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Abstract

Objective: Rehabilitation planning for children with cerebral palsy (CP) depends on
identifying which factors most strongly shape daily function. Musculoskeletal impairments
are common in CP, but their separate contributions to gross motor performance and social
participation are not fully known. This study investigated the independent predictive value
of joint range of motion, spasticity, muscle strength, and pain for motor performance and
participation in children with spastic CP.

Methods: In this cross-sectional study, 117 children with spastic CP (mean age 10.4 + 3.6
years; GMFCS levels 1-1V) were recruited by convenience sampling from pediatric
outpatient rehabilitation clinics. Lower-extremity joint range.of ‘mation, spasticity
(Modified Ashworth Scale), isometric muscle strength (hand-held dynamoemetry), and pain
intensity (numeric rating scale or Faces Pain Scale—Revised) were measured. The GMFM-
66 assessed motor function, and the LIFE-H for children assessed participation.
Hierarchical multiple regression and unique variance analyses detérmined each predictor’s
independent contribution.

Results: The final models accounted for 71.3% and 71.7% of variance in motor function
and participation, respectively. Muscle strength was the strongest independent predictor of
motor function (f = 0.41, sr> = 12%, p. < 0.001) and was independently associated with
participation (B = 0.19, sr2 = 3%, p = 0.018). Pain independently predicted motor function
(B=-0.19, sr2 = 4%, p = 0.003) and participation (p = -0.18, sr2 = 3%, p = 0.004). Range
of motion uniquely predicted motor funetion (B = 0.22, sr* = 5%, p = 0.004) but not
participation. After adjustment for other musculoskeletal variables, spasticity was no
longer a significant independent predictor. Motor function partially mediated the
associations of muscle:strength and pain with participation.

Conclusion: In children~with spastic CP, lower-limb strength and pain are the most
important modifiable .predictors of motor performance and social participation.
Rehabilitation -should prioritize targeted strengthening and comprehensive pain
management to improve function and real-world participation.

Keywords: Cerebral Palsy; Muscle Strength; Pain; Motor Performance; Participation;
Range.of.Motion; Spasticity.



Introduction

In pediatric populations, cerebral palsy (CP) accounts for the largest proportion of physical
disability cases. With prevalence consistently reported at about 2—3 per 1,000 live births
[1]. CP includes a heterogeneous group of permanent movement and posture disorders
caused by a non-progressive injury to the developing fetal or infant brain. It is often
accompanied by disturbances in sensation, cognition, communication, and the
musculoskeletal system [2]. The spastic subtype is the most common clinical-form [3].

Although the primary neurological lesion in CP is static, secondary musculoskeletal
problems such as weakness, contractures, limited joint mobility, chronic pain, and bony
deformities usually emerge over time. These progressive impairments-can substantially
reduce gross motor function and health-related quality of life [4,5].

The International Classification of Functioning, Disability.andHealth (ICF) framework
broadens health outcomes beyond body-level deficits to include activity limitations and
participation restrictions [6]. In this biopsychosocial madel, body structure/function
impairments spasticity, decreased strength, reduced range of motion (ROM), and pain may
cascade into limitations in gait, balance, and: postural transitions, thereby reducing
participation in education, recreation, and social roles [7].

Many studies have explored links between specific physical impairments and motor
outcomes in CP. Lower-extremity.strength-has repeatedly been one of the strongest
predictors of gross motor function, walking speed, and endurance [8,9]. Similarly,
restricted joint mobility especiallyat the ankle, knee, and hip—has been associated with
atypical gait and poorer ambulation-[10-12].

However, the relative importance of spasticity remains debated. Earlier work identified
spasticity as a major cause of functional limitation, but more recent evidence indicates that
its unique predictive value decreases substantially or becomes non-significant when
strength and ROMare controlled [12,13]. Pain, though common in CP, has received less
systematic attention; it is now viewed as a possible mediator of functional decline because
it canreduce physical activity, encourage movement avoidance, and directly restrict social
participation;[14,15].

A key gap is that these musculoskeletal factors are often studied separately, and most
research focuses only on gross motor performance rather than participation. Thus, it is
unclear how ROM, spasticity, strength, and pain simultaneously and independently explain
motor function and social engagement in children with spastic CP. Few studies have
examined pathways from physical impairments to participation using the ICF model [16].

To address these gaps, this study examined the independent predictive roles of joint ROM,
spasticity, isometric muscle strength, and pain for motor performance and social
participation in children with spastic CP. This work differs from prior research by: (a)
evaluating four key musculoskeletal determinants in one analytical model; (b) assessing



two distinct but related outcomes motor function and participation; and (c) using
hierarchical regression based on the ICF model to estimate unique variance.

Methods
Study Design and Setting

This cross-sectional, correlational, predictive study examined how joint range of motion,
spasticity, muscle strength, and pain contribute to motor function and participation in
children with spastic CP. The manuscript follows STROBE guidelines for cross-sectional
research [17]. Data were collected from April 2023 to January 2026 at Bu-Ali Sina Hospital
and Zehn-e-Pouya Rehabilitation Center in Sari, Iran.

Participants

Participants were recruited by convenience sampling from two_outpatient rehabilitation
facilities in Sari, which limits generalizability. The criterion “ability to follow verbal
instructions” was based on clinical judgment and parental report; to reduce selection bias,
only children who understood and performed at least three simple motor commands were
included.

Inclusion criteria: (a) diagnosis of spastic.CP (unilateral or bilateral) confirmed by a
pediatric neurologist; (b) age 6-18 years (chosen to ensure instruction comprehension and
cooperation while covering childhood:through adolescence); (c) GMFCS levels 1-1V.
Children of all ambulatory statuseswere included to represent the full range of functional
ability and participation, since participation restrictions occur even in higher-functioning
individuals [16]; and (d) ability to follow simple verbal commands and cooperate with
assessments.

Exclusion criteria: (a) orthopedic surgery or botulinum toxin type A injections to the lower
extremities within the previous 12 months, because these can transiently affect tone, joint
mobility,~and strength; (b) regular use of oral antispasmodic medications (baclofen,
diazepam, or.tizanidine) in the two months before enrollment, due to possible confounding
of tone and motor performance; (c) uncontrolled comorbid conditions, such as refractory
seizures or Severe visual/auditory impairment that could invalidate assessment; and (d)
mixed-type CP (dyskinetic or ataxic) or other concomitant neurological disorder.

Sample Size Calculation

A priori sample size was calculated with G*Power for multiple linear regression. With
medium effect size (f2=0.15), power 0.80, a.= 0.05, and up to seven predictors in the final
model, the minimum was 103 participants. To allow for attrition or incomplete records,
recruitment target was 120 children.



Ethical Approval

Ethical approval was obtained from the Institutional Review Board of Mazandaran
University of Medical Sciences (approval number: IRMAZUMS.REC.1403.18178). All
procedures followed the Declaration of Helsinki. Written informed consent was obtained
from parents or legal guardians. Children received age-appropriate verbal explanations;
those able to understand provided written assent, while others gave oral assent alongside
parental consent, with active cooperation during testing considered tacit. acceptance.
Children showing distress or unwillingness were withdrawn immediately.

Instruments and Variable Measurement

All assessments were performed by one trained examiner with more than five years of
clinical experience in pediatric CP rehabilitation. This minimized systematic error from
inter-rater variability and intra-rater inconsistency.

Variables
Range of Motion (ROM):

Passive joint ROM was measured with a standard«360-degree plastic goniometer using
Norkin and White protocols [18]. Bilateral lower-extremity movements assessed were hip
extension (Thomas test position), hip abduction (supine), knee extension (popliteal angle),
and ankle dorsiflexion with knee extended.and flexed. VValues were recorded in degrees. A
composite lower-extremity ROM secore was created by converting individual joint scores
to z-scores and summing them; higher scores indicated better joint mobility.

Spasticity:

Knee flexor/extensor and ankle plantar flexor spasticity was assessed with the Modified
Ashworth Scale (MAS)[19]. Testing used a relaxed supine position and standardized
passive movementvelocity. A total spasticity score was obtained by summing MAS grades
across.tested-muscle groups.

Muscle Strength:

Maximum voluntary isometric contraction (MVIC) of hip flexors/extensors, knee
flexors/extensors, and ankle dorsiflexors was measured with a hand-held dynamometer.
The “make test” was used: the examiner stabilized the dynamometer while the child exerted
maximal force against it. Positions followed Hislop and Montgomery guidelines [20]. For
each muscle group, three 5-second contractions were performed with 30-second rests; the
highest force in Newtons was analyzed.



Pain:

Pain presence and intensity were assessed with a numerical rating scale [21]. Children rated
typical pain over the previous week on an 11-point scale from 0 (no pain) to 10 (worst
imaginable pain) [22].

Motor Function:

Gross motor function was measured with the GMFM-66, a validated tool for-detecting
motor ability changes in CP [32]. It has 66 items in five dimensions: (A) lying and rolling;
(B) sitting; (C) crawling and kneeling; (D) standing; and (E) walking, running, and
jumping. The trained examiner scored each item on a 4-point ordinal scale (0 = does not
initiate, 3 = performs independently). Total scores range from 0 to 100, with higher scores
indicating better motor performance [23].

Participation:

Participation was assessed with the LIFE-H inventory for children [39], a validated ICF-
based measure of daily activities and social roles. The short form has 63 items across 12
life habit categories (nutrition, fitness, personal care,.communication, housing, mobility,
responsibilities, interpersonal relationships, community life, education, employment, and
recreation). Each item was rated on a 10-peint scale (0-9); higher total scores indicated
greater participation. The primary caregiver .completed the questionnaire with the child’s
help when possible [24]. The total summary score was the main participation index.

Study Procedure

All evaluations occurred in one structured session to avoid between-session variability due
to physical condition, fatigue, mood, motivation, or environment. This also reduced family
burden and sample attrition from multiple visits, which is important in pediatric CP
research.

Because the battery was multidimensional, a standardized fatigue-management protocol
was used. Physical-tests (ROM, spasticity, muscle strength) were randomized for each
participant to control order effects. Planned 5- to 10-minute rest breaks were provided
between  components based on each child’s needs. If fatigue, restlessness, or reduced
cooperation appeared, extra rest was given.

Total assessment time averaged about 90-120 minutes, including rest. This was feasible

with standardized clinical instruments and the examiner’s extensive experience with
children with CP.



Statistical Analysis

Data were analyzed with IBM SPSS Statistics for Windows, version 26.0 (IBM Corp.,
Armonk, NY, USA). Statistical significance was set at p < 0.05. Descriptive statistics
(means, standard deviations, frequencies, percentages) were computed for demographic,
predictor, and outcome variables. Normality was checked with the Shapiro-Wilk test.
Regression assumptions were evaluated (residual normality, linearity, and absence of
problematic multicollinearity). Pearson product-moment correlations examined bivariate
associations among ROM, spasticity, strength, pain, GMFM-66, and LIFE-H. Tolerance
and VIF were calculated to confirm no problematic collinearity in the final motor function
regression model (Block 2).

Multivariate analysis used hierarchical multiple linear regression..Reported parameters
included standardized and unstandardized coefficients (B and B), 95% confidence intervals,
semipartial correlations (sr?) for unique variance, R?, adjusted R?, and AR? at each step.
Post-hoc power analyses were performed when indicated.

Results
Participant Characteristics

A total of 117 children with spastic CP met eligibility criteria and were enrolled. Complete
data were available for all 117 participants, with no missing values for primary outcomes.
Table 1 presents demographic and clinical characteristics. There were 68 males (58.1%)
and 49 females (41.9%), mean-age -10.4 years (SD = 3.6; range 6.0-18.0). GMFCS
distribution was Level | (n = 28, 23.9%), Level Il (n = 35, 29.9%), Level Il (n = 31,
26.5%), and Level IV _(n = 23, 19.7%). CP subtype was unilateral spastic in 48 children
(41.1%) and bilateral in-69 (58.9%):

Table 1. Demographic and Clinical Characteristics of Participants (N = 117)

Characteristic n (%) Mean Range
(SD)
Age (years) 10.4 (3.6) 6.0 —18.0
Sex
Male 69
(58.9)
Female 48
(41.1)
GMFCS Level
Level I 28
(23.9)
Level 11 35
(29.9)
Level 111 31
(26.5)
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Level IV 23

(19.7)
CP Type
Unilateral Spastic 49
(41.9)
Bilateral Spastic 68
(58.1)
Study Variables
Range of Motion 0.00 (2.84) 521 -
(composite z-score) 6.34
Spasticity  (total MAS 12.84 4.00 —
score) (5.21) 24.00
Muscle Strength (Newtons) 14.67 5.23 —
(4.89) 26.81
Pain (NRS score) 3.92 (2.45) 0.00 —
9.00
Motor Function (GMFM- 68.43 3210 -
66) (18.76) 96.50
Participation (LIFE-H) 6.87 (1.94) 2.10 —
9.00

GMFCS = Gross Motor Function Classification System; MAS = Modified Ashworth Scale;
NRS = Numerical Rating Scale; GMEM-66.= Gross Motor Function Measure-66; LIFE-
H = Assessment of Life Habits.

Bivariate Correlations

Pearson correlations are shown in Table 2. Diagnostics supported linearity and normality.
Most variables were significantly intercorrelated. GMFM-66 scores had strong positive
correlations with~\ROM - composite scores (r = 0.61, p < 0.001) and muscle strength (r =
0.73, p < 0.001), and moderate negative correlations with pain (r = -0.49, p < 0.001) and
spasticity (r = -0.42, p < 0.001). LIFE-H participation scores correlated positively with
ROM (r =10.53, p < 0.001) and strength (r = 0.68, p < 0.001), and negatively with spasticity
(r=.-0.38,p <0.001) and pain (r =-0.57, p < 0.001). Motor function and participation were
highly.correlated (r = 0.71, p < 0.001).
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Table 2. Bivariate Correlations Among Study Variables

Variable ROM Spasticity | Strength | Pain Motor Participation
Function

ROM —

Spasticity -0.48*** —

Strength 0.58*** | -0.44*** —

Pain -0.35*** | 0.29** -0.41*** —

Motor 0.61*** | -0.42*** | 0.73*** | -0.49*** —

Function

Participation | 0.53*** | -0.38*** | 0.68*** | -0.57*** | 0.71*** —

**% < 0,001; ** p < 0.01

Multicollinearity Diagnostics

Tolerance and VIF were computed for predictors in‘the final motor function model. As
Table 3 shows, all tolerance values were above 0:20 and all VIF values below 5. The lowest
tolerance (0.48) and highest VIF (2.08) were for muscle strength, both within acceptable
limits. Thus multicollinearity was not a major. concern.

Table 3. Multicollinearity Indices for Predictor Variables in the Final Motor Function
Regression Model

Predictor Variable Tolerance VIF
Range of Mation 0.58 1.72
Spasticity 0.69 1.45
Muscle Strength 0.48 2.08
Pain 0.66 1.52

Hierarchical Multiple Linear Regression Analyses
Prediction of Motor Function (GMFM-66)

Prediction of Motor Function (GMFM-66): In Block 1, age, sex, and GMFCS level were
covariates. The model was significant [F(3, 113) = 28.64, p < 0.001] and explained 43.2%
of variance in motor function (R? = 0.432, Adjusted R2 = 0.417). GMFCS level was the
only significant predictor in this block (B = -0.62, p < 0.001), meaning higher (more
impaired) levels were associated with lower motor performance.

In Block 2, ROM, spasticity, muscle strength, and pain were entered simultaneously. This
significantly increased explained variance (AR? = 0.281, p < 0.001). The final model was

12



highly significant [F(7, 109) = 38.71, p < 0.001] and explained 71.3% of variance in
GMFM-66 scores (R? = 0.713, Adjusted R? = 0.695).

In the final model, muscle strength (B = 0.41, p <0.001), ROM (= 0.22, p = 0.004), and
pain (f =-0.19, p = 0.003) were significant independent predictors. Spasticity (f = -0.08,
p = 0.241) was not significant after controlling for other variables (Table 4).

Table 4. Hierarchical Regression Analysis for Prediction of Motor Function(GMFM-

66)
Variable Model 1 Model 2 (Final
(Covariates) Model)
B (SE) B p B (SE) B p sr?
(Constant) 82.45 (6.21) <0.001 | 54.32 (7.85) <0.001
Age 0.28 (0.35) 0.05 | 0.425 |.0.19(0.27) 0.04 10482 |0.01
Sex 2.14 (2.53) 0.06 | 0.398 | 1.87.(1.94) 0.05 | 0.337 |0.01
GMFCS -8.76 (1.24) - <0.001 [+-4.23(1.08) - <0.001 | 0.07
Level 0.62 0.30
Range of 1.45 (0.49) 0.22 | 0.004 |0.05
Motion
Spasticity -0.29 (0.25) - 0.241 |0.01
0.08
Muscle 1.57 (0.29) 0.41 | <0.001 | 0.12
Strength
Pain -1.45 (0.48) - 0.003 |0.04
0.19
R2=0.432 R2=0.713
F(3; 113) = 28.64, p F(7, 109) =
<0.001 38.71, p < 0.001
AR?=0.281,p <
0.001

Prediction of Participation (LIFE-H)

A second hierarchical regression predicted participation. Block 1 (age, sex, GMFCS level) was
significant [F(3, 113) = 21.37, p < 0.001] and explained 36.2% of variance (R? = 0.362, Adjusted
R? = 0.345). GMFCS level was the strongest covariate (f = -0.55, p < 0.001).

Block 2 added the four musculoskeletal predictors, significantly improving the model (AR? =

0.257, p <0.001) and accounting for 61.9% of variance (R? = 0.619, Adjusted R? = 0.598). In this
block, muscle strength (B = 0.36, p < 0.001) and pain (B = -0.31, p < 0.001) were the only
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significant independent predictors; ROM (B =0.12, p=0.142) and spasticity (p =-0.06, p = 0.398)
were not significant.

To test mediation by motor function, GMFM-66 scores were entered in Block 3. This significantly
increased explained variance (AR? = 0.098, p < 0.001). The final model accounted for 71.7% of
variance in participation (R2=0.717, Adjusted R2 = 0.695).

In the final model, motor function was the strongest predictor of participation (B =0.42, p.<0.001).
The beta coefficients for muscle strength and pain decreased relative to Block.2, suggesting partial
mediation by motor function. Both remained significant but with smaller effects: muscle strength
(B=0.19, p=10.018) and pain (p =-0.18, p = 0.004). Full results are in Table 5.

Table 5. Hierarchical Regression Analysis for Prediction of Participation (LIFE-H)

Variable | Model 1 Model 2 Model 3
(Covariate (Impairment (Motor
S) S) Functio
n)
B (SE) B |p B (SE) Bo.lp sz [B(SE) [B |p
(Constan | 8.21 (0.68) | — | <0.00 | 5.87 (0.92) — | <0.00 3.42 — | 0.001
t) 1 1 (1.02)
Age 0.02 (0.04) | 0.0 | 0.612 | 0.01 (0.03) 0.0 [ 0.738 | 0.0 | -0.01 - 0.854
4 2 0 (0.03) 0.0
1
Sex 0.31(0.27) | 0.0 | 0.252 {.0.24(0.22) 0.0 | 0.275 | 0.0 | 0.19 0.0 | 0.319
8 6 1 (0.19) 5
GMFCS | -0.78 (0.13) | - <0.00. | -0.42.(0.13) - 0.002 | 0.0 | -0.28 - 0.018
Level 05 |1 0.2 6 (0.12) 0.2
5 9 0
Range of 0.08 (0.06) 0.1 |[0.142 | 0.0 | 0.03 0.0 | 0.542
Motion 2 2 (0.05) 4
Spasticit -0.02 (0.03) - 0.398 | 0.0 | -0.01 - 0.635
y 0.0 1 (0.02) 0.0
6 3
Muscle 0.14 (0.03) 0.3 | <0.00 | 0.0 | 0.08 0.1 | 0.018
Strength 6 1 9 (0.03) 9
Pain -0.24 (0.06) - <0.00 | 0.0 | -0.14 - 0.004
03 |1 8 (0.05) 0.1
1 8
Motor 0.04 0.4 | <0.00
Function (0.01) 2 1
Model R2=0.362 R2=10.619 R2 =
Summar 0.717
y
F(3, 113) = F(7, 109) = F(8, 108)
21.37, p < 2527, p < = 34.19,
0.001 0.001 p <0.001
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AR? = 0.257, AR> =
p < 0.001 0.098, p
< 0.001

Unstandardized coefficient; SE = standard error, p = standardized coefficient,; sr* = semi-partial
correlation coefficient (unique variance explained); GMFCS = Gross Motor Function
Classification System; LIFE-H = Assessment of Life Habits.

Sensitivity Analyses
To test robustness, sensitivity analyses included weighting for GMFCS levels and age-

stratified subgroup analyses. These did not materially change primary: coefficients and
consistently supported the independent predictive roles of muscle strength and pain.

—— v D———
B=0.19%%
. |
Participation | Muscle Strength |
T ] Pain
F -

B=0.42
= - = L
B 0.8 J 8 =-0.19
ROMN
B =0D.22%%
B =10.08 n.s
.
=p < 0.05
*¥= —p = 0.01

=% = p < 0.001
n.s. = non-significant

B =0.41%=% [

Figure 1. — ICF-Based Conceptual Model of Relationships Between Musculoskeletal
Factors, Motor Function, and Participation in Children with Spastic Cerebral Palsy

This ICF-based model shows three levels: Body Structure/Function (ROM, spasticity, muscle
strength, pain), Activity (GMFM-66), and Participation (LIFE-H). Standardized path coefficients
(B) come from hierarchical regressions (Tables 4 and 5). Arrows show direct effects. Muscle
strength was the strongest independent predictor of motor function (B = 0.41) and had a direct
effect on participation (f = 0.19). Pain had negative direct effects on motor function ( = -0.19)
and participation (B = -0.18). ROM had a significant direct effect only on motor function ( =
0.22). Motor function was the strongest predictor of participation (p = 0.42). Spasticity showed no
significant direct effect on either outcome after adjustment.
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Discussion

The present investigation was undertaken to delineate the independent contributions of joint range
of motion, spasticity, muscle strength, and pain to the prediction of both motor performance and
social participation in children with spastic cerebral palsy. Our principal findings indicate that
muscle strength and pain constitute the foremost independent predictors of motor function and
participation, whereas spasticity, after controlling for other variables, contributed negligibly to the
regression models. Furthermore, motor function partially mediated the indirect “relationships
linking muscle strength and pain to participation outcomes. These observations are consistent with
the ICF framework, substantiating the premise that impairments at the body structure/function
level can influence participation through their cascading effects on activity performance [25].

The prominent role of muscle strength in determining motor outcomes among children with CP is
corroborated by our data. These results align with the work of Eek and Beckung [26], as well as
Ross and Engsberg [27], and are further supported by the systematic review conducted by Goh et
al. [28], all of which demonstrated that lower extremity muscle ‘strength exhibits stronger
associations with mobility and GMFM scores than many neurological indices. Moreover, more
recent ICF-grounded investigations have reported that strength-training interventions can enhance
not only motor function but also participation and quality of life [29, 30]. The systematic review
by Kara and colleagues, framed within the ICF model, similarly concluded that strengthening
exercises exert the most pronounced effects on motor limitations [31].

In recent years, the rehabilitation paradigm for. CP. has progressively shifted from a purely
impairment-focused approach toward optimizing functional performance and participation.
Rosenbaum and Gorter, through their "F-words" framework, have emphasized the importance of
fitness, functioning, and participation, advocating that meaningful everyday outcomes should
occupy a central position in_rehabilitation planning [32]. This perspective resonates with our
findings, suggesting that augmented muscle.strength may facilitate participation in daily activities
beyond merely improving movement biomechanics.

Another salient finding of the current study was the independent predictive capacity of pain with
respect to participation. Pain in children with CP has historically received less systematic attention
relative to other impairments; however, accumulating evidence indicates that chronic pain can
precipitate activity restriction, diminished social interaction, movement avoidance behaviors, and
reduced quality of life [33, 34]. Our results are concordant with those of Harvey et al. [35] and the
systematic review by McKinnon and colleagues [33], both of which documented a high prevalence
of pain.and its deleterious impact on participation. These observations underscore the imperative
for routine pain screening and the integration of pain management strategies into CP rehabilitation
protocols.

Conversely, spasticity failed to demonstrate an independent contribution to either motor function
or participation in our final regression models. Although spasticity has traditionally been regarded
as a primary therapeutic target in CP management, emerging evidence suggests that its relationship
with disability is considerably more complex than previously assumed [36—38]. Our findings are
in accordance with the longitudinal work of Braendvik et al. [39] and the study by Ross and
Engsberg [27], both of which reported that strength is a more robust predictor of ambulatory
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capacity than spasticity. Furthermore, recent investigations employing quantitative spasticity
assessment techniques have indicated that conventional clinical scales may not fully capture the
multifaceted nature of neural hypertonia [40, 41]. Thus, our data lend support to the notion that
reducing spasticity in isolation does not necessarily translate into meaningful functional or
participation gains.

Range of motion emerged as a significant correlate of motor function in our study; however, its
predictive role in participation was not independently significant. This pattern likelyindicates that
ROM limitations exert their influence primarily through mobility-related effects at the activity
level, with any impact on participation being indirect. Studies by Nordmark et al. [42] and Elnaggar
[43] have similarly demonstrated that ankle and knee ROM restrictions can.disrupt gait patterns
and movement symmetry, thereby compromising functional mobility.

Clinical Implications

Clinically, these findings suggest a need to re-evaluate treatment priorities in CP rehabilitation.
Focusing only on reducing muscle tone, without addressing strength, pain, and participation, is
unlikely to yield meaningful functional improvement. \WWe recommend participation-oriented
interventions that include targeted strengthening, comprehensive pain‘management, task-specific
training, and attention to environmental and social factors: This aligns with evidence-based
recommendations by Novak et al. [6] and recent participation-focused rehabilitation research [44].

Sensitivity Analyses

To assess possible effects of severe motor-impairment (GMFCS Level 1V) and age, sensitivity
analyses used inverse probability weighting.based on GMFCS distribution and age subgroups (6—
12 and 13-18 years). These analyses did not appreciably change standardized coefficients for
muscle strength (change < 0.03) or pain; confirming robustness.

Strengths of the Study

This study has several strengths: (a) use of the ICF framework; (b) simultaneous examination of
four key musculoskeletal impairments in one model; (c) inclusion of both activity-level (motor
function)_and participation-level outcomes; and (d) hierarchical regression to isolate unique
variance. Including“children across a broad GMFCS range and wide age range also improves
generalizability.

Limitations

Several limitations should be considered. First, the cross-sectional design prevents causal
conclusions. Regression and mediation can show associations, but longitudinal or interventional
studies are needed for directionality. Second, spasticity was assessed only with the Modified
Ashworth Scale, which may not fully capture velocity-dependent and multidimensional neural
hypertonia. Adding the Tardieu Scale or instrumented measures could clarify spasticity’s role.
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Third, participation data came mainly from parental report, which may introduce proxy bias,
especially for older children and adolescents. Fourth, convenience sampling at two specialized
rehabilitation centers in Sari without random selection limits generalizability and may bias toward
children with higher cognitive functioning, because the “ability to follow verbal instructions”
criterion relied on clinical judgment rather than standardized cognitive assessment. Future studies
should use cluster-randomized sampling across multiple provinces and objective cognitive
evaluations.

Fifth, several confounders were not controlled, including cognitive/behavioral. status,
psychological factors, antispasmodic medication use beyond routine consumption exclusion,
number of physiotherapy sessions, and physical activity levels. Although regular medication use
was an exclusion criterion, sporadic use or dose changes remain possible. Future research should
document and statistically control these variables.

Sixth, the composite ROM index needs further psychometric validation. Seventh, we did not
perform test-retest or inter-rater reliability assessments for physical measurements in a subsample.
Although a single experienced examiner and standardized protocols reduced measurement error,
formal reliability testing in future studies would strengthen.clinical measurement credibility.

Also, the absence of objective activity-monitoring tools.(accelerometers, wireless sensors, or GPS)
is a limitation, because self-report and proxy-report can be affected by recall and social desirability
bias.

Future Research Directions

Future work should use longitudinal .designs or randomized controlled trials to examine causal
pathways among muscle strength, \pain, spasticity, motor function, and participation. Studies
including cognitive, psychological, environmental, and family factors alongside physical
impairments would help build more comprehensive ICF-based models. Developing and testing
participation-oriented interventions. that combine strengthening, pain management, and task-
specific functional training is a high priority. Finally, head-to-head comparisons of muscle-
strengthening versus anti-spasticity interventions could inform treatment priorities in pediatric CP
rehabilitation.

Conclusion

In children_with spastic CP, muscle strength and pain are substantially more important than
spasticity in explaining motor performance and social participation. These findings support a shift
from impairment-centered rehabilitation toward participation-oriented care and highlight the need
for multidimensional, ICF-grounded interventions that address the varied determinants of
functional outcomes.

18



Ethical Considerations

This study received ethical approval from the Institutional Review Board of Mazandaran
University of Medical Sciences (approval code: IRRMAZUMS.REC.1403.18178).

Funding

Financial support for this article was provided by the Research and Technology Deputy of
Mazandaran University of Medical Sciences.

Author Contributions

All authors contributed equally to the conceptualization and design of the study, data collection
and analysis, interpretation of results, and preparation of the manuscript draft.

Conflict of Interest
The authors declare that they have no competing interests.
Avrtificial Intelligence

The content of this article has been generated entirely by the authors, and no artificial intelligence
tools were utilized in its production.

19



0452

S350 (CP) 5m0 78 Mo (5055 50 (50,8ae (slavaly (g0aiiS s Jolge 500 5o iseilys gail)l jslaie 4y :dun
JolS jsboas jeim S\l g (S, 0,Shee 0 byl s Sl Lol waiiin b Sdlae Sl slas,ual ax ST el
S, 0 Sles 00,0 5 SDlae ©jad bl ¢ S5 > saily Jaae i glulld dslllas ol Gascil cais g,
B9 Sawlowl (330 s 4 M (50sS oS jlie 5 g

|5l &S sk (Jlo Vo ¥ £V o 1Ske) Seiwlowl CP b Yie S095 V1Y« abaiio ganlllas ol 505 oy p s,
Gaials Jolds b3y 2 pdy Ojge 5058 cisuilys SlacSilS I s 0 (6 S diges aiid)S 13 ke s IV 1
oliie) 850 5 (s (6 yhogalind) S yiagil (e a8 (&)5h] Goadpdlol (i) dmilis (giliss plail 35 >
GMFM-66 (Gross Motor .Lis jl eoliwl b (&5 1o 0 ,Shas .09 (05,5550 (sloo o pliiiad 3,0 (oids, (soae
LIFE-H (Assessment of Life Habits for Children) ,i5l ;| sslaxul b o5 L, ¢ FUnction Measure-66)

obyly dslre g (Sleadade galBaiz o S, Jodod 5l i ki 0 Jiea (BB v lp b sz
A oolazwl & 84, pasie

e &8 8,5 s |y <8 e iy 5 VY g 5o 5,Shas iy SIUVVY o 4 ol sla e sl
By e Jobas iy ey s 5 (B = 0,41, 812= 1206, PEOIOOL) s 25 5 5ot S iy (5553
(B=-0.19,sr2=4%, p=0.003) =5 > 5,Slee i 90 & Jitas i 0,0 (= 0.19, 5r2=3%, p = 0.018
B=10.22,) 050 5 > 0,Skas 3,5 pastin (y i S5y saisls 040 (B =-0.18, sr2 = 3%, p = 0.004) =5 ,Liwe
Jias Croion Sdhas Sl Jalse plo J S Glige, miobol 055 o5 liw slp LI (12 = 5%, p = 0.004

S5 S G S Opgen [ES e 03 g (ae ©)u8 SIS (55 > 0 Sles g (5)lolins

T 4 Mo 5055 j0 &S jLie g (25> 93She (6l haesS LB (Slarm i G piede 000 9 Sl plail 0508 16 S A
5 9,5 os 10 3gug liwe s B oS 55 508 0,0 Co i g OMae Cogll (el b odSuiled aiiis Sowlol (55

g ol S5 0 S L

tiislin] £ S > (gaialy (S i ¢ 25 > 0 Slas 0,0 ¢ SDas & 08«5 jre s dlaoslganls

20



3,50 Y B Y 8900 )] Slo ouds 9 canl (5395 )l590 58 (somx gl e o saolis (Cerebral Palsy; CP) (jae ol
A 50 45 Canl G Sy 5 S > o3l SV 5| 2g 5 el DS ol V] el ons 3155 easy ol Ve e e 0o
Sl ol yorr e ISl 5 bl )| o5 lid o SSTL Clel 5 058 oo sbml 0l Sl 0 jio 4 odg pion b ]

[Blogtige Jolis 1) 3 g0 3l slodas (250 5 390 g0 gmne CP 08 o smls Sl g5 (Y]

SN CetS g 25, 0 Slae allgl so g AUS o0 j9 (Fu N D ygods Sletiul la sie )58 99,0 ( S5 2 diels Coogate
[4,5]awas )3 jibiEos @osa |, Sses

(International Classification of Functioning, cedbs 3 Slyb o ,Ske Molipw Gobanb o)l wlal
Jols aSh iz 68,5kes 5 s 3 le sl a4 sgame i cwdle slassly, ([Disability and Health; 1CF)
body structure/function alaw <YM Jas ool 0 L8] gt o 5 clanlesylis (mls 5 beuls )0 cosgame
Jobes ¢80l yudai glacdlad (g 38 31 5 )b 51 aisles g0 0,0 5 (55 > Wals Ggogdons ¢ Dlac Gaxs o ciwlin] wiile
[7]0isS sgame |y (o s 5 (ojgel el slo i 015055 5 Lo Lol cumsg JUiil

e &03 (Jle gl Wlos,S cwyw CP 4y M 53550 10, 55 > 5,Shoe b 1 LT 50 b3 ,| souaite lallas
Cowl oals ()55 Caalainl g 28 0ly Cae pus il o Sy o ,Sas (glronisS Su i et Sl (o Olsreds SLow pladl
ails bas e S o0 2lS g 5 soly slagSl e ST b lggls b gee 50 ohsds (IS, dkeld Cudgase ismes LA

[10,11,12] el ot

e 1y il Slallls 5 S5 1S 35y Bt s 55 tasilin] (o 2 oy o
aels g GHas &a8 wile obb e S 5l unailosls lis asas Sldllas wilos )57 8 ee (69,5les Codgizme gullS
559 <ol 5 osdle 1NV 1P hogt e Jolina el Uty o 8IS (35 > o Shat (s 53 msiolyn] i pip (35 >
S o ol Saedled Eals 6 ,b 5l Bl oo sl CP o Mis (15045 ;0 495 8,90 yieS Ll golis oDISie 51 (G a8

[14,15] sl 38 51 3 Kot b 1 5 e Cyspime

2 B,ola T 35 6 b allos,S ) 3 jiie Syt | b ke ol el aS el o] iy Slidllas vgo slacasgame | S
S8 bl ( S5 Akl Glojen g s phew o (atein jeid 4 )0 Sl 039y (5 o 8 S sladely
Slalllas pitren ol 95> Sitwbowl CP @ M 5555 clain! o8 Lie 5 (&5, 8,5kee (s 0 8,0 5 Hhae

S 0 Sles San i ;90,0 9 Sdlac ©ad  wniiulosl (( SS e asely R e gy B b ol axdllas ol b

21



g yS 5 5 eoliiwl b lay T baslgy Judoss g e jlie g (5, 8,80ee duly g0 5l solal (oS Sdlac— Sl Jele o>

e
dallas alad) Jaa g Alk

lmstanlinsl (S o atals (i g Sl (S 9 s 8,509, b (CTOSS-SECHiONal) aaio & b5l axlllas ()]
bl dlie 5,58 05 eolatnl Soulwl (530 w8 4 M (S0sS cS lin g (S5, 0 Ses 50 9,0 9 &0l
STROBE (Strengthening the Reporting of Observational casls o ahie ldlas @la Jonll)giws
L e gy bt Lo 53 Yo V8 augily B Y- YY ol 51 loj o3l o Waosls [17] wis alul Studies in Epidemiology)

A (6 slae @lpliis b Lgy 03 35 e g

oFasses

sgaze |) bl (6 pdypeens a5 Wad Ol o)l joed Liuslyy 35 e 90 Sl a0 [0 (6 S g (hg,d BaSes b
Ao axlllas ol «is S I yo Iy ool 25 > loyd an JBlas a5 SlSssS

Olamebl lagygesl 1o (5,5 g 1o ysiws 51 (5g,m 0 GBaSES o LUlg 5L ol Gl s 09,5 ol JW VAL F
Sl gl el a0 50sS eles AV LI I GMFCS olaws coiS (oSt |y Slomgi b (S045 505l 5 048 Jool>
6,8 ee Sl b SB0sS o s a8l sacgssame |y 5 caiald aslllas o ly o5 Lie (s45,205 5 0 Slos 31 slos yS als

g p3Y Qy,ﬂ 3 6,582 g oS Bosle sla,giws 5l (55 ,m (2Uls izren [16] 3,15 3529 55 SYL

OF OWlae Gl 15) addS oLV (b SLas plail o peidgisy o 32,5 b sl (2 Joe ol oS slajlne
Pk (3L wiile) pusbwlad (5155 slag)ls plate B pae f(aims oo )l 3 5l b BBga |; )08 5 (35 > aislo ¢ Dlae
Slogiid) ;o0 b JS slags law 9525 (5,2 0 Shoe g (SMae (55 09l I Joa) aldS ole g9 50 (ol b
LS o) CP Laliss @l jansess ¢ 605,108 56 b)) 5 aiilg oo a5 (loid b (olin syl YS! s hB .2

25 So35l9,58 slacs o plo b (SBTL

(2= 0.15) basgie 5l o3l b o cpnd ailfai> as cygu )5, Judows sl GFPOWET 15810 5 51 solisil b aiges oox>

0A S S 1 VoY Wiged pze JBlas ( oles Jow 50 croie e ¥V iSTas 9 0 = 0.05 (o)lo cme o o Ae g3l ol
20,5 s 00 ES 5 VY e Ll Bas jadl slacols b B el o)l gl o 0491

22



S al

el oled) ws olo hasile  Sin peke oKl DS ateS heg  eeh ol (OB aush
ol 51 S sy s bl S saily S Jsol b gllas >0 ols (IR.MAZUMS.REC.1403.18178

59) 2lad cadloe p ple 5 oS Cillge S0 50 dailed H0gS ol &Il s b el s (505 Sl s 5 A5
o adllas 5l olo )b oDl glyls 505 0l AL i pdy ailis lag] Jld 6, Ken g 055,5 E8b o (cpadly Cols, LS

s
o yusie i g a5l

plrl (33 gld (5055 (Lazmilys 0592 )0 )15 il Jlo O 51 e 1) Ay b g 000 (Mgal b, o g o o) (oles
Sy JBlas 4 (Intra-rater error) cb;,le g, slas 5 g sameslacl; | Sl 5 ool Solatuw slas b was

L it
G’Sf’ PR

118] v & S o3l White 3 Norkin oV B a0 Y7 olde b (Seadl yielidsS jleolaiul b Jled, e =S > asals

QA (6 S oslail ad logs & ygods 3 IS >

S o s9 (i 4l 55 atnSTLOLE S ) ol STl (begs S Sondg 59) o) Jrate S|
= g Slo gl b oy g

5 (Z-5C0re) Jads ;o &l il luibnl b Stow plail (&5 o aiels (oS 5 5hisl .ol plonil a3 0 s Lo w503l
Wdg i (S, diald e ylas YL Ol yes el Cews as ST g gemme dlne

S

S kel wead julesT clae ljed ggamme b plxil &S > o jlailial Ceyw b oplyl g jball el jo g1 [19]
ly JSas |y sl

Hhas &)ad

23



Fogelad bl e jeaSl o )90 5 493l HgaiinST 5 j9uSlE (], jgmiitnST g jguSdE LA (G0l SG eyl (AL (Sarten
R i 0SS 13 g 0 I8 e 455 Cali 1) tegelins Sge;] o) 4o a5 ws eoliisl "Make test! i, 5l.as g pSojlasl ws
&l [20] wi wlas Montgomery  Hislop sles Justis] 5ol 9031 (slacansg oS oo 8,15 o dadde | (S (595
g o>y 0ADCLS (G, (e 0l pll glasl Ve ol ] alold b glash O elail an gdlac 05,5 o

20,5 eos (Newtons)

LSS

ALdS gaian 0 1) 095 Jgens 9,0 gire gld S0gS 121] o o 3,0 goas wlie loolaiul b 0,8 Sl 5 09>
[22] 55,5 (5155 Gaas o8 3, cpsouad) Ve B (3,0 oys0) * jleslalaish) ol 5,

L JERY P

s ot 5lp pime (5,130 s oL, GMFM-66 (Gross Motor Function Measure-66) L =S > o Slee
B) (o > 5 oS 5l (A)aw 0 o [‘,b"—l £8 Jolis yge31 ool L] el G gld 4w 5855 o oS > 0, Sles
ol 5 9 o9 (GRSILE) (oLl (D) 035 15 5 o35 © (it

D 2jlitel (a5 o plnil Jiiue jobas = ¥ aiS adigg i 5 0) slaz ,0F ulide (g9, o iieel bl laws o] e
123] sisvn g0 (5,0 0 Sad Sl 5L Ol jed a5 00,5 acaloee Voo b e o IS 5Letdl

S o

2 e pime il ol I¥A] as oL, (Assessment of Life Habits for Children) LIFE-H saslii p b
30 o] £ ol LIFE-H obsS sasuns aomin o |, cloiin] slo i g 0055, slacadled ,o 5 Liw g <ol ICF Jow
S5 63 8 dally, e Sgrus 1S oo 1S (bl | pasii Cudl e plailoals @wis) (Sw; lacole satws VY

S ool (g b5 ¢ Jldl ¢ ojgel o elos]

L gitaeliin ot &S jLlie 5YL mlaw gosolis 5YL Olyes sl oojliel (A L +) lakaisy e wlias g, rb.‘;.ﬂ e
By S i Lol (azli Glosl ggeme 124] s JooSG )l 900 40 S35 S L g S5 sy

5 oo (between-session variability) clul> o s i 51 L o plol 4l bsle and> S 50 o obs,l ples
wm Ml} A_iv o La:u_‘b))l ‘Dl?u‘ 03.....: ‘_g)jj.l.? 5935‘5,4...7:‘7 .la)‘)...u 9 O).Aii‘ ‘L31:> 54.“)3) k;a.m} sks'Lw u.».ucﬁ UQLD.:

24



a0 Mo 5055 Slalllas ;0 45 egdge td saie Slaxl o 0 iged i3, Jleim! jalS 5 baoslgils DUrden ials coge

.o)le 6‘0'}19 ROy Sy CJ.%

aold) (S5 5.8 sloygesl s 5 o b (S Copase sl o laibinl JSSgy SO e oL LSJ.:.:J..} Cadlo 4y azgi b
(il G e G peies 090 RS oy FI B ald el Bolal &jgea (Glas ©)u8 g iaitalesl (S >
Sl B e (s Mo ounline Oygo (o b a8 )F i 0 SeS L wlel 5 glaads Ve U O cadig yanl p slace] il

ol oo Jleel Blol col il o g ) S oS L

azgi b Sae pl ol oo s colinl fley Jolis aS 065 4830 VY- B Qe dgas caiS S S o sl bl Shobes el
ad,§ L o pll LB ol >l a5l gime @ld 4 M (5055 L LIS jo Gl as iz g (ol o laskiaal glagl! 51 oolannl a

&bl Julos

IBM Corp., Armonk, NY, ) v#.- ax.; IBM SPSS Statistics for Windows ,l;éle 5 b s eols Judow g 4320

osls yogs Jloy ol dlors (gl 5 i o s lisdicanas b e soled 5l a0 9 Slgly8 ¢ loe Bl youl (1 Sls
395 5 blyy o ot dmeaile lngag Jlay Joli (igems )Ty Slo 2Bty i3)5 (o) SHAPITO-WITK yse5T L
(Pearson product-moment COrrelationy -ysw s Scad ol 60l oy bJoe gl 5l i dasensis

250 awloee (LIFE-H 4 GMFM-66 D0 o,y i olowl ( S5 aisls) b pie o pls LI Db sl

S 8bee (St @I S G5 2l Joe 03 it Sleste e lie (RS S92 poe I lebl jslate 4
b 4w VIF gTolerance  gla asls o oS >

30, (hierarchical multiple linear regression) sl ealuls caillais as cygew )5, Lo piiosis Julo
olis ey (SI2) Srdes (Sed 0l po A0 liebl salold (B 5 P) s lastinl pé g oais laibin) cul po oo o 4o

Olg Jedos ¥ 5 lge jo il 5158 R? (AR?) o 15 g oo Jans R2 R? olio ¢ pscie ,o 0 845 paseie ol ylg oyols
i plosl saoanlive Ol aseds e oy culiS asl 1, (pOSt-hoc power analysis) yse31 51

oA eS8 b Sy

25



VY S ol ool .aios o g andllas 1o 4 55,5 00,91 15 09,5 slolre il Syro gld 4 e S5 VY g0 4o
adlas diged Sdb g SELicuren Ol cllad s92g (Lol duly sl yxio 6l (Slodine jlade zd g 090 JolS SosS
—#.+ aals SD =3.6) Jlo Vo o S5l L (1F).2) 250 TR g (LOAN) g PA Jolis digas ilons @51V Jgam 5o
b (29.9% N = 35) 11 zhaws «(23.9% <N = 28) | b Jols GMFCS gl Lulol  sus8 w032 (Lo VA
(LF).2) Sog5 FA 0 a8, bSy Seitwbow! (6 jie el g5 uizmon. 25 (19.7% N = 23) IV b ¢(26.5% «n = 31) 11

A odalie (LOAY) SosS FA (5 a8 bgs £4i g

(N =117) (Bauses b by solidcomss gl S\ Jooxr

adal ofiua (SD) N (%) S5
6.0 —18.0 1+.4 (3.6) (L) oy
s
68 (58.1) o
49 (41.9) 5o
S > gl
28 (23.9) | abas
35 (29.9) I b
31 (26.5) gl
23 (19.7) IV s
CP &9

49 (41.9)  &,buS; Sl
68 (58.1)  a5,bgs Sl

Lo ie
521-6.34 0.0 (2.84) S > aelo
4002400 12.84(5.21) ETE
523 26.81 14.67 (4.89) Plae & a3
000-9.00  3.92 (2.45) 50
32.10 - 96.50 68.43 (18.76) =5 > o Shac
210-9.00  6.87 (1.94) oS Lo

A% odslie o sae (Swon bayaie 25T 0 aies 18 Hoe Jbo s

26



5 aiitls [ = 0.73, P< o o1 jad 5 1 = 0.61, P< +.o ) 55 1 azels 005 b YU arte  SKianods GMFM-66 &0

e (ot GMEM-66 &l s b 55 cmatalowl

L i Siwonr g F'=0.68, p< - oV eju8

r = 0.53, p<
acsly F=-0.57,p< co Vs 1=-0.38, p< v oV aczolo!

r=-049, p< cVo0 b Jowgie hie  Shaon

sl s 1 =-042, p >+ -y el

=071, P< e N ol Yo (Ko ;500 L o8 Lis 5 25,5 5 Shas &l yas a8 cenl 555 oLLs

l.b):.l:uo O o):.is.esé Gh‘;:..w Y J,»

Slie (50 ,Slee @08 (Srianlons] (S > aials esio
— S disls

— -0.48*** SO VoW |

— -044***  (0.58*** & yad

-0.41*** 0.29** -0.35*** 350

— 0.73***  -0.42***  0.61*** S 8 ,5kes

— 0.71*** 0.68*** -0.38***  (0.53*** &S )l

**% 1) < 0.001

27



S Oes ga )55 (2l S 50 oty L ptie sl (S wiz slaasld Y g

VIF | Tolerance JUR
1.72 0.58 | =5,> awls
1.45 0.69 | cttulon
2.08 0.48 RIRY

s
1.52 0.66 5,

B>z g2 g pac oaiad Ll aS s O 2S>oS VIF polie g« 1Y 5l 5555 Tolerance poldapla ¥ Jgoo 4 axei b
aibico (Vo A) puite ot a0 bgy o VIF 0 5L o (+1FA) SDlae & 508 4y by o TOIETANCE oy 5oyl ol 4> g5 LB

3,08 )18 sloxe onguzme jo lisees oS

sl poalidis gaillaiz as youws Sy Julow
(GMFEM-66) =5 > o Slos st

[F(B, o5 o cine Joo opl i Jaw 5,1y (COVANIALESY g0 (slo s ylgie a0 5 > xdan g i 0o ¢} S'obs o
(Adjusted R = 0.417 R?2=10.432) 5,5 jms |, &5 > 0,Skee il g 51 25YY 5 113) = 28.64, p < 0.001]

haw (35 ,2565) Vb sk w00 o oLt ol { B -0.62, P< e Yoy Sols nl po o sixe i S (5 el
A0gs olyer 25 > 0 Slee Syl Olpei b (25 >

a4 oo b psie ool 99380 .ol Juw 8 )ls lojes jebas (9,0 5 e a8 caiolwl ( S5 > aels) e eV Seb
i ARZ= 0281, P< o+ ) anbimest by Sl ine ialid

5,8kes Slyas Suligly 51 ZVVY 5 [F(7,109) = 38.71, p < 0.001] 55 s sins oStz ysbs (¥ Ssb) led Jow
(Adjusted R2 = 0.695 [R2 = 0.713) ols meiogs |, 35

B=-019,p= 5,09 f=0.22,p=0.004 5>l =041, p<0.001 Mo i ol Joo o
S 5l e (B=-0.08, p = 0.241) wiciiolonl a5 Jl> jo sainds axsliss o sine Jitns (slo i olsie 4 0.003

¥ ooz 955 losine gt it nlo

28



(GMFEM-66) 5 5 5 ,Slos st 8l (o5l podladis (ygms Sy Judoss F g

(@Lef Jae) ¥ Jow Y Joe JUeL
srz p- B B (SE) p- B B (SE)
value value
<0.001 54.32 (7.85) <0.001 82.45 (6.21) )
0.01 0.482 0.04 0.19 (0.27) 0.425 0.05 0.28 (0.35) o
0.01 0.337 0.05 1.87 (1.94) 0.398 0.06 2.14.(2.53) e
0.07 <0.001 - -4.23 (1.08) <0.001 - -8.76'(1.24) o
0.30 0.62 =S
0.05 0.004 0.22 1.45 (0.49) azols
S
0.01 0.241 - -0.29 (0.25) sl
0.08 .
e
0.12 <0.001 041 1.57 (0.29) &8
0.04 0.003 - -1.45 (0.48) 3,0
0.19
R2=10.713 R2=0.432
F(7,109) = 38.71;p F(3,113)=28.64,p
< 0.001 <0.001
AR? = 0.281, p <
0.001

D plosl &8 i Ol el i slp g (ol peabdis (g S5 o SO

reog |y Glyly 52X o F(3,113) =21.37, p < - v+ Vg lolins (5o rbaw i eimo il puiiona) | S'sl
(20N > B =-0.55, P) oy pisiann o ssd &S5 > mhaw @djusted R2=- yfo R2 = 0.362) ols

AR2=0.257, p < 0.001 ) sciso sguge |, Jow (5 loline jobods Sols cpl o Jow 8,ly i piio jle F Sl jo
.@djusted R?=0.598 R2 = 0.619) sls zedgs |, Luilyls 51 #8134 ggamme 15 5 (

Ao lobiae Jituws sloys i Las (B=-0.31, p <0.001) 5,5 (¢ p=0.36, p <0.001) lac &ya8 (Jaw ol o

Do (5, lobae maw 4 (B=-0.06, p =0.398) _ocialnl s (B=0.12, p=0.142) =5 > asalo

29



&Sy 0,8 Gl s (05580 30l 0,05 ¥ Ssl .0 GMFM-66 &l yas ¢ S > 0 ,Sles euiiine e bLS | 31 ) sl p

(AR2 = 0.098, P <0.001) st o0 rons il ls e yo jfoline Lialyil o e

adjusted R2 =0.695.R2 = 0.717) aas geudes |, &8 Live & yas (udl g 51 VIV ol (F Soby) oles Joe

(oY >P=042,p<0.001) oz azslis SRR 2698 Olypeds &5 > 0 Sles ol Jow o

Lol adaly a5 sas o ylis zals pl bl zals Sl Jow j0 0,0 g Sdhae &,08 gl Lo polie a5 ol (oo 4S5
B=) Dlac ;08,0509 jloline joip o 90 ;0 (Jb cpl Logd oo 5,5 dawly 25 > 0,Slee awgs 05 6 &5 Lk b
Slp JolS (S pealads o ol .oiils ass 10 6,58 o Lol (B =-0.18, p = 0.004) 5,65¢0.19, p = 0.018
Sl 0als 03l L B Jgus jo &S lie

(LIFE-H)<sS i A i 60 (il oetdodes & g £ ) Jilad 0 g
YJia Y e Y Jte ia
3 5das) (Y3 (Ol sa0)
(HSA
p B B(SE) sr p B B (SE) p B B (SE)
0.001 3.42 (1.02) <0.001 5.87 (0.91) <0.001 8.21 (0.68) (<x5)
0.854 - -0.01 0.00 0.738 0.02.0.01(0.03) 0.612 0.04 0.02 (0.04) Oy
0.01 (0.03)
0.319 0.05 0.19(0.19) 0.01 . 0.275 0.06 0.24(0.22) 0.252 0.08 0.31(0.27) oaia
0.018 - -0.28 0.06 “0.002 - -0.41(0.13) <0.001 - -0.78 (0.13)  (Sua b
0.20 (0.12) 0:29 0.55
0.542 0.04 0.03(0.05) 0.02 .0.142 0.12 0.08 (0.06) (S Adald
0.635 - -0.01 .0.04  0.398 - -0.02 (0.03) (o)
0.03 (0.02) 0.06
0.018 0.19 0.08(0.03) 0.09 <0.001 0.36 0.14(0.03) n
0.004 - -0.14 0.08 <0.001 - -0.24 (0.06) 2
0.18 (0.05) 0.31
<0.001 0.42. 0.04(0.01) 3 Slas
S
R2=0.717 R2=0.619 R2=0.362
F(8, 108) F(7, 109) = F(3, 113) =
=34.19, p 2527, p < 2137, p <
<0.001 0.001 0.001
AR? = AR? =
0.098, p < 0.257, p <
0.001 0.001

30



Pzl (o ol 2 (529,555 Julo s GMFCS slans (sl (gm00y55 Jols ol slaJulos @l 55l (b3l sl
c3ges a1 (0,0 3 &y Jitae (i) ol gl g 2,55 sl (Lol cul s 0 sl s b Julos ol o

B=0.19%%
A 0.a2¢ B =0.417% | -
e i - u.‘.-‘_‘:..":“: Slee | % ias & il
& T [
| i
B =-0.18%%
} B=-0.19*
T e
L B=0.22%%
et e
B=0.08pn,5
*=p<0.05
*=-p=0.01

= = < 0,001
n.s. = non-significant ,\sliee &

Setsbins| (5330

o Sleeddlas (8,5 ¢ Mas & 5ad o Swiwlowl ( IS > aals) Sas o Slee/ LSl s o i | ICF o as Jow o
(LIFE-H)cS liw 5 ( GMFM-66 Yol jo 25 >

Sl b ls s, slael (F 5 ¥ slaJguz) aiien (ol pealades (90,55 Jelows 548,55 (B osds o jlibis] s il
izt 3 (B20.81) 5 o 0 )Slae Jis iy (25558 (e S j08 akdly g0 abgypo oy 2 iy s S
(B=-c5,lie 3 (B=-0.19) o5 ,> 5,Skee p ite puiias 1 55 0,0 (B =0.19). 5ls jl eS8 lie p pubites j5b &
i 26 095 (&S 0 Shee (B =10.22). o)1y jloline pubituns I S > 0 ,Shas p hass S5 > aisls .9,000.18)
lawly 51 SO e » (6 ol gt S i plo JyuS 51 o Jow (ol 50 (cumaiwlowl (B = 0.42). col o5 )Liwe
O Syl

31



o

5 S o 8kes St 50 350 5 (lhe ©)a8 (Sartuloul (IS anels Jis mp (o) Boa L 0l adlllas
S 9,0 5 Sdlac ©ya8 a5 wols Ll Lol glaaidl ol ploul Soulew] gire w8 a4 M S8S oS Lk
Sz e 1 yiie plo 505 5] e (mritolonl a5l )3 caiis &5 Lo g (35 2 3 Shee Jiae (glaodisS o i
2,5 50 e 1y <55l b oyo g (Dl ©)a8 flee prins yof bLI I (251> 0 ,Sles (izren (S (Sgem Shsla e 5o
8 o aiilgi oo 2icdlad 2 31 sk 51 Gy 0 Sla pelans VDS A5 wim o LS g 0392 gune ICF gz 20 Lawsily |
[25]wies 18 50 cos |,
lllas b Lo gl S o 0l CP a4y S 5055 5 > o,Shas o 1y i oyud ans )y i addlle ol cloazily
olid 45 Csl guron [28] ) en 3 GON Ssletucas 55,0 cpizon 5 [27] Engsberg ;Ross  ([26] Beckung sEek
Orize ) Su3sls 08 sals Sl (gl 4 S GMEM 5 S 25 L (55558 B3| (Sl plal ($Dlae & 08 wisls
AL (25 > 5 Slos LS wlgi oo (5,08 (el 2 (e NS a5 oo ST A ICFE S o5 2 sie g Slalllas
L ICF 5 e Silaitanns y3p0 50 5 o) Sen g Kara slaazsl [29,30] ains sgupe jui |, (S5 cuieS 5 &5 Lie
[31].s,ls (85> @lomagize 1T 3l iy (5,98 Sliy pad ol
sl il i )l 5 0 Shae (gilwatigy S 4 Bro sy Caml 8305, SLEP sl 58505 el sl o
aS oS o olo g wlos,S aST Ses L o To Shae Foiilis coenl  «F-words» Jus ,s Gorter jRosenbaum
Slotan pol> aslllae sloatil LolSws cpl [32] w8 )13 casellr SMSIae 35 10 10 Wb oya3g, (S5 jloline (slavsly
5651, 05039, Glaclle )5 S3s5 E5 i « o8 o Seilogohuts 5 i1, Wl o Dlie & yad Liyl3E dms e Lt 5 o
(S s
CP 2 dls (095 55 9,5 05 &5 JLie Jiis 00S (i Olgiedr 00 25 x> aalllas e sloasdly 5l 500 (S0
Wedlad Cudgame 4 Ailgs co e 9,0 BloslSilis b lalllas a5 Il 10 w0 15 0 )8 4z g5 0550 L]yl 5l yieS el
s Harvey laasl b jobs aslllas s t33,34]) 50t e Sws5 cuiS il g (o5 > olia] eloin! Odales als
S i ol e 15850 (YL £oudhaS ol gunen [33] o, es s MEKINNON Sl j90 3 5 [35] 1S
ez CP (L25lghsloaali 50 1) 9,0 S e O (H)b 59,0 (g, (6,808 Sl boadly (pl s )57 3155,
LS
az Sl caliines e g (S o Sles i 0 (i e G S, 2l slade 5o (Fmiolenl (Jlie o
b o] B as ool Lt gy lalllas Lol 035 so ogmamo CP s lays ol Glal 51 Sy s y5bas sipminslyos]
Braendvikidsb oldlas b pol> adlas slaazil [36,37,38] wi o jomi i a5 Cosl sz o] 5 Sodumms St
0SS i (bl 40 Cnns a3 W50, 5,155 a5 Cewl seen[27] Engsberg g ROss 55 5 [39] 5
4 Wlosls (S Saciwlin] (o5 S ojlul 0392 50 wazr Sl (riizres Sebo0 wgee 33 ol Sl 65698
oazsl ol [40,41] 0iS (oSaie JolS jsbas |, rae g ele Sz ol conl Ko gl ol glopoliie
s ga e &S Lo b o Shos et 4 Lyl oLty il (20lS 45 05 o Cule ol ays ol 5 Lo

1 body function
2 body function
3 fitness

4 function

5 Participation

32



ol Yool gaige ol g s S Lt o o o Ll cusls L3yl o5, o Shoe b ol aslllas jo 35, asels
S i ol 519 08 o il cdled mhaw Sz 5 685 Gk 5l i (S5, dels Cusgase 45 ams e
b o &5, atels Cosgame a5 wilesls yLis 5.5[43] Elnaggar 4 [42] - Kea s Nordmark clallas .ol guiius pué
S e 1) (S5 ) 5 80l slagSIl WIS oo S5
il 5 Bro 35 i S SWS CP izl o Sleys slacuslsl (6,550 4 wlss o pol> dslllas glaazsly (b lats
ol g aS ol (g lole (60 Sas (sladuely Wilgis Canl Sow S )Lt g 0,0 ¢ Dhac ©ya8 &y B ax g o dac g
Jolge 0 a>g5 g jomme ST Sl jad 00,0 Co e ciedun (5,08 Ol ed Jold o8 lie sbow p Ol (b (ol
0597, w3l Slallhas 35 [F] o) 1Sen g NOVAK aaleds 5 s sloarogs Lo Sug, ol 058 s doogs  slaiml 5 oo
(o (SosS Jpaws i g (GMFCS IV) jasads o5 o o b 50s5 Jlas! 15b obybyebiie 4 adllas opl o
ol 00§ (0¥ 3l S ) (SDas a8 oals o jlaibinl ol s jo (ghleloe s e s cpl al plodil (Lo YY-VA
e Ik il slaaiags ol ply jo addlae Lol slaaidl ¢yl plo wis S5
o] 2z oot (g doaidl i glp ICF Cgxjl> 5l oolal alas 5l Sg gdalais o> lls pol> aslllas
g ool pedddis o Tyl (68 S g S Lt g codleadil Las el slaaly 1 oolaiwl (guldST Sdlac- S
S pooti ol ¢ i gy L atels g GMFCS Cilises molaw 58 5055 j9.a> Craimad o puite Jitus pgow (puat
ol aaliel ]y
Ll zlucul Sl adllas  shie Cople (wnss 0,5 |18 a>g8 5 50 il uds 0 Wb 50 Cudgaze Wiz (b (ol b
Lol caims las 1) Lo e o Jlosio! Laly, aslys oo Slalaily sla Jow g (Sgamw S ) slaudos ax S1.008 o0 sgamma |, e
9&_1)5.“:" AW C)Lo‘ QuL..QA )I oolazwl l) LQJ—' WLMJ‘ P9 sl 6‘4.1}‘.\.4 9 ‘5]915 Sldlas .\.uo)l.u ‘L:J|5) CA-P u.».».t.b
Sleslaiul . auiSs oS 1) Gy 4y alidly slo S hg 5 mas Somle bl plad ol e I3l ol aS Jls jo 0l oL
5l ool 8 cinitolowl 28555 5880 S Wil e la sy, ple L Tardieu Scale asle JoSe sl |yl
O35S 10 o594 1, Proxy bias ;s Jlaml &S ol 6 5laez pally (5,155 &,k ) Baes &5 Lie 4y bogy o (slaosls pgms
Camdg oy Siblo i Pl caijls iseily Bleds 4y (6 50905 (pw s &5 SS06S o5gas « CPay Slie (15055 alos
ailes oo Julse cpl dips oo ylid Balel a5 Il 10 il gy addlas ol jo G805 aSlii s, Jeles 5 g,ld, (sl
axdllas o oolaiwlv jga oS o aals oS 5 el opl pogdle anil JIAS 31 cloial oS lin p (SS m Candg 3l R
099 by 5550 55 5l s 10 SxSaisel p)lez el oanl lagteghy o e (oxieliel wlels e ol
izl g 00 )5 sgaome 1) (6 &y e (Ll o laslisl Il aan) Sl Sglad i 95,9 Jlre g ((Solal (5 S diges
Holai (5,5 asai b oons] Slalllas 05 o olaiin 0, 095 gV SBLs o Slee b 5055 Coans 45 Ol (6,5 g
g (b (SELD (e o 5 el vz o lasss
(Inter-ob; )l 2bL o(Test-retest reliability) ge;T5b-5051 (bl (w0 pas ¢ ol anlllas slacusgams ;550 5|
byl SOl eolatul Lo (536 ax ST g BaiS S 18l dged ) S 0 (Sopd slas nSejlusirater reliability)
CablB Bilgs o oo] Slalllas jo olo bl iz el Lol casls 2alS (S jlasl sllas o laibiwl JSSgp sl 5 oo

6 Modified Ashworth Scale

33



ok b b el g oanl Slalllas ool 52 aiS s (50 gl a4 e (5355 0 1) (Gl sl S jlail slacel
eS8 i 5 (55 o 0 Shas ¢ cmantalonsl 03,0 ( SMlae 08 ol e bl awlyn b aigd plol Solas b slo ole;T 5L
(o lastisl Il fya) (sodb Sglad ulul o leas o5l Sbs,l aS 0g ol dsdllas cpl Koo Covgaome aiiS vy p 580 |,
s b 2l G pas Jlaiol iz, la,lae 0 gl phite B yae Bl 092l oS Joe 00 yhgaste lgieds atilgs o
WSS S o paiediz sla Ll 4o g el 1) e e cpl s ] slo jimgh D9 oo Slgadin 0,10 3925 390

= LSLQ)}"""““ T ul.....u ssle ‘MS)LAM 9 u...]l.:ﬁ lel.‘))‘ L.S‘)" )JG....C LSLQ)‘).)‘ )| od.uT Sladlas 09.«.4‘59 °L€r-'-~’ Cyero
Wb els eo 5158 0e5 slacusgase b o les soliiwl GPS 5,9l 4 pus

Sl dnnsgi 4 Wi oo somr Gl JUS 30 (Folils 5 e (LS, (3Ll olse GRS oy oLl 2 opdle
yome dSS glpdijgely 9,0 Cu e «y08 p Glojen 4T jgme &S i EMSae (>l S SGSICF ) e Sael>
S g, (s il e duglin yuisred 394 so Cgno o] 2 pdee slou gl 1 s anBlialils 35 a5 (g0 Sles
CP a Dl (508 isedlys jo Sloyo slacugdsl (6,550 4 Wilgh oo cmmiwlinldis OB lae b SHae Co s 5 it
S5 Ao

5 5 S s 53 (sl & S (8 e G 950 5 EPLEE,05 85 B3 o ol ol adllhs slaazil
S e ctduily d jgmme ] (citBuilys 5l mloll s 5l ol Ghas ISASilisl (s yae g8 4 Mie 5345 S L
23,0 WS ICF 5 S somdiz EOMlae >lhb &g o g oS oo Colos 5o

34



I wlla>dle
el 039 ly55ke (S pole oKails 5| IR.IMAZUMS.REC.1403.18178) o )leis 4 @1 05 sl anlllas ol

Jbo >

! 099y u‘);b)Lo é.w).' P 5.15 olKisls LS)BLJ 9 vlﬁ...a.?u wsLbo Jlase U"‘ ‘SlLo t5'°l:>

Olf..\......._s_,.v QS)L:m

g 45 9 @l s o 0 010 Lo 9 4325 9 (5 )9] ge calllae (i g psrie j0 HluSh Hsb 4 G g den
ol S gl dllie

e

)l @blie 2l e ol pE G5 Lol L

SEyan ige

el 0050 K5 ool egian hgp g oud adyi HBais g lawes Alas opl slgie

35



References

1.

10.

11.

12.

13.

14.

15.

16.

Patel DR, Bovid KM, Rausch R, Ergun-Longmire B, Goetting M, Merrick J. Cerebral palsy in
children: A clinical practice review. Current problems in pediatric and adolescent health care. 2024
Nov 1;54(11):101673.

Dan B, Rosenbaum P, Carr L, Gough M, Coughlan J, Nweke N. Proposed updated description of
cerebral palsy. Developmental Medicine & Child Neurology. 2025 Jun;67(6):700-9.

Paul S, Nahar A, Bhagawati M, Kunwar AJ. A review on recent advances of cerebral palsy.
Oxidative medicine and cellular longevity. 2022(1):2622310.

Dar H, Stewart K, Mclntyre S, Paget S. Multiple motor disorders in cerebral palsy.Developmental
Medicine & Child Neurology. 2024 Mar;66(3):317-25.

Novak I, Morgan C, Fahey M, Finch-Edmondson M, Galea C, Hines A, et al. State of the Evidence
Traffic Lights 2019: systematic review of interventions for preventing and treating children with
cerebral palsy. Curr Neurol Neurosci Rep. 2020;20(2):3.

Ronchetti AB, Biasotti G, Pistorio A, Aiello A, Bertamino M, Calcagne A, Cardellicchio P, Doglio
L, Tacchino C, Moretti P, Piatelli G. Five-Year Retrospective Cohort Study of Changes in the
International Classification of Functioning, Disability and “Health of+Children and Youth
Parameters in Cerebral Palsy Children and Adolescents With Continuous Intrathecal Baclofen
Therapy Versus Control Group. American Journal of Physical"Medicine & Rehabilitation. 2025
Dec 1;104(12):1113-20.

Rosenbaum P, Gorter JW. The ‘F-words’ in childhood disability: | swear this is how we should
think! Child Care Health Dev. 2012;38(4):457-63.

Eek MN, Beckung E. Walking ability is related'to:muscle strength in children with cerebral palsy.
Gait Posture. 2008;28(3):366-71.

Damiano DL. Muscle strength, motor.function'and participation in cerebral palsy. Dev Med Child
Neurol. 2023;65(5):563-70.

Nordmark E, Hagglund G, Lauge-Pedersen H, Wagner P, Westbom L. Development of lower limb
range of motion from early childhood to adolescence in cerebral palsy: a population-based study.
BMC Med. 2009;7:65.

Elnaggar RK. An analytical insight into how walking speed and spatial and temporal symmetry are
related to ankle dysfunctions in'children with hemiplegic cerebral palsy. Am J Phys Med Rehabil.
2021;100(5):458-64.

Vameghi R;.Hoseini SA, Heydarian S, Azadeh H, Gharib M. Walking ability, participation, and
quality of life in.children with spastic diplegic cerebral palsy: a path analysis study. Iranian journal
of'child neurology. 2023 Mar 15;17(2):75.

Bar-On, L;;Molenaers G, Aertbelién E, Van Campenhout A, Feys H, Nuttin B, et al. Spasticity and
its contribution to hypertonia in cerebral palsy. Biomed Res Int. 2015;2015:317047.

McKinnon CT, Meehan EM, Harvey AR, Antolovich GC, Morgan PE. Prevalence and
characteristics of pain in children and young adults with cerebral palsy: a systematic review. Dev
Med Child Neurol. 2020;62(3):305-14.

Blackman JA, Svensson Cl, Marchand S. Pathophysiology of chronic pain in cerebral palsy:
implications for management. Lancet Neurol. 2023;22(1):85-96.

Anaby D, Hand C, Bradley L, Direzze B, Forhan M, Digiacomo A, et al. The effect of the
environment on participation of children and youth with disabilities: a scoping review. Disabil
Rehabil. 2013;35(19):1589-98.

36



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Palisano RJ, Kang LJ, Chiarello LA, Orlin M, Oeffinger D, Maggs J. Social and community
participation of children and youth with cerebral palsy is associated with age and gross motor
function classification. Phys Ther. 2009;89(12):1304-14.

Sala DA, Ragni LB. Reliability of the clinical measurement of joint motion and muscle length in
the upper and lower extremities of children with cerebral palsy: a systematic review.
Developmental Neurorehabilitation. 2024 Feb 17;27(1-2):44-56.

Yoo M, Ahn JH, Rha DW, Park ES. Reliability of the modified Ashworth and modified Tardieu
scales with standardized movement speeds in children with spastic cerebral palsy. Children. 2022
Jun 3;9(6):827.

Gharib M, Vameghi R, Salavati M, Hosseini SA, Saeedi A. Intra-and inter-rater reliability of micro
manual muscle tester of the lower extremity in children with diplegia cerebral palsy."Iranian
Rehabilitation Journal. 2019 Jun 10;17(2):165-70.

Moreira E, Rodrigues M, Beca G. Pain management strategies for botulinum toxin type a injections
in children: a comprehensive national survey and procedural protocol. Cureus..2023 Nov 5;15(11).
Wong C, Westphall I, Michelsen JS. Measuring effects on, pain._and quality of life after
abobotulinum toxin A injections in children with cerebral palsy. Toxins. 2022 Jan 5;14(1):43.
Russell DJ, Wright M, Rosenbaum PL, Avery LM. Gross Motor-Function Measure: Das Handbuch
zu GMFM und GMFCS. Kohlhammer Verlag; 2025 Sep 24.

Mortazavi SN, Rezaei M, Rassafiani M, Tabatabaei M, Mirzakhani N. Validity and reliability of
Persian version of LIFE habits assessment for children with/cerebral palsy aged between 5 and 13
years old. Archives of Rehabilitation. 2014 Mar 10;14(6):115-23:

World Health Organization. International classification of functioning, disability and health (ICF).
Geneva: WHO; 2001.

Eek MN, Beckung E. Walking ability is related to muscle strength in children with cerebral palsy.
Gait Posture. 2008;28(3):366-71.

Ross SA, Engsberg JR. Relationships between spasticity, strength, gait, and the GMFM-66 in
persons with spastic diplegia cerebral palsy. Arch Phys Med Rehabil. 2007;88(9):1114-20.

Goh HT, Thompson M, 'Huang WB, Schafer S. Relationships of lower extremity muscle strength
and gross motor capacity in‘children ‘with cerebral palsy: a systematic review. Dev Med Child
Neurol. 2015;57(8):729-38.

Ryan JM, Cassidy EE, Neorduyn SG, O’Connell NE. Exercise interventions for cerebral palsy.
Cochrane Database Syst Rev::2017;6:CD011660.

Novak I, Morgan C, Fahey M, Finch-Edmondson M, Galea C, Hines A, et al. State of the Evidence
Traffic Lights 2019: systematic review of interventions for preventing and treating children with
cerebral palsy. Curr Neurol Neurosci Rep. 2020;20(2):3.

Kara OK;.Gursen C, Cetin SY, Tascioglu EN, Muftuoglu S, Damiano DL. The effects of power
exercises on body structure and function, activity and participation in children with cerebral palsy:
an_ICF-based systematic review. Disabil Rehabil. 2023;45(22):3705-18.

Rosenbaum P, Gorter JW. The ‘F-words’ in childhood disability: I swear this is how we should
think! Child Care Health Dev. 2012;38(4):457-63.

McKinnon CT, Meehan EM, Harvey AR, Antolovich GC, Morgan PE. Prevalence and
characteristics of pain in children and young adults with cerebral palsy: a systematic review. Dev
Med Child Neurol. 2020;62(3):305-14.

Blackman JA, Svensson Cl, Marchand S. Pathophysiology of chronic pain in cerebral palsy:
implications for management. Lancet Neurol. 2023;22(1):85-96.

37



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Harvey A, Smith N, Smith M, Ostojic K, Berryman C. Chronic pain in children and young people
with cerebral palsy: a narrative review of challenges, advances, and future directions. BMC Med.
2024;22(1):238.

Pandyan AD, Gregoric M, Barnes MP, et al. Spasticity: clinical perceptions, neurological realities
and meaningful measurement. Disabil Rehabil. 2005;27(1-2):2-6.

Bar-On L, Molenaers G, Aertbelién E, Van Campenhout A, Feys H, Nuttin B, et al. Spasticity and
its contribution to hypertonia in cerebral palsy. Biomed Res Int. 2015;2015:317047.

Gharib M, Shayestehazar M, Kazemi K, Moradi M, Nezamoddini M. The Relationship Between
Gait Parameters, Behavioral Problems, and Health-related Quality of Life in Children With
Cerebral Palsy. Archives of Rehabilitation. 2025 Sep 10;26(3):328-43.

Braendvik SM, Koret T, Helbostad JL, Staren O, Moe-Nilssen R. The relationship between
spasticity, strength, and gait in children with cerebral palsy: a 3-year longitudinal study. Dev Med
Child Neurol. 2021;63(4):456-62.

He J, Luo A, Yu J, Qian C, Liu D, Hou M, Ma Y. Quantitative assessment of spasticity: a narrative
review of novel approaches and technologies. Front Neurol. 2023;14:1121323.

Dauda MA, Puzia AA, Na’im Sidek BS, Ghazali AS, Zainuddin. AA, Khairuddin IM, et al.
Quantitative measurement of muscle spasticity for “.neurological disorders using
mechanomyography: a statistical analysis. Jurnal Kejuruteraan. 2025;37(6):2589-601.

Nordmark E, Hagglund G, Lauge-Pedersen H, Wagner P, Westbom L:Development of lower limb
range of motion from early childhood to adolescence in. cerebral palsy: a population-based study.
BMC Med. 2009;7:65.

Elnaggar RK. An analytical insight into how-walking speed and spatial and temporal symmetry are
related to ankle dysfunctions in children with hemiplegic cerebral palsy. Am J Phys Med Rehabil.
2021;100(5):458-64.

Anaby D, Hand C, Bradley L, Direzze B, Forhan M, Digiacomo A, et al. The effect of the
environment on participation of children and youth with disabilities: a scoping review. Disabil
Rehabil. 2013;35(19):1589-98.

38



