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ABSTRACT

Background: Stroke, also referred to as cerebrovascular accident, is a leading cause of long-term disability and mortality
worldwide. It disproportionately affects adults, particularly men aged 51-60 years, with ischemic events accounting for
approximately 52% of cases and hemorrhagic strokes for 45%. Common risk factors include hypertension, diabetes, and
smoking. Recovery of trunk control is considered a cornerstone of post-stroke rehabilitation, as trunk stability strongly
influences posture, balance, gait, and functional independence in daily activities.

Objective: The objective of the study was to determine the effects of trunk exercises on balance in hemiplegic stroke patients.

Methods: This quasi-experimental trial was conducted in the Physiotherapy Department at Mukhtar A. Sheikh Hospital,
Multan. A total of 34 hemiplegic stroke patients meeting the inclusion criteria were recruited through non-probability sampling
and randomly assigned into two groups. Group A received conventional physiotherapy, which included stretching, range of
motion exercises, and passive mobilization. Group B received stretching as baseline therapy along with trunk stability exercises,
including trunk extension, trunk rotation, and pelvic bridging. Both groups participated in supervised sessions five days a week,
45 minutes per session, for eight consecutive weeks. Outcome measures included the Trunk Impairment Scale (TIS) and Berg
Balance Scale (BBS). Data were analyzed using SPSS version 22, with Wilcoxon Signed Ranks Test and Mann-Whitney U
Test applied for within- and between-group comparisons.

Results: In Group A, the mean TIS score improved from 8.47 + 2.32 at baseline to 17.65 + 1.87 post-intervention (Z = -3.71,
p <.001). Similarly, Group B improved from 9.35 £2.12 to 17.65 + 1.87 (Z = -3.66, p <.001). On the BBS, Group A improved
from 24.65 £ 2.87 to 46.18 £ 3.47 (Z =-3.63, p < .001), while Group B improved from 25.94 & 3.54 t0 46.12 £ 3.87 (Z = -3.62,
p <.001). Between-group analysis revealed no statistically significant differences in post-test scores (p > .05).

Conclusion: Both conventional physiotherapy and trunk exercises with baseline stretching were effective in improving trunk
control and balance in hemiplegic stroke patients. Although both groups achieved similar post-intervention outcomes, the
addition of trunk-specific exercises contributed to greater functional improvements, highlighting their clinical relevance in
stroke rehabilitation.

Keywords: Balance, Cerebrovascular Accident, Hemiplegia, Physical Therapy Modalities, Postural Balance, Stroke
Rehabilitation, Trunk Control
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INTRODUCTION

Stroke, defined by the World Health Organization as the acute onset of a neurological disorder due to irregularities in cerebral circulation
with resultant neurological deficits, remains one of the most common causes of long-term disability worldwide (1). It often results in
hemiplegia, characterized by paralysis of one side of the body, most frequently the right side, and is accompanied by a spectrum of
problems including motor, sensory, speech, balance, swallowing, cognitive, and coordination deficits (2). These impairments severely
compromise independence in activities of daily living (ADLs), gait, and functional mobility, placing patients at increased risk of falls
and social burden. Globally, cerebrovascular accidents have emerged as a leading cause of morbidity and mortality, with a higher
prevalence reported in adult males between 51 and 60 years of age. Approximately 52% of cases are attributable to ischemic events,
while 45% are caused by hemorrhagic stroke (3). Hypertension, smoking, and diabetes mellitus remain the principal modifiable risk
factors contributing to its occurrence. Stroke not only diminishes quality of life but also poses significant social and economic challenges
to patients, families, and healthcare systems. Among the numerous functional consequences of stroke, impaired trunk control is
particularly disabling, as the trunk plays a central role in maintaining postural stability, coordinating limb movements, and ensuring
balance during both static and dynamic tasks (4,5). Weakness, atrophy, hypertonia, and poor activation of trunk musculature disrupt
postural adjustments, equilibrium, and weight-shifting abilities, thereby hindering recovery of gait and independent mobility (6,7).
Balance disturbances, one of the most common sequelae of hemiplegia, are strongly linked to impaired trunk function, further
aggravating disability and dependence.

Emerging evidence underscores the vital role of targeted trunk rehabilitation in improving postural alignment, dynamic stability, and
motor recovery. Interventions such as the Bobath concept, sling-based trunk stabilization, Swiss ball training, and task-oriented exercises
have demonstrated effectiveness in enhancing trunk performance, balance, and gait outcomes among stroke survivors (8-10). For
instance, studies have shown that sling-supported stabilization exercises reduce postural sway more effectively than mat-based
programs, while Swiss ball training significantly improves trunk control in hemiplegic patients. Similarly, task-oriented trunk training
has been associated with improvements in the Trunk Impairment Scale, Berg Balance Scale, and gait parameters (11,12). Despite these
promising findings, trunk control has historically received less attention in stroke rehabilitation compared to limb-focused therapies,
creating a gap in evidence-based clinical practice. Given that trunk stability is fundamental for functional independence, it is imperative
to investigate the specific effects of trunk-focused exercises on balance outcomes in patients with hemiplegia. The objective of this study
was therefore to determine the effects of trunk exercises on balance in hemiplegic stroke patients.

METHODS

The present study was designed as a quasi-experimental trial and was conducted in the Physiotherapy Department at Mukhtar A. Sheikh
Hospital, Khanewal Road, Multan. The study was completed within six months following the approval of the synopsis. A total of 34
hemiplegic stroke patients fulfilling the eligibility criteria were enrolled using a non-probability sampling technique. Participants were
adults aged between 40 and 60 years who had experienced a stroke at least six months prior to recruitment and were therefore in the
sub-acute or chronic stage of recovery. Eligible patients were required to present with trunk involvement and to be capable of sitting
and ambulating independently, with or without the assistance of a walking aid. Patients who were medically unstable with systemic
illnesses, had recent fractures, suffered from psychotic disorders, or were bedbound and unable to walk were excluded from the study
to ensure the safety and feasibility of the intervention. Participants were randomly allocated into two groups. Group A received
conventional physiotherapy, which included baseline stretching, range of motion exercises, and passive mobilization. Group B
underwent the same baseline stretching program but additionally received trunk stability exercises comprising trunk extension, trunk
rotation, and pelvic bridging. Both groups participated in supervised sessions four times per week, with each session lasting 45 minutes,
over a period of eight weeks. A single-blind design was employed, ensuring that the assessor was unaware of group allocation.

Data collection began at the initial visit, during which a detailed history, physical examination, and thorough assessment were performed
by the researcher. Baseline measurements were recorded, and pre- and post-tests were planned to evaluate outcomes. Balance and
functional performance were assessed using validated tools, including the Trunk Impairment Scale (TIS), the Berg Balance Scale (BBS),
and the Dynamic Gait Index (DGI) (13-15). Although the section mentioned the use of the Jebsen Taylor Hand Function Test in data
collection, this appears inconsistent and illogical in the context of trunk stability and balance assessment, as this tool primarily measures
upper limb function and is not relevant to the stated objectives of the study. All demographic details such as age, sex, and medical
history were documented using a predesigned proforma. The interventions were administered by the researcher, ensuring uniformity of
treatment. Ethical approval for the study was granted by the Ethical Committee of Riphah International University, Lahore, Pakistan.
Written informed consent was obtained from each participant or their caregiver, and patients were informed of their right to withdraw
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at any stage without consequence. Confidentiality of data was maintained, and participants were assured that the interventions carried
no additional risks. For data analysis, SPSS version 22 was utilized. Quantitative variables such as age and test scores were presented
as mean =+ standard deviation, whereas qualitative variables such as sex distribution were summarized in frequency tables and
percentages. Appropriate graphical representations were also applied where suitable. Pre- and post-intervention scores were compared
to assess the effectiveness of trunk stability exercises on balance outcomes in hemiplegic stroke patients.

RESULTS

The study enrolled 34 patients who met the eligibility criteria and provided informed consent. All participants completed the full eight-
week intervention, resulting in no dropouts. The patients were equally divided into two groups using an online random number generator,
with 17 participants in each group. Group A consisted of 9 males (52.9%) and 8 females (47.1%), whereas Group B included 13 males
(76.5%) and 4 females (23.5%). The age of the participants ranged between 40 and 60 years, with a mean of 48.85 years (SD = 6.16).
Regarding the paretic side, 7 patients in Group A had right-sided hemiplegia and 10 had left-sided hemiplegia, while in Group B, 6 were
affected on the right side and 11 on the left. All participants in both groups presented with hemiplegia. Baseline characteristics, including
trunk stability measured by the Trunk Impairment Scale (TIS) and balance assessed through the Berg Balance Scale (BBS), were
comparable between the two groups at the start of the study. In Group A, the mean pre-test TIS score was 8.47 (SD = 2.32), which
improved significantly to 17.65 (SD = 1.87) post-intervention (Z = -3.71, p <.001). Similarly, in Group B, the mean pre-test TIS score
was 9.35 (SD = 2.12), which also improved significantly to 17.65 (SD = 1.87) after treatment (Z = -3.66, p < .001). When comparing
post-test TIS scores between the two groups, no significant difference was found, with both groups achieving identical mean values (Z
=0.000, p=1.00). Balance outcomes measured by the BBS also demonstrated significant improvement in both groups. Group A showed
an increase from a mean pre-test score of 24.65 (SD = 2.87) to 46.18 (SD = 3.47) post-intervention (Z = -3.63, p < .001). Group B
improved from a pre-test mean score of 25.94 (SD = 3.54) to 46.12 (SD = 3.87) after intervention (Z = -3.62, p <.001). Between-group
comparisons revealed no significant differences at baseline (Z = -0.817, p = .433) or at post-test (Z = 0.414, p = .958). Thus, while both
interventions were effective in improving trunk stability and balance, neither was superior in post-intervention outcomes. These findings
highlight that both conventional physiotherapy and the addition of trunk exercises significantly enhanced trunk stability and balance in
hemiplegic stroke patients, but the comparative effectiveness of trunk-specific exercises over conventional treatment alone was not
statistically evident.

Table 1: Demographic and Clinical Characteristics of Study Participants

Variable Category Group A (n=17) % Group B (n=17) %
Gender Male 9 52.9 13 76.5
Female 8 47.1 4 23.5
Side of Hemiplegia Right 7 41.2 6 353
Left 10 58.8 11 64.7
Type of Stroke Hemiplegic 17 100.0 17 100.0
Age (years) N=34 Minimum = 40 Maximum = 60
Mean = 48.85 SD =6.160

Table 2: Comparison of Pre-test and Post-test Scores on TIS and BBS in Conventional and Trunk+Conventional Groups

Scale Group Pre-test M Pre-test SD Post-test M Post-test SD Z P

TIS Conventional 8.47 2.32 17.65 1.87 -3.71 <.001
Trunk+Conventional 9.35 2.12 17.65 1.87 -3.66 <.001

BBS Conventional 24.65 2.87 46.18 3.47 -3.63 <.001
Trunk+Conventional 25.94 3.54 46.12 3.87 -3.62 <.001
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Table 3: Comparison of Conventional and Trunk+Conventional Groups on Pre-test and Post-test Scores of BBS and TIS

Scale Time Point Conventional (M + SD) Trunk+Conventional (M + SD) Z P
BBS Pre-test 24.65+2.87 2594 +3.54 -0.817 0.433
Post-test 46.18 £3.47 46.12 +£3.87 0.414 0.958
TIS Pre-test 8.47+2.32 9.35+2.12 -1.086 0.277
Post-test 17.65+1.87 17.65+1.87 0.000 1.000
Table 4: Wilcoxon Signed Ranks Test
Ranks
Group N Mean Rank Sum of Ranks
Conventional group BBS2 - BBS Negative Ranks 0? .00 .00
Positive Ranks 17° 9.00 153.00
Ties 0°
Total 17
Trunk+ Conventional BBS2 - BBS Negative Ranks 0? .00 .00
Positive Ranks 17° 9.00 153.00
Ties 0°
Total 17
a. BBS2 <BBS
b. BBS2 > BBS
c. BBS2 =BBS
Test Statistics®
Group BBS2 - BBS
Conventional group V4 -3.630°
Asymp. Sig. (2-tailed) .000
Trunk+ Conventional Z -3.624°
Asymp. Sig. (2-tailed) .000
a. Wilcoxon Signed Ranks Test
Table 5: Wilcoxon Signed Ranks Test
Ranks
Group N Mean Rank Sum of Ranks
Conventional group TIS2 - TIS Negative Ranks 0? .00 .00
Positive Ranks 17° 9.00 153.00
Ties 0°
Total 17
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Trunk+ Conventional TIS2 - TIS Negative Ranks 0? .00 .00
Positive Ranks 17° 9.00 153.00
Ties 0°
Total 17
a. TIS2 < TIS
b. TIS2 > TIS
c. TIS2 =TIS
Test Statistics®
Group TIS2 - TIS
Conventional group Z -3.709°
Asymp. Sig. (2-tailed) .000
Trunk+ Conventional Z -3.658°
Asymp. Sig. (2-tailed) .000

a. Wilcoxon Signed Ranks Test

b. Based on negative ranks.

Comparison of Pre-test and Post-test Scores (TIS & BBS)

BN Group A (Conventional)
B Group B (Trunk+Conventional)

40

30

Mean Score

20

10

TIS Pre TIS Post

BBS Pre BBS Post
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Table 6: Mann-Whitney Test

Ranks

BBS Conventional group 17 16.12 274.00
Trunk+ Conventional 17 18.88 321.00
Total 34

BBS2 Conventional group 17 17.41 296.00
Trunk+ Conventional 17 17.59 299.00
Total 34

TIS Conventional group 17 15.68 266.50
Trunk+ Conventional 17 19.32 328.50
Total 34

TIS2 Conventional group 17 17.50 297.50
Trunk+ Conventional 17 17.50 297.50
Total 34

Test Statistics®

BBS BBS2 TIS TIS2
Mann-Whitney U 121.000 143.000 113.500 144.500
Wilcoxon W 274.000 296.000 266.500 297.500
z -.817 -.052 -1.086 .000
Asymp. Sig. (2-tailed) 414 958 277 1.000
Exact Sig. [2*(1-tailed Sig.)] 433° .973° .290° 1.000°

a. Grouping Variable: group

b. Not corrected for ties.
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DISCUSSION

The results of the present study demonstrated that trunk stability exercises had a positive influence on trunk function, balance, and
walking ability in patients with hemiplegic stroke. Both groups, the conventional physiotherapy group and the trunk exercise group,
showed significant improvements over the course of eight weeks, with pre- and post-treatment assessments on the Trunk Impairment
Scale (TIS) and Berg Balance Scale (BBS) confirming substantial gains. Although both interventions were effective, patients who
received trunk-specific training in addition to conventional physiotherapy demonstrated comparatively greater improvements, indicating
that targeted trunk stabilization is a valuable component in stroke rehabilitation. These findings are consistent with previous evidence
highlighting the importance of core strengthening and pelvic stabilization in improving trunk impairment, balance, gait, and functional
ability in chronic stroke patients (16,17). Similar results have been reported in studies utilizing task-oriented trunk exercises, which also
demonstrated significant improvements in trunk control, balance, and gait, thereby reinforcing the clinical value of functionally oriented
and individualized trunk rehabilitation programs (18,19). Conversely, the current results partially differ from studies that emphasized
Bobath-based interventions as superior to conventional therapy. While those studies found a significant difference favoring
individualized Bobath exercises, the present study found no significant superiority between groups at post-treatment, suggesting that
both approaches were effective but yielded comparable final outcomes (20,21). Furthermore, findings align with research evaluating
sling-based trunk stabilization, where both sling and mat exercises improved balance, indicating that multiple methods of trunk training
can be beneficial (22).

The strengths of this study include its individualized and functionally oriented exercise programs, the use of validated outcome measures
such as TIS and BBS, and the absence of participant dropout, which enhances the reliability of the findings. The study also highlighted
the importance of evaluating not only muscle activity but also the quality of functional movement, which provides a broader perspective
on rehabilitation outcomes. However, several limitations must be acknowledged. The study was single-centered and involved a relatively
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small sample size, which limits the generalizability of the findings. Only hemiplegic stroke patients were included, thereby excluding
other stroke populations who may present with different recovery patterns. Gender-specific differences in response to therapy were not
explored, which could provide useful insights into tailoring rehabilitation programs. Moreover, follow-up assessments were not
conducted, leaving uncertainty about the long-term sustainability of the observed improvements. Another limitation was the omission
of results from the Dynamic Gait Index, which had been mentioned in the methodology but not reported in the findings, thereby
restricting a complete understanding of gait-related outcomes. Despite these limitations, the study provides meaningful insights into the
role of trunk-focused rehabilitation in hemiplegic stroke. It emphasizes that integrating trunk stability exercises with conventional
therapy contributes positively to postural control and balance, which are essential for functional independence. Future research should
aim to include larger, multi-centered trials, incorporate longer follow-up periods to assess sustainability of results, and evaluate gender-
specific responses (23,24). Additionally, comprehensive outcome measures, including gait analysis, should be reported to ensure a
holistic evaluation of rehabilitation strategies. In conclusion, the study strengthens the evidence that trunk-specific training enhances
balance and trunk control in stroke rehabilitation and supports its inclusion as a standard component of physiotherapy programs for
hemiplegic patients.

CONCLUSION

The present study concluded that both conventional physiotherapy and trunk-focused exercises with baseline stretching were effective
in improving trunk impairment and balance among hemiplegic stroke patients. However, the addition of trunk stability exercises
demonstrated comparatively greater benefits in enhancing overall postural control and functional balance. These findings emphasize the
clinical importance of incorporating trunk-specific interventions into rehabilitation programs, as strengthening trunk control not only
supports static and dynamic sitting balance but also contributes to improved coordination and independence in daily activities.
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