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ABSTRACT

Resultant compressions on the L5/S1 joint of six subjects were studied as they lif-
ted light weights in sitting and standing work postures. The subjects activities were
photographed and analysed later by a static biomechanical computer model. Statistica-
lly significant differences were found between the result of the two postures analyses.
Sitting posture showed significantly high compressions on the joint when doing several
material handling tasks having the same work loads from the hip joint. Therefore, it
is recommended that working with light weights in standing is less hazardous than
doing the same work sitting postures, although both the maximum compression forces
are under the Action Limit suggested by NIOSH.
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gt A= 2Rl g F8g A7 A
2t & o & Zolth 53], o7 7kA| AH
28] S|4 low back pain®] ®B]Fo] % =
= HE AL o s Yo dig of
€ W RE sto] Ao dste] Atshe A
< AgAE] b EFHoA B ole AT
AL 2 5 gleefet Az, geiA, B
At HdAbge] S & A, M A
S} 22 o] H 5ol 37 qii«] el A
o]7} 2%t A& A Y sH(biomechanics)
ATE 58 Yol AL HHo=Z dhf

1.2 o2 HiAET He

og] & Hdel FABk= 10009 o]4te)
WA A AES AR g ZAbelA] dizf
60% 2| AdlEo] ATl Hm 3 o]
o] 8% (backache) S ZA3ta [8], low
back pain< A A A we HES
228k lohe Abde] oeiA sl 2] 1978
ol vl e BA 3k ojz] A A
£ 293t B Mo mp2w 2% (back pain) il
23 £4o] RE Ao g I3k =49 1/6
o si=staiets &t &, 40~474] 24l
@Ak 79 61%7} < Z¥3AL 31%
7F AL Bl %S 2Eta ks At
o} FFof A 04’“ S AR 3 FAlo
AE B A3E Jeplde d7E g
(2, 11].

v, 19754l 3 2P AIZES] ub o4
£ Al A Bujo} 3l ARt vz A
Wel 9jgde] 3t Frhghthe AL 9l g
T7F Al o, o] fl’le] k= AAl wF-al A
ol d o}E fdalal A% wEelxE T
Wz Zaiedct o9} vl 2 2bg] A|7HE o} F
2 A7 &5 o e AgAbEe] 1¥A
U oE AFEEC vlsl o] w2 low back
pain-g 7FA| 3 Qleh= AMA & A s A9k o]
£ FYAEL olA sk 2ol vs) o7
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gH4H, low back paing Yo7+ #AHL o}
R k) -1 P R IR RS = Eate Ko e e g

7% 9lolehs e de eA Uz

709 2770 A )& wie} o] ofatel} o}
A& o] 3HA 5w (lumbar) ©l~=29] ¢4
& EAe= dEle dfEe] st 2

dsh vieae dele AeE A da
A4S AL el wok AT A v
ge gae e, we Moﬂ Fe

o=

ol WAele} Eurolo] 7)ol wle} qz:
29) gre] AxaA Hastiei2l,
olsh e AT AN YA A9}
431 e] 5ol wle) He] Tlaze] grol
48 7o) AAEIlE Shh g Rl sle
Aol Al Fasty) slake] Bl A%

WA A 3tEE t]AF e o] oko] T}
2E5S 1Y AR e}, w3t ol zZked
FahE T iAo A9} #Arle] gl o)
272 §}H 9| 2ol & BAgE = glong
2l F-3h7t olg Aol A zAe #HA)

Al A ZhzE L5/S1 A 942 (compres-
sion)& F3te] ¥lwE= 7 low back pain
o $& shsAdol Tk i) G4 9ls A

o]}, :Lall, 74212 E71 2] (lifting) ol
gk e Ate FAE s B
g AE °]°’T4 v, i) #Ha] Ahle
7hE 2EFEE oFRER el A= 5kg
wWelel 7h e shEe] 5721 ifting) & o
o2 g}

Zelar, A #A Aol sk 2 st
F(work load) & 71 #13te] 315(load) &
AAA 7= 235 34 (hip joint) & 7IE 2.
2 3to] viepdic)

T, Folzl 2gs Ao g
$sted 25FE] 29 %28 (computer simula-
tion model) 2 AH2-87]1E 3hu, v]E =zl
FAe]Aut E7](lifting) £E7} o}F whz x|

R 87
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A4l #HA AGbAivE L5/S1 Discel 3F5el vl 4% 5

edvbd el B 15/S19 e F4s)

ol gdstez Bakgk At A g A

48 Fsbr] s AL 2y AHE-oh
II. & st 2y

2.1 L5/S1 CiA3 Qtadof AHA iy

L5/S1ol -85k 918 4ak7] Flstel m
A el e BelE FHA M,E 738t
My = Mbodyiwe‘iuht + M b M Zhody_weight +

h ! mgload

o] § REIEE ol&3dle] thFoll XK
P.& T3t} Fisher[6]+ ] *H+E thigheh
torso Ate]e] t}ekdt ZtmEeoA 3 EalE
Muobe] FHAAS Felded], o] H3er o
o1z A FAL opE3 )

P.=10"* X [0.6516 — 0.005447(6: +
60 ] + [Mu**] (mmHg)

0:‘7]/('] P& ~|“|” °J33(mmHg) 914 -ﬂ’
eTL_ FA S A HA" P 519 = (thigh) 9
7% (degree), My 3olA9] 352 glsh
==l E(Joad moment(kg - cm))e]th
o] Ale) AMfAIGTE 0730]%Al 1 3=
FH3= Fekll A7l 55 (trunk) ] 93
He, 3o 7heiAle FekY SRR "374
&hA] oF-&dl 7]algh Aolzt AzEch F
gt ExE FAH3] Eeled I"-H(quick
jerk) o} AAF =elA Fo12Y 9 (sustained
pulD el E-#<s+2 (abdominal pressure) reflex
off At d8E vA 5 A, §43] &9l
24 o7} of AHodat #d $}3 A (peak comp-
ression) & epAT)
55 e 9 A7 ¥ FE FA3
fzted 7 7k 7HA S g
EH gteo] 2g3h= 37
o]= 465cm*elt}.

ote] B

(2) 2H&3k= o w2 lower lumber
spine®] st Hakell FYsie}. =, F.of &
o] ZHolw vhiel A3} Zrh[9]

ABDIS = 12.7 X {SIN[0.5X (64 + 61)]
+ 047}

(cm)

24
38 2—-1. % 28 (Lifting Posture)

Lower lumber®] erector spinae muscles®
2842 o] 7huhs] R34 L5/S1 vl A=)
T2 upake] gto) HajshA AHg-ghca v}
Asty 2 wyle e 7o] E+ 5.0cme|th
(1]

Foial w2 37Re] wpe) 7] Fd
" (coplanar) ol 48] H3 WAooz HHH
 olch vl A7)= (1) erector spinae
muscle force, (2) sacrum®] topoll 9] reactive
compression force =7], (3) HZF(sacrum
At (top) & 7FEA| 2+ reactive shearing
force®] Z7]e]t}

o] Aol gt HulE WA A-S

y

Miss: = 0
bmghw + hmgmad — DFa — EFu =

at# 3} A2 (shear force)S TlZ=9)
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Fy = [bmgbw + hmgua — DF.J/E

371X Fud HAF(spine) & H3Po g {7
sh=t Y23 effective erector spinae mus-
cle force®l, b, h, D, E& (2% 21Dl 1}
ehd relative force®] ERIE o] Zojo|a,
Mg < U9 FA, mg.+ L5/S1 level $
o] 4AlAl(body) 2l F7l, Fur 7= FAl)
2hg-8l B9t 23} effective forceo) T},

(Fa = P» - 465 cm?)
Haz 53 o] st eshs 3
©
Feowr = 0
SIN @ mghw + SIN amgl.,ad — Fs+ F.—
F.=0

Fo& A9 & EL o Filgerng
Fo& AArg 5 lch

H]5=8bAl L5/S1 Y2 32E 7FR X2+ reac-
tive shear forcetx= A WA} magrlog L3
=4

Ssuer = 0
COS 2 Mghw + COS @ Mg — Fs = 0
o] Holq W% THT B3 Qre Mg

H(shear force)ol 3 °i Ay 7= 3
(compression) ol %t =-&-%tc},

o -¢ gkl ul o] B E-L |ow backel 4] 2)
-2} uk-3-# (relative forces) & A &3
Ego] & Zolr}h

ol;as

2.2, MH|Ety oEHE st TAEXle £
FS PN
o] 232 qAE 6702 solid link(foot, lo-

wer leg, upper leg, trunk, upper arm, lower

arm) & ol Fo)Hhckx 7FAgcH 10, 12]. ¥
a2, trunk< o] F 709 solid link(hip—L5
/S1, L5/S1—shoulder) 2 o]FoActy 714
spine®] $+¥H-E& AR o] &
el Bagh o] FHolg2 o] Zzaale
dHo] He AlAe orhx] EAAEE u}
o 2 AAkshch

%, Dempster[412] 25l vtehd u) 34
£ o] &3t 7 Ao Zols-g Fbx, 7
#HZ(link) 9 A= Drillis et al[5]2] #&
25 Al wpariA R 7 gde) 4
FAE Dempster[3]9] AR 25 F3hc}. o]
ARES (E 2D, (& 2-2), (& 2-3)
et} Qlch $1o] AARE s gk e
F3 dojo = HAEES 2F(radius)
Ao, 7A&(tibia) ZHel, £%—(wrist—
hand) o F-AFA7FAS] ZHo], Enl2 4318
o] FEX|(elbow) Fol, Mol A A>AF
< A FAs=E ol

32 lumbar

E 2—1. A AA XF2EE HoiX|= link 20|

LINK LENGTH
wrist-elbow 1.0709 % RD
elbow-shoulder 5.8075+0.9646 * RD
hip-knee 13.2825+0.8172* TB
knee-ankle 1.0076 * TB
RD=length of radius
TB=Ilength of tibia
H 2—2 HA S2A0f st 2t M| jinke] &
hand 0.015M
lower arm 0.036M
upper arm 0.062M
trunk 0.554M
upper leg 0.209M
lower leg 0.092M
foot 0.032M

M=total body mass
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H 2-3. Z} link TA|2| Zolot RHSANX|2] Ha|
LINK TO CENTER OF MASS LENGTH

elbow-c.m of lower arm

0.430 * (elbow-wrist length)

shoulder-c.m. of upper arm

0.436 * (shoulder-elbow length)

hip-c.m. of trunk

0.396 * (hip-shoulder length)

knee-c.m. of upper leg

0.567 * (knee-hip length)

ankle-cm. of lower leg

0.567 * (ankle-knee length)

>
et

AR 9 el A4 A sl
£ Bt Hobel Wad 7 B Ao} 3Ye
232 Puh vlne] o] PAAH 2

(biomechanical model) 2 7} % 789 15/S
1 - Hele= gelng g] - # A U3l
aes F7] st @A =2y s
(load) 7HA1 9] A=lE F A$ &% 34 F-
5 3l3 AE i) 7 gAgainic 3
WA A 2 EF7bR 9] AelE W7
TAE delstdy oA} Ha)e A9 zt
AgE FAH3IEE o)

3.2. DX AlF FH|

L5/S19] dlxz=el Azli= sk (compres-
sion) 2] FAeo| & d79 FHojnz i3
2= ol Aell FHele] AME shal He] gl
A AlA e R A ES e

stodch F A9 o R FHiFjol= 1k 242
A, AL 166.5~177.0cm(HF 170.5cm) &

A ZX3 whgs $33] olalAzl & A
4 Yxr} MsEE s

Sagittal plane®l #4-& $13F % A A
g Hste] 2] RalEE of Zoll &3t
7hEd % 7]l vpdg Algsieded], o)
= F3A FAE WA e AHE )

Ao slsdet.

AEE 3 e F4] 2] Y3 o
A2 7]1EY] AT AibEEgAel Fold
He ool = Ao & s FF9 2}
ddiet AR Feolx nAAA AME-sich
ol= AR AlAe] Hxpr} ;A Y7
ol 7hsstdel Ao A& z2kgile]
Fol 704cmolil 2zke] Folv HwrbH]
435cmelth. Z 1 E Grandjean[7]2] FH A+
o212} 749 38~53cmelx, W] 7A-¢- 68~
78cme]t}.

UA 2o A= FHA 2ol wlsle] 3
e 7 el Folrt FolxmE w4
kel A3 #FAA)Y FHAAY zolE
A, 019 H#gkal BemWFY FolE BAS
o] Foick.

A Wlez e selE
Algzpe] -3 (ankle  joint),
(knee joint), ¥&™(hip joint), 734
(shoulder joint)°ll »}#(marker) & F2tstx
4me] AzlelA EH7E 85mme] HeEHE
AAHA] FoiAl A & e Er)zbg]
(lifting) & Fash= A E Fodated g4
70 & 23 2 $He gxE 17‘43}93\@

2w ZA A9 A £33 7]EE ¢t
o] 70cmXd4cm®] L& BEAE 3-‘—} 2
o] wpgko g Ragl W& AAl Fojol wjAHe
2 3t

o1g-stsitu 3|
T2u4

3.3 A8 2

AAYAE A4 94, 2tq] Fale)



A - e : KA 5t

(2.8kg7} 5.4kg), 71EA A FRHANA ]
712] (40cm<} 70cm) & W3 A7) 87149 73

% =% 49 34 shich A B9 5]
Aol AW HEE FE3] AT AFE

AR F AL sty e AE

Zo|=% shaich.

3% liftingdhs 2HS A4 zgdelvt
= AgelAe liftingS A)#hskaL 2hg] F-3ahrt
Z1ZEH (2l ) 9ol A oF 5em oW 9] Fol
g S AS o 2S5 sk A
2 lifting& 12§ &7kl L5/S1 #de) FH

2] +3 (compression)°] AT 2 =] H
o5 fsle] B AL =] A7 £t
AH oz m3lgich o9 A e F
oty T E HH3I] EE 5ty

o Fojua ¢

¢

iﬂ o

7VEEe 43S HAE WA EE i)
71E3 ) g3 (hip joint) el A 2] ¥-3}
728 AelE dAA717] Azt 24 -3t

17 Ahdeel EAISlEL

= A 5 A we

23 A
Hol| FTAIE 3lo] o]

o] WAL} £ 92 A A A,

Halzkde] A= gt AFek At
oe el HAE A3 JFAH wt
= R E R PR AR A - A R B S R
Aol Y HAXE olwdte] A AFh
g F A EF HEE S9) g 2~
3cm A X9 Hzprb vpebk ot Age vl x| =
dsfe] A ormF FA AT FA %3
o} At 2dg 98 A4 k& (an-
thropometric data)®l A& (height), 73-3(ti-

I 3-1. A8 =A

bia) 2], £F(radius) Z°l, £ H|(FAF
AR, dbe] Ael AR o] B Fol
(standing elbow height) -2 =}"d(Martin)
2] e} FALE o] &35l qu,j A sk
zhqiaell A Al A= 24 2 ot
b Fsle] ololvt 2y zbgle] thtol
ng ¥ Aydre 28kg# 54kgS] T 7HA
e dde® AYS shodvk =, #gl W
&t7pA] 2] Al 7H HhalA| ’5}°d*‘ T e
T U= -‘47]94 A 2] FAFAE o)l F A1 717
°L'7 o s & 7 de AdE

7z}l 7}%{} ow] Aglg F3led 7z 40
cm®}t 70cmE A shich

8 3—-1. 2elg SEsts o/dEx

AgzA A} Y HAZHE 9] Ae 2Fed -5+ A
A 24 40cm 2.8kg
B A 40cm 2.8kg
C 24 70cm 2.8kg
D oA 70cm 2.8kg
E 24 40cm 5.4kg
F A 40cm 5.4kg
G FA 70cm 5.4kg
H A 70cm 5.4kg
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Ul 4 49d4bdivh L5/S1 Disc®l shgol wiAle A4

O

(E 4-De 639 A9l dste] =
Y AR WO T AFH TIPS 4
#AlA g L5/S19 s pseld

H 4-1. d@e= HoT L5/819] YK (9] : kg)
=7 Ad 1 Al 2 Alg 3 Ay 4 A 5 Ad 6 it
A 81.15 75.43 79.10 77.97 73.06 84.98 78.615
B 66.44 57.42 58.79 60.29 58.93 62.34 60.702
C 143.72 140.57 146.02 139.96 133.54 155.18 143.165
D 102.32 90.13 90.55 94.26 100.58 117.51 99.225
E 108.22 90.63 103.58 98.65 96.49 105.16 100.455
F 90.54 77.18 82.66 80.29 82.68 88.99 83.723
G 161.57 169.87 165.62 151.30 149.41 188.25 164.337
H 130.26 118.55 138.91 124.77 11645 145.01 128.992
4.2 Agdnie] 24 421, AE A 4
(1) Aglz7 A9t Bol| A9 T-test
¥ Ao A2 ol A7} H el w ZhAl el 23t 38 (POSTURE)-2 T=13.50

2} L5/S1el| wlxl= obE e wishrh folgA &
tolri= slolmz )4 =eizt A z}gie)
Watel] BAGlo] L5/S19) e Uit
M AT R AR

A 74 Ho @ #-#,=0

o714, #=slA =g A1) L5/S19) sk A

#= 2281419} L5/S19) 3H A7

Fd APz A AA e Wsighs 519
T2 gt AYPE T omE AYPL A%
B(40cm, 2.8kg), C< D(70cm, 2.8kg), E<} F
(40cm, 5.4kg), G} H(70cm, 5.4kg)el M=
& ul7kR7F EA gt

> t(5;0.01) =3.365°) 2.2 AF7IAd-& 7)zd
o}, upeja], zpAle] W3y} 15/S19 e &
A dFS NS & Uk 4 Aol
P& 17913 kgolx, 419 A% L5/S1 &
o) HFFHE 0.9555W, FAle] A= 1.236
wellch & o714 W AAdgate] JaA

Folct.

(2) Az Co DAMS T-test

2ol 2]gk 233 (POSTURE)-> T=12.96
> t(5;0.01) =3.3650] 22 A4l 2] W 3}r} Ls/
S19] kel dAF 43S 7S 4 F 3
v} lA 2bgle] 3§ L5/S19 HE ¢He L
561W, A 2kqe] 73-9-+= 2.252Weli F =}

SPSS/PC+ & A}8-3te] HEAgF ofo didt A9 Aolgte 43.94kg(0.691W)LF =of 7}3+
paired T-test= th&-3 %t} Aokt zpe]E Yebch
E 4-2. A2} B2 T-test
(Difference) Standard Standard t— value Degree of 2—Tail
Mean Deviation Error Freedom Prob.
17.9117 3.250 1.327 13.50 5 000
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I 4-3. C& D2 T-test
(Difference) Standard Standard ¢ l Degree of 2—Tail
- e
Mean Deviation Error val Freedom Prob.
43.9400 8.302 3.389 12.96 5 .000
(3) Ad=Z E9} FollA9 T-test & 9 713 & 5 Aok Lo/S1 sk
Ao 2JgF d3HPOSTURE) S T=14.37 HF3e] #olx 16.732kgolx, HA1e) AH$
> t(5;00D=3365°122 ] HFrPAS  grEY A 1.317W, #A9] A9-= 1.580W
7125)e] ApAe) WEL L5/S19) shelel A4 olgict
E 4—-4. ES FOf T+est
(Difference) Standard Standard t— value Degree of 2—Tail
Mean Deviation Error Freedom Prob.
16.7267 2.852 1.164 14.37 5 .000

(4) A¥xz7 G9} Hell A2 T-test

°d 3 (POSTURE)-& T=8.37
> t(5;0.01) =3.365°1 2.2 x| z}Al2 W3}
7} L5/S19] st &3 <dds 7|3e o
T olth iAl =gl A% L5/S19] Ha o

Aol 2|3

H 4-5 G2 H2| T-test

22 2.029W(=128.992kg), =~ 2] 3¢
= 2.585W(=164.337kg) &} 7zt ot=-& v}

e it =, 1 Ajolef 4t

re 0.556W(=

35.345kg) & #Avist zpolE H.it)h

(Difference) Standard Standard ( | Degree of 2—Tail
- —value
Mean Deviation Error Freedom Prob.
34.8450 10.498 4.286 8.13 5 000

85.00 1 16000
o {STING o ]
000 | X i sITTING
n ) 140.00 ]
z prd
@) 75.00 4 (@) 3
A B
D 70.00 3 B:_l 12000 4
x {STANDING ]
9 % {STANDING
o 65.00 O 100.00 3
O S
— 60.00 1 -
QL Q 80.00 3
) 55.00 3 e

-
50.00 E . £0.00 ] .
0 1 0 i

) P s 32 ¢
NO. OF SUBJECTS
a2l 4a—1. A8 A B AW

3 3 i I
NO. OF SUBJECTS
a8 4-2. 4% C, DY Hut
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43 4 49447 Ls/S1 Discsl shgol wlAy g 11

E 4-6. Z} AE =0 E 15/81 el HIdt

A¥ =R L5/S1 si#Hzlo) o] H3k(ke) A 5]
A B 17.913 0.282W
C, D 43.940 0.691W
E F 16.732 0.263W
G, H 35.345 0.556W
___110,00 4 SITTING 200.00 ;
< g
100.00 ~180.00 3
2 2
O b o 1 SITTING
7 ISTANDING 5 160.00
) go.00 4 wn
Ll ] “
E @ 140.00 4
= ] % " JSTANDING
O 80.00 E o _
© . © 120,00
by —
< 70.00 J < 3
0 : Emo.oo E
60.00 0 T 80.00

A A A
NO. OF SUBJECTS

8l 4-3 48 E Fol E

422 Al Zont DAt

el o] FAio 2] o F 9l%o] giA] 24
ol 4 24 A 2] Wk L5/S19 3+ (co-
mpression) ol VA JF-E 3L o 5 gl
1=

(R 4-6)dH & F dxe] 859 =277}
ZF7 o) whe} b zlole] HFghe wWE W
&) edgtot jAAZHE) AHelv}t o)
o ©2H40cm—>70cm) - A Aol =
Hoie}h o)z} 71 & A¥ C, Dol #A
2] Aol AR} Fe] A=A
A F2] 69.1% o slFsh= qto] L5/S1 #A
o o A¥chs A HAE F Uk o
2hA, Aol A He] "Weizl 35-E ohfe 3}
Goll A iAlzkgie] L5/S1 ) ZHx]ellA &
Ao fede 4 5 Aok

-

2 3 4
NO. OF SUBJECTS

2 4—-4. A8 G, He| Z2o}

51. HE Y E9

2 Al Me A 2o A5 F4 2
del Aol #He tiaze) ke zle)st #
A E A AE Ly-g o] &-3te] BAi3}e]
Hsloh

1 A3}, L5/S19] she] #2] 2pgof w4
424 Y Aol dA-3F Aages & ¢
et =, o] Y= AYERAe] 7R RE
W 3hghol| FHAIgle] UARE 5 o)Ake] o] &
vrebdiglch 7]E9] AFA el FA] 2hg]e
bz AtgdatEe] A ke AIREE
¥]3lo] low back pain®] WAIW]Eo] HA Y
gl 71 olwix B Al e T3
2 sl A3l ulaert ofdr] wiel 7]
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W Ko ARIIHF &

AgE At A7 A5 9, JAYA 1
o] §#AoNA 70cm Hex 28kge HES
FHA 2gjo 2 p3P3 7o ehd L5/S19
& 143.72kge AA d5 mgo=z R
Aol A Ao BE 57kgelAe S
7ok T3 srHoeloh o]A{] Azt
A2 A= vlE o Ackstk LslE L5/S1
WA-el| FA "k EE, ©] zol7p A &
7d-%oll = L5/S1e141¢] 3+¥-& NIOSH(Natio-
nal Institude for Occupational Safety and
Health) ol 4 Aisls 98 58 94+ o
dch(a™ 5—D

e}, diae) Ak AeiAlzre) oy
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