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Objective  To investigate the factors influencing the quiet standing balance of patients with incomplete cervical 
spinal cord injuries. Also to find the correlations between posturographic parameters and clinical balance tests as 
well as to find the correlation between posturographic parameters and functional independence. 
Method  We conducted a tetra-ataxiometric posturography, lower extremity motor score (LEMS), Korean version 
of the Berg Balance Scale (K-BBS), Timed Up and Go test (TUG), and Korean Version of the Modified Barthel Index 
(K-MBI) of 10 patients. 10 healthy adults carried out the posturography. We checked stability, weight distribution, 
Fourier and synchronization indices of eight positions, and the fall index of the posturography.
Results  The patient group showed significantly higher stability and weight distribution indices in all eight 
positions. Stability indices significantly increased with eyes closed or standing on pillows. Weight distribution 
indices were significantly higher with eyes closed or the head bent backwards. The patient group showed 
significantly higher Fourier indices of low, low-medium, and high frequency in eight positions. The Fourier 
indices at high-medium frequency were significantly higher with eyes closed on pillows or in variable head 
positions. There were no significant differences of synchronization indices between the patient and the control 
group. The falling index of the patient group significantly correlated with K-BBS, TUG, and K-MBI. LEMS had 
significant correlation with some synchronization indices, but not with the falling index. 
Conclusion  The quiet standing balance of the patients was influenced by somatosensory limitations or insufficient 
visual compensation. We should try to improve the postural balance and functional independence of patients 
through proper proprioceptive and lower extremity strength training for better postural and pedal control, and to 
make efforts to minimize environmental hazards.
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INTRODUCTION

One of the primary goals for patients with incomplete 
cervical spinal cord injuries is to regain walking ability.1 
Locomotor training, as a rehabilitation strategy, focuses 
on postural control, balance, standing, walking, health, 
and the quality of life after neurologic injury.2 It is fre-
quently seen that patients with the same level of injury, 
or the same American Spinal Cord Injury Association 
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(ASIA) impairment scale score, have different stabilities 
or walking abilities. We considered that this is because of 
the possible differences in balance control, but there is 
little data.3 

Balance is very important to maintain a sitting position 
and to move from a sitting to a standing position (sit to 
stand).  Improving a standing balance and weight-bear-
ing regulation is vital to improve walking ability.4 Balance 
is maintained by the integration and regulation of infor-
mation from the somatosensory, visual, and vestibular 
systems, and by the reflexive control of limbs.5,6 The spi-
nal cord is a pathway for the somatosensory organs. Spi-
nal cord injuries result in maintaining balance difficulty. 
The balance of people with spinal cord injuries seems to 
be affected by the impairment of proprioception after an 
injury to the central nervous system. However, current 
research to define which element of the balance system 
are affected, and how much extent of proprioception are 
impaired is limited. 

Even though balance control can be assessed clinically 
using the Berg Balance Scale (BBS), the functional reach 
test, and the Timed Up and Go test (TUG), it is difficult 
to assess the diversity of postural control.7 Recently pos-
turography has been used to help assess this diversity. 
The tetra-ataxiometric posturography has 4 separate 
force-plates, one for each forefoot and heel. It can quan-
tify the postural control of patients through various posi-
tions with visual and somatosensory changes. Diverse 
factors like stability indices and weight distribution pat-
terns are calculated by analyzing the trajectories of the 
pressures from each of the force-plates.8,9 

Using posturography, this study assessed the factors 
that influence the quiet standing balance of patients with 
incomplete cervical spinal cord injuries and compared 
them with a healthy control group. We attempted to dis-
cover whether the balance index of the patients had any 
significant correlation with the strength of their lower 
extremities, using the K-BBS, and TUG. We also analyzed 
the correlation between balance and activities of daily 
living.

MATERIALS AND METHODS

We included 10 patients with incomplete spinal cord 
injuries under 60 years old, who could stand alone and 
walk over 5 m, with or without assistive devices, and per-

form simple commands. The control group contained 10 
healthy people without cervical spinal cord injury. We 
excluded people with severe medical illnesses, cystitis 
and other infections, thromboembolic diseases, severe 
contracture or spasticity of lower extremities, visual or 
peripheral vestibular impairments, and individuals tak-
ing medicine that affected their balance. 

The patient group, comprised of 8 men and 2 women, 
possessed the following characteristics: mean age 46.7± 
8.5 years, height 169.7±8.0 cm, weight 67.0±7.0 kg, and 
onset duration 2.7±6.3 years. They had the impairment 
of pain, temperature and proprioception below the 
neurologic level of injury with perianal and deep anal 
senses preserved. The onset latency of the P1 potential in 
the sensory evoked potential (EP) test was more signifi-
cantly delayed than the control group. The control group 
included 5 men and 5 women whose mean age was 
42.2±10.2 years, the height was 166.1±7.3 cm, and weight 
was 62.6±9.1 kg. There were no significant differences in 
age, gender, height, and weight compared with those of 
the patient group. 

Lower-extremity strength of the patient group was eval-
uated using the lower extremity motor score (LEMS). The 
power of 5 key muscles was rated using a 6 point scale, 
rating from 0-5. “0” indicated no contraction and “5” a 
normally strong contraction. The total possible score of 
LEMS was 50 points. 

The clinical balance tests of the patients included the 
Korean version of the Berg balance scale (K-BBS), and 
the Timed Up and Go test (TUG). K-BBS is a 14-item scale 
designed to measure standing balance and sit-to-stand 
positions. Scores are based on a 5 point scale, rating from 
0-4. “0” indicates the lowest level of function and “4” 
the highest level of function. The total possible score is 
56 points. Each item consists of actions related to activi-
ties of daily living.10 It has been used as a tool to evaluate 
the balance of patients with spinal cord injuries, and has 
significant correlations not only with ambulatory scales 
like the walking index for spinal cord injury (WISCI),3,11 
and 50-foot walking speed11 but also the locomotor scale 
functional independent measure (LFIM), and total FIM.11

The TUG measures, in seconds, the time a person re-
quires to stand up from a standard armchair, walk 3 m, 
turn, walk back to the chair, and sit down again.2,12 A 
practice trial is given, followed by 2 timed trials. The re-
sults of the timed trials are averaged. It estimates the in-
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creased risk of fall, functional mobility, and the ability to 
transfer. TUG has a high reliability and significant corre-
lation with BBS.7 It is significantly correlated with WISCI 
II in people with spinal cord injuries.13 Faster TUG times 
indicated improved gait speed and endurance.14

The 10-item Korean version of the Modified Barthel In-
dex (K-MBI) measured the functional ability to perform 
activities of daily living, and the degree of independence 
of the patients. The 10-items were feeding, grooming, 
bathing, dressing, bladder and bowel care, toilet use, am-
bulation, transfer and stairs. The maximal score was 100, 
indicating the patient was fully independent in physical 
functioning. The lowest score was 0, representing a totally 
dependent bedridden state.15,16 

We used Tetrax® (Sunlight Medical Ltd., Ramat Gan, 
Israel) to check various factors that influence the quiet 
standing balance of the patient and control groups (Fig. 
1). Tetrax® software analyzed pressure information trans-
mitted from the four foot-plates. A practice trial was 
given, followed by 1 timed trial for postural stabilization. 
Each trial was performed at 8 different positions. Can-
didates placed their feet on the foot-prints of the foot-
plates, and restricted unnecessary movement. The 8 
positions included: standing with eyes open/closed, on 
foam-rubber pillows with eyes open/closed, with eyes 
closed and head turned right/left/backward/forward. 

Tetrax® parameters are: stability index, weight distribu-
tion index, Fourier index, synchronization index, and fall 
index. 

The stability index measured the agitation on the four 
plates in order to measure the overall stability and assess 
how well the subject could control and compensate for 
postural changes. The higher the stability index was, the 
more unstable the subject was. 

The weight distribution index indicated the weight dis-
tribution on the foot-plates, and its normal range was 4-6. 
The ideal posture was when 25% of the subjects’ weight 
was placed on each plate. The index became larger, with 
increased deviation from the ideal. A very high index in-
dicated the subject may have orthopedic or neurologic 
disorders, a very low index indicated possible postural 
rigidity.

The Fourier index showed the intensity of postural sway 
induced by regression analysis, which was a Fourier-
transformation of the frequency of postural sway. A high-
er index suggested the possibility of a pathologic state. 
Subjects with a well-controlled balance showed a high-
intensity, at 0.1 Hz (low frequency). This might mean that 
postural stability was controlled by normal transmission 
and feedback systems of visual-vestibular signals. Pos-
tural sway at a low frequency related to minimal effort 
and less stress to maintain a quiet standing balance as 
long as possible. Postural sway at 0.1-0.5 Hz (low-medium 
frequency) might have something to do with vestibular 
impairment, musculoskeletal fatigue, or alcohol inges-
tion. Postural sway at 0.5-1 Hz (high-medium frequency) 
might relate to somatosensory impairment of lower-
extremities. Postural sway at over 1 Hz (high frequency) 

Fig. 1. Tetrax® (Sunlight Medical 
Ltd., Ramat Gan, Israel) is com-
posed of monitor, desktop, four 
force platforms, and foam-rubber 
pillows (A). It was used to evaluate 
the postural balance (B). The pa-
tient was standing on pillows (C).
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might be due to lesions of the central nervous system. 
The synchronization index compared the vibration 

waves of two out of the four plates.  The index between 
the toe and heel plates had a negative value, because 
there was a compensatory movement and mirror-image 
compensation between those foot-plates. The index be-
tween two toe-plates, or two heel-plates, had a positive 
value because the movement was simultaneous and the 
synchronization was parallel. The index ranged from 
-1,000 to 1,000. If the absolute value of the index was 
lower than 200, it meant that the subject had a lack of fine 
pedal control. 

The fall index was calculated by the sum of the standard 

deviations of stability, Fourier transformation, and syn-
chronization indices. It has been shown to be related to 
the risk of falling. A higher index reflected an increased 
risk of falling.8,9,17

SPSS 17.0 was used for statistical analysis. The signifi-
cance of characteristics between the two groups was 
tested with a Mann-Whitney test. The significances of the 
stability and weight distribution indices at different posi-
tions were tested with a one-way ANOVA. In addition, if 
there was a significant difference, multiple comparisons 
were performed. The correlations between the balance 
and LEMS, K-BBS, TUG, and K-MBI were tested using a 
Pearson correlation. Differences were considered statisti-

Table 1. Comparison of Stability Indices and Weight Distribution Indices at Eight Positions between the Patients and 
Control Group

Position
Stability index   Weight distribution index

Patient Control Patient Control
Eyes open 22.2±8.0* 10.5±3.7 4.7±1.6* 2.6±0.9

Eyes closed   34.6±19.0* 17.3±5.5 6.4±3.1* 2.5±1.2

Eyes open on pillows 23.4±6.8* 14.8±4.0 4.5±2.4* 2.2±0.8

Eyes closed on pillows 53.1±19.4* 27.7±5.1 6.9±3.4* 2.5±1.0

Head right 37.8±21.2* 15.9±5.1 6.4±2.8* 2.5±0.9

Head left 37.8±18.4* 16.3±3.3 6.1±2.3* 3.2±1.0

Head backward 39.0±15.0* 19.5±5.5 8.4±3.3* 2.9±1.8

Head forward 39.7±24.1* 18.1±5.1 5.8±1.7* 2.7±1.3

Values are mean±standard deviation
Post-hoc Tukey test was applied among the different positions following a significance on the one-way ANOVA (*p< 
0.05)

Table 2. Comparison of Fourier Transformations in Eight Positions between the Patient and Control Group  

Position
Low frequency

Low-medium 
frequency

High-medium 
frequency

High frequency

Patient Control Patient Control Patient Control Patient Control
Eyes open 31.0±20.6* 11.4±4.0 10.1±7.5* 3.2±2.4 2.1±1.9 1.0±0.5 1.0±0.5* 0.5±0.3

Eyes closed 23.2±10.1* 13.1±5.5 11.8±1.0* 3.1±2.8 2.7±2.1 1.3±1.2 1.4±0.9* 0.7±0.2

Eyes open on pillows 30.8±11.3* 15.7±6.8 9.2±0.3* 2.4±4.2 1.4±1.0 1.1±0.7 1.2±0.5* 0.7±0.2

Eyes closed on pillows 30.5±9.7* 18.6±11.3 9.2±11.7 3.9±3.5 3.8±2.6* 1.8±1.4 2.4±1.0* 1.4±0.3

Head right 27.7±12.3* 11.9±5.9 10.7±4.2* 3.3±1.8 2.5±2.4* 0.8±0.5 1.7±1.1* 0.8±0.4

Head left 32.9±10.1* 13.8±7.4 9.5±2.4* 1.7±2.5 3.4±3.5* 1.0±0.8 1.8±1.1* 0.8±0.2

Head backward 27.7±10.5* 15.5±10.2 16.3±8.6* 2.5±3.4 2.5±1.8* 1.1±0.5 1.9±0.9* 0.9±0.2

Head forward 27.2±11.9* 15.6±9.7 12.3±6.3* 3.7±2.6 4.3±5.3* 1.3±1.0 2.7±3.1* 0.8±0.2

Values are mean±standard deviation
Post-hoc Tukey test was applied among the different positions following a significance on the one-way ANOVA (*p 
<0.05)
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cally significant with p-values<0.05. 

RESULTS

Comparing the posturographic parameters at eight 
positions between the patient and control groups

The stability and weight distribution indices of the pa-
tients were significantly higher in all different positions 
(Table 1). The stability index while standing on pillows 
with eyes closed was more significantly increased than 
while standing with eyes open, or on pillows with eyes 
open. The weight distribution index was significantly 
higher when standing with eyes closed, or head back-
ward than in standing on pillows. 

The Fourier index of the patients was significantly in-
creased at each different position at low, low-medium, 
and high frequencies. The Fourier index at a high fre-
quency was significantly higher in standing on pillows 
with eyes closed, or with the head turning right/left/
backward/forward (Table 2). There was no significant 
difference of the synchronization indices between the 
patient and control groups in the eight positions (Table 3). 
The fall index of the patient group was 82.0±14.4 (range 
58-100), and significantly higher than that of the control 
group (8.2±4.2, range 2-14).

Correlation between LEMS, K-BBS, TUG, K-MBI and 
posturographic parameters of the patient group

The average of LEMS was 32.5±5.2 (range 24-39), K-BBS 
40.4±8.1 (range 28-53), TUG 29.0±19.8 seconds (range 
8-62), and K-MBI 82.0±7.0 (range 72-93). 

The fall index of patients did not significantly correlated 
with LEMS, but correlate with K-BBS, TUG, and K-MBI. 
The LEMS of the patients had a significant correlation 
with the synchronization indices between the toe and 
heel plates, and both toe plates (Table 4). 

DISCUSSION

Posturographic parameters of the patients in quiet 
standing were compared with those of the healthy control 
group in this study. Higher stability and weight distribu-
tion indices of the patients could suggest a lack of overall 
stability and uneven weight distribution. Even when pa-
tients were standing with eyes open, postural sway was 
induced and transmitted to the foot-plates, causing poor 
stability and uneven weight distribution.

Significantly high stability, weight distribution, and fall-
ing indices regardless of positions suggested that patients 
had poor stability, uneven weight distribution, and a lack 
of overall balance. Even when patients were standing 
with eyes open and staring at the front wall, the stability 
was decreased and the weight distribution was asymmet-

Table 3. Comparison of Synchronization Indices in Eight Positions between the Patient and Control Group 

Position
Left Toe-heel plates Right Toe-heel plates Toe-toe plates Heel-heel plates
Patient Control Patient Control Patient Control Patient Control

Eyes open -728.9±229.5 -824.5±204.0 -767.6±417.3 -874.2±102.5 584.9±258.3 694.7±203.0 700.8±233.9 845.1±120.1

Eyes closed -800.6±158.7 -903.6±92.5 -690.5±354.0 -894.4±75.5 651.5±248.9 732.7±221.7 212.5±256.0 860.6±95.4

Eyes open
 on pillows

-651.1±326.6 -830.7±130.2 -629.1±554.4 -860.8±72.0 554.3±479.3 715.7±237.6 607.3±339.2 776.7±173.1

Eyes closed
 on pillows

-586.1±298.6*-882.3±89.1 -549.6±562.9 -894.8±67.0 584.4±362.7 820.0±70.4 478.7±366.5* 856.0±90.0

Head right -655.4±330.8 -823.8±131.7 -624.8±370.9 -869.7±71.1 492.5±292.4 602.4±293.0 587.5±369.2 707.3±279.4

Head left -690.2±243.4 -802.9±145.8 -695.3±374.1 -793.1±156.5 516.2±380.1 629.8±205.5 515.5±418.6 723.1±262.6

Head
 backward

-790.0±121.4 -848.9±75.8 -716.6±317.9 -879.1±91.4 658.9±191.6 663.5±150.1 659.2±252.7 801.9±108.4

Head
 forward

-726.6±230.2 -857.4±120.8 -772.2±258.7*-895.5±80.4 433.5±496.3 610.6±244.5 656.5±377.3 848.3±137.7

Values are mean±standard deviation
Post-hoc Tukey test was applied among the different positions following a significance on the one-way ANOVA 
(*p<0.05)
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ric because of postural sway. The stability of the patients 
was poorer in standing on pillows with eyes closed than 
those standing with eyes open, or standing on pillows 
with eyes open. The patients were more dependent on 
visual information to compensate for the somatosensory 
impairment when the unstable surface restricted the 
somatosensory sense. Therefore, a patients’ increased vi-
sual restriction decreased their general stability.

In addition, an uneven weight distribution was more 
aggravated in standing with eyes closed, or with the head 
backward than in standing with the eyes open. In other 
words, instability worsened when visual compensation 
was insufficient, and their center of gravity moved pos-
teriorly. It was considered that poor weight distribution 
was intensified with posterior migration of the center of 
gravity, which in turn could influence anteroposterior 
stability. 

No significant difference of the synchronization index 
between the two groups might mean there was an ad-
equate mirror-image compensation between the toe and 
heel plates, and parallel coactive synchronization be-
tween the bilateral toe plates, and heel plates. 

A high Fourier index at low frequency could be caused 
by visual dysfunction. Since we excluded the patients 
with visual problems, a high index was likely because 
of improper visuo-vestibulo-equilibrium feedback. It 

seemed that the patients needed effortful control even 
in quiet standing. A high Fourier index at low-medium 
frequency may be more related to musculoskeletal fa-
tigue than vestibular dysfunction, because patients with 
vestibular disorders were excluded from this study. Fol-
lowing SCI, there were reductions of type 1 and type 2a 
fibers; a loss of muscle bulk; a decrease in fiber-cross-
sectional areas; a reduction in torque; and increased fati-
gability.18 The mean LEMS of the patients were 32.5±5.2. 
Because of the weakness of their lower-extremities, pa-
tients experienced more fatigability when maintaining 
a standing posture. Central nervous system dysfunction 
could make the Fourier index at a high-frequency higher. 
High Fourier index scores were represented by a gradual 
postural tremor. The spinal cord injury blockaded neural 
control and the transmission of posture and movement. 
The process of controlling posture and movement was 
initiated in the sensory association cortices of the pari-
etal, temporal, and occipital lobes. These areas are pro-
jected to the frontal association cortex. The command to 
move was transmitted to the primary motor cortex and 
premotor cortex via the cerebellum and basal ganglia. 
The command for movement was transmitted to the spi-
nal cord motor neurons, indirectly via the brain stem mo-
tor center, or directly via the corticospinal system. Motor 
signals from the spinal cord reached skeletal muscle via 

Table 4. Correlation between LEMS, K-BBS, TUG, K-MBI and Posturographic Parameters

Posturographic parameter Position Correlation coefficient
LEMS Synchronization index Left toe-heel Eyes open   0.67*

Right toe-heel Eyes open on pillows -0.70*

Head left -0.76*

Head forward -0.65*

Heel-heel Head left   0.70*

Head backward   0.66*

Fourier index High frequency Eyes open on pillows   0.81*

K-BBS Fall index -0.72*

TUG Fall index   0.81*

Synchronization index Right toe-heel Eyes open on pillows   0.70*

Heel-heel Head backward -0.60*

K-MBI Fall index -0.71*

Synchronization index Toe-toe Eyes open   0.67*

Fourier index Low frequency Head forward - 0.70*

LEMS: Lower extremity motor score, K-BBS: Korean version of Berg balance scale, TUG: Timed Up and Go Test, K-
MBI: Korean version of modified Barthel index
*p<0.05
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peripheral nerves and the neuromuscular junction. The 
motor system was controlled, coordinated, and inte-
grated by neural regulating factors and neural networks 
not only from the corticospinal tract but also from the re-
ticulospinal, vestibulospinal, and rubrospinal tracts, the 
cerebellum, and basal ganglia.19 

In the Fourier index at a low-medium frequency, there 
was no significant difference between the two groups 
when the patients were standing with their eyes open, 
even while on pillows to restrict somatosensory function. 
However the index in standing with eyes closed was sig-
nificantly higher than in the control group. Visual restric-
tion could worsen the somatosensory impairments of pa-
tients. It was important to apply the visual input properly 
to compensate instability.

Lower-extremity power had significant correlation 
with several synchronization indices, and no correlation 
with stability, weight distribution, and fall indices. Two 
patients out of 10 scored grade 1 on the manual muscle 
test for the right ankle dorsiflexor, extensor hallucis lon-
gus, and ankle plantar flexor muscles. Other key muscles 
scored higher than grade 2 (mostly grades 3, 4) on the 
manual muscle test.

As the LEMS increased for the right lower-extremity, 
the synchronization index between the right toe and heel 
plates declined. This meant that the lower-extremities 
power intensified the compensatory relationship be-
tween both plates. There was no correlation with the left 
side because left lower-extremity power showed little 
difference of manual muscle test grade scores within 
patients. Stronger muscle power was associated with 
higher synchronization indices between both toe plates, 
especially when standing with the head turned left, or 
backward. It seemed that increments of lower-extremity 
power helped synchronize reactions between those 
plates. Lower-extremity power and synchronization 
had significant correlation especially when the patients 
were standing without visual input, or with a posture to 
provoke instability. In circumstances to induce postural 
sway, the patients who had a more powerful strength of 
lower-extremities demonstrated better control of fine 
pedal movement. 

LEMS had no significant correlation with stability, 
weight distribution, and fall indices. This suggests that 
muscular power alone was insufficient to maintain quiet 
standing because proprioceptive impairment was still 

an important factor affecting stability in quiet standing, 
evenness of weight distribution, and risk of falling. 

Lower-extremity power was crucial to walk properly. It 
had significantly correlated with predictive parameters of 
ambulation.4,11 It has been one of the prime factors influ-
encing postural balance.11 This study revealed that lower 
extremity power had a significant effect on postural bal-
ance of the patients, not in terms of overall stability and 
weight distribution, but, in terms of pedal synchroniza-
tion. 

K-BBS, TUG, and K-MBI showed a significant correla-
tion with the fall index, and no correlation with other 
posturographic parameters. The fall index reflected the 
results of stability, Fourier, and synchronization indices. 
Such an overall balance index was affinitive to clinical 
balance tests, or activities of daily living. The fall index 
might be used to predict a possibility to ambulate, and 
to measure the independence of people with incomplete 
spinal cord injuries. Past studies have reported that pos-
tural instability could cause a dependency of daily activi-
ties, and a deterioration in the quality of life.2,11 The fall 
index was related to a possibility to move and walk safely, 
the degree to be assisted by caregivers, and the ability to 
live a quality life. 

One of limitations of this study was that subjects of the 
patient group numbered only 10 people. We did a care-
ful interpretation of datum to avoid a hasty generation 
mistake. Candidate recruiting was difficult because of 
the required inclusion criteria of this study. Patients with 
incomplete spinal cord injuries, some ability to walk, and 
with no specific conditions or diseases which could influ-
ence the study were few. We need to perform more stud-
ies and interpretations with a larger group of patients. 
Also, careful interpretations of the Fourier index was 
needed, because test-retest reliability was more insuffi-
cient than that of the stability index,20 even though it was 
theoretically possible.  

CONCLUSION

The quiet standing balance of patients with incomplete 
cervical injuries was influenced by an unstable floor sur-
face which could limit somatosensory input, and was fur-
ther decreased by insufficient visual compensation. We 
should try to improve postural balance, gait, functional 
independence, and quality of life in incomplete spinal 
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cord injury patients with proper proprioceptive and 
strength training for better postural and pedal control, 
making efforts to minimize environmental hazards.
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