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0|5, Msig!, Zaixy', ZF3[', AL, e
Sean-Min Lee, Hyeoun-Soo Shin', Min-Jae Kim', Ju-Hee Kim', Na-Yeon Kim', and Gwang-Moon Eom'#
1 ZA=2chSt o|skaskt (Department of Biomedical Engineering, Konkuk University)

SpO

# Corresponding Author / E-mail: gmeom@kku.ac.kr, TEL: +82-43-840-3764
ORCID: 0000-0002-7934-3772

KEYWORDS: Knee adduction moment (FSLHZFZHIE), Contralateral cane use (CHE X|ZH0| ARZ), Mechanism (H|7F{L|Z),
Ground reaction force (X|H Ht21), Moment arm (ZHE 2f)

This study aimed to determine mechanisms involved in the decrease of knee adduction moment (KAM) when waking with
a contralateral cane without any constraint. Ten young subjects performed walking under two conditions: unassisted (no
cane) or with a cane. After collecting data from the stance phase of the left foot, kinematic and kinetic data at early and
late peaks of KAM were extracted for further analyses. When using a cane, early and late peaks of KAM decreased (p <
0.05) by 20.5% and 29.6%, respectively. Stepwise multiple regression analysis showed that the moment arm accounted for
59% and 95% of the variance of early and late KAM peaks, respectively. This reduction in moment arm occurred primarily
due to lateral rotation of the GRF. Regarding the mechanism behind this, it could be due to the following: 1) by using a
cane, the synthetic center of pressure shifted medially, which caused synthetic GRF to become more vertical than that of
an unassisted walking and accordingly, and 2) the decrease of horizontal component of synthetic GRF reduced horizontal
component of foot GRF, leading to lateral rotation of foot GRF. Understanding these mechanisms might help us improve
effective use of canes.
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Table 1 Subject characteristics

Characteristic Mean £ SD (n = 10)

Gender Male = 7, Female = 3
Age [yrs] 23+14

Height [cm] 169.9 £ 8.3

Weight [kg] 709+ 153

Cane length [cm] 84.3+£3.19

Table 2 Features of cane usage
KAM 1% peak KAM 2™ peak

Cane loading [%BW] 83+5.1 8.6+59
Cane distance [cm] 146 £7.7 15.6 £8.2

BW = Body Weight
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Table 3 Comparison of feature variables between gait methods

KAM 1* peak KAM 2™ peak
No cane With cane No cane With cane
KAM [Nmvkg] 0.43 + 0.07 0.34 + 0.07" 0.34+0.11 024+0.11"
MA [mm] 448 +0.78 408+ 1.1 339+12 262+13"
GRF magnitude [N/kg] 9.57+£0.54 8.55+0.95™ 9.87+04 8.85+0.8"
Walking speed [m/s] 0.93+0.12 0.84 £ 0.09™ 0.93+£0.12 0.84 +0.09"
Step width [mm] 145 £ 47 129 +43™ 155+ 47 135 £ 52™
KJCx [mm] -1.8+27 -027+25 33424 48+23
COMx [mm] 724432 77.5+ 31 73.8+28 772433
COPx [mm] 18.1+19 153+15 9+ 12 93+13

KJCx = Knee Joint Center x-coordinate; COMx = Center of Mass x-coordinate; COPx = Center of Pressure x-coordinate; Difference between no-

cane and with-cane conditions by paired t-test: “p < 0.05, **p < 0.01, **p < 0.001.
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Fig. 1 Decreases in KAM and associated factors. Data points are the average values for all subjects and all trials
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Fig. 3 Comparisons of GRF angles between gait types. Repeated measures ANOVA and post-hoc pairwise comparisons were used
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Fig. 4 Comparison of mediolateral location of COP (COP_x) between gait types. Positive value indicates right direction with the origin at left
toe as in Fig. 2. Repeated measures ANOVA and post-hoc pairwise comparisons were used

Table 4 Stepwise multiple regression of the KAM

KAM 1* peak
Model Factors -
Adjusted R A Adjusted R Constant VIF £(94% CI)
1 MA [mm] 0.58"™" 0.58 0.08 1 0.77"(0.46-1.08)
_ MA [mm] 0.90"(0.79-1.01)
Final 0.95 0.36 1.04
GRFm [N/kg] -0.47 0.60"(0.49-0.71)
KAM 2" peak
Model Factors -
Adjusted R A Adjusted R Constant VIF £ (94% CI)
1% MA [mm] 0.95™" 0.95 0.02 1 0.97""(0.86-1.08)
. MA [mm] 0.90""(0.81-0.98)
Final 0.97 0.02 1.24
GRFm [N/kg] -0.18 0.17"(0.09-0.26)

Excluded Variables in the 1% Model: GRFm, Walking Speed
Excluded Variables in the Final Model: Walking Speed
GRFm = Magnitude of Ground Reaction Force

VIF = Variance Inflation Factor
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Fig. 5 Comparison of x-component of GRF (GRF_x) between gait types. Repeated measures ANOVA and post-hoc pairwise comparisons were

used
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