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Abstract

Spinal cord injury (SCI) is a destructive damage to the spinal cord that affect the motor and
sensory functions as well as frequently representing itself as a long-term medical condition
that require a sophisticated management and rehabilitation plan. Purpose: The aim of this
study is to determine the effectiveness of core stability exercises in functional improvement
of SCI patients. Objective: To explore the effectiveness of core stability exercises in
functional improvement of SCI patients, that will include self-care, respiratory and
sphincter management, and mobility (room and toilet). Methodology: The study was a
Quasi Experimental study design that measured pre-test and post-test results. 28 patients
were allocated based on inclusion criteria. The age range was 18-78 years. The participants
received daily sessions for 5 days/week for 4 weeks. American Spinal Injury Association
(ASIA) Impairment Scale was used to measure the SCI level. Spinal Cord Impairment
Measure version 3 (SCIM-3) was used to measure the functional independence of SCI
patients, that has three sub-scales including self-care, respiratory and sphincter
management, and mobility (room and toilet). Results: The pre and post test results of 28
participants were measured using Wilcoxon Signed ranked test. The test reveals that the
total functional independence score statistically improved (p<0.05) after receiving the
intervention. Self-care and mobility (room and toilet) score improved (p<0.05)
significantly but respiration and sphincter management function did not show a significant
difference (p=0.205) when analyzed respectively. Conclusion: The study showed that core
stability exercises improve functional independence in patients with an incomplete SCI.
Among the measured functional activities, self-care, and mobility (room and toilet)
activities were improved but respiratory and sphincter activities did not improve after the

intervention.

Keywords: Spinal cord injury, functional independence, core stability exercises






CHAPTER-I: INTRODUCTION

1.1 Background

A complex network of upper and lower motor neurons makes up the human spinal cord,
which serves as a bidirectional connection between the brain and its motor, sensory, and
autonomic functions. Additionally, it works as a hub for the integration of reflexes between

the motor and autonomic mechanisms of body receptors (Emos and Agarwal 2022, p. 1).

Spinal cord injury (SCI) is a destructive damage to the spinal cord that affect the motor and
sensory functions as well as frequently representing itself as a long-term medical condition

that require a sophisticated medical facility (Fouad et al. 2021, pp. 1).

Paralysis is the most evident effect of spinal cord injury. SCI, however, also has widespread
effects on a variety of bodily processes, such as intestinal, respiratory, cardiovascular, and
sexual function. Additionally, it has social, financial, and psychological repercussions and
makes people more vulnerable to musculoskeletal injuries, discomfort, osteoporosis, and

other issues as well as late-life renal difficulties (Harvey 2016, pp. 4-6).

In recent years, SCI has been describing as a structure-function paradox. It describes the
unpredictability of an affected person’s syndromes by observing the anatomical and
radiological findings. An example to that is that about 25% people categorized complete A
by American Spinal injury Association Impairment Scale (AIS) will convert to incomplete
SCI within the first year after injury (Fouad et al. 2021, pp. 1-2).

Functional impairment tends to be the result of impaired limb activities, alternation in trunk
and pelvis control as well as altered sensation. Trunk injuries are closely related to a
reduction of functional independence which is essential for daily life activities such as
mobility and self-care. So, exercises that mainly subject to improve trunk stability and

motor relearning by means of strengthening the trunk muscles. Strengthened trunk muscles



frequently lead to better balance and control over the injured muscles, which support

functional independence (Cabanas Valdés et al. 2021, p. 2).

The stability of the core or lumbopelvic region is crucial to provide foundation for the limb
activities to support weight bearing and stabilizing the spine. The concept of core
strengthening has evolved to core stabilization in recent years. Subjecting strengthening of
the trunk muscles as one of the components for stabilization exercises, it aims towards
improving the dynamic balance of the trunk and the load bearing capacity of the spine.
Core stabilization exercises greatly helps to reduce spinal dysfunctional syndromes and
helps the patient towards an optimized functionality (Cowan, Crossley and Bennell 2009,
pp. 584-586).

The contraction of the spine in all possible forms of instability is a crucial function of the
spine's musculature. It is possible to actively regulate spinal stability by adjusting the force
produced by the muscles around it. During every dynamic movement, the trunk's extensor,
flexor, and lateral flexor group of muscles maintain spinal stability. Core stability plays a
critical role in integrated activities, where multiple muscle groups and joints work together
in a coordinated manner. Whether it's a sport-specific skill, functional movement, or even
daily tasks like bending and lifting, a stable core is essential for optimal performance and
injury prevention. So, there is an important need to have balanced function of active and

passive control over trunk muscles (Kakade and Kanase 2020, p. 986)

The spine stability system mainly consists of three subsystems: passive spinal column,
active spinal muscles, and neural control unit. Any alterations to one of these components
compromise the stability of the spine. Core stability facilitates the efficient transfer of force
from the core to the limbs or terminal segments (e.g., arms, and legs). The passive
subsystem of the spine includes the bones (vertebrae) and the intervertebral discs. These
structures provide structural support and stability to the spine. They are the foundation
upon which the other subsystems operate. The active subsystem, often referred to as the
"core," consists of a group of muscles that play a crucial role in stabilizing the spine. These

muscles work together to provide dynamic stability, support, and control during various



activities. The core muscles include abdominals in the front, paraspinals and gluteal in the
back, the diaphragm serving as the roof, and lastly pelvic floor and hip musculature at the
bottom. These muscles have a direct or indirect attachment with the spine thus it is making
up an active subsystem for balance, co-ordination, and control of the spine (Cowan,
Crossley and Bennell 2009, pp. 585-586).

Core stability describes the ability to control the position and movement of the central
portion of the body to allow optimum production, transfer and control of force and motion
to the terminal segments in the integrated activities. A stable core provides a solid
foundation for generating force in movements such as lifting, pushing, pulling, or twisting.
It allows the transfer of force from the lower body to the upper body and vice versa, which
is crucial in activities like weightlifting, sports, and daily tasks. (Kakade and Kanase 2020,
p. 986).

In summary, core stability is a foundational element in human movement and physical
performance. It ensures that the central portion of the body can efficiently produce,
transfer, and control force and motion, enhancing overall functional abilities and reducing
the risk of injuries, particularly in the lower back and trunk regions. As a result, core

training is a fundamental component of many fitness and rehabilitation programs.

PT therapies may address the goal of rehabilitation, which is increased participation and
consequently improved overall quality of life, by lowering activity limits. Modern SCI
patients are experiencing longer lifespans and increased levels of functional independence
because of advancements in medical, rehabilitative, technological, and pharmaceutical
treatment of their condition. Physical therapy (PT) interventions potentially have targets
across all three functioning domains targeting to modify specific body impairments such
as strength, cardiovascular fitness, joint mobility, muscle extensibility, bone loss, pain, and
spasticity (Gomara Toldra et al. 2014, pp. 371-372).



1.2 Rationale

The prime purpose of this study is to find out if core stability exercises along with
conventional physiotherapy can improve a spinal cord injured patient’s functionality in
terms of respiration, mobility, and self-care activities. SCI is a devastating condition that
affects an individual both physically and mentally. SCI causes a great barrier in carrying
out normal functionality of the human body. One of the common effects of SCI is difficulty
breathing, decreased bowel and bladder control, and a lack of movement and capacity to
conduct transfers. Therefore, it is crucial to enhance these deficiencies. Another most
severely impacted structure by the mechanism of spinal cord damage is the core
musculature. The core muscles of the body act as a power storage for providing energy to
carry out various functionality of our body. Strength training has already been shown to
enhance a variety of human functions. A set of core stability exercises may be useful for
enhancing a patient's functionality because strength is one of the components of stability.
Traditional core strengthening exercises can overload an already injured spine and can
deteriorate a patient’s condition. Core stabilization exercises play a dynamic role in
providing dynamic stabilization to the spine without overloading it and can minimize the

impact of spinal dysfunctional syndromes.

The exercises that are included in this study are all active exercises. So patients can carry
out these exercises even after discharge. These exercises are easy to perform and has a very
low chance of worsening their condition. Performing these exercises requires low
monitoring of a specialist. Patients can achieve spinal stability by performing these
exercises irrespective of their socio-economic condition including very low economic

class.

A single core muscle group has been the subject of certain studies to evaluate the impact
of their strengthening. The effects of numerous therapies on multiple aspects of functional
rehabilitation after SCI have been examined. | wish to present a series of core stability
exercises and evaluate their efficacy in enhancing a spinal cord injured person's

independence in self-care, breathing, and mobility.



1.3 Aim
The aim of this study is to determine the effectiveness of core stability exercises in

functional (self-care, respiratory and sphincter management, and mobility) improvement

of SCI patients.



1.4 Objective
1.4.1 General objective
To explore the effectiveness of core stability exercises in functional improvement of SCI

patients.

1.4.2 Specific objectives
1. To explore the effectiveness of exercise programs in self-care.
2. To explore the effectiveness of exercise program respiration.
3. To determine the effectiveness of exercise programs in mobility independence.
4

. To explore the socio-demographic status of the participants

1.5 Hypothesis

1.5.1 Null Hypothesis (Ho)

Core stabilization exercises along with conventional physiotherapy is no more effective
than conventional physiotherapy only to improve the functional independence of SCI
patients.

Ho: M- M2 = 0 or Y1 = Mo, Where the pretest and posttest group, initial and final mean

difference is same.

1.5.2 Alternative hypothesis (H1)

Core stabilization exercises along with conventional physiotherapy is more effective than
conventional physiotherapy only to improve the functional independence of SCI patients.
Hi: M1 M2 # 0 or p1 # p2, where the pretest and posttest group, initial and final mean

difference is not same.



1.6 Operational definition
Spinal Cord Injury
A complete or incomplete injury to the spinal cord which can be either traumatic or non-

traumatic is defined as spinal cord injury (SCI).

Incomplete C
It describes that the impairment is incomplete with preservation of motor function below
the neurologic level but more than half of the key muscles below the neurologic level have

a muscle grade less than grade 3.

Incomplete D
It describes that the impairment is incomplete with preservation of motor function below
the neurologic level but more at least half of the key muscles below the neurologic level

have a muscle grade of 3 or more.

Core stability
Core stability describes the ability to control the position and movement of the central
portion of the body to allow optimum production, transfer and control of force and motion

to the terminal segments in the integrated activities.

Effectiveness
The capability of producing desired result. When something is deemed effective, it means

it has an intended expected outcome, or produces a deep, vivid impression.



CHAPTER-II: LITERATURE REVIEW

Whether caused by trauma or not, spinal cord injury (SCI) is a sudden, fatal, and paralyzing
neurological disorder discussed throughout history. Damage to the spinal cord can lead to
various degrees of paralysis and loss of sensory and motor function. Historically, there has
been a male predominance in SCI cases. Men have traditionally engaged in riskier activities
and occupations that put them at higher risk of injury. However, it's important to note that
SCI can affect individuals of any gender. A prevalence of 15-40 occurrences per million
annually, and a tendency to impact the low-socioeconomic group, spinal cord injuries are
on the rise. The cost of medical care, rehabilitation, and ongoing support for individuals
with SCI can be significant. Furthermore, those with lower socioeconomic status may face

additional challenges in accessing the necessary care and resources (Rahman et al. 2017,
p. 1).

According to Hoque et al. (2012, pp. 275-277), falling from a height account for 63% of
SCI in Bangladesh. Another frequent reason for tetraplegia in Bangladesh (8%), is falling
while carrying a heavy load on the head. Both the incidence and prevalence of SCI are

steadily rising globally.

National Institute of Neurological Disorders and Stroke (2023, pp. 1-4) reports several
complications that may arise following a spinal cord injury. As the nerves in this area
control the movement of the diaphragm and the expansion of the lungs, any lesion to the
spinal cord between the C1-C4 segments can cease breathing and resolution to that often
requires short- or long-term use of breathing tubes. Urination becomes abnormal without
spinal coordination because the muscles in the bladder and urethra can't cooperate with the
brain efficiently. Other complications include pressure sore, pneumonia, increased tone,
pain, sexual dysfunctions, and depression. These complications require long standing
rehabilitation plans that are sometimes considered as a burden for families with poor socio-
economic status. More than 80% of spinal cord injury patients are men, and 55% of them
are between the ages of 16 and 30. As spinal cord injuries require extensive rehabilitation,

they may be a strain on the community, society, and the nation.



Falls (both simple falls and falls from great heights), RTA, sports-related accidents,
violence, and other causes of injury are only among some of the many factors that
contribute to SCI. The incidence of SCI grew gradually with the development of human
activities. In industrialized countries, the incidence rates varied from 13.121 to 163.420
per million persons. Undeveloped countries rates ranged from 13.019 to 220.022 per

million people (Kang et al. 2018, p. 2).

Due to the difficulties of living with the condition and the differences in how people
experience it around the world, such as the effect that someone with SCI will have on the
standard of care they receive, SCI has more significant implications for managing health
care. To seek help from all clinical facilities that his or her country provides, including
those for emergency treatment, intensive care, surgery, stabilizing medical care, and
rehabilitation, which includes returning to the community, vocational rehabilitation, and
continued primary care. Additionally, it assists physicians, healthcare workers, researchers,
and decision-makers in comprehending the benefits and drawbacks of their nation's

healthcare system. (WHO 2013, pp. 1-3).

Paralysis is the most evident effect of spinal cord injury (SCI). SCI, however, also has
widespread effects on a variety of bodily processes, such as intestinal, respiratory,

cardiovascular, and sexual function (Harvey 2016, p. 2).

A survey was done by Strom et al. (2022, pp. 4-8) on the arising physical complications
across 21 countries. They found that having pain, muscle spasms/spasticity, sexual
dysfunction and bowel dysfunction were the most common, all with rates above 70%.
Overall, 95.8% of the participants reported experiencing 1 or more health problems
secondary to their SCI within 3 months of spinal injury. Experiencing pain in day-to-day
life was the most prevalent self-reported health condition.

Damage to the spinal cord is only one of several effects of a spinal cord injury (SCI). Both

the lives of those who care for them and those of persons who suffer from SCI are



profoundly and permanently altered in almost every aspect of daily life. SCI is a bodily
(biological) damage that is closely linked to several social and psychological repercussions.
Research indicated a widespread prejudice toward those with impairments. These may lead
to institutional or professional stigma, as well as stigma against oneself or in public.
Following a stroke, people who experience high levels of self-stigma are very aware of
how they come across to others and interact with them, which can lead to a feeling of social

disengagement (Budd, Gater and Channell 2022, pp. 1-3).

The management of people with SCI is therefore complex, involving many healthcare
professionals, organizations, and government services. The immediate goal in the acute
phase of SCI is to minimize further damage to the spinal cord. This often involves
immobilization of the spine and prompt medical intervention to stabilize the patient's
condition. The medical team works to optimize the patient's chances of recovery, which
may include surgical procedures, medications, and other interventions. In the acute stage,
physiotherapy plays a crucial role in managing respiratory complications. This includes
techniques to prevent pneumonia and maintain lung function, as individuals with SCI may
experience respiratory muscle weakness. Rehabilitation following SCI commences as soon
as the patient is medically stable after injury. This can vary from a few days to many weeks
(Harvey 2016, pp. 5-6).

Non-invasive interventions including various types of motor training, such as ladder
walking, reaching, bicycling, swimming, and locomotor training on a treadmill decrease
the inflammatory response, increase neurotrophins levels, and may strengthen spared
functions and guide spinal reorganization. Physical activity and motor training can help
modulate the inflammatory response, potentially reducing secondary damage to the spinal
cord. Motor training can stimulate the release of neurotrophic factors (neurotrophins) that
support the survival and growth of nerve cells, promoting neural recovery. By targeting
specific muscle groups and motor pathways, motor training can enhance spared functions,
potentially leading to improved mobility and independence. Motor training may contribute
to adaptive changes in the spinal cord's neural circuits, promoting functional recovery and
reorganization (Coté et al. 2017, pp. 1844-1851).

10



Physiotherapy during the rehabilitation phase focuses on goals related to motor tasks such
as walking, pushing a wheelchair, transferring, and using the upper limbs. Assessments of
impairments are of limited interest to a physiotherapist without accompanying assessments
of activity limitations to quantify a person’s ability to move and complete purposeful motor
tasks (Harvey, 2016, p. 6).

A randomized controlled study was done to evaluate the effectiveness of step training with
body weight support on treadmill. The control group received ground mobility therapy.
The study included participants with incomplete SCI rated as B, C, D AlS. Both groups
received 12 weeks of treatment and their walking speed was evaluated. No significant
difference was found as step training and ground mobility therapy were equally effective
in terms of improving walking speed. In intergroup analysis it was revealed that incomplete
C and D patients had the greatest outcomes (Dobkin et al. 2006, pp. 484-488).

Different robotic interventions are nowadays gaining the interest of many researchers. A
clinical trial was conducted to evaluate the effectiveness of Exoskeleton-assisted walking
in terms of mobility and pulmonary function. The pulmonary function was examined in
terms of pulmonary function test and the walking ability was measured using 6-minute
walk test. It was a single-center study among 18 patients. The Exoskeleton group had a
greater significance compared with the conventional therapy group in both pulmonary
function and walking ability. Most of the patients had thoracic spine involvement that
contributed to impaired pulmonary functioning. The author has suggested to perform more
robotic training interventions among larger samples (Xiang et al. 2021, pp. 4-8).

In recent years, epidural electrical stimulation in SCI has piqued the interest of researchers.
However, because this treatment is rather expensive, subcutaneous stimulation can also
have a positive effect on patients' functionality. To determine the extent of effect of self-
assisted training by non-invasive spinal stimulation a study was conducted in USA,
including patients with A-C AIS category. The trial enrolled 15 participants according to

the inclusion criteria and received Transcutaneous electrical spinal cord stimulation (tSCS)
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which was set to monophasic 1ms pulses, at a frequency ranging within 0.2 to 30 HZ and
stimulation intensity up to 150 mA. The control group received ineffective stimulation.
The biofeedback was recorded using surface electromyogram (EMG) by bilateral polar
surfacing over lower limb muscles. After receiving 3 weeks of treatment the experimental
group was evaluated with a higher increase in EMG activity than control group (Sayenko
et al. 2019, pp. 5-13).

Pain is indeed a frequent complaint among individuals with SCI. It can manifest in various
forms, including neuropathic pain, musculoskeletal pain, and visceral pain. The prevalence
of pain after SCI can vary depending on the level and severity of the injury. Neuropathic
pain is more common in individuals with higher-level injuries, such as cervical or thoracic
injuries. It often hampers the expected outcome and is an obstacle to continuing
rehabilitation programs. This type of pain can manifest as burning, shooting, stabbing, or
electrical sensations and is often resistant to traditional pain management approaches. With
the aim to enable the patients to cope up with chronic neuropathic pain a multicenter study
was done in 4 Dutch rehabilitation centers. The primary outcome was measured by using
a pain-related disability questionnaire. Patients were evaluated in three phases, firstly at
the beginning of the trial, after 3 months and after 6 months after discharge. The
experimental group was enrolled in a cognitive behavioral program. The pain reduction
was observed significant over time and patient reported of decreased anxiety and showed

more eagerness in receiving rehabilitation interventions (Heutink et al. 2012, pp. 122-126).

Rehabilitative exercises are known to improve the neural activity in a SCI patient. So, any
intervention that could enhance the effects of conventional therapy can be adopted in order
to improve the expected outcomes. A theory named corticospinal-motor neuronal plasticity
was hypothesized to understand if it is useful in enhancing exercising effects. To develop
corticospinal-motor neuronal plasticity among SCI patients, paired corticospinal-motor
neuronal stimulation was experimented and the control group received non-effective
stimulation. The study was performed among 13 individuals with SCI who met the
inclusion criteria. Participants exercised for 45 minutes after stimulation. Redefined

Assessment of Strength, 10-meter walk test was used to evaluate the outcomes. The

12



outcomes were significant and are suggested as an effective strategy to improve exercise

outcomes (Jo and Perez 2020, pp. 1-3).

Injuries to the upper cervical area can affect the function of the diaphragm and other
respiratory muscles. The diaphragm, controlled by the phrenic nerves originating from the
cervical spinal cord, plays a critical role in breathing. Damage to these nerves can lead to
paralysis of the diaphragm and impaired breathing. Individuals with upper cervical SCI
may experience decreased chest wall function due to weakened intercostal muscles, which
are responsible for expanding and contracting the ribcage during breathing. This reduced
chest wall movement can further compromise respiratory function. In addition, impaired
breathing function reduces the capability of using wheelchair and increases fatigue. With
the aim of improving breathing function a clinical trial was performed for testing
inspiratory muscle training program. The tested outcomes were aerobic capacity,
respiratory muscle strength and the level of fatigue. The trial group receives 15 minutes of
training for 5 days a week. The total duration of this study was 4 weeks. The control group
received conventional breathing exercises. After taking the results, it was found that both
groups were effective in improving breathing capacity (Soumyashree and Kaur 2020, pp.
1-5).

Improving the mobility of an individual is one of the most crucial factors in enabling a
person’s functional independence. The most common hinderance to a SCI patient
functioning is loss of mobility. Different concepts were tested to evaluate their effect on
improving mobility. Locomotor training is one of the most widely used techniques that are
prescribed by a physiotherapist. To understand deeply the effect of locomotor training, a
study was performed to specifically understand the kinematic and neuromuscular
adaptation after receiving locomotor training. The patients were enrolled in terms of having
either AIS C or D and other criteria. The primary outcome goals included- maximum
number of steps in a specific direction, increasing difficulty in walking tests as tolerated
by the participant. 12 patients among 17 participants completed the study and their
outcomes were recorded by using various EMG recordings. The results revealed a

significant improvement in kinematics, especially in hip movements. By recording the

13



EMG, it was also revealed that locomotor training improves neuromuscular coordination
(Ardestani et al. 2019, pp. 3-8).

Some common gym equipment can also be used to facilitate the motor function as well as
walking ability of a spinal cord injured patient. Treadmill training is a widely used method
for improving gait function and overall spinal stability in individuals with SCI. It involves
repetitive stepping on a treadmill with or without body weight support. The goal is to
promote walking-like movements and improve neuromuscular coordination. Treadmill
training can be adapted to the individual's level of injury and functional abilities, making
it suitable for a wide range of SCI patients 16 participants were randomized in a study to
compare the effectiveness of robot training with weight-shifting treadmill training. Patients
were evaluated using a 6-minute walk test after 8 weeks of intervention. A greater level of
significance was showed by robotic training rather than weight-shifting treadmill training
(Wu et al. 2018, pp. 4-18).

As SCI patients are often engaged in a prolonged posture for most of the day, they
sometimes present with pulmonary dysfunctions. Pulmonary dysfunctions include
difficulty in breathing, sputum production, reduced chest wall expansion and others. As we
all know the diaphragm is the major muscle of respiration, it is crucial to strengthen and
stabilize it to allow an individual to preserve normal breathing function. Abdominal
drawing-in maneuver is a sophisticated exercise that mainly targets the voluntary control
of the diaphragm. A clinical trial was conducted to evaluate the effectiveness of respiratory
muscle training while combining it with abdominal drawing-in maneuver. 37 participants
were enrolled for this study who had a level of C4-T6 spinal cord lesion. The outcome was
measured using a spirometer reading and a stabilizer. The experiment was performed for 8
weeks, and post test results were taken. The control group received inly conventional
breathing exercises. The outcomes were suggestive of a significant increase in functioning

if the breathing when compared with control group (Kim et al. 2017, pp. 2-7).

It is already known that chronic SCI patients are exposes to pulmonary difficulties. And it
is often considered as a common cause of death among SCI patients. A randomized

controlled trial evaluated one of the respiratory complications known as normocapnic
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hyperpnea response to respiratory muscle endurance program. This single centered study
was performed among 18 participants with chronic SCI. The trial took place for 4 weeks
and the results were taken. Results reveal that respiratory endurance program was not
effective for improving the following condition. The author argues that it was too late to
start an endurance program. But the effectiveness of respiratory endurance program was
already proven among acute SCI patients. The author also commented that early respiratory
endurance training could prevent the occurrence of respiratory complications (Xi et al.
2019, pp. 1-3).

Shoulder pain is a prevalent and well-documented problem in SCI patients who use
wheelchairs. The repetitive stress placed on the shoulders during wheelchair propulsion
can lead to various shoulder issues. Pushing a wheelchair requires repetitive use of the
shoulder and upper limb muscles. Over time, this can lead to wear and tear, resulting in
pain. Shoulder pain can limit an individual's ability to perform daily activities, including
transfers, self-care, and reaching tasks. It can also hinder participation in social and
recreational activities, leading to a decreased quality of life. With the intent to effectively
manage shoulder pain a study was launched involving the patients in a series of home-
based exercise programs. The exercise program included warm-up, stretching, and
strengthening of major muscles of the shoulder. Strengthening was done by using either
dumbbell or resisted bands. Patients were instructed to do 3 sets of 15 repetitions for
strengthening exercises and 1 to 2 minutes interval between exercises. The results are
suggestive of improving shoulder pain and prevention of recurrence was found on follow
up (Mulroy et al. 2011, pp. 307-313).
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CHAPTER I METHODOLOGY

3.1 Study Design

Quasi experimental design differs from a true experimental design in that, although it
contains an independent variable that is manipulated to look for an effect on a dependent
variable, either control group or randomization is lacking. These designs are useful to
researchers looking for validation of treatment method and techniques, (Bailey, 1997). In
experimental design, all three of the components- manipulation, control and
randomization-are required. (Bailey, 1997). In this study control group was absent the
outcomes were measured by comparing pre-test and post-test results. So, this is called the

one-group pretest-posttest design.

Quasi experimental study

(One-group pretest-posttest design)

Pre-test Post-test

(To)

y

Intervention — (Ty)

Compare both groups to
test hypothesis (Ho)

Figure 1: Study design
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3.1.1 CONSORT Flowchart

Enrollment

Screening (n=40)

v

30 Met

Selected sample (n=28) as per
study requirement

Allocation

l

Allocated for treatment (n=28)

Core stability exercises

5 days/week for 4 weeks

Post-test

Outcome Analyzed (n=28)
after 4 weeks
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3.2 Study Site
Physiotherapy department of Spinal Cord Injury Unit, CRP, Savar, Dhaka- 1343.
3.3 Study Population

The study population was the patients diagnosed with spinal cord injury attended in the

SCI unit of physiotherapy department at CRP, Savar, Dhaka.
3.4 Study Duration

This study will take about 5 months.

3.5 Data collection duration

Data will be collected from April 2023 to June 2023

3.6 Method of sample selection

e Inclusion criteria
1. Patients with history of ASIA Impairment Scale (AIS) grade C and
D SCI (Kakade and Kanase 2020, p. 986).

2. Both male and female participants (Soumyashree and Kaur 2020,
pp. 3).

3. Patients who will give consent to participate in the study.

4. People of 18 years or above (Wilroy et al. 2021, p. 58).

e Exclusion criteria

1. Neurological illness other than SCI.
2. Patients who have withdrawn from rehabilitation program of CRP.

3. Outdoor service receiving patients.
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3.7 Sample Size
According to the inclusion and exclusion criteria 28 patients were selected for this study.
3.8 Sampling Technique

The sampling procedure was hospital based on a simple random sampling technique. In
this sampling procedure, the sample depends entirely on chance and is known as the
method of chance selection. In this sampling technique, every item of the population is

given an equal chance of getting selected as a sample.
3.9 Method of Data collection

« Data Collection Tools: Data collection tools were informed consent form, semi-
structured questionnaire, papers, pen, and pencil.
e Measurement Tools
e A socio-demographic questionnaire was used to know the socio-
economic status of the patient that was related to SCI.
e American Spinal Injury Association (ASIA) Impairment Scale was
used to measure the SCI level. The probable incomplete C, D.
o Spinal Cord Independence Measure version 3 (SCIM-3) was used to
measure the functional independence of SCI patients. It is a 100-
point scale consisting of 3 parts: self-care, respiratory and sphincter
management, and mobility.
= The self-care subscale is of 20 score and has 4 questions. The
four questions include feeding, bathing (upper and lower
body), dressing (upper and lower body) and grooming.
= Respiratory and sphincter management subscale is of 40
score and has 4 questions. The questions are about
respiration, sphincter management- bladder, sphincter

management- bowel, use of toilet.
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= Mobility (room and toilet) subscale is of 40 score and has 9
questions. The questions are about mobility in bed and action
to prevent pressure sores, transfers: wheelchair-toilet-tub,
mobility indoors, mobility for moderate distances, mobility
outdoors, stair management, transfers: wheelchair-car,

transfers: ground-wheelchair.

3.10 Data collection procedure

The data collector fixed a date and time with the participant to his available time. First the
data collector informed the participant about the contents of the consent form. All
participant names coded to maintain confidentiality, diagnosed, and referred by qualified
physiotherapist and doctor. Each participant received core stability exercises for their
functional impairments. Participant evaluated by SCIM-I111 scale for their functionality and
ASIA for measurement of their level of spinal cord injury. The participants of the research
were chosen purposively for the experiment. Then the data collector measured the level of
spinal cord injury and initial functionality. The participants received treatment as regular
patients in the SCI department of CRP; they continue their treatment as per their schedule.
Each participant received 5 days per week. The treatment program arranges for 6 weeks by
the researcher with permission from the spinal cord injury unit. Before the researcher
started the treatment, he took a pre-test data including the patient’s spinal cord injury level

and initial functionality.

After taking the pretest data, the patients received core stability exercises according to the
treatment schedule. After 6 weeks of intervention a post test data was taken for the final
assessment of functionality and level of spinal cord injury. The SPSS version 20.0 software

was used in performance of statistical analyses for the mean and standard deviation.
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3.11 Intervention

Table 1: Treatment protocol

Intervention Intensity

Crunch (Sung, Yoon and Park 2015, p. 951) 10 reps X 4 set

Abdominal drawing-in maneuver while sitting (Saiklang, 10 rep X 10s hold

Puntumetakul and Chatprem 2022, p. 6 ) X 3set

Anterior-posterior tilt of pelvis (Haruyama et al. 2016, p. 242) 10 rep X 10s hold
X 3set

Clampshell exercise (Jeong et al. 2019, pp. 13) 10 rep X 5s hold X

3set

All interventions should be carried out 5 days/week for 4 weeks.

3.12 Data analysis

Statistical analysis will be performed using the statistical package for social science (SPSS)
version 20. The researcher will use the pie chart, bar chart, linear line diagram, and
inferential statistical test.

3.12.1 Statistical test

Statistical analysis refers to the well-defined organization and interpretations of the data by

systemic and mathematical procedure and rules.
Hypothesis Test
Wilcoxon Test

This test, also known as Wilcoxon matched pair, signed ranked test, is an alternative to the
paired t test, when the assumption of normality or equality of variances is not meet. When
there are just measures to be compared from the same case, and data are normally
distributed or the sample size is large, we apply a paired t test. In this situation if the data
is not normally distributed then use Wilcoxon test. Since my study sample was 28 and it

was not normally distributed, | will use Wilcoxon signed rank test. Calculated z value is

21



compared with table z value to find p value. If p< .05, we reject the null hypothesis. If

otherwise, we cannot reject the null hypothesis and accept it.

Equation/Formula:

N(N + 1)
T T
7z =
JN(N +1)(2N + 1)
24

Here,

T=Lowest value among positive and negative rank
N=Total number of the participants

Z=Value of the Wilcoxon matched pair signed rank test
Interpretation:

Calculated z value is compared with table z value to find p value. If p< .05, we reject null

hypothesis. If otherwise, we cannot reject the null hypothesis and accept it.
3.13 Ethical Consideration

The researcher maintained some ethical considerations: 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 the Institutional
Review Board and was permitted to do this research. After getting permission to do this
study from the academic institute the researcher started to do it. The researcher had been
given permission for data collection from the Musculoskeletal unit of Savar, CRP.
Researcher followed the Bangladesh Medical Research Council (BMRC) guideline &
WHO research guideline. 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
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not. All rights of the participants were reserved, and the researcher was accountable to the

participant to answer any type of study related question.
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CHAPTER IV RESULTS

4.1 Age of participants

The following sociodemographic data describes the percentage of age among 28
participants who were diagnosed with incomplete C and D SCI. The mean age of the
participants is 37 and standard deviation is 14.271. The pie chart shows that participants

within 18-28 years of age are the majority among analyzed age intervals.

m 18-28
m 29-38
m 39-48
2 49-58
m 59-68
m69-78

33%

Figure 2: Age of participants
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4.1.1 Age variables

Table 2: Age of the participants

Participant no. Age Participant no. Age
1 40 15 45
2 65 16 71
3 22 17 37
4 45 18 35
5 35 19 23
6 39 20 48
7 42 21 35
8 20 22 20
9 35 23 23
10 18 24 45
11 20 25 65
12 45 26 45
13 25 27 42
14 55 28 26

In this study the age variables of 28 participants were measured. The mean age of
participants was 38.07 = 14.460.
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4.2 Gender Ratio

Among 28 patients with incomplete C and D SCI who participated in this study, 75% (n=

21) were male and 25% (n=7) were female.

m Male
m Female

Figure 3: Gender ratio
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4.3 Cause of injury

The common causes of injury which are responsible for SCI were analyzed. 42.9% (n=12)
patients among 28 participants did fall from height and were diagnosed with SCI. The
second most common cause was road traffic accidents (RTA) which was responsible for
21.4% (n=6) patients. The other causes were shallow water diving (17.9%, n=5), scarf
injury (7.1%, n=2), physical assault (3.6%, n=1), and other traumatic causes (7.1%, n=2).

Othe traumatic cause - 2
Physical assult - 1
scarfinjury [ 2

o1

Shallow water diving

RTA

|0

Fall from height 12

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

m Cause of injury

Figure 4: Cause of injury



4.4 Educational level

The educational level extends from no formal education up to post graduation. 28
participants’ educational level was measured, and we found that the most common
educational level among the participants was higher secondary (28.6%, n=8). The other
participants were 10.7% (n=3) primary, 28.6% (n=5) secondary and 21.4% (n=6) graduate
level educated. Only 1 (3.6%) participant completed post-graduation.

30%
8
25% > | 6
5
20%
15% 3
10%
1

5% |
- [

No formal  Primary  Secondary Higher Graduate Post

education  education Secondary graduate

m Educational status

Figure 5: Educational level
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4.5 Occupational status before SCI

The occupational status was measured by analyzing data found from 28 participants. The
occupations were housewife (n=1), shopkeeper (n=7), farmer (n=5), service holder (n=3),

businessman (n=4), day labor (n=2), student (n=3), unemployed (n=1) and others (n=2).

30%
7
25%
20% 5
15% 4
3 3
10% 2 2
- El= B
o N ]
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2 ¥ @Q’QQ LS ’ 0\& e %00 @bé\ \Oﬁe S
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RIS &8 & &F
S

m Occupation

Figure 6: Occupational status before SCI
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4.5 Type of paralysis

After evaluating the previous medical history, we evaluated the type of paralysis among
the participants. Among 28 participants, 57.1% (n=16) participants were diagnosed with
traumatic paraplegia. The remaining 42.9% (n=12) participants were traumatic tetraplegic.

m Traumatic paraplegia  m Traumatic tetraplegia

Figure 7: Type of paralysis
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4.6 AIS Category

After analyzing the data collected from 28 participants, we found that 71.4% (n=20)

participants were incomplete D and the remaining 28.6% (n=8) participants were
incomplete C.

mIncomplete C mIncomplete D

Figure 8: AIS category
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4.7 Co-morbidities after SCI

Co-morbidities that arrive after SCI were evaluated among patients. The questionnaire
included co-morbidities such as pressure sore, depression, bowel bladder dysfunction,
respiratory complications, postural hypotension, urinary incontinence, circulatory
problem, spasticity or the presence of more than one complication. It was found that 71.4%
(n=20) participants suffered from multiple co-morbidities and 28.6% (n=8) participants

only had spasticity in their distal limbs.

Spasticity

Multiple

0% 10% 20% 30% 40% 50% 60% 70%  80%

m Co-morbidities

Figure 9: Co-morbidities after SCI
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4.8 Duration of injury

Duration of injury was measured by considering the date of accident and the date of data
collection for pre-test. The most common duration of injury is 2 months (50%, n=14). The
remaining 46.4% (n=13) participants had SCI before 3 months and 3.6% (n=1) participants
had SCI before 1 month.

3 months

____________________________________Jk

2 months

- BE

1 month
Il

0% 10% 20% 30% 40% 50% 60%

m Duration of injury

Figure 10: Duration of injury

33



4.9 Functional independence status

Table 3: Mean and standard deviation (SD) of total independence status of the

participants

N=28 SCIM total pretest SCIM total posttest Mean difference
Mean 50.71 63 9.29
SD 6.599 11.225

The table presents the mean total SCIM score of pre-test and post-test group as well as their
mean difference. The total number of participants was 28. The mean for the pre-test group
was 50.71, SD= 6.599 and post-test group was 63, SD= 11.225. The mean difference
between pre and post-test of the participants has been found to be 9.29. As mean represents
all the components of the samples, initially we can say that the total score has increased in
participants after 4 weeks of intervention.

70 63
60

50
40
30
20
10

0

50.71

12.29

Mean pre-test Mean post-test Mean difference

m SCIM total score

Figure 11: Comparison between mean of pre-test and post-test total
scores
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4.9.1 Analysis of Functional independence

Wilcoxon Signed Rank test by comparing between Pre-test and Post-test total score.

Table 4: Calculation of Z value for Pre-test and Post-test functional independence

Pre-test and Post-test functional independence

Spinal Cord N Test Statistics (Wilcoxon Signed Rank Test)
Independence
Measure, version 111
Z value p-value
(SCIM-I111)
Positive ranks 28
Negative ranks 0
- 4.627 0.001"
Ties 0
Total 28

The table displays the comparison of the participants before (pre-test) and after (post-test)
SCIM total score. According to the table’s legend, none of the participant’s total
independence score decreased. The total functional independence score of 28 participants
was higher after the intervention. The point ‘ties’ indicate that no patient’s total
independence score remained same as the pre-test score. P value is <0.05 which describes
that there is less than a 5% chance that the results are due to random error, and it is
significant. Therefore, it can be said that the alternative hypothesis is accepted, and the null

hypothesis is rejected.
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4.10 Analysis of Self care

Table 5: Mean and standard deviation (SD) of Self-care status of the participants

N=28 Self-care pretest Self-care posttest ~ Mean difference
Mean 11.39 17.11 5.72
SD 2.283 2.572

The table presents the mean Self-care score of pre-test and post-test group as well as their
mean difference. The total number of participants was 28. The mean for the pre-test group
was 11.39, SD= 2.283 and post-test group was 17.11, SD= 2.572. The mean difference
between pre and post-test of the participants has been found to be 5.72. As mean represents
all the components of the samples, initially we can say that the ability to do self-care

functions has increased in participants after 4 weeks of intervention.

20 17.11
15
11.39
10
5.72
5 .
0
Pre-test Post-test Mean difference
m Self-care

Figure 12: Comparison between mean of pre-test and post-test of self-
care scores.
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4.10.1 Analysis of Self-care

Wilcoxon Signed Rank test by comparing between Pre-test and Post-test Self-care

Score.

Table 6: Calculation of Z value for Pre-test and Post-test of Self-care

Pre-test and Post-test Self-care

Self-care subscale of N Test Statistics (Wilcoxon Signed Rank Test)
SCIM-III
Z value p-value
Positive ranks 28
Negative ranks 0
-4.635 0.001"
Ties 0
Total 28

The table displays the comparison of the participants before (pre-test) and after (post-test)
Self-care scores. According to the table’s legend, none of the participant’s total self-care
score decreased. The total self-care independence score of 28 participants was higher after
the intervention. The point ‘ties’ indicate that no patient’s total self-care score remained
same as the pre-test score. P value is <0.05 which describes that there is less than a 5%
chance that the results are due to random error, and it is significant. Therefore, it can be
said that there has been found a significant improvement in self-care function through

interventions.
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4.11 Analysis of Respiration and Sphincter Management

Table 7: Mean and standard deviation (SD) of Respiration and Sphincter

Management of the participants

N=28 Respiration and Respiration and Mean difference
Sphincter Sphincter
Management Pre- Management
test Posttest
Mean 28.89 29.36 0.47
SD 3.871 4.708

The table presents the mean Respiration and Sphincter Management score of pre-test and
post-test group as well as their mean difference. The total number of participants was 28.
The mean for the pre-test group was 28.89, SD= 3.871 and post-test group was 29.36, SD=
4.708. The mean difference between pre and post-test of the participants is 0.47. As mean
represents all the components of the samples, initially we can say that the ability to manage

respiration and sphincter has increased slightly participants after 4 weeks of intervention.

40
28.89 29.36
30
20
10
0.47
0
Pre-test Posttest Mean difference

m Respiration and Sphincter Management

Figure 13: Comparison between mean of pre-test and post-test of Respiration and

Sphincter Management mean
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4.11.1 Analysis of Respiration and Sphincter Management

Wilcoxon Signed Rank test by comparing between Pre-test and Post-test Respiration

and Sphincter Management.

Table 8: Calculation of Z value for Pre-test and Post-test of Respiration and Sphincter

Management

Pre-test and Post-test Respiration and Sphincter Management

Respiration and N Test Statistics (Wilcoxon Signed Rank Test)
Sphincter
Management
Z value p-value
subscale of SCIM-
i

Positive ranks 6
Negative ranks 3

Ties 19 - 1.266 0.205

Total 28

The table displays the comparison of the participants before (pre-test) and after (post-test)
of Respiration and Sphincter scores. Respiration and Sphincter Management subscale is a
scale of 40 score. According to the table, there has been found 6 positive and 3 negative
ranks. The remaining ranks are ties that means the same score of pre-test and post-test. The
significant p-value is 0.205 in which there is less than a 5% chance that the results are due
to random error, and it is not significant. Therefore, it can be said that no significant
improvement has been found in Respiration and Sphincter Management function through
interventions.
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4.12 Analysis of Mobility (room and toilet)

Table 9: Mean and standard deviation (SD) of Mobility (room and toilet) of the

participants

N=28 Mobility (room Mobility (room Mean difference
and toilet) Pre-test and toilet) Posttest

Mean 8.93 16.36 7.43

SD 1.942 4.048

The table presents the mean Mobility (room and toilet) score of pre-test and post-test group
as well as their mean difference. The total number of participants was 28. The mean for the
pre-test group was 8.93, SD= 1.942 and post-test group was 16.36, SD= 4.048. The mean
difference between pre and post-test of the participants has been found to be 7.43. As mean
represents all the components of the samples, initially we can say that the ability to do self-

care functions has increased in participants after 4 weeks of intervention.
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Figure 14: Comparison between mean of pre-test and post-test of

Mobility (room and toilet)
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4.11.1 Analysis of Mobility (room and toilet)

Wilcoxon Signed Rank test by comparing between Pre-test and Post-test Mobility

(room and toilet) score.

Table 10: Calculation of Z value for Pre-test and Post-test of Mobility (room and
toilet)

Pre-test and Post-test of Mobility (room and toilet)

Mobility (room and N Test Statistics (Wilcoxon Signed Rank Test)
toilet) subscale of
SCIM-III
Z value p-value
Positive ranks 26
Negative ranks 0
-4.470 0.001"
Ties 2
Total 28

The table displays the comparison of the participants before (pre-test) and after (post-test)
Mobility (room and toilet) scores. According to the table's legend, none of the participant’s
total Mobility (room and toilet) score did not decrease. The point ‘ties’ indicate that 2
patient’s total Mobility (room and toilet) score remained same as the pre-test score. P value
is <0.05 which describes that there is less than a 5% chance that the results are due to
random error, and it is significant. Therefore, it can be said that there has been a significant

improvement in Mobility (room and toilet) function through interventions.
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CHAPTER YV DISCUSSION

The purpose of the following study is to evaluate the impact of Core Stabilization exercises
on functional improvement in SCI patients with AIS categories incomplete C and D. Males
makeup 75% of the sample, while females make up 25%. The age range chosen was 18 to
78. The most frequent cause of injury was falling from a height, and the severity of the
injuries was higher among the patients. Among 28 participants, 57.1% of patients had
traumatic paraplegia and 42.9% had traumatic tetraplegia. Eight participants and twenty
patients each received an AlS category incomplete D diagnosis. Most patients (71.4%) had

numerous co-morbidities, while just a small percentage (28.5%) had solely spasticity.

A treatment protocol is maintained while receiving the exercises along with their daily
treatment program. After 4 weeks of intervention, the functionality of the participants was
measured by SCIM-3 scale that included questions on self-care, respiration and sphincter
management and mobility in the room and in the toilet. The results show a significant
(p<0.05) improvement in total functioning that was analyzed, considering the total score
of the scale. Then the subscales were individually analyzed to find out the impact of
exercise on these three subscales that included self-care, bowel-bladder management, and

mobility functions.

In our study patients’ ability to perform their self-care activity independently, has increased
significantly (p<0.05). Loss of hand functions has always been a prime focus for a
healthcare provider as the patient undergoes rehabilitation process. Different studies have
been done to improve hand functions. A study was done on 15 patients to determine the
effectiveness of robotic gloves with the aim to improve hand functions and self-care
activities as they undergo home based rehabilitation. After 12 weeks of intervention,
participants improved their hand functions, specifically pinching grip, and thumb functions
(Osuagwu et al., 2020). But robotic hands are expensive and its wide usability irrespective
of socio-economic status cannot be ensured. Active core stabilization exercises are

attainable, and patients can keep performing them while receiving home-based
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rehabilitation. However, not every Core Stabilization exercise is suitable for employment

during acute stage. Robotic therapies may be more helpful in that regard.

Measurements of respiratory and sphincter functioning were also made for this study.
However, some individuals did not experience any improvement, while others saw a
decline in sphincter function. It was found not to be significant (p= 0.205) when the
exercise effectiveness was measured for respiratory and sphincter management ability. All
of the patients were either incomplete C or incomplete D, thus breathing wasn't that much
involved. Although some patients' sphincter functions had improved, most of them did not
exhibit an improvement in their bowel and bladder functions. A clinical trial was conducted
to evaluate the effectiveness of respiratory muscle training while combining it with
abdominal drawing-in maneuver concerning the immediate effect of the exercise. 37
participants were enrolled for this study who had a level of C4-T6 spinal cord lesion. The
outcome was measured using a spirometer reading and a stabilizer. The experiment was
performed for 8 weeks, and post test results were taken. The control group received inly
conventional breathing exercises. The outcomes were suggestive of a significant increase
in functioning if the breathing when compared with control group (Kim et al. 2017, pp. 2-
7).

A clinical experiment for evaluating an inspiratory muscle training program was conducted
with the goal of enhancing breathing function. Aerobic ability, respiratory muscle strength,
and degree of tiredness were the tested results. The experiment evaluated participants'
aerobic fitness levels to determine whether the training program had any positive effects
on their overall cardiovascular endurance and oxygen utilization during physical activity.
The strength of the respiratory muscles, particularly the inspiratory muscles responsible for
inhalation, was assessed to gauge improvements resulting from the training program.
Participants' self-reported levels of tiredness and fatigue were recorded to understand
whether the training program had any influence on reducing the perception of tiredness
during daily activities. In a 4-week clinical trial, the participants in the trial group
underwent 15-minute training session five days a week, while the control group practiced

standard breathing techniques. The goal of the trial was to assess changes in respiratory
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capacity. Surprisingly, the results indicated that both groups were successful in increasing

their respiratory capacity.

This outcome suggests that both the specialized training program and the standard
breathing techniques had a positive impact on the participants' respiratory capacity. It
underscores the importance of regular breathing exercises and indicates that even short,
focused training sessions can lead to improvements in respiratory function. Such findings
can be valuable for individuals looking to enhance their breathing and overall respiratory
health (Soumyashree and Kaur 2020, pp. 1-5).

Lastly, mobility in room and toilet was another function that has been found significant
(p<0.05). the participants had a significant improvement in limited to maximum distance
mobility, pressure sore management and transfers. Participants experienced notable
enhancements in their ability to move within both room and toilet environments. This
suggests that the intervention or treatment being studied had a positive impact on their
mobility. The study's results encompassed a range of mobility scenarios, from limited
movement to maximum distance mobility. This indicates that the improvements were
comprehensive and not limited to specific mobility conditions. There is a greater scope to
enhance the Core Stabilization exercise program by combing it with higher level of
exercises such as locomotor training. Locomotor training shares similar principles as the
Core Stabilization exercises as it focuses on the patient’s active control over their core
muscles. To understand deeply the effect of locomotor training, a study was performed to
specifically understand the kinematic and neuromuscular adaptation after receiving
locomotor training. The patients were enrolled in terms of having either AIS C or D and
other criteria. It was found that locomotor training improves neuromuscular control over
the core muscles thus improving overall mobility (Ardestani et al. 2019, pp. 3-8). The
fusion of Core Stabilization exercises with locomotor training offers a well-rounded
approach to core strength development. Locomotor movements, such as walking or
stepping, demand substantial core muscle engagement for stability, balance, and
coordinated movement. By including these dynamic activities, patients can build core
strength more effectively than with static exercises alone. Robotic training is another way

of intervention that has gained interest of many authors and have been proven to be more
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effective than weight shifting techniques along with locomotor training(Wu et al., 2018).
Non-invasive spinal stimulations are found effective in improving EMG activity of the
muscles that has allowed the participants to enhance their mobility while undergoing
conventional physiotherapy(Sayenko et al. 2019, pp. 5-13)

To determine the effectiveness of step training with body weight support on a treadmill, a
randomized controlled trial was conducted. Therapy for ground mobility was provided to
the control group. Participants with incomplete SCI graded as B, C, or D AIS were included
in the study. Following a 12-week course of therapy, the walking speeds of both groups
were measured. According to intergroup analysis, incomplete C and D patients had the
best results (Dobkin et al. 2006, pp. 484-488)

Stabilization exercises are relatively new exercises that mainly focus on the overall
rehabilitation of core muscles so that it can contribute to the neurodynamic of the spine.
Many studies have been done that focus core muscle strength with the aim to improve

proprioception and neural activity.

The study was done focusing solely on patients who had an incomplete injury. Participants
had either half or more than half of the key muscle ability to work against gravity through
the full range of motion. But acute SCI injury is paralyzing and not all the affected

individuals can carry out the core stabilization exercises.

45



5.1 Limitations of the study

The amount of time to carry out the interventions was scanty. The study only focused the
patients who had either incomplete C or D, so the results cannot be generalized for the
population of SCI. Core Stabilization exercises require active control over the core muscles
and if the patient is present with higher level of injury it may worsen their condition.

The fact that the study was conducted at a single center, CRP, may limit the generalizability
of the findings to other healthcare facilities with different resources, patient populations,
and practices. To understand the effectiveness of core stabilization exercises more
comprehensively and to account for variations in patient demographics and resources,
conducting multicenter studies involving different types of healthcare facilities is indeed
would be valuable. Specifically, these exercises can be carried out in a cardio-respiratory
specialized medical center to explore its effectiveness in respiratory functions.

It was a quasi-experimental design in which we determined the effectiveness of Core
Stabilization in the presence of regular conventional therapy. Its effectiveness may be
explored furthermore if the patients are randomized and controlled while isolating a group

that will receive only Core Stabilization exercises.
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CHAPTERVI CONCLUSION AND RECOMMENDATION

6.1 Conclusion

In modern times among the most severe diseases in the world, spinal cord injury (SCI) is
followed by a protracted and frequently ineffective healing process following trauma. The
spinal cord is greatly harmed by spinal cord injury (SCI). The distal level of the injury
causes an interruption in the spinal cord's ability to conduct its normal actions. Due to the
limited capacity of the central nervous system to heal and the limited number of therapeutic
alternatives available up to now, a spinal cord injury is a life-altering event that leaves most

patients disabled or paralyzed throughout their lifetime.

The findings of this study suggest that Core Stabilization exercises have a positive impact
on body functions. The study has focused specifically on three functions. Among them
self-care and mobility functions have been found to be highly significant. Although the
improvements were not significant when respiratory and sphincter functions were
analyzed. A more effective treatment should be planned to improve respiratory functions
and bowel and bladder management.

Early rehabilitation is crucial for a SCI patient so that he or she can return to their daily
activity more quickly and allow them to reduce the chances to develop SCI related
complications. So, to allow the patients to be able to perform Core Stabilization exercises
in the initial period of their injury, functional stimulation modalities may boost the overall

neural and muscular activity of core muscles.

Core Stabilization exercises are easy to perform, and the patient can carry out the exercises
without the help of the therapist. Also, these exercises can be performed irrespective of the
socio-economic status of the participant.

Core muscles are a box of power within the body. So, it requires no more saying of the

importance of new exercises that focus core muscles.
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6.2 Recommendation

This research is in the form of a quasi-experiment. When conducting significance tests,
data from two distinct time periods are used, and quasi-experimental studies use data from
the same group. There is no isolation inside the group, nor is there another kind of
intervention. Exercises for core stability can be contrasted with other types of physical
exercise, such as locomotor training, weight-supported exercises, or exercises that
incorporate electrical stimulation. By separating a group and evaluating the results of an
additional exercise or any combination of treatments, one may determine the benefits of
core stability exercises alone. This scientific study had a brief duration. Since patients
actively do these exercises, a longer duration of intervention may be necessary to determine

the rate of adherence to core stability exercises.

Only patients with an incomplete C or D rating for paralysis are the subject of this study.
Therefore, it is not possible to generalize the therapeutic procedure given to paraplegic
individuals who have had SCI. When electrical stimulation is combined with core stability
exercises, a variety of paralyzed individuals may benefit from this combination of

treatments.

As previously noted, the subsequent trial did not demonstrate a statistically significant
improvement in the respiratory and sphincter control of individuals with incomplete SCI.
One of the most frequent issues following SCI is the development of respiratory difficulties
and bowel bladder incontinence. To help SCI patients with their breathing and voiding
mechanisms, more targeted activities have to be discovered and should be added with

conventional rehabilitation program

Exercises for core stability are designed to increase a person's functioning. Therefore, the
professionals in rehabilitation should allow the patients to perform everyday tasks on their
own. Exercises for core stability combined with a traditional rehabilitation program will

help patients achieve better neurodynamic integrity, which will boost their recovery.
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INTERNATIONAL STANDARDS FOR NEUROLOGICAL Patient Name Date/Time of Exam
ASTPD  cussrcanon o seinaccoromuvry [ SCEBS S s
(ISNCSCI) T —
SENSORY SENSORY
w — m : q —Am_«__mmmﬁwn_“_ymmm KEY SENSORY POINTS KEY SENSORY POINTS xm@“—.“.umem F m “q
Light Touch (LTR) Pin Prick (PPR) Light Touch (LTL) Pin Prick (PPL)
c2 Cc2
c3 c3
C4 c4
Elbow flexors C5 C5 Elbow flexors
UER Wrist extensors C6 C6 Wrist extensors UEL
(Upper Extremity Right)  £50, oxtensors C7 C7 Elbowextensors ~ (Upper Extremity Left)
Finger flexors C8 C8 Finger flexors
Finger abductors (iittle finger) T1 T1 Finger abductors (ittie finger)
Comments (Non-key Muscle? Reason for NT? Pain?): 12 12 MOTOR
3 T3 (SCORING ON REVERSE SIDE)
._.h ﬂh 0 = total paralysis
5 T5 1 = palpable or visible contraction
2 = active movement, gravity el
T6 T6 3 = active movement, against gravity
T7 7 4 = active movement, against some resistance
5 = active movement, against full resistance
T8 T8 5% = normal corrected for pain/disuse
To ® Key Sensory 19 NT = not testable
T10 RO T10 SENSORY
T T11 (SCORING ON REVERSE SIDE)
0= absent 2= normal
© 2 nz [
0_ Hip flexors L2 L2 Hip flexors
M% LER Knee extensors L3 L3 Knee extensors LEL
(Lower Extremity Right)  Ankle dorsiflexors L4 L4 Ankle dorsii (Lower Extremity Left)
Long toe extensors LS L5 Long toe extensors
Ankle plantar flexors S1 S1 Ankle plantar flexors
S2 S2
(VAC) Anal C i o - [ (04 Deep Anai P
Voluntary Anal tracti S4-5 L eep Anal Pressure
(Yes/No) _|_ 54-5 (Yes/No)
RIGHT TOTALS _ _ _ _ _ _ _ _ LEFT TOTALS
(MAXIMUM)  (50) (56) (56) (56) (56) (50)  (MAXIMUM)
MOTOR SUBSCORES SENSORY SUBSCORES
ueR[ J+veL[  J=uvemsrora [ | R |stet[  J=uemstom [ ] um[__Jeun [ J=wrrom[ | eer[ Jepr[ |=prrom ]
MAX (25) (25) (50) MAX (25) (25) (50) MAX (56) (56) 112) MAX (56) (56) 12)
NEUROLOGICAL R L 4. COMPLETE OR INCOMPLETE? i connplte i o) R L
LEVELS 1. SENSORY D D Nmemwﬁﬂh%_\m%.h % _H_ Incomplete = Any sensory or motor function in $4-5 D NmuMMQMﬂ “ nws uﬂh SENSORY _H_ D
Steps 1-5 for classificati
e sl 2 woron[—] [ i) 5. s meaimwenT scai is) [, PRESERVATION  woron ][]

This form may be copied freely but should not be altered without permission from the American Spinal Injury Association. REV11/15

61



A5-8; At Frden Raae it

(ST AT AR 8 HER AT O AR Pl AACR)

AR T CCoTen i (W), T 46 wwwe! AT 7 A e
rreete @IMTR T ReITeis tofd T3t 2R Aee I e, Y- ¢ e
(@M TeRIR) ARGE @32 SATRTe! (J0F W) BRETH) AR T WA SR
fifen fraeaat @z 9 ToRm 9t <7

Ifeere «Afnd RREGT F

S. A (FBFD, 6! A, A BN, A-_E YA FIR @i,
AR Fiol =)

o= O FCAI AR ACEH, (PO BT WA AeAR Ty F75jf
AR ARG 27 |

3= AN AR AL AATE SAFIAEE ARG AT (ATS G2 A 21
TACS AT |

3= R CABKCAR AR e et (e #1ta 9l By FIoHMH,
(0T CIET, {If TRE &) TRICTF TS 27 |

0= A AL AT SAFA Ul3, Al @ A_[F [os Wis (A0S AT |

62



R, CATE R (SR SN, (I, AT 8 *9 (R, 2ifq Fa1
BISEAGIC )

3. *AET Tolrag went:

o= 5} R LTS 27 |

d= AN AR ARTE =T |

2= (OFTE] FAIF & T[S ST T FABRAS (FIAT SR (I
COTF) e 27 |

= (AFTE] FEIF & TRTF ST QA FiATB® (FIAT S (TN
OTR) ARG 27 0 |

¥, #AFR o oot ez
o= 5} MR LTS 27 |

d= I AR ACRS =23 |

2= (AITE] FAIF & T[S ST TA FABRAS (FIAT SRAR(CTI:
OTF) e 27 |

= (APTE] FEIF S TRTE &9FF9 QA FAB® (FIAT S (TN
oA TS 77 1

63




O, TAPING A (T, o, “fae Fa1 % 1 G qLo/™- 7ot
Q32 (M)

3. *AET Tolrag went:
o= 5} MR LTS 27 |

3= @SN, (53« 9! Fe! Jel TNFIT #Trs AN AR LS
|

3= @S, (537 T fFol BT TNFHT 2Trs AI[SF ©AFA G
FARTS (P! SN AT 27 |

= AYTF ToFae T FARTS (A TN DSI2- (@O, (53 ALl
el TUl TINFT MiE Tre Y T8 @, (537 92 fFel Aeite
AW € AAF ST TN RO SN LTS 23 |

8= AT T WA FABfTS (@A TRl werR FNrw e @i
GINFIAG ATCS AT |

64




<, *]we e we:
o= 5} R LTS 27 |

3= @O, (537 3! fFel Tl TNFIT 2Tre AN AR A
ET

3= @O, (537 WL ol BEl FNFAT 2T AAF ST Tl
FARTS (FIA! SN AT 27 |

= TS BAFFT AL FABS (S0 TR RTI3- (@O, (537 WL
AR 8 FRF TAFI G RO SAAF AT 27 |

8= AZTF TAFAT G FABAS (FICN el BorR e e @i
SN TTS A1 |

65



8. sifF®ig- “iftewret (Tre- Y2 (7, wie gt 41, pel ABOIC, (e
1, (TP ST

o= 3 AR LS = |

d= AN AR ARTE =T |

3= RIF TAFFACIT AR e e ifqwa zee i

= RSP TATFAT AR et fee fes «ifas= 2ce «ifq

Jeere #Afapdia ACBIBE (0-20)

66




W-2HT @ SR (Tari/<emaie) sAfaset

BT FT

€. Y-

o= I Y ST WG WCH G- 2P Q7o el Flears ettt
Gifeae B5%) amem =3

3= XA ¢S Sl Bea My Afdwe Fee e ¥ fre wig,
e ARG =¥, I @32 Geifers BEa e owy A=
ARG 27 |

8= XTIl (© M Boa Mg AfdFeid s fe e fes i,
fFE A 27, I @32 Y B “faserme o w5 A=
S 7 |

b= B339 2o YA e A s e et fee st wifes
TS T, S 32 Yrreifers BT “Afavie=ig oy 28 A=
qdEe 27 |

b= YA NG AGFed e e 91 e #itg, SiEeee as-
7Y, M @I Yoriferd BT ARG S AN AR RS 27 |

So= (JFI &I AR RTI2 % Hre “td |

67




%.WWW)W
0= TBITS! (FABIET AT =T |

o= fafifeTaE 3Bfam ofeey- Yoo BT @a v @M, T T
(FABICRT TS =T |

b= fafesas 38 Sfefen- oo T Wa e 3, TG T e

= WA WA & (FBIF T, Ja WERCETR &) TS Pl FCe
ARG - 11

9= A WA e (B ¢, (FLBIRAIBEHR [fs (© @ €08
TS A, Y@ THACTH G TS Flaw 0T ARG 27 7 |

o= FFCEE 2o Sferew- yoo FfT U7 vTa I, @ FHFER &y
FRRE FlaW T AT 27 A g 920 7@ HEeT e 23

se= RECEE 2efam ofeTew- yoo BT €T W I, T@F @ 4=
TN, Y THEAET G FRRAE FIAW T AAE = AT

68




q, e (WeTRiR) AfstEt
o= I ENCSIT T 2R (o AT aF) TeTonet Fare A |

¢- frafire oIa 2@ A, 758 5y TR 2o =, 37 T 7E6
6 AT (ST R3AIEH IW)

b= (I T2 QI TeTofiel 27, Y& TN GO G0 A (SNTT FRAES
)

o= FHo 8 AR BT TINe Jerejia Face 2t |

b, DICADR IRQYT (TTRF AT 1, TSI A SNFI21T
FAGFSE 24 I ¢ (A, AT TR A G GI2A)

o= 5} MR LTS 27 |

S= I AR A 27, e s i@ 2ee =iita i

3= AN AR A 27, e e “fasd 2ee g

8= fts et BICeTs IR 40 2N 58 TTF ToAFae et
TS 5T AreE =7 |

&= fts f0s 500 99T FACS ANF G2 AYTF SHFAd WL
FAB® (F TIANT AT 27 1

69




HT-2T @ TGTCAR (AR/TTalR) ARSI ARTBIHT (0-80)

BElSe (IF 3R BACCD)

BN FT

5. AT 2 +ffgeq @3 viowfae o afetaty F29m F%

o= 7 JIF FRITF LATAG 27 (XAET TAET @l @ 057 qext Tuvy
T RS TAFA W2 A< QU (68 (@Al [Afos Toimqel 7l 73) |

2= CACHIC GF0! FIE HRW RGN FHCO 2ATH |

8= (ACHICA 201/fSwB! FIer FACO A1 |

Y= BT 17 930a o sifes 92t 9@ afsity A IS ALY
RT3 FACe AT |

So. TFEl SAfFST: RRN-2RABAT (LIFGAF F T4, FHEIO
T, Toe AN ¢ F ST A, BiE, o $ora corem)

o= 5} MR LTS 27 |

S= A AR ARE 27 I TGEmiH G FRTF SAFF (T
A (AIT) TS 27 |

3= FITOI HeNbel FACS “I1TF (LIFBAR 2ATASH 27 )

70




5. TN AAfFIS: LA (CF BAEH (I FIEH (AT 22ABAR
AR FCF O ZIAST 26A- IR TAT 23T WA
IR (ATF, MYA LIACGAF I CFF- LIABAR T 1,
FHICEIS A, S T @ 55 Trmeim e, Fed 7€, off T
CoTeT)

0= Tl SR AT |

5= AT ARCHE AT 23 AL TSAWNE AL FAAF SAFF
(AN 4AF T THFA) AT 27 |

3= FIHTOII BA6H FACO AT (LIAGAR 2T 27 1) |

S0, e I TR 77T 15 (So-doo fBR)
o= 3 AR LS = |

= (Ao LIFAN =il 9AF T© MT Il QAR BIENte HII=)
AR ARSI 27 |

3= S W DA LBAGAIET LT e e vava Face i1 |

©= (P ToFF0 T AT RIS JOIF TN TSawie SRS 23 |

8= 2O & IIZ© &FN/TFb M 26T AT |

€= 1> 21 TOR G I/TS Yo AR A 26T A |

71




b= B T GIZ© G0 I AR 26re N |

q= 8y HAIEF ey LT efeE 2W

b= (P ST QO Toiwad QU3 J6re “ed |

se. Fifbrs vevet
o= FfEre Tore @R TS AT

3= FNBIA AR A LA Tomif| § e FROAceE Sifeq foaf et
TI-TN FACS A |

3= Fif%a zrest /@5 /25 o IRze wfdd M FHHATE foafs fifen
15 TSI FATS 2N |

= FNIICE AT QO3 FAACTF Hi{Gq foals 19 T FC© I |

M, AT HAfTS/geE: AGAT (AT AT (e IRR @re
AT, TIFAAT T S, FEOICEI A, Foa TG ¢ f5F Trgam qms,
AT (AF FASF, LIAGAT NMTF (TOF 8 I (T)

o= I3} MR LTS 27 |

S= I FARHE LATCH 27 AL TGamIF FAA ATF SAFFe (T :
4RI G o) TS 27 |

3= FITONI HebE FACS 21T (LIFBAR LTS 27 )

72




9. G AT /FAEH: (N (AF TIAGAR
o= T AR eI 2 |

= (& BT 2o A, TS ST AT (3 |

55 AR (o-80)

6 BT FF (0-d00) f&-¢69%:

73




Informed Consent

Greetings!

My name is Mahdi Ul Bari. I am conducting this study which is part of my course
curriculum, and my thesis title is “Effectiveness of Core Stabilization Exercises for
Functional Improvement of Spinal Cord Injury (SCI) Patients”. For the fulfillment of
my study, I would like to know some information about social, demographics, clinical
information set people. So, I need to ask you some questions and examine you on this

regard and this will take approximately 20 to 30 minutes.

| assure you that this is pure professional study, and this will not be creating any harm to
you. The information you will provide will be treated as confidential and in the event of
any report or publication the source of this information will be kept anonymous. | would
like to inform you that your participation in this study will be considered as voluntary and

there will not be any kind of financial dealings.

As a part of this study or by the rights of the participants you can withdraw yourself at any
time from this study or if you will want to skip any questions that you don’t want to give
answer, you can proceed. If you further have any questions on this study, please feel free
to ask researcher Mahdi Ul Bari, 4th year student, Physiotherapy Department, Bangladesh
Health Professions Institute (BHPI), CRP, Savar, Dhaka- 1343 or my research supervisor
Muhammad Millat Hossain, Associate Professor & Course Coordinator, Department of
Rehabilitation Science, BHPI.

May [ start the interview? (Put tick mark)

Yes No

Signature of the Participant’s: Date:
Signature of Interviewer: Date:
Signature of Witness: Date:
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Research Title

Effectiveness of Core Stabilization Exercises for Functional Improvement
of Spinal Cord Injury (SCI) Patients

Questionnaires:
Date of interview:
Patient’s name:
Patient’s ID: Patient’s Mobile No:
Patient’s address: Village: P.O:
P.S: District:

Part-I: Socio-Demographic Information

[Use tick (V) to mark the correct answer]

No. | Question Response

1 Age: _ years

2 Gender: 0=Male
1=Female

3 Marital status: 0=Unmarried
1=Married
2=Divorced
3=Widow
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No.

Question

Response

Living area:

0= Urban
1= Semi-urban

2= Rural

Educational level:

0= No formal education
1= Primary

2= Secondary

3= Higher Secondary
4= Graduate

5= Postgraduate

6= Master’s

Occupation/Profession (before SCI):

0= Housewife

1= Shopkeeper
2= Farmer

3= Service holder
4= Business

5= Day-labourer
6= Student

7= Unemployed
8= Others

The number of family members:

The number of earning members in the family:

Financial condition:

0= Independent
1= Dependent

10

Family expense:
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11 Monthly treatment expense:
Part-11: Clinical information

No. | Question Response

12 | Health care received after trauma: 0= Hospital
1= Thana health complex
2= Private clinic
3=Home

13 [ Name of the facility where healthcare was 0= NINS

received after trauma or injury: |= CRP

2= NITOR
3= Others:

14 Admission date at CRP: / /
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No. | Question Response
15 Causes of injury: 0= Fall from height
1= Road traffic accident
2= Shallow water diving
3= Scarf injury
4= Physical assault
5= Spinal tumor
6= Other traumatic causes:
7= Other non-traumatic causes:
16 | Neurological level:
17 Skeletal level:
18 Diagnosis: 0= Traumatic paraplegia

1= Traumatic tetraplegia
2= Non-traumatic paraplegia

3= Non-Traumatic tetraplegia
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No.

Question

Response

19

Treatment received:

0= Conservative

1= Surgery

2= Surgery and conservative

20

Comorbidity (Before SCI):

0= Heart disease

1= High blood pressure

2= Respiratory diseases

3= Diabetes

4= Ulcer and stomach disease
5= Kidney disease

6= Liver disease

7= Anaemia or other blood
disease

8= None

21

Comorbidity (After SCI)

0= Pressure sore

1= Depression

2= Bowel bladder dysfunction
3= Respiratory complication
4= Postural hypotension

5= Urinary incontinence

6= Circulatory problem

7= Spasticity

8= None
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ination

1 exam

Clinica

Part-111

INTERNATIONAL STANDARDS FOR NEUROLOGICAL Patient Name Date/Time of Exam
ASTD  cussrcanon o seivaccoromury [ SCEBS S s
(ISNCSCI) T —
SENSORY SENSORY
w — m : q _am—«__m_.“.mHWHWmm KEY SENSORY POINTS KEY SENSORY POINTS xm@_m_.“.mﬁwhmm Fm mq
Light Touch (LTR) Pin Prick (PPR) Light Touch (LTL) Pin Prick (PPL)
C2 C2
c3 C3
C4 C4
Elbow flexors C5 C5 Elbow flexors
UER Wrist extensors C6 C6 Wrist extensors UEL
(Upper Extremity Right)  £p0y extensors C7 C7 Elbow extensors ~ (Upper Extremity Left)
Finger flexors C8 C8 Finger flexors
Finger abductors (itle finger) T4 T1 Finger abductors (iittle finger)
Comments (Non-key Muscle? Reason for NT? Pain?): T2 12 MOTOR
T3 13 (SCORING ON REVERSE SIDE)
._.h ._.h 0 = total paralysis
15 15 1 = palpable or visible contraction
2 = active movement, gravity eliminated
T6 T6 3 = active movement, against gravity
7 17 4 = active movement, against some resistance
5 = active movement, against full resistance
T8 T8 5% = normal corrected for pain/disuse
19 S3 . ® Key Sensory T9 NT = not testable
T10 .‘ $4-5 Points T10 SENSORY
et m T (SCORING ON REVERSE SIDE)
0= absent 2= normal
._._dum H“ 2 1= M%‘M@ NT u: w\cﬂwmmszm
Hip flexors L2 L2 Hip flexors
LER Knee extensors L3 L3 Knee extensors LEL
(Lower Extremity Right)  Ankle i L4 L4 Ankle dorsiflexors ~ (Lower Extremity Left)
Long toe extensors L5 L5 Long toe extensors
Ankle plantar flexors S1 S1 Ankle plantar flexors
S2 S2
(VAC) Anal Contracti wamw < = (DAP) Deep Anal Pressure
y -5 : 4 _ _
(Yes/No) _|_ 54-5 (Yes/No)
RIGHT TOTALS _ _ _ _ _ _ _ _ LEFT TOTALS
(MAXIMUM)  (50) (56) (56) (56) (56) (50)  (MAXIMUM)
MOTOR SUBSCORES SENSORY SUBSCORES
Uer[_|+ueL[ J=uemstora [ | wer[ e[ |=eemsror [ | um[ Jeu [ |=crrom [ ] eem +PPL =rproTa[ |
MAX (25) (25) (50) MAX (25) (25) (50) MAX (56) (56) (112) MAX (56) (56) (112)
NEUROLOGICAL R 1L 4. COMPLETE OR INCOMPLETE? i imglle i ) R L
LEVELS 1. SENSORY D _H_ Mm‘“mwﬁﬂh%_w\%%% _H_ Incomplete = Any sensory or motor function in S4-5 _H_ NNRM%QM“ “ “w\ uah SENSORY _H_ _H_
Steps 1-5 for classificati
o s woron ][] Ly 5.ASIA MPAIRMENT SCALE (A1) [ ., PRESERVATION - yoron[—] [
This form may be copied freely but should not be altered without ion from the Spinal Injury A iati REV11/15
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Part-1V: Functional examination

(Data was taken before and after 4 weeks of intervention)

The Spinal Cord Independence Measure (SCIM), is a disability scale
developed specifically for the SCI population to assess various activities of
daily living (ADLs) by measuring self-care, respiratory and sphincter
management & mobility (room and toilet).

Self Care Item score

1. Feeding (cutting, opening containers, pouring, bringing
food to mouth, holding cup with fluid)

0= Needs parenteral, gastrostomy or fully assisted oral feeding.

1= Needs partial assistance for eating and/or drinking, or for
wearing adaptive devices

2= Eats independently; needs adaptive devices or assistance only
for cutting food and/or pouring and/or opening containers

3= Eats and drinks independently; does not require assistance or
adaptive devices
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2. Bathing (soaping, washing, drying body and head,
manipulating water tap)

A. Upper body:

0= Requires total assistance

1= Requires partial assistance

2= Washes independently with adaptive devices or in a specific
setting (e.g., bars, chair)

3= Washes independently; does not require adaptive devices or
specific setting (not customary for healthy people)

B. Lower body

0= Requires total assistance

1= Requires partial assistance

2= Washes independently with adaptive devices or in a specific
setting (adss)

3= Washes independently; does not require adss
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3. Dressing (clothes, shoes, permanent orthoses; dressing,
wearing, undressing)

A. Upper body

0= Requires total assistance

1= Requires partial assistance with clothes without buttons,
zippers or laces (cwobzl)

2= Independent with cwobzl; requires adaptive devices and/or
specific settings (adss)

3. Independent with cwobzl; does not require adss; needs
assistance or adss only for buttons, zippers or laces (bzl)

4. Dresses (any clothes) independently; does not require
adaptive devices or specific setting
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B. Lower body
0= Requires total assistance

1= Requires partial assistance with clothes without buttons,
zippers or laces (cwobzl)

2= Independent with (cwobzl), requires adaptive devices and/or
specific settings (adss)

3= Independent with cwobzl without adss needs assistance or
adss only for bzl

4= Dresses (any clothes) independently does not require
adaptive devices or specific setting

4. Grooming (washing hands and face, brushing teeth,
combing hair, shaving, applying makeup)

0= Requires total assistance

1= Requires partial assistance

2= Grooms independently with adaptive devices

3= Grooms independently without adaptive devices

Self Care Subtotal (0-20)
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Respiration and Sphincter Management

Item score

5. Respiration

0= Requires tracheal tube (TT) and permanent or intermittent
assisted ventilation (IAV)

2= Breathes independently with TT; requires oxygen, much
assistance in coughing or TT management

4= Breathes independently with TT; requires little assistance in
coughing or TT management

6= Breathes independently without TT; requires oxygen, much
assistance in coughing, a mask (e.g., peep) or [AV

8= Breathes independently without TT; requires little assistance
or stimulation for coughing

10= Breathes independently without assistance or device
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6. Sphincter Management - Bladder
0= Indwelling catheter

3= Residual urine volume (RUV) > 100cc; no regular
catheterization or assisted intermittent catheterization

6= RUV < 100cc or intermittent self-catheterization; needs
assistance for applying drainage instrument

9= Intermittent self-catheterization; uses external drainage
instrument; does not need assistance for applying

11= Intermittent self-catheterization; continent between
catheterizations; does not use external drainage instrument

13=RUYV <100cc; needs only external urine drainage; no
assistance is required for drainage

15= RUYV <100cc; continent; does not use external drainage
instrument
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7. Sphincter Management - Bowel

0= Irregular timing or very low frequency (less than once in 3
days) of bowel movements

5= Regular timing, but requires assistance (e.g., for applying
suppository); rare accidents (less than twice a month)

8= Regular bowel movements, without assistance; rare accidents
(less than twice a month)

10= Regular bowel movements, without assistance; no accidents
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8. Use of toilet (perineal hygiene, adjustment of clothes
before/after, use of napkins or diapers)

0= Requires total assistance

1= Requires partial assistance; does not clean self

2= Requires partial assistance; cleans self independently

4= Uses the toilet independently in all tasks but needs adaptive
devices or special setting (e.g., bars)

5= Uses toilet independently; does not require adaptive devices
or special setting

Respiration and Sphincter Management Subtotal (0-40)
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Mobility (room and toilet)

Item score

9. Mobility in Bed and Action to Prevent Pressure Sores

0= Needs assistance in all activities: turning upper body in bed,
turning lower body in bed, sitting up in bed, doing push-ups in
wheelchair, with or without adaptive devices, but not with
electric aids

2= Performs one of the activities without assistance

4= Performs two or three of the activities without assistance

6= Performs all the bed mobility and pressure release activities
independently

10= Breathes independently without assistance or device

10. Transfers: bed-wheelchair (locking wheelchair, lifting
footrests, removing and adjusting arm rests, transferring, lifting
feet)

0= Requires total assistance

1= Needs partial assistance and/or supervision, and/or adaptive
devices (e.g., sliding board)

2= Independent (or does not require wheelchair)
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11. Transfers: wheelchair-toilet-tub (if uses toilet
wheelchair: transfers to and from; if uses regular wheelchair:
locking wheelchair, lifting footrests, removing and adjusting
armrests, transferring, lifting feet)

0= Requires total assistance

1= Needs partial assistance and/or supervision, and/or adaptive
devices (e.g., grab-bars)

2= Independent (or does not require wheelchair)

13. Mobility for Moderate Distances (10-100 metres)
0=Requires total assistance

1= Needs electric wheelchair or partial assistance to operate
manual wheelchair

2= Moves independently in manual wheelchair

3= Requires supervision while walking (with or without devices)
4= Walks with a walking frame or crutches (swing)

5= Walks with crutches or two canes (reciprocal walking)

6= Walks with one cane

7= Needs leg orthosis only

8= Walks without walking aids
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14. Mobility Outdoors (more than 100 metres)

0= Requires total assistance

1= Needs electric wheelchair or partial assistance to operate
manual wheelchair

2= Moves independently in manual wheelchair

3= Requires supervision while walking (with or without devices)

4= Walks with a walking frame or crutches (swing)

5= Walks with crutches or two canes (reciprocal waking)

6= Walks with one cane

7= Needs leg orthosis only

8= Walks without walking aids
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15. Stair Management

0= Unable to ascend or descend stairs

1=Ascends and descends at least 3 steps with support or
supervision of another person

2= Ascends and descends at least 3 steps with support of
handrail and/or crutch or cane

3= Ascends and descends at least 3 steps without any support or
supervision

16. Transfers: wheelchair-car (approaching car, locking
wheelchair, removing arm and footrests, transferring to and from
car, bringing wheelchair into and out of car)

0= Requires total assistance

1= Needs partial assistance and/or supervision and/or adaptive
devices

2= Transfers independent; does not require adaptive devices (or
does not require wheelchair)
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17. Transfers: ground-wheelchair

0= Requires assistance

1= Transfers independent with or without adaptive devices (or
does not require wheelchair)

Mobility Subtotal (0-40)

TOTAL SCIM SCORE (0-100) Pretest:
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