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Abstract.
BACKGROUND: While the transdisciplinary-based rehabilitation provided ample evidence on improving impairment (body
structure and functions) levels, the therapeutic effects on the international classification of functioning, disability, and health
(ICF) domains are unknown in cerebral palsy (CP).
OBJECTIVE: To compare the effects of the community-based family-child-centered care (CFC) and conventional pediatric
rehabilitation (CPR) on the physical, cognitive, sensory, and social integration domains in children and adolescents with CP.
METHODS: Twenty-six participants with CP (mean age = 9.37 ± 5.24, 14 females) were assigned into either CPR or CFC
groups. Clinical outcomes included gross motor function measure (GMFM-66), Pediatric Balance Scale (PBS), fine motor
area of Bruininks-Oseretsky Test of Motor Proficiency-2 (BOT-2), Functional Independence Measure (FIM) cognition area,
Short Sensory Profile (sSP), COPM, Pediatrics Quality of Life (PedsQL) questionnaire, Short Falls Efficacy Scale (sFES),
and Dynamic Postural Instability (DPI). An analysis of variance (ANOVA) and an analysis of covariance (ANCOVA) was
conducted at P < 0.05.
RESULTS: ANOVA revealed the superior effects of CFC in GMFM-66, PBS, BOT-2, FIM, and PedsQL compared to CPR
(P < 0.05). ANCOVA showed the superior effects of CFC in Z-axis of DPI than CPR (P < 0.05).
CONCLUSIONS: Our results provide novel, promising clinical evidence that CFC was more effective than CPR at improving
impairment, activity, as well as participation levels in participants with CP.

Keywords: Cerebral palsy, ICF model, impairment, activity, participants, behavior therapy, community (re)integration, motor
impairment, physical therapy

1. Introduction

In pediatric rehabilitation, cerebral palsy (CP) is
the most common neuromuscular system conditions
that present with multiple levels of impairments,
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activity limitations and associated participation
restrictions. Epidemiological evidence reports rel-
atively high prevalence of CP diagnosed (2–3 per
1,000 children) worldwide (Oskoui et al., 2013).
CP is classically defined as a non-progressive neu-
rodevelopmental disorder resulting from a brain
lesion, which exhibits as spasticity, lack of coordina-
tion, muscle weakness, poor balance, and cognitive
impairment (Sellier et al., 2016). The associated func-
tional activity limitations include reaching, dressing,
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walking, and stair climbing. In addition, it is asso-
ciated with restrictions of participation in social
activities, including school, participating in presen-
tations in class, and community leisure activities or
sports (Rosenbaum et al., 2007).

Specifically, spastic CP is often related to corti-
cal motor areas and white matter damage due to
hypoxia-ischemia, and it manifests as hemiplegic,
diplegic, and quadriplegic types (Serdaroglu et al.,
2004). Depending on the severity of the sensory-
motor impairment and the limb (s) involved, children
with spastic CP present with myriad balance and
locomotor dysfunctions (asymmetric gait or stiff or
scissor-like gait), which in turn, predispose them
to a high risk of falls, resulting in their restriction
from participation in age-appropriate peer activities
at school and in community sports and leisure clubs
(Calley et al., 2012; Østensjø et al., 2003).

Dyskinetic CP is the second most common type
of CP and is associated with damage to the sub-
cortical gray matter, such as basal ganglia and
thalamus, caused by hypoxia-ischemia, as well as
by birth asphyxia and hyperbilirubinemia (Sellier
et al., 2016). Commonly, maldevelopment due to
brain damage and cortical/subcortical and basal gan-
glia lesions are accompanied by severe cognitive
and language impairments (Himmelmann & Uve-
brant, 2011). Children with dyskinetic CP present
with involuntary, uncontrolled, repetitive, frequently
stereotypical movements, muscle tone variations, and
primitive reflex patterns, which in turn, predispose
them to a high risk of falls, resulting in restrictions in
their participation in age-appropriate peer activities
at school and in community sports and leisure clubs
(Østensjø et al., 2003).

Ataxic CP is the least common type of CP and
is related to cerebellar malformations, vermis injury,
and genetic mutations. Ataxic CP is mainly charac-
terized by impairment in the coordination processes,
indicated by problems in balance and walking, which
lead to significant disability (Buckley et al., 2018).
The decline in coordination and the decrease in
stability with balance impairments limit throwing,
kicking, and gait and later affect activities and
independent participation in school or community
(Michielsen et al., 2019; Parolin Schnekenberg et al.,
2015).

To mitigate the neuromuscular and psychiatric-
behavioral system conditions in both CP, a variety
of interventional approaches including multidisci-
plinary-based rehabilitation, and transdisciplinary-
based rehabilitation have been used.

Multidisciplinary-based rehabilitation is consid-
ered the key approach in rehabilitation and health
care paradigms for children and adolescents with
disabilities. Multidisciplinary-based rehabilitation is
a complex process aimed at ensuring that chil-
dren and their families achieve the best possible
quality of life, and it considers the individual in
relation to the physical, mental, emotional, com-
municative, and relational domains, and it involves
their familial, social, and environmental context. A
multidisciplinary-based pediatric rehabilitation study
demonstrated positive effects on gross motor skills
but no improvement in the participation domain.
Such a lack of improvement in the participation
domain may result from an inherent limitation
in multidisciplinary-based pediatric rehabilitation,
where the rehabilitation relies on the knowledge
of practitioners from various specialties, including
physical therapists, occupational therapists, speech
therapists, social workers, pediatricians, physiatrists,
ophthalmologists, neurologists, special educators,
and psychologists, who operate only within their own
professional fields rather than integrating the patient’s
own goals and needs (Trabacca et al., 2012).

Transdisciplinary-based rehabilitation involves a
team effort and cooperation to enhance patient out-
comes through the synergy effects of teamwork,
where the rehabilitation emphasizes the patient’s
goals rather than the expert knowledge of individuals.
The ultimate goal is to perform integrated assess-
ment and to develop an integrated treatment plan
based on patients’ goals (Hartwig & Landis, 1999).
The rehabilitation team develops further assessment
and intervention strategies, implements them with
the help of family members, and the ability to
swallow is improved through collaboration. Such
improved results can be achieved by accommodating
the patients’ own needs and goals and by provid-
ing rehabilitation that is focused on satisfying their
immediate needs based on the expertise of the pro-
fessionals (Walker & Avant, 2005).

In general, previous research on the pro-
posed rehabilitation models (multidisciplinary-, and
transdisciplinary-based rehabilitation) has laid a solid
conceptual foundation for basic function implemen-
tation, and tremendous effort had been spent on
improving impairment (body structure and functions)
levels. However, very little focus has been devoted to
optimizing all aspects of the ICF domains embracing
the impairment, activity, and participation levels in
the family environment, which is an essential part of
pediatric rehabilitation care in community-dwelling



M. Kim et al. / Comparative effects of community-based family-child-centered care and conventional 535

children with chronic developmental disabilities.
Building on the transdisciplinary approach, we devel-
oped “the community-based family-child-centered
care (CFC) model.”

The purpose of the present study was to
compare the effects of community-based family-
child-centered care (CFC) and conventional pediatric
rehabilitation (CPR). We hypothesized that CFC
would show greater improvements in the physical,
cognitive, sensory, and social integration domains
than CPR in children and adolescents with CP.

2. Methods

2.1. Participants

A total of 26 children and adolescents with CP
(mean age = 9.37 ± 5.24, 14 females) were recruited
from the community rehabilitation centers and from
the Dongtan Aridm Welfare Center. The study
was approved by the Research Ethics Committee
of Yonsei University Mirae Campus (1041849-
202009-BM-140-04) Institutional Review Board of
the Republic of Korea. Written informed consent was
obtained from parents or guardian. Inclusion criteria
entailed: (1) diagnosed with CP, (2) aged between
1 and 21 years old, (4) GMFCS I–III for CP, and
(6) able to follow instructions. Exclusion criteria
included the following: (1) having epilepsy or tak-
ing epileptic drugs, (2) history of trauma or surgery
within the last six months, (3) severe cognitive or
visual impairments, and (4) cardiopulmonary system
impairments.

2.2. Experimental procedure

The present study comprised a two-group pretest-
posttest design where the 26 participants were
randomly assigned either to the CFC or the CPR
group via a computer randomization program. A pro-
cedural checklist was followed to ensure consistent
experimental protocols were observed prior to any
data acquisition and throughout the entire test period.
Standardized clinical testing procedures included
the GMFM-66, Pediatric Balance Scale (PBS), fine
motor area of BOT-2, Functional Independence Mea-
sure (FIM) cognition area, Short Sensory Profile
(sSP), COPM, Pediatrics Quality of Life (PedsQL)
questionnaire, Short Falls Efficacy Scale (sFES), and
Dynamic Postural Instability (DPI) using a wearable
device. These tests were consistently implemented at

the pretest and posttest. The flowchart of the study is
shown in Fig. 1.

2.3. Clinical function tests

All clinical functional tests were consistently per-
formed three times with each child in the pretest and
posttest by the same tester who was blind to the group
assignment and to the results at each center.

2.3.1. Gross motor function measure 66
(GMFM-66)

The GMFM-66 was used to evaluate changes in
gross motor function in children and adolescents with
CP in the activity domain of the ICF, which com-
prises five major testing sub-items: (A) lying and
rolling, (B) sitting, (C) crawling and kneeling, (D)
standing, and (E) walking, running, and jumping
(Kenyon, 2014). The scoring system entails a 4-point
scale, which ranges from 0 to 3, where 0 (‘No initi-
ation’), 1 (‘Initiation’), 2 (‘Partial completion’), and
3 (‘completion’). The intra- and intertester reliabil-
ity for GMFM-66 is well established with intraclass
correlation coefficient (ICC) = 0.96 and 0.97, respec-
tively (Wei et al., 2006).

2.3.2. Pediatric balance scale (PBS)
The PBS was used to assess functional balance

ability for children with neuromuscular motor impair-
ments in the body function and structure domain of
the ICF model (Franjoine et al., 2003). Fourteen test
items include seated position to standing position,
standing position to sitting position, transfer, stand-
ing without support, sitting without support, standing
with eyes closed, standing with feet together, standing
with one foot in front, standing on one foot, rotat-
ing 360 degrees, turning to look back, picking up an
object off the floor, placing alternate foot on step or
footrest, and reaching forward with extended arm.
The test scores range from 0 (‘low function’) to 4
(‘the highest function’), with a potential total score
of 56 points. The intra- and intertester reliability of
PBS is well established with ICC = 0.97 and 0.98,
respectively (Her et al., 2012).

2.3.3. Short sensory profile (sSP)
The sSP questionnaire was used to evaluate chil-

dren’s sensory processing dysfunction in daily life
in the body function and structure domain of the
ICF model (Tomchek & Dunn, 2007). The ques-
tionnaire is comprised of 38 items including the
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Fig. 1. Flowchart of the study.

seven functions of sensory processing (tactile sen-
sitivity, taste/smell sensitivity, movement sensitivity,
under-responsiveness/seek sensation, auditory filter-
ing, low energy/weak, visual/auditory sensitivity).
The questionnaire responses range from 1 (‘always’)
to 5 (‘never’) as associated with the child behaviors
(Tomchek & Dunn, 2007). The validity and reliabil-
ity of the sSP is well established with r = 0.87 and
ICC = 0.88, respectively (O’Brien et al., 2009).

2.3.4. Bruininks-oseretsky test of motor
proficiency (BOT-2)

The BOT-2 test was used to assess gross and fine
motor skills in children with disabilities in the activity
domain of the ICF model. The testing items includes
body coordination, manual coordination, motor per-
formance, and fine manual control, which examines
motor skills connecting coordination and control of
the distal part of the hands and fingers (Deitz et al.,
2007). The validity and reliability of BOT-2 are well
established with Cronbach’s � = 0.92 and ICC = 0.99,
respectively (Wuang & Su, 2009).

2.3.5. Functional independence measure (FIM)
The FIM was used to determine basic quality

of daily living activities in people with disabili-

ties in the activity domain of the ICF model. The
FIM consists of 18-items, with subscales for self-
care (6-items), sphincter control (2-items), transfers
(3-items), locomotion (2-items), communication (2-
items), and social cognition (3-items). Each item is
answered on a 7-point scale, where 1 (‘total assis-
tance with helper’) to 7 (‘complete independence
with no helper’) (Linacre et al., 1994). The validity
and reliability of FIM are well established with Kappa
coefficient = 0.92 and ICC = 0.99, respectively (Kidd
et al., 1995).

2.3.6. Short falls efficacy scale (sFES)
The sFES questionnaire was used to measure

the participant’s fear of falling during a range of
activities of daily living in the activity domain of
the ICF model. The sFES was comprised of seven
items. Each daily living activity has a 4-point scale,
where 1(‘not at all concerned’), 2(‘somewhat con-
cerned’), 3(‘fairly concerned’), 4(‘very concerned’).
Total scores range from 7 (‘low concern’) to 28 (‘high
concern’) (Kempen et al., 2008). The validity and reli-
ability of sFES are well established as Cronbach’s
� = 0.94 and ICC = 0.99, respectively (Azad et al.,
2014).
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2.3.7. Canadian occupational performance
measure (COPM)

The COPM is an individualized criterion-
referenced measurement tool designed for assessing
changes in occupational performance and the satis-
faction of clients receiving occupational therapy in
the participation domain of the ICF model. In the
COPM process, the client considers the five problems
in four domains and evaluates the importance of each
problem on a range of 1 to 10. They then, prioritize
the five problems and evaluate their performance and
satisfaction in the range of 1 to 10 for each of the
problems. The higher the scores, the higher impor-
tance and the higher the performance and satisfaction
(McColl et al., 2000). The validity and reliability of
COPM are well established as Cronbach’s � = 0.89
and ICC = 0.99, respectively (Berardi et al., 2019).

2.3.8. Pediatrics quality of life (PedsQL)
questionnaire

The PedsQL questionnaire was used to mea-
sure quality of life in children and adolescents
in the participation domain of the ICF model.
The questionnaire consists of 23 items, made up
of physical functioning (8-items), emotional func-
tioning (5-items), social functioning (5-items), and
school functioning (5-items). Each item is answered
on a 5-point scale, where 0(‘never a problem’),
1(‘almost never a problem’), 2(‘sometimes a prob-
lem’), 3(‘often a problem’), 4(‘almost always a
problem’) (Varni et al., 1999). The validity and reli-
ability of COPM are well established as Cronbach’s
� = 0.93 and ICC = 0.89, respectively (Desai et al.,
2014; Varni et al., 2003).

2.4. Body sway measurement

2.4.1. Instrument
The PostureRite DPI (PostureRite DPI, Mezoo,

Wonju, South Korea) is a wearable device used to
measure body sway during functional and social par-
ticipation environmental tasks. The PostureRite DPI
system comprises three axis accelerometers (X, Y, Z
axis) a gyro-accelerometer sensor and a portable data
receiver, which transmits data via Bluetooth to a lap-
top. The 3-axis gyro-accelerometer sensor is capable
of recording AP, ML, and Vertical acceleration sway
signals, which were used to compute DPI.

2.4.2. Data collection
The participant was positioned sitting on a sup-

ported chair. The targeted skin area was prepared by

Fig. 2. The PostureRite DPI.

abrading with rubbing alcohol prior to placement of
the DPI sensor. The DPI sensor was attached to at
the 1/3 on the line between the jugular notch and the
xiphoid process of the sternum where the signals can
be best detected (Fazio et al., 2013). All participants
were first familiarized with the DPI testing procedure.
The DPI data were collected during self-preferred
overground walking, as indicated in the GMFM sub-
test, in all participant with CP, at a sample rate of
30 Hz. The DPI data were recorded three consecutive
times for 60 seconds and the acquired DPI data were
processed with root mean square (RMS) and saved
for further statistical analysis.

2.4.3. Data analysis
The processed DPI data were exported to Mat-

Lab v2010a to calculate the AP, ML, and Vertical
coefficient of variations (CVs), which are expressed
as

CV = σ

x

Specifically, the DPI (acceleration sway signals)
were divided into three 10s windows and the standard
deviation (SD) was computed for each window. If the
SD of at least one of the three windows exceeded five
times the SD of one of the other windows, the trial was
discarded. A larger CVs represents greater dynamic
postural instability during walking.

2.5. Intervention

All participants were assigned the standard CPR
or CFC interventions, which comprised 60 min/day,
2 days/week with an average of 20 sessions over
10 weeks. CPR rehabilitation was based on the
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neurodevelopmental treatment (NDT) framework
and clinical evidence. CPR rehabilitation in chil-
dren with CP included mobility exercises, stability
exercises according to muscle stretching and
strengthening and dynamic or static balance, with
gradual progression to overground gait training with
or without assistive devices, sensory integration
approach and fine motor control. For the intervention
strategies in the physical domain, a licensed physi-
cal therapist provided the interventions based on the
evaluation of selected clinical evidence. The corre-
sponding interventions included stretching (Katalinic
et al., 2010), strengthening (Effgen & McEwen,
2008), hippotherapy (Park & You, 2018; Park et al.,
2014), treadmill training (Damiano & DeJong, 2009),
NDT (Gündüz et al., 2019), robotic assisted gait
training (RAGT)(Jin et al., 2020; Park et al., 2020).
RAGT (Walkbot, P&S mechanics, Seoul, Korea) was
provided to improve gait function. RAGT can pro-
vide systemic assistance or resistance interactively in
response to the participant’s muscle strength, move-
ment, and fatigue conditions during gait training. The
Walkbot system interactively adjusted the walking
speed and resistive torque parameters while attempt-
ing to minimize kinematic trajectory errors. The
assistance guidance force was systematically reduced
from 100% (passive mode) to 0% (active mode),
where the Walkbot system automatically adjusted the
body weight bearing load, resistance, and inertia to
accomplish the symmetrical, optimal gait pattern, as
it can apply a differential mode to each lower extrem-
ity for individuals with hemiparetic CP (Jin et al.,
2020). For the intervention strategies of the cognitive
domain, a licensed occupational therapist provided
the interventions based on the evaluation and selected
clinical evidence. The corresponding interventions
included fine motor function training, and activi-
ties for daily living training (Ko et al., 2020). For
the intervention strategies of the sensory domain;
and for the intervention strategies of the cognitive
domain, an occupational therapist with a sensory inte-
gration license provided interventions based on the
evaluation and selected clinical evidence. The corre-
sponding interventions included sensory integration
(Novakovic et al., 2019). For the intervention strate-
gies of the social integration domain were not carried
out in the CPR group.

The CFC rehabilitation for children with CP
utilized COPM to identify the important goals of indi-
vidual children and to develop specific interventional
strategies customized for the gross and fine motor of
needs of the children with disabilities and customized

for the sensory and emotional development goals of
the children so as to cover four domains including
physical, cognitive, sensory, and social integration.
The CFC rehabilitation was derived from the NDT
framework based on evidence and the detailed treat-
ment protocol is outlined in Supplementary Table 1.
The CFC rehabilitation in children with CP included
mobility exercises, stability exercises, controlled
mobility exercises, and skilled mobility exercises
according to muscle stretching and strengthening and
dynamic or static balance, and gradual progression
to overground gait training with or without assis-
tive devices, sensory integration approach, fine motor
control and counselling for parents and children with
CP. For the intervention strategies of the physical
domain, a licensed physical therapist provided the
interventions based on the evaluation and selected
clinical evidence. The corresponding interventions
included stretching (Katalinic et al., 2010), strength-
ening (Effgen & McEwen, 2008), hippotherapy (Park
& You, 2018; Park et al., 2014), treadmill train-
ing (Damiano & DeJong, 2009), NDT (Gündüz et
al., 2019), and RAGT (Jin et al., 2020; Park et al.,
2020). For the intervention strategies of the cognitive
domain, a licensed occupational therapist provided
the interventions based on the evaluation and selected
clinical evidence. The corresponding interventions
included fine motor function training, and activities
for daily living training (Ko et al., 2020). For the
intervention strategies of the sensory domain, For
the intervention strategies of the cognitive domain,
an occupational therapist with a sensory integra-
tion license provided the interventions based on the
evaluation and selected clinical evidence. The corre-
sponding interventions included sensory integration
(Novakovic et al., 2019). For the intervention strate-
gies of the social integration domain, a licensed
occupational therapist evaluated COPM and worked
with the physical therapist, occupational therapist,
and social worker to diagnoses and set goals for the
interventions through a team approach. Based on the
evaluation and clinical evidence, the corresponding
interventions included counselling for parents and
children with CP, a social integration program accord-
ing to a focus group interview (FGI) (Vaughn et
al., 1996). The established COPM goals and specific
intervention strategies were implemented at the local
pediatric community rehabilitation center, and con-
sistently integrated at child’s school or community
activity centers as well as in the home environment to
maximize the physical-cognitive-sensory-social inte-
gration.
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Table 1
Baseline characteristics of the participants

CPR group (n = 10) CFC group (n = 16) p

Gender (male/female) 5/5 9/7 0.84
Age 10.00 ± 4.41 8.73 ± 6.06 0.93
Body height (cm) 129.88 ± 15.14 119.07 ± 30.39 0.14
Body mass (kg) 29.06 ± 12.12 28.35 ± 19.14 0.10
aBMI (kg/m2) 16.72 ± 4.40 17.82 ± 3.44 0.30
bCP sort
Spastic/Hemiplegic/Ataxic/Athetosis 8/1/0/1 9/2/2/3 0.67

aBMI: Body Mass Index. bCP: Cerebral palsy.

2.6. Statistical analysis

The descriptive statistics included mean and stan-
dard deviation. An analysis of variance (ANOVA)
was used to determine the intervention-related
changes in the outcome variables: (1) GMFM-66,
(2) PBS, (3) BOT-2, (4) FIM, (5) sSP, (6) COPM,
(7) PedsQL, and (8) sFES and reflecting differences
between the CFC and CPR groups. An analysis of
covariance (ANCOVA) was used for between-group
comparisons because the baseline (pretest) DPI out-
come measurement data were statistically different
between the CFC and CPR groups. If the interaction
effect was observed, Tukey’s HSD (honest signifi-
cant difference) post hoc test was implemented. We
used the G-Power software (G-Power version 3.1.5)
to assess the sample size based on our previous
study which yielded 46 participants, computing from
the effect size (Eta squared, η2 = 0.6) and power
(1–� = 0.8) for the GMFM-66, PBS, and BOT-2
variables (Kim et al., 2016; Ko et al., 2020). An
independent t-test or chi-square was used to compare
general participant characteristics between the CFC
and CPR groups, depending on the interval and nom-
inal scale, respectively. A paired t-test was used to
compare the following measurements for the pre-test
and post-test: (1) GMFM-66, (2) PBS, (3) BOT-2, (4)
FIM, (5) sSP, (6) COPM, (7) PedsQL, (8) sFES and
(9) DPI. Tukey’s post-hoc test was used to calculate
significance between groups. All statistical analyses
were performed via the Statistical Package for the
Social Sciences (SPSS) version 25, software (SPSS
Inc., Chicago, IL, US). The statistical significance
level was set at 0.05 for all tests.

3. Results

3.1. Demographic characteristics of participants

The demographic characteristics of participants
are presented in Table 1. No significant differences

were observed between the two groups in baseline
characteristics, including gender, age, height, weight,
and body mass index (BMI).

3.2. Clinical function tests

3.2.1. Physical domains
3.2.1.1. GMFM ANOVA analysis showed signifi-
cant changes in the A, C, and total score of GMFM-66
between the CPR group and CFC group of children
with CP. In addition, post-hoc analysis using the
Tukey’s post hoc confirmed more significant gross
motor movement and function after treatment in the
CFC group compared to CPR group (Table 2).

3.2.1.2. BOT-2 ANOVA showed significant changes
in the BOT-2 score between the CFC group and CPR
group. Moreover, Tukey’s post-hoc analysis revealed
that the CFC group showed greater increase in the
BOT-2 score than the CPR groups (Table 2).

3.2.1.3. PBS ANOVA showed significant changes
in the PBS score between the CPR group and CFC
group. Moreover, produced a significant time x
group interaction effect in the CFC group (P = 0.00).
Tukey’s post-hoc analysis revealed that the CFC
group showed greater increase in the PBS score than
the CPR groups (Table 3).

3.2.1.4. DPI ANCOVA did not show significant dif-
ferences in the DPI between CPR and CFC group,
but it demonstrated a significant time main effect in
the CFC group (P = 0.02) on the Z-axis. Our effect
size analysis indicates a medium effect (Eta squared,
η2 = 0.38–0.67), suggesting a greater decrease in
body sway after in the CFC group than in the CPR
group (Table 3).

3.2.2. Cognitive domains
3.2.2.1. FIM ANOVA demonstrated a significant
difference in the FIM score of the CPR group
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Table 2
Comparison of change in GMFM and BOT-2

aGMFM bCPR group cCFC group Between Effect
Pre-test Post-test P-value Pre-test Post-test P-value P-value size

A 98.72 ± 3.52 98.72 ± 3.52 1.00 72.03 ± 33.16 89.21 ± 17.50 0.00* 0.01* 0.59
B 89.82 ± 18.30 89.82 ± 18.30 1.00 63.49 ± 34.25 78.33 ± 27.75 0.37 0.24 0.03
C 89.03 ± 15.77 88.99 ± 15.77 0.33 51.48 ± 36.66 66.62 ± 34.07 0.01* 0.23 0.59
D 73.02 ± 35.10 73.02 ± 35.10 1.00 32.67 ± 32.56 46.62 ± 36.85 0.14 0.18 0.48
E 71.49 ± 33.48 71.52 ± 33.49 0.81 22.57 ± 25.75 35.94 ± 35.92 0.04* 0.05* 0.49
Total 72.48 ± 22.49 72.46 ± 22.48 0.66 48.29 ± 30.17 63.96 ± 28.73 0.04* 0.05* 0.49
dBOT-2 CPR group CFC group Between Effect

Pre-test Post-test P-value Pre-test Post-test P-value P-value size
56.25 ± 15.58 59.00 ± 15.49 0.00* 34.25 ± 23.51 50.73 ± 20.50 0.00* 0.04* 0.63

aGMFM, Gross motor function measure; bCPR, Conventional pediatric rehabilitation; cCFC, Community-based family-child centered care;
dBOT-2, Bruininks-Oseretsky test of motor proficiency-2; *P < 0.05.

Table 3
Comparison of change in PBS and DPI

aPBS bCPR group cCFC group Between Effect
Pre-test Post-test P-value Pre-test Post-test P-value P-value size

28.88 ± 13.56 28.88 ± 13.56 1.00 16.69 ± 17.06 23.13 ± 20.99 0.00* 0.04* 0.65
dDPI CPR group CFC group Between Effect

Pre-test Post-test P-value Pre-test Post-test P-value P-value size
X-axis 21.67 ± 8.56 23.98 ± 11.82 0.04* 74.66 ± 41.23 51.40 ± 22.76 0.12 0.57 0.57
Y-axis 24.39 ± 10.04 29.51 ± 13.00 0.61 66.84 ± 31.12 71.55 ± 27.01 0.06 0.54 0.67
Z-axis 32.86 ± 13.09 22.23 ± 7.86 0.33 77.53 ± 37.84 59.52 ± 27.01 0.02* 0.68 0.38

aPBS, Pediatric balance scale; bCPR, Conventional pediatric rehabilitation; cCFC, Community-based family-child centered care; dDPI,
Dynamic postural instability; *P < 0.05.

Table 4
Comparison of change in FIM

aFIM bCPR group cCFC group Between Effect
Pre-test Post-test P-value Pre-test Post-test P-value P-value size

20.90 ± 11.71 20.90 ± 11.71 1.00 28.50 ± 5.39 29.58 ± 4.96 0.00* 0.04* 0.15

aFIM, Functional independence measure; bCPR, Conventional pediatric rehabilitation; cCFC, Community-based family-child centered care;
*P < 0.05.

and CFC group. Moreover, our effect size analy-
sis indicated a small effect (Eta squared, η2 = 0.15).
Tukey’s post-hoc analysis revealed that the CFC
group showed greater increase in the FIM score than
the CPR groups (Table 4).

3.2.3. Sensory domain
3.2.3.1. sSP ANOVA did not show significant a dif-
ference in the sSP score between the CPR group and
the CFC group, but it produced a significant time
main effect in the CFC group (P = 0.00). Moreover,
our effect size analysis indicates medium effect (Eta
squared, η2 = 0.27) (Table 5).

3.2.4. Social integration domains
3.2.4.1. COPM ANOVA did not show significant
differences in the COPM score between the CPR
group and the CFC group (P = 0.04), but it pro-
duced a significant time main effect in the CFC group

(P = 0.00) in performance and satisfaction. Moreover,
our effect size analysis indicates a medium effect
(Eta squared, η2 = 0.34–0.56), indicating a slightly
increase performance and satisfaction score in the
CFC group compared to the CPR group (Table 6).

3.2.4.2. sFES ANOVA did not show a significant
difference in the sFES score between the CPR group
and the CFC group, but it produced a significant time
main effect in the CFC group (P = 0.00). However,
our effect size analysis indicates a small effect (Eta
squared, η2 = 0.19), indicating a slightly decrease fear
of falling in the CFC group compared to the CPR
group (Table 6).

3.2.4.3. PedsQL ANOVA demonstrated significant
differences in the PedsQL scores between the CPR
group and the CFC group. Moreover, Tukey’s post-
hoc analysis revealed that the CFC group showed
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Table 5
Comparison of change in sSP

asSP bCPR group cCFC group Between Effect
Pre-test Post-test P-value Pre-test Post-test P-value P-value size

157.20 ± 14.49 153.40 ± 20.67 0.22 141.31 ± 24.54 147.25 ± 25.34 0.00* 0.53 0.27

asSP, Short sensory profile; bCPR, Conventional pediatric rehabilitation; cCFC, Community-based family-child centered care; *P < 0.05.

Table 6
Comparison of change in social integration domains

aCOPM bCPR group cCFC group Between Effect
Pre-test Post-test P-value Pre-test Post-test P-value P-value size

Performance 4.31 ± 2.15 3.94 ± 2.46 0.35 3.66 ± 1.69 5.01 ± 1.82 0.00* 0.24 0.34
Satisfaction 4.00 ± 1.65 3.56 ± 1.94 0.35 3.96 ± 1.76 5.22 ± 1.93 0.00* 0.06 0.56
dsFES CPR group CFC group Between Effect

Pre-test Post-test P-value Pre-test Post-test P-value P-value size
17.00 ± 7.54 17.00 ± 7.54 1.00 20.13 ± 6.21 18.06 ± 6.76 0.00* 0.73 0.19

ePedsQL CPR group CFC group Between Effect
Pre-test Post-test P-value Pre-test Post-test P-value P-value size

Problem with
physical function

25.00 ± 10.14 22.50 ± 9.92 0.55 18.81 ± 8.29 9.63 ± 7.74 0.00* 0.00* 0.93

Problem with
emotional function

9.00 ± 6.09 7.90 ± 7.13 0.25 7.25 ± 4.64 5.63 ± 3.96 0.014 0.22 0.59

Problem with social
function

13.40 ± 6.50 11.00 ± 6.58 0.33 10.53 ± 6.76 8.50 ± 5.97 0.25 0.16 0.43

Problem with school
function

10.00 ± 6.25 10.80 ± 5.35 0.26 8.69 ± 4.98 6.25 ± 5.11 0.06 0.06 0.61

total 57.60 ± 18.52 55.20 ± 22.54 0.47 43.25 ± 16.22 28.63 ± 17.65 0.00* 0.01* 0.84

aCOPM, Canadian occupational performance measure; bCPR, Conventional pediatric rehabilitation; cCFC, Community-based family-child
centered care; dsFES, Short falls efficacy scale; ePedsQL, Pediatric quality of life inventory; P < 0.05.

greater increase in the PedsQL scores than the CPR
groups (Table 6).

4. Discussion

The present study is the first clinical study to
highlight the superior effects of CFC rehabilita-
tion compared to CPR rehabilitation in the physical
domain (GMFM-66, PBS, BOT-2, DPI), the cogni-
tive domain (FIM), the sensory domain (sSP), and the
social integration domain (COPM, PedsQL, sFES)
in children with CP. Consistent with our hypothesis,
the CFC group demonstrated a significantly greater
improvement than the CPR group, in certain out-
comes in the physical, cognitive, sensory, and social
integration domains, which included improved gross
and fine motor function, balance, body sway, cogni-
tive function, sensory motor function, and quality of
life. The CFC rehabilitation emphasizes the impor-
tance of providing opportunities to practice relevant
personal community individualized-skills and gives
time to parent education regarding how they may
best assist their child and how one can progress to

return the level of community including the school
and social welfare center (Mayston, 2001). Bhatia
and Joseph (2000) highlighted the need for compre-
hensive evaluation and comprehensive treatment of
children with CP to identify all their related problems
so as to perform appropriate its intervention (Bha-
tia & Joseph, 2000). However, no previous clinical
study has been performed with CFC rehabilitation
and associated recovery in the physical, cognitive,
sensory, and social integration domains recovery in
children with CP, which made difficult to compare the
effects of CFC with previous evidence in the current
literature.

Clinical data analyses from the physical domain
revealed more significant improvements in the
CFC group relative to the CPR group in the
following areas: BOT-2 (between-group mean
difference = 27.83%), PBS (between-group mean
difference = 26.02%), DPI (between-group mean dif-
ference = 14.11% on the X-axis, between-group
mean difference = 15.41% on the Y-axis, between-
group mean differences = 28.18% on the Z-axis) in
the CFC group compared to the CPR group. Fur-
ther, clinical data analyses from the physical domain
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also showed improvements in total score in the CFC
group compared to the CPR group. This finding was
consistent with the results of Champagne and col-
leagues (2017) who reported a 6.28% increase in
GMFM-66 score and a 34.45% increase in BOT-2
score after applying hippotherapy in children with
CP. A study assessed the effect of the NDT on gross
motor and balance in children with CP. This study
demonstrated further improvements in the GMFM-66
score (4.7%) and the PBS score (10.87%) (Kavlak et
al., 2018). A possible underlying mechanism for such
positive improvements is that the CFC rehabilitation
increases postural muscle size, which maintain equi-
librium, while at the same time child with CP may
have resisted using the subconscious feedforward
mechanism by which the transverse abdominis (TrA)
and multifidus are synergistically co-activated for
upright spinal postural stability (Bordoloi & Sharma,
2012). That stabilizers muscles such as the TrA
and multifidus contribute to static postural control
is supported by Elshafey (2014), who report a signif-
icant improvement in trunk alignment morphology
and balance after hippotherapy simulator treatment
in children with hemiplegic CP (Elshafey, 2014).
The CFC rehabilitation is facilitated by a realign-
ing the uprighting movement and the positioning of
the pelvic girdle, which helps normalize the propri-
oceptive inputs of the cervical-lumbo-pelvic region.
This facilitates the selective concentric activation of
the deep core muscles. The CFC rehabilitation was
designed to activate and strengthen the underactive
or weak abdominal musculature and, as a result,
cortically or consciously increases cutaneous aware-
ness of using vibration. Damiano and colleagues
(1995) showed that a six-week progressive quadri-
ceps resistance muscle strength program involving
the performance of exercises with a load intensity
of 65% three times a week significantly enhanced
the degree of crouch pattern, gait speed, and stride
length in spastic diplegic CP (Damiano et al., 1995).
Similarly, Eagleton and colleagues (2004) found that
a generalized progressive strengthening exercise of
the trunk and lower extremity muscles performed
with an intensity of 80% three times a week for six
weeks improved gait velocity, cadence, step length,
distance, and energy expenditure (Eagleton et al.,
2004). In particular, strengthening the knee extensors
reduced abnormal co-contraction between the knee
extensors and flexors during the stance phases and
improved stride length during gait. These findings
suggest that improved balance between the agonist-
antagonist muscles may account for the decreased

crouched and stiff hip-knee-ankle with strengthened
quadriceps while relatively decreasing hamstring co-
activation during gait.

Clinical data analyses for the cognitive domain
revealed more significant improvements in FIM in the
CFC group compared to the CPR group (between-
group mean difference = 14.71%). Further, clinical
data analyses from the cognitive domain also showed
improvements in CARS in the CFC group compared
to the CPR group. This finding was consistent with
the results of Song (2014), who reported a 6.86%
increase in functional independence measure for
children (WeeFIM) score after applying fine motor
training in children with CP (Song, 2014).

A possible underlying mechanism for such positive
cognitive function improvement is that CFC reha-
bilitation provides KR and KP feedback, in which
visual motor learning strategy (motor and clinical)
improvements were related to better memory, mental
flexibility, and planning abilities. Presumably, these
cognitive processes are more involved in making use
of critical information about moving and adapting
motor behavior to improve efficiency. The role of aug-
mented feedback in facilitating skills acquisition and
learning is a widely accepted reality. The findings
of a descriptive study on augmented feedback con-
ducted by Hebert and Landin (1994) revealed that
instructors delivered feedback including knowledge
of performance (KP), knowledge of results (KR),
and behavioral at a rate of 1.5 per minute (Hebert &
Landin, 1994). In addition, Hebert and Landin (1994)
reported that over half (53%) of all feedback delivered
to participants was evaluative in nature and addressed
performance outcome (KR), leaving a smaller per-
centage (42%) of feedback dedicated to information
or the execution of a movement pattern (KP) (Hebert
& Landin, 1994). Primarily, these researchers have
utilized KP to inform participant about performance
errors in their movement pattern (s) while the partic-
ipants practiced a motor task in a laboratory setting.

Clinical data analyses from the sensory domain
showed significant improvements in sSP (between-
group mean difference = 2.01%) in the CFC group
compared to the CPR group. The neurological impair-
ments of CP children affect sensory information
processing, such as the tactile, vestibular, and pro-
prioceptive systems, during their daily activities. The
present results indicate that CFC can assist in the
activation of nerve (thermal receptor, pain receptor,
location receptor) signals to induce cortical reorga-
nization and improve sensorimotor function during
sensory integration. This finding is consistent with
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the results of Papavasiliou and colleagues (2011),
who reported that changes in sSP scores (2.05%)
after applying sensory integration in children with
disabilities were not significant (Papavasiliou et al.,
2011). In a previous study, a sensory integration
intervention was applied only to children with dis-
abilities, and not to children with CP (Parham et
al., 2007). However, it is difficult to compare the
present findings with data from a previous study
because no appropriate evidence is available in the
literature. Our findings support prior evidence that
demonstrated more enhanced motor control in the
diaphragm and transversus abdominis (TrA)/ internal
obilique (IO) muscle after dynamic neuromuscu-
lar stabilization (11–18%) than after the abdominal
drawing-in maneuver (Son et al., 2017). Such CFC
therapeutic effects may offer an explanation of the
specific sensory neural adaptations that accompany a
vibration treatment. Sound based vibration resonates
throughout the body and facilitates the ability to sense
the position, location, and orientation (King et al.,
2009). Vibration might also alter the connectivity
between corticospinal cells and spinal motoneurons
(Delecluse et al., 2003). The stimulation of pro-
prioceptive pathways via vibration treatment seems
therefore crucial. It is assumed that this repetitive
stimulation rearranges motor control strategies and
may result in improved postural stability (Schuhfried
et al., 2005). One should also consider the influ-
ence of vibration stimuli on central motor structures,
as it is shown that vibration activates the primary
sensorimotor cortices, supplementary motor area
(SMA) and cingulate motor area (CMA). All these
areas are active when executing limb movements
(Naito & Ehrsson, 2001). A possible underlying
mechanism for such positive improvement is that
CFC rehabilitation responds to emotions with imme-
diacy, accompanied by involuntary physiological
responses, in which changes in heart rate, respira-
tion rate, body temperature, and hormone excretion
are related to sensory function (Chanda & Levitin,
2013). Furthermore, Bhattacharya’s neuroimaging
studies (2001) have shown that music perception
engages a widespread bilateral network of frontal,
temporal, and parietal areas, and the cerebellum,
as well as sub-cortical regions related to attention,
working and semantic memory, motor functions, and
information processing speed (Bhattacharya et al.,
2001). Such CFC rehabilitation thus includes tac-
tile, vestibular, and proprioceptive system stimulation
activities (thermal receptors, pain receptors, location
receptors) such that therapeutic effects may induce

cortical reorganization, stimulate the limbic system,
and improve sensorimotor function to calm down or
awaken hypersensitive or hyposensitive children to
their surroundings. This results in children increas-
ing their balance function, which improves their gait
ability and attention.

Clinical data analyses from the social integration
domain showed more significant improvements in the
CFC group compared to the CPR group: in COPM
(between-group mean difference = 43.06% in per-
formance, between-group mean difference = 31.67%
in satisfaction), sFES (between-group mean dif-
ference = 10.53%), and in PedsQL (between-group
mean difference = 18.24%). This finding was consis-
tent with the results of Lin and colleagues (2011) who
demonstrated a 13.62% increase in PedsQL score
after applying comprehensive rehabilitation in chil-
dren with CP (Lin et al., 2011). In another study,
Novak and colleagues (2009) demonstrated improve-
ments in the COPM performance score (13.66%)
and the COPM satisfaction score (2.49%) (Novak
et al., 2009). Additionally, Shamy and Kafy (2014)
reported that the fear of falling score decreased by
34.42% after applying comprehensive rehabilitation
that included balance training and postural balance
control to children with CP (El-Shamy & Abd El
Kafy, 2014).

The present results indicate that CFC can deter-
mine which therapeutic approach is most effective for
specific clients and to ensure the effectiveness of the
intervention through client-centered individual goal
setting and by developing individualized intervention
programs that meet the specific therapeutic needs of
the clients.

In summation, we have been the first to devel-
oped CFC rehabilitation for children with CP, and
this has opened new possibilities in terms of an inte-
grated approach to rehabilitation, which includes the
physical, cognitive, sensory, and social integration
domains. A couple of limitations in the present study
should be considered in the future. The first limi-
tation is that the sample size for the control group
was weak due to difficulties in recruiting participants
due to COVID-19. Clinicians should therefore inter-
pret these results cautiously. The second limitation
is that the intervention was temporarily stopped due
to COVID-19. If the intervention had been contin-
ued, the results would probably have been different.
Future studies need to increase the size of the control
group and clarify the specific contributions of CFC
rehabilitation to children with CP through follow-
up. Our study suggests that a transdisciplinary and
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comprehensive approach to rehabilitation, initiated
in well-equipped centers with various specialties, can
improve the diagnosis and help formulate appropri-
ate interventions for children with CP and thereby
ensure improved long-term results. Efforts should
be made worldwide to support public-private col-
laboration and to make such centers accessible and
sustained.

5. Conclusion

The present investigation compared the effects
of CFC rehabilitation and CPR rehabilitation with
children with CP demonstrated that CFC rehabilita-
tion was effective in the physical, cognitive, sensory,
and social integration domains. Clinically, the results
offer encouraging evidence that CFC rehabilita-
tion is more effective than CPR rehabilitation when
managing children with CP. Our findings provide
important insights for clinicians when designing an
effective pediatric rehabilitation model to manage
comprehensive domains (physical, cognitive, sen-
sory, and social integration domains) for children
with CP.
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Buckley, E., Mazzà, C., & McNeill, A. (2018). A systematic review
of the gait characteristics associated with Cerebellar Ataxia.
Gait and Posture, 60, 154-163.

Calley, A., Williams, S., Reid, S., Blair, E., Valentine, J., Girdler,
S., & Elliott, C. (2012). A comparison of activity, participation
and quality of life in children with and without spastic diplegia
cerebral palsy. Disability and Rehabilitation, 34(15), 1306-
1310.

Chanda, M.L., & Levitin, D.J. (2013). The neurochemistry of
music. Trends in Cognitive Sciences, 17(4), 179-193.

Damiano, D.L., & DeJong, S.L. (2009). A systematic review of
the effectiveness of treadmill training and body weight sup-
port in pediatric rehabilitation. Journal of Neurologic Physical
Therapy: JNPT, 33(1), 27.

Damiano, D.L., Kelly, L.E., & Vaughn, C.L. (1995). Effects of
quadriceps femoris muscle strengthening on crouch gait in chil-
dren with spastic diplegia. Physical Therapy, 75(8), 658-667.

Deitz, J.C., Kartin, D., & Kopp, K. (2007). Review of the
Bruininks-Oseretsky test of motor proficiency, (BOT-2). Phys-
ical and Occupational Therapy in Pediatrics, 27(4), 87-102.

Delecluse, C., Roelants, M., & Verschueren, S. (2003). Strength
increase after whole-body vibration compared with resistance
training. Medicine and Science in Sports and Exercise, 35(6),
1033-1041.

Desai, A.D., Zhou, C., Stanford, S., Haaland, W., Varni, J.W., &
Mangione-Smith, R.M. (2014). Validity and responsiveness of
the pediatric quality of life inventory (PedsQL) 4.0 generic
core scales in the pediatric inpatient setting. JAMA pediatrics,
168(12), 1114-1121.

Eagleton, M., Iams, A., McDowell, J., Morrison, R., & Evans, C.L.
(2004). The effects of strength training on gait in adolescents
with cerebral palsy. Pediatric Physical Ttherapy, 16(1), 22-30.

Effgen, S.K., & McEwen, I.R. (2008). Review of selected physical
therapy interventions for school age children with disabilities.
Physical Therapy Reviews, 13(5), 297-312.

El-Shamy, S.M., & Abd El Kafy, E.M. (2014). Effect of balance
training on postural balance control and risk of fall in children
with diplegic cerebral palsy. Disability and Rehabilitation,
36(14), 1176-1183.

Elshafey, M.A. (2014). Hippotherapy simulator as alternative
method for hippotherapy treatment in hemiplegic children.
International Journal of Physiotherapy and Research, 2(2),
435-441.

https://dx.doi.org/10.3233/NRE-210219
https://dx.doi.org/10.3233/NRE-210219


M. Kim et al. / Comparative effects of community-based family-child-centered care and conventional 545

Fazio, P., Granieri, G., Casetta, I., Cesnik, E., Mazzacane, S.,
Caliandro, P., Pedrielli, F., & Granieri, E. (2013). Gait measures
with a triaxial accelerometer among patients with neurological
impairment. Neurological Sciences, 34(4), 435-440.

Franjoine, M.R., Gunther, J.S., & Taylor, M.J. (2003). Pediatric
balance scale: a modified version of the berg balance scale for
the school-age child with mild to moderate motor impairment.
Pediatric Physical Therapy, 15(2), 114-128.
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