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PURPOSE This study sought to analyze the velocity and asymmetry between bilateral
lower extremity mechanics according to the load during walking. METHODS A total

of 14 adults with right leg dominance participated in this study (Male=7, Female=7).
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We respectively applied 30% of body weight load carriage on the subjects. Gait
characteristics were analyzed with 3-dimensional cinematography and ground
reaction force (GRF) system consisted of a center of gravity (COG) velocity, center of

pressure (COP) area, leg stiffness, and GRF components. RESULTS Change in velocity
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of the maximum-minimum COG showed statistically significant in the main effect of
load. The 1st anterior-posterior GRF (braking force) and vertical GRF were statistically
significant in the main effects of load and bilateral lower limbs. The 2nd anterior-

posterior GRF (propulsive force) was statistically significant in the main effect of load.
COP area and leg stiffness exhibited statistically significant differences in the main
effects of load and bilateral lower limbs. Interaction was observed in the vertical GRF,
COP area. Furthermore , one-way variance analysis revealed load main effect had a
greater influence on the increase in the magnitude of the vertical GRF and COP area
than the asymmetry of bilateral lower limbs. CONCLUSIONS This study revealed the
differences in asymmetry between the dominant and non-dominant lower limbs
according to the load during walking. These findings may explain the differences
shock attenuation and stress mechanisms between the bilateral lower limbs.
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2008; Ruedl et al., 2012; Ryew et al., 2019; Zhou & Ugbolue,
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SHE ks 9 TS ATH(Yang et al., 2022).

FAR g 2 A9 Fdie £l &%, dHAEZ(ATH
EfF), 54559 SHles 14T &5l4 S5 BEE
T8 fshAy Q1o A A1AIS] 10%0]4d vidS Fiot= A2 &
Ht&o]th(Dames & Smith, 2016; Heuscher et al., 2010). 124
TAL T2 AE 5% &F9 F4(center of pressure) A5

o F7HAF o, o] ATtz Uit Yol ZAA 0] MAAl
A AGH7 0] £t §84S FAAYI BIottH(jammes
et al., 2018). E3P5<t IH o] e HA] WsHA] 7] wzol ohF
gt S XA Alo] =] WR/go] AA EoEATHCaron et
al., 2013), S vt Aol 2 AP A& 2Hoto A
A7 AFcte 94 EA tigt AlojE dgst=t +-8&3tth
(Caron et al., 2015).

COP= H¥ 3§ 27| S A 2 AU B
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ol izt COP 7hid2 ¥ 7]s 9 12, 128a /Mg4de 7t
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SE31E2 WAEolo} AT B AR A% 9 2718 Fao] 8
A A9 S4S BAAUT WA WA A BT 4 9
£ 59 WY AZE Wste] BAIL AL o] ATE BEY A
oA F= thel 7ko] St By Aol FHBTbo] whet HFA
9l #A 7 ek Zolet /4 stsict

ARG B i F 2080l AYstg oy, Aw IS
A3l +5h27F +d(dominance)?l A+ 1490] o] Aol oist
Ath(Male=7, Female=7: Total average age, 24.71+2.84 yrs,
Total averave heights, 1.71£0.09 m, Tatal average weights,
71.94+11.19 kg). o] A+ A 4782 o1 9] vt A+
@A} oF L45kR] 9 YA AR5 FE5tAtHShorter et al.,

2008). & |52 Aol Fistr] A AJAASL 30% = =5t
o 5 A= ASolon, 14 ool & IEHE ¢ 51A 9
gt 9y =& 73@101 = Aol BE fAAENA A+
o 54 W g, APYYS AT T ALH o2 o oatE Hral

oA A E Xﬂ%‘?:“}kq

AYE AAISH] A, BE ddte EZEAES A HAES
Z13Yst A HHoffman & Payne, 1995). Zn HAEL 7 tjAtAto]
A obd Bl 4] b2 A oA 32 A= ARA theEjolH,
AHYHAES WA e A ’\}%5]-‘5 tiejoltt. gyty o
2 FE AA 219 2Al(dominance)ghs @2 A7 £ 9] £
W7t 7150 R AR tdEte 9y BElo] ltkNachshon
et al., 1983). AHA] AT =0} ZHAYL ApEAQl 594 T
AR O] A2 Q1 AHEZ BHSHE Eﬂ°ﬂE ARgE o1 gt (DeVita et
al., 1991; Engsberg et al., 1991) 1o ZE thAASA F7HA
HAES HAIRE 43 BE Q82 the]E AHEStglon, o] Ao
Ae #Z thel(dominant lower hmb)a AT R, WSl o
% th2]= H]Al(non-dominant lower limb)the] 2 A 9J5}3]t}.
e @55t Agtol] Higk 1A 24 898 AEstr] 9

AN

Fig. 1. Experiment field and walking modeling
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Fig. 2. Marker attachment points

o SF2 A2 30% £ACE AHstH(Caron et al., 2015;
Jammes et al., 2018; Silder et al., 2013), TFA-E0] FaFo Ht
Sote] AAE AHG K8 2YotEE ASEHE BS Fof
¥o ™ (Majumdar et al., 2010), °] IFoA AT &EE= 1.41m/s
FFHLE et B3 2= ARFRE FEAF7IA 25m
Fon, FEI AL & AASHAHFigure 1). 271E Al
2hgotal 7t A Algwstol] weh SR %= W U 84
At 1419 BEASAH S5 A7) I8l ¥HA uhA = head (3
markers), trunk (4 markers), upper extremities (14 markers),
12]31 lower extremities (22 markers) Zt SRS A F2HE L
tHFigure 2).

B 529 B4 F 12019 HA 7HveE ARgohalon, 7t
7hEte] MEY &2 100 Hz2 Aot 7Hete] dolg = &
22 BAAA®”(Vicon MX Giganet)s 8o HAE 452 A
gr]o] AT Eoj(Nexus, Vicon Motion System Ltd., UK)Z A
ZHEt. A Eoly @Aket wo|2E AATEY| {8 22k A8t
UE(Low pass filter)E AME3IH o, B 7|(AMTI-OR-7,
Advanced Mechanical Technology Inc., Watertown, MA, USA)
=25 m B8 F29] 3 AH 2tfE AA|oto] HSE As4E
BYPS 4% 4= JEE FESHT ol AHEH doE = A&
9 &% 1,000 Hz glow, Alg=a-go] Haf Qt/ g} 7ol A}
o|& TAYAIZITHE AF-E sl M= AA5t9tHHollander et
al., 2022).

glolE A2

2 #Jo]& HQIth(Barrons & Heise, 2020).
S A ek} LA e S 240
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AT AHEE2 A7) ¢t Asd ) 19

22 H & AFESHY T o] £AE(N)2 AS(body
weightXacceleration of gravity)2& U0l HZ3}sF4THN/
BW).

SO ERERE
A7) 5t el A A E 29 Mgl gk COPS) A
o214 9] 2h A2 ATHHyun et al, 2014)

4. 9874

|32 Ao g ARkl dth(Silder et al., 2015). (5=4]
DA F LB AA7] 59 A AR A dRtg oy ZF i
A19] AFoZ Yol IS gholok. [ = 2] B3 tEjo] 9]
Hshg-S s} gk gholw, 1,2 4 tejdo|tt. gejdole &
9] F4(center of pressure)olAl (Bullimore & Burn, 2006) =
Hko] ZFAl(center of pelvis)®d (Plagenhoef et al., 1983)7}%] 32}
Yoz Aite Mot

max

(1,—1

min) - lo

Stif fness =

Formula 1. Leg stiffness
A A9

AHEE BE HQIE2 PASW 21.0 program(SPSS Inc., Chicago,
, 83) B3} REHAS AFolS B 5 24
HRIEO] i) o] TR A 02 FEHR| (A, Bl ANt FFH(No
load, 30%)9] &3t5 FHstAoH, 458 ats dUHFEA
2 B9 S4Bl BE BAT §O14EL 0= 052 AFaISAT

e

B 5t &S ohA e Sl IE FASAH Y $E¥3ke (Table
DI 2ok 5% Fads 30%5Ho] £5F 23 2ot o
(p<.001) B H2(p(.05) O1E&H A o ZAH £Eg Helow,
FAROR felstaltt. %3 o1 1 R, TeT T FE 2
ASALRTE AR Qe AR YEETHp).05).

Awue WIS o) Wt

B 5o FEeA9G FF G2 Auure WS Atk
(Table 29 2. F%o] FaE 30%5F0] F5% v &
o R WA A-FARELASH)pC00D)T F WA H-FA
AEA)pCO0DONA B 2 5 Byor], FALoR §9
sholeh AN ¥ ohA] 7 FaTE AT WA o
gut § 2 ges ngon, A0 3osATHp.05). W
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Table 1. Results of Kinematic variables during walking with a load

(Mean+SD, Unit: m/sec)

. . Load(L)
Section Bilateral(B) - Total average  Sourec F )4
0%(No load) 30% of body weights
Right 1.66+0.14 1.52+0.12 1.59+0.15 L 18.222 .000™
Max. velocity of COG Left 1.68+0.13 1.54+0.12 1.61£0.14 B 0.332 567
Total average 1.67+0.13 1.53+0.12 1.6+0.14 LXB 0.001 982
Right 1.26+0.11 1.20+0.11 1.23£0.11 L 4.615 .036*
Min. velocity of COG Left 1.28+0.12 1.21£0.11 1.24+0.12 B 0.197 .659
Total average 1.27+0.12 1.20+0.11 1.2440.11 LXB 0.006 .940
"p<.001, "p<.05
Table 2. Results of ground reaction force variables on the lower extremities during walking with a load (MeanSD)
) . Load(L)
Section Bilateral(B) - Total average  Sourec F p
0%(No load) 30% of body weights
Right leg -0.24+0.04 -0.33+0.03 -0.28+0.06 L 72.227 .001™
1** anterior-posterior .
Left 1 -0.21+0. -0.31+0.04 -0.26+0. B 42 .044
GRF (N/BW) eft leg 0.21+0.05 0.31+0.0: 0.26+0.07 59 0
Total average -0.23+0.05 -0.32+0.04 -0.27+0.06 LXB 0.349 557
; Right leg 0.27+0.03 0.37+0.04 0.32+0.06 L 86.876 .001™
2" anterior-posterior
Left 1 .2840.04 .35+0.04 310, B . .094
GRF (N/BW) eft leg 0.28+0.0 0.35+0.0: 0.31+0.05 0.006 09
Total average 0.27+0.03 0.36+0.04 0.324+0.06 LXB 1.459 233
) Right leg 1.15+0.05 1.46+0.09 1.3+0.18 L 322.299 001"
Peak Ve”é‘;:})GRF N efleg 1.18+0.05 1.58+0.09 1.38+0.22 B 13.852 001"
Total average 1.16+0.05 1.52+0.11 1.34+0.2 LXB 4.368 .042°
**p<.001, "p<.05
Table 3. Results of COP area and leg stiffness on the lower extremities during walking with a load (MeantSD)
) ) Load(L)
Section Bilateral(B) - Total average ~ Sourec F )4
0%(No load) 30% of body weights
Right leg 43.15+9.81 87.47+26.43 65.314£29.87 L 51.798 001"
Center of pressure area -
(cm?) Left leg 68.25+13.53 90.65+15.02 79.45+18.08 B 9.308 .004
Total average 55.7£17.26 89.06+21.16 72.38+2548  LXB 5.592 .022°
Right leg 12.75+3.71 21.41+4.99 17.08+6.17 L 41.306 .001™
Dimensionless leg "
. Left leg 16.57+4.04 23.63+5.37 20.1+5.89 B 6.094 .017
stiffness
Total average 14.66+4.27 22.52+5.21 18.59+6.17 LXB 0.428 S16
*p<.001, "p<.01, p<.05
W YA F=slA] 7 Fadet T Fa3} 719 AoFEd (F=113.506, p<.001).
He %i% A= B tHp).05). HdieHA ARl A S F
A 5 2o 30%3F Z9ge] o 2 gHE Bion, 54 GESAH Y HA Y o2 Wt

Hog TJ%}ﬂn}(p(oon. T3t FEoHA] 7F FaIHE HA o

27}

(30%)7}F
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