Correlations between Biomechanical Characteristics,
Physical Characteristics, and the Ability to maintain
Dynamic Sitting Balance on an Unstable Surface in

Disabled with Spinal Cord Injury

ABSTRACT

Objective: This study aims to analyze the factors that affect the ability to maintain dynamic sitting balance (DSB),
biomechanical characteristics, and physical characteristics in spinal cord injuries (SCI) patients. Background: Virtual ski
training systems, ski equipment, and training protocols for disabled skiers are being studied to spread awareness. However,
few studies have been reported on the sitting balance ability associated with chair mono skiing. Method: A dynamic sitting
balance border system was built to investigate the ability to maintain dynamic sitting balance in SCI patients. Trunk muscle
activity was evaluated by electromyogram while conducting dynamic sitting balance tests. The trunk muscle strength was
tested with a portable handheld dynamometer. Physical activity scores were measured with the physical activity recall
assessment. Results: There were high levels of correlation between the ability to maintain DSB and trunk flexor strength,
extensor strength, rotator strength, and physical activity score. However, height, weight, and injury level in SCI patients
were not correlated with the ability to maintain DSB. Additionally, strong negative correlations were found between muscle
activities of the external oblique and lumbar erector spinae muscles and the ability to perform the backward tilt test. Trunk
extensor muscle activity during the ball life test was significantly higher than in other tests. Conclusion: The results indicate
that improving trunk muscle strength and physical activity can increase the ability to maintain DSB. Application: The
findings of a close relationship between trunk strength, physical activity, and the ability to maintain DSB need to be
reflected in the chair mono ski training program.
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2. Method

2.1 Participants
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2.2 Tasks and Apparatus

2.2.1 Sitting balance assessment
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2.2.2 Electromyography
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2.2.3 Strength of trunk muscles
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2.2.4 Physical activity measurement
_ Leisure time physical activity

e
offt

st AASE
33 7}(Physical activity recall assessment _ SCI)% 7}
A &5 (Leisure time physical activity: LTPA) A|ZF
Aok FEE AA AE (1) e &
e &5, (3) 4% dsor EFEH, 1
AZre AL, & dFA3E A &
TFolXE AAATE sdaA A7t s AT FE
AR ey A &F AR ARR-sE o,
e AR v gAY AT AAgE
A AL8FS B (Martin Ginis et al., 2010).

rlo

FEe Avey BAE

U] ﬂ!}ﬂ 2
rz

;
jﬁ

=
“w
>

> of\ i
O

w2 of ofN @ mS offt o > WM
il

¥
Wl

2.3 Statistical analysis
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3. Results
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3.1 Ability of sitting balance
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3.2 Muscle activity
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3.3 Correlation between the ability of sitting balance
and physical characteristics of participants
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3.4 Correlation between the ability of sitting balance
and activity of trunk muscles
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Figure

Figure 1. The actual figure of the test-balance board which
developed from KOREC
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Figure 2. Result of the SEMG(%MVC) of trunk muscles during
4 tests (A) and difference of muscle activity between trunk muscles
during tests (B) Abbreviations: URA, upper rectus abdominal; EO,

external oblique; TS, thoracic of erector spinae; LS, lumbar of

erector spinac p<.05, "p<.01



Table

Table 1. Grading of the functional assessment on the test-balance board (Modification based on Pernot’s study)

Score

Test 1

Test2

Test 3

Test 4

The subject cannot lean
forward, loses balance.

The subject can lean

some degrees out of center
of gravity, but lose balance

before 30°.

The subject can lean

forward and come up with

using the head and upper

part of the trunk from 30°.

The subject straightens up

3 normal and can lean forward

The subject cannot lean
backward, loses balance

The subject can lean
some degrees out of center
of gravity. He compensates
with the head and increases
his kyphotic position of the

upper spine.

The subject can lean
backwards to 10°, but
cannot maintain this
position.

The subject straightens up
normal and can lean

The subject cannot sit
with the arms abducted.

The subject only uses the
arms when trying to rotate.

The subject rotates the
upper body, but one side is
better than the other, or
lumbar spine is not
following in the rotation.

Normal trunk rotation.

The subject cannot lift the
medicine ball.

The subject can lift the
medicine ball, but cannot
hold it with both hands, nor
lift it over the head.

The athlete leans on the
medicine ball when putting
it down.

Normal function.

up to 30° backward up to 10°.
Table 2. Anthropometric characteristics of participants
Subject Age (yrs) | Injury level | (In)complete Height (m) | Weight (kg) | Spasticity | ASIA [Post-injury time (yrs)

48 Th10 Complete 1.65 70 N A 9
B 50 Thl1 Complete 1.68 61 Y A 12
C 55 Thl1 Complete 1.68 61 N A 9
D 57 L1 Incomplete 1.74 63 N C 11
E 38 T9 Complete 1.72 58 Y A 11
F 37 T9 Complete 1.70 42 Y A 11
G 52 L3 Complete 1.73 78 Y A 19
H 44 L1-2 Incomplete 1.80 57 Y B 7

Abbreviations: yrs, years; Th, thoracic; N, no; Y, yes; L, lumbar.




Table 3. Independent variables and dependent variables of study

Independent variables

Dependent variable

Strength of trunk muscles
Leisure time physical activity
Physical characteristics
Activity of trunk muscles

Scores of
dynamic sitting balance

Four tests of
dynamic sitting balance

Activity of
trunk muscles

Table 4. The correlations between the Ability of sitting balance and
physical characteristics of participants

Physical characteristics Ability of sitting balance (r)
Trunk flexor strength 819"
Trunk extensor strength 945"
Trunk right rotator strength 882"
Trunk left rotator strength 945"
Weight 317
Height .000
Leisure time physical activity 951"
Level A17

*p <.05, **p <.01

Table 5. The correlations between the Ability of sitting balance and
muscle activity of trunk muscles (» value)

URA EO TS LS
Test 1 -.655 -408 -173 124
Test 2 -.504 -.819" -.567 -.819"
Test 3 -.655 -408 -173 124
Test 4 -469 -.505 -365 -391

Abbreviations: URA, upper rectus abdominal; EO, external oblique;
TS, thoracic of erector spinae; LS, lumbar of erector spinae. p < .05



