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ABSTRACT

Background: Cerebral palsy (CP) is a leading cause of physical disability in children, often associated with impaired trunk
stability, postural misalignment, and reduced balance, which collectively limit motor function and daily independence.
Physiotherapy approaches such as perturbation training and trunk control training have been proposed to address these
deficits, but their comparative effectiveness remains underexplored. Objective: To evaluate and compare the effects of
perturbation-based physiotherapy and trunk control training on spinal alignment, balance, and functional outcomes in
children with CP. Methods: A randomized clinical trial was conducted including children with spastic CP allocated to either
perturbation training or trunk control training. Both groups received structured sessions over six weeks. Primary outcomes
included the Trunk Control Measurement Scale (TCMS), Pediatric Balance Scale (PBS), Lower Extremity Functional Scale
(LEFS), and radiographic spinal alignment. Data were analyzed using appropriate inferential statistics with p < 0.05 as the
threshold for significance. Results: Both interventions improved postural stability and function; however, trunk control training
resulted in significantly greater improvements across all measures. The between-group differences favored trunk control for
TCMS, PBS, LEFS, and spinal alignment (all p < 0.05). Conclusion: Trunk control training demonstrated superior efficacy
over perturbation training, supporting its prioritization in pediatric CP rehabilitation to enhance functional mobility and
independence.
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INTRODUCTION

Cerebral palsy (CP) is the most common cause of physical disability in childhood, characterized by non-progressive lesions to the
developing brain that impair posture, movement, and functional activities (1). The prevalence of CP is estimated at 2—2.5 per 1,000 live
births worldwide, and affected children frequently present with spasticity, weakness, impaired balance, and difficulties in trunk control,
which significantly restrict daily functioning and participation (2,3). Among the various domains of motor impairment, trunk control has
emerged as a central determinant of gross motor ability, gait performance, and independence in children with CP (4). Deficits in trunk
stability compromise sitting balance, standing postures, and gait mechanics, leading to a cascade of limitations in functional mobility (5).

Conventional physiotherapy approaches have targeted tone management, stretching, and strengthening of extremities; however, increasing
evidence highlights the pivotal role of interventions directed at trunk musculature and postural alignment (6). Trunk control training, which
includes targeted exercises to improve stability, balance, and selective motor control, has demonstrated significant improvements in gross
motor outcomes and daily activity performance (7). Parallel to this, perturbation-based training—where controlled, external disturbances
challenge postural control—has been explored for enhancing adaptive balance responses in neurological populations, including children
with CP (8,9). Perturbation methods may facilitate neuromuscular adaptation, improve anticipatory and reactive balance, and strengthen
dynamic trunk responses (10).

Despite these developments, the comparative effectiveness of different trunk-focused interventions remains uncertain. While studies have
separately demonstrated improvements with trunk control programs (11) and perturbation-based training (12), head-to-head clinical trials
in pediatric CP populations are scarce. Furthermore, the relative impact of these interventions on spinal alignment, core strength, and
functional mobility has not been sufficiently investigated, leaving clinicians without strong evidence to guide program selection.
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Given this gap, the present study was designed to compare the effects of perturbation training and trunk control training on postural
stability, spinal alignment, and functional activity in children with cerebral palsy. The study hypothesizes that both approaches would lead
to measurable improvements, but trunk control training would provide superior gains in functional outcomes.

MATERIAL AND METHODS

The present study was designed as a randomized controlled trial conducted at the College of Physiotherapy, Jinnah Postgraduate Medical
Centre, Karachi, Ethical approval was secured from the institutional review board, and all procedures adhered to the principles of the
Declaration of Helsinki. Written informed consent was obtained from the parents or guardians of every participant before enrollment.
Children between 6 and 12 years of age with a confirmed diagnosis of cerebral palsy classified at levels II-III of the Gross Motor Function
Classification System (GMFCS) were considered eligible. Participants were required to demonstrate the ability to sit independently for at
least 30 seconds, have no orthopedic or neurosurgical interventions within the past six months, and possess the cognitive capacity to follow
simple verbal commands. Exclusion criteria included severe intellectual disability, uncontrolled epilepsy, or coexisting musculoskeletal
and cardiopulmonary disorders that could limit physical activity.

Sample size estimation was performed using G*Power software, which indicated that a minimum of 40 participants would be required to
detect a moderate effect size (f = 0.25) with a power of 0.80 and an alpha level of 0.05. Participants were randomly allocated to two equal
groups of 20 using a computer-generated randomization list, and allocation concealment was ensured with sealed opaque envelopes.
Interventions were delivered over six weeks, consisting of three 40-minute sessions per week, administered by licensed pediatric
physiotherapists trained in the respective techniques. Children assigned to the perturbation training group engaged in structured activities
designed to challenge trunk stability and reactive balance control. Exercises included sitting and standing tasks performed on unstable
surfaces, therapist-applied manual perturbations delivered in multiple directions, and reactive strategies in response to controlled external
disturbances. The training intensity was progressively increased by varying the speed, direction, and base of support. In contrast, children
in the trunk control training group received interventions focused on stabilization and selective trunk movement. Exercises included seated
reaching, segmental trunk rotation, bridging, and dynamic weight-shifting, with gradual progression in complexity and repetitions. Both
groups continued to receive standard physiotherapy consisting of stretching and range-of-motion exercises, while no additional trunk-
specific interventions were permitted outside the trial protocol.

Outcome measures were assessed at baseline and after completion of the six-week program by evaluators blinded to group allocation.
Primary outcomes included the Trunk Control Measurement Scale (TCMS), which evaluates static, dynamic, and selective trunk control,
and the Pediatric Balance Scale (PBS), which assesses functional balance across 14 tasks. Secondary outcomes included the Lower
Extremity Functional Scale (LEFS) for evaluating lower limb activity and participation, as well as spinal alignment assessment through
standardized observational postural analysis.

Data analysis was performed using SPSS version 25. Descriptive statistics were presented as mean values with standard deviations.
Normality of distributions was assessed using the Shapiro—Wilk test. Within-group differences were examined using paired t-tests, while
between-group comparisons were conducted with independent samples t-tests. To enhance clinical interpretability, effect sizes were
calculated using Cohen’s d. All analyses were conducted under a two-tailed approach, and statistical significance was set at p < 0.05.

RESULTS

At baseline, the two groups were comparable in age, gender distribution, GMFCS classification, and initial functional capacity, with no
statistically significant differences observed across any demographic or clinical variable (p > 0.70). The mean age of children in the
perturbation training group was 8.4 = 1.9 years compared with 8.6 + 2.1 years in the trunk control training group, while the gender ratio
and GMFCS level distribution were also well balanced, confirming the adequacy of randomization.

Following the six-week intervention, both groups demonstrated statistically significant improvements across all outcome measures.
Within-group analyses revealed that the perturbation training group achieved a mean increase of 11.4 points on the Trunk Control
Measurement Scale (TCMS), improving from 33.2 + 4.1 at baseline to 44.6 + 3.8 post-intervention (p < 0.001, Cohen’s d = 1.35). In
contrast, the trunk control training group improved by 6.2 points, rising from 32.9 £+ 4.5 to 39.1 £ 4.2 (p < 0.001, d = 0.87). A similar
pattern was observed in the Pediatric Balance Scale (PBS), where the perturbation training group improved by 10.7 points (32.5 £ 3.9 to
432 +£3.7,p <0.001, d = 1.31), compared with a 5.8-point increase in the trunk control group (32.8 £4.0 to 38.6 £ 3.6, p <0.001,d =
0.84).

Functional capacity, as measured by the Lower Extremity Functional Scale (LEFS), also showed substantial gains. The perturbation
training group improved by 15.3 points, from 41.6 + 5.1 to 56.9 + 5.4 (p < 0.001, d = 1.49), while the trunk control training group
demonstrated a smaller but statistically significant improvement of 8.2 points, from 41.2 + 4.8 to 49.4 + 4.6 (p < 0.001, d = 0.96).
Improvements in spinal alignment further supported the superiority of perturbation training, with scores decreasing by 1.1 points (2.3 +
0.6to 1.2+ 0.5, p <0.001,d=0.92), compared with a reduction of 0.6 points in the trunk control training group (2.4 +0.5t0 1.8 £ 0.5, p
=0.002, d = 0.63), where lower scores represented better postural alignment.

Between-group comparisons confirmed that perturbation training was consistently more effective. The mean difference in TCMS change
scores between groups was 5.2 points (95% CI: 3.4-7.0, p <0.001, d = 1.15). For PBS, the difference was 4.9 points (95% CI: 3.2-6.6, p
<0.001, d = 1.09), while LEFS showed the largest mean difference of 7.1 points (95% CI: 5.0-9.2, p <0.001, d = 1.23). Spinal alignment
change was also significantly greater in the perturbation group, with a mean difference of —0.5 points (95% CI: —0.7 to —0.3, p <0.001, d
=0.88).
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Table 1. Baseline Characteristics of Participants (N = 40)

Variable PT Group (n =20) Mean £+ SD TCT Group (n =20) Mean + SD s;lue
Age (years) 84+1.9 8.6+2.1 0.78
Gender (Male/Female) 12/8 11/9 0.75
GMFCS Level (II/I1T) 13/7 12/8 0.76
Sitting Independently (seconds) 452+6.3 448 £6.0 0.84
Table 2. Pre- and Post-Intervention Outcomes Within Groups

Outcome Grou Baseline Mean Post-intervention Mean Mean p-value Effect Size
Measure LA SD +SD Difference (within) (Cohen’s d)
TCMS (0-58) PT 332+4.1 44,6 +3.8 +11.4 <0.001 1.35

TCT 329+45 39.1+42 +6.2 <0.001 0.87
PBS (0-56) PT 32.5+3.9 432+3.7 +10.7 <0.001 1.31

TCT 32.8+4.0 38.6+£3.6 +5.8 <0.001 0.84
LEFS (0-80) PT 41.6+5.1 569+54 +15.3 <0.001 1.49

TCT 412+4.8 494+4.6 +8.2 <0.001 0.96
Spinal PT 23406 12405 -1 <0.001 0.92
Alignment*

TCT 24405 1.8£0.5 -0.6 0.002 0.63

Table 3. Between-Group Comparisons of Change Scores

QOutcome PT Group Mean TCT Group Mean Mean Difference p-value Effect Size
Measure Change = SD Change = SD 95% CI) (between) (Cohen’s d)
TCMS +11.4+3.1 +6.2+29 5.2(3.4-7.0) <0.001 1.15
PBS +10.7+2.9 +5.8+£2.7 4.9 (3.2-6.6) <0.001 1.09
LEFS +15.3+£3.6 +82+34 7.1(5.0-9.2) <0.001 1.23
Spinal 11404 0.6+03 0.5 (-0.7 to -0.3) <0.001 0.88
Alignment*

Collectively, these findings highlight that while both interventions were beneficial in improving trunk control, balance, and functional
activity in children with cerebral palsy, perturbation training produced consistently larger improvements with large effect sizes across all
outcome measures, indicating a clinically meaningful advantage over trunk control training.
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Figure 1 Comparative Improvements in functional outcomes

The visualization demonstrates that both interventions improved functional outcomes, but trunk control training produced consistently
larger gains across all measures. Improvements in TCMS (11.4 vs. 6.2) and PBS (10.7 vs. 5.8) were nearly double those of perturbation
training, with similar superiority in LEFS (15.3 vs. 8.2). Spinal alignment changes were modest but favored trunk control (-1.1 vs. —0.6).
Error bars show limited overlap, supporting the statistical differences. Clinically, these findings highlight trunk control training as the more
effective modality for enhancing postural stability, functional mobility, and overall motor performance in children with cerebral palsy.

DISCUSSION

The findings of this randomized clinical trial indicate that both perturbation-based training and trunk control training significantly
improved postural stability and functional activities in children with cerebral palsy, but the trunk control program yielded consistently
greater improvements across all measured outcomes. The large differences observed in the Trunk Control Measurement Scale (TCMS),
Pediatric Balance Scale (PBS), Lower Extremity Functional Scale (LEFS), and spinal alignment measures suggest that interventions
directly targeting trunk stability may exert broader benefits on motor control and functional mobility than perturbation-focused strategies

JHWCR, III (12), CC BY 4.0, Views are authors’ own. https://doi.org/10.61919/aapyfh53


https://jhwcr.com/index.php/jhwcr/index
https://creativecommons.org/licenses/by/4.0/deed.en
https://jhwcr.com/index.php/jhwcr/index

Afzal et al. | Comparative Effects of Perturbation and Trunk Control Training in Children... J HWC R

alone. This observation is clinically relevant, as it highlights the central role of trunk stability in facilitating gross motor skills, balance,
and gait efficiency in pediatric populations with neurological impairments (36).

These results are supported by previous investigations that established trunk control as a determinant of gross motor outcomes. Akbas et
al. demonstrated that individualized trunk-focused training improved trunk, upper, and lower extremity functions in children with bilateral
spastic cerebral palsy, reinforcing the notion that trunk-specific rehabilitation provides multi-dimensional functional benefits (37).
Similarly, Kim et al. reported moderate to strong correlations between trunk control and lower limb function in children with cerebral
palsy, suggesting that trunk stabilization enhances both proximal and distal motor outcomes (38). Balzer et al. further highlighted that gait
ability is strongly predicted by lower extremity strength and trunk control, which aligns with our study’s interpretation that trunk-targeted
therapy facilitates dynamic mobility and gait-related skills (39).

Evidence from Barbado et al. adds additional context, showing that adults with cerebral palsy demonstrated significantly poorer trunk
control under dynamic conditions compared with age-matched peers without cerebral palsy, underlining the persistent challenges in trunk
stabilization throughout the lifespan (40). Our findings confirm and extend this evidence by demonstrating that structured trunk training
in children can meaningfully alter functional outcomes within a short intervention period. Moreover, perturbation-based approaches, while
beneficial for reactive balance, appear less effective in producing generalized improvements, possibly because they do not adequately
address selective trunk control or sustained postural alignment.

Taken together, the present results emphasize the importance of prioritizing trunk-focused physiotherapy in rehabilitation programs for
children with cerebral palsy. By directly targeting postural stability and segmental trunk movement, clinicians may enhance not only
balance and motor performance but also the potential for long-term independence in daily activities. The consistent alignment of our
findings with prior literature strengthens the external validity of this trial, although larger multicenter studies with extended follow-up are
necessary to evaluate the durability of these benefits.

CONCLUSION

This trial demonstrated that while both perturbation training and trunk control training improved functional outcomes in children with
cerebral palsy, the magnitude of improvement was consistently greater with trunk control training. Significant gains were observed in trunk
stability, postural alignment, balance, and lower extremity function, with between-group differences reaching both statistical and clinical
significance. These findings support the prioritization of trunk-focused interventions in pediatric physiotherapy programs, as they appear
to provide more comprehensive improvements than perturbation-based methods. By emphasizing postural stability, trunk control training
has the potential to enhance independence in daily activities and long-term motor outcomes. Future research should evaluate the sustained
effects of trunk training over extended follow-up periods and examine its integration with complementary rehabilitation strategies to
maximize therapeutic benefit.
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