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Objectives: Postural imbalance is a common disorder in acute stroke patients that increases 
the risk of falls and functional limitations. Technology-based postural exercises with visual 
feedback, such as personal balance feedback (PBF), offer an innovative approach to accelerate 
postural stability recovery. This study aimed to evaluate the effect of postural exercises using 
PBF on trunk control, foot pressure distribution, body sway, and balance in acute stroke 
patients.

Methods: This study was a randomized controlled trial with 41 acute stroke patients divided 
into an intervention group (n=20) and a control group (n=21). The intervention group 
received weight shift modification-based postural training with PBF, while the control group 
underwent weight shift training without PBF. The evaluation included trunk control using the 
Trunk control test (TCT), analysis of support and body sway with PBF, and balance using the 
functional reach test (FRT). 

Results: The intervention group showed significant improvements in trunk control (P=0.000), 
mediolateral body sway (P=0.000), anteroposterior body sway (P=0.000), and balance 
(P=0.000). However, the foot distribution did not experience significant changes (P=0.551). 
In the control group, only the balance variable showed significant changes (P=0.017), while 
the other variables did not show significant changes. The results of the between-group effect 
test showed significant differences in all variables, namely trunk control (P=0.000), foot 
support distribution (P=0.002), mediolateral body sway (P=0.000), anteroposterior body sway 
(P=0.000), and balance (P=0.000). This suggests that PBF training improved postural control 
in acute stroke patients and may enhance task-oriented practice.

Discussion: The conclusion of this study is that weight shift exercises modified with PBF 
significantly improve trunk control, reduce mediolateral and anteroposterior body sway, and 
improve functional balance in patients with acute stroke.
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Highlights 

• PBF postural training positively affects trunk control and functional balance in acute stroke patients.

• The PBF intervention appeared to be effective in reducing mediolateral and anteroposterior body sway, indicating 
an improved control of the center of gravity of the body.

• ⁠All postural stability parameters tested showed significant between-group differences emphasizing the clinical ben-
efit of realtime visual feedback in training for weight shifts.

• ⁠Within-group changes in foot pressure distribution were not significant, suggesting that the acute four-day protocol 
is likely too short to achieve weight-bearing symmetry.

• ⁠Use of PBF accelerates the neuromuscular response to body positioning during early rehabilitation, which allows 
the stroke patient to integrate visual and proprioceptive sensory inputs simultaneously.

Plain Language Summary 

Stroke often causes problems with balance and body control, making everyday activities more difficult and increas-
ing the risk of falls. Early rehabilitation is important to help patients regain movement and independence. This study 
examined whether postural training using Personal Balance Feedback (PBF), a device that provides real-time visual 
feedback on body movement and weight distribution, could improve balance in people with acute stroke. Forty-one 
patients were randomly assigned to either postural training with PBF or standard training using weight shift without 
visual feedback. Patients receiving PBF training showed greater improvements in trunk control (roll to weak and strong 
sides, balance in a sitting position, and sit-up from lying down), trunk stability (body sway), and functional balance 
compared with those receiving standard training. However, postural training using PBF significantly improved foot 
pressure distribution balance than standard training using weight shift training during the short intervention period. 
These findings suggest that adding real-time visual feedback to early stroke rehabilitation may help patients recover 
balance more effectively by allowing them to correct postural instability in real-time. Improved balance may reduce the 
risk of falls, increase confidence in daily activities, and support a faster return to independence. PBF may be a valuable 
adjunct intervention for improving postural stability in acute stroke.

Introduction 

troke is a clinical cerebrovascular disease 
with high morbidity, mortality, and dis-
ability rates, and has a heavy economic 
impact on families and communities [1]. 
Stroke also impairs neurological function 

due to blockage or rupture of blood vessels flowing to 
the brain [2, 3]. 

Blockage or rupture of blood vessels flowing to the 
brain results in decreased neurological function [4]. Pa-
tients will experience motor disorders such as loss of 
muscle control, movement, or mobility [5]. Stroke sur-
vivors usually experience long-term difficulties in per-
forming daily activities and limitations in social life [6] 
and an inability to control posture, resulting in a high risk 
of falls and decreased postural stability [7].

Postural stability is the ability to shift weight onto para-
lyzed lower limbs. It is a prerequisite for functional mo-
bility skills, such as rising from a chair, reaching while 
standing, and walking [8]. Perceptual dysfunction, sen-
sory loss, poor motor recovery in the lower limbs, spas-
ticity, muscle weakness, and decreased trunk control [9].

Trunk control is a major predictor of functional out-
comes and hospital stay after stroke [10]. Trunk control 
acts as the central segment that helps maintain the center 
of gravity (COG) as the base of support (BOS) or the 
foundation of the body [11, 12]. The BOS, which is the 
foundation that supports the body, must remain at the 
COG [13]. The Trunk control test (TCT), which has a 
validity coefficient of 0.76, is used to assess trunk con-
trol [14]. 

S
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Body sway plays an active role in determining pos-
tural stability [12]. Increased body sway reflects poorer 
postural stability and means that the body is less able to 
maintain balance effectively [1]. Body sway is also in-
fluenced by the vestibular system, which integrates input 
from the eyes and proprioceptors (sensors of body and 
joint position) to produce an accurate perception of the 
body’s position in space [9]. 

In stroke, there is an imbalance in the distribution of 
foot pressure or body weight between the affected (pa-
retic) and unaffected (non-paretic) limbs [15]. Stroke pa-
tients tend to put more weight on their healthy leg. This 
imbalance in weight distribution makes it difficult to 
stabilize the center of mass (COM) above the BOS [16]. 
This disorder causes patients to rely on the healthy side 
of their body, resulting in the weaker side being less in-
volved in maintaining balance and postural coordination 
[12]. The distribution of weight bearing also affects the 
vestibular system, namely, balance [9]. Postural stabili-
zation refers to the ability to maintain body balance [17]. 

Balance is crucial for maintaining stability and control-
ling body movements [3, 18]. Balance refers to the ability 
to maintain the COM above the BOS [19]. The balance 
measurement tool for stroke is the functional reach test 
(FRT), which has a validity score of 0.71 [20]. Balance 
depends on the integration of sensory and motor systems 
by the central nervous system, which assigns different 
weights to sensory input from the visual, somatosensory, 
and vestibular or balance systems [19]. 

Stroke causes common balance problems that increase 
the risk of falls [21]. A total of 83% of patients with acute 
stroke develop postural imbalance and an increased risk 
of falling, ranging from 7% in the first week after stroke 
to 73% in the first year after discharge from hospital [7]. 
Therefore, exercises that target postural stabilization, 
such as postural exercises, are recommended [18, 22].

Postural exercises target improving postural stabil-
ity by better controlling body sway [17, 23]. Exercises 
aimed at maintaining body posture, especially when per-
forming postural exercises that lead to improved postural 
stabilization [24]. 

Previous studies have shown that certain exercises for 
postural stabilization using robots can promote rapid 
recovery of balance and motor function [25–27]. Exer-
cises using visual feedback can improve trunk stability 
in patients with stroke [21, 28–30]. One tool that can 
be used to improve postural stabilization is personal 
balance feedback (PBF). PBF has been registered as a 

simple patent with patent number IDS00001023. PBF is 
a tool consisting of scales and a smart belt. Patients are 
instructed to stand on the device and wear a smart belt. 
This will display the patient’s body sway and weight 
distribution on the monitor screen in real-time. Patients 
are instructed to straighten their bodies using the moni-
tor screen.

Previous studies related to interventions that can im-
prove postural stability in stroke patients have been con-
ducted on patients with chronic stroke [8, 19, 26, 28, 31]. 
Therefore, there are still limitations in studies discussing 
postural stability interventions in acute stroke patients. 
Therefore, this study focuses on postural control exercis-
es in acute stroke so that it can be used as a reference for 
providing appropriate interventions in the acute phase.

Materials and Methods

Design and participants

This was a randomized controlled trial conducted at 
Rumah Sakit Pusat Otak Nasional Prof. Dr. dr. Mahar 
Mardjono (RS PON)/Prof. Dr. dr. Mahar Mardjono Na-
tional Brain Center Hospital. A total of 41 patients with 
acute stroke (≤48 hours) who met the inclusion criteria 
were randomly assigned to the intervention and control 
groups. Participants in the intervention group performed 
postural exercises using PBF while standing with both 
feet shoulder-width apart on a smart scale and wearing a 
smart belt. A walker was provided in front of the patient 
to prevent falls. Real-time visual feedback on foot pres-
sure distribution and body tilt was displayed on a moni-
tor in front of the participant. The exercise protocol con-
sisted of anteroposterior body sway, mediolateral body 
sway, and foot weight distribution. Participants were 
instructed to shift their weight to the paretic side while 
observing the visual feedback. The duration of each ses-
sion was gradually increased based on the principles of 
exercise overload and neural rehabilitation: 5 minutes on 
day 1, 10 minutes on day 2, 15 minutes on day 3, and 20 
minutes on day 4. This progression was adapted from 
previous early mobilization protocols in acute stroke re-
habilitation.

The control group received standard weight shift train-
ing. Evaluations were conducted before and after the 
intervention using TCT, FRT, and data from PBF for 
body sway (anteroposterior and mediolateral) and foot 
distribution. Statistical analysis was performed using the 
Mann-Whitney test and independent t-test with a signifi-
cance level of P<0.05.

Kurnia Yuda W, et al. Personal Balance Feedback Enhances Acute Stroke Postural Stability. IRJ. 2026; 24(2):207-218.

https://irj.uswr.ac.ir/


210

2026, Volume 24, Issue 2

Data collection 

Participants were recruited from the inpatient ward of 
the RS PON in Jakarta based on inclusion and exclu-
sion criteria. The inclusion criteria were patients with a 
diagnosis of ischemic stroke confirmed by a neurologist, 
patients with stable hemodynamics confirmed by the at-
tending physician, patients who were conscious and co-
operative in communication, patients who were able to 
sit on the second day after stroke onset, and patients who 
had a minimum motor strength of 3. The exclusion cri-
teria were infarcts in the cerebellum and brainstem, joint 
deformities, and contractures affecting gait and balance. 
The dropout criterion was the inability to stand on the 
third day after stroke onset.

Participants were randomly allocated to the interven-
tion or control group using a computer-generated random 
sequence created by an independent statistician who was 
not involved in participant recruitment or outcome as-
sessment. A simple randomization method with a 1:1 al-
location ratio was applied. Allocation concealment was 
ensured using an online spinner with numbers 1 and 2, 
where 1 was the intervention group and 2 was the con-
trol group. This procedure minimized selection bias and 
ensured that the researchers responsible for recruitment 
did not know the group allocation prior to assignment.

Data and information selected based on characteristics 
related to inclusion were processed and analyzed objec-
tively and systematically from the data obtained. Trunk 
control was assessed using the TCT, demonstrating good 
construct validity (r=0.76) and excellent inter-rater reli-
ability (intraclass correlation coefficient [ICC]>0.90) in 
stroke populations, which consists of four items: Roll-
ing to the healthy side, rolling to the weak side, sitting 
up from a lying position, and maintaining a sitting po-
sition for 30 seconds. Functional balance was assessed 
using the FRT, widely used in stroke rehabilitation, and 
showed acceptable validity (r=0.71) and high test-re-test 
reliability (ICC>0.85) by measuring the maximum dis-
tance that participants can reach forward without losing 
balance. Body sway (anteroposterior and mediolateral) 
and right-left foot distribution were measured using the 
PBF system, which was previously tested for measure-
ment consistency in pilot studies, demonstrating accept-
able agreement, which provided a visualization of the 
participant’s body weight while standing and body sway.

Results

Data normality was assessed using the Shapiro-Wilk 
test. As most variables did not follow a normal distri-

bution, non-parametric tests were applied. Within-
group comparisons were analyzed using the Wilcoxon 
signed-rank test, while between-group differences were 
assessed using the Mann–Whitney U test. Effect sizes 
were calculated using r values to determine the magni-
tude of the intervention effect. Statistical significance 
was set at P<0.05.

The characteristics of respondents in the intervention 
and control groups showed a balanced demographic 
and clinical distribution. Most respondents were male in 
both groups (intervention: 80%; control: 76.19%). The 
average age was similar between the intervention group 
(60.30±8.48 years) and the control group (57.62±9.85 
years). The most common medical history was hyperten-
sion (intervention: 45%; control: 33.3%). The distribu-
tion of body sway direction showed a striking difference, 
where the majority of respondents in the control group 
experienced a shift towards the paretic side (90.5%), 
while in the intervention group, it was more evenly dis-
tributed between paretic (45%) and non-paretic (55%).

The baseline demographic and clinical characteristics 
of the participants are presented in Table 1. The inter-
vention and control groups showed comparable distri-
butions in terms of sex, age, medical history, and body 
sway direction, indicating similar baseline characteris-
tics between the two groups. The normality and homoge-
neity test results are presented in Table 2. Data normality 
was assessed using the Shapiro–Wilk test, followed by 
Levene's Test to evaluate the homogeneity of variance 
between the intervention and control groups.

The Shapiro-Wilk test results showed that all variables 
in the intervention and control groups, such as trunk con-
trol, foot support distribution, mediolateral and antero-
posterior body sway, show abnormal results (P<0.05) 
except for the balance variable in the intervention group.

The homogeneity test using Levene’s test showed that 
most variables had a significance value <0.05, particu-
larly foot support distribution, mediolateral body sway, 
and anteroposterior body sway, which means that the 
data on these variables were not homogeneous between 
groups. Conversely, the trunk control and balance vari-
ables had a significance value >0.05; therefore, data on 
these variables were declared homogeneous.
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The effect of postural training on postural stability 
in acute stroke 

Determining the effect of postural training on postural 
stability using several measurements, namely the TCT 
to analyze trunk control, PBF to observe body sway and 
foot distribution, and the FRT to measure balance. The 
results of the measurements show the effect of postural 
training on postural stability in acute stroke in the inter-
vention and control groups.

The results of the analysis showed that the intervention 
group experienced a significant increase in trunk control, 
body sway (mediolateral and anteroposterior), and bal-
ance before and after the intervention (P<0.05). In con-
trast, the control group only showed a significant effect 
on the balance variable. Furthermore, the foot distribu-
tion variable did not show a significant effect in either 
the intervention or control groups.

The effect of intergroup postural training on 
postural stability in acute stroke

Hypothesis testing was performed on the mediolateral 
body sway, anterolateral body sway, and mediolateral 
body sway variables using the Mann-Whitney test and 
the foot distribution and trunk control variables. Mann-
Whitney analysis was used to compare the differences 
between the intervention and control groups on various 
postural stability parameters.

The results of the analysis showed significant differenc-
es between the values of all variables tested. Specifically, 
significant differences were observed between the two 
groups tested in terms of trunk control, foot distribution, 
mediolateral body sway, anteroposterior body sway, and 
balance. The intervention group demonstrated signifi-
cant improvements in trunk control, mediolateral body 
sway, anteroposterior body sway, and functional balance 
after postural training with PBF (Table 3). In contrast, the 
control group showed a significant improvement only in 
functional balance, while the other outcome measures 
remained unchanged. Between-group analysis revealed 

Table 1. Respondent characteristics 

Respondent Characteristics
No. (%)/Mean±SD

Intervention (n=20) Control (n=21)

Gender
Male 16(80) 16(76.19)

Female 4(20) 5(23.81)

Medical history

DM 2(10) 2(9.50)

HT 9(45) 7(33.30)

Dyslipidemia 3(15) 5(23.8)

DM and HT 3(15) 4(19)

HT and dyslipidemia 2(10) 3(14.30)

DM, HT, dyslipidemia 1(5) -

Age

60.30±8.48 57.62±9.85

40-49 2(10) 5(23.80)

50-59 6(30) 6(28.56)

60-69 10(50) 8(38.08)

70+ N 2(10) 2(9.52)

Body sway
Towards paretic 9(45) 19(90.50)

Towards non-paretic 11(55) 2(9.50)

DM: Diabetes melitus; HT: Hypertension.�
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Table 3. The effect of postural exercise on postural stability in acute stroke 

Variables
Mean±SD

P
Pre-test Post-test

Control trunk with TCT
Intervention 83.35±7.14 99.40±2.68 0*

Control 83.24±7.86 86.29±9.19 0.140

Foot distribution with PBF
Intervention 2.30±3.14 2.69±4.39 0.551

Control 5.91±5.99 5.85±6.07 1.000

Body sway mediolateral 
with PBF

Intervention 7.50±4.48 3.31±2.80 0*

Control 4.71±3.24 4.15±2.78 0.180

Body sway anteroposterior 
with PBF

Intervention 13.50±8.07 6.96±7.35 0*

Control 8.98±5.34 8.91±5.39 0.593

Balance
with (FRT)

Intervention 25.35±4.96 29.32±4.56 0*

Control 21.48±3.81 22.43±4.40 0.017*

�

Abbreviations: TCT: Trunk control test; PBF: Personal balance feedback; FRT: Functional reach test.

*Wilcoxon test P<0.05.

significant differences in trunk control, foot pressure dis-
tribution, mediolateral body sway, anteroposterior body 
sway, and functional balance, favoring the PBF interven-
tion (Table 4).

Range of motion of the joint on the non-paretic side 
will increase. Meanwhile, in stroke patients who experi-
ence body sway towards the non-paretic side, this is due 
to spatial neglect, where patients experience distortion in 
the coordinates that are normally used to distribute this 

Table 2. Normality and homogeneity test results

Variables
Mean±SD Shapiro-Wilk

Levene’s Test
Intervention Control

Trunk control
Intervention 17.05±6.90 0

0.595
Control 3.05±7.14 0

Foot distribution
Intervention 1.68±3.24 0

0.017
Control 0.22±0.69 0

Body sway mediolateral
Intervention 4.19±4.66 0.003

0
Control 0.55±2.35 0

Body sway anteroposterior
Intervention 6.61±7.33 0.003

0
Control 0.18±0.48 0

Balance
Intervention 3.97±2.39 0.295*

0.163
Control 0.95±1.62 0

*Data is normally distributed.�
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is because when is movement in the joint the joint will 
experience muscle contraction and increase somatosen-
sory body weight on both legs when standing [37]. In 
some patients, the mid-sagittal plane used as a postural 
reference may shift to the side of the lesion and undergo 
contralateral rotation in the long body axis, resulting in 
body sway to the non-paretic side [38].

Discussion

The principal finding of this randomized controlled 
trial was that postural training using PBF significantly 
improved postural stability in patients with acute stroke 
compared with standard training, with a predominance 
of men (78%) over women (22%). This gender compo-
sition is commonly found in studies of elderly popula-
tions related to hypertension and chronic diseases. For 
example, the Sleman HDSS (Yogyakarta) study showed 
that hypertension was more common in men (42%) 
than women (38%). In addition, global data also show a 
slightly higher prevalence of high blood pressure in men 
than in women before the age of 50–60 years [32]. 

The largest age group was 60–69 years (34.1%), fol-
lowed by 50–59 years (29.3%), 70+ (22%), and 40–49 
years (14.6%). This is consistent with the trend of in-
creasing stroke prevalence, in which age is associated 
with stroke incidence [33]. In older adults, postural sta-
bility declines, with a gradual decrease in the strength of 
the ankle stabilizing muscles, leading to dependence on 
the hip strategy with delayed activation of the trunk and 
thigh muscles, especially when performing activities and 
provoking a stable upright posture [34].

Most respondents had a history of hypertension 
(70.7%), while diabetes mellitus (29.3%) and dyslip-
idemia (34.1%) were also high. Hypertension is a risk 
factor for cerebrovascular disease, the leading cause of 

death [35]. Dyslipidemia plays a complex role in cere-
brovascular disease, which has a strong association be-
tween cholesterol and ischemic stroke [33].

Stroke patients in this study experienced more body 
sway toward the paretic side (n=28). Stroke patients of-
ten experience muscle weakness on the paretic side due 
to damage to the corticospinal tract, which interferes 
with motor unit recruitment. This condition reduces the 
ability of the paretic limb to bear weight, causing the pa-
tient’s body weight to shift the CoM to the non-paretic 
side as compensation. Stroke patients who experience 
muscle weakness on one side will experience body sway 
toward the paretic side for reasons of safety and speed 
[36]. This is because when there is movement in the 
joint, the joint will experience muscle contraction and 
increase somatosensory input and muscular input, so that 
the range of motion of the joint on the non-paretic side 
will increase. Meanwhile, in stroke patients who experi-
ence body sway towards the non-paretic side, this is due 
to spatial neglect, where patients experience distortion 
in the coordinates that are normally used to distribute 
body weight on both legs when standing [37]. In some 
patients, the mid-sagittal plane used as a postural refer-
ence may shift to the side of the lesion and undergo con-
tralateral rotation in the long body axis, resulting in body 
sway to the non-paretic side [38].

The effect of postural training with PBF on postural 
stability in acute stroke. The intervention group experi-
enced a very significant increase from a mean value of 
83.35±7.14 at baseline to 99.40±2.68 at the final mea-
surement (P=0.000), while in the control group, the in-
crease from 83.24±7.86 to 86.29±9.19 was not signifi-
cant (P=0.140). Physiologically, this increase is closely 
related to the involvement of major postural muscles, 
such as the erector spinae, obliquus abdominis, and rec-
tus abdominis muscles, which play a role in maintain-

Kurnia Yuda W, et al. Personal Balance Feedback Enhances Acute Stroke Postural Stability. IRJ. 2026; 24(2):207-218.

Table 4. The between-group effect of postural exercise on postural stability in acute stroke

Variables
Mean±SD

P*

Difference

Trunk control 9.88±9.92 0

Foot distribution 0.93±2.43 0.002

Body sway mediolateral 2.33±4.05 0

Body sway anteroposterior 3.32±6.02 0

Balance 2.42±2.52 0

*Mann-Whitney test P<0.05.�
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ing body balance and trunk stability [39]. Task-oriented 
postural exercises can increase neuromuscular activation 
and strengthen trunk control through the principles of 
neuroplasticity, such as visual feedback [40]. Exercises 
using PBF help patients integrate visual and propriocep-
tive sensory input simultaneously, accelerating neuro-
muscular responses to body position. 

A study by [28] supports these findings, in which vi-
sual feedback training showed significant improvements 
in trunk muscle activation and balance in patients with 
hemiplegic stroke. Other studies have also shown that 
postural training can improve trunk control in stroke, 
which is consistent with this study [3, 13, 41]. The trunk 
ensures that the center of pressure remains above the 
BOS, allowing the body to maintain balance and re-
duce body sway. Impaired trunk control is associated 
with delayed motor development and reduced functional 
mobility [12, 41]. In conditions such as stroke or other 
neurological disorders, trunk control is often impaired, 
affecting the patient’s posture, balance, and functional 
abilities. 

In the distribution of foot pressure measured with PBF, 
neither the intervention nor the control group showed 
significant changes, with the intervention group increas-
ing slightly from 2.30±3.14 to 2.69±4.39 (P=0.551) and 
the control group decreasing slightly from 5.91±5.99 to 
5.85±6.07 (P=1.000). This indicates that biomechanical 
changes, such as symmetry of weight bearing, require 
a longer training duration. According to [8]. Six weeks 
of training are needed to change the weight distribution 
pattern after a stroke. In the physiological distribution 
of weight on the feet after a stroke, patients tend to de-
velop compensatory strategies by distributing their body 
weight more predominantly on the non-paretic side [34]. 
This is due to muscle weakness, sensory disturbances, 
and decreased body perception on the paretic side, so 
that the motor system tends to maintain this compensato-
ry pattern to avoid the risk of falling. According to [42], 
asymmetry in weight distribution is a common condition 
after a stroke. 

Foot pressure distribution is highly dependent on the 
integrity of the proprioceptive system and body aware-
ness, which are often impaired after a stroke [43]. Al-
though visual feedback can help strengthen visual con-
trol, proprioceptive disturbances on the paretic side make 
it difficult for patients to internally correct their weight 
distribution [44]. In the intervention group, despite the 
use of visual feedback, each individual’s neurocognitive 
response varied. Visual feedback requires good cogni-
tive capacity and visual attention, which not all stroke 

patients may have, especially those with working mem-
ory impairment or attention deficits [45]. 

This can hinder the effectiveness of interventions in 
some participants. Significant changes in foot distri-
bution require not only shifting exercises, but also leg 
muscle strengthening exercises, dynamic balance exer-
cises, and the integration of adaptive postural strategies. 
If the intervention focuses only on shifting, even with 
feedback, the results may be limited [46].

The mediolateral body sway variable showed a signifi-
cant decrease in the intervention group from 7.50±4.48 
to 3.31±2.80 (P=0.000), while the control group expe-
rienced a non-significant decrease from 4.71±3.24 to 
4.15±2.78 (P=0.180). In anteroposterior body sway, the 
intervention group also experienced a significant de-
crease from 13.50±8.07 to 6.96±7.35 (P=0.000), while 
the control group experienced a slight, insignificant de-
crease from 8.98±5.34 to 8.91±5.39 (P=0.593), indicat-
ing an improvement in the ability to maintain body tilt 
above the COG. This indicates that body sway is related 
to improved proprioceptive function and strengthen-
ing of the stabilizing muscles in the hips and trunk. The 
trunk functions as a central segment that helps main-
tain the body’s COG in the BOS [44]. Body sway is the 
movement of maintaining the body when the trunk rolls 
and tilts, which is a measure of postural stability to dis-
tinguish individuals with balance disorders or balanced 
body control [12]. Trunk movement control is necessary 
to maintain body balance and achieve smooth move-
ments. Trunk control is a major contributor to balance 
and functional mobility [47]. 

This shows that exercises with visual feedback can ac-
tively improve postural stability. Body sway is related 
to natural movement and occurs when a person tries to 
maintain an upright posture while standing or perform-
ing activities [19]. This movement represents the body’s 
adjustment to maintain the COM within the BOS to pre-
vent falling.

Previous studies have shown that postural training can 
change right and backward body sway [44]. These find-
ings are consistent with a study by [48], which stated 
that dynamic balance training significantly reduced body 
sway, particularly in the mediolateral direction, which is 
most commonly impaired after stroke. This is important 
because excessive sway is closely associated with the 
risk of falling [49].
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Meanwhile, in the balance variable measured by FRT, 
the intervention group experienced a significant increase 
from 25.35±4.96 to 29.32±4.56 (P=0.000), while the con-
trol group also increased from 21.48±3.81 to 22.43±4.40 
with lower significance (P=0.017). Visual, vestibular, and 
somatosensory inputs contribute to maintaining postural 
stability by minimizing excessive sway [21]. Signals 
from the vestibular system help regulate the contraction 
of postural muscles, especially the trunk and limb mus-
cles, so that the body can make automatic adjustments to 
maintain balance and reduce excessive body sway [21, 
50]. The vestibular system integrates input from the eyes 
and proprioceptors (sensors of body and joint position) to 
produce an accurate perception of the body’s position in 
space [51, 52]. The results of the FRT showed a signifi-
cant improvement (P=0.000) in the intervention group. 
This is consistent with previous studies [21, 53–56], 
which show that visual feedback can improve stability 
limits and functional abilities more quickly in both chron-
ic and acute patients. This study has several limitations 
that should be considered when interpreting the findings. 
First, the intervention duration was relatively short (four 
days), and therefore, the long-term effects of PBF training 
remain unknown. Future studies should include follow-up 
assessments at 1 and 3 months post-intervention. Second, 
the sample size was relatively small (n=41), which may 
limit the statistical power to detect differences in second-
ary outcomes. Larger multicenter trials are needed to 
confirm these findings. Third, patients with cerebellar or 
brainstem strokes were excluded, limiting the generaliz-
ability of the results to these populations. Finally, some 
acute stroke patients were unable to tolerate standing bal-
ance training due to fatigue or severe motor impairment, 
which may introduce selection bias toward individuals 
with better early functional capacity.

Conclusion 

Postural training using PBF appears to be effective in 
improving trunk control, reducing body sway, and en-
hancing functional balance in patients with acute stroke 
over a short-term period. However, further research with 
larger sample sizes and longer follow-up periods is re-
quired to determine the sustainability of these effects.
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