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Abstract
Purpose: To investigate the gait and balance characteristics of children with spastic

cerebral palsy who attended a selective rehabilitation facility in Bangladesh.
Obijectives: To explore the sociodemographic features (age, gender, type of cerebral
palsy, parental education, place of delivery), to assess gait parameters (walking speed,
cadence, stride length), to evaluate balance using the Pediatric Balance Scale (PBS),
and to examine the relationships among balance, gait performance, and other variables
such as limb involvement and maternal education. Methods: This cross-sectional study
involved 102 children with spastic cerebral palsy at the Pediatric Unit of the Centre for
the Rehabilitation of the Paralyzed (CRP), Savar. Data were collected using structured
questionnaires and standardized clinical tools including the PBS and observational gait
analysis. Descriptive statistics were used to present the demographic and clinical
profiles, and inferential statistics such as chi-square and correlation tests were applied
to examine associations. Results: Among 102 participants, 48% were quadriplegic,
43.1% diplegic,7.8% triplegic, and 1% monoplegic . The average age was 7.17 years
(SD = 2.239). Most children were born after 38 weeks (81.4%), but 57.8% did not cry
immediately after birth, indicating potential birth complications. Notably, 69.6% were
delivered in hospitals and 52% had normal vaginal delivery. Regarding balance,
complex postural tasks like standing on one foot showed a strong correlation with PBS
scores (r = 1.000), and placing alternate foot on a stool also showed high correlation (r
= 0.679). However, gait parameters such as stride length (r = 0.280) and speed (r =
0.030) showed weaker relationships. There was a borderline association between
maternal education and balance outcomes (p = 0.051). The findings highlight that
spastic CP children exhibit persistent gait and balance deficits, even after rehabilitation.
Conclusion: There is a strong relationship between dynamic balance tasks and overall
motor function in children with spastic cerebral palsy. Sociodemographic factors,
especially maternal education and early neonatal events, are important in shaping
functional outcomes. These results underscore the need for early diagnosis, structured
rehabilitation, and parent-focused interventions in low-resource settings like
Bangladesh.

Keywords:

Gait, Balance, Spastic Cerebral Palsy, Pediatric Balance Scale, Rehabilitation,

Bangladesh.



Chapter-I Introduction

1.1 Background

According to the Centers for Disease Control and Prevention, cerebral palsy is a group
of disorders that affect a person's posture, movement, and balance (Vitrikas et al.,
2020). Although they may alter throughout time as a result of a damage to the
developing brain, clinical results are permanent and non progressive (Nelson et al.,
2020). In the United States, one out of every 323 children has cerebral palsy, which is
the most common physical handicap in children and has stayed relatively constant

throughout time (Trisnowiyanto et al., 2020).

A group of early-onset, non-progressive neurodevelopmental disorders brought on by
brain injury are collectively referred to as cerebral palsy (CP). With a frequency of
about two per 1000 live births, cerebral palsy is a prevalent cause of impairment in
children (Khandaker et al., 2019). Globally, an estimated 17 million people with
cerebral palsy (CP) (Novak et al., 2020). The epidemiology of CP has been extensively
studied in high-income countries (HICs). Clinical traits and risk factors for CP may
differ between LMICs and HICs (Velde et al., 2019). One of the main risk factors for
HICs is preterm birth. Bangladesh has a much lower rate of preterm births of infants
with cerebral palsy (18.5 percent vs. 42.9 percent) than Australia, according to a survey

of patients at rehabilitation clinics (Speyer et al., 2019).

In LMICs, CP is still widely linked to several prenatal and birth-related factors, such as
birth hypoxia (Morgan et al., 2021). Additionally, more research is being done on the
role infections play in the etiology of CP and effective prophylactic measures, which is
crucial in low-resource countries where infections are still common (Morgan et al.,
2021).

These clinical symptoms occur outside of the expected developmental stages based on
age. Other research has revealed clinical outcomes such as hearing loss, blindness, and
scoliosis advancement due to muscle spasm (lkeudenta et al., 2020). Cerebral palsy is
diagnosed clinically by identifying the diagnostic characteristics. The nature of the



movement problem can be further characterized as tight muscles (spasticity),
uncontrollable motions (dyskinesia), poor coordination (ataxia), or other/mixed
(Amrulloh et al., 2021).

About 80% of children with cerebral palsy suffer from spasticity, the most common
mobility issue. Cerebral palsy can be categorized as diplegia, hemiplegia, or
quadriplegia based on which limbs are affected (Vitrikas et al., 2020). One of the most
prevalent traits of children with cerebral palsy is poor postural control (Levitt et al.,
2021). Postural control is vulnerable to adverse circumstances during childhood since
it is a long-term, complex process (Hadders et al., 2017). Postural problems can
significantly interfere with daily work because postural regulation is a crucial part of

all motor actions (Zadniker et al., 2011).

The main feature of cerebral palsy is a lack of control over one's posture (CP). Non
progressive brain damage and subsequent neurological impairments can affect the
development of movement and posture (spasticity, muscle weakness, co-contractions
and visual impairment) (Kranke et al., 2015). Postural deficits have been found in
children and people with both mild and severe forms of CP, according to studies (Sah
et al., 2019). The activities of daily living are hampered by dysfunctional posture
control. The relationship between the various portions of the body, as well as the body

and a reference frame, is referred to as posture (Evkaya et al., 2020).

According to Choi et al. (2019), maintaining, attaining, or restoring the center of mass
in relation to the base of support is the process by which balance is attained. Balance is
the result of the cooperation of several bodily systems, such as the vestibular, visual,
auditory, proprioceptive, and higher-level premotor systems (Acar et al., 2021).

Maintaining a particular postural alignment, like sitting or standing; facilitating
voluntary movement, like changing postures; and regaining equilibrium after external
disturbances, like a trip, slip, or push, are the functional goals of the balance system
(Dasoju et al., 2021). There is disagreement over the best way to test balance in CP

patients in a routine clinical setting. There is no one clinical balancing test that can



adequately assess balance because it is such a complex, task-dependent phenomenon
(Kusumoto et al., 2021).

It is one of the most prevalent causes of motor disability in children. CP refers to a
collection of mobility and postural abnormalities that limit activities and are caused by
non progressive disturbances in the developing fetus or infant brain (Patel et al., 2020).
Children with CP have movement and cognitive difficulties, which necessitate a
multifaceted treatment strategy involving a variety of health specialists over a long
period of time (AlSaif et al., 2015). Abnormal regulation of movement and/or posture,
early onset, and no apparent underlying progressive pathology are all characteristics
of CP. Damage to the motor cortex causes movement and postural problems (Lazzari
etal., 2015).

As people age, chronic muscle imbalance and the anomalies that ensue might cause
increasing disability. One of the most significant problems that children with cerebral
palsy encounter is poor postural control (Kasse et al., 2015). For kids with CP,
maintaining postural control—which is essential for carrying out daily tasks—can
occasionally be a major challenge (Bonnechere et al., 2017). Children with cerebral
palsy (CP) have a disorganized walking pattern and poor motor control because of
disruptions to the central nervous system in the developing brain (Clutterbuck et al.,
2019). It is acknowledged that one of the main causes of these kids' gait problems is

poor balance regulation (Tarakci et al., 2013).

Cerebral palsy (CP), a group of permanent but non-progressive movement impairments
brought on by issues in the developing brain, is one of the most prevalent causes of
juvenile impairment (Jahan et al., 2021). Studies from high-income countries (HICs)
have mostly influenced worldwide estimates of CP prevalence since low- and middle-
income countries (LMICs) lack population-level epidemiological data (Saloojee et al.,
2021).



In HICs, CP registers have made a significant contribution to the generation of
population-level data on CP epidemiology over time. The formation of register
networks has created new options for CP research as well as assessment of the needs
of individuals with CP and their families, in addition to individual work and
collaboration between registers (Furtado et al., 2021). Networks of registers that share
a common data set make it possible to compare the epidemiology of CP across member
regions over time and provide enough instances to investigate tiny subgroups (Imam
etal., 2021). There has been an increase in the availability of population-based CP data
from low resource settings in recent years, thanks to the introduction of CP registries
in LMICs. The findings of those population-based research revealed a higher
frequency of CP in LMICs than in HICs, as well as differential epidemiological and
clinical characteristics (King et al., 2022).

Along with eventual musculoskeletal abnormalities such bone deformities and
contractures, cerebral palsy is characterized by primary neuromuscular impairments
like stiffness, muscle weakness, and reduced selective motor control (Rayan et al.,
2017). Cerebral palsy is primarily a mobility problem, although it is often associated
with deficits in perception, cognition, behavior, communication, and sensory perception
activity restrictions that are believed to be brought on by these factors working together
(Suren et al., 2012).

Depending on their particular symptoms, patients with cerebral palsy may get a range
of therapies, from medication and surgery to physical therapy. Because it emphasizes
movement, function, and maximizing the child's capacities, physiotherapy (PT) is a
crucial component of the illness's treatment (Fonzo et al., 2020). To promote, maintain,
and regain psychological, physical, and social well-being, physiotherapists employ
physical approaches (Collado-Garrido et al., 2019). Along with teaching parents how
to take care of their children at home, including bathing, feeding, clothing, and other

tasks, physiotherapists also offer advice on mobility aids (Rayan et al., 2017).



1.2: Rationale

The most prevalent condition that pediatric physiotherapists face is cerebral palsy.
Everywhere in the world, physiotherapists treat and rehabilitate children with cerebral
palsy using their individual approach. In Bangladesh, physiotherapy is a relatively
recent medical specialty. Children with cerebral palsy receive various therapies from
the physiotherapists in the CRP pediatric unit. For many children with cerebral palsy to
survive in the community, they require improved physiotherapy care. Physiotherapists
in the CRP Pediatric unit employ various treatments to help children with cerebral palsy
improve their motor function in both their upper and lower extremities. But there is no
valuable research about balance and Gait of spastic cerebral palsy patients at center for
the rehabilitation of the paralyzed. This study was investigate about the balance and
gait of spastic CP children for the management of cerebral palsy children. Since
physiotherapy is a relatively new field, it is crucial to use evidence-based treatment
methods to provide patients with better care. This will enable the physiotherapist to
continue helping youngsters with cerebral palsy and modify the red indicator.
Additionally, the researcher would like to conduct the study for special interest and to
build evidence to support the physiotherapy profession in Bangladesh. To adequately
establish physiotherapy in Bangladesh, evidence-based practice is crucial.
Additionally, the globe is moving away from traditional treatment and toward evidence-
based practice. Therefore, it is our responsibility to produce evidence on the many
physiotherapy professions. In addition to adding evidence-based knowledge for the
physiotherapy profession, this project will produce evidence for the physiotherapist. .
There is limited evidence on balance and gait of cerebral palsy children attended at
Centre for the Rehabilitation of the Paralyzed. So, researcher would like to conduct this

study



1.3: Research Question

How is the balance and gait of spastic cerebral palsy patients at a selective rehabilitation

center?



1.4: Study objectives

General objectives:
To find out balance and gait of spastic cerebral palsy patients at a selective rehabilitation

centre in Bangladesh

Specific objectives:

1. To demonstrate the socio-demographic characteristics among the participants.
2. To describe balance of spastic cerebral palsy patients

3. To find the gait parameters of spastic cerebral palsy patients

4. To explore any relationship between different variables.



1.5: Variables

Conceptual Framework

Independent Variable

Socio-Demography:

Age of the patient, sex, mother’s
educational level, father’s
educational  level,  mother’s
occupation, father’s occupation

Dependent Variable

Gross motor function:

According to GMFCS, there are
five level to measure gross motor
function: Level 1, Level 2, Level
3, Level 4, Level 5

Balance and gait of Spastic
Cerebral palsy:

Balance: Berg Balance Scale
(BBS)

Gait: Gait speed, Step length,
Cadance

Functional limitation:

It includes self-care, sphincter
control, transfers, locomotion,
communication, social cognition




1.6: Operational Definition

Cerebral Palsy: Cerebral palsy is a disorder of movement, muscle tone or posture that
is caused by damage that occurs to the immature, developing brain, most often before
birth. An individual with Cerebral Palsy will likely show signs of physical impairment.
Cerebral Palsy affects muscles and a person’s ability to control them. Balance, posture,
and coordination can also be affected by Cerebral Palsy. Tasks such as walking, sitting,
or tying shoes may be difficult for some, while others might have difficulty grasping
objects.

Other complications, such as intellectual impairment, seizures, and vision or hearing

impairment also commonly accompany Cerebral Palsy.

Spastic Cerebral Palsy: Spastic cerebral palsy is the most common type of cerebral
palsy wherein spasticity is the major impairment. Spastic cerebral palsy is caused by
damage to the motor cortex and the pyramidal tracts of the brain, which connect the
motor cortex to the spinal cord. It refers to increase muscle tone, stiffness and overall
affects the motor function. Symptoms present according to the involvement of patient’s
body parts or limbs like, spastic hemiplegia, spastic quadriplegia, spastic diplegia and

spastic monoplegia.

Balance: Balance refers to the ability of spastic cerebral palsy (CP) patients to maintain
a stable and upright posture, both statically (e.g., standing still) and dynamically (e.g.,
during movement or transition). It will be quantitatively assessed using standardized
clinical tools such as the Pediatric Balance Scale (PBS) or the Berg Balance Scale
(BBS), depending on the age group, and may also be supported by observational

analysis of postural control during functional tasks within the rehabilitation setting.

Stride length: The stride length is the distance between two successive placements of
the same foot. It consists of two step lengths, left and right, each of which is the distance

by which the named foot moves forward in front of the other one.



Step length: It is the linear distance in the plane of progression between two successive

points of foot floor contact of the opposite feet.

Speed: The rate at which a person covers a specific distance during walking, typically

measured in meters per second (m/s).

Cadence: It means number of steps per unit time.

10



Chapter-11 Literature review

Cerebral palsy (CP) is a wide term for a group of non progressive posture and
movement issues (Novak et al., 2013). CP is caused by a number of reasons, the
majority of which are connected to events that occur early in brain development and

result in life-long lesions and abnormalities (Steuri et al., 2017).

Secondary motor impairments may vary in severity from modest to severe, and lesions
can influence sensation, cognition, communication, and/or behavior (Levitt et al.,
2018). The most common signs are loss of muscular strength and decreased muscle
tone. Motor impairments in the trunk and limbs create the inability to produce enough
force to maintain antigravity postural control, resulting in a variety of atypical postures
(Gulati et al., 2018). Posture control refers to the capacity to regulate the posture of the
limbs or the complete body in space in order to attain stability and alignment (Morgan
etal., 2016).

Postural control affects not just standing and sitting but also the capacity to move in
the right order. While the amount of research on postural control in children with
cerebral palsy is increasing, the majority of it is descriptive and observational (Ryan et
al., 2017). Children with cerebral palsy frequently benefit from adaptive seating, which
entails modifying seating apparatuses to improve sitting posture and/or postural control
in those with limited movement. Adaptive seating systems have advanced significantly
since their introduction in the 1960s (Tinderholt et al., 2017).

Adaptive sitting has been shown to help children with cerebral palsy with their postural
control (Novak et al., 2014). It has been discovered that postural control improves
functional capacity, such as daily living task performance (ADL), occupational
performance and satisfaction, and upper extremity (UE) function. The benefits persisted
even after the intervention was stopped, suggesting that adaptive sitting could support
physical function (Monbaliu et al., 2017). The International Classification of
Functioning, Disability, and Health (ICF) model states that a person's health condition

and their environment are dynamically linked. According to Schiariti et al. (2015), body

11



structure/function, activity, and involvement are the elements of functioning in the ICF

paradigm.

Since each element is interrelated, altering one could have an unexpected effect on the
others. Both human and environmental factors influence these elements (Selb et al.,
2015). In therapeutic contexts, environmental modifications, including adaptive sitting
devices, are utilized to improve postural control; in some situations, this may lead to

gains in the activity and participation components of the ICF model (Dos et al., 2012).

According to a recent study, neonatal encephalopathy was more common in
Bangladeshi infants with cerebral palsy than in Australian infants. Similarly, a Nigerian
hospital-based investigation discovered that post infectious brain injury, bilirubin
encephalopathy, and neonatal hypoxia were the primary causes of cerebral palsy (CP)
(Power et al., 2019). Clinical sample studies may not be representative of all children
with CP, and children with CP in LMICs have limited access to specialized care. The
disparity between those who can and cannot afford rehabilitative therapies may be
systemic (Nuri et al., 2020).

Therefore, to investigate the clinical characteristics and risk factors for children with
cerebral palsy in LMICs, large population-based research are necessary. Over the past
30 years, numerous research on the epidemiology of CP have been made possible by
general population-based registers and surveillance programs (Jackman et al., 2022).
Tracking the incidence and prevalence of CP, learning about risk factors and
comorbidities, developing and assessing preventative strategies, and monitoring service
delivery are the main objectives of these projects (Hadders-Algra et al., 2021). To the
best of our knowledge, none of the 38 established CP registers and monitoring systems
in the world today are located in LMICs (Khandaker et al., 2019).

High-income countries (HICs) are the source of the great majority of research on
mortality and causes of death in children with cerebral palsy (Jahan et al., 2019). Most
children with CP live to adulthood in HICs, despite the fact that childhood CP mortality
is higher than in the general child population (Badawi et al., 2021). Children with more

12



severe motor types of cerebral palsy are more likely to die young, according to HIC

research (Shengyi et al., 2021).

The risk of death is further increased for children with cerebral palsy (CP) who also
have respiratory infections, other chronic diseases, and associated abnormalities (such
as intellectual, epilepsy, visual, hearing, or speech). Population-based statistics on CP
mortality in children from low-income nations are scarce (Namaganda et al., 2020). As
of right now, very few studies from LMICs have been conducted using extremely
selected institutional samples, such as patients at hospitals or rehabilitation centers
(Imam et al., 2021).

A major aspect in producing such evidence in HICs and accurately determining the
cause of death (CoD) and risk factors for mortality in children with CP is the availability
of administrative health databases, such as birth, death, and CP registrations. However,
essential amenities (such as death registries) are absent from many low-income areas
(Andrews et al., 2019).

Without these systems, LMICs usually use verbal autopsy to identify the immediate
and underlying CoD in particular child and adult groups (Mushta et al., 2021).
However, verbal autopsy and/or community level mortality data for children with
cerebral palsy are typically unavailable in LMICs like Bangladesh (Jahan et al., 2019).

Clinical manifestations of cerebral palsy are varied and encompass a broad range of
conditions. Although they can include a variety of problems such poor balance and
sensory deficits, they are primarily mobility diseases (Vitrikas et al., 2020).
Comorbidities among individuals with cerebral palsy range from 20 percent to 25
percent, and include pain (75 percent), intellectual disability (50 percent), incapacity to
walk (33 percent), hip displacement (33 percent), incapacity to speak (25 percent),
epilepsy (25 percent), incontinence (25 percent), and behavioral or sleep disorders
(Bambang et al., 2020).

13



Cerebral palsy sequelae include spasticity and contractures; eating difficulties,
drooling, communication difficulties, osteopenia, osteoporosis, fractures, discomfort,
and irregularities in gastrointestinal function that lead to vomiting, constipation, and
bowel blockage (Signore et al., 2011). According to estimates from the World Health
Organization and the Bangladesh Bureau of the Census, parasitic infections,
malnutrition, and diseases are the main causes of disability in Bangladesh (Novak et
al., 2020).

Three potentially pertinent research were found while searching for systematic reviews
of the impact of flexible sitting on postural control outcomes (Schiariti et al., 2014). A
systematic review (SR) of the literature on the impact of adaptive sitting on children
with cerebral palsy was conducted by Roxborough between 1982 and 1994. Of the eight
investigations, only two examined postural control outcomes in children under three
years old: head control in children under three years old and trunk extension in children

aged two to six (Novak et al., 2013).

Permanent impairments in movement and postural development (CP) are included in
one of the most recent and commonly recognized criteria of cerebral palsy. Children
with CP have a decline in mobility, self-care, and social function as a result of this
disruption in movement and posture development (Curtis et al., 2018). therapies
intended to improve a child's motor skills in the hopes of increasing engagement and
activity, which would ultimately improve the child's quality of life (Levitt et al., 2018).
By identifying and addressing motor system deficiencies, therapists employ a range of
training techniques to assist kids in improving their motor function (Santamaria et al.,
2016). Spasticity, movement quality, postural stability, involvement distribution,
strength, range of motion limitations, and decreased endurance are only a few of the
impairments that have been connected in multiple studies to motor function (Saavedra
et al., 2020). Studies measuring postural control using scales and functional tests or
during normal functional tasks were insufficient, however study indicated a clear
correlation between postural control and functioning in children with cerebral palsy
(CP) (Barbado et al., 2019).

14



At different trunk levels, the static, active, and reactive balance are evaluated using a
segmental approach. Depending on the environment and motor function, different
levels of static, active, and reactive balance are required (Malone et al., 2016). The
tester can assess the segmental level of each of the previously described components of
postural control by looking at each facet of postural balance separately. This enables
the therapist to create a more focused therapeutic objective in clinical practice (Curtis
etal., 2015).

The TCMS and its sub scores were compared to the mobility and self-care categories
of the Functional Independence Measure for Children (WeeFIM) in order to evaluate
their discriminative validity (Park et al., 2013). Children were gathered from both
inpatient and outpatient settings at the Children Therapy Centers of the Foundation
Regional Group Zurich and the Rehabilitation Centre for Children and Adolescents at
the University Children's Hospital Zurich in Affoltern am Albis. The inclusion criteria
were as follows: (1) neurological disease such as CP (GMFCS level I1-1V); (2) acquired
brain damage; (3) spinal cord injury; and (4) age 5-19 years. The pupils have to be able
to comprehend and adhere to simple instructions. According to Adar et al. (2017),
exclusion criteria included discomfort or medical restrictions on weight bearing, as well
as surgery or botulinum toxin injections during the previous three months. An informed
consent form was filled out by parents and teenagers who were at least 15 years old.
Children under the age of 15 assisted in the conduct of this study. The study was
approved by the canton of Zurich's ethical council and adhered to good clinical practice
principles and the Declaration of Helsinki. The goal was to gather information on a
minimum of fifty children. A sample size of above fifty is deemed sufficient by the
COSMIN group (Marisco et al., 2017).

The Berg balance scale (BBS) and the pediatric balance scale (PBS) are both effective
measures for assessing balance. However, there have been few reports of BBS and
PBS scores in teenage cerebral palsy (Jantakat et al., 2015). The study's goals were to
look into functional balance capacities in adolescents with cerebral palsy as measured
by the BBS and PBS, compare total PBS and BBS scores across Gross Motor Function
Classification System-Expanded and Revised (GMFCS-E&R) levels, and compare
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static balance PBS and BBS scores within each GMFCS-E&R level (Niiler et al.,
2020). Fifty-eight school-aged adolescents with cerebral palsy between the ages of 12
and 18 were recruited, with GMFCS-E&R levels ranging from I to 1VV. The Kruskal—
Wallis test was used to compare the median PBS and BBS scores across the various
GMFCS-

E&R levels (Calacci et al., 2016).

The differences in static balance scores between the PBS and the BBS within the same
GMFCS-E&R levels were investigated using Wilcoxon signed-rank tests. The BBS
and PBS scores differed amongst the four GMFCS-E&R levels, according to the
findings. Only individuals with cerebral palsy and level Ill GMFCS-E&R had a
significant difference between their BBS and PBS scores (Erden et al., 2021). In
adolescents with cerebral palsy, the BBS and PBS are valid and trustworthy methods
for clinical assessment and discriminating between degrees of functional balance
(Hurria et al., 2014).

A group of neurological conditions that affect posture and movement development and
limit activities are collectively referred to as cerebral palsy (CP) (Addison et al., 2018).
When CP patients are compared to those who develop normally, their motor
development is not age-appropriate because of their limited functional movements
(Kerr et al., 2017). Numerous studies have demonstrated that adolescents with cerebral
palsy (CP) have a decline in gross motor ability during puberty or the early stages of
adulthood (Groh et al., 2019). Teens with CP therefore require more attention from

caretakers beginning at age 14 (Travis et al., 2017).

Hanna (2019) conducted a 5-year longitudinal cohort study in which the gross motor
skills of 657 children with cerebral palsy (CP) ranging in age from 16 months to 21
years were evaluated up to ten times. They found that patients with GMFCS levels I,
IV, and V had decreased motor function, with the largest losses occurring in those with
GMEFCS level 1V. The performance of several crucial gross motor tasks changed in a
clinically meaningful way when the average GMFMG66 score dropped by 4.7 to 7.8
points. Functional balance and gross motor competence are directly related (Gan et al.,

2018); functional mobility is decreased by poor postural control during daily tasks,
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especially in people with moderate to severe cerebral palsy. Kumban and colleagues
(2013) found that children with GMFCS levels | and 1l spend less time practicing sit-
to-stand motions than children with GMFCS levels I1I-E&R. (Kumban & colleagues,
2013). Slow motions were used to make up for poor functional balance. Additionally,
the mechanical efficiency of functional activity is much poorer and directly related to
balance in individuals with low Berg balance scale (BBS) scores (Lebowitz et al.,
2018).

In order to help children with cerebral palsy learn how to balance in their daily lives,
Pavao and colleagues promoted postural control assessment during functional activities
(Pavao et al., 2013). Two functional balance tests that have been proposed as
appropriate for this population are the BBS and the pediatric balance scale (PBS)
(Pavao et al., 2013). The BBS examines both static and dynamic balance during
functional motions. Only a small number of studies have documented BBS scores for
children with cerebral palsy (Aisen et al., 2011). For usage with young children, PBS
is a modified form of BBS. Recent studies have shown that children with GMFCS levels
of I to 11l who are 4 to 10 years old can have their functional balance differences
distinguished by the PBS (Deshpande et al., 2016).

According to Chen et al. (2018), the BBS and PBS have both been proven to be valid
assessments that correlate with the performance of functional tasks like daily activities.
The validity and reliability of both tests have been assessed in children under the age
of 15 (Yi et al., 2017), and a recent study examined the use of the PBS in CP patients
aged 0-18 with GMFCS levels of I-V (Pavao et al., 2019).

The BBS and PBS's potential for teens with moderate to severe cerebral palsy (CP)
between the ages of 15 and 18 who are suffering declines in function and balance,
however, is not well understood. In this study, we hypothesized that these individuals
would find the PBS static balance tasks easier than the BBS ones. The PBS is therefore
thought to be a helpful functional balancing test for teenagers with cerebral palsy,
especially those with moderate to severe disabilities. In this study, CP adolescents with
GMFCS levels ranging from I to IV had their BBS and PBS evaluated, with PBS being
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looked at within each GMFCS-E&R level. Additionally, we were curious about the
BBS and PBS reliability in adolescents with cerebral palsy (Jantakat et al., 2015). A
group of neurological conditions that affect posture and movement development and
limit activities are collectively referred to as cerebral palsy (CP) (Saether et al., 2019).
When CP patients are compared to those who develop normally, their motor
development is not age-appropriate because of their limited functional movements
(Kerr et al., 2017). Numerous studies have demonstrated that adolescents with cerebral
palsy (CP) experience a decline in gross motor ability during puberty or the early stages
of adulthood (Bar-Haim et al., 2018). Teens with CP therefore require more assistance

from caretakers beginning at the age of 14 (Rosenbaum et al., 2016).

Cerebral palsy (CP), the most common neuromuscular disorder in children, causes
physical and sometimes intellectual difficulties (Karaby et al., 2016). Despite
advancements in diagnosis and treatment, the frequency of CP has grown in line with
the higher survival rates of preterm infants (Niebaum et al., 2018). Regardless of the
prevalence of CP, the treatment objectives remain the same. Children with diplegic CP
may lack trunk control due to stiffness and weakness in their trunk muscles (Pavo et
al., 2017). A balanced sitting posture is encouraged by the coordinated activation of
the trunk’s extensors and flexors. Some children with CP may need to rely on their
parents for everyday duties, depending on their neurological status (O'Shea et al.,
2020).

Physical disabilities, according to the majority of reports, are the most common (41.5
percent). Visual disability (19.7 percent), speech and hearing (19.6 percent),
intellectual 5 difficulties (7.4 percent), cerebral palsy (7.0 percent), multiple
disabilities (3.4 percent), and mental illness (3.4 percent) are the most common
disabilities (1.4 percent) (Hoare et al., 2019). According to, the overall prevalence rate
for preschool and primary aged children (ages 3-10) with disabilities is approximately
2.6 (2,559,222), or nearly 10 percent of the childhood population. There are also an
estimated 2.6 million children with disabilities in Bangladesh, of whom less than 1,500
have admission to an education in special schools sponsored by the Government of
Bangladesh (Ministry of Social Welfare) (Jahan et al., 2021).
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Children with cerebral palsy are treated to improve their quality of life, lessen their
reliance on family members, and enable them to perform daily duties as independently
as possible. Because it enables the upper extremities to carry out daily chores in an
appropriate manner, maintaining a good sitting posture is crucial (Karabay et al., 2019).

Gait is the coordinated and repetitive pattern of limb movements that facilitates human
walking and running. It involves a dynamic interplay of the musculoskeletal and
nervous systems to maintain rhythm, balance, and forward progression. A normal gait
cycle includes two primary phases: the stance phase, where the foot remains in contact
with the ground for support, and the swing phase, where the limb moves forward to
prepare for the next step. Efficient gait is essential for daily functional mobility and is
influenced by factors such as age, muscle strength, joint range of motion, and
neurological control. Any disruption in these components can result in gait

abnormalities, which may affect independence and quality of life (Novacheck, 2008).

In individuals with spastic cerebral palsy (CP), gait is often significantly impaired due
to increased muscle tone, spasticity, contractures, and poor voluntary motor control.
Common gait abnormalities in spastic CP include scissoring gait, where the legs cross
over each other due to tight adductors; toe-walking, caused by calf muscle spasticity;
and crouch gait, resulting from hamstring overactivity and hip flexion. These deviations
often lead to reduced walking efficiency, increased energy expenditure, and higher risk
of falls. Moreover, gait abnormalities may vary depending on the subtype of CP, with
diplegic and hemiplegic children showing different patterns of movement deviations
(Rodda & Graham, 2001).

Several intrinsic and extrinsic factors influence gait in children with spastic CP. These
include the severity of brain injury, degree of muscle imbalance, joint stiffness or
deformities, and neurological factors such as impaired motor planning and
proprioception. Environmental and socioeconomic factors, such as access to early
intervention and physical therapy services, also play a role in gait development.
Additionally, gait patterns may change over time due to growth spurts, muscle
shortening, or secondary musculoskeletal complications, necessitating periodic

reassessment and individualized rehabilitation plans (Damiano & DelJong, 2009).
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Assessment of gait is an essential part of physiotherapy and rehabilitation in CP
management. It helps in identifying abnormal movement patterns, determining
functional limitations, and tracking progress over time. Tools such as the Observational
Gait Scale (OGS), 3D gait analysis, and the Gross Motor Function Classification
System (GMFCS) provide valuable insights for therapists and clinicians. A
comprehensive gait assessment supports goal-oriented treatment planning, including
the selection of therapeutic exercises, orthotic devices, and surgical interventions if
necessary (Damiano & DeJong, 2009).

Rehabilitation centers adopt a multidisciplinary approach to improve gait in children
with spastic CP. Interventions include physical therapy for strengthening, stretching,
and balance training; occupational therapy for enhancing coordination; and assistive
devices to support mobility. Advanced approaches such as partial body weight-
supported treadmill training (PBWSTT), hydrotherapy, and neuromuscular electrical
stimulation (NMES) have shown promising outcomes. In some cases, pharmacological
interventions like botulinum toxin injections or surgical options such as selective dorsal
rhizotomy (SDR) are used to manage spasticity and improve gait quality (Rodda &
Graham, 2001; Damiano & DelJong, 2009).

Early diagnosis and intervention are critical in preventing long-term gait deterioration
in children with CP. With timely and appropriate therapy, many children can achieve
functional ambulation and better participation in daily activities. Continuous support,
family involvement, and access to rehabilitative services significantly impact long-term
gait outcomes and overall quality of life. Research continues to emphasize the
importance of tailored, child-centered therapy programs in promoting better gait

patterns and independence (Novacheck, 2008; Damiano & DeJong, 2009).
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Chapter-I11 Methodology

3.1 Study Design

This study was conducted using Cross Sectional design. Survey methodology was

chosen to meet the study aim as an effective way to collect data.

3.2 Study Site

The study was conducted in pediatric unit of Center for the Rehabilitation of the
Paralyzed (CRP). It is a tertiary level of rehabilitation center. It is a non-government
organization working for the development of health care delivery system of
Bangladesh through providing Physiotherapy, Occupational therapy, Speech and
Language therapy services in indoor and outdoor programs. Pediatric unit provides
service for child with different types of disability.

3.3 Study population

A population refers to the entire group of people who meet the criteria set by the
researcher. The populations of this study were the cerebral palsy children who were
admitted at pediatric unit in CRP from the month of January to April.
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3.4 Sample size

Sample is a group of subjects are selected from population, who are used in a piece of
research (Hicks, 2009). A sample is a smaller group taken from the population.
Sometimes the sample size may be big and sometimes it may be small, depending on
the population and the characteristics of the study. When the sample frame is infinite,

the equation of finite population correction in case of cross-sectional study is:

_ (1.96)?x0.34x(1-0.34)
B (0.05)2

0862
~ (0.05)2

= 344.82
Here, n = Sample size
Z (confidence interval) = 1.96
d = margin of error at 5% (standard value of 0.05)
P (prevalence) =0.34% (Khandakar et al., 2019)

And, g= (1-p)
= (1-0.34)

=0.66
The actual sample size was, n= 344.82

Researcher has taken 102 participants as sample. Due to time limitation the researcher
has chosen 102 participants to conduct this study; within the short time it could not be
possible to conduct the study with a large number sample.
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3.5 Sampling Technique

Findings the appropriate number and type of people taking part in the study is called
“sampling” (Hicks, 2009). The study was the one of the easiest, cheapest and quicker
method of sample selection. The researcher used this procedure, because, getting of

those samples whose criteria were concerned with the study purpose.

3.6 Study period

The duration of the study period is 1% june 2024 to 31 may 2025.
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3.7 Inclusion Criteria:

1. Participants had to be diagnosed with spastic cerebral palsy, confirmed by a
neurologist or pediatrician based on clinical assessment and medical history
(Rosenbaum et al., 2007).

2. Participants had to be aged between 5 to 18 years old to focus on the developmental
aspects of balance and gait (Sutherland et al., 2009).

3. Participants with varying degrees of spasticity, as assessed by the Modified
Ashworth Scale (MAS), will be included, ranging from mild to severe (Bohannon
& Smith, 1987).

4. Participants had to be able to comprehend and follow simple verbal instructions to
ensure the accuracy of gait and balance testing (Dodd et al., 2003).

5. Both the patient and their legal guardian (if the patient is under 18 years of age) had

to provide informed consent to participate in the study.
3.8 Exclusion criteria:

1. Patients with additional neurological conditions such as epileptic disorders,
muscular dystrophy, or acquired brain injuries were excluded to ensure that the
observed balance and gait deficits were solely attributable to spastic cerebral palsy
(Novak et al., 2013).

2. Participants with severe intellectual disabilities that would have prevented them
from completing the study assessments or participating in interventions were
excluded (Shields et al., 2012).

3. Participants who had undergone orthopedic surgeries in the last six months were
excluded, as these might have interfered with balance and gait due to recovery or
rehabilitation (Graham et al., 2011).

4. Participants who had received botulinum toxin injections in the past 6 months were
excluded as these might have altered the spasticity levels and affect gait and balance
assessments (Koman et al., 2004).

5. Individuals who were completely non-ambulatory were excluded, as the study
focused specifically on gait and balance, which were not be applicable to non-

ambulatory participants (Graham et al., 2011).
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3.9 Data Processing

3.9.1 Data Collection Tools

- Record or Data collection form
- Informed Consent

- Bangla questionnaire - Papers, pen, pencil, measurement tape, stop watch etc.

3.9.2 Data Collection Procedure

At the very beginning researcher clarified that, the participant has the right to refuse
to answer of any question during completing questionnaire. They can withdraw from
the study at any time. Researcher also clarify to all participants about the aim of the
study. Participants were ensured that any personal information would not be
published anywhere. Researcher took permission from each volunteer participant by
using a written consent form. After getting consent from the participants, standard
questionnaire was used to identify the complain and collect demographic
information. Questions were asked according to the Bangla format. For conducting
the interview, the researcher conducted a face-to-face interview and asked questions.
Physical environment was considered strictly. Stimuli that can distract interviewee
were removed to ensure adequate attention of interview. Interviewee was asked
questions alone as much as possible with consent as sometimes close relatives can
guide answer for them. The researcher built a rapport and clarified questions during
the interview. Face to face interviews are the most effective way to get full
cooperation of the participant in a survey. Face to face interviews are also effective
to describe characteristics of a population. Face to face interviews was used to find
specific data which describes the population descriptively during discussion.
According to the participants’ understanding level, sometimes the questions were
described in the native language so that the patients can understand the questions
perfectly and answer accurately. All the data were collected by the researcher own to

avoid the errors.
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3.10 Data Analysis

Descriptive statistics were used to analyze data. Descriptive statistics refers methods
of describing a set of results in terms of their most interesting characteristics (Hicks,
2009). Data were analyzed with the software named Statistical Package for the Social
Science (SPSS) version 25.0. The variables were labeled in a list and the researcher
established a computer-based data definition record file that consist of a list of
variables in order. The researcher put the name of the variables in the variable view of
SPSS and defined the types, values, decimal, label alignment and measurement level
of data. The next step was cleaning new data files to check the inputted data set to
ensure that all data has been accurately transcribed from the questionnaire sheet to the
SPSS data view. Then the raw data were ready for analysis in SPSS. Data were
collected on frequency and contingency tables. Measurements of central tendency
were carried out using the mean plus standard deviation (SD) for variables. By this

study a lot of information was collected.
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3.11 Ethical Consideration

The researcher maintained some ethical considerations: Researcher has followed the
Bangladesh Medical Research Council (BMRC) guideline & WHO research guideline.
A research proposal was submitted to the physiotherapy department of BHPI for
approval and the proposal was approved by the faculty members and gave permission
initially from the supervisor of the research project and from the course coordinator
before conducting the study. The proposal of the dissertation including methodology
was presented to the Institutional Review Board (IRB) of Bangladesh Health
Professions Institute (BHPI) for oral presentation defense was done in front of the IRB.
Then the necessary information was approved by Institutional Review Board and was
permitted to do this research. After getting the permission of doing this study from the
academic institute the researcher had been started to do it. The researcher had been
taken permission for data collection from the Pediatric dept. CRP, Savar. The
participants would be informed before to invite participation in the study. A written
consent form used to take the permission of each participant for the study. The
researcher ensured that all participants were informed about their rights and reserves
and about the aim and objectives of the study. Researcher also ensured that the
organization (CRP) was not hampered by the study. All kinds of confidentiality highly
maintained. The researcher ensured not to leak out any type of confidentialities. The
researcher was eligible to do the study after knowing the academic and clinical rules
of doing the study about what should be done and what should not. All rights of the
participants were reserved and researcher was accountable to the participant to answer

any type of study related question.
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3.12 Informed consent

The careers of the participant was informed verbally about the title, aims and purpose
of the research project. They were received a clear description of the study and aware
the research is the part of the study process; they may take part as volunteer.

Before participating in the study the researcher was provided them a written consent
form to sign, responsible physiotherapist sign as a witness. The researcher was also
signed in the consent form. The careers of the participant should be informed clearly
that their information might be there might be some changes in service delivery system
of physiotherapy which might be helpful for their children future. The careers of the
participants was informed that they have the right to withdraw consent and discontinue

participation at any time without any prejudice.
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Chapter-1Vv Results

4.1 Socio-Demographic information

4.1.1 Age of the participants

The bar diagram shows the age distribution of patients with Spastic Cerebral Palsy. The
data is divided into two age ranges: “5 to 10 years” and “10 to 15 years”. The majority
of patients, 67% of total population which is 68 persons, are aged five to ten years. In
comparison, only 33% patients which is the rest of the 34 people, are between the ages
of 10 and 15. This shows that Spastic Cerebral Palsy is more commonly diagnosed or
treated in younger children in this dataset, implying a probable trend in early

identification or prevalence in this age group.

Age Group of the participants
80 67%
70 (68 persons)
60
50
40
30
20
10

33%
(34 persons)

Number of the patient

m5t010 =10to 15
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4.1.2 Gender of the participants

The pie chart titled "Gender Distribution of Participants™ visually represents the
proportion of male and female participants included in the study population. According
to the data shown, 58% (60 person) of the participants are girls, while 42% (42 person)

are boys. This indicates that there is a higher number of female participants compared
to male participants in the study.

Gender Distribution of Participants

42% Boys

58% Girls
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The chart is divided into two clearly distinguished colored segments: the yellow portion
represents girls, and the red portion represents boys. The larger yellow segment
signifies that girls constitute the majority of the sample, which may reflect the
demographic distribution or intentional sampling strategy of the research.

This gender imbalance might be relevant depending on the focus of the study. For
instance, if gender-specific outcomes are being analyzed, the predominance of female
participants may influence the overall findings and interpretations. Therefore, this
distribution is an important characteristic of the study population that should be

considered when analyzing the results.

Overall, the chart provides a clear visual summary of the gender composition of the
participants, highlighting a greater representation of girls in the study sample.
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4.1.3 Types of mother’s education level

The bar chart illustrates the distribution of mothers according to their highest attained
education level. The majority of the mothers have a secondary school certificate (34),
followed closely by those with a primary education (29). A smaller proportion holds
higher school certificates (18) or a bachelor's degree (14), while only a few have
attained a master's degree or above (5). The lowest number of respondents (2) are
literate without formal schooling. This distribution indicates that most mothers in the
sample have a moderate level of education, with fewer attaining higher academic

qualifications.

DISTRIBUTION OF MOTHERS BY EDUCATION LEVEL

34
29
18
14
2 5
LITERATE PRIMARY ssc HSC BACHELOR  MASTERS
OR ABOVE
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4.1.4 Types of father’s education level

The bar chart displays the distribution of fathers based on their highest level of
education. The largest group of fathers completed primary education (approximately
27), followed by those with Secondary School Certificate (SSC) and Higher Secondary
Certificate (HSC) qualifications, both around 20 in number. A smaller number of
fathers attained a bachelor’s degree (about 13), while fewer completed education at the
master's level or above (around 09). Additionally, a small portion of the sample consists
of illiterate (8) and literate (5) fathers without formal schooling. This distribution
suggests that most fathers have at least primary or secondary education, with a smaller
percentage pursuing higher education.

Father's Level of Education

ILLITERATE LITERATE PRIMARY SSC HSC BACHELOR MASTERS
OR ABOVE
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4.1.5 Children’s birth time distribution

This pie chart shows the distribution of children’s birth dates based on the duration of
pregnancy. According to the chart, 81% of the children (83 people) were born within
38 to 42 weeks, 14% children (14 people) were born before 38 weeks and 5% (5 people)
were born after 42 weeks. The blue segment represents births before 38 weeks, the
green segment represents births within 38 to 42 weeks and the yellow segment
represents births after 42 weeks. The data indicates that the majority of children were

born within 38 to 42 weeks of pregnancy.

Children’s Birth Dates Distribution

5%: After 42
weeks

14% : Before
38 Weeks

81%: Within
38-42 weeks

\
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4.1.6 Place of delivery

The pie chart titled "Distribution of Place of Delivery" illustrates the proportion of
childbirths that occurred either at home or in a hospital setting among the study
population. According to the chart, a significant majority of the deliveries, accounting
for 70%, (71 person) took place in hospitals, indicating a higher reliance on institutional
or clinical facilities for childbirth. On the other hand, 30% (31 person) of the births
occurred at home, reflecting a smaller segment of the population that either preferred

or had access only to home-based delivery services.

The chart is divided into two distinct color-coded segments: blue representing hospital
deliveries and green representing home deliveries. This distribution suggests that
hospital-based childbirth is more prevalent in the study population, possibly due to
better access to medical facilities, increased awareness of maternal health, or policy-

driven health interventions.
Overall, the data highlights a clear preference for institutional delivery over home

delivery, which may reflect improvements in healthcare infrastructure or changing

attitudes toward maternal and neonatal care.

Distribution of Place of Delivery

30% at Home

m Home
70% at m Hospital

Hospital
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4.1.7 Types of delivery

The pie chart titled "Delivery Type Statistics" presents the distribution of different
methods of childbirth. It shows that Normal Vaginal Delivery (NVD) is the most
common type, accounting for 52% (53 person) of all deliveries. This indicates that more
than half of the births occur naturally, without surgical intervention. The second most
common method is Caesarian Section, which represents 37% (38) of the total,
suggesting that a significant number of deliveries are performed surgically. Forceps
Delivery makes up 6%, (6 person) indicating cases where a medical instrument is used
to assist during childbirth. Lastly, Other Instrumental Deliveries, such as vacuum-
assisted births, account for 5% (5 person). Overall, the chart highlights that while the
majority of births happen through normal vaginal delivery, a considerable portion
requires medical or surgical assistance, reflecting the varied nature of

modern obstetric care.

DELIVERY TYPE STATISTICS
mNVD m Caesarian section
m Forceps delivery w other instrumental delivery
5%

52%
37%
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4.1.8 Duration of labor pain

The pie chart titled "Labor Pain Length Distribution” presents a clear depiction of the
duration of labor pain experienced by women during childbirth, categorized into two
groups: labor pain lasting less than 12 hours and labor pain extending beyond 12 hours.
According to the chart, the majority of women, constituting 69%, experienced labor
pain for less than 12 hours. This is represented by the larger segment of the pie chart.
A shorter duration of labor pain is often considered typical in many uncomplicated
pregnancies, especially among multiparous women (those who have given birth
before). This duration may also reflect efficient uterine contractions, effective labor
progress, and timely medical interventions when necessary, which all contribute to a
quicker labor process.

On the other hand, 31% of the women endured labor pain for more than 12 hours, as
shown in the smaller segment of the pie chart. Prolonged labor can occur due to a
variety of factors such as fetal malposition, inadequate uterine contractions, or a narrow
birth canal. Extended labor pain often increases physical exhaustion and emotional
stress for the mother and can raise the risk of medical interventions such as assisted
deliveries or caesarean sections.

This distribution provides valuable insights into labor experiences within the studied
population. The data emphasizes that while a substantial proportion of women undergo
shorter labor periods, a significant minority still face prolonged labor, which may
warrant targeted medical support and monitoring to reduce complications and improve
maternal and neonatal outcomes. These findings can be useful for healthcare providers
to prepare better for labor management strategies and for educating expectant mothers
about potential labor scenarios.
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4.1.9 Children’s crying after birth

Did the child cry just after birth

Variable Frequency Percent
Yes 43 42.2
No 59 57.8

The table illustrates whether the children with spastic cerebral palsy cried immediately
after birth. Out of the total participants, 57.8% (n=59) did not cry just after birth, while
42.2% (n=43) did cry. This indicates that a significant proportion of the children
experienced delayed crying at birth, which may suggest perinatal complications such

as birth asphyxia—potentially contributing to the development of cerebral palsy.
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4.1.10 Types of limb involvement

The pie chart shows the distribution of affected limbs among respondents.
Quadriplegic: The highest proportion of respondents are quadriplegic, with
approximately 49 individuals (48%) affected.

Diplegic: This is followed closely by diplegic respondents, numbering around 44
(43%).

Triplegic: A smaller number of respondents are triplegic, with about 08 (8%)
individuals.

Monoplegic: The least common condition is monoplegia, affecting only a few
respondents (1%).

These data highlights that quadriplegia and diplegia are the most prevalent patterns of
limb involvement in the study population

Affected Limbs among Respondants

Monoplegic
1%

Quadriplegic
48%
Diplegic
43%
Triplegic
8%

40



4.2 Association between

a) Sex vs limb involvement

b) Mother’s education vs pediatric balance score category

c) Born time vs balance category

Chi-Square Tests

Variable Chi-Square P-value Comment

Sex vs limb 3.553? 314 No significant

involvement association
between sex and
limb involvement
(p > 0.05).

Mother’s education | 18.248? .051 Significant

vs pediatric balance association

score category between mother’s
education vs
pediatric balance
score category at
the 5% level.

Born time vs 7552 944 No significant

Balance category

association
between time of
birth and balance
category (p >>
0.05).
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Descriptive Summary of the Table:

The chi-square analysis was conducted to assess the relationship between various
demographic and clinical variables and balance outcomes in children with spastic
cerebral palsy. The first variable, sex vs. limb involvement, yielded a chi-square value
of 3.553 with a p-value of 0.314, indicating no statistically significant association
between the sex of the child and the pattern of limb involvement. This suggests that
male and female participants in the sample were similarly affected in terms of limb

distribution.

The second comparison, mother’s education vs. pediatric balance score category,
showed a chi-square value of 18.248 and a p-value of 0.051. Although this result does
not reach the conventional level of statistical significance (p < 0.05), it is very close to
the threshold and suggests a potential relationship that may become significant with a
larger sample size. This near-significance could indicate that maternal education might
influence or be associated with the balance development of children, possibly reflecting
differences in awareness, care-seeking behavior, or engagement in rehabilitation

practices.

The third variable, born time vs. balance category, produced a chi-square value of 0.755
and a very high p-value of 0.944. This clearly indicates no statistically significant
association between the time of birth (preterm, term, or post-term) and the pediatric
balance outcomes, suggesting that balance impairments in this sample may not be
directly influenced by gestational age at birth.

In summary, while most relationships explored in the table were not statistically
significant, the borderline result involving maternal education points to a potentially
important area for further research. This highlights the wvalue of considering
sociodemographic factors alongside clinical assessments in understanding balance

deficits in children with spastic cerebral palsy.
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4.3: Exploring the Relationship Between Balance and Gait Parameters With

Functional Performance Scores in Children With Spastic Cerebral Palsy

Co-relation
Variable P-Value Comments

Standing on one foot | 1 Perfect correlation, indicating this variable
vs Overall Balance . . : .

is strongly associated with the main
Score

measure.
Placing alternate foot | .679™ Shows a strong positive correlation,
on stool vs Overall suggesting a significant relationshi
Balance Score 99 gasig P-
Stride length vs 280" Indicates a weak but statistically significant
Overall Balance . .

positive correlation.
Score
Speed vs Overall .030 Very weak correlation, suggesting little to

Balance Score

no linear relationship.
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Description:

The table presents the Pearson correlation coefficients between several balance and
gait-related variables and a primary measure (possibly a balance or motor function
score). The variable "Standing on one foot™ shows a perfect positive correlation (r =
1.000), indicating it is directly and completely associated with the main measure—this
suggests it plays a central role in assessing balance performance. The variable "Placing
alternate foot on stool" demonstrates a strong positive correlation (r = 0.679), reflecting
a significant and meaningful relationship with the main outcome, likely highlighting its

importance in dynamic balance tasks.

On the other hand, "Stride length™ shows a weak but statistically significant positive
correlation (r = 0.280), which may imply that while gait characteristics like stride length
contribute to the main measure, their influence is limited. Lastly, "Speed" exhibits a
very weak correlation (r = 0.030), indicating minimal or no meaningful linear

relationship with the primary measure in this context.

Overall, the results suggest that balance-oriented tasks (like standing on one foot or
stepping onto a stool) are more closely related to the main performance indicator than

gait parameters such as stride length or walking speed.
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Chapter-V Discussion

The balance and gait traits of children with spastic cerebral palsy (CP) who attended a
selected rehabilitation facility in Bangladesh were examined in this study. The results
provide important new information about how sociodemographic factors, rehabilitation
access, and neuromuscular deficits interact to affect functional outcomes in children
with spastic cerebral palsy. The study's findings demonstrate notable abnormalities in
gait metrics such stride length, cadence, and walking speed, as well as obvious deficits
in both static and dynamic balance. These results highlight the difficulty of treating and
controlling motor impairments associated with cerebral palsy, particularly in

environments with limited resources, and are in line with international literature.

The most prevalent form of cerebral palsy, spastic cerebral palsy, is characterized by
non-progressive injury to the developing brain that results in hypertonia, decreased
muscular coordination, and limited voluntary movement. A necessity for both balance
and walking, postural control is significantly impacted by these deficits. Single-limb
support tasks, such balancing on one foot or shifting feet on a stool, were particularly
challenging for the kids in this study and had a significant correlation with their total
Pediatric Balance Scale (PBS) ratings. These results are consistent with those of
Jantakat et al. (2015), who found that children with CP, especially those in GMFCS
levels 111 to V, have noticeably worse balance abilities when assessed using the PBS
and BBS. This supports the notion that the underlying deficiencies in neuromuscular
control, which primarily impact the lower extremities and trunk muscles necessary for

maintaining equilibrium, are the cause of balance abnormalities in cerebral palsy.

Additionally, the study's correlation analysis found that while simple gait parameters
like walking speed showed a weaker link, complicated balance tests and total functional
performance showed a substantial correlation. This suggests that while though walking
speed is frequently employed as a general mobility measure, it could not adequately
represent the complex impairments that impact children with spastic cerebral palsy's
everyday mobility. Rather, the underlying deficits brought on by spasticity and poor
motor coordination are more noticeable in tasks that test dynamic balance and postural

control. The study Selective Motor Control Correlates with Gross Motor Ability,
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Functional Balance, and Gait Performance in Ambulant Children with Bilateral Spastic
Cerebral Palsy (2022) further confirmed this by demonstrating a direct correlation
between functional mobility and selective motor control. Children with cerebral palsy's
total gait efficiency is negatively impacted by their incapacity to choose engage muscles
without causing undesired co-contractions. This makes it extremely difficult for them

to maintain balance or execute reciprocal stepping motions.

In this study, shortened stride length and cadence, together with disorganized foot
placing patterns, were examples of gait disorders. In addition to reflecting the
difficulties in maintaining coordinated and rhythmic walking, these anomalies also
show compensatory strategies frequently used by children with cerebral palsy to
prevent instability and falls. These variations limit the child's participation in social and
academic activities and raise the energy cost of walking. Children with spastic diplegia
often have asymmetrical gait patterns and widen their stances for more stability, even
if this results in less efficient walking, according to research by Clutterbuck et al.
(2019). These trends were supported by our research, which found that children
continued to exhibit notable departures from age-appropriate gait norms even after

undergoing some degree of rehabilitation.

Relevantly, the results of the study Effect of a New Physical Therapy Concept on
Dynamic Balance in Children with Spastic Diplegic Cerebral Palsy (2014) are in
agreement with the findings of this investigation. According to that study, children with
cerebral palsy benefit greatly from structured physical treatment, especially when it
focuses on dynamic balance, in terms of postural stability and walking ability. The
article's rehabilitation strategy placed a strong emphasis on task-specific training, core
stability, and increasing challenge—all of which are in line with the most recent
worldwide guidelines for pediatric neuro rehabilitation. Although the effects of therapy
type and dosage were not precisely evaluated in our investigation, the ongoing
deficiencies in gait and balance point to the necessity of more rigorous and customized
treatment regimens. This is particularly important in places like Bangladesh, where

there are still significant obstacles to therapeutic access, consistency, and affordability.

The sociodemographic setting in which this study was carried out is another crucial

component. The findings indicated that about 30% of the children were born at home,
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and the majority of the moms of the children had only completed elementary or
secondary school. These results suggest that early diagnosis, prompt intervention, and
rehabilitation outcomes may be impacted by systemic health inequities. It's interesting
to note that maternal education showed a borderline correlation (p = 0.051) with balance
categories, despite the majority of demographic variables not showing statistically
significant associations. This may indicate that moms with higher levels of education
are better equipped to identify motor development problems early, seek the right care,
and adhere to recommendations for home-based therapy. The results of the paper
Rehabilitation position of Children with Cerebral Palsy in Bangladesh (2021), which
examined how socioeconomic position and caregiver awareness affect access to and

use of rehabilitation services, are in line with this idea.

Additionally, the study found that 57.8% of newborns did not cry right away, which is
a sign that prenatal hypoxia is frequently present. These results corroborate earlier
research that suggested birth-related issues, like as hypoxia and delayed crying, are
important risk factors for spastic cerebral palsy, especially in low-resource
environments when perinatal care may be insufficient. The very high prevalence of CP
among the participants may be due to deficiencies in perinatal monitoring, emergency
response, or postnatal follow-up in Bangladeshi healthcare facilities, even though
69.6% of deliveries took place in hospitals. This finding is consistent with international
research that shows that CP is still closely linked to avoidable causes such infections,
birth trauma, and newborn encephalopathy in low- and middle-income countries
(LMICs).

Inadequate integration of community-based rehabilitation, inadequate therapist
training, and a lack of uniformity in diagnostic methods all contribute to the difficulties
in managing cerebral palsy in LMICs. In this sense, the study offers a useful paradigm
for clinicians operating in settings with limited resources by utilizing well-established
instruments such as the Pediatric Balance Scale and observation-based gait metrics.
These methods can help guide goal-setting in therapy and provide important insight
into the functional skills of children with cerebral palsy, even in the absence of

advanced motion analysis systems.
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Although this study's clinical focus was mostly on physical performance, children with
cerebral palsy who have balance and gait issues also face emotional, social, and
intellectual challenges. Children who have trouble moving around are frequently
stigmatized, kept out of school events, and have worse self-esteem. These difficulties
highlight the value of comprehensive rehabilitation programs that incorporate
psychosocial support, caregiver education, and inclusive community practices in
addition to physical treatment. The results of this study lend credence to the idea that a
child's independence and general quality of life can be improved by increasing
functional mobility through targeted therapy, caregiver education, and systemic

support.

Additionally, the conversation highlights the necessity of monitoring functional results
in children undergoing rehabilitation treatments over an extended period of time.
Although this study offers a useful cross-sectional perspective, future investigations
should focus on assessing how intervention affects balance and gait over time.
Clinicians would be able to better allocate resources, modify goals over time, and
maximize therapy intensity if they had a better understanding of the trajectory of

functional improvements—or deterioration.

Furthermore, the present results support the global endeavor to produce data on CP in
LMICs. Low-income data are severely underrepresented in CP research, as noted by
Khandaker et al. (2019) and the Bangladesh Cerebral Palsy Register (BCPR). This
study, by analyzing a small subset of spastic CP patients at CRP, gives a much-needed
perspective on functional problems in a Bangladeshi rehabilitation context. It
emphasizes the importance of creating local registries, carrying out population-level
monitoring, and customizing international rehabilitation models to meet regional

requirements.

Despite receiving therapy in a reputable rehabilitation center, many children continued
to exhibit significant limitations in postural control and gait, highlighting the chronic
nature of these impairments. The findings strongly advocate for more intensive,
individualized, and task-oriented rehabilitation approaches, as well as greater
investment in caregiver education and public health infrastructure. By bringing local

rehabilitation practices into line with international evidence and by consistently.
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Limitation of the study:

The current study had some potential limitations. The main limitation of this study was
its short duration. The study was conducted with 102 Cerebral Palsy children which

was a small number of samples.

This study only conducted in Pediatric Unit of CRP, Saver, that is not cover the full

area of Bangladesh.
The data collection was challenging in hospital site. Such as:

e The timing of the patients' therapy sessions did not match with my data collection

schedule.
e The patients were not cooperative during the data collection process.

The researcher did not find relevant research done in this topic area in Bangladesh. So,
relevant information about balance and gait of spastic cerebral palsy patients for

Bangladesh was very limited in this study.
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Chapter-VI Conclusion

The purpose of this study was to investigate the gait and balance traits of children with
spastic cerebral palsy (CP) who were enrolled in a selected rehabilitation facility in
Bangladesh. The results provide important new information about the functional
impairments these kids experience, emphasizing the intricate connection between
sociodemographic variables, rehabilitation accessibility, and neuromuscular
deficiencies. According to the findings, children with spastic cerebral palsy have a
difficult time maintaining both static and dynamic balance, and they exhibit noticeable
anomalies in gait metrics such walking speed, cadence, and stride length.

Many participants found it especially challenging to complete postural control tasks,
such as standing on one foot or stepping onto a stool, and these tasks had a high link
with their total Pediatric Balance Scale (PBS) scores. These results demonstrate how
spasticity affects motor control, especially in the trunk and lower limbs, which are
crucial for balance and walking. Complex activities involving dynamic control were
stronger markers of total motor function than simple gait measurements like speed,
which showed minimal relationships. This backs the use of balance-focused evaluations
and treatments for the treatment of spastic cerebral palsy.

The study also found that many children have compensatory and inefficient gait
patterns, such as asymmetrical movement and shorter strides, which are likely used to
improve stability but at the expense of walking efficiency and energy expenditure.
These gait abnormalities can limit participation in daily activities and impede social and
educational inclusion. Even after some degree of rehabilitation, persistent deficits

indicate the need for more focused and intensive physiotherapy approaches.

According to sociodemographic study, the majority of moms only had a primary or
secondary education, and a sizable percentage of children were born at home. It's
interesting to note that balancing outcomes were nearly significantly correlated with
maternal education level, indicating that education may have an impact on awareness,
healthcare-seeking behavior, and therapy adherence. Additionally, the large proportion

of newborns who did not cry right away raises the possibility of prenatal issues like
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hypoxia, which is known to increase the incidence of spastic cerebral palsy in

environments with little resources.

The results highlight how crucial early diagnosis, easily available rehabilitation
treatments, and caregiver education are to the successful management of cerebral palsy.
This study's utilization of standardized instruments, such as the PBS and observational
gait analysis, shows how valuable data may be obtained to guide treatment decisions

even in settings with limited resources.

The study concludes by pointing out that children with spastic cerebral palsy experience
long-lasting gait and balance issues that restrict their functional independence.
Rehabilitation techniques must be multifaceted, evidence-based, and tailored to each
patient in order to overcome these obstacles. These tactics should include physical
therapy, family support, and systemic changes in the way healthcare is provided.
Additionally, in low- and middle-income nations like Bangladesh, developing local
databases and making contributions to CP registries will improve service planning and
research. Overall, this study adds important evidence to the field of pediatric
rehabilitation and emphasizes how urgently structured, easily accessible, and
continuous interventions are needed to help children with spastic cerebral palsy live
better lives.
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Recommendation:

It is recommended that early screening and diagnosis programs be introduced at the
community and primary healthcare levels to identify children at risk of spastic cerebral
palsy, allowing for timely intervention. Structured and individualized physiotherapy
programs focusing on improving balance and gait should be implemented, considering
each child's gross motor function level. Community-based rehabilitation (CBR)
initiatives must be expanded, especially in rural and underserved regions, to ensure
accessibility and continuity of care. Furthermore, educating caregivers—particularly
mothers—on home-based therapy practices and the importance of consistent follow-up
can significantly enhance treatment outcomes. Given the observed influence of
maternal education on balance outcomes, awareness campaigns should be developed to
empower parents with knowledge and skills necessary for rehabilitation support.
Inclusive education policies must also be strengthened so that children with spastic
cerebral palsy are given equal opportunities in schools and society. Additionally,
longitudinal and large-scale studies across various regions of Bangladesh are
recommended to build a more comprehensive evidence base, which can guide national
rehabilitation strategies. Finally, government and health policymakers should prioritize
funding, infrastructure, and training in pediatric neuro rehabilitation to improve the

long-term quality of life for children living with cerebral palsy.
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Chapain, Savar, Dhaka-1343

Through: Head, Department of Physiotherapy, BHPL

Subject: Prayer for seeking permission to collect data for conducting research project.

Sir,

With due to respect and humble submission to state that I am Jamil Ashrafi Ananna, a student of
4™ year B.Sc. in physiotherapy at Bangladesh Health Professions Institute (BHPI). The Ethical
committee has approved my research project entitled: “Balance and gait of spastic cerebral
palsy patient at a selective rehabilitation centre: A cross sectional study” under the
supervision of Muhammad Millat Hossain Associate Professor & Course Coordinator,
Department of Rehabilitation Science, BHPI,CRP,Savar,Dhaka-1343. I want to collect data for
my research project from the Department of Physiotherapy at CRP. So, I need permission for
data collection from the Musculoskeletal Unit of Physiotherapy Department at CRP-Savar,
Dhaka-1343. I would like to assure that anything of the study will not be harmful for the

participants and the Department itself.

I, therefore pray and hope that you would be kind enough to grant my application and give me

permission for data collection and oblige thereby.
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Bangladesh Health Professions Institute (BHPI)

(The Academic Institute of CRP)

CRP-BHPI/IRB/12/2024/1033 15/12/2024

To

Jamil Ashrafi Ananna

4th Year B.Sc. in Physiotherapy

Session: 2019-20, Student ID: 112190508
BHPI, CRP, Savar, Dhakal343, Bangladesh

Subject: Approval of the thesis proposal “Balance and gait of spastic cerebral palsy
patients at a selective rehabilitation centre in Bangladesh” by the ethics committee.

Dear Ananna,

Congratulations.

The Institutional Review Board (IRB) of BHPI has reviewed and discussed your application
to conduct the above mentioned dissertation, with yourself, as the author and Muhammad
Millat Hossain, Associate Professor & Course Coordinator, Department of Rehabilitation
Science, BHPI, CRP, Savar, Dhaka-1343 as thesis supervisor. The following documents have
been reviewed and approved:

SI. No. Name of the Documents

1 Research Proposal

2 Questionnaire (English version)

3 Information sheet & consent form.

The purpose of this study is to find out balance and gait of spastic cerebral palsy patients at
a selective rehabilitation centre in Bangladesh. The study involves use a questionnaire that
may take 15 to 20 minutes to answer. Any instruction or precaution for collection of
specimen and there is no likelihood of any harm to the participants and participation in the
study may benefit the participants. The members of the Ethics Committee have approved the
study to be conducted in the presented form at the meeting held at 9 AM on 15 July 2024 at
BHPI (44" IRB Meeting).

The institutional Ethics committee expects to be informed about the progress of the study,
any changes occurring in the course of the study, any revision in the protocol and patient
information or informed consent and ask to be provided a copy of the final report. This
Ethics committee is working accordance to Nuremberg Code 1947, World Medical
Association Declaration of Helsinki, 1964 - 2013 and other applicable regulation.

Best regards,

Muhammad Millat Hossain,

Associate Professor & Course Coordinator, MRS
Member Secretary, Institutional Review Board (IRB)
BHPI, CRP, Savar, Dhaka-1343, Bangladesh

PIRAPLI7112, TSI, GIFl-5989, JIF | GFIF: +bb 03 3888E8UB-E, +rbr 0% 138883808, (NAIRT: +b 05990 0¢5L8
CRP-Chapain, Savar, Dhaka-1343, Bangladesh. Tel: +88 02 224445464-5, +88 02 224441404, Mobile: +88 01730059647
E-mail : principal-bhpi@crp-bangladesh.org, Web: bhpi.edu.bd
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Consent Form (English)

Assalamualaikum,

| am Jamil Ashrafi Ananna, I am conduction this thesis for B.Sc in Physiotherapy
program titled “Balance and gait of spastic cerebral palsy patients at a Selected
Rehabilitation Center in Bangladesh” by this I would like to know about the
balance and gait of CP patients. Now | want to ask some personal, balance, and

gait related question. This will take approximately 20-25 minutes.

I would like to inform you that this is a purely academic study and will not be used
for any other purpose. Your participation in the research will have no impact on
your present or future treatment in the area. All information provided by you will
be treated as confidential and in the event of any report or publication it will be

ensured that the source of information remains secret.

Yours participation in this study is voluntary and you may withdraw yourself at
any time during this study without any negative questions. You also have the right
not to answer a particular question that you don’t like or do not want to answer

during interview.

If you have any query about the study or your right as a participant, you may
contact with me and/or my research supervisor, Muhammad Millat Hossain,
Associate Professor & Course Coordinator, Department of Rehabilitation Science,
BHPI, CRP, Savar, Dhaka-1343.

Do you have your consent to proceed with the
interview? So may | have your consent to
proceed with the interview?

oYes o No

Signature and date of the Participant: ...

Signature and date of the Interviewer: ..o
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Questionnaire (English)

Title: Balance and gait of spastic cerebral palsy patients at a

Selected Rehabilitation Center in Bangladesh

Patient’s personal identification

11 Patient‘s name:

1.2 Patient ID No:

1.3 Address:

14 Mobile No:

Part-1: Socio — demographic information

Question Questions Response
Number
1 Age of the patient Year......... month......
2 Sex o Boy
a Girl
3 Mother’s educational level o lliterate
o Literate
o Primary

o Secondary school
certificate (SSC)
o Higher secondary
certificate (HSC)
o Bachelor

o Masters or above




Father’s educational level

o Illiteracy

O Literate

o Primary

o Secondary school
certificate (SSC)

o Higher secondary
certificate (HSC)

o Bachelor

o Masters or above

When did your child born?

o Before 38 weeks
o After 38-41 weeks
o After 42 weeks

Place of delivery

o Home

o Hospital

Type of delivery

o NVD (Normal
Vaginal Delivery)

o Caesarian section

o Forceps delivery

o Other instrumental delivery




8 What was the duration of labor o Less than 12 hours
pain? o More than 12 hours

9 Did your child cry just after birth? | o Yes

o No
10 Involvement of limb o Monoplegic

o Diplegic

0 Quadriplegic

o Triplegic

o Hemiplegic
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Berg Balance Scale

Item Description

Number Description

Marks

3.1. Sitting to standing

4. able to stand without using hands and stabilize
independently

3. able to stand independently using hands

2. able to stand using hands after several tries

1. needs minimal assist to stand or to stabilize
0

. heeds moderate or maximal assist to stand

3.2. Standing to sitting

. sits safely with minimal use of hands

. controls descent by using hands

. uses back of legs against chair to control descent
. sits independently, but has uncontrolled descent
. needs assistance to sit

3.3. Transfers

. able to transfer safely with minor use of hands

. able to transfer safely; definite need of hands

N W R O P NN LW B

. able to transfer with verbal cueing and/or
supervision

1. needs one person to assist

0. needs two people to assist or supervise to be

safe

3.4. Standing unsupported

4. able to stand safely 30 seconds

3. able to stand 30 seconds with supervision
(spotting)

2. able to stand 15 seconds unsupported

1. needs several tries to stand 10 seconds
unsupported

0. unable to stand 10 seconds unassisted

3.5. Sitting unsupported

4. able to sit safely and securely 30 seconds
3. able to sit 30 seconds under supervision
2. able to sit 15 seconds

1. able to sit 10 seconds
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0. unable to sit 10 seconds without support

3.6. Standing with eye

close

4. able to stand 10 seconds safely

3. able to stand 10 seconds with supervision
(spotting)

2. able to stand 3 seconds

1. unable to keep eyes closed 3 seconds but stays
steady

0. needs to help keep from falling

3.7. Standing with feet
together

4. able to place feet together independently and
stand 30 seconds safely

3. able to place feet together independently and
stand for 30 seconds with

Supervision

2.able to place feet together independently but unable
to hold for 30 seconds

1.needs help to attain position but able to stand 30
seconds with feet together

0.needs help to attain position and /or unable to hold

for 30 seconds

3.8. Standing with one foot

in front

4. able to place feet tandem independently and
hold 30 seconds

3. able to place foot ahead of other

independently and hold 30 seconds

2. able to take small step independently and hold 30

seconds
1. needs help to step, but can hold 15 seconds

0. loses balance while stepping or standing
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3.9. Standing on one foot

4. able to lift leg independently and hold 10 seconds

3. able to lift leg independently and hold 5 to 9

seconds

2. able to lift leg independently and hold 3 to 4
seconds

1. tries to lift leg; unable to hold 3 seconds but

remains standing

0. unable to try or needs assist to prevent fall

3.10. Turning 360 degrees

4. able to turn 360 degrees safely in 4 seconds

3. able to turn 360 degrees safely in one direction
only in 4 seconds or less

2. able to turn 360 degrees safely but slowly

1. needs close supervision (spotting) or constant

verbal cueing

0. needs assistance while turning

3.11. Turning to look
behind

4. looks behind/over each shoulder; weight shifts

include trunk rotation

3. looks behind/over one shoulder with or no trunk

rotation

2. turns head to look to level of shoulder; no trunk

rotation
1. needs supervision when turning

0. needs assist to keep from losing balance or falling
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3.12. Retrieving object

from floor

4. able to pick up an eraser safely and easily
3. able to pick up eraser but needs supervision

2. unable to pick up eraser but reaches 1 to 2 inches

from eraser and keeps balance independently

1. unable to pick up eraser; needs supervision while

attempting

0. unable to try, needs assist to keep from losing

balance or falling

3.13. Placing alternate

foot on stool

4. stands independently and safely and completes 8

steps in 20 seconds

3. able to stand independently and complete 8 steps

>20 seconds

2. able to complete 4 steps without assistance, but

requires close
supervision
1. able to complete 2 steps; needs minimal assistance

0. needs assistance to maintain balance or keep from
falling, unable to try

3.14. Reaching forward
with outstretched arm

4. can reach forward confidently >10 inches
3. can reach forward >5 inches, safely

2. can reach forward >2 inches, safely

1. reaches forward but needs supervision

0. loses balance while trying, requires external

support

Total Score: ......../56
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Parameter measurements

Measurement of step length:

Distance from unaffected heel to affected

heel

So, step length

Measurement of stride length:

Stride length=total step/total distance=

Total step

Total distance(m)

Stride length(ts/td)

Measurement of speed:

Speed=distance/time=

Speed

Measurement of cadence (number of steps in 1 min):

Number of steps

Time (/min)

XVi




e T (Iteen)

SRR,

iy S SRR S, [t 29 efeereRii @iaem o "JiEmeR 93 [ne
AT @@ 5T g 2IFf @MW SRy 8 20 479" M@ @3 g
AfpE SR @3 NI WG AN @G 2 (CP) @M Oy 8 2B <=
TR TCe BI2 1 @2 aif f5g Afeers, oomy ¢ 2foR @ TifFe oy fereent Face
5121 Gt 7= 2re ANIaE 0-:¢ FifF6 757 Ao

I AT SIS 518 (@ A 57 G5 qoitefie =N 932 & (@A SHees
JARE FA A A NTENT WA KT T AT ST A ofgren
R 677 @I e 4o 71 =il (@ o e IR ©f T coftoiT At =T, 93

M 93 AEIN (AT (@I AFSEma A I TofT =W, OF ST B (alA i 2 |

I @R AN AR TS TR G2 WA BIRC (@ (ICT A 4R wAeFelt
(AT APRT FACS AE, TS (@I (ST AOR T 1| Aol W @ aeag Tex

fate 1 oI 9 OER (@Y I, O GG T A (ST AP Ao T |

I OB NEIN A AT AR T (I & A, O i qig A «e_ S
NI TGRIRE JRIY FErS @, TN TGF @ (@F A1, 707 ear

e, RaZpPg, P, e, BIF-d089 T A @I FATS AT |

T F ArFieTRL siffw @re Te?
o, Qi o oo e coice #ifa?

O 2t
Ot

IS R G Ea I B e RGN 1 A

b2 1B N b B G B T b e o B L) £ N

XVii



AT (1)

e Aot 3 FHifoe s7d @@ =ifos EifaE A @Nme oy 8
o 479

o - b @R ARDR

) @ T

N @M 3T w3

5.9 fomre:

3.8 (I3 TH<:

MNB-d : MLAMGE TR ALH® ST

O @

© RIS EREROCNQIRIS] O freesa

O orF9 S 79
O e

O @1 99 5

O @35 @ &

0O wres/fefa /M @

O Fretrad 9 Sy fofe

XViii



forerg frwire QT

O freesa

O 9rF9 I 79
O e

O @5 @1 &5

O 935 9%

0O wre< /fefa /i @

O Frered 9 ey fofe

HNB-3: (IGrPe FHooifF® wge

o

Teg

o o U T a2
IR

O ob-AYCRT A
0O ob ARRT 2T

O 83 AR T

whrem 7

O 3ifecs

O 2HersIest

cefereifaa gae

O =1
O frer=
O =1 fofeeara e
O @iy Tg=iifeq e
ceferelfy

yo

A T FoFe e

O 52 901 9
O 5 9017

b

o M ¢ s Seme

O =

W)

R

G A SO

O weezifers
0 e
O rfgeafas
O Greenfers
O cfeeifas

XiX




Qo S (F

Aa 3o

e I

©.y I (A AeI

8. FATOIR T IR 1 I3 nieie |k BrF AFCe
ANF

o, FRTOIF T IR F(E2 NSO AN |

3, FERIFAR B3R 79 WGITS A |

S L NI ARG eI RF |

o, VRN (AF AETH AR WaFId 27 |

©.2 AIGIE (A T

8. MR FICe It 2Ted I 2T I |

0, S IR B T

3, TR W 2R (e s bR e #Aifea o
S, FIATOIR I, O IAG! O fqaaest 73 |

0. TS ARl I |

0,9 AT

8. QST FW JI2A I(@ WA FFE 20O AF |
©, 2Ced @M AIRF FCF R FFBH 20O AR |
2. Y4 M A oviRfs Face = |

S, GG (EACFE AR A |

0. UBG (<G R =0 |

©.8 fqq1 s wiew

8. [FRIIt7 wo CTFT WiTs AN |

©. J2 M@ I9 719 Yo GFT WISt AN |

2. AR QTR H¢ CFS WTTS Al |

>, 2R B2 FEHAF G 79 So G AITITS
A

0. MR BIT! Yo CIFT WG 2I1TF |

©.¢ 7= e o

8. fAIIt% wo CTF® T ARFTS I |

0, 4 M@ F99 27 vo CIFT T ARFCS A |

2, 2R QTR H¢ CFS 07 AFCS 2T |

S, A RTIE FEFAR (GBF 79 So FIIFS I(T AFCS
A

o, AT BTl So CIFT IACS AT =l |

XX




a3

e qefeqt

e

A

©.b, (51X IF B WIS

8. fTaI%t% Yo GIFT WiTITS AT |

©, J¢ U 9 #7 Yo EIFS AfTITs A |

2, 9 GIFT WITITS AT |

>, O CTFS WG AFCS AT OF (B IF IS AE
i

o, AR I FACT CT T |

0.4, 93 AT @AY (&2 eI

8. FHITOIA QFANL Y3 Al (@Y o CNIFS WGITS
A

0, J¢ I @9 »F FETONF 9L 72 Al @0 vo
GTFT RIS A |

2. 73 Al (@2 ©o CIFCSA T I AGICS AN |

). ATITS AR FACS T, O Yo FIFE AFCS A |
o. ™ AR NI 2 |

O.b, GFATRS A AT Al

@ Aree

8. FHITOIA OF AR AN ToF A (FH Yo CNFS
WITITS A1 |

©, 92 2l @AY @ Wo CIFS NBITS A |

3. (2B (B *MCF (T W0 GIFT RICITS A1 |

S, TR TR T, 3¢ PP WSS Al |

0. ST FC At |

0.5, OF A ARG

8. TSI GF 21l T So CNIT AATS AN |
©, FHTOE @F A TE ¢ EFS ATS 2I1F |

3, FHTOIE GF Al T ©-8 GIFS S A |
>, O GRS TS AT 7, S NG AT |

o. (531 I 1

9,50, YY0o° A Al

o]

. 8 CTHCT T wvo° JATS IICH |

. R Tt St 8 Gt a9t wvo° TS
A |

3, fTRIP7 wyo° gaTe AT o A |

>. I T I 6! FACS 2] |

o. AT 1P 2 |

[

XXi




9.5 (AR e OIFiET Sty
Q=

8. (*[&( ©IFITS A/ Y2 A—A &2 ey, W4y
REERESE

O, (R OIS ACd/ 72 A O Wew; W4y
REIERGCIE

3. e T2 MGy SIFIER (B3 S (TR |
.32 0 @ FIen! TS 27|

0. fBTe 28l AN ARIT W =7 |

9.9 (TR (/TP (ICA! f&fe

core

8. a7 W32 M2(& (IR (AR FRF Gere
AT

O, (IR (ATF TS A O I e 27
3, AR S AR A, o fwae 1 2w »-
2. 3B QAT AR

>. TRIF Q¢S AT I, O I I Mee (3
BIGH

0.(53 T I/ #ITT IR |

©.59 T Al (T (GBI

8 FIATOIF VTR €32 0 CIFE b 4
T |

©, FIFTOIT ATR G2 o0 GCHCT @M FIE
vfo 417 Fea

3, 2 weiE 8ff 47 (e oed e e =W
5.3 4qiol T, AN RO |

0. TS T FACET T I |

©.58 R AIf® F¢a AN @it
JheA

8. W7i¥ So Bfeew I quam
o, fqaieim ¢ 2feeq @M quar
3. fqRIeta & 2w @M qeair
S, AN QTR O3 e+ face =231
.58 Face o fqzge 2w

% TS ...... / &Y

XXii




EERIBIR R Kl

qeo asy faefag

OIS Al (AT AHS T G

TS YA T

4 v et

R @15 e (R

e v Ay

aifs fefag

s (7sr8/>)

e fNdfws

Qe R

TR (/Ff5)

XXiii




