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Effect of gender difference and change of load on
lower extremity kinetics in step descent
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Abstract The purpose of this study was to investigate the influence of gender and load carriage
difference on the lower extremity kinetics during stair descent. Ten healthy males and 10 healthy
females were recruited (n=20). In the Maximum resultant velocity, it showed more velocity was decreased
with difference by the change of gender (males)females) and load carriage (30%, 20%, 10%y 10%). And,
resultant velocity showed interaction between gender and a load (load)gender). Main effect by gender
during stair descent showed leg length was decreased in females than that of males at initial contact
phase. Also, main effect by gender during stair descent showed more hip, knee flexed and plantar
flexion of ankle joint in females than that of males. In the kinetics variables, main effect by gender
during stair descent showed more higher reaction force of medial-lateral direction, and leg stiffness in
males than that of females. We found that females successfully accommodated a load during stair
descent by decreasing the range of motion of the hip joint angle and resultant velocity of movement.
Males, on the other hand, require greater medial-lateral, vertical reaction force, and leg stiffness to
accommodate a load, and control of momentum.
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Effect of gender difference and change of load on lower extremity kinetics in step descent

.M 2

BANN FFS Fishs e oj2e AgolAut
A Bz &3] B! 12y Ad B &
(RE7], We7]) YA 513 SAlolA B Lukzojm,
AR} ool AA o EobA EAETt L BaE]o] §
o Z2k gt 3 A Yr1E H3Hes 49
517] YoM A48 Zpolof mE BIHQ] 51A] Alof A
Zo| W astAt, o}y ojudt WAYZo R Z8al=x]
ojsi=]A] grct.

A0 R FHEHE)S ek A2 B2 A
#Zeoflo]d, 221 7oA E L4Hol . Jeyg
A% 9 F71E %S 51 Hn 9@ oj54 3t 2L
thst SAJolA ARl A4 Aol eFdgko] m] A

Aoz IHA P 3 FF Lt

Z_]_;(]—O Ol:ﬂ—o]—/\ OTOU:] ﬂ}i x_'_,___‘iz.—v ZE].-‘% 11:_%1-_9_

ofsta] EAoke go] Yot 7 ojof Qlzto] o &
= 2ol WA} Al E 2 ZARPYA Q] £AlZ QIs) Bk
B w2l AAlel b S W AL &
AL 9 aseke 39 48 A3t oA,
o] 7] ojst WA /e FFL A9 A
of 715 WA 4 Slck. A 2AE el o
of 2§ & gel7|e A T A8, 32™ A
WA e o F7MIIcE Basign?, of
£ 3 57100 wet £ 402 Sohse vl o
d FeEiCEsi)el 711= 2.
53, 31X o8t wlse FtE FRAEE 10%
20%, 30%) T ELsHAl WAEA] e, vt
o 94 2%, 11% 10%% 37k, Ansom 3t
x| Ao 223t AW HE A7ho] S50 Hrjey
At 2718 ol Bt o A4 718 A
At
oj9k o] Ak A(F7t FF)ol fl= EelA F
o] Hro g2 A7|E L35t 4= QAT ZFHo| 27]E]
W T2 Alo] Heo] ALgE S ks FAS AXsE
o 2y S A Al HeP2 WA Hes) Hlals]
AAHOR o 7R 2F LOJJrZHOlE}S] Az A
A3} FPNA P 8H 4 F sl A0 A
NEk-C
A H2)7] Al A= AS 2= AAE 42 &
B oUAE FaAlA Y 4 YA wa, o
A gg o W oy By £rn @Msﬂq“”. a2
AL o] ouA= B thj(R[A] tE))of o8] FEH o=

n

Ol

S=ouxz HIE g ezl w4,

AE A RAFY B el B4 A 447t o
ol A7 o] 5% 24| Tk A} A
e o A ARl S AL 2 AR )
A ) e WAL wE wae] 250 g A
4 7lolert A B el A2 Solek’ 0

Ao A= g rgska sisAdo] wr

wbA AtkE QHsH Wizt w 48 7153 SHX
Aej7lso] EAo)A|et, ofn| T2 AFoA LY
i3t A o]t HaElo] gt gL ojgun o
HHH o S1x] Zgo] s, oL oFgt w7 18
g2l xao Zhecky Rysty Qo o)xd A
ol w} olF &5 F 258 @ 25q5H Aot &
A 4= glem, o] gQlso] Ad W27 &% %
25 Al &5 B0l tigh A Aol FEIAE & Utk
I 7PgE 4 Sl

A7 og E AE Aol W] <t Aol
o S} s Hels oA WAATI=A] EIAE
skeict.

1. CH&RL

E A9 iR AU 208 (Male=10, mean age:
22.50%1.50 yrs, mean heights: 1.79+0.04 m, mean
body mass: 76.86+4.57 kg Female=10, mean
age: 21.70%1.25 yrs, mean heights: 1.6£0.01 m,
mean body mass: 54.25%6.23 kg)o& FASIAC
A= YA 2 A Fd Q) B 30% TS
AgollA 24kst7]o) ofdo] gleAl Aol W AlZHA v

= B3l gRlstsich Eﬁ]’ 7y o] gl gt A

FotA] B9 BT Aol A= A2 o] A7l
A A 2 ‘5—7'4 2E #H9le= Agadiddy
¥3](Institutional Review Board/ IRB)2] HE A
2 A 3YsHATHJJNU-IRB-2020-034).

2. HYHEXt

At F4L Ui BAag {435} 51ltHrise 0.3
m, tread 0.29 m, width 1 m). H°J8E +33517] 9
3 3 JARARS S5 A A YR
Slgt 1 HAMII-OR-7, Advanced Mechanical Technology

-110-



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 23, No. 1, pp.109-116, Feb. 28, 2023. pISSN 2289-0238, elSSN 2289-0246

Inc., Watertown, MA, USA )&} 12th9] QA 71+ et
(VICON Vantage and Vero, Vicon Motion System
Lid., UKE AX st o, 7t m@R oA F2HE qhAb
oA 9] Y12 100 Hz Fukpz trgst 9 A2 EY)]
oo AZEAXNNexus 2, Vicon Motion System
Ltd, UK; Kwon 3D XP ver 4.0, Visol,
Gwangmyeong, Korea). T3t Z} tiAIRIE0| 98] A
A" ARk dlojEl= 1,000 Hz(Gain: 4 k, Voltage:
5V) 2 ARE #H5t9

HE PRS2 AT 271 45 S8 SP5I3
om AFHReL A AEgE AL AA7(Touch-down
~Toe off) T&TE EAsiltt. ofuf, s}R9] 55
dlolg, I FAISA (pelvis center) YAE Alst7]
8l vkAb mAE 2 AAHES] head(3 markers),
trunk(4 markers), upper extremities(14 markers),
and lower extremities(22 markers)°l] FZFA|Zic},

53], B3 B¢ 579 Fof Ao o=t 55
ol Zo|7} wEt . webd RE HPAELS A
7ro] At sfo]| o] I 2A Fhefd & YLE &
7|(FROGFITNESS, Weight Vest., China)E 2817
o} 7t AL 83K no load), A%2] 10%, 20%, 30%
ojm, AF &A= TR APstoirt

3. =
g gAL AFor BFSME YLy AHEndS
FHarte]| o] wMske(%)E Uiro] Arzsatrt?

1%
rz

9ol
—

H 1. AY W2o] Al S0 S8 oE SYEESE] #E

Pelvis center

Center of pressure

a8 1. SHEAa 4= S4 2F Az
Fig. 1. Relationship between pelvis center
and center of pressure

J9] 13} Zo] 27 5 Lol A A== COPE
£, A9 SRBAES, A2, 2 dig HE()
9 H-5(2) g2 St 5 A 7F TANA,
COP AWAA7} 2954 X Bet 39 +, Zod -
2 A5t

AL SAA NS o83 PPt Azt
(time to stabilization/TTS)2.& FEatgct?”. o] &1
To A A gt TTSO] Ak dto] 2wyt
719 27] AF He <R saE (et 271
A ARG AJEo] 7Rl AFY 5% TEst= Al

& 71E35HAH.

Table 1. Change of resultant velocity of pelvis center by gender and a load difference during downward stair (Unit)

X Gender A load (1) Total
Section Source F p
© 0 kg 10 kg 20 kg 30 kg average
Male 1.49+0.09 | 1.224+0.17 | 1.26%0.15 1.23+0.2 1.3+0.19 L 3.022 .035*
Resultant Max. Female 1.21£0.16 1.21+0.19 1.23+0.15 1.22+0.14 1.22+0.16 G 5.349 .024*
Velocity (m/sec)
Total 1.35+0.19 | 1.2140.17 | 1.24£0.14 | 1.22+0.17 | 1.26+0.18 LxG 3.547 .019*
Male 0.72+0.08 0.6+0.14 0.63£0.15 | 0.68+0.13 | 0.66£0.13 L .701 555
Resultant Min. Female | 0.64%0.15 | 0.66£0.16 | 0.68+0.1 | 0.69+0.12 | 0.6740.13 G 147 073
Velocity (m/sec)
Total 0.68+£0.13 | 0.63%£0.15 | 0.66+0.13 | 0.68+0.12 | 0.66+0.13 LxG 1.113 .350
Male 0.99+0.1 0.85+0.1 0.9£0.12 0.91+0.13 0.91+0.12 L .810 493
Resultant mean Female 0.87+0.14 | 0.88+0.15 0.89+0.12 0.9£0.13 0.8940.13 G .990 323
velocity (m/sec)
Total 0.93+0.14 | 0.87+0.13 0.9£0.12 0.9£0.13 0.9+0.13 LxG 1.337 .269
Male 94.214£3.10 | 93.49+3.18 | 93.31+£3.21 | 92.60+3.13 | 93.40£3.90 L 2.441 .071
Leg length (%) | Female | 93.20+2.05 | 91.90%1.66 | 91.08+1.95 | 90.63+1.75 | 91.72+2.60 | G 8375 | .005*
Total 93.7542.60 | 92.66+2.60 | 92.20£2.83 | 91.61+2.67 | 92.56+2.74 LxG .239 .869
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Table 2. Change of joint angle by gender and a load difference during downward stair (Unit: degreet)

Section Gender (G A load @ Total average Source F p
0 kg 10 kg 20 kg 30 kg

Male [147.83+3.49|147.64+3.58|147.75£4.12(148.01+2.73| 147.81+3.38 L .082 .970

hip joint Max | Female |145.16+7.73|143.9847.67|145.6447.01|144.6447.99|14485£734| G 4.967 029"

Total 146.4946 |145.81+6.12| 146.69+5.7 [146.32+6.07|146.33+5.87 LxG .069 .976

Male 124.07+45.02|119.22+8.07|121.27+5.64 [ 122.88+4.89| 121.86+6.09 L 1.136 341

Hip joint Min | Female | 113.85+8.7 [109.11+11.65113.56+12.04113.81+11.75112.584108§ G 21498 | .001%

Total |118.96+8.68]114.16+£11.05{117.41+£9.98|118.34+9.92]117.22£9.93 LxG .085 .968

Male 137.35£4.3 | 134.6£5.33 | 135.09%4.5 [136.36+3.58|135.85+4.43 L 538 .658

Hip joint Mean | Female |130.34+8.42[127.2310.25130.03+9.62| 129.3249.6 [129.2349.21| G 15914 | 001"
Total [133.8547.43| 130.914£8.8 |132.56+7.76|132.84+7.93|132.54£7.91 LxG .100 .960

Male 170.0245.26|170.42+5.13|168.87+£5.94 | 168.89+5.4 | 169.55+5.27 L .166 919

Knee joint Max Female |169.1745.94]168.55+£6.52(169.27+5.93|167.93+6.88]168.73£6.11 G .389 535
Total 169.6£5.48 |169.49+5.79(169.07+5.78|168.41+6.04169.14£5.69 LxG 125 .945

Male [134.93+8.07|133.25+6.04|132.44£6.68|130.06+7.86|132.67+7.15 L 1.901 137

Knee joint Min | Female |136.58+6.44|132.7348.85(132.5447.23|130.58+6.35(133.11£7.34| G 073 788
Total [135.7547.16|132.99£7.38|132.49+6.77|130.32+6.96 | 132.89+7.2 LxG .080 971

Male |156.96+5.61]156.38+5.99(155.45+5.36|152.93+8.27|155.43+6.35 L 1.448 .236

Knee joint Mean | Female |154.81£6.91|152.73%8.05| 152.38+7.6 |149.8547.61|152.4447.47| G 3.636 061
Total [155.88+6.22|154.5547.16|153.9246.59(151.39+7.89|153.94£7.05 LxG .039 .989

Male [121.81£9.35]120.24£10.02| 122.5+7.55 [122.14+6.22|121.67+8.13 L .092 .964

Ankle joint Max | Female |126.14+5.96]125.41+7.41|125.18+6.11|125.16+7.01 | 125.47+6.4 G 5.019 028"
Total |123.98+7.95|122.83+8.98(123.84+6.82(123.65+6.63]123.57+7.52 LxG .116 .950

Male 78.86+4.16 | 79.6+£3.56 | 78.47+4.95 | 77.1945.42 | 78.53+£4.49 L 2.411 .074

Ankle joint Min | Female | 80.67+4.33 | 77.75+6.08 | 75.84+5.78 | 73.9846.83 | 77.0646.13 G 1.570 214
Total 79.76+4.23 | 78.68+4.94 | 77.15+£5.41 | 75.59+6.22 | 77.79+5.39 LxG 928 432

Male 88.76+4.15 | 87.71+3.34 | 89.52+2.23 | 88.8+2.27 | 88.7£3.05 L .634 .596

Ankle joint Mean | Female | 91.21+3.89 | 89.92+6.15 | 88.49+5.98 | 87.16+6.67 | 89.19+5.75 G 233 631
Total 89.99+4.11 | 88.81+£4.95 | 89+4.43 | 87.98+4.92 | 88.94+4.58 LxG 1.058 373

-112 -



The Journal of The Institute of Internet, Broadcasting and Communication (IIBC)
Vol. 23, No. 1, pp.109-116, Feb. 28, 2023. pISSN 2289-0238, elSSN 2289-0246

FolA ool WHETH o Fotd FHiE HYloW §  E WSlolq st JEsjolo) R 7 4IRS
AH o folsgct, glglom] BAHOR folshA oot
2. SIXIBY ZTo| st 3. X|gtete) N2so| sl

7 20} ol AROIA] B4R AT}, Bl 2T ¥ 37 2ol AXY] B9 Ao HeARAL B
L oY, BB, WA AR Rol7t Ylom BA o FauolA 0 ket IS 10%, 20%, 30%NA o
Aoz foala] oleh. AEY Favks A, Ha, e YuE Rdor FAMCR folsigt. Ea

v

Moz

B YV Zwold ol oyt lmsl B AR AEY Fameld dAo] ofgunt o 2 £42 By
8 nglon] $AUR Rolsislch £ 4E o $ANOR Roldislch Haa 3l Fask 1

o Fadt A WEWY Aol ool YN JEAEL gglon] FANCE fofshA gtk

B 3. AY W27 Al 332 YEo ME X|HutzdRe| WSt
Table 3. Change of ground reaction force components by gender and a load difference during downward stair (Unit: N/BW)

Section Gender (G, A load M) Total averagel Source F p
0 kg 10 kg 20 kg 30 kg
Male 0.2240.03 | 0.24+£0.05 | 0.26+£0.07 | 0.26+0.07 | 0.25+0.06 L 3.022 .035*
Medial-lateral GRF| Female | 0.14£0.03 | 0.18+0.03 | 0.18+0.05 | 0.18+0.03 | 0.170.04 G 50.698 001
Total 0.18+£0.05 | 0.21£0.05 | 0.22+£0.07 | 0.22+0.07 | 0.21+0.06 LxG .253 .859
Male 0.25+0.09 | 0.27£0.07 | 0.29+£0.09 | 0.3£0.11 0.28+0.09 L 1.688 177
anteriorlfsp;osterior Female | 0.25+0.06 | 0.26+0.05 | 0.29+0.04 | 0.3+0.05 | 0.28+0.05 G .005 .946
GRF Total 0.25+£0.07 | 0.27£0.06 | 0.29+£0.07 | 0.3+£0.08 | 0.28+0.07 LxG .024 .995
d Male -0.21+0.05 | -0.26%0.07 | -0.23£0.07 | -0.24+0.06 | -0.24+0.06 L 1.572 .204
anterior-posterior | Female | -0.26+0.05 | -0.29+0.07 | -0.25£0.05 | -0.26+0.09 | -0.26+0.07 G 3.455 .067
GRE Total | -0.23£0.06 | -0.27+0.07 | -0.24£0.06 | -0.25+0.08 | -0.25+0.07 LxG .236 .871
Male 2.52+£0.47 | 2.53+0.55 | 2.58+0.59 | 2.73+£0.44 | 2.59+0.5 L 2.047 115
Vertical GRF Female 2.33+0.5 | 2.21+0.41 | 2.62+0.62 | 2.71+0.46 | 2.47+0.53 G 1.128 .292
Total 2.42+0.48 | 2.37£0.5 2.6£0.59 | 2.72+0.43 | 2.53£0.51 LxG 524 .667

4 AY W27 Al S JE IE SHoPYMXI: ¥ O2|dyel Hat
Table 4. Change of dynamic postural stability index and leg stiffness by gender and a load difference during
downward stair (Unit)

A load (L)
Section Gender (G Total average] Source F p
0 kg 10 kg 20 kg 30 kg
Male -0.07£0.04 | -0.13£0.04 | -0.1£0.06 | -0.1£0.05 | -0.1£0.05 L 1.358 .262
COM-COP (m) | Female | -0.1#0.08 | -0.12+0.09 | -0.1£0.07 | -0.0940.07 | -0.1%0.08 G 010 921
Total | -0.09£0.06 | -0.13£0.07 | -0.1£0.06 | -0.09+0.06 | -0.1£0.06 LxG 500 .680
Male 0.574£0.04 | 0.62+0.08 | 0.58+0.07 | 0.58+0.08 | 0.59+0.07 L 942 425
Time to Female | 0.59£0.07 | 0.59+0.09 | 0.57+0.07 | 0.55+0.08 | 0.57£0.08 G 414 522
stabilization (sec)
Total 0.58+0.06 0.6£0.09 0.57+0.07 | 0.56£0.08 | 0.58+0.07 LxG 444 723
Male [22.48+12.32| 20.49+10 | 23.03+14.9 [22.34£16.52|22.09+13.16 L .076 973
Leg stiffness Female | 15.18+7.58 | 14.3243.42 | 14.2243.09 | 14.27+2.7 | 14.524.47 G 11.056 | .001%*

Total 18.83+10.64| 17.41+£7.93 |18.63£11.41{18.31+12.24|18.29+10.49 LxG .061 .980
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