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Abstract

Purpose : Postural control requires the complex interaction of different structures to maintain and recover balance during the
performance of everyday activities. This study aimed to compare the effects of support surfaces and knee positions on the postural
balance in normal adults when lifting objects.

Methods : The study comprised 21 participants in their 20s whose balance ability was measured using BT4 (balance trainer 4)
equipment. A bare floor was used as a stable support surface and balance foam was used to create an unstable surface. Participants
were required to adopt squat positions and stoop positions to exhibit different knee positions, and were asked to perform a lifting
motion using 15 % of their body weight. The COG (center of gravity) length, COG area, COG angle, and COG velocity were
measured for different support surfaces and knee positions. Postural balance during object lifting was compared for different support
surfaces and knee positions using two-way analysis of variance. The level for verifying statistical significance was set at @ =.05.

Results : There were statistically significant differences in the COG length, COG area, COG angle, and COG velocity for
different support surfaces when lifting objects (p<.05). We also found statistically significant differences in the COG length, COG
area, COG angle, and COG velocity for different knee positions when lifting objects (p<.05). There were no interactions between
the COG angles for different support surfaces and knee positions when lifting an object (p>.05). However, there was an interaction
effect between the COG length, COG area, and COG velocity for support surfaces (stable and unstable) * knee positions (stoop
and squat) when lifting an object (p<.05).

Conclusion : This study scientifically proved that support surfaces and knee positions exert great influence on the postural balance
during object lifting. However, studies focusing on a larger number of participants and lifting objects of different weights should

be pursued in the future.
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Fig 1. Lifting position A; starting position with stable surface, B; stoop position with stable surface,
C; squat position with stable surface, D; starting position with unstable surface, E; stoop
position with unstable surface, F; squat position with unstable surface
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Table 1, General characteristics of subjects

Subjects Height (cm) Weight (kg) BMI (kg/m?)

n= 21 (male: 12, female: 9) 167.52+9.04 63.05+12.99 22.28+3.22
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Table 2, Descriptive statistics depending on support surface and knee position during lifting object

Support surface Knee position Mean SD
Squat 295.93 31.74
Stability
Stoop 289.15 31.03
COG length (mm)
Squat 320.45 35.66
Non-stability
Stoop 364.48 50.85
Squat 1,987.21 805.50
Stability
Stoop 1,893.48 780.35
COG area (mr)
Squat 2,471.16 779.82
Non-stability
Stoop 3,657.60 1,071.77
Squat 76.48 3.79
Stability
Stoop 80.28 3.43
COG angle (°)
Squat 83.37 2.46
Non-stability
Stoop 85.70 2.02
Squat 56.13 6.88
Stability
Stoop 57.96 7.14
COG Velocity (mm/s)
Squat 62.97 8.53
Non-stability
Stoop 76.42 13.36

COG: center of gravity
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Table 3. Result of two—way ANOVA of variables depending on support surface and knee position during

lifting object
Source Sum of square degree @ Mean square F
q freedom q P
SS* 52341.12 1 52,341.12 3591 .000
COG length (mm) KP* 7284.88 1 7,284.88 4.99 .028
SS*KP 13550.90 1 13,550.90 9.29 .003
SS 26532357.22 1 26,532,357.22 35.20 .000
COC area (mr) KP 6268672.38 1 6,268,672.38 8.31 .005
SS*KP 8603993.76 1 8,603,993.76 11.41 .001
SS 796.36 1 796.36 87.64 .000
COG angle (°) KP 196.94 1 196.94 21.67 .000
SS*KP 11.48 1 1148 1.26 264
SS 3360.09 1 3,360.09 38.40 .000
COG Velocity (mm/s) KP 1226.75 1 1,226.75 14.02 .000
SS*KP 708.93 1 708.93 8.10 .006
*surface support, "knee position
|0l s q uat 400000
m—Ctoop | e Squat
w— Stoop
% 340,00 E
s o
S _ 8
Stability Non-stability Stability Non-stability
- i
c £
_; 82.00 % 7000
O gooo § 65.00
78.00 60.00
e Stability Non-stability = Stability Non-stability

Fig 2. Graph with variables depending on support surface and knee position during lifting object,
A; cog length (mm). B; cog area (mr). C; cog angle (° ). D; cog velocity (mm/s)
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