4 & MRI(Magnetic  Resonance
Imagine)& o|-&3lo] A9} Baboong thito 2 AFH ZAzst Ra®ul vt olgy A1y} VG Yroe o
oA ezt A AU A7t A o] thREe] @FA5-E Braune and Fischer(1889), Keys and Brozek
(1953), Dempster(1955), Matsui (1958), Clauser et al.(1964), Chaffin and Schultz(1975) So| @7¥ HA}S o]-8-3}
A Matsui(1958), Fusikawa(1963)59] @F2E AHgsloigirt. @yt 2270 Uehls NZAde)e] 3], @
U G eol whE ANzPu R 2 BAY AZo] oigt APule] zpo], ANt Aaete] EAHQ zjo] Fog Yt
AAAUAQ £ a7t AA ek weld oyt dF ANE VIAoA A FLshsus B gon
E PHUE B2 A1 AR o]FojAo} sAot).

VA U2 ANEH0 oY B EYAE AT Al 22 wA] ek o]zl 5(1960) S-&
FHEW AN F4Y olFol Hs| Azl 9on, wUed(1978)S 4 W g tlteE FZAZx|(Ideal body
veight)8} FIAAYFE FHULZY H7do] ot dF A2AS UFsgth o] Ao 2had(1978)2 AN UE
X AFE Aol g3) A&stgon] AR WS Keys and Brozek (1953)9] FAlo|ejs] 22319t} o}% Auxo] #
T At YAE(1989), 2HB(1992), BAAE(1993) Sol o) U} HAHAL o] 4% A7y} glolon, )
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(1993), %37(1991) T AY o|F X-rayo] 2 A3 A7} Adolch =¥, w o FHAS oz AL
AZE 2 PAF(1989), AtidE P2 AU d1E ¢ $0H(1989), AP Y FUE o83l Wzl
RS tiges AAEEY B3 54 7Y 4UF(1994) Bol Jth §3I], d@Fe] dFolAe ANZH o
T 5EAE AF3H7] A% ARSI HA(Co) 3] AT 598 vopsiglen, 4&d z ANEHY A3 2
BUE ol 88 TAAZE AGY + A= WS Fasidrh FUF(1998)L A RS tdes +343 &
By, BRESBYA ANHGUE o8 A AP} FAHAA F& HE3AUL MRIE ol&3le] A 229 v
A2t AF7HA| YA E YR o|FojW dF A tIFE WS ULLE o] o] o] dAFH
W W ojY vlEalgE Fib] YETE weld & @M A0 25YA0E, 5.25YA0E H3E
of Wi ¢HYE ANT2E Ze d¥3A 200 TFE} Wti2F 41 2FeE TR AFIFLY AAGYY |
38 Aolst . oqte] Aolg Bt syl

2. a4y
1) A=
2 dFoME Aol wE AAZAY FHAE FE317] A8 g it RY4LE FE 53 gL 24
WA qFY Foof wet 4F 21E8S 2FHA, 5. 2FYLEH 200, NciaFoR TRl yAE A3
Act. HAHAY HBE A8 F44 ol chAAl &4 D 430 YAk A3 & 44, aFY Y 2
B3t 4 158 159 JAE e APsteen oo it £8 AN uinel &3¢ FE4= ¥ 13 2}
2) Agdy 9 34
A AALEY 37143, £3Y $u&3, £2Y AP §3o= FEsle] ARk ANEAY 3
&3 Martind] FFAE ol 83l JH&APslgen], Y Fu&H L Archimedes W& o]-§¥ E4Y(Immersion
method) 224 42& A Fsle Mgt o, ALY 2 B EHY 02, BF ¥, olY, & ¥Ar
g, Fole], UHH 5 8/ ANYHE TESIY 22y £AE AeAA 3718 #9032 RuE &3sidcl. #y)
34 Aol FUY 3719 FE A4S Fol7] A3 A4A AUY FIE HUY sEESY ¥ A4EHE 59 ¢
342X £& HXEF 9o, A" Z BA HuF o]&3}o Drills and Contini(1969)7} AHJ¢tE AlNEAe We
Ho] &3] FAY U=§ AE3tych 74 £29 & &% v U
o 242 849.75¢
@ FUER 1 77278
o 242 1 11.4¢
@ ujo]# : 5¢
B39 AZ3H §32 219 AAA fol 43 FEF UL A 3ste] By &P ubH (Reaction Board Method)
ofubel theat 22 AHE FHEAS oA HESstE 2w B APFA HAE & At ow) F AAHDY
Al 176cs AR FH AT},
@ BB oA tele AFA FE YT 3} ciduieto] thE AX A X9} AFEE o] wHRo] )
EAA 0] iy FAFAAA
o B3 YoM mel= AFA &S Y3ieF st duldo] fE XA AXFEF 3lo ko] 9 £
2} wo] o] HrFilq FASu &5 ZHY WAN o o FAFHAA
o BYT 3ojA el NFA FE PI=F st duleto] i A AH A AXFEF Fo] o] g BF
2} ole o] F o] HrFile EULH && EUY olefHo] iyt BFAFUAA
® JFI fjolM Hele AFA FS Y=F st duleto] Tl XA 9} LABIES st dojA £ BF
3} cle| ATt A 2to] HEgsto E9gu] U XYY clelANo oyt BAFHAA
® 333 gJolM Hele AEA &S YT F 312 yulcto] ThE AAHA 9} YAEE WY R0l w9 FE
3} Folel7t o] FHrFile EUS P EUY Folelof it FAFAUA
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(unit:cm)
7-13age 14-19age 20-29age 30-39age
[tem/Group Male Femlae . Male Femlae Male Femlae Male Femlae
m SD| m SD| m SD| m SD! m SD| m SD| m SD| m SD
1. Stature 144.8 9.3 /134.8 14.1(168.2 7.8 158.5 5.3 {172.6 5.6 (159.9 4.8|170.6 4.5{160.9 5.1
2. Cervicale height [121.7 9.2 (112.7 12.3]142.7 7.0 (134.4 6.7 [146.2 5.2 [135.3 4.2 [144.4 4.3/135.9 4.5
3. Trochanter height | 72.4 6.1/66.9 7.6|81.9 6.1(77.8 2.8182.9 3.5|77.2 2.8|81.1 3.7/76.4 3.5
4, lateral femoral 40.8 4.1)35.7 4.9|4.9 2.7/41.7 2.6|44.3 2.2/42.0 2.7(45.2 2.7|40.4 2.7
epicondyle height
5. Acromion to 26,5 1.9|24.8 2.7(30.3 1,1]29.9 1.5(31.1 1.5[29.1 1.3|31.0 1.2128.9 1.8
olecranon length
6. Olecranon to 36.9 2.8/33.9 2.8{42.4 2.7(40.3 1.7|42.9 1.8[38.9 2.2|41.5 2.1]/40.1 1.9
fingertip length
7. Acromion to 68.4 4.6/58.8 53(72.7 3.3|70.2 271725 2.8/67.9 2.8/72.5 2.8/68.9 2.9
fingertip length
8. Weight(kg) 39.2 10.3|31.3 8.4{58.8 6.9529 44682 8.2]48.9 6.4/68.8 6.5/56.4 6.5
9. Subjects number 14 17 13 8 18 14 13 15 |

* M : pean, S D:standard deviation

3. 24 ¢ 2%

1) 249 2%

Zt AZ2Fol oIt AN FEE AYLE Aol o) 4EB TS o431 Drills and Contini(1969)7} )
U AAEAY Y=AASE o8] 229 U=gte] mel FE300ch E 28 A EAY A3 3o Uy BA
o AZEE UEhd Zom, E 33 F 4= & 479 20-294 BFIFY Waie} ol E Axate A3l ujayk slojh,
E 2004 F& EUR vielo] iyt AFu]st 7-134 Aol N ThE 25 vlB) 3-4x BE A Ueld A BEERg)
AN 7-134 2Fo] ¥dF 2Fo i3l the w2 UehdRe AAA wAesl 4 B} W] g atjdes
Helo] o At §A Uehd Aoz wdekdeh EY BEFHeA d¥ol 31 5 B8 At wA U
AL BAY wdo] et $7] L2 Tk A 7-1349 o7 A3 8, Fole], HUESIE A
Yot BE FHolA Wl At o2t Bob A ueigou Folel¥dddE 14-194E st Azl WAt
Rrh the wA uehdth E 32§13 200 4A& o d7E o AR ARy g B A
20-294] ARFI vl AO=A  UPF(1994)8 AZohe WelFelold 2.5 , Folel R 1.8 FEAjo|7} L}
stom ThE 2lmehs 0.5% 3= Aol§ Rold olrh FFFelelME FHH(1990)9 2guT) 3.5% A= A et
AU arF(1994)] A2 Hrhe 1.5 B A Uriddth T Feeds td xlol§ Hola glou) oA u4¥
ABHE Rol2 glrh I Azl v|astd E 49} o] VA2t njmolMet o] B3} me), Folel¥¢lolN
Th4 Alol& Holil glout thNE vt APul§ Rola lth. AR M2 thd Aol Ho|T Y=RL FEY
theAet AHZA, ANMEAEY TR Alo], 22 A FUE 39 W%, 33 ex Bl Ushbe 24 ¢
3 WAAEE Aoz wiehdc,
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(unit: kg, %)
Male Female
Segment/Group mean I S.D mean | S.D
Age(7-13) 5.37/14.17 1.1/3.5 5.17/16.5" 2.1/5.9
: Age(14219) 5.9/10.2 1.6/2.6 5.8/11.1 1.7/3.3
Head with Neck | o (20-29) 6.1/8.9 1.3/2.2 5.2/10.6 1.2/2.4
Age(30-39) 6.8/9.9 1.6/2.2 6.2/10.9 1.472.4
Age(7-13) 19.5/49.6 5.4/3.8 15.7/49.3 4,3/6.4
Truk Age(14-19) 27.4/47.0 2.9/4.8 25.3/47.4 5.4/7.1
Age(20-29) 33.0/48.9 5.1/3.6 23.2/47.2 4.6/5.7
Age(30-39) 35.9/52.3 3.7/4.3 28.4/50.7 3.5/4.6
Age(7-13) 3.9/9.9 1.8/1.9 3.5/10.8 1.2/2.2
Thigh Age(14-19) 6.1/10.3 1.4/1.4 5.9/11.4 0.9/1.9
! Age(20-29) 6.9/10.5 1.4/1.6 5.5/11.3 1.1/1.7
Age(30-39) 6.5/9.3 1.2/1.1 6.2/10.9 1.3/1.4
Age(7-13) 1.7/4.3 0.4/0.8 1.4/4.4 0.5/1.1
Lo Age(14-19) 2.9/4.9 0.4/0.5 2.4/4.5 0.2/0.4
g Age(20-29) 2.9/4.3 0.7/0.7 2.4/4.9 0.5/0.8
Age(30-39) 2.6/3.8 0.5/0.7 2.3/4.1 0.5/0.8
Age(7-13) 0.75/1.9 0.18/0.35 0.65/2.16 0.13/0.4
Foot Age(14-19) 0.96/1.6 0.11/0.16 0.79/1.5 0.08/0.19
00 Age(20-29) 1.01/1.5 00.13/0.19 0.74/1.49 0.16/0.27
Age(30-39) 1.05/1.5 0.14/0.23 0.76/1.34 0.12/0.16
Age(7-13) 0.84/2.1 0.2/0.4 0.74/2.33 0.32/0.78
U Age(14-19) 1.56/2.6 0.4/0.4 1.17/2.25 0.21/0.45
per arm Age(20-29) 1.87/2.7 0.4/0.5 1.27/2.57 0.38/0.55
Age(30-39) 1.61/2.3 0.4/0.4 1.29/2.28 0.38/0.53
Age(7-13) 0.57/1.5 0.16/0.12 0.43/1.37 0.12/0.1
Forearn Age(14-19) 0.93/1.6 0.12/0.13 0.74/1.39 0.1/0.12
rear Age(20-29) 1.03/1.5 0.14/0.17 0.66/1.34 0.11/0.12
Age(30-39) 0.99/1.5 0.17/0.21 0.76/1.35 0.12/0.12
Age(7-13) 0.25/0.7 0.05/0.11 0.19/0. 61 0.05/0. 08
Hand Age(14-19) 0.40/0.7 0.06/0. 09 0.33/0.63 0.04/0.13
Age(20-29) 0.42/0.6 0.05/0. 07 0.29/0.58 0.05/0.07
Age(30-39) 0.43/0.6 0.04/0. 06 0.31/0.56 0.05/0.12
* FAY A, wx AFof o3t £ Ay
E 3 }3UE oz ANEA ko] oyt 2pat v (wnit: %)
unit:
Lim. H.K(1994) Jung. C.J(1990) Jung, C.J(1993) Present
Body Segments {Immersion) b (Immersion) (MRI) ¥ (1995)
Head with Neck 6.41 9.38 8.98
Trunk 50,33 45,27 48.86
Upper arm 2.73 2.93 2.73
Forearm 1.62 1.63 1.52
Hand 0.54 0.63 0.62
Thigh 9.74 11.18 10.47
Leg 6.09 5.15 4,25
Foot 112 1.20 1,49

* 1) 1%¥#(1994), 2) FAF(199), 3) FHH(1993)
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E 4, AAEE Ao) TiR 43 2Ee vz

(unit: %)
Body Segments Matsui (1958) Dempster(1955) Clauser(1969) P(rl";;")t
fead 14 . - -
Neck 3.3 - - -
Head with Neck ; 8.1 7.3 8.98
Trunk 47.9 49.4 50.7 48.86
Upper arm 2.65 2.8 2.6 2.73
Forearm 1.50 1.6 1.6 1.52
Hand 0.9 0.6 0.7 0.62
Thigh 10,0 10.0 10.3 10,47
Leg 5.35 4.7 4.3 4.25
Foot 1.9 1.5 1.5 1.49

2) 239 FAZH A

BRESPWYL olgdte] 19 13} 22 AAE Asdeu) EAA Uy BAZUARNE A& 24 o]% A
=& sejsiolen, 7} Aol t2|aA, $E Z3E Folal, AN, &£& TR ofhWo) thy AN By By
FHAAE st 29 29 37 32 2% 13} 22 AME AstdLul 22 Aol izt BANY EAZA o
T BEE 34 19 (2a) AAE Hsldeul FAZAUANE 71222 UehdAoln 13 4= 2} AR it BAS
A HAE A ST REY &2 YehdAolth FAAY o|5AEE BEl t}e]ANE E Aol Yo B
F o 3-4x A= olFo] ddlon, U TUY FolgE ExME o 1-2% FE, ANVE ExAL} &8 TUY o}
HBUE £ AAM = 1% o319 o]Fo] Q= Ao Yrlytt

Z A FAFHANE 218 49 (a)ollA (e)2h o] BANo) thet BA FA9A(a)e BAY 2yctogry
H&E o @A7h 14-194) 283} 20-294) 280lA 2 56.74%, 57.01%2 56.32%, 56.87%% oz} Br} thA BA U
Ettom, 7-134 TE3 30-394 1E- of=}s} 57.75%, 57.15%F 57.09%, 56.28%9] Wz} Bt} t}A A Uehdct t
g AN o] oyt FAZFUAX (b)Y 7-134 ABE A WA} dxkEL} Tha A UEon Uzl 14-194 A8
o] 51.7%2 713 &on ojab: 7-134 AF2F0] 48652 MY wA Uttt U UM Folalo) tjyt RAZRAY
Alc)le 14-194 2F3t 20-294) 250l A 51.8%, 50.9%¢1 W17} 48.9%, 44.8%¢) oz} B} A Uelton), 7-1342
FolMe 217 50,642 46.2%¢) A} Br} &A Uehstou} 30-394 288 W.ods ulsstA Uelgch  waxe o
¢ FASHAAE €39 IHUERE ulgo] 7T-134IF0] W 7} 48.3%, 48.2%2 1R &1 TIE IFoM-
40%-43x B2 7-1340] Hl3) YA Yeldon W ofe] Aol zrl, & TR olfme] ASE AN AL
ol 7-134 aFol .o BF 50.6%T £ WA HY ulgo| 7b¢ A Yeldou thE a8eAE 7-134 2
Foll i3l 5-15% = WA ehdon §ozele tha Ajojr YERe T byttt

(a) (b)
c@iﬁ%

)24 AR

(c) (d) (e)

331 22 FASHAAN &8 Y A
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. 3§; 3.6 4+ 34
3.2

3 3 3
2 1,9 2 20

6 (] 1.6 1.5
14 0.9 o

O, S : 1 - 0.6 0.6

3 3 3 G0 9.3 0.3 0.1 A
Age(7-13) Age(14-19Age(20-29Age(30-39) Age(7-13) Age(14-19)Age( 0-29) Age(30-39)

—{J3— Foot+lLeg —0— Total Leg —DO~—Foot+Leg —0—— Total Leg
—O— Hand+ForearnT—#— Total Arm ~—C— Hand+Foreamm™#&—— Total Arm

2% 2 Aol BE FAUA olBBE(ER)  Id 3 Ao WE F4HAA olFF=(AA)

COM of whole body COM of total leg
E T |nu.|. lFomdlI g ‘51; IE,“. .w.l
:‘1. \\ ........................... 550 8.6 ss A i
N\ s I BN
56 J- \\ I\ \\ \
N\ N NN \
N NN ENN  ENN
NN N NN \
65 4- \\ I\ \\ \
NN s J AN NN NN
N X B I
.« LINN LA\ R
Age(7-13) Age(14-19) Age(20-29) Age(20-39) Age(7-13) Age(14-19) Age(20-29) Age(30-39)
(a) (b)
COM of leg with foot . COM of total arm - COM of forearm with hand
b O § .
! B \ 451 '“ * \ 458
: \ "~ d \ SO .- <o SR
\ o \ s \ ™
AN oI N —— N
N\ N\ NN N
\ \ N IR
(o) (@ (e)

3 4 AR i FA4AA

4, 3
B dFolAE T3l 7-394 2lolY . oj§ LS ANEES 84 FESI 7 AT oY AR, AR
0§ Falgon, thelAdA, % TP Folzl, WA, &g IW ok 5 41e £ AF FAZUAN &
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23 UIA AE A3t FAZUANY olF AEE wiepsioct

ANEEY Aol vyt Adulg 2R 7-134 AFIEY 8 Fokel, AUEAS AL A TN Uty
AT} ozt Bt 3A Yeptou Fole| RN E 14-194 25 A3 27} €l Boh tha 3A Uehyd,
7134 2gClME TR dF3F0) vl B EUW vy Azhugl 34 F= IA uUehdsd o= AxFal
AU T AF2Fo) widl W] ojRoR webEch §5A 20294 dFFe) BA Ao} o2ee =}
o vt §F, vzl Folel, UroA thh Hol& Ro|x Qo t}E BHME G ulssi),

Aol HE FAFAHY olF =& 2 WHoH B (proxinal ) F 2] u]g2 Uehigu) wEsA 4
2 Bt} ol AAE EAMeIAE |l BE of 3-4% JE oBog ojFHYon, B YUY Folelg ExE
% 1-2% 3=, WANE EAM2L && ZUY olefug EAMOINE 1% ol3fe] o|Fo] gl Ao ey},

2t 2 FAFHAANE £ WFA EF(proxinal YPL 2 uI&E Uehlgd theldAel oy BAZ
HAAE 7-134 AFIFE ALt @x7t o2} B o 34 Jehden wabs 14-194 Ago] 51.7%& 1% 3
L o2k T-13MelA 48.642 7% A uehddrh g ZRY Folelo] thit FAZAUAAE 14-194, 20-294 1§
AN A7E od2t Brt AA Uelgon] 7-134 I§E A7 WAt B} Axw 30-394 28N ¢ o7} ulashA
Uebdtth BAAY oy s 7-134 28] H.of BF 1R AA Uiz, i a8 7-134 180 uj3
Blgol WA ueiton | oe] Aole Arh &£ TUR old Wy FHE AN A9 o] 7-134 28] It
AZREY H&o] /4% 23 thRIFAME 7-134 2Fol us) WA Ueiten | ezt Aol tha dERes
YeErstTt

€ A8 B30l BAF U2y ¥ ARNE HB o7} tha glon, F2 ANS oY 9
FY QT AAYUE Ao7t UFE Bt AFAELY At A2 Aol§ HolT Y=L tha Ao|izt Al
THY TR Aol, Ao Ul 2317} Ackaizlch. webd B A A5 ANEEY 4 ¥
48] fsiMe Eu AU dHEG AUAE 294 Uk PHE E&sloof Yotk 1Y AAE e
AAFTY AT LYo 2E FYONE 294 Uk VAVL BN gong A3 ubgo] sttt 4087
€ ST Aol M2y AF FA g WD BHE ol BAXPIYY T8 Folo AL ¥ by
2 vl AFshe A7 BF ¥stejof Lot
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