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Abstract: Objective: To compare 12-month functional and nutritional outcomes among children with spastic cere-
bral palsy receiving conventional rehabilitation, rehabilitation plus individualized nutrition, or rehabilitation plus
nutrition and core stability training. Methods: This single-center retrospective cohort included 60 children aged
3-12 years with Gross Motor Function Classification System levels I-IV (20 per group). Core training was delivered
three times weekly for 30 minutes during a 3-month supervised phase, and nutrition followed an individualized
five-step protocol. Outcomes were assessed at baseline and 3, 6, and 12 months. Continuous outcomes were
analyzed by repeated-measures and time-specific analysis of variance with Holm-adjusted comparisons. Ordinal
outcomes were analyzed non-parametrically. Results: Age and sex were comparable at baseline. Group-by-time
interactions were observed for Gross Motor Function Measure-88 Dimension D (P=0.026), Dimension E (P=0.048),
Berg Balance Scale (P<0.01), weight-for-age z-score (P<0.001), and body mass index-for-age z-score (P<0.01). At 12
months, the combined group exceeded the conventional group in Dimension D by 14.11 points (95% Cl 6.50-21.72;
Holm P=0.002), Dimension E by 13.54 points (95% Cl 6.39-20.69; Holm P<0.001), and balance by 11.29 points
(95% Cl 5.02-17.56; Holm P=0.002). Weight-for-age and body mass index-for-age z-scores were higher by 2.35 and
1.99 units (both Holm P<0.001). Spasticity was lower and strength was higher in the combined group. No serious
intervention-related adverse events were documented. Conclusions: Comprehensive rehabilitation was associated
with larger functional and nutritional gains, but causality could not be established. A stratified randomized trial with
blinded assessment and quantified adherence is warranted.
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Introduction selective motor control, and deficient postural
control. These impairments restrict standing,
walking, and participation in daily activities. The
Gross Motor Function Measure-88 (GMFM-88)
is widely used to quantify change in children
with CP; Dimension D assesses standing,
whereas Dimension E assesses walking, run-
ning, and jumping. The instrument has excel-
lent inter-rater and test-retest reliability and
is responsive to clinically meaningful motor

Cerebral palsy (CP) comprises permanent dis-
orders of movement and posture caused by
non-progressive disturbances in the developing
fetal or infant brain [1]. It is the most common
physical disability of childhood. Contemporary
estimates indicate an overall prevalence of
approximately 1.6 per 1,000 live births in high-
income settings, with higher estimates in many
low- and middle-income settings [2-5]. Because

spastic CP is a subtype rather than the entire
CP population, the prevalence of all CP should
not be presented as a subtype-specific esti-
mate.

Spastic CP is characterized by velocity-depen-
dent hypertonia, muscle weakness, impaired

change [6-8].

Conventional rehabilitation commonly com-
bines neurodevelopmental treatment, task
practice, stretching and peripheral strengthen-
ing. However, an intervention that focuses
mainly on the limbs may insufficiently address
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proximal postural control. Trunk stability pro-
vides a dynamic base for distal movement, and
a center-to-periphery training strategy is con-
sistent with the proximal-to-distal organization
of motor development [9, 10].

Evidence supporting trunk-focused rehabilita-
tion is increasing. Systematic reviews and ran-
domized trials of trunk training, core stability
exercise, dynamic-surface training, functional
strengthening, modified Pilates and dual-task
practice have reported improvements in trunk
control, standing, balance, and gait relative
to conventional physiotherapy alone [10-15].
Surface electromyography can provide objec-
tive neuromuscular measures in this field, but
its value depends on prespecified acquisition
procedures and complete quantitative report-
ing [16-19].

Nutritional status is an additional determinant
of rehabilitation capacity. Children with CP may
experience undernutrition because of dyspha-
gia, prolonged mealtimes, insufficient intake,
gastrointestinal symptoms, elevated care bur-
den and recurrent illness. Low weight-for-age
and body mass index-for-age z-scores, micronu-
trient deficiency and anemia are common in
some cohorts [20-23]. Structured nutrition
interventions, including caregiver education,
dietary fortification, oral nutritional supple-
ments and enteral feeding when indicated, can
improve growth and may support motor func-
tion [24-28].

The combined relationship between proximal
motor control and nutrition has not been ade-
quately examined in children with spastic CP.
This retrospective cohort therefore compared
three increasingly comprehensive routine-care
strategies: conventional rehabilitation, conven-
tional rehabilitation plus individualized nutri-
tional therapy and conventional rehabilitation
plus nutritional therapy and core stability train-
ing. We hypothesized that the combined pro-
gram would be associated with the largest
12-month improvements in standing, locomo-
tion, balance, spasticity, strength, and nutri-
tional status.

Materials and methods
Study design and ethical approval

This single-center retrospective cohort study
reviewed records from June 2024 through
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December 2025. The study was approved by
the Medical Ethics Committee of Xiaoyi Special
Education School (No. TSIY-2024-001). The
requirement for informed consent was waived
because only anonymized routine-care data
were analyzed and no intervention was as-
signed for research purposes. Privacy safe-
guards were applied throughout data extrac-
tion and reporting followed the principles of the
Strengthening the Reporting of Observational
Studies in Epidemiology statement.

Participants

Eligibility criteria: Eligible records were from
children aged 3-12 years with a clinical diag-
nosis of spastic CP, Gross Motor Function
Classification System (GMFCS) level I-1V, in-
telligence quotient of at least 70, no previous
structured core stability program and complete
baseline and follow-up outcome records. Chil-
dren were excluded for poorly controlled epi-
lepsy, severe visual or auditory impairment,
severe cognitive impairment that prevented
standardized assessment, major internal-
organ disease, surgery during the observation
period, incomplete records, or documented
poor participation in routine rehabilitation.

Sample size and grouping: GMFM-88 Dimen-
sion D was designated as the primary motor
outcome because standing control directly
reflected the proximal-to-distal target of the
intervention. Assuming a clinically relevant
10-point between-group difference, a standard
deviation of 15 points, a two-sided alpha of
0.05, and 80% power, at least 17 children per
group were required. Allowing for approximately
15% incomplete records yielded a target of 20
records per group. All 60 eligible records were
included and classified according to the routine
rehabilitation program received: conventional
rehabilitation, rehabilitation plus nutrition, or
rehabilitation plus nutrition and core stability
training. Age and sex were formally evaluated
for baseline comparability. GMFCS level was
retained as an eligibility descriptor, but level-
specific documentation was not sufficiently
complete for a reliable group-by-group statisti-
cal table.

Interventions

All children continued clinically indicated medi-
cal care and conventional rehabilitation. The
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groups differed in the additional program com-
ponents described below.

Conventional group: Children in the convention-
al group received 40-minute rehabilitation ses-
sions on treatment days. The routine program
included Bobath-based facilitation, range-of-
motion activities, functional task practice and
peripheral muscle strengthening. No structured
trunk-specific exercise program or formal indi-
vidualized nutrition pathway was documented
beyond routine dietary advice.

Nutrition group: Children in the nutrition group
received conventional rehabilitation and an
individualized dietitian-led nutrition program.
Nutritional risk screening, anthropometry, feed-
ing history, gastrointestinal symptoms, food
texture and caregiver-reported intake were
reviewed at baseline and follow-up [28]. Energy
targets were based on age- and sex-specific
requirements and were adjusted for growth tra-
jectory, activity level, clinical condition, feeding
tolerance and the need for catch-up growth.
Protein targets were aligned with age-specific
reference intake and increased when undernu-
trition or tissue recovery justified a higher tar-
get. The five-step escalation pathway com-
prised optimization of the habitual diet with
energy- and protein-dense foods, oral fortifica-
tion and texture modification, oral nutritional
supplements when food intake remained inad-
equate, tube feeding when oral intake was
unsafe or insufficient, and intensive caregiver
support for complex feeding situations. Quanti-
tative intake adequacy, feeding-record comple-
tion and oral-supplement consumption per-
centages were not uniformly documented in
the retrospective records and were therefore
not analyzed as outcomes.

Combined group: Children in the combined
group received conventional rehabilitation, the
same individualized nutrition pathway and
supervised core stability training three times
weekly for 30 minutes during the 3-month cen-
ter-based phase. Sessions were delivered by a
pediatric physiotherapist and followed a center-
to-periphery sequence. A typical session includ-
ed approximately 5 minutes of preparatory
alignment and breathing control, 20 minutes of
progressive trunk exercise and 5 minutes of
functional transfer and recovery activities. The
exercise circuit included supine abdominal
bracing and pelvic control, bridging, side-lying
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trunk activation, prone-on-elbows or modified
plank tasks, quadruped weight shifting and
assisted contralateral reaching, supported sit-
ting and standing reach, kneeling and half-
kneeling control, sit-to-stand practice, balance
tasks on compliant surfaces, and graded antici-
patory or therapist-applied perturbations. Train-
ing generally began with one to two sets of 8-10
repetitions or 15-20-second holds at a per-
ceived exertion of approximately 3-4/10. It pro-
gressed toward two to three sets of 10-15 rep-
etitions or holds of up to 30 seconds at
approximately 5-6/10 by reducing external sup-
port, narrowing the base of support, increasing
reach distance, adding unstable surfaces, or
increasing perturbation complexity. Progression
required safe alignment and successful com-
pletion of at least 80% of the assigned task
in two consecutive sessions. The structured
supervised core phase lasted 3 months; con-
ventional rehabilitation remained available as
routine care and caregivers were instructed to
continue the individualized nutrition plan and
selected home exercises during follow-up. The
retrospective records did not contain sufficient-
ly complete percentage-based adherence data
for the home phase.

Outcome measures and data extraction

Outcome data were extracted at baseline and
at 3, 6, and 12 months. Assessments had been
completed by trained rehabilitation staff using
standardized procedures. Data were double-
entered and cross-checked against the source
record. The primary outcome was GMFM-88
Dimension D. Secondary outcomes were
GMFM-88 Dimension E, balance, lower-limb
spasticity, muscle strength, weight-for-age
z-score, body mass index-for-age z-score, and
adverse events.

Gross motor function: Gross motor function
was assessed with the GMFM-88. Dimension D
quantifies standing and Dimension E quantifies
walking, running, and jumping. Scores are
expressed as percentages, with higher scores
indicating better function [6-8]. The GMFM-88
total score was not used as an analytic end-
point because the available longitudinal extrac-
tion focused on Dimensions D and E.

Balance: Balance was assessed with the

14-item Berg Balance Scale (BBS), which rang-
es from 0 to 56 points; higher scores indicate
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Table 1. Baseline demographic characteristics of the three groups

test. GMFM-88 Dimensions D

and E, BBS, WAZ, and BAZ

Group n Age (years) Male, n Female, n )
Conventional 20 8.20 + 2.98 12 8 were e"a'“at:so"\\’/';h r_epTa;?d'
Nutrition 20 8.40 + 3.24 9 11 measures Including
. group, time, and group-by-time
Combined 20 8.25+2.85 11 9 . . .
2 val 0.024 0.938 interaction terms. Sphericity
Forx*value ’ ) was assessed and Green-
P value 0.977 0.626

house-Geisser correction was

Data are mean * standard deviation or counts. GMFCS levels I-IV were eligibility
criteria, but level-specific distributions were not sufficiently complete for a reliable

between-group table.

better balance. The pediatric adaptation has
excellent reliability and established validity in
children with CP [29, 30].

Spasticity and muscle strength: Lower-limb
spasticity was graded with the Modified Ash-
worth Scale (MAS), and muscle strength was
graded with Manual Muscle Testing (MMT).
Because both scales are ordinal, values were
summarized as median and interquartile range
and were analyzed with rank-based methods.

Nutritional status: Nutritional status was
assessed with weight-for-age z-score (WAZ)
and body mass index-for-age z-score (BAZ).
Weight and height were converted to age- and
sex-standardized values using World Health
Organization standards and references [31,
32].

Safety and adherence: Adverse events docu-
mented during rehabilitation or follow-up were
extracted from the medical record. Quantitative
adherence proportions were reported only
when consistently available; because percent-
age-based core-session attendance, home-ex-
ercise completion, feeding-record completion,
and oral-supplement intake were incomplete,
these variables were not included in inferential
analyses.

Statistical analysis

Statistical analyses were performed with SPSS
version 25.0. Distributional assumptions were
evaluated with histograms, Q-Q plots, and the
Shapiro-Wilk test. Normally distributed continu-
ous data are presented as mean + standard
deviation, non-normally distributed or ordinal
data as median (interquartile range) and cate-
gorical data as number and percentage. Ba-
seline age was compared by one-way analysis
of variance (ANOVA) and sex by the chi-square
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used when required. To clarify
the time points responsible
for group differences, one-way
ANOVA was performed at each
assessment and pairwise pooled-variance t
tests were corrected with the Holm procedure.
Twelve-month mean differences are presented
with 95% confidence intervals calculated from
the reported group means, standard deviations
and sample sizes. MAS and MMT were com-
pared among groups with the Kruskal-Wallis H
test and within groups with the Wilcoxon signed-
rank test. All tests were two-sided and P<0.05
was considered significant. No outcome data
were imputed because complete records were
required for inclusion.

Results
Baseline characteristics

Sixty children with spastic CP were included,
with 20 children in each group. Age and sex
were comparable among groups (both P>0.05;
Table 1). Baseline values of the reported motor,
balance, tone, strength and nutritional out-
comes were also similar. GMFCS level-specific
counts were not analyzed because the retro-
spective records did not support a reliable lev-
el-by-level distribution table.

Gross motor function

GMFM-88 Dimension D improved over time in
all groups, with a group-by-time interaction of
P=0.026 (Table 2). The time-specific omnibus
test was not significant at baseline (F=0.04,
P=0.961) but was significant at 3 months
(F=4.34, P=0.018), 6 months (F=5.57, P=
0.006) and 12 months (F=7.46, P=0.001). After
Holm correction, the combined group exceeded
the conventional group by 8.72 points at 3
months (P=0.029), 11.28 points at 6 months
(P=0.005), and 14.11 points at 12 months
(95% Cl 6.50-21.72; P=0.002). The combined
group also exceeded the nutrition group at 6
months (P=0.013) and 12 months (difference
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Table 2. Gross motor function measure-88 dimension D and dimension E scores over time

Outcome/group Baseline 3 months 6 months 12 months

Dimension D (standing)
Conventional (n=20) 52,18 +10.16 55.64 £ 11.38 59.23+13.99 64.74 + 15.83
Nutrition (n=20) 52.82 +5.91 58.20+8.53 61.92+12.15 68.33+12.26
Combined (n=20) 52.18 + 8.33 64.36 + 8.68 70.51 £ 5.55 78.85 + 5.64
Between-group F (2, 57) 0.04 4.34 5.57 7.46
Between-group P 0.961 0.018 0.006 0.001
Group x time interaction P 0.026

Dimension E (walking/running/jumping)
Conventional (n=20) 43.68 £ 15.92 46.18+15.83 52.71+1820 59.79 + 14.89
Nutrition (n=20) 4437 +11.78 49.72+10.00 54.58+12.89 62.50+ 10.99
Combined (n=20) 42.71+14.32 52.71+9.57 63.40+10.44 73.33+5.30
Between-group F (2, 57) 0.07 1.45 3.23 8.31
Between-group P 0.933 0.243 0.047 <0.001
Group x time interaction P 0.048

Values are mean = standard deviation. Interaction P values are listed independently and refer to the repeated-measures analy-
sis. Time-specific F and P values are from one-way ANOVA. Pairwise comparisons reported in the text were adjusted with the

Holm procedure.

10.52 points, 95% Cl 4.41-16.63; P=0.003),
whereas the 3-month comparison was not sig-
nificant after correction.

Dimension E showed a smaller early separation
but a clear later difference, with a group-by-
time interaction of P=0.048. The omnibus be-
tween-group test was significant at 6 months
(F=3.23, P=0.047) and 12 months (F=8.31,
P<0.001). Holm-adjusted pairwise compari-
sons were not significant at 3 or 6 months. At
12 months, the combined group exceeded the
conventional group by 13.54 points (95% CI
6.39-20.69; P<0.001) and the nutrition group
by 10.83 points (95% CI 5.31-16.35; P<0.001).
The longitudinal changes and 12-month effect
estimates are summarized in Figure 1.

Balance

BBS scores increased in all groups, with a sig-
nificant time effect and group-by-time interac-
tion (both P<0.01; Table 3). Between-group dif-
ferences were not significant at baseline or 3
months, became significant at 6 months (F=
3.45, P=0.039) and remained significant at
12 months (F=5.80, P=0.005). The combined
group exceeded the conventional group at 6
months (Holm P=0.030) and by 11.29 points at
12 months (95% Cl 5.02-17.56; Holm P=0.002).
The 12-month difference between the com-
bined and nutrition groups was 6.05 points
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(95% CI 0.19-11.91), but it did not remain sig-
nificant after multiplicity correction (Holm P=
0.087). Figure 2 presents change from base-
line and the 12-month effect estimates.

Spasticity and muscle strength

Lower-limb MAS values were comparable at
baseline (H=0.146, P=0.929) and differed at
12 months (H=29.24, P<0.001), when the com-
bined group had a median of 1.0 compared to
2.0 in the other groups (Table 4). Within-group
reductions were significant in every group (all
P<0.01). MMT values were also comparable at
baseline (H=0.010, P=0.995) and differed at
12 months (H=9.09, P=0.011), when the com-
bined group reached a median grade of 4.0
and the other groups reached 3.0. Within-group
increases were significant in all groups (all
P<0.001). Identical group medians at some
assessments do not indicate that individual
scores were unchanged; the ordinal scales
have few categories, and paired rank tests
were based on participant-level changes that
may not have altered the group median.

Nutritional status

WAZ increased in all groups and showed a
group-by-time interaction of P<0.001 (Table 5).
The groups were comparable at baseline and 3
months, but the omnibus difference was signifi-
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Figure 1. Gross motor function measure-88 (GMFM-88) results. (A) and (B) show group mean changes from base-
line for Dimensions D and E. (C) shows 12-month mean differences with unadjusted 95% confidence intervals;
pairwise P values were adjusted by the Holm procedure. *P<0.05, **P<0.01, ***P<0.001 versus conventional
rehabilitation; #P<0.05, ##P<0.01, ###P<0.001 versus nutrition. Time-specific tests used one-way analysis of vari-
ance followed by Holm-adjusted pooled-variance t tests.

Table 3. Berg balance scale scores over time

Group/statistic Baseline 3 months 6 months 12 months
Conventional (n=20) 18.84 + 11.89 21.42 +£13.02 25.32 + 13.02 30.21 + 12.75
Nutrition (n=20) 22.70 + 10.14 26.80 + 9.96 31.20 +12.02 35.45+ 11.74
Combined (n=20) 21.15+£9.92 29.80 + 8.76 34.40 £ 7.44 41.50 +5.44
Between-group F (2, 57) 0.66 3.13 3.45 5.80
Between-group P 0.520 0.051 0.039 0.005
Time effect F 167.24

Group x time interaction F 5.96

Group x time interaction P <0.01

Values are mean * standard deviation. Time-specific F and P values are from one-way ANOVA. Pairwise comparisons reported in

the text were adjusted with the Holm procedure.
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Figure 2. Berg balance scale results. (A) shows group mean change from baseline, and (B) shows 12-month mean
differences with unadjusted 95% confidence intervals. *P<0.05 and **P<0.01 versus conventional rehabilitation
after Holm correction. Time-specific tests used one-way analysis of variance followed by Holm-adjusted pooled-

variance t tests.

Table 4. Modified Ashworth scale and manual muscle testing at BAZ followed a similar pattern,

baseline and 12 months

with a group-by-time interac-

Outcome/group Baseline 12 months tion of P<0.01. The between-
Modified Ashworth Scale group d'gerenceh Was_ ;'Sgg'g'
Conventional 3.0 (2.0-3.0) 2.0 (2.0-3.0) cant at 6 months (F=28.96,
Nutriti 3.0(3.03.0 50(2.08.0 P<0.001) and 12 months (F=
utrition 0(3.03.0 0(2.03.0) 87.08, P<0.001). At 12 mon-
Combined 3.0 (2.25-3.75) 1.0 (1.0-1.0) ths, the combined group had a
Kruskal-Wallis H (P) 0.146 (0.929) 29.24 (<0.001) mean BAZ of +0.08 compared
Manual Muscle Testing to -1.91 in the conventional
Conventional 2.0 (1.0-3.0) 3.0 (2.0-3.75) group and -0.71 in the nutri-
Nutrition 2.0 (1.0-3.0) 3.0 (2.25-4.0) tion group. The corresponding
Combined 2.0 (1.0-3.0) 4.0 (4.0-5.0) mean differences were 1.99
Kruskal-Wallis H (P) 0.010 (0.995) 9.09 (0.011) units (95% CI 1.69-2.29; Holm
Values are median (interquartile range). Within-group changes were significant P<0.001) and 0.79 units (95%
in all groups (Wilcoxon signed-rank test: P<0.01 for Modified Ashworth Scale and Cl 0.49-1.09; Holm P<0.001).

P<0.001 for Manual Muscle Testing). Unchanged group medians may coexist with
participant-level paired changes because these scales are ordinal and have few

categories.

cant at 6 months (F=25.45, P<0.001) and 12
months (F=125.89, P<0.001). At 12 months,
the combined group had a mean WAZ of +0.48
compared to -1.87 in the conventional group
and -1.18 in the nutrition group. The corre-
sponding mean differences were 2.35 z-score
units (95% Cl 2.06-2.64; Holm P<0.001) and
1.66 units (95% Cl 1.34-1.98; Holm P<0.001).
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Figure 3 presents changes
from baseline and 12-month
effect estimates. Hemoglobin
was not retained as an out-
come because it was not prespecified in the
available outcome extraction.

Safety and adherence
No serious adverse event attributable to core

stability training or nutritional therapy was doc-
umented during the 12-month observation
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Table 5. Weight-for-age and body mass index-for-age z-scores over time

Index/group Baseline 3 months 6 months 12 months

Weight-for-age z-score
Conventional -2.42 + 0.34 -2.26 +0.41 -2.08 + 0.44 -1.87 £ 0.44
Nutrition -2.46 + 0.33 -2.13+£0.49 -1.68 + 0.52 -1.18 £ 0.53
Combined -2.42 £ 0.32 -2.08 £ 0.33 -1.04 £ 0.43 +0.48 + 0.47
Between-group F (2, 57) 0.10 1.00 25.45 125.89
Between-group P 0.907 0.374 <0.001 <0.001
Group % time interaction P <0.001

Body mass index-for-age z-score
Conventional -2.25+0.35 -2.18 £ 0.42 -1.99 + 0.46 -1.91£0.49
Nutrition -2.24 £ 0.36 -2.14 +0.41 -1.49 + 0.46 -0.71+0.49
Combined -2.30 £ 0.28 -1.97 £ 0.37 -0.90 £ 0.44 +0.08 + 0.46
Between-group F (2, 57) 0.19 1.55 28.96 87.08
Between-group P 0.829 0.221 <0.001 <0.001
Group x time interaction P <0.01

Values are mean + standard deviation. Interaction P values are listed independently and refer to the repeated-measures analy-
sis. Time-specific F and P values are from one-way ANOVA. Pairwise comparisons reported in the text were adjusted with the

Holm procedure.

period. The available records did not permit
reliable percentage-based comparisons of cen-
ter attendance, home exercise, feeding-record
completion, or oral nutritional supplement
consumption.

Discussion

This retrospective cohort study found that
increasingly comprehensive routine-care pro-
grams were associated with progressively larg-
er improvements in motor function, balance,
spasticity, strength, and nutritional status. The
combined program had the largest 12-month
differences in GMFM-88 Dimensions D and E,
BBS, WAZ and BAZ. These findings are associa-
tions rather than estimates of causal treatment
efficacy because program allocation was not
randomized.

The motor pattern is consistent with the biome-
chanical rationale for trunk-focused rehabilita-
tion. A controlled trunk provides a stable base
for selective limb movement and supports
anticipatory and reactive postural adjustments.
The larger Dimension D difference and the later
emergence of the Dimension E difference are
clinically plausible: gains in proximal alignment
and standing control may precede more de-
manding walking, running and jumping tasks.
This sequence is broadly consistent with sys-
tematic reviews and randomized trials of trunk
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training, core stability exercise, modified Pila-
tes, dynamic-surface practice, and dual-task
rehabilitation [9-15]. Unlike those controlled
studies, however, the present analysis cannot
separate the core program from differences in
motivation, caregiver involvement, or concur-
rent care.

The balance results strengthen this interpreta-
tion. The combined group separated from con-
ventional rehabilitation by 6 months and
retained an 11-point advantage at 12 months,
whereas nutrition alone produced a smaller
and statistically less consistent difference.
Improved trunk alignment, controlled weight
shift and perturbation practice can increase
the limits of stability required for standing and
locomotion. Future trials should include blinded
assessment and prespecified instrumented
measures; surface electromyography may be
informative only when acquisition, normaliza-
tion, muscles, tasks, and statistical outputs are
completely reported [16-19].

The nutritional findings are also compatible
with prior evidence that structured nutrition
support improves growth in undernourished
children with CP [20-28]. The supervised
3-month phase did not necessarily represent
cessation of all care: conventional rehabilita-
tion remained available, caregivers were in-
structed to continue the individualized nutrition
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Figure 3. Nutritional outcomes. (A) and (B) show group mean changes from baseline for weight-for-age z-score (WAZ)
and body mass index-for-age z-score (BAZ). (C) shows 12-month mean differences with unadjusted 95% confidence
intervals. *P<0.05, **P<0.01, ***P<0.001 versus conventional rehabilitation; ###P<0.001 versus nutrition after
Holm correction. Time-specific tests used one-way analysis of variance followed by Holm-adjusted pooled-variance

t tests.

plan and selected home exercises and routine
follow-up could reinforce feeding strategies.
Biological maintenance could reflect sustained
energy and protein adequacy, catch-up growth
from a low baseline, improved feeding posture,
reduced mealtime fatigue, or greater participa-
tion in active play. Nevertheless, the magnitude
of the WAZ and BAZ changes, including transi-
tion from negative to slightly positive group
means, requires cautious interpretation.
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Regression to the mean is a particular concern
because all groups began with low nutritional
z-scores and the study was retrospective.
Extreme values, selective completeness of fol-
low-up records, and unmeasured differences in
feeding severity or caregiver resources could
have enlarged the apparent group separation.
The aggregate dataset did not permit parti-
cipant-level influence diagnostics, trimmed-
mean analyses, or exclusion of extreme obser-
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vations. Therefore, the nutritional estimates
should be treated as hypothesis-generating
rather than definitive evidence that the com-
bined intervention normalized growth.

The study had several limitations. It was con-
ducted at one center, included only 20 children
per group, and used non-random program allo-
cation, leaving residual confounding and selec-
tion bias. GMFCS level-specific distributions
were incompletely documented, quantitative
nutrition and home-exercise adherence were
unavailable, and the duration and intensity of
care after the supervised phase could not be
fully quantified. MAS and MMT were coarse
ordinal measures. The analysis involved multi-
ple outcomes and time-specific comparisons,
although Holm correction was applied to pair-
wise tests. Surface electromyography and
hemoglobin were excluded from the final out-
come set because the available records did not
support complete prespecified quantitative
analyses. Finally, participant-level sensitivity
analyses for extreme nutritional values were
not possible.

A confirmatory randomized controlled trial
should use stratified randomization by age and
GMFCS level, concealed allocation, blinded
assessors, a standardized and fully replicable
core protocol, quantified supervised and home
adherence, prospective food records and oral-
supplement consumption, and prespecified
adverse-event monitoring. Repeated anthro-
pometry should be quality controlled and an
intention-to-treat mixed-effects model should
account for within-child correlation and missing
data. A 12-month follow-up should distinguish
the supervised phase from maintenance expo-
sure and test whether functional and nutrition-
al gains persist.

In conclusion, conventional rehabilitation com-
bined with individualized nutritional therapy
and core stability training was associated with
greater 12-month functional and nutritional
gains than less comprehensive routine-care
programs in children with spastic CP. The find-
ings support prospective evaluation of an inte-
grated center-to-periphery rehabilitation model
but do not establish causality.
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