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ABSTRACT

[T9TETE Cerebral palsy (CP), a neuromotor condition, is the most common physical disability in children,
associated with motor impairment, leading to behavioral problems, which can decline health-related
quality of life (QoL). This study aimed to examine the association between gait parameters, behavioral
problems, and QoL in pediatric CP.

This cross-sectional study was conducted on 60 children with CP aged 6-12 years, at
levels I, II, 1l based on the gross motor function classification system (GMFCS), and with walking ability.
Assessment tools included the functional mobility scale (FMS), the pediatric quality of life inventory
(PedsQL) CP module, the child behavior checklist (CBCL), and quantitative gait analysis.

[(EEMTE Findings revealed significant differences in gait parameters (gait speed, cadence, and stride
length), PedsQL CP module domains, and CBCL domains among children with different GMFCS levels;
those at level Il demonstrated lower gait parameters and PedsQL CP module scores and higher CBCL
scores (P<0.05). Gait speed had a moderate positive correlation with the PedsQL CP module score
(r=0.42, P<0.01) and a weak negative association with the CBCL score (r=-0.313, P<0.05). Internalizing
behaviors had a significant negative association with emotional functioning (r=-0.483, P<0.01), whereas
externalizing behaviors had a significant negative association with social functioning (r=-0.374, P<0.05).
Multiple regression analysis revealed that gait speed ($=0.382, P<0.01) and internalizing behaviors (B=-
0.454, P<0.01) were significant independent predictors of QoL, explaining 52% of the variance.
[@TEIER There is a complex relationship among mobility, behavioral problems, and QoL in children
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Introduction

erebral palsy (CP) is the predominant

childhood physical disability, with a

global incidence rate of about 2-3 per

1,000 live births [1, 2]. This lifelong

neuromotor condition results from non-
progressive brain development disturbances during
pregnancy or infancy, leading to persistent challenges in
motor control and postural stability [3]. Key symptoms
include muscle stiffness, reduced strength, and irregu-
lar coordination, often manifesting as visible gait ab-
normalities [4]. These gait abnormalities not only limit
mobility but also reduce independence and the ability to
perform daily activities [5]. The severity and presenta-
tion of gait disorders in children with CP vary widely,
ranging from mild limping to complete inability to walk
[6], influenced by factors such as CP type, disease sever-
ity, age, and treatment efficacy [7].

While motor impairments in CP are well-documented,
their association with behavioral and emotional disor-
ders has received less attention [8]. Children with CP
are at higher risk of developing co-occurring behavioral
disorders such as attention deficit hyperactivity disorder
(ADHD) [9, 10], anxiety [11], depression, and emo-
tional dysregulation [8]. These behavioral disorders are
not simply secondary to neurological disorders; they are
exacerbated by the environmental and social limitations
caused by physical disability [3, 12]. Limited participa-
tion in educational, social, and recreational activities can
lead to isolation, low self-esteem, and increased behav-
ioral disorders [13]. The comorbidity of motor and psy-
chological issues underscores the need for a comprehen-
sive, multidisciplinary management approach to CP [14].

Quality of life (QoL), as one of the key indicators in
evaluating the outcomes of pediatric rehabilitation, en-
compasses physical health, emotional well-being, social
functioning, and psychological health [11, 12]. Evi-
dence from multiple studies shows that children with CP
generally have a lower QoL compared to their typically
developing peers. This reduction is mainly due to physi-
cal limitations such as motor impairments, chronic pain,
fatigue, and behavioral problems [15]. Mobility or gait
plays a pivotal role in determining individual indepen-
dence, participation in daily activities, and overall QoL
[16]. Despite extensive CP research, most studies have
separately examined domains such as gait biomechan-
ics [5], epidemiology of behavioral disorders [17], and
QoL determinants [18]. Few studies have explored the
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complex interaction between these domains [19, 20].
This research gap is concerning, considering that new
approaches to care emphasize comprehensive, patient-
centered methods. Therefore, this study aims to investi-
gate the relationships between gait function, behavioral
disorders, and QoL in children with CP. By analyzing
these multidimensional interactions, the study seeks to
provide deeper insights into QoL determinants in this
population. The findings can be helpful for develop-
ing targeted multidisciplinary interventions integrating
physical and psychological rehabilitation services, and
ultimately improving functional outcomes and overall
well-being of CP patients.

Materials and Methods
Participants

This is an observational cross-sectional study. The study
population consists of children aged 612 years with a
confirmed CP diagnosis, including spastic, dyskinetic,
ataxic, or mixed subtypes in Mazandaran Province, Iran.
The inclusion criteria were being at gross motor function
classification system (GMFCS) levels of I, II, III, indi-
cating independent or minimally assisted walking abil-
ity, having sufficient cognitive capacity to understand
and follow instructions, and parental or guardian consent
to participate in the study. Exclusion criteria were severe
cognitive impairment precluding participation, orthope-
dic surgery, or receiving botulinum toxin injections in the
past six months, and concurrence of neurological or mus-
culoskeletal disorders unrelated to CP. The participants
were enrolled using a purposive sampling method from
those referred to governmental and private rehabilitation
clinics and special schools in Mazandaran Province. The
sample size was determined at 60 using G'Power (effect
size: 0.3, power: 80%, three predictors).

Assessments

Data collection began with demographic/clinical re-
cording. Demographic/clinical data included age, sex,
CP subtype, GMFCS level, and intervention history
(e.g. medical treatment, physiotherapy, and use of assis-
tive devices). The GMFCS was used for motor function
classification. It is a standardized 5-level system that
classifies children with CP based on self-initiated motor
abilities (sitting, walking). We used the Persian version
of this tool, which has already been validated [21]. The
functional mobility scale (FMS) was used to evaluate
mobility across 5-, 50-, and 500-meter distances on a
6-point scale from 1 (wheelchair dependence) to 6 (com-
plete independence). This observational tool, completed
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by therapists or researchers, quantifies assistance levels
required for mobility, providing an objective measure of
functional gait ability. We used the Persian version of
FMS, which has already been validated [22].

The children were then asked to walk at his/her de-
sired speed along a 10-meter path and the relevant gait
parameters were recorded. The pediatric quality of life
inventory (PedsQL CP Module) was used to assess
health-related QoL at physical, emotional, social, and
school functioning domains. Both parent-proxy and
child self-report versions were used for comprehensive
QoL evaluation. We used the Persian version of this
tool, which has already been validated [23]. The child
behavior checklist (CBCL) was used for behavioral and
emotional assessment. It is a common parent-report in-
strument that evaluates internalizing behaviors such as
anxiety and depression, as well as externalizing behav-
iors including aggression and hyperactivity in children.
We used the Persian version of this tool, which has al-
ready been validated [24]. Parents completed the CBCL
and PedsQL CP module (parent-proxy), while children
completed the PedsQL CP module (self-report).

Statistical analysis

Data analyses were conducted in SPSS software, ver-
sion 27. P<0.05 was considered statistically signifi-
cant. Descriptive statistics were first used to describe
demographic characteristics, clinical features, and
study outcomes. Continuous data were described using

Table 1. Characteristics of study participants (n=60)
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Mean+SD, while categorical data were expressed using
frequencies and percentages. Spearman’s correlation
test examined relationships between gait parameters,
QoL scores, and behavioral scores. Multiple linear re-
gression models identified the QoL predictors, consider-
ing gait parameters and behavioral scores as indepen-
dent variables.

Results

Among 60 children with CP, 33 were male and 27 were
female, with a mean age of 8.5+2.1 years. The major-
ity were classified with spastic CP (78.3%), followed
by dyskinetic (11.7%), ataxic (6.7%), and mixed (3.3%)
subtypes. Regarding gross motor function, 45% of par-
ticipants were at GMFCS level I, 35% at level 11, and
20% at level III (Table 1).

As shown in Table 2, significant differences were ob-
served in gait parameters among children based on the
GMFCS level. Gait speed decreased from 1.03 m/s in
children at level I to 0.61 m/s in children at level III
(P<0.05). The cadence decreased from 112.3 steps/min
(level I) to 85.6 steps/min (Level III), and stride length
declined from 1.05 mto 0.75 m from level I to II, both of
which were statistically significant (P<0.05).

According to Table 3, the PedsQL CP module score in-
dicated a moderate QoL with a total score of 68.4+12.3.
The domain-specific total scores were as follows: Phys-
ical functioning: 62.5+14.2, emotional functioning:

Characteristic No. (%)/MeaniSD
Male 33(55)
Sex
Female 27(45)
Age (y) 8.5+2.1
Spastic 47(78.3)
Dyskinetic 7(11.7)
CP subtype
Ataxic 4(6.7)
Mixed 2(3.3)
| 27(45)
GMFCS level I 21(35)
i 12(20)
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Table 2. Mean values of gait parameters categorized by GMFCS level

MeanSD
Gait Parameter P
Level | Level Il Level lll
Speed (m/s) 1.03+0.18 0.780.15 0.61+0.12 <0.05
Cadence (steps/min) 112.3+12.4 98.7+10.2 85.6+8.9 <0.05
Stride length (m) 1.05+0.16 0.8910.14 0.751£0.11 <0.05

71.3+11.8, social functioning: 70.8+13.1, and school
functioning: 69.1+12.5. The results reflected signifi-
cantly lower QoL ratings compared to child self-report
(P<0.05).

The results reported in Table 4 regarding the CBCL
score based on the GMFCS level indicated a notable
prevalence of behavioral problems in children with CP.
The mean total CBCL score was 58.7+9.4. Also, it was
found that 35% of the children had internalizing behav-
ioral problems such as anxiety and depression, while
28% exhibited externalizing behavioral problems, such
as aggression and ADHD symptoms. Notably, the do-
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main scores of the CBCL were significantly different
among children based on the GMFCS level (P<0.05).

Gait speed showed a moderate significant positive
correlation with the total PedsQL CP module score
(r=0.422, P<0.01) and a weak significant negative re-
lationship with the total CBCL score (r=-0.31, P<0.05).
Internalizing behaviors domain of the CBCL had a sig-
nificant negative association with emotional functioning
domain of QoL (r=-0.483, P<0.01), whereas the exter-
nalizing behaviors domain had a significant negative as-
sociation with the social functioning domain (r=-0.374,
P<0.05), as detailed in Table 5.

Table 3. Mean scores of the PedsQL CP module domains categorized by GMFCS level (The average scores of parents and children

are reported)
MeantSD
Domain P
Level | Level Il Level llI
Physical functioning 70.2412.4 60.8+13.1 55.3+14.8 <0.05
Emotional functioning 75.6110.2 69.4+11.5 64.7£12.3 <0.05
Social functioning 74.3+11.8 68.5+12.7 63.2+13.5 <0.05
School functioning 7214114 66.8112.1 61.5+13 <0.05
. Archives of. B .
Note: The mean scores of parents and children are reported. Rehabilitation
Table 4. Mean scores of the CBCL domains categorized by GMFCS level
Mean+SD
Domain P
Level | Level Il Level llI
Internalizing behaviors 54.2+8.1 59.8+7.5 64.318.7 <0.05
Externalizing behaviors 52.7+7.8 57.4+8.2 61.5+9.1 <0.05
Total 55.618.5 60.3+8.9 65.819.4 <0.05
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Table 5. Correlation coefficients between QoL, behavioral problems and gait parameters

Variables Correlation Coefficient (r) P
Gait speed - total PedsQL CP module 0.422 <0.01
Gait speed - total CBCL -0.313 <0.05
Internalizing behaviors - emotional functioning -0.483 <0.01
Externalizing behaviors - social functioning -0.374 <0.05

Multiple linear regression coefficients revealed that
gait speed (=0.382, P<0.01) and internalizing behav-
iors (B=-0.454, P<0.01) were significant predictors of
QoL. Together, they accounted for 52% of the variance
in QoL (R?>=0.52, P<0.001). The effect of externalizing
behaviors was not significant (=-0.221, P=0.06).

Discussion

This study investigated the complex relationships be-
tween gait parameters, QoL, and behavioral disorders
in children with CP. The findings showed a significant
association between motor disorders, behavioral prob-
lems, and overall QoL, emphasizing the multidimen-
sional nature of CP and the interaction between physical
and mental health.

The results confirmed that children with CP had poor
gait parameters, including decreased speed, cadence,
and stride length. These findings are consistent with
the results of previous studies that highlighted impaired
gait mechanics in children with CP, especially those
with severe motor disabilities [5, 25]. Other studies
have also shown that spatiotemporal parameters of gait
are significantly affected by the type and severity of
CP, and that children with spastic CP have slower and
less efficient gait patterns [26, 27]. Tehrani-Doost et al.
reported that dyskinetic and ataxic CP is often associ-
ated with greater variability and instability in gait than
spastic CP, leading to reduced functional mobility [24].
These results emphasize the importance of individual-
ized gait interventions, tailored to the type of CP and
severity of motor impairment, to optimize mobility and
gait outcomes [28, 29].

The QoL scores of CP children in our study were low,
with physical functioning being the most affected do-
main. These results are consistent with previous studies
showing that children with CP experience a lower QoL
compared to their healthy peers, particularly in the phys-
ical and social domains [30, 31]. Furthermore, the QoL
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scores differed significantly based on the GMFCS lev-
els, with children at level I reporting better scores than
those at levels II and III. This finding is supported by
Dickinson et al.’s study, which showed that more severe
movement disorder was associated with lower QoL,
particularly in physical and social domains [13]. Gender
differences in emotional functioning scores, with higher
scores in girls, require further investigation, as they may
reflect differences in coping strategies, emotional resil-
ience, or access to social support networks [32, 33].

Behavioral disorders were significantly prevalent in
CP children, with 35% having internalizing behaviors
(such as anxiety and depression) and 28% having ex-
ternalizing behaviors (such as aggression and ADHD).
This is consistent with previous studies that identified
high behavioral and emotional problems in children
with CP [9-11]. Bhatnagar et al. found that children with
CP were at higher risk for ADHD, anxiety, and depres-
sion, which can exacerbate the challenges caused by
their physical disabilities [34]. A very significant finding
of this study was the strong association between behav-
ioral disorders and QoL, such that internalized behavior
was found as a significant predictor of low QoL. These
results are consistent with the findings of Williamson
et al. who showed that behavioral problems, especially
internalizing behaviors, are associated with lower QoL
in children with CP [35]. Furthermore, we observed a
significant relationship between gait speed and behav-
ioral disorders, highlighting the need for comprehensive
interventions that consider both mobility and behavioral
health to improve the health-related QoL of CP children.
Whittingham et al. also demonstrated a direct relation-
ship between motor skills and behavioral problems in
children with CP [36]. Our study provides new evidence
supporting the integrated care model, where behavioral
interventions can enhance the effectiveness of physical
therapies in improving QoL in pediatric CP.

Gharib M, et al. Gait Parameters, Behavioral Problems, & QoL in CP. RJ. 2025; 26(3):328-343.
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The findings of this study have important implications
for both clinical practice and future research. The strong
association of motor function and behavioral health with
QoL highlights the need for multidisciplinary interven-
tions that simultaneously focus on motor rehabilita-
tion and behavioral therapies. Treatment programs for
children with CP that incorporate cognitive-behavioral
therapies in traditional walking exercises may provide
better outcomes in terms of mobility, behavioral health,
and QoL. Clinicians should consider individualized
treatment plans based on the type and severity of CP,
as children with dyskinetic and ataxic CP may require
specialized gait interventions to address instability and
variability. Also, given the significant prevalence of be-
havioral disorders in children with CP, routine mental
health screenings should be included in comprehen-
sive CP management protocols. Due to being a cross-
sectional study, this research was unable to determine
cause-and-effect relationships among the variables. To
explore possible causal relationships, longitudinal co-
hort studies with follow-up assessments are needed.
Although the sample size was sufficient, it was limited
to children able to walk (GMFCS levels I-1II). To gain
a more comprehensive understanding of the reported
associations, future research should expand the study
population to include children unable to walk (GMFCS
levels IV-V), who may face different behavioral and
QoL-related challenges.

Behavioral problems were prevalent, with internal-
izing problems (e.g. anxiety, depression) strongly pre-
dicting poorer emotional well-being, consistent with
Williamson et al. [35]. The mediating role of behavioral
problems in the gait-QoL relationship emphasizes the
need for integrated physical-psychological interventions
[36].

Being a cross-sectional study, this research is unable
to determine cause-and-effect relationships among the
variables. To explore temporal links and possible caus-
al pathways, longitudinal cohort studies with multiple
follow-up assessments are needed. Furthermore, the
participant group was restricted to ambulatory children
classified as GMFCS levels I through III; incorporating
non-ambulatory children at levels IV and V in future
work would yield a more comprehensive understanding
of the wider cerebral palsy population.

Conclusion
This study reveals the complex interaction between

motor function, behavioral health, and QoL in CP chil-
dren. It shows that poor gait and behavioral problems
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have a significant negative impact on the QoL of these
children. Therefore, an integrated and multidisciplinary
approach that targets both gait and behavioral problems
at the same time is needed for CP children. Physical re-
habilitation programs for these children should be com-
plemented by targeted behavioral therapies to reduce the
cascading effects of gait disturbances on their QoL. By
adopting a holistic child-centered approach, clinicians
can improve mobility, behaviors, and overall QoL of CP
children.
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5. Spastice

6. Dyskinetic

7. Ataxic

8. Mix

9. Gross Motor Function Classification System (GMFCS)
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1. Cerebral Palsy (CP)

2. Neuromotor

3. Attention Deficit and Hyperactivity (ADH)
4. Quality of Life (QoL)
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11. Pediatric Quality of Life Inventory (PedsQL) CP Module
12. Child Behavior Checklist (CBCL)
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10. Functional Mobility Scale (FMS)
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