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A =l ook Fht,

AA el Zg-8hs 8150l ol Hry Hu Loty $l3te] AU A Sl Ao #et A
Gl HEo] ghe AN FE AT % FEE] dstAFTh. 2y, o) e e #3
AT M xR} Sol7} o]F& HAMZe] Ao mlAE JFE HISAUY, dL7](video
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a9 AHAY VAR RE Fo| EAGEAE Yolugid, wd B 2AEe Ws
Fol7 AU 3NH AL ] 8 Moo Aol7h A=A} 6% s) AGNAR Mool Aol
PSEAS FAGHOR A4S

ARG T, oARAE, BEA, £2, 25U, LBY, RE, BB So| 24t uAEe
ol
},

=
2 ATeME v= oA e AA G LP LA At de dPRAEE AHESHT
Ao AT 679 A B 4 Y dHAEE w1 2k

Table 1. Personal data of subjects.

Ao 2t 1 2 3 4 5 6 Ht | EFHA
L@ 32 23 32 27 25 26 275 34
214 (em) 186.0 183.8 175.2 1785 183.0 170.0 1794 5.5

Az (kgs) 70.3 776 79.6 795 74.6 70.8 754 38

t=0 t=0.25 t=05 t=0.75 t=1(sec)

Fig. 1. Task procedure for a complete cycle.

7} APRRAE Fibolyt Lo|7)t gl Hed HA oxte] okdl ¥, oJxte] Folg HE
thadxtel wat 2Aste] EZ(trunk) 2 3 A (upper leg), x| 9} AdA(lower leg), &
wx) 9} Wt Aloo] o) F & 2wy} BF A zto] HEE ok AAE U AAU AR
ol g 58 FA i @2 Aol A 2E2E0 2 Hgol 1k9°] EAE B3 12 T FHCR
Lol & slgth, o] W BA 43 YA Z o Ho| 2 FAEEE 78, A7 (met-
ronome) & AHE3l] AT AY £ & FAT F ARE ATh BE Fo dFA Aoz
27 A} H) 2 WL 9x] Alolol| A HHEAH o 2 SA o A AP L 0.25% THH O
=AEE 19 1% %E‘r 7zt AR A FLE AAYS 59 FHBEE st A5E 5709
AgFoA el YA FAHATT A= MY ARE AHs A

2R EA "Vﬂ EE FAE] Hst A7) NE g2 ZEFo R e 571 NS

AR ol FAAA, Le)Fol WAt FH oz F4 0] 33+ 91X E 300Hz2] F& & (sampling
rate) & 2L F = $T2AAX(CODA-3)E AH&-3tEth. RAA 242 33 (upper arm) &)

sheka 132el, FulAle BER R, AudE BE Bgd, dudt 8% A Y9
2 4 F9jol, 22 A BAS ZUoE NS ) N3 AuA aFwE 290
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B}, w3k ofx W upg Alolo] izl =7]9) YXE AEH AR WGl 201
1w 203 (AMTI force plate) S AHE-81d 30HzS) 582 S =AUt 49 A2 &5
utzel zlge] TPE FS2 AAY) 18t AT o (cut-off frequency) & 6HzE® F1L
Butterworth A 3E#BE (low-pass filter) & MA &3 A5E AatAch
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HE
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g e ¢85 wiEe 49 4B AN Fo wAd) Hehe DU ATE
3349 A5 A0 ol fate] AN B AN UE AL 129 F717 Pajne
g Alolz Bt} wd WUES 13029 Azt AALE AN 3349 HFA) 4YE
AR 232 (third lumber spine) o] g3t} el Q=g ol xF, AXE ¥l v,
oEme o) oz FHSHAL
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A
[e]

A9 FaA) FA Y T FE xF W2 FaA 2% W RHE HlEte x R yH
kel malES] A7)E do g FAY F QS ARl B B AT 25 W] ZHlE|
AT 715sgT. B 20 35S A4ts #d & e Agdke RHUESY B3
g H31S Jehigith dE BolA &5 F4she WHRHEE 58 GASERLR
AT JARHEE vk 2 347 RHES JeRY, AMRdEE 348 He
e 3 = = x

SREE BHS Fole A4S k. 2FAA Y P20 wel BEX, o AR,
E7l 23RdERZ 450, Add eF@ds Feud
AEs} AARHER 243507 drh

=

Table 2. Calculated moments and their sign conventions.

Eis 3 + -

& £ | WAC(inner rotation) 1A (outer rotation)

o £ 2 | =F(flexion) 41 (extension)

o 7 & A | ZT(flexion) A1 A (extension)

AW oA g F # & | 2XH(extension) =3 (flexion)

i # A | 23 (flexion) 2174 (extension)

s £ | 4l (extension) ZF(flexion)

Lis = | wi&ZF(dorsi-flexion) A &Z 3 (plantar-flexion)

5% (6%9) X (39 ) SFshe 18 B ALADRE SR OH, FAE sk
5 Fa o) AEIE RAES 27, URY, A WF 52 FAROE AN A5kl
QEAY FAE Jehls & PNIHAZAIA DE At 2o B3 Aong w4
stk
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Fig. 2. Trajectory of a weight during a task cycle.

3. 1. A/SHCHAIX}L 10f st 2 ZHE

At 10 o3 Foiz Adol FAHE Fokd olFHE BAS FHYA WS
E=ASHE 33 29 Zh. gl M FHEF2 AR, FH5L A axddane xF 1
Ao} 12 S vepd o, 7o) 341 flo] M M BAE 1/30%9] ARt AE e, 35
ofeloll LA | Ab RS Aol mE AR Rk AAIE Uk o] 2N & 5 Rl
A 000200 & EHO2 668} THAAX] on o W AP FE A A
AAE Pk 0532L W BAE F dFor 207m ol Ao mEde] gdAE &

ANz 7Y AAE FH Ik
1% 3, 4, 59 62 7 wH s RHE Al wE g vehdch 1Y 38

LE8% £53 BEA, I8 47 LEH oIEH WA edd, 19 5v LEX 1w,
FEIG S, O3 39 62 9% 19d, FET I 2] A&t R ES veith, FEEL
A7HE, FAES 7 204 HoH mWlEY #7]E Yepdth

1Y 32 £2o) YARHES) JHEAE } vEA o 2 2833 etk o2 2448
Hgo) A JABAMETL A&t BAZF 52l 7h7te] olFde e WARHNET} 89
& & Urh AR JHEHNEQ] A7]E 17NmZ Hd) HHEHES] 0.6Nme] 38 FEo|th
RN E £23 vV 2 FFEHNES} AARHNESL W5 288t o th 7o) 7|105<t
AHREs} Fgank. Hu AHMRHMEE 96Nm= A FFEWE 3.0Nm9) 39 Fx= &

Bl
Ak, mEbd, 2 £ 23 B o) 45 s A= 4 JURHES MR ET}
AW ALY LS & 4 9leh F B L v u e o) GFX| o) g3 FHE He(126Nm) 7t EE(2.
3Nm) 9] 58] o]’d &3irh,
I 490 olABAE= A A Tt AHEAED 2L oH, 0.03% F2 17.1Nm9
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>=>= Right Elbow
s++=« Right Wrist
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Fig. 3. Moments acting on the right elbow and wrist.

o=+ Right Shoulder Joint
==+ Third Lumbar Spine
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o
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Fig. 4. Moments acting on the right shoulder joint and the third lumbar spine.

Hd) R E7}F 837 ). o BH L TR0l |3t 2§t Rl ES] A7) A} HEkEK(T.
INm)& &gk, A e53BadE 3 FFEAET 83, 0472Y o 31.6Nm2
AU FJFEWEY} L3tk ARA 25:B-e BT AN 7P & 2719 ZHES}
estgen b & W3l (224Nm) S B

I8 59 6olA @ F UEo] L TRH ZZRWETe] 2 ey, Ho) ZREY &
B3k AL BF F471 B A 7 2 AXEE dEth. ol RHES A7E 747 114
Nm¢} 23.1NmZ 9% n#@do] QE%| H|te 0] Ax & RAUEZ} &30k, & & F-
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EoMe AFRAET] Agatnt. oML} fARH ddAV B AR W A
B Al Ee] 277} Ao 2don, Ay ZHEE 9% 82NmE L.EF 2] 40Nme]
Hsted v Aw 2 2uEsl Z4si $EoE wEIFRETe] &g on, A
FHlEQ F7lE L EZAME 11.2NmolL Y&ENE 136NmEAth 2710 71&d vpet 2o
3179 7zt BAol| AL RHES Hge Q2% vjd] AFoA A A=At o2 d
e B e YA E BSHPLH, o9 & AMLL Abge] grobx] e EEo R EAlS
2 A W QX v)F) 9% AV} A Y AN E FASET v & 9T IS RAFY.

==+ Right hip joint

e Right knee

~~ Right Ankle

12.0
b
]
& ]
Z 803
k=1 3
S ]
E ]
= ]
403
0.0 Iy
00 02 04 06 08 10"

Tine(sec)

Fig. 5. Moments acting on the right lower extremity joints.

e~ Left hip joint
e Left Knee
~~—— Left Ankle

300 4
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Moment(Nm)
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Y R U ——
0.0 0.2 04 0.6 0.8 1.0
Tine(sec)

Fig. 6. Moments acting on the left lower extremity joints.
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Hepgks A3k F 390 AASGTE AW RN F B FgohE BUES PP BE
ARFRT. Yo et ZAES] D714 Rolsk WS F 304 & F UKol M 2
0.INmeIA 25Nm Abole] EEUAE Gehich. olsh 2ol Bl mebd &% gk A7}
WASHE olfE FUT ARl 3l Foizl Agie]l R Ao FYHE Folw A A,
B9 ol% Az, AU%E Tl Holst WS wEelth AY 5ol A BH 4P
olelg-g vlel ol disto] e AHE BESHsh A8 AL e 5 AYRAY FA) wH e
EQA, AFOR SedT B AFNN BE A% 2L B A9S AR WA
FUY AL NsE e Pedn B,

Table 3. Moments acting on Subject 1 for three trials of task.

3 1 2 3 Bt BEEHEA
a4 ) ) ) Hrj A
(32) (#2) (352) (HAx) (2
-10.0 -10.6 -105 -10.4 0.3
i 8
= M (-17.1) (-164) (-17.1) (-16.9) (0.3)
) 3.0 10 2.7 23 0.9
B ®EA (-96) (-0.4) (-102) (-9.7) (0.3)
0.6 0.2 05 0.4 0.2
Z & =
-1.7) (1.7 (-1.9 (-1.8) (0.1
A A 92 -14.2 -14.7 -12.7 25
e384 (-31.6) (-30.0) (-36.8) (-32.8) (2.9
o [ 114 13.0 13.8 12.7 1.0
0.7 (3.8) (3.8) (2.8) (1.5)
- . - 4.0 41 29 37 05
T @7 (1.0) 0.1 (1.3) D
11.2 94 9.6 10.1 0.8
2 =
(6.3) (6.3) (5.5) (6.0) (04)
a 2w 23.1 21.1 24.1 228 1.2
CAY) 3D (5.8) 3.7 (16
. = 82 84 88 85 0.2
ToF (4.1 (4.6) (5.4) (47 (05)
= g = 13.6 11.6 12.3 125 0.8
) (85) (85) (8.8) (8.6) (0.
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Table 4. Average moment values for all subjects during performing the task.

A=t 1 2 3 4 5 6 B | EEHX

L am Aol | Hh | AW | Ad [ A | A | 2w | A
! == (H2) | () | Fa) | @D | ED | Eo L ED | (3
o] ema -104 -134 -105 -14.1 97 -11.6 -11.6 16
(-169) | (-184) | (-189) | (-20.1) | (-20.8) | (-19.1) | (-19.00 | (1.3

= — 23 14 0.6 0.3 36 04 -13 13
h (07) | (83) | (92) | (89 | (-96) | (-80) | (00) | (08)
= s = 04 0.3 0.1 0.1 0.7 0.0 0.3 0.2
(-18) | (-15) | (-1.5) | (-15) | (-1.8) | (-15) | (-1 0.0

Al A -12.7 -18.7 43 -15.7 17 5.0 9.7 6.3
8534 (-32.8) | (-44.6) | (-236) | (-35.3) | (-26.6) | (-18.0) | (-30.1) | (86)

o mwaw 12.7 10.6 14.0 35 58 75 9.0 3.7
- (28) | (85) | (29 | (1D | (82 | 22 | 16 | (50

7 37 2.8 85 38 5.0 4.1 4.7 19
I 13 | (29 | 64 | @3 | G | 33 | @3 | @8
10.1 11.7 8.6 6.1 109 6.5 9.0 2.1

z 2 5

(6.0) (35) (6.0) (2.8) (36) (5.0 (45) (1.3)

o 228 12.6 24.0 184 20.6 19.7 19.7 3.7
37 (-95) (2.0) (9.7 (1.6) (0.9 (-1.8) (55)

T 85 36 10.0 43 76 51 6.5 2.3
TF @D | Qo | 67 | 19 | 49 | o | 6o | an

125 6.5 84 84 12.2 6.1 9.0 25

z W o=

(86) (4.3) 6.7 (2.3) (8.3) 3.7 (5.5) (2.3)

%5o gE wUES 7

ol #A4 +/— 1 F3F(flexion) /%1 A (extension)

H2EX +/— . 3 (flexion) /1A (extension)

&= +/— WA (inner rotation) /%A (outer rotation)
AdA e &4 +/— . A A (extension) /ZF(flexion)

g4 +/— : = (flexion) /1A (extension)

e +/— XA (extension) /ZZ(flexion)

Ela +/—  ¥|&ZF(dorsiflexion) /% ZZF(plantar-flexion)

3. 1. 1A 71€sigEol 2t AGA Y A1 £ wmieh Balo] 43l mUlEg
a7l vEnz, 39 Fud Be BuEe] YHES ALl Ao Aolol ofw o7}
shex) vmstel Heith E 4E 2 APHARe] da) Bae] Agst mueel AU
H2gke) BT S et Bold ¢ 5 U50] 24 B0l Agae ErﬂEA EE PR
14 Artet e AT Yok T, LEZ DRAo) Ao BUEE 4PN 1,

691 A$oIN ZHRAE o] 4o} Joix) AN FFENES A A2 AL
B A3 53] QYR 291 59 Aol FIRARS 2717} Ag) 2AY o3l
& Axmdest Fgaen,
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AW L (A A X (D), (B X (AL Az, = (44 D)
(£42 Az 57 29HA WAS 2E71E o) Fald AFABASE Ave
5ol LrERISIT), ¥ 5 walEe] Huigh, uﬂ%(lz F9 A BUEY B7H), WshF(RUES)
ARG 50 ANSE AX sl W T ALY YIWALE e )
AdA Ge (AFXAD), FoA g <T7ﬂ>><<°ﬂcﬂ Az, AR de (AF) X (£
Astel ARABASE JEpaT,

Table 5. Linear correlation coefficients.

F

AFX A FAX YA AF XA
HUax Hugk 2ol 5k gk Hell gk Ho)zk
#= B Bt Hit Ht Bt it
W3} st sl 3l sl H 3l
2z 4 = L8 g = Lex 4 %
0.38 0.02 0.10
oA B4 0.40 0.03 0.18
0.17 -0.05 -0.09
-0.25 -0.68 047
Z ¥ A 0.52 0.1 0.32
027 0.65 0.49
-0.22 -0.64 0.13
= 5 0.23 -0.23 0.01
0.08 0.05 0.31
A AR 0.44 0.38 0.71
8534 0.63 0.59 0.60
0.70 0.86 0.80
-0.02 -0.33 0.12 -0.17 0.08 -0.22
A | -0.27 -0.47 -0.17 0.25 -0.20 -0.33
0.52 0.65 0.65 0.30 0.61 0.46
0.12 -0.07 -0.05 0.14 0.08 0.08
* = 0.12 0.05 0.20 0.18 -0.12 0.12
0.55 -0.03 0.60 0.15 0.58 0.11
0.34 -0.06 0.67 0.52 0.52 031
¢ = 0.05 -0.01 045 0.44 0.29 0.25
0.54 0.31 0.70 0.26 0.63 0.27




170 e Aol B4 AL £ of gk BE 2AS FALY H4

VAR NAY  HHFRAST SA R fol 4
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cheat 2o,
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7E7] g 2L Fof - 5% ol A

e , > tows, N-2

o714 re Hsgwm Ne AERES N tom, N-2E FO145 50014 2R N-2e
L L
R A8 YA G el Dolniz ool e SE 4 SUAL]
SATAY RAHE A 20l A AP0l E 504 & 4 el A o
Aol At 248 ks Azl wstarke] (LA)X (AL SATHoR FoHL 212
). ol el RULs YR AR A G Aol SAA 0z ael4e A
FEAFE A% 4 AT WA, 7 Afudael Fa e A8shs B muE
(A A XL, (B )X (S A, (el A2) X (EHe) 27
£

Ael) GaHc AEHL WAS AAA gote 2g ¢+ Aok

T
e
o
=1
T
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3. 4. OjglEALEA

B Aol A #E A8 9o Ao oste] HYHAoR AU ER, AP LAL
(4 Aot F3(AA BY o) HEo] Aols UYeperts o] J—Ev— -Ev— e 5 o+

T ek, g FAg 6o gt Fa BA) AEIE 2t
2ot BHlE] H), A (Hug T FHagke] 2)o) 43 3 Afele|| xtolE
et =71 stk Addaidalel 4o s ZRo R Ui a)c-e— 7tz F-BXE
o] FH FFF 1% 2t AP A 2 F9 o) HtSo] Zrh= AF7HE (null hyopothesis)
& 71Ztete} WMol MR tare g @7 (alternative hypothesis) ©] AlHH e 242 o534

]
é-q_( 10 .

F0.0LS. 10 > FA
F0.0I, 2,10 > FB

G714 Foor 5 10(=564)2 Foor20(=756)2 2442 FEE 1%, AFE 5, 10914 1A
A9} A FHlgh FolEE 1%, AT 2, 10904 9 Bol oigk 3 FHIE ey,
Fiot Fpe 2420 A@uldztel salo digt pulg vehdd., Foi3 2hgie] 692 tjidatel ofs)
AAA FaEs ool AEshe RHES g, Hdt, WIFEFE 7|E AL FHle &
62 2
B 6ollA A B, ZRE] Hoighd vl FaHle

AU Aol 9] Aol & BEFHE oIS
9 2P AN Yol BRI BF $A Fuldl 56180 2 h ehisich wheb,
9% DI P FAV 2719 A) BUES} RE Y DA AP 1FS F 9ot
i ghel A8t mUES] Age WA §% AolE tehle] $AF 2719
v m@} DE el AT A7 5 givh wHEe] HHgel U@ FHE BE
AN 5eaRTh & %S LEhlo] 85 ZRES] BREE RE Al E%_Jo}m
AFY % %’iﬁ} =9 wuEe) walgel ojd FulE 8% nBgs 9E, Jeln 95 ¥8e
AP BE BHO| 5esRTE B G UEhhel, RE AURFRNA o A waon e
BREe] WSkl $UF A71S ZErky 15T £ vk, B EAGHeR wE B
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Table 6. ANOVA table for inter-subject and inter-trial variations.

Fa Fs
A FHo ok Hyt w s}k Hulf gk Hat Rk
2| oATA 10.49 8.73 9.62 2.26 0.72 046
2l 2% A 7.70 11.08 10.26 0.90 0.44 0.32
% & H 740 13.60 10.73 0.82 0.71 3.81
A e =9y 63.02 109.37 8.04 3.66 10.74 0.42
Q| A 9.40 5.96 1.90 3.73 0.05 0.06
Bl = = 23.53 7.69 19.44 0.99 143 0.67
z ¢ F 22.17 12.83 2.31 547 0.67 2.16
4 A 2.17 52.02 4951 0.02 5.77 2.59
7 g 7.42 38.20 23.03 0.21 121 0.81
02 5 7.74 4421 458 1.06 0.04 0.62

Agahs mHES ghe 63e] BE AN BU5A Qo

54 Afole] Afolg BEE RIS E 6014 AR, BUES] Huhgkl T FyolE =
BHAA AR 75650 A e vehlol RE tdel st Ho) mAEE AW
Yol B BAshn 27 & Aok =AEY FEgol e Rl A¥A aFwa
ASg RE BN A SPNH BF FUsGE 45T 5 Aok BAES) Wahgol o
FHlE BE BN 75600 42 g2 Uehllo] RREY wstee Ad o4 2F §
Wsteka D58 + Uk hEA FARA R BE el Bao) 283k RAES) Huigks)

Motge AW YA 2% $Ystcm e

Ao 2ol PSS SUSA gun Bdhn2 LE Ul et U
sl 7 Aol HBEE BUES 2HE 4 A Te, BE Gl 483
PUES At WS FTE 490 FUNGD AUARE 7 A 9 Tale
agoz B Agshe dF F40) st

o o <y o

fo fr rulo

S
[T
i

B AFeME ok Aol A 2802 Aol 1kgl EAE B 129 F7|R F dFolA
2oz 2ol Agdl sl 6% IS S5 de ABAANE A 7 A9

*c}x}ﬂ Ae +AshE B¢ AR Fo wad Aeshs ZUES 309 AT muS

Fata} AL, ok AHA FUG LS AT of A2 FFARbel] Fgdte B 5 S

TAECZ At e 22 ZES AUh

(D £2ol= JARAE, FFAE AHTAE, T2)3 BAole FFRWES} F2 2
g3lgen, oARdde AARHE, AMHA QFAHdE SITRPE, FERHE
AARPE, $EHHE IR RAET ] g Th

(2) AAALFRFAN 71 & Av)e) mHlEs} g 7hg 3

(3) 3tA o Zg3te BEHEE %0 QEF sl 2u) X

Emﬂmln

EEE
9 92 ) opee

IUSL lm
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A Statistical Analysis of Joint Moments Acting on Men Performing
a Seated Dynamic Task

Ho IL Jung, Kwon Son

Dept. of Mechanical Eng., Pusan National University, Pusan, Korea

Abstract

A statistical approach was carried out to analyze joint moments acting on the six subjects
performing a right-handed seated task. The dynamic task analyzed consisted of moving a
hand-held weight of 1kg mass back and forth in front of a subject’s chest at the shoulder
level in an upright seated position. We used experimental data obtained in the Biomechanics
Laboratory of the University of Michigan. Based on the acquired data from three trials by
each subject, moments were calculated using a 3-dimensional biomechanical mode! at such
articulations as wrist, elbow, shoulder, the third lumbar spine, hip, knee, and ankle joints.

The linear correlation and the two way analysis of variance were applied to the calculated
joint moments in order to investigate inter-subject and inter-trial varations. The results obtained
showed that the largest magnitude and deviation of moment was found at the third lumbar
spine, that any linear relationship could not be found between moment and its equivalents
attempted in this study, and that the maximum value and deviation of moment acting on
each joint were statistically the same for all three trials but those were statistically not the
same for all six subjects.

* Key words: Seated Task, Joint Moments, Statistical Analysis



