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Abstract

This study explores how sensory integration training influences balance recovery in stroke patients
by evaluating muscle activity and the limit of stability (LOS). Twenty-eight individuals participated
and were randomized via computer into either a control (CON; n=15) or sensory integration
training (SIT; n=13) group. Each group underwent interventions five days per week over four
weeks. Both received standard physiotherapy, but the CON group also performed 30 minutes of
general balance exercises, while the SIT group engaged in 30 minutes of sensory integration
training.

Results showed that the SIT group had significantly greater improvements in the activity of the
erector spinae (ES) and gluteus medius (GM) muscles compared to the CON group. Additionally,
LOS gains—both forward and toward the affected side—were notably higher in the SIT group.
These findings suggest that sensory integration training enhances balance in stroke patients by
boosting activation in trunk extensors (ES) and stance-limb muscles (GM) and expanding stability
limits.
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1. Introduction

Balance impairments in stroke survivors often stem from limited mobility, muscle weakness or tone
changes, sensory deficits, abnormal postural responses, and cognitive issues["1]. These
impairments hinder daily activities and amplify fall risk[*2]. A crucial factor is the inadequate
central integration of somatosensory, visual, and vestibular inputs, which normally helps
compensate for a weakened sense["3].

In healthy individuals, standing posture relies heavily on somatosensory feedback from foot
pressure, ankle mechanoreceptors, and muscle proprioceptors[*4]. Yet, stroke often damages these
inputs in the lower limb, making central integration essential for maintaining balance["1,%5].
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Sensory integration can be improved through tailored exercises that alter the sensory environment,
such as standing on foam or performing tasks with occluded vision["5].

Assessment tools for stroke-related balance issues include EMG of trunk extensors and stance-limb
muscles, and measurements of LOS, which reflects how far the center of pressure (COP) can move
without losing balance["6—8]. Although balance training under sensory-conflicted conditions is
thought to strengthen multisensory integration and improve balance["3], little research has
examined its effects on muscle activity and COP stability in stroke patients.

This study, therefore, investigates how sensory-integration-based balance training affects trunk and
stance-limb muscle activity and LOS in individuals who have had a stroke.

2. Methods

2.1 Subjects

Patients hospitalized in with stroke confirmed by CT or MRI within the last 12 months, and who
could stand unaided for 30 minutes with normal vision and cognition, were eligible. Exclusions
included additional neurological disorders, brainstem or cerebellar stroke, vestibular issues, lower-
limb orthopedic injuries, hemineglect, or pusher syndrome. All participants provided informed
consent.

2.2 Design
Demographic data were collected before randomization. Participants were stratified by gender and
hemiplegic side, then randomly assigned to the CON (n=15) or SIT (n=13) group.

2.3 Intervention

Over four weeks, both groups received standard physiotherapy: 30 minutes of routine therapy, 20
minutes of ergometer training, and 20 minutes of functional electrical stimulation. The CON group
performed 30 minutes of general balance exercises, while the SIT group performed 30 minutes of
sensory integration exercises adapted from Smania et al. (2008) and Gandolfi et al. (2015).

Three progressive levels were used:

1. Level 1: Standing with external COP perturbations on firm ground.

2. Level 2: Weight shifting forward on the affected sidle—CON on firm ground; SIT with eyes
closed or on compliant surface.

Level 3: External perturbations while stepping forward on the affected side—CON on solid ground;
SIT with eyes closed or on compliant surface

2.4 Outcome Measures

LOS was measured in the forward and affected-limb directions using the Biorescue pressure
platform. Participants repeated each test three times, with rest intervals, and averaged the results.
Simultaneously, EMG data were collected for the ES (during forward reach) and GM (on the
affected side) using Biopac MP150. After processing, signals were converted to RMS and
standardized to a reference voluntary contraction (RVC) from a sit-to-stand task.

2.5 Statistical Analysis
Within-group changes (pre- vs. post-) were analyzed with paired t-tests, and between-group
differences in improvement were assessed using independent t-tests. Significance was set at p<0.05.

3. Results

3.1 Participant Characteristics

Both groups (CON: n=15; SIT: n=13) were similar in age, gender, hemiplegic side, stroke type,
height, and weight (Table 1).
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Table-1 General characteristics of the subjects (number or mean+SD)

Variables SIT (n=13) CON (n=15)

Gender (male/female) 6/7 8/7

Paretic side (left/right) 8/5 9/6

Type (infarction/hemorrhage) 10/3 12/3

Age (years) 64.77+11.27 67.47+13.00

Height (cm) 162.31+6.56 161.53+8.58

Weight (kg) 58.92+5.86 55.13+9.43
3.2 Muscle Activity

Both groups showed significant increases in ES and GM activity post-intervention, but the
improvements were significantly greater in the SIT group (Table 2).

Table 2. Comparison of pre and post muscle activity in the SIT and CON (mean+SD)

Variables SIT (meantsd) | CON (meanzsd) t-value P-value

ES Pre 93.72+30.76 101.42432.63 2.22% <0.05
Post 129.12+33.82 118.224+37.82
t-test -6.10* -2.82%
P-value <0.05 <0.05

GM Pre 111.22+31.28 114.704+35.74 2.40% <0.05
Post 161.24+39.09 143.63+43.40
t-test -6.82* 5.64*
P-value <0.05 <0.05

3.3 Limit of Stability

The SIT group—but not the CON group—showed significant improvements in LOS both forward
and toward the affected side. The extent of improvement was also significantly higher in the SIT
group (Table 3).

Table 3.Comparison of pre and post limit of stability in the SIT and CON (mean+SD)
Variables SIT (mean%sd) CON (meanzsd) | t-value | P-value
LF Pre 483.08+160.64 543.20+£307.71 2.67 <0.05

Post 735.54+210.13 565.07+343.84
t-test 4.38 0.34
P-value <0.05 <0.05
LL Pre 390.54+162.66 338.40+170.48 2.08 <0.05
Post 531.77+209.82 375.47+258.35
t-test 3.74 1.11
P-value <0.05 <0.05

4. Discussion

Balance impairments after stroke are multi-factorial, involving muscle weakness, sensory deficits,
and decreased motor coordination[*1]. Sensory integration—able to compensate when one sense is
compromised—is a key component for balance recovery["3]. Activities on unstable surfaces or with
sensory restrictions can stimulate multisensory adaptation["5].

The study found that both general and sensory integration training enhance ES and GM activation,
which is essential for resisting perturbations and stabilizing posture["6,11]. However, gains were
significantly larger in the SIT group, supporting previous findings that unstable-surface training
boosts hip abductor activity[*13].

Moreover, only the SIT group showed improvements in LOS—suggesting enhanced COP control.
Given the roles of ES and GM in forward stability and lateral support, increased activity likely
contributed to expanded LOS["6,13].
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The results confirm that multisensory re-weighting—prioritizing reliable sensory inputs—is critical
in postural control, especially when one sensory modality is impaired, as is often the case after
stroke["5,216]. Sensory integration training may facilitate this re-weighting, improving postural
responses and fall prevention.

Conclusion

Sensory integration balance training more effectively improves post-stroke balance recovery than
general balance exercises. It enhances trunk extensor and hip abductor muscle activity and expands
stability limits, supporting its clinical value in stroke rehabilitation
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