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Abstract

Background: Lumbar functional instability (LFI) may be associated with chronic
low back pain (CLBP). Various therapeutic exercises were proposed to enhance spinal
stability, such as core stability exercises (CSE) and deep breathing training (DBT).
However, no study has examined and compared the effectiveness of delivering these

exercises as an online program on patients with CLBP and LFI.

Purpose: To evaluate and compare the short-term effects of three online exercise

programs (DBT, CSE, and combined DBT+CSE) in females with CLBP and LFL

Method: A quasi-experimental study involving seventy-eight women aged
between 25-40 years old. Participants were allocated into one of the three online
therapeutic exercise program groups or the wait-list control group. All therapeutic
programs were performed three times a week for four weeks. The intensity of LBP
[Numeric Pain Rating Scale (NPRS)], functional disability [Oswestry Disability Index
(ODD)], and core muscle endurance [Prone Bridge Test (PBT)] were measured at the

baseline, end of the second week, and end of the fourth week of intervention.

Results: All outcome measurements showed improvements at the end of four
weeks in all groups (NPRS: > 3.3 points, P<0.001; ODI: > 12.4%, P<0.001; PBT: >
18.7 sec, P<0.001), except the control group (NPRS: 0.3 points, P=0.174; ODI: 0.9%,
P=0.149; PBT: 1.1sec, P=0.079). However, there were no differences between the three
online therapeutic groups in any outcome measure (P>0.05), except that the combined
DBT+CSE group showed statistically better improvement than the DBT group in PBT
(19.3sec, P=0.028). This difference between the DBT+CSE and DBT did not reach the

minimal detectable change.

Conclusion: The three online therapeutic exercise programs effectively reduced
LBP intensity and improved functional status and core muscle endurance, with no
program being superior to the others. Further investigation is required through

comparing the same online exercise programs with the in-clinic exercise method.

Keywords: Chronic low back pain, core stability exercises, deep breathing

training, lJumbar functional instability, online program.
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Chapter One
Introduction to the Study

L.1 Introduction and short background

Low back pain (LBP) is one of the most prevalent musculoskeletal
disorders that affect nearly 60% to 80% of people at some point in their
lifetime; from children to the elderly, in developing and developed
countries (Adekanmi et al., 2018; Chen et al., 2022). LBP has been ranked
as the most significant contributor to global physical disability and the
second most common reason for seeking medical attention (Cieza et al.,
2020). Most patients with acute LBP recover spontaneously, but 20% of
cases develop chronic LBP (CLBP) that lasts for more than twelve weeks

resulting in high healthcare costs and low productivity (Maher et al., 201 7).

CLBP is the most frequent cause of disability among young adults
globally and in Gulf Cooperation Countries (GCC) (Aldera et al., 2020;
Hoy et al., 2014; Tantawy, 2019). Sedentary lifestyle is considered one of
the risk factors that precede CLBP in young adults, resulting in poor
postural and motor control of the spine (Bo Andersen et al., 2006; Chen et
al., 2009; Citko et al., 2018; Damanhuri et al., 2014).

Relatively, lumbar functional/clinical instability (LFI)is a well-
documented subgroup of LBP (Alyazedi, 2021; O’Sullivan, 2000). LFI is
associated with CLBP, with an incidence rate of about 13-46%
(Areeudomwong et al., 2020). LFI is defined by Panjabi et al. (1994) as a
decrease in the capability of the active and neuromuscular spinal stability
subsystems to maintain their equilibrium and posture under physiological

load.



As a result, various therapeutic exercises are prescribed to enhance
spinal stability (Demoulin et al., 2007; Hall et al., 2021 ; Kofotolis & Kellis,
2006). Evidence by Hodges et al. (2003) supported the positive effect of
core stability exercises (CSE) in promoting neuromuscular control,
strength, and endurance of the core muscles; this involves the deep
abdominal and back muscles, which are essential for maintaining spinal
stability. Due to this effect, CSE has been widely used in reducing back-
related disability and pain in patients with CLBP and LFI (Akhtar et al.,
2017; Kavcic et al., 2004; Narouei et al., 2020; Puntumetakul et al., 2013).

Deep breathing training/exercises (DBT) that target deep abdominal
muscles, particularly the diaphragm and transversus abdominis (TrA),
were also prescribed in treating patients with CLBP and LFI (Gholami
Borujeni & Yalfani, 2019; Kang et al., 2018; Rae et al., 2020).

Several published studies recommended combining DBT with CSE
programs for more positive results in spine stability (Mohan et al., 2020;
Oh et al., 2020; Otadi et al., 2021; Shah et al., 2020; Sini & Mohanraj,
2019). Moreover, all these studies delivered the rehabilitation programs in

a clinical (face to face) setting, known as in-clinic exercise programs.

The current Coronavirus disease 2019 (COVID-19) situation has led
governments and health authorities in most countries, including the
Kingdom of Bahrain, to institute restrictive measures to prevent the spread
of this virus (Ministry of Health, 2020). Thus, the in-clinic exercise
programs previously mentioned above are no longer viable. In response,
World Physiotherapy has promoted the use of telerehabilitation which
refers to utilizing telecommunications networks and virtual technology to

deliver patient rehabilitation (Martinez et al., 2021).



Exercise-based telerehabilitation is one of the intervention methods
that can be delivered in treating patients with chronic musculoskeletal
disorders, also known as online therapeutic exercises, that can be
conducted through one-to-one virtual sessions or video exercises (Cottrell

etal.,, 2017; Grona et al., 2018; Mbada et al., 2019; Turolla et al., 2020).

To the researcher's knowledge, this is the first study conducted that
evaluated and compared the effectiveness of three therapeutic exercises
(CSE, DBT, and combined program DBT+CSE) as online programs in
rehabilitating female patients with CLBP and LFI.

1.2 Research Problem

In the last few years, CLBP has been considered one of the most
prevalent chronic musculoskeletal conditions in the GCC, of which the
Kingdom of Bahrain is a part of; in focus, it is more common among young
adults and in females than in males (Aldera et al., 2020; Maki et al., 2021;
Tantawy, 2019). Moreover, CLBP is responsible for most of the costs and
disabilities in high-income countries (Hartvigsen et al., 2018). This leads
to increased years lived with disability (YLD) and would result in a higher
frequency of sick leave and the associated psychological distress. The
ubiquity of these events reduces productivity in the workplace and at home
(Compare et al., 2016). Despite the importance of this topic, limited studies
were published in Bahrain focusing on young adult female patients

suffering from CLBP (Qareeballa et al., 2018; Tantawy et al., 2017).

Furthermore, most studies applied rehabilitation programs to non-
specific CLBP, which might help some patients, but not help others
because there are subgroups of LBP, and LFI is one of them (Alhowimel
et al.,, 2020; Tantawy et al., 2019; Wang et al., 2012).
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Previous literature has shown that CSE, DBT, and a combination of
both in-clinic exercise programs (DBT+CSE) were prescribed for CLBP
and LFI patients to enhance spine stability with lengthy intervention
periods required usually ranging between 6 to 12 weeks, which makes it
cost-inefficient (Chung et al., 2013; Frizziero et al., 2021). Nevertheless,
the debate continues about which of these programs has the best clinical

outcomes, considering that most previous research is limited to comparing

only CSE to CSE +DBT (Oh et al., 2020; Shah et al., 2020).

In the same way, no evidence could clarify whether using less
physically demanding exercises such as DBT can substitute for higher
physical effort exercises such as CSE. It is also worth mentioning, that
Gomes-Neto et al. (2017) and Wasser et al. (2017) found that limits in CSE
training between CLBP patients can adversely affect performance
outcomes and movement efficiency and may ultimately cause injury or
pain. Physical fatigue may also arise due to the strenuous physical effort

required while practicing these exercises.

Conversely, DBT yielded beneficial clinical results with less physical
demands (Fernandes & Chougule, 2017; Finta et al., 2018). Most DBT
required respiratory resistance devices (e.g., POWER breath or Lung
Expander device, which are unavailable to every patient and may not be
cost-effective. A balloon will be utilized in the current study in DBT

exercises programs, as explained by (Shetty & Fathima, 2020)

Currently, government restrictions curbing the spread of the COVID-
19 situation in most countries, including Bahrain, have been instituted.
These restrictions have adverse effects by limiting participation in physical
activities and access to in-clinic exercises (Ammar et al., 2020). In
response, the use of telerehabilitation in treating chronic musculoskeletal
conditions has been promoted (Seron et al., 2021). Nevertheless, there is

4



still an apparent dearth of studies examining the effects of online
therapeutic exercises for CLBP (Castro-Sanchez et al., 2020; Dadarkhah et
al., 2021; Ozden et al., 2022). No study examined and/or compared the
effectiveness of different online therapeutic exercise programs in

rehabilitating patients with CLBP and LFI globally and locally.

Therefore, CSE and DBT Exercises will be utilized to build three
online rehabilitation Programs (CSE, DBT, and DBT+CSE). This study
aims to compare the effectiveness of these three online programs on female

CLBP patients over a period of two and four weeks.

1.3 Research Questions

1. Would the application of any of the three online therapeutic
exercise programs: (DBT, CSE, or a combination of both programs
DBT+CSE) have an effect on pain intensity, functional disability and core
muscle endurance in females with CLBP and LFI aged 25 to 40 years, at
two and four weeks of intervention periods?

2. Is there a difference between the three online therapeutic
exercise programs in reducing pain intensity and improving the functional
status and core muscle endurance at two and four weeks of intervention

periods among females with CLBP and LFI aged between 25 and 40 years?

1.4 Research Aims/Objectives

Aim: To evaluate and compare the short-term effects of four weeks
of three online exercise programs [deep breathing training (DBT), core
stability exercise (CSE) and combined program (DBT+CSE)] on pain
intensity, functional disability and core muscle endurance in females with

chronic low back pain (CLBP) and lumbar functional instability (LFI).
5



Objectives:

1. To measure the changes in pain intensity, functional
disability, and core muscle endurance in females with CLBP and LFI after
a four-week program of three online exercise programs (DBT, CSE, and
DBT+CSE).

2. To compare the differences in pain intensity, functional
disability and core muscle endurance between the three online exercise
programs (DBT, CSE, and DBT+CSE) and wait-list control group in
females with CLBP and LFI.

1.5 Research Hypothesis

First Ho: All the three online therapeutic exercise programs (DBT,
CSE, and DBT+CSE) do not improve pain, functional disability and core
muscle endurance after four weeks of intervention in female patients with

CLBP and LFIL.

First Ha: All the three online therapeutic exercise programs (DBT,
CSE, and DBT+CSE) improve pain, functional disability and core muscle
endurance after four weeks of intervention in female patients with CLBP

and LFI.

Second Ho: Four weeks of the combined program (DBT+CSE) do not
improve pain, functional disability and core muscle endurance better than

DBT and CSE in female patients with CLBP and LFI.

Second H,: Four weeks of the combined program (DBT+CSE)
improve pain, functional disability and core muscle endurance better than

DBT and CSE in female patients with CLBP and LFI.



1.6 Research Significance

CLBP is a pervasive musculoskeletal disorder amongst the population
and a major cause of YLD. Recent literature projected that CLBP would
cause increasing YLD and costs in the coming decades, particularly in the
middle- and high-income countries. Moreover, CLBP is increasingly seen
in patients in their 20s to 40s mainly due to the economic development of
society and changing working environments. Intensified research efforts
and global and local initiatives are urgently needed to mitigate this
increasing LBP burden and its impact on health and social systems. Hence,

this study focused on females aged between 25 to 40 years.

On top of that, in the current global and local movement toward
applying social distancing to limit the spread of COVID-19, we need to
build online therapeutic programs that substitute the direct clinical
attendance of patients while keeping the same or higher level of

effectiveness.

To the researcher's knowledge, this is the first study conducted
globally and locally to evaluate and compare the effectiveness of three
online therapeutic exercise programs, particularly DBT, CSE and
combined program DBT+CSE, on CLBP patients. Conducting such
research would add a new body of knowledge on the effectiveness of non-
pharmacological interventions, particularly exercise-based
telerehabilitation, in treating CLBP and LFI patients to resolve the

continued debate, gaps and limitations in managing this condition.

In addition to this, these online programs would provide flexible
appointment times to reduce missed appointment rates and waiting times.
This would allow patients to access the rehabilitation sessions despite

circumstances limiting them from attending the clinic (e.g., unavailability



of transport, family responsibilities, infection with a transmissible virus,

traveling, etc.), and also allow patients to self-manage.

In perspective, reducing the number of traditional in-clinic sessions
appointments and lengthy waiting time queues and replacing the
respiratory resistance devices with a readily available and disposable
balloon is cost-effective and complies with the safety protocols required
during this COVID-19 pandemic. This allows some therapies to maintain
social distance while keeping therapist-patient communication and
monitoring. Moreover, its importance in relation to health policy is in line

with the health reform of the Kingdom of Bahrain 2030 vision.

Finally, this study might provide a solution for the limitations of CSE
programs. These programs require moderate to high physical demand
which might not be achievable by all CLBP patients. This inability might
come from various reasons: pain severity, poor trunk stability, excessive
body weight, lack of fitness, or fear of experiencing CSE. Therefore, it
would be interesting and significant to investigate the possibility that low
physically demanding exercises such as DBT could provide similar or

better results than the CSE program.

1.7 Definition of Terms

o Abdomen Draw in Maneuver (ADIM): exercise method was done
by pulling the navel toward the spine (Park & Yu, 2013).

o Core muscles: muscles that stabilize and control the spine and
pressure inside the trunk, which are the pelvic floor muscles, transverses
abdominis, multifidus, internal and external obliques, rectus abdominis,

erector spinae, and diaphragm (Willson et al., 2005).



o Core/trunk stability exercises (CSE): used to describe the muscular
control required to maintain functional stability around the lumbar spine
and prevent lower back pain (Davarian et al., 2012).

o Coronavirus disease 2019 (COVID-19): is an infectious disease
caused by the SARS-CoV-2 distinguished in Wuhan, China since
December 2019 (Li et al., 2020).

o Chronic Low back pain (CLBP): is defined as back pain lasting more
than 12 weeks (Koes et al., 2010).

o) Deep breathing training (DBT): Types of breathing exercises aimed
to improve the respiratory muscles' function through deep inhalation and
exhalation in diaphragmatic breathing patterns (Anderson & Bliven, 201 7).
o Diaphragm muscle: is a dome-shaped muscle at the base of the lungs
that plays an essential role in breathing (Kim & Lee, 2013).

o In-clinic exercise: is a traditional face-to-face delivery exercise
method (Cramer et al., 2019).

o Lumbar Spinal Instability: an inability of the spine's stability system
generally to maintain its orientation under physiological load without any
initial or additional neurological deficit or major deformity (Panjabi et al.,
1994).

o Lumbar functional/clinical instability (LFI): is an essential cause of
LBP and can be associated with decrease in the capability of the active and
neuromuscular spinal stability subsystems to maintain its equilibrium and
posture under physiological load despite the absence of any radiological
anomaly (Biely et al., 2006).

o Mechanical LBP: is the general term that refers to any back pain
caused by abnormal strains and stresses on muscles of the spine (Will et
al., 2018).

o Muscle endurance: the ability of the muscles to handle a particular
resisted movement for a prolonged time (Bohannon et al., 2018).

9



0 Treatment-based classification (TBC): is an approach to discuss the
model of rehabilitation patient with LBP that can be used based on the
patient's clinical presentation. TBC was firstly developed by Delitto et al.
(1995), then updated by Fritz et al. (2007), and currently the last
classifications updated by Alrwaily et al. (2016).

o Telerehabilitation: rehabilitation services are delivered via
telecommunications networks and the Internet, allowing patients to interact

with providers to receive therapy (Schmeler et al., 2009).
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Chapter Two

Literature review

2.1 Executive Summary

LBP is a pervasive musculoskeletal disorder amongst the population
and a major cause of disability. Around 90 to 95% of LBP are mechanical
LBP. The Global Burden of Disease (GBD) 2019 reported an increased
YLDs prevalence and incident cases of LBP globally.

CLBP has been considered one of the most prevalent musculoskeletal
disorders among young adults and middle-aged groups in the Kingdom of
Bahrain; in focus, it is more common in females than in males.

One important consideration when discussing LBP is spinal stability.
LFI is associated with CLBP as one of its important causes. Therefore,
various therapeutic exercises were proposed to enhance spinal stability,
such as CSE and DBT. Nevertheless, combined DBT and CSE programs
seems to be more effective.

Currently, the outbreak of COVID-19 has changed many aspects of
people’s lives and has pushed governments, and health authorities
implemented some restrictions to prevent the spread of this virus.

Exercise-based telerehabilitation is one of the intervention methods
that can be delivered in treating patients with chronic musculoskeletal
disorders. Physiotherapists can provide this as an online therapeutic
exercise program through one-to-one virtual sessions or video exercises.

Regarding outcome measures following patient improvement,
Numeric Pain Rating Scale (NPRS), Oswestry Disability Index (ODI), and
Prone Bridge Test (PBT) were reliable and valid in measuring the intensity

of pain, functional disability, and core muscle endurance, respectively.
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2.2 Prevalence of LBP

LBP i1s defined as pain and discomfort between the lower costal
margin and above the inferior gluteal creases (Vlaeyen et al., 2018). Most
guidelines proposed three different categories of LBP according to
Dagenais et al. (2010): 1) Around 1% of LBP is non-mechanical LBP
caused by anomalies or tumors, 2) Around 5% referred pain from internal
organs, and 3) The remaining 90 to 95% are classified as mechanical/ non-
specific LBP. Furthermore, mechanical LBP is categorized into three
subtypes following the duration of LBP: 1) Acute LBP is defined as the
LBP lasting for less than 6 weeks, 2) Subacute LBP as the LBP lasting
between 6 and 12 weeks, and 3) CLBP as the LBP lasting for more than 12
weeks (Burton et al.,, 1995). Most patients with acute LBP recover
spontaneously, but 20% of cases develop CLBP (Maher et al., 2017).

As part of the recent Global Burden of Disease (GBD), a study for
Chen et al. (2022) established a systematic analysis of the global level and
trends of prevalence, incidence, and YLDs for LBP from 1990 to 2019
among 204 countries. Results showed a substantially increased YLDs
prevalence, and incident cases of LBP. The prevalence of LBP was greater
in high-income countries than in low-income countries. Hartvigsen et al. in
2018 projected that LBP would cause increasing disability and costs in the
coming decades, particularly in middle and high-income countries.
Therefore, the importance of prevention to reduce this condition's future
burden should be emphasized.

LBP is considered the most common musculoskeletal disorder that
affects all populations at some point in their lifetime (Adekanmi et al.,
2018; Hoy et al., 2014). According to Puolakka et al. (2008), patients in
their 20s to 40s are increasingly experiencing CLBP, due to the economic

development of society and the changing working environment.
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Locally, in the Kingdom of Bahrain, CLBP is considered the most
prevalent musculoskeletal disorder among young and middle-aged groups
as a work-related disorder with a percentage of 45. This descriptive cross-
sectional study was done by Tantawy in 2019 among 200 Ahlia University
workers with different tasks in Manama, Bahrain. Participants aged 22 to
56 years, both males and females, were included. In focus, the prevalence
of CLBP is more in females than in males reported by the same author in
2017, among 94 Ahlia University students aged between 18-26 years.
According to Maki et al. (2021) females in Bahrain prioritized family needs
over their own. Results suggest that such behavior is due to how they
perceive gender roles. In the same way, Wang et al. (2016)reported that
physical stress of child-rearing, pregnancy, childbearing, and peri-
menopausal weight gain are considered contributing factors to a higher
prevalence of CLBP among females.

Qareeballa et al. (2018) conducted a cross-sectional study to estimate
CLBP prevalence among 215 female nurses working in the Salmaniya
Medical Complex in Manama, Bahrain. Results showed that 92% of nurses
under 30 years had the highest prevalence of LBP, followed by the 30-39
years age group. In relation ratio, the prevalence and incidence of CLBP in
the Kingdom of Saudi Arabia was tracked in a systematic review study
done by Aldera et al. (2020). The result showed that the prevalence of
CLBP ranged between 64% to 89% among the working-aged group range

between 20 and above 40 years old.

2.3 Lumbar functional instability (LFI)

Clinicians and researchers have had some difficulty identifying
specific structural faults in most cases of LBP that are associated with

dysfunction, impairment, and pain (Abenhaim et al., 1995; Santolin, 2003).
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Accordingly, researchers suggested that LBP patients are not
homogeneous, but that they should be divided into subgroups with similar
impairments, dysfunction, and clinical observations (Alrwaily et al.,
2016a; Delitto et al., 1995). Lumbar Functional Instability (LFI) is one of
the causes and subgroup of LBP (O’Sullivan, 2000).

Treatment-based classification (TBC) system for LBP, make
treatment decisions according to the clinical presentation of the patient;
therefore, management of LBP people would be more directed and cost-
effective. TBC was firstly developed by Delitto et al. (1995), then updated
by Fritz et al. (2007), and currently the latest classifications updated by
Alrwaily et al. (2016), which have two levels of triage: the level of first-
contact health care provider and level of the rehabilitation provider. At the
first level of triage, the health care provider determines the management
approach that can help candidates for the patients to either medical
management, rehabilitation management, or self-care management based
onred flags, serious pathological issues and physical and psychosocial risk
factors status measured by Keele STarT Back Screening Tool according to
Hill et al. (2008) classification scores.

STarT Back STarT Back Screening Tool is a 9-item questionnaire,
each with a 0- or l-point value, used to screen for physical and
psychological risk factors for back pain disability. Accordingly, patients
can be categorized into low, medium, or high risk of developing persistent
LBP and activity limitations. The patient who scores 0-3 out of 9 indicates
low risk (self-management strategies) and >3 on overall scores, but <4 on
the psychosocial subscale is a medium risk (appropriate for physiotherapy
management). However, those scoring 4 or 5 on the psychosocial subscale
have a poor prognosis for persisting disabilities (suitable for management

with psychologically informed interventions) (Appendix 3).
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The second level of triage determines the suitable rehabilitation
approach based on the level of pain, disability in daily activities, and
perception of clinical presentation. A symptom modulation approach is
described for patients with a recent-new or recurrent-LBP episode that has
caused significant symptomatic features. A movement control approach is
described for patients with moderate pain and disability status which are
subgroups as LFI. Third, function optimization approach is described for

patients with low pain and disability status (Table 2.1).

Table 2.1 Triage Process and Matching Criteria for the Rehabilitation Provider
(Alrwaily et al., 2016)

Rehabilitation Approach Symptom Movement Functional
Modutation Control Optimization
Triaging Pain rating High to Moderate to low Low to absent
Variables” moderate
Disability High Medium Low
rating”
Clinical status’  volatile: Stable: movement  Well-controlled:
symptoms impairments performance
predominate predominate deficits

predominate

Treatment Psychosocial +/— +- +/-
Modifying status®
Variables

Comorbidities’ +/- +/- +/-

Movement control impairment can fit to stabilization exercises in case
of moderate to low pain measured by the pain screening tool as NPRS or
Visual Analogue Scale (VAS). Medium disability can be measured by the
ODI. A synonym used for motor control impairment is LFI and considered
as a back problem behaving like lumbar spine instability (O’Sullivan,
2000).
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Lumbar spine instability is one of the causes and a subgroup of LBP
and it's highly prevalent (up to 57%) in patients with CLBP Spinal stability
which is essential to bear loads, allow movement, and avoid mjury and
LBP (Reeves et al., 2007). According to Panjabi’s neutral zone concept in
1992, the spine’s stability system comprises three subsystems that are
functionally interdependent and contribute to joint rotational stiffness, and
thus joint stability:1) passive subsystem, 2) active subsystem and 3)

neuromuscular subsystem (Figure 2.1).

Stability system of the spine

Neural control system
-Ascending and descending pathways,
co-ordination, proprioception, higher level
processing (brain and brainstem)

Passive control system
- Discs, ligaments, joints and
their capsula

Active control system
- Muscles, fascia and tendons -

Figure 2.1 The Spine stability system (Panjabi, 1992)

The passive spinal subsystem consists of vertebrae, intervertebral
discs, ligaments, and joint capsules. However, the active subsystem
comprises spine core muscles, tendons, and thoracolumbar fascia.
According to an extensive literature review, the core muscles involved: are
multifidus, TrA internal and external oblique (I0 and EO), erector spinae,

quadratus lumborum, psoas, pelvic floor, and diaphragm muscles. The
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neuromuscular subsystem is the neural control unit for activating and
coordinating the spinal muscles to provide mechanical muscle stability.

Lumbar spinal instability is most commonly defined as an inability of
the spine's stability system to maintain spine orientation under
physiological load without any initial or additional neurological deficit or
major deformity (Panjabi et al., 1994). Whenever one subsystem
malfunctions, the stability of the entire spinal column may be compromised
(Comerford & Mottram, 2001).

Lumbar spinal instability has been classified into 1) Lumbar
segmental/radiographic instability (LSI),2) Lumbar functional/clinical
instability (LFI) (Demoulin et al., 2007).

LFI is defined as a decrease in the capability of the active and
neuromuscular spinal stability subsystems to maintain their equilibrium
and posture under physiological load that cause LBP despite the absence
of any radiological anomaly (Biely et al., 2006; Panjabi et al., 1994).
Panjabi in 2003 defined LFI as impaired trunk muscle activation and
reduced proprioceptive acuity. LFI is a well-documented subgroup of LBP
and caused 30-35% of patients’ diagnosis with LBP (O’Sullivan, 2000).
Consequently, several previous studies have reported poor core/trunk
muscle strength and endurance in patients with CLBP and LFI (Davarian
et al.,, 2012; Hides et al., 2010; Kong et al., 2016; Kumar, 201 1).

Toward diagnosing LFI in LBP patients, there is limited relevance of
static and dynamic radiographs. At the same time, several signs and tests
of clinical instability have been identified in the literature but still remain
controversial and have not undergone validation studies as much as the
pathomechanical behaviour of lumbar spine instability, and so remain
ambiguous and poorly defined. Therefore, the diagnostic ‘gold standard’
for instability has not yet been identified (Chatprem et al., 2021; Ferrarj et
al., 2015).

17



Hicks et al. (2003) conducted a study examining the interrater
reliability of clinical examination procedures to distinguish patients with
lumbar spine instability. Sixty-three participants presented with recurrent
LBP and without radiculopathy were included in the study. The clinical
examination included observation of trunk movements to detect painful
arch during flexion, instability catch, Gower sign, and aberrant movement
pattern. Two provocation tests were prone instability and posterior shear
tests. The interclass correlation coefficient (ICC) was used to determine
interrater reliability. Results showed prone instability test had higher
reliability than the posterior shear test (ICC: 0.87). The prone instability
test and aberrant movement were highly sensitive, with scores (of 72% and
78 %). Age of 40 years and less and average SLR >90 degrees were highly
specific with ratings (83% and 92%).

Moreover, a Delphi study was established by Cook et al. (2006) to
identify the specific subjective and objective identifiers of LFI in patients
with CLBP. The study was done by 168 expert physiotherapists with at
least fourteen years of experience in research and Orthopaedic Clinical
Specialties or Fellows of the American Academy of Orthopaedic Manual
Physiotherapy and who were classified into three workgroup members of
Delphi rounds. The study's result identified 14 subjective
identifiers/questionnaires, including (symptoms, and history) of LFI,
shown in Table 2.2. This lumbar spine instability is found to be a screening
tool and predictor of LFI. This screening tool was used in many studies in
diagnosing the LFI (Araujo et al., 2017; Kumar, 2011; Leungbootnak et
al., 2021; Puntumetakul et al., 2014). Furthermore, other studies have also
been summarized by Biely et al. (2006) to identify a series of the most
common subjective identifiers of LFI that vary in the number of common
findings (Fritz et al., 2007; Hicks et al., 2005; Kumar, 2011; O’Sullivan,
2000; Paris, 1985), (Table 2.3). Accordingly, Chatprem et al. in 2020 and

18



2021 evaluated the validity and reliability of this questionnaires screening
tool for LFI among CLBP patients score. At least 7 out of 14 had an
optimized sensitivity of 100% (95% Confidence interval (CI): 100-100)
and a specificity of 26.04% (95% CI: 17.84-34.24). The positive and
negative predictive values were 16.47% (95% CI: 9.57-23.40) and 100%
(95% CI: 100-100), respectively, and the positive likelihood ratio (LR+)
and negative likelihood ratio (LR-) were 1.35 and 0.00, respectively.
Interrater and interrater ICC were 0.92 (95% CI: 0.88-0.95) and 0.91 (95%
CI:0.86-0.94), respectively. In another study test-retest reliability of the
lumbar spine instability questionnaires was (ICC:0.84) (Saragiotto et al.,
2018).

Table 2.2 Lumbar spine instability questionnaires for patients with Chronic Low Back
Pain (CLBP) (Chatprem et al., 2020)

Patient
-Responds

Yes Never

1tems

1. You feel like your back has collapsed

2. You feel better with self-manipulation

3. Your back pain symptoms come and go
all the time

4. You have a history of stiff back or sudden
back pain when twisting or bending down

5. You have back pain when you change
posture, for example, when standing up
from sitting among others

6. You have increased back pain when
stretching up from a bending posture

7. You have sudden back pain even with a
minor movement

8. Your back pain increases when sitting on
a chair that lacks a backrest, and is
alleviated when siting on a chair with
backrest

9. You have increased back pain when you
are in one posture for a long time

10. Your back pain is becoming steadily
worse

11. Your back pain is temporarily alleviated
when you wear a back support

12. You frequently experience back muscle
spasm

13. You are afraid, not wanting to move,
when you have back pain

14. You have a previous history of back pain

Total score
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Table 2.3 Summary of Evidence Related to Symptoms, History, and Demographics
(Subjective identifiers/aspect) of Patients with Lumbar Functional Instability (Biely et
al., 2006)

Symiptoms, History, and Demographics Pans* | Cooket:| O'Sulivan** | Hicks et | Fritz et
: al” . o ar
Giving way or back giving out, fedling of instability X X X
Need fo frequently crack or pop the back 1o reduced symptoms x x
Frequent bouts or episodes of symptoms {recurrence, not first episode) X X
History of painful catching or locking during trunk motions x X x
Pain during transitionat activities X X x
Graater pain refurning to erect position from fisxion X 3
Pain increased with sudden, trivial, or mild movements X X
Difficulty with unsupported sitting and batter with supported backrest X
Worse with sustaned postures or a dacreased Ikelihood of reported static pasition X X %
that is not painiut
Condition is progressively worsening X
Long-term, chronic disorder X X x x
Temporary relie! with back brace or corset X
Frequent episodes of muscle spasm X
Fear and dacreased wilingness to move, high FABQ score X X
Age less than 40 years old X x

2.4 Therapeutic exercises for CLBP and LFI

Recent clinical practice guidelines recommend the use of conservative
non-pharmacological therapies as a first-line intervention for patients with
CLBP (Kreiner et al., 2020; Qaseem et al., 2017). Therefore, therapeutic
exercises with various intensities and forms are prescribed for patients with
CLBP and LFI for spinal stability by improving the core muscles' strength,
endurance, and/or motor control (Hall et al., 2021; Kofotolis & Kellis,

2006).

2.4.1 Core Stability Exercises-CSE

CSE have been considered one form of the therapeutic exercises
widely used for many years for patients with CLBP and LFI (Dimer da Luz
et al., 2019; Kavcic et al., 2004; Puntumetakul et al., 2013). CSE aim to
enhance neuromuscular control by re-training all core/trunk muscles,

including deep abdominal and back muscles that necessitate reducing stress
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on the spine and improving dynamic stability (Frizziero et al., 2021;
Narouei et al., 2020).

A meta-analysis study was done by Wang et al. (2012) aimed to
compare the effectiveness between CSE and general exercises among
patients with CLBP. From 1970 to 2011, published articles consisted of
randomized control trial (RCT) studies comparing the types of exercises
included in the study. The result showed that CSE was more effective in
reducing LBP and improving functional status than general exercises.
Simultaneously, the researcher recommended investigating core muscle
endurance as an outcome to detect the improvement.

Moreover, Franga et al. (2012) supported the previous study where
CSE is one of the practical exercises that reduced pain and functional
disability and improved the thickness of trunk stabilizer core muscles
mainly TrA and multifidus. However, it required long rehabilitation
because of delayed activation of trunk stabilizer muscles.

In 2013, Aluko et al. investigated twelve weeks of selected CSE:
Abdomen draw in maneuver (ADIM) in prone and sitting, alternated heel
slides, curl up, pelvic tilt in four-point. They were all more effective than
regular exercises that consisted of pelvic tilt in a hook lying and back
starching in trunk sagittal acceleration (P=0.02). The study was limited to
a small sample size of thirty-three participants, long rehabilitation period,
and lack of subgroup LBP patients. The researcher agreed with previous
studies' recommendation of the importance of investigating trunk
performance changes over time.

However, Javadian et al. (2015) conducted RCT to examine the
effect of eight weeks of selected CSE on pain, functional disability, and
core muscle endurance of patients with LFI filling the gap of previous
studies' limitations. Thirty patients with LFI aged 18 to 45 were randomly
allocated to the experimental or control groups. Selected CSE consisted of
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ADIM with bridging, kneeling, sitting, and standing beside using a Swiss
ball. While heel slides, knee to chest, and stretching exercises were
performed in the control group. Pain intensity was measured by VAS.
Functional disability was measured by ODI, and core muscles endurance
by side plank test. The study result showed significant changes in pain,
functional disability, and endurance of trunk flexors in the experimental
group more than in the control group (P< 0.001). Swiss balls requirement
can be limited to being practiced at home following the exercise-based
telerehabilitation method due to unavailability with all participants.

Consequentially, a RCT study supported the above studies done by
Selkow et al. (2017), aimed to evaluate the effect of four weeks of ADIM,
side plank, and bird dog exercise on activation of TrA among forty-two
volunteer participants with and without LBP. Ultrasound was used to
measure the thickness of TrA in hook lying position with and without
ADIM. Results showed that both participants significantly improved TrA
activation (P<0.05). While there were no significant differences in
activation between participants with or without LBP. The researchers
consider the importance of incorporating these four exercises in improving
TrA activation. Thus, these exercises can be implemented through
telerehabilitation and a home program that is easy to apply and does not
require any equipment.

On the other hand, Smith et al. (2014) concluded the systematic
review with a suggestion that CSE improve LBP symptoms but actually
not better than other types of exercises in the long term. In addition,
Gomes-Neto et al. (2017) and Wasser et al. (2017) found that limits in CSE
training between CLBP patients can adversely affect performance
outcomes and movement efficiency and may ultimately cause injury or
pain. Physical fatigue may also arise due to the strenuous physical effort
required while practicing these exercises. This adversity was also reported

22



in cases where the patient experienced severe pain, poor trunk stability,
lack of fitness and balance, and other comorbidities, such as obesity and
arthritis (Critchley et al., 2007; Koumantakis et al., 2005; Smith et al.,
2014).

2.4.2 Deep Breathing Training-DBT

DBT has been considered one of the therapeutic exercise
approaches/types used in rehabilitation patients with CLBP and LFI based
on the role of the diaphragm as a primary muscle for respiration and trunk
stabilizer which contribute to intra- abdominal pressure and the resistance
of the pelvic floor (Kim & Lee, 2013).

Many studies showed a correlation between abnormal changes in
respiratory muscles and CLBP. According to Kolar et al. (2012), abnormal
diaphragm stabilization during movements can be a factor of spinal
disorder in patients with CLBP as a result of a significant abnormal
diaphragm deviation and position during breathing with upper and lower
extremity movements in participants with CLBP (P<0.05).

Hence, inspiration and expiration muscle training can improve spinal
stability by activating the TrA, diaphragm, IO, and EO muscles
(Ahmadnezhad et al., 2020; Cavaggioni et al., 2015; Ki et al., 2016;
Strongoli et al., 2010).

In contrast with previous CSE studies, Ishida et al. (2012) conducted
a cross-sectional study to compare the changes in the contraction of the
TrA, 10, and EO between ADIM and breath held at the maximum
expiration/exhalation. Ultrasound imaging was used to measure the
thickness of TrA and I0. EMG was used to measure the activity of OE
during ADIM and breath held at the level of maximum expiration.
Ultrasound results showed a significant increase in TrA and IO thickness

during maximum expiration compared to ADIM (P<0.001). Moreover, OE
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activity was significantly higher during maximum expiration in EMG
(P<0.001) with a 30% maximum contraction. Hence, deep breathing
training can be useful in increasing the co-activation of lateral abdominal
muscles that can improve trunk stability.

Fernandes and Chougule (2017), in 2017, examined the effect of the
90-90 hemi-bridge position with a balloon blowing exercise on reduced
LBP and functional disability among 29 males and females aged between
21 to 55 years suffering from CLBP for more than 12 weeks. This exercise
was performed in a 90-90 wall bridge with a small ball between the knees.
Patients were asked to take deep inhalation from the nose within 3 to 4
seconds, then blow out the air in the balloon within 5 to 8 seconds with
ADIM at the same time and hold for 2 to 4 seconds at the end of maximum
exhalation. The exercise was implemented over 3 days, and the results
showed significant changes in functional disability by ODI (P<0.0007) and
pain reduction by using VAS (P <0.05). Despite the importance of
subgrouping patients with LBP as the LFI, limited studies follow this in
DBT programs. In addition, the endurance of core muscles has not been
measured in most studies.

Kim and Lee (2013) reached that deep abdominal muscle training by
DBT effectively could reduce LBP intensity and improve lumbar stability.
Training was conducted among twenty-two males and females with a mean
age of 22 years. DBT method was used based on Richardson et al. (2004)
modification; the subject was asked to take a deep inhalation and hold for
10 seconds in a hook lying position. The exercise implemented five sets of
ten repetitions for four weeks, three times a week. The scores of lumbar
stability were (41.18+1.32) before the exercises and (44.09+3.08) after four
weeks, resulting in a significant improvement in lumbar stability (P<0.05).
Study limited to regular follow up. Researchers recommended comparing
this method with other useful methods in future studies.
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However, Kang et al. (2018) conducted RCT to evaluate the effect
of DBT in sitting and standing position on lumbar spine mobility and
stability among patients with LFI, as a subgroup of LBP, to resolve
previous studies' limitations. Thirty adults aged 20 to 40 years with lumbar
instability were randomly allocated into DBT or CSE groups. In the DBT
group, diaphragmatic breathing was applied in sitting and standing in three
sets of 10 minutes, three times a week for 5 weeks. With the same
repetitions period, spine stability was applied in CSE. The result showed
significant improvement in spinal mobility in breathing exercises (P<0.01).
Regarding spinal stability, there were significant differences in the sagittal
plane in both groups (P<0.01).

Various types of DBT have been examined on patients with CLBP
and showed significant changes in pain and disability. Limited studies
examined these exercises in patients with LFI. Moreover, some DBT
requirements respiratory resistance devices (POWER breath or Lung
Expander device) are not logistically feasible to be provided to a large
population. Besides this, no study examined the effect of online DBT in
rehabilitating patients with CLBP and LFI by using an available respiratory

resistance tool for everyone.

2.4.3 Combined Deep Breathing Training with Core Stability

Exercises- DBT+CSE
Both CSE and DBT effectively reduced pain and improved
functional status and core muscle endurance in patients with LBP and
lumbar spine instability (Akhtar et al., 2017; Javadian et al., 2015; Kang et
al., 2018; Kim & Lee, 2013). Nevertheless, recent studies proved that
combining both interventions in one program vyields better clinical

outcomes.
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Yoon and Kim (2014) reported an effectiveness of breath held at the
maximum expiration/exhalation during ADIM in improving abdominal
muscle activation. Thereby, Park and Lee (2019) conducted an RCT to
examine the effectiveness of the progressive stabilization program carried
out with breath held at maximum expiration in pain, functional disability,
static balance, and pulmonary function test of the patient with LBP due to
lumbar instability. Randomly, participants were allocated into the
experimental or control group. Both groups performed CSE which
consisted of Curl up, Dead Bug, Superman, Bird Dog, and Side Plank with
knee flexion, while resisted respiration was performed along with each
CSE using a resistance device in the experimental group. Results showed
significant pain, functional disability, and balance changes in the
experimental group (P<0.05). The study was limited to measuring changes
in the endurance of trunk stabilizer muscles before and after the treatments
which is essential for conditions with LFI to identify the percentage of
improvements. Moreover, the authors noticed some difficulties in using
respiratory resistance devices and performing accurate movements
simultaneously. For this reason, modifying the combination of the CSE
with respiration exercises was recommended.

Hence, Sini and Mohanraj in (2019) compared the effectiveness of
combining the 90-90 hemi-bridge position with a balloon blowing exercise
with CSE versus CSE alone on pain and functional disability in LBP
patients, thirty patients aged 20-35 years with CLBP. The result showed
statically significant differences between the groups (P<0.05). This study
concluded that integrating blowing with CSE is more effective than CSE
alone.

All the above exercise programs (CSE, DBT, and combined CSE and
DBT) have been delivered through traditional face-to-face exercises,
known as in-clinic exercises. Adding DBT with the CSE program was
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evaluated in limited studies on patients with CLBP and LFI. Most of the
studies showed significant back pain intensity and functional disability
changes. In contrast, the same for an online program has not been examined

yet. In addition, debate continues about the best program for managing

patients with CLBP and LFI.

2.5 Exercise-based Telerehabilitation Method (online

programs)

Physiotherapy is commonly considered a hands-on profession. In the
current COVID-19 pandemic, most countries, including the Kingdom of
Bahrain, have implemented some restrictions to prevent the spread of this
virus. Thus, physiotherapists are trying to incorporate innovative
technologies to advance patient therapy and reduce the number of
traditional in-clinic exercise sessions (Martinez de la Cal et al., 2021).
These exercises have been delivered through  exercise-based
telerehabilitation (Seron et al., 2021).

Physiotherapists can provide this as an online therapeutic exercise
program through one-to-one virtual sessions or video exercises that can be
performed on a smartphone alone at home using an app platform extension,
etc. (Cottrell et al., 2017; Grona et al., 2018; Turolla et al., 2020).

Online therapeutic exercises offer several advantages for the patient,
therapist, and society. They allow patients to perform the exercises in
various comfortable locations and have equal access to rehabilitation
services despite their impairments and circumstances. In addition, it
decreases missed appointment rates and waiting time and is more cost-
effective than in-clinic rehabilitation. Moreover, this prevents the spread of

infected diseases during the COVID-19 pandemic or other infectious
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diseases and viruses (Covert et al., 2018; Kairy et al., 2009; Lee & Billings,
2016).

Many applications and systems offer telerehabilitation physiotherapy
that works as a virtual clinic providing an online exercise program.
Physitrack has been used extensively in recent clinical studies conducted
in Australia, Europe, and the United States (Barton et al., 2019; Johnson et
al., 2018). More than 50 leading universities worldwide utilized this
application. Physitrack is used by 100,000+ healthcare professionals and
physiotherapists in 102 countries. In addition, this application can offer
multimedia capabilities such as (videoconference, share screen, and texting
during the conference) and recording and using measurement tools for
evaluation such as (a virtual goniometer to measure the joint angle). In
addition to collaboration between patients and practitioners, the participant
can upload exercises on schedule templates.

van Egmond et al. (2020) investigated the effect of 12 weeks of
physiotherapy telerehabilitation programs through (Physitrack) system in
rehabilitating patients post esophageal cancer surgery. The results of the
study show good results in a shorter length of hospital stay.

Regarding the management of CLBP, limited studies investigated the
effects of online therapeutic exercises in rehabilitating this condition. In
turkey, Ozden et al. (2022) investigated the efficacy of 8-week video
exercise-based telerehabilitation compared to paper-based exercises
among 50 male and female patients with CLBP. Results showed that pain,
functional status, quality of life, satisfaction, and motivation reported more
significant gains in telerehabilitation than in the other group (P<0.05).

RCT done by Dadarkhah et al. (2021) in Iran to compare the effect of
three months of remoted CSE home exercise with CSE in-clinic among 56

male and female patients with CLBP. Results showed no significant
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differences between the two approaches in pain and functional disability,

with P-values of 0.93 and 0.74, respectively.

2.6 Conclusion

Overall, previous studies showed that the CSE, DBT, and
combination of both therapeutic exercises positively reduced pain and
functional disability. Worthy of note measurements of the core muscle
endurance was missed in most studies. In addition to this, other
methodological errors were noted such as lack of randomization, small
sample size, lack of subgrouping of patients with LBP, and limited
comparisons between two types of exercises only. Furthermore, no study
has examined and/or compared the effectiveness of practicing the CSE,
DBT, and CSE+DBT as an online program on female patients with CLBP
and LFI.

Therefore, CSE and DBT Exercises will be utilized to build three
online rehabilitation Programs (CSE, DBT, and DBT+CSE); in addition to
this, replace the respiratory resistance device with a balloon that is readily
available and disposable. Consequently, there is a need to compare the
effectiveness of delivering these three online programs on pain intensity,
functional disability, and core muscle endurance among adult females with
CLBP and LFI to resolve the continued debate, gaps, and limitations

mentioned above in managing this condition.
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Chapter Three
Methods and Procedures

3.1 Study Design and Setting

This study was a quasi- experimental study design. This study was
approved by the Scientific Research and Ethics committee at the University
of Bahrain (UOB) No0:9/2020-21 dt. Feb 23,2021 (Appendix 1).
Accordingly, the study was carried out through the telerehabilitation
method (online therapeutic exercises) among volunteer participants
recruited from all of Bahrain through social media networking (WhatsApp
and Instagram) between March 15 and July 30, 2021.

3.2 Sample Size Calculation

The sample size was calculated using the G*Power program version
3.1.9.2 (Heinrich-Heine-University Dusseldorf, Germany). A priori power
analysis of variance (ANOVA), repeated measures, within-between
interaction, an alpha level of 0.05, power (1-B) of 80%, with four groups
and three measurements, non-sphericity correction (€) of 1, and moderate
effect size (f) of 0.4 was used as in previous studies (Otadi et al., 2021,
Park & Lee, 2019). The required sample size was estimated at 80
participants, 20 participants per group.

30



3.3 Participants

A convenience sampling method has been used in the current study to
recruit volunteer females aged between 25 and 40 years old with a history
of LBP for more than 12 weeks (CLBP). Moreover, suffering from LFI
symptoms for more than 12 weeks was identified according to lumbar spine
instability questionnaires score >7/14 (Cook et al., 2006). Participants were
suitable for stability exercises if they had (mild to moderate intensity of
LBP ranging between 3 to 7 on the NPRS, moderate disability in daily
activities between 18% to 40% on ODI, and low to the medium
psychosocial risk of poor outcome < 3 on STarT Back Screening Tool)
(Alrwaily et al., 2016). In addition, they had low core muscle endurance

scores between 15 to 60 seconds on PBT (Strand et al., 2014).

However, participants were excluded from the study if any of the
following exclusion criteria were met: 1) a history of spine surgeries,
previous spine fractures and inflammatory spine disease (Park & Lee,
2019); 2) present with neurological radiculopathy pain as sciatica; 3) had
neurological problems such as multiple sclerosis, stroke, or others; 4)
cardiac and respiratory problems; 5) pregnant or less than six months
postpartum (Mogren, 2008); 6) smoker, and BMI>35 (Alhowimel et al.,
2021); 7) present with medical issues that might interfere with the study,
such as hypertension and diabetes mellitus or with a psychiatric disorder
that might affect the outcomes; 8) participant under analgesic medicine or
other medicine that effects the muscles or the joints; 9) under any other
treatment during the training period (Noormohammadpour et al., 2018);

and 10) not able to understand the program or to use technology.
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3.4 Study Procedure

This study followed Bennell et al. (2015) participants' enrolment
phases and has been done by the researcher alone (Figure 4.1). First,
participants were asked to fill in an online participation form after reading
and agreeing on the study procedure through Google form to verify the
participants' eligibility (Appendix 2). The online participation form
included 14 lumbar spine instability questionnaires, including (symptoms,
history, and demographics), adapted from Cook et al. (2006) Delphi study.
The English version of the lumbar spine instability questionnaires was
validated and found to be highly reliable (ICC =0.84) for LFI screening
(Saragiotto et al., 2018). An Arabic version of the tool, which has not been
yet validated, was used in the current study. Moreover, the participant's
health status, and psychosocial risk factors were screened by the STarT
Back Screening Tool as of the first recommendation of clinical practice
guidelines from the American College of Physicians and the American
Pain Society in diagnosis and treatment LBP; also, it's the initial step of the
TBC system in subgrouping patients with LBP to identify patients at risk
for poor clinical outcomes (Alrwaily et al., 2016a; Chou et al., 2007)
(Appendix 3).

Eligible participants were then called to confirm their participation
eligibility (Appendix 4). In addition to that, the intervention procedure was
explained to the participants sufficiently. Simultaneously, eligible
participants were asked to read the informed consent carefully and confirm

their participation agreement (Appendix 5).

Second, the eligible participants were asked to download the
PhysiApp application (free downloadable application) used as a baseline
to evaluate, communicate, conduct virtual sessions and follow ups (Figure
3.1).
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At the same time, baseline assessments were sent through Google
form, including two parameters to measure the intensity of LBP and
functional disability to confirm participant eligibility according to the TBC
system in management patients suitable for stability programs. Moreover,
core muscle endurance was measured by video call through (Physitrack)
that works as a virtual health care system. Physitrack is a clinically
validated telehealth website/application connected with PhysiApp. This
application has been used extensively in recent clinical studies conducted
in Australia, Europe, and the United States (Barton et al., 2019; Johnson et
al., 2018; van Egmond et al., 2020) (Figure 3.2).

Finally, the first batch of eligible participants who registered earlier
were allocated into one of the three online therapeutic exercise program
groups according to their participation sequence order through a simple
sampling technique 1:1:1, (Figure 3.3). For example, participants No.1
(P1) were in the online DBT group (Group A), P2 in the online CSE group
(Group B), and P3 in a combination of both online programs DBT+CSE
group (Group A+B), etc. The remaining eligible participants were
registered, but first allocated to the wait-list control group for four weeks.
The same allocation, inclusion and exclusion criteria were done after four
weeks; another batch of eligible participants who registered earlier,
including the control group participants, were allocated into therapeutic
groups 1:1:1 ratio, and the remaining were assigned of the control group at
first. This procedure was done until the target of 80 participants was

reached.
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3.5 Variables

Independent variables of the current study were types of online
therapeutic exercise programs. Dependent variables were the intensity of
LBP, functional disability in activities of daily living, and endurance of
core muscles. Besides this, the confounding variables which have not been
controlled were the following: 1) participant daily activities; 2) type of
work (office sitters need to sit for a long time; other jobs require standing);
3) nutrition, emotional and hormonal changes (menstrual cycle); 4) the
number of previous deliveries and if it's normal or cesarean; and 5) current

participant fitness level.

3.6 Intervention

All the online therapeutic programs were implemented for four weeks,

three sessions per week, for a total of twelve (12) sessions (F igure 3.4).

The 12 sessions were distributed as follows: 6 sessions under
supervision were conducted under the researcher's supervision (one-to-one
virtual supervised sessions) and 6 sessions alone by the participant. For the
one-to-one virtual supervised sessions, 4 sessions we conducted at the
beginning of each week to explain the exercises clearly. The other one-on-
one virtual supervised sessions were conducted at the end of week two and
week four to confirm the explanation of the exercises and to re-evaluate

participants (Figure 3.5).
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The remaining 6 sessions from the total were performed by the
participants alone, as a home program, following the instructional exercise
videos found in the participant profile in the application of the same
exercises practiced under the researcher's supervision (Figure 3.6). Once
the participants completed the exercises, they were asked to press the
complete button (Figure 3.7). This response is displayed in the researcher's
database system (Figure 3.8). All the exercises in all groups were done in
three sets of 5 repetitions with a one-minute break in between ( Park & Lee,
2019). Two to three repetitions of all the exercises were done as an
orientation to ensure that the exercises were properly executed before
initiating the actual record. Finally, each participant was given a progress
report at the end of the program as motivation to continue the same
exercises that had been practiced in this study alone at home (Appendix

12).
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3.6.1 Online therapeutic exercise program groups
Group A: Deep breathing training (Online DBT program)
This group's three breathing exercises/training procedures were done
according to Boyle et al. (2010) and Kim and Lee (2013). In the first
session, the participant was given sufficient training to practice
diaphragmatic breathing techniques, followed by using the balloon as
respiratory resistance. Moreover, two to three repetitions of all the
exercises were done in the first session as an orientation to ensure that the
exercises were properly executed before initiating the actual record. All the
three DBT exercises were done in three sets of five repetitions with a one-

minute break in between.

The participant was then instructed to be in a hook-lying position in
the first exercise by touching the stomach with one hand and holding the
balloon in the other. Next, they were asked to take a deep inhalation
through the nose with stomach expansion and stable upper chest at the
same time and hold in this position for ten seconds. The air blew out in the
balloon with ADIM and the stomach was held in for ten seconds. This cycle
was repeated; during inhalation, the participant was then instructed to keep
her tongue in the roof of the mouth and avoid pinching the balloon to
prevent the air from flowing out of the balloon (Figure 3.9). The same
procedure was done in a standing position after one-minute rest and

considered the second exercise (Figure 3.10).
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Figure 3.10 Breathing exercises with a balloon in standing position
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After one minute of rest, a 90-90 hemi-bridge position with a balloon
blowing exercise was done. The participant was asked to raise both legs on
the wall with flexed knees at a 90-degree position. A small ball or towel (4
to 6-inches) is placed between the knees with a small balloon on the left
hand, while the right is placed above the head (Figure 3.11). Next, the
participant was asked to take a hemi-bridge position with the tailbone
raised slightly off the mat while the back remained flat. In the proper
exercise position, the participant was asked to take deep inhalations from
the nose for three to four seconds in duration (about 75% of maximum).
Then the participant was asked to blow out the air in the balloon within
five to eight seconds with ADIM and hold for two to four seconds at the
end of maximum exhalation. As mentioned before, the neck and upper
chest should be stable without movement, and the tongue should rest on
the roof of the mouth, preventing the air from flowing out of the balloon

without pinching the balloon during the next inhalation.

All exercises were implemented three times a week for four weeks

with a 20-minute session duration in the first session and 15 minutes for

the following sessions.

Figure 3.11 O—90emi-bridge with balloon blowing exercise
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Group B: Core stability exercises (Online CSE program)

The CSE program applied in this therapeutic group followed a
program investigated by Park and Lee (2019) (Figure 3.12).

This program consists of four progressive weekly levels of core
stability exercises: Partial Curl up, Dead bug, Superman, Bird dog, and
Modified Side plank with knee flexion. Each exercise was done in 10-
second holds with ADIM, three sets of five repetitions, and one-minute rest
between each set. Furthermore, two to three repetitions were done in all the
exercises in the first session to ensure that the exercises were properly
executed before initiating the actual record. This program was
implemented three times a week for four weeks with a 50-minute duration
in the first session, and around 40 minutes for the following sessions. The
participant progressed to the next level if she successfully performed the
exercises by holding the body in a proper position for 10-seconds (80%, 4
out of 5 total exercises). If this was not achieved, the participant would stay

at the same exercise level.
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Group A+B: Combined program (Online DBT+ CSE)

In this group, participants performed online DBT exercises followed
by online CSE exercises (Figure 3.13). This order was conducted for all
participants. Two to three repetitions were done in all the exercises in the
first session to ensure that the exercises were properly executed before
initiating the actual record. All the exercises were done in three sets of five
repetitions, and one-minute rest between each set. This program was
implemented three times a week for four weeks with a 65-minute duration

in the first session and 55 minutes for the following sessions.

45



1%t week 21 week 3 week 4t week

Qo
C C
>0
~[ T
Bl 08§
| e
o0
£
C
‘o =)
Sl £5
= S5
oo c ‘%
£ 8o
E|las
©
[\
— .
@ [ :
a ,
[ %mg,
o | & w9
o) 5 &
(o B
P o 9f
o
jo
=
-t
-
=
0]
&0
3
| &
i
w| B
L o]
e
* [a]
o
0
- c
b @
x
5| E
Q
Z| 2
= | 3
FEEG
©
=)
2 w
21 o
0 [a]
Viwo
=
o
%4
!
9 g
E =
s
o 3
23 {

enl 2

Figure 3.13 Online combined program (online DBT+ CSE)

MRS 2135

46



3.6.2 Control group

Group C: Wait-list control group

Participants in this group were on the waiting list to receive the
intervention (one of the three online therapeutic programs for four weeks).
Participants in this group practiced the exercises after the active therapeutic
exercise groups finished their four-week program (Figure 3.14).
Nevertheless, the participants were instructed not to join any treatment in
this waiting period. The wait-list group has been stated by Gallin and
Ognibene (2012), and has also been followed in previous RCT studies
(Peterson et al., 2011; Yu et al., 2014).
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Potential risk

All the participants have been informed that they might experience
mild dizziness during the exercises and muscle soreness and fatigue for a
couple of days by participating in the study. In case of severe back pain,
muscle soreness, chest pains, or breathing difficulties, the participant was

advised to contact the researcher immediately.

In response, only three participants had muscle soreness and were
instructed to apply a hot pack and perform some stretching exercises to

relieve the symptoms.

3.7 Outcome Measures

Three outcome measures have been used in the current study and have
been measured by the researcher. Numeric Pain Rating Scale (NPRS),
Oswestry Disability Index (ODI), and Prone Bridge Test (PBT) were used
to measure the intensity of back pain, functional disability, and core muscle
endurance, respectively. All measurements were collected at three-time
periods: in the baseline, at the end of the second week (Two-week
intervention period), and end of the fourth week of intervention (Four-week
intervention period) in all online therapeutic groups. However, in the
control group, all measurements were gathered only at two-time periods;
in the baseline and end of the fourth week of awaiting to compare changes
in all measurements with the three online therapeutic programs, and
changes at the end of four-week program period; to investigate the

effectiveness of exercises to determine intervention. .
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NPRS

NPRS of 11-points has been used to measure the participant's
intensity of LBP as a self-reported measurement. It is an 11-point numeric
scale that ranges from 0 to 10 points; 0 indicates "no pain", and 10,
indicates the maximum intensity of the pain felt as worst imaginable pain.
The versions used for the current study were done in both English

(Appendix 7) and Arabic versions (Appendix 9) through a Google form.

It has an excellent reliability [ICC: 0.991] and good to excellent
concurrent validity [ICC: 0.86 to 0.95] (Childs et al., 2005; Yao et al.,
2020).

Interpretability of the NPRS is high because each number means the
intensity of the pain: no pain [<1], mild pain [1-3], moderate pain [4-6],

and severe pain [7— 10] (Boonstra et al., 2016).

ODI

ODl is a self-reported 10-item questionnaire that takes a maximum of
5 minutes to fill up. ODI was used to evaluate the level of disability in daily
living activities caused by LBP (Appendix 8). The Arabic version of the
ODI has excellent intra-observer reliability [ICC:0.99] and good construct
validity (Algarni et al., 2014) (Appendix 10). ODI is considered the gold
standard for measuring low back functional disability with a sensitivity of

76% and specificity of 63% (Johnsen et al., 2013).

ODI is interpretable because qualitative information can be
quantified. It consists of 10 sections that could be scored from 0 to 5. Zero
means no pain at the moment, while 5 means the worst debilitating pain.

According to the total score, the participants can be divided into
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subcategories which consider 0% to 20% lowest score where the patient

has a minimal disability, and 81% to 100% highest score of disability
where the patient is bed-bound (Fairbank & Pynsent, 2000) (Table 3.1).

The current study's score calculations have been done through this website,

www.orthotoolkit.com (Appendix 11).

Table 3.1 Subcategories criteria of Oswestry Disability Index (ODI) (Fairbank &

Pynsent, 2000)

0% to 20%: minimal disability:

The palient can cope with most living activities. Usually no treatment is
indicated apart from advice on lifting sitling and exercise.

21%-40%: moderate disability:

The patient experiences more pain and difficulty with sitting, liting and
standing. Travel and social life are more difficull and they may be
disabled from work. Personal care, sexual activity and sleeping are not
grossly affected and the patient can usually be managed by
conservative means.

41%-60%: severe disability:

Pain remains the main problem in this group but activities of daily
living are affected. These patients require a detailed investigation.

61%-80%: crippled:

Back pain impinges on all aspects of the patient's life. Positive
intervention is required.

81%-100%:

These patients are either bed-bound or exaggerating their symptoms.
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PBT

PBT was used to measure the core/trunk muscle endurance.
According to Durall et al. (2012), PBT has good to excellent intraclass
reliability [ICC: 0.87 to 0.99]. Good convergent validity and sensitivity
correlated with survey responses, anthropometrics, and prone bridge time;
the test can detect changes in abdominal endurance of young adults
(p=0.003) (Bohannon et al., 2018). Moreover, the assessment of PBT was
done in this study through the telerehabilitation method (Physitrack)
system. This system provided the researcher with virtual goniometer lines
to detect the hip and trunk alignment in a plank position during a video call

(Figure 3.15).

Lhange laycuat

Figure 3.15 Prone Bridge Test (PBT) on one-to-one virtual session
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The BPT test is interpretable because participants' holding time in the
test can be compared to the average time according to Schellenberg et al.
(2007) and Strand et al. (2014) in interpreting the level of the participants'

core muscle endurance (Table 3.2).

PBT was conducted by asking the participant to stabilize the phone
horizontally in around one meter and a half, or a distance wherein the
participant's body (head to toe) was visible in the camera during the live
one-to-one supervised meeting session. The participant was asked to be in
a plank position by resting their body on both hands, forearms, and toes.
The participant was instructed to lift the hip off the mat, while maintaining
a straight line from the shoulders through the hips to the knees. The
participant was then given verbal instructions to maintain a straight
position monitored by virtual lines. When the hip dropped, the test recorded
time stopped. The test was conducted in two trials with a thirty second rest
in between (Bohannon et al., 2018). The test required a flat and clean

surface, stopwatch, phone with a camera, recording sheets on excel.

Table 3.2 Rating of Prone Bridge Test (PBT) (Strand et al., 2014)

Rating Time
Excellent > 6 minutes
Very Good 4-6 minutes
above average 2-4 minutes
‘Average 1-2 minutes
below average 30-60 seconds
poor 15-30 seconds
very poor < 15 seconds
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3.8 Ethical Considerations

Human Participants: All information related to the study was
written in simple and plain language that can easily be understood,
(Appendix 5). Participants' safety was considered, and they were not placed
in harm's way. Respect for their dignity was prioritized and they were given
an option to withdraw from the study at any time without prejudice. The
formulated assessment and evaluation questionnaires were in no way or
shape, discriminatory, or offensive. The language was formal and
respectful of the participant's cultural norms, beliefs, and values; the
literature disseminated maintained a high level of objectivity in its

discussion and analysis.

Personal Data & Confidentiality: Participant names and
information were assured not to be shared with anyone. The anonymity of
each participant in the study was secured through an assigned code number.
Participants' faces were "overlaid" during the assessments to protect their

identity, and exercise sessions were not recorded.

Conflict of interest: The study has no conflict of interest whatsoever.
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3.9 Data Analysis

The data were analyzed using SPSS (Statistical Package for Social
Science) version 20, and the level of significance of this study was set at
(P<0.05). One-way ANOVA analyzed the homogeneity of all groups in the
baseline comparison. For within-group differences, one-way repeated
measures ANOVA was used to identify the significant differences of each
group's dependent variables' (outcome measures) means scores between
time 1 (baseline), time 2 (end of the second week), and time 3 (end of the
fourth week) individually. The baseline (Time 1) was considered as a
covariate. Except for the control group, differences compared between

baseline and the end of the fourth week of waiting.

Between-group differences, mixed-design ANOVA was used to
analyze the significant differences between the groups in their changes in
the outcome measures (NPRS, ODI, PBT) in the two- and three-time
intervals. Statistically, multiple comparisons (post-hoc tests) were used to
compare mean differences (MD) of all outcome measures between the
three therapeutic groups at the end of the second and the fourth weeks of
intervention from the baseline (as covariate). This method was also used to
compare MD at the end of the fourth week from the baseline only between
three therapeutic groups and the control group. Based on the advice of Field

(2018) three types of tests have been used:

Games-Howell test was used in the comparison between the three
therapeutic groups and the control group of all outcome measures (NPRS,
ODI, PBT) because the groups had non-homogenous variance and unequal
sample size. The Bonferroni test was used in comparing the MD of all
outcome measures of both intervention periods (two and four weeks) of the
three therapeutic program groups because groups had homogenous

variance and equal sample size. Tukey was also considered as a candidate
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test for such a case, but it was recommended that Bonferroni perform better
when the number of groups is small (as in the current study). Except for
the MD of the PBT at the end of the second week of intervention, groups
had non-homogenous variance but equal sample size; therefore, Dunnett's

test was used.
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Figure 4.1 Flowchart of the participants throughout the trial
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4.1 Results

4.1.1 Participants

Figure 4.1 reports the flowchart of the participants throughout the
trial. Out of one hundred forty-eight (148) submissions, eighty-two (82)
participants meet the initial criteria (female, aged between 25-40 years, the
suffering of LBP and 7/14 lumbar spine instability symptoms for more than
12 weeks and no medical issue). Those 82 participants were called by
phone for further inquiries and confirmation. Consequently, eligible
participants were allocated into one of the three online therapeutic exercise
programs groups using a simple sampling technique (1:1:1) ratio,
according to the sequence order of their participation numbers. Finally,
sixty-one (61) participants completed the four weeks of the online program.
Twenty-one (21) participants were in Group A, twenty (20) participants
were in Group B, and twenty (20) participants were in Group A+B.
Moreover, seventeen (17) participants were in the control group.
Characteristics of the participants before the intervention of all the groups
were homogeneous, with no statistically significant differences between

them (P>0.05) (Table 4.1).

58



Table 4.1 General characteristic of the participants before the intervention (Baseline)

Variable Groups Mean +SD /
N characteristics P-value

Nationality Group A 21 21/0

(Bahraini/ non-Bahraini) Group B 20 20/0 N/A
Group A+B 20 20/0
Group C 17 17 /0

STarT Back Screening Tool Group A 21 10/11

(low/ medium psychosocial risk) Group B 20 8/12 N/A
Group A+B 20 12/8
Group C 17 8/9

Duration of LBP (months) Group A 21 25.3+£13.9
Group B 20 3144223 0.484
Group A+B 20 33.6£19.8 )
Group C 17 28.1+14.3

Age (years) Group A 21 32.1+4.9
Group B 20 33.5+4.5 0.519
Group A+B 20 32.1+4.7 )
Group C 17 33.84+3.5

BMI (kg/m?) Group A 21 25.04+4.0
Group B 20 26.0 +£3.7 0821
Group A+B 20 26.0+4.3 ’
Group C 17 25.6 £2.7

Lumbar instability subjective scores Group A 21 10.0£2.2

(Delphi checklist score) Group B 20 9.1£2.0 0.517
Group A+B 20 9.5£1.7 )
Group C 17 9.8 £2.1

NPRS (0-10 points) Group A 21 52+14
Group B 20 5.2+£1.8
Group A+B 20 5.8£1.4 0.253
Group C 17 6.2+1.9

ODI (0%-100%) Group A 21 24.6 £7.6
Group B 20 242 7.2 0.386
Group A+B 20 23.8+6.4 )
Group C 17 27.6 +7.8

PBT (sec) Group A 21 253 %114
Group B 20 26.9+11.5 0974
Group A+B 20 26.6 £12.1 '
Group C 17 26.0+11.2

Abbreviations: Group A online deep breathing training; Group B online core stability exercises; Group A+B combination of online
deep breathing training with online core stability exercises; Group C waitlist-control group; BMI Body mass index.; NPRS Numeric
Pain Rating Scale; ODI Oswestry Disability Index; PBT Prone Bridge Test; N sample size; SD Standard deviation; * Indicated
significant P- value <0.05.
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4.1.2 Studied groups

The results of within-group differences over the study period at the
end of four weeks of intervention or waiting showed that the LBP intensity,
functional disability, and core muscle endurance improved in all exercise

groups, but not in the control group.

The results of between-group differences over the study period (at the
end of four weeks of intervention) showed that the three online therapeutic
program groups demonstrated better improvements in all outcome
measures than the control group. However, no differences were found

between the three therapeutic groups.

4.1.2a Within-group differences results

1.0Online therapeutic exercise program groups

Group A: Online DBT program

For the online DBT program, the intensity of LBP according to NPRS
was reduced at the end of the fourth week of intervention with a mean
difference (MD) of 3.3 points (P<0.001). Moreover, the NPRS changes
reached to the Minimal clinically important difference (MCID) of 2 points
(Childs et al, 2005) (Table 4.2). According to ODI, the functional
disability at the end of the fourth week of intervention was reduced by
12.4%, (P<0.001), but did not reach the minimal detectable change (MDC)
for ODI 0f 13.67% (Monticone et al., 2012). Endurance of the core muscles
improved with 18.7sec at the end of the fourth week of intervention
(P<0.001), but the changes did not reach the MDC of 20.8 /57.7 sec
(39.7%), (Bohannon et al., 2018).
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Group B: Online CSE program

In the online CSE program, the intensity of LBP according to NPRS
was significantly reduced with MD of 3.4 points at the end of the fourth
week of intervention (P<0.001) and the changes reached to the MCID of 2
points. ODI among participants in this group was reduced by 13.9% at the
end of four-week intervention period (P<0.001), and reached MDC of
13.67%. The result of the PBT in identifying the core muscles endurance
was improved with 25.5sec at the fourth week of intervention reached the

MDC of PBT.

Group A+B: Online combined program (DBT+CSE)

For the combined program (DBT + CSE), LBP intensity reduced
significantly at the end of the fourth week of intervention to 4.2 points
(P<0.001) and the changes in this group reached the MCID of 2 points.
Moreover, ODI changes at the end of the fourth week reached the MDC of
13.67%, with MD of 15.5% (P<0.001). The endurance of core muscles at
the end of the fourth week of intervention improved to 38.1sec (P<0.001)
and reached the MDC of PBT 20.8 /57.7 sec (39.7%), (Table 4.2).

2. Control group
Group C: Wait-list control group

The result showed that all outcome measures in this wait-list control
group did not change over the study period (NPRS: 0.3 points, P=0.174;
ODI: 0.9%, P=0.149; and PBT: 1.1 sec, P=0.079) (Table 4.2).
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4.1.2b Between-group differences results

Comparison between the three online therapeutic exercise program

groups with the control group

Group A showed statistically significant improvements than the
control group in the intensity of LBP, functional disability, and endurance
of core muscles with MD of 3.0 points (95%CI 2.1, 3.8), 11.4% (95%CI
7.4,15.5) and 17.5sec (95%CI 10.7, 24.4), respectively. However, only the
NPRS difference reached the MCID of 2 points (Table 4.2). Group B
showed statistically and clinically significant improvements than the
control group in NPRS (3.0 points, 95%CI 2.1, 3.8), ODI (12.9%, 95%CI
10.0, 15.8), and in PBT (24.3sec, 95%CI 16.2, 32.0). The differences in
NPRS and PBT reached the MCID of 2 points and MDC of 20.8 /57.7 sec
(39.7%), respectively. The results of the comparison between the combined
group of A+B with the control group found that Group A+B had
statistically and clinically more significant improvement than the control
group in NPRS, ODI, and PBT (3.8 points, 95%CI 3.1, 4.5), (14.5%,
95%CI 11.0, 18.0) and (36.9sec, 95%CI 20.1, 53.79), respectively. All the
differences in NPRS, ODI and PBT reached the MCID/MDC.
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Comparison between the three online therapeutic exercise program

groups

The results showed that there were no differences between the three
online therapeutic groups in any outcome measure at the end of four weeks
of intervention (P>0.05), except that Group A+B showed statistically
significant improvement in PBT than Group A (19.3 sec, 95% CI 3.1, 35.6;
P=0.028). Nevertheless, this difference did not reach the MDC.
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4.2 Discussion

The current study result of within-group differences over the study
period (at the end of the four weeks) demonstrated that the LBP intensity
improved statistically and clinically in all the three online therapeutic
programs but not in the waiting control group (non-intervention).
Nevertheless, functional disability and core muscle endurance improved
statistically in all online therapeutic programs, but clinically in only online
CSE and combined program (online DBT+CSE) that reached the MDC of
ODI and PBT. Moreover, no improvement was demonstrated in the waiting

control group in either outcome. These results accept the first H,,

On the other hand, the results of between-group differences over the
study period (at the end of four weeks of intervention) showed that the three
online therapeutic programs group demonstrated better improvements in
all outcome measures (NPRS, ODI, PBT) than the waiting control group.
However, no clinical differences were found between the three therapeutic

programs. Therefore, the result of the between-group rejects the second H,.
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4.2.1 Within-group differences

Online DBT program

Many studies investigated the relationship between respiratory
muscles and CLBP. Higher diaphragm position and smaller excursion
characterized by greater diaphragm fatigability were observed more in
patients with CLBP (Beeckmans et al., 2016; Bradley & Esformes, 2014).
The study of Hodges et al. (2003) reported that respiratory muscles are the
principal factor affecting spinal stabilization. Accordingly, previous
studies proved that DBT, including diaphragm breathing training, can
improve diaphragm activity, thickness, and position in patients with CLBP
(Finta et al., 2018; Ziaeifar et al., 2021). Hence, DBT is considered one of
the practical exercise approaches used with CLBP and lumbar instability
patients based on the role of the diaphragm as a primary muscle for
respiration and trunk stabilization that contribute to the intra- abdominal

pressure and the resistance of the pelvic floor (Kim & Lee, 201 3).

The present study found that four weeks of an online DBT program
effectively reduced pain in CLBP and LFI patients as the NPRS changes
reached the MCID of 2 points (Childs et al., 2005). While the functional
status improved statistically but not clinically as the changes did not reach

the MDC for ODI of 13.67% (Monticone et al., 2012).

Interestingly, there are similarities in the LBP intensity and functional
disability changes between the current online DBT and in-clinic DBT
programs examined in previous studies. The MD of NPRS and ODI in the
current study reached 3.3 points and 12.4% at the end of the four-week
intervention period. Shetty and Fathima (2020) reported changes that
reached 3.4 points and 10.5% after four weeks of practicing in-clinic hemi-

bridge 90/90 position with ball and balloon blowing exercise three times a
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week. Thus, this result indicates that online DBT could have a similar effect
on pain and functional disability reduction as the supervised traditional in-

clinic DBT.

Furthermore, in terms of core muscle endurance changes after
applying online DBT, results showed only statistically significant
improvements at the end of four weeks of intervention, as the improvement

did not reach the MDC 0f 20.8 / 57.7 sec (39.7%) (Bohannon et al., 2018).

To the researcher's knowledge, the current study successfully
collected various practical diaphragmatic DBT practiced in different body
positions (hemi-bridge 90/90, standing and hook lying position with
balloon blowing during inhalation) in one online program and replaced the
respiratory resistance device with a balloon, which is readily available and
disposable to investigate effectiveness of the program. Kang et al. (2018)
reported that five weeks of DBT using a respiratory resistance device
practiced in a standing position positively affects spinal stability among
patients with lumbar instability. Finta et al. (2018), also found that
diaphragmatic breathing in a hook lying position had more activation of

the core muscles than in a sitting position.
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Online CSE program

The online CSE program results in the present study show statistically
and clinically significant reductions in LBP intensity and functional
disability from moderate to mild pain and disability at the end of four
weeks of the intervention period with MD 3.4 points and 13.9% reached
the MCID and MDC of NPRS and ODI. The same CSE program was
practiced in-clinic in Park and Lee (2019) experimental study, but only
LBP reduced clinically, NPRS changes by 3.2 points, but the ODI changed
by only 4.9%.

A systematic review established by Jamali Brayjani and Daneshmandi
(2021) supports the current result on the effectiveness of CSE in reducing
back-related disability and pain of patients with CLBP. Thus, this result
indicates that online CSE could have a similar effect in pain reduction as

supervised in-clinic CSE but has more reduction in functional disability.

Additionally, the endurance of core muscles also improved in the
current online CSE program statistically and clinically, with the MD of
25.5sec after four weeks of intervention, reaching the MDC of 20.8 / 57.7
sec (39.7%). This result has almost similar results and has been proven in-
clinic CSE in previous studies (Dimer da Luz et al., 2019; Narouei et al.,

2020; Shamsi et al., 2016).

CSE works to enhance coordination and control of the trunk stabilizer
muscles. It stimulates spinal proprioception, which eventually impacts the
ability of postural maintenance and increases the sense of balance

(Aggarwal et al., 2010).
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Combined program (Online DBT+ CSE)

The current study found that practicing online DBT using a balloon
resistance combined with an online CSE program yielded a significant
achievement of LBP intensity, functional disability and core muscle
endurance after four weeks of the intervention period statically and

clinically.

These improvements were similar to an earlier study done by Sini and
Mohanraj (2019) that combined 90/90 hemi-bridge position with ball and
balloon blowing exercise, with a four-week CSE program practiced
through a supervised in-clinic method in managing CLBP patients. The
authors reported that their study was the first to combine this breathing
exercise with CSE. However, in the current COVID-19 pandemic, the
present study modified this combined program by adding more DBT
exercises and then delivered it through the telerehabilitation method as an

online program on CLBP and LFI patients.
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4.2.2 Between-group differences

Differences between three online therapeutic exercise

programs and the wait-list control group

The result of the current study over the study period (at the end of four
weeks) showed that the three online therapeutic exercise programs
demonstrated a better reduction in LBP and improvement of functional
status and core muscle endurance than the control group among individuals
with CLBP and LFI. Several studies support the exercises' effectiveness
compared to minimal or no intervention (Abass et al., 2020; Gordon &
Bloxham, 2016; Qaseem et al., 2017). Thus, improper inactivity should be
avoided, while programmed exercises are advised and encouraged for

patients with CLBP.

Moreover, the result of the current research is well supported by a
previous systematic review study conducted by Frizziero et al. in 2021,
there is available evidence relating to the CSE program in reducing back

pain and functional disability of patients suffering from CLBP.

To the researcher's knowledge, this is the first study conducted to
compare the effectiveness of online therapeutic exercise programs with the
wait-list control group on CLBP or LFI patients. Thus, no available results
from the previous study can be compared with the result of the current

study.
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Differences between the three online therapeutic exercise

programs

The results of between-group differences at the end of four weeks of
intervention showed that no statistical or clinical differences in the
improvement of all outcome measures were found between the three online
therapeutic program groups. Placing this in perspective comparison
between both single programs (online DBT and online CSE), in addition to
the comparison between single programs and combined both (online DBT+

CSE). Therefore, the result of the study rejects the second H,.

Contrary to expectation, this study did not find any statistically or
clinically significant differences between practicing online DBT or online
CSE programs in reducing back pain, functional disability and core muscle
endurance in four-week intervention periods. Moreover, MD between the
groups did not reach the MCID for NPRS and MDC for ODI and PBT.
This finding indicates that the DBT program, which requires less effort,
has almost similar results in reducing pain and improving functional status
and core muscle endurance to CSE, which requires more physical effort.
Therefore, this finding can resolve one of the current study research
problems, where DBT can substitute CSE, especially when the application
of CSE is not recommended due to pain and injury limitations (Gomes-
Neto et al., 2017). In addition, the DBT program could limit the physical
fatigue that may also arise due to the strenuous physical effort required

while practicing CSE (Wasser et al., 2017).

The possible reason for the improvements in pain, functional status,
and core muscle endurance after the DBT program is the positive role in
restoring the Zone of Apposition (ZOA) of the diaphragm and spine in the

proper position. This occurs through the co-contraction of the diaphragm
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and the deep abdominal muscles, mainly transverse abdominal muscles,
and internal and external oblique muscles during the inhalation with
stomach expanding and exhalation with ADIM and blowing balloon in
DBT (Cavaggioni et al., 2015; Strongoli et al., 2010). Consequently, the
pain pressure threshold can reduce, and the dynamic stability of the spine
can improve in different body positions (Boynton et al., 1991; Granata &
England, 2006). In addition, diaphragmatic DBT can stimulate the
parasympathetic nervous system's relaxation response due to the role of
breathing exercises in the feedback loop and vagal tone improvement

(Lehrer & Gevirtz, 2014).

Similarly, CSE can enhance neuromuscular control by re-training
core muscles, including deep abdominal and back muscles that necessitate
reducing stress on the spine and improving dynamic stability (Hodges et
al., 2003). CSE can provoke spinal proprioception to the maximum,
leading to enhanced spinal stiffness due to co-contraction and activation of
core muscles in CSE with ADIM (Souza et al., 2001 ). Thus, all this allows
the trunk to move in multiple planes and enhances the lumbar spine's

stability and curvature.

Based on the present study results and supporting evidence, DBT
exercises are suitable for those recommended for stability exercises but
unable to practice the conventional CSE because of pain severity, poor
trunk stability, loss of balance to maintain the body in four points position,

and/or comorbidities such as obesity and lack of fitness, etc.

The online CSE program alone can be utilized in rehabilitating
patients with CLBP and lumbar instability in cases where the patient can
practice the core exercises. When the patient encounters difficulties in
understanding breathing techniques, fear, and/or allergies to the balloon, it
is suggested that they use only the online CSE program.
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Moreover, the comparison findings in the changes of pain, functional
disability, and core muscle endurance at the end of four weeks showed no
differences between the three online programs whether the combined or
single programs, except that the combined program showed statistically
significant improvement in PBT than online DBT with MD 19.3sec
(95%CI 3.1, 35.6; P=0.028). Nevertheless, the differences did not reach the
MDC of PBT. Similarly, Shah et al. (2020) compared four weeks of
combined simple in-clinic diaphragmatic breathing exercises with CSE
versus CSE alone. The results showed no clinical differences between the
groups in the improvements of pain, functional disability, and abdominal
holding time of patients with CLBP for more than 12 weeks. In addition,
Oh et al. findings in 2020.showed no significant difference between four-
week CSE with and without respiratory resistance in reducing LBP

intensity among forty-five female patients presented with CLBP and LFI.

The possible explanation of the results is that all programs can
stimulate the diaphragm and TrA muscles concentrically and eccentrically
during the inhalation and exhalation phases in diaphragmatic breathing and
during the ADIM in the CSE in different body positions. This led to
increased integration of all stabilizer muscles and the thoracolumbar facia
that naturally stabilizes the low back area and plays an essential role in

controlling vertebral shearing forces (Willard et al., 2012).
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4.3 Clinical Implications

Four- weeks of online CSE, DBT, or a combination of both programs
can be prescribed for patients with CLBP and LFI to reduce pain and
improve functional status and core endurance as no program is superior to
other programs. Therefore, an online DBT program alone, for example, can
be utilized even for a patient who encounters difficulty in practicing the
conventional CSE and online CSE program alone when there is difficulty

in understanding breathing techniques, fear, and/or allergies to the balloon.

4.4 Study Strengths and Limitations

This study has several strengths. First, To the researcher's knowledge,
this is the first study conducted globally and locally to evaluate and
compare the effectiveness of three online therapeutic exercise programs on
LFI patients. Second, this study included no intervention (wait-list group),
which would strengthen the validity of the results. Third, psychosocial risk
factors were screened in the baseline assessment in order to identify
patients at risk for poor clinical outcomes also it is considered as a potential

way to improve quality and efficiency in patient care.

However, this study is limited to a quasi-experimental design because
the control group did not follow the 1:1:1 allocation sequence. This study
has bias because the same researcher conducted all study procedures. The
study was conducted only on female participants aged 25 to 40 years, that
cannot be generalized to males and among different age groups. The
control group contains less than 20 participants which are less than the
required number of participants per group according to the sample size
calculation results. Apart from the baseline assessment in evaluating the

eligibility of the participants with LFI, this study was limited to subjective
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findings (symptoms, history, and demographics) and core muscle
endurance with no further LFI physical special tests being done. Because
this is a general limitation of telerehabilitation, physical tests the therapist
performs are difficult. In addition, the Arabic version of the lumbar spine
instability questionnaires was not validated in the Arabic language yet.
Moreover, the number of participating questionnaires sent via WhatsApp
and Instagram was not reported, and confounding variables were not

controlled.

4.5 Conclusion

In summary, a four-week intervention period of any of the three online
therapeutic exercise programs (DBT, CSE, or combined DBT+CSE) could
effectively reduce LBP intensity and functional disability and improve core
muscle endurance of individuals with CLBP and LFI in comparison to non-
intervention. However, all three online therapeutic exercise programs have
the same effect at four weeks of intervention, and no program is superior
to another. The application of the online DBT program, which requires less
physical demands, could provide similar pain and functional disability
reduction to the online CSE program, which requires more physical
demands at the end of the four-week intervention period. The current study
recommends that physiotherapists, sports therapists, and trainers prescribe

any of the three online therapeutic programs for CLBP and LFI patients.
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4.6 Future Recommendations

Future studies should address this study’s limitations when modifying
online programs to rehabilitate patients with CLBP and LFI; a long-term
follow-up of more than four weeks is recommended to strengthen the
findings' credibility. Moreover, the current thesis researcher recommends
conducting further online therapeutic exercise programs in rehabilitating
CLBP and LFI patients. In addition to this, it recommends comparing the
effectiveness of DBT, which utilizes respiratory resistive devices, with a
balloon that is readily available and more cost-effective. The efficiency of
practicing the three online therapeutic programs throu gh one-to-one virtual
sessions can be compared to supervised traditional face-to-face in-clinic
sessions. Diagnostic ultrasound or electromyography can be used to
measure trunk muscles' activation and thickness which may have accurate

results.
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Appendix 2 Online participating form on Google form —
English and Arabic versions

(https://forms.gle/UAsAgdel XumAeMgb6)

~ University of Bahrain
-5 College of Health and Sport Sciences
j Allied Health Department

Participating form

I'm Fatima Mohamed, @ master student at the University of Bahrain. | invite you to
participate in my research study with the title of The Effectiveness of Online Core Stability
Program and Deep Breathing Training in Rehabilitating Female Patients with Functional
Lumbar Instability.

The purpose of this study is to compare three online programs on the intensity of back pain,
functiona! disability, quality of life, and endurance of core muscles during rehabilitating
female patients with chronic LBP and lumbar spine instability aged 25 to 40 years at two
and four weeks.

Study description: When you enter the study, you will be examined by this survey for
eligibifity; since you are maiched with the study including criteria partially, you will be
contacted with the physiotherapist (researcher) to read and sign the consent form and to
have the evaluation and treatment in a video call. You will then be under four weeks of
program training that will be implemented three times & week (12 sessions). Following
criteria of attending 20 to maximum 50 minutes online physiotherapy sessions under the
supervision of the physiotherapist in & video call beginning of each week and end of second
and fourth weeks. At the same time, the rest sessions will be done individually by the
participant following the instructed video given to you.

Study participants: I'm looking for 60 fernale participants in Bahrain, aged between 25 to 40
years, medically stable, suffering from low back pain for more than three months, with the
availability of lumbar instability symptoms.

Participation in this study is entirely voluntary. With no risks to your safety. And all your
information details wili be ensured.

For help and inguires
Phone number: 37330177 / Email: fphysio8@gmail.com

*Required
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Name

Your gnswer

Date of birth *
Date

mm/dd/yyyy &

Contact number »

Your answer

Email

Your answer

Do you complain of low back pain with a period of more than 12 weeks {3
months)? *

O Yes
O ne

¢ MRS Pge 1 of 4
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\ University of Bahrain

= College of Health and Sport Sciences
/7 Allied Health Department

jvg

b

Participating form

fatimalkhouzaeif@gmail.com Switch acoounts [

*Required

Symptoms of functional lumbear instability

Plezse answer the fallewing questions 1o identify if you are suffering frem functional lumbar instabiiity.
IF ¥ out of 13 symptoms match with your conditien, you heve a chanse of having funztional lumber
instability.

1- Reports feelings of "giving way” or back “giving out” *
() Yes

N

() No

2- Self manipulators who feel the need to crack or pop the back frequently *

() Yes

3- Frequent bouts or episodes of symptoms *

ORCS

() No

4- History of painful catching or locking during twisting or bending of the spine *
(O Yes

() No
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5- Pain during transitional activities {e. g sit to stand) *

O Yes
O No

&- Greater pain rewurning to erecter position fram fiexion {from bend to straight
back ) *

O Yes
() No

7- Pain increased with sudden. trivial, or mild movement >

O Yes
{) No

&- Difficulty with unsupgorted sitting end better with scpported backrest ~

i) Yes

QNc

- Worse with sustained postdre and decreased fikelihood of reported siatic
paosition that is not painful *

O Yes
) No

10- Conditicn is progressively worsening { e.g., shorter intervals between baouis)

*

O Yes
O Mo
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i1- Leng term, chronic history of a back disorder ™

O Yes
O No

12- Temporary relief with back brace or corset *

O Yes
O %o

13- Reports frequent spisodes of muscle spasms ~

O ves
O Ko

Back Mext RTINS Fonc : of 4
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University of Bahrain
. College of Health and Sport Sciences
" Allied Health Department

Participating form

*Required

Pizzse arswer the followirg cuestions regard your medice states with ves oras

History of spine surgeries, previous spine fractures, infizmmatory spine disease ”

O Yes
O ne

Suffering now with 2 severe leg coming pain from the back or diagrostic with
severe disc herniztion ~

C) Yes
(O Ne

Suffering from nsurological problems {e.g.. present or history of siroke. multiple
sclerosis, or others) *

Suffering from serious organ diseases {e.g.. kidney. livers. or others) *

O Yes
() Ne
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Suffering from cardiac or respiratory problems ~

O Yes
O Ne

Complain of any medical issues (e.q.. diabetic. hypertension, or others ) *

O Yese
O ne

Pregnant cr less than & months postpartum ”

O Yes
O Ne

Back Next AR  Fsoc S of 4

VETSUTTOL DETawotdr Thtougs Boorle Forms.
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Participating form

*Renured

for mack smztzmen: piezse chooss either disagres or 2gres

My back pain has soread down my legls) at some tims in the ast 2 weeks *

O O
&

| have had painir the shoubder or neck at same timein the last 2 wesks *

O Agree
O Disagres

| have onfy walked shart distances because of my back pain ”

O‘ Agree

D Diszgres

In the lzst 2 weeks, | have dressed more slowly than usuat because of back pain”

Q Agree

D Disagree
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= %

i's not really safe for a person with a condition like mine to be physically active.

O Agree
O Dizagree

Worrying thoughts have been gsing through my mind a lot of the time, *

O Lgree

oy s
\A Cizsagree

i feel that rry back pain is terrible, and it's never going to get any better. ”

O Lgree
C) Disagree

in general, | have not enjoyed all the things | used to enjoy *

O Lgree
O Disagree

Overall, how bothersome has your back pain in the last 2 weeks? ”

Mever submiz peeswores trrough Google Forms.
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Arabic version of participating form on Google form

(https://forms.gle/jgxrESnuC4xfJKs48)
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Appendix 3 STarT Back Screening Tool criteria used in
the online particpating form as shown above in appendix

1 (page 4 on google form of both versions)

The STarT Back Tool Scoring System

Total score

N

3 or less 4 or more

h 4

Sub score Q5-9

i

3 or less 4 or more

A A A

Low risk Medium risk High risk

© Keele University 01/08/07
Funded by Arthritis Research UK

131



Appendix 4 Screening Assessment Sheet (re-evaluated by

the researcher for confirmation)

University of Bahrain
College of Health and Sport Sciences
Allied Health Department

Ao R,

<,
S\
J H
-

=

Screening Assessment Sheet

Participant Number; ------mmmemmmeeemm Date: ---—-—--

Participant contact number/ email:

Female Yes No
Participant age between 25-40 years Yes No
Complain of chronic low back pain >12 weeks Yes No
Lumbar instability symptoms > 5/13 (re-evaluate) Yes No
Medically stable Yes No
Participant not under any other treatments during training period time Yes No
History of spine surgeries, previous spine fractures, inflammatory spine disease | Yes No
Present with spinal disc herniation, spinal deformities, or neurological Yes No
radiculopathy pain

Neurological problems such as multiple sclerosis, stroke, and others Yes No
Vertigo, cardiac and respiratory problems Yes No
Serious organ diseases Yes No
Pregnant or 6 months postpartum Yes No
Smoker Yes No
Present with psychiatric disorder which might effect on the outcomes Yes No
Able to follow comment Yes No

Notes: -
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Appendix S Online information sheet and consent form
on Google form (English and Arabic visions)

(https://forms.gle/GsKkYpJehMZqXf5a7)

\ University of Bahrain
%, College of Health and Sport Sciences
- Allied Health Department

T, —art®

Information and Consent Sheets

We invise you to 3eks partin & ressarch study condacted by Fatimez MWonamed & masers
degres stugant 2t the Univarsity of Bznrain, &= part of her study 10 examing and compare
Tnz Effectivenees of Online Core Stability Program and Deep Erezthing Training in
Feabilitating Female Fatents with Functional Lumbar Instat jity

1. imreduction ens Purpose of the Suudy

Low bick pam ig a recurrent issue Faced by most pecpie at some point in their [feime. The
purpose of this stuzy is to compare tree effective methods o the intessity of back pain,
funetionz! disakilty, quality of life end endurence of core muscles d ring rehzbilizating
female patients with carenic LBP ang lumbar sping instability 2ged 2510 £0 PEEME E1TN0
and four wesks.

2 Description of the Fesearch

When you enier the study will b= examinzd by £ sperialis: physiotherapist {researcheri i &
wvigeo call 2fter uploading the enplizetion and zrswering the quest onnzires. Then, WO W
be under four weeks of program srzining thas wit: be implamented theee times in 2 wesk,
Follzwing the criteriz of antending 20 to maximum 50 minates oriine Fysictheragy
sE5EiOns under the supsrvision of the physiotherapist in & video cz!l cnee 2 wesk, while the
rest sessions wil’ be dome in a7 individuz! by the particizem following instrustes video given
by 1 physistherepis:

3. Subject Participation

We estimate 60 participants or more who comziain of crenic lew back pein 2d iumbar
instability symptoms will entol in tis study. Peticipanis mast be

o Female and ages tetween Z5 to 40 years.

o Coemplain of chronis foow back pain started fron & miniman of 12 weeks iNo previous
spine surgeries. fractures, or cther sericus issues)

o Suffering of lumbar instebi’ity symptomns and bow endurancs of etdoming’ muscies

& hedicaliy statie

¢ Participant not under 2ry othar treatments during treining period time

ntial Risks and Discemnforts:

Trere &re no risks 10 your sefety, You miglt have mild dizziness during tne exercises and
muzcle soumness enz fi et the exerciees and for & couple of cays. inthis caze, you
can apy & hot peck app! tzhing. ant breathing exercises to relieve t1e symptome.
Neversheless, in case of severs back pain, muscle scumess, or chest pain and difficatzy in
breatning for mare than twe days. you should infarn the researcher

3. Potenusl Benefris
Perticipate in this study may have less beck pein, functions: diszkélity, and stronger deer
abdormen muscles.

% Confidentielty
Al your information geteils wiil be ensured

Authorization

7. Woluntary Paricipation enz Authorization Pzrticipams

Your decizicn 1o partizipate inthis swdy is complstely vl amiEry. if you decigs not e
panicipate inthis study, 4 wi'l not effect the care. services, or tenefts PO ErE entitied to
2. Withdrawel from the Stucy end/or Withdrawe' of Authorization Pars Cipents

#f you dacigs te partizipate in this study, you may withdraw from your participetion a1 any

e wWiEneut pengty.

g Cost'Reimbursemants
Tnere is no cost for paricipating in this siudy.

10, conflict of interest
Study no cenflict any imserest
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Informed Consent Sheet
| hereby gave my consent t5 pa=icipate in the ressanch proiecs

zrcher's hame: Szimz Mokammed & Course Tit = Aoplied Res=arch Frojec:
= eridersicned corfinm sha: (peass orcle a5 Xzproprizze]

1.1 have read and underztood tne infarmation regarding the study arnd fuil

fermation sheet -

procedure wei expiained in the i

O Yes
O ne

2. lunderstand the benefit of participating in the study.

O Yes
O Hiz

3. tunderstand thet there might be some adverse effacts of rarticipating in the

ExErcizes program and that the posshis risk was exgpiainedwailto me. -

O Yes
O he

4. 7he procedure regarding confidentiality clearly explained to me
(anorymizatior of name. personal information and etc.) *

O Yes
O ne

3. I woiuntarily sgree to participate in all stages of the stud [

6. underztarnd that | have the right to withdraw at any time without azking for

ciarification. -

O Yeg

O ne
134



7.l rave besn alicvesc to a3k gueeticns and tne proect and mry participstion. |
FEve the rght to ssk furtrer guest’ons in the futare. -

D res
O ko

Z. 1 ungerstana trat. if thers iz any concern aDouwt the appropriateness of my
contnuing in th's research. i may ks atked 1o witharew my involvernent at 2y

"

T2Qe.

b 1A

O
O e

. AlLtre information that | gave o the researcher are trus and acourats tothe
best of mry knowledgs ans | wnoerstana that must notify i° there are any changes
o the infonration -

CI res
D Ke

Q.

10, L Slong with tre nesearcer. agree 1o sign sng oate tris miormes comesnt -

() es
O 5]

Th | nEvie DEBN agresd 10 Pave & wdeo call with the therapist for asesesTent 30
treatment -

O Yes
D ko

1% I have been agreed 10 have a video call vith the therapizt for aszsesment ang
treatment -

12.W/hat i & goot U e Tor vou Te BtNEN0 N onlne physictherapy BSEs 0N -

O Horminic
(O sfemosn
O higms

Y anvtime
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Arabic version of information and consent forms on
Google form (https:/forms.gle/KeyNSWbGwp6SyDJi7)
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Appendix 6 Researcher re-evaluation sheet (Baseline,

after two and four weeks of intervention)

~ University of Bahrain
41 College of Health and Sport Sciences
Allied Health Department

L

o)

d </
%.“&m g

Evaluation and Re- Evaluation Sheet

Participant Number; ---—-----ammeememv Date: ———mmmceeeeemet
Participant contact number/ email:

QOutcome measure and examination scores

e VAS- -——- e e e

e ODI score e e

¢ Endurance of core muscle PBT score -

Comments/ notes ----- — e
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Appendix 7 Numeric Pain Rating Scale (NPRS) English
version on (Google form) (page 1 and 2)

(https://forms.gle/SKpRcQGUEtYVPdVCS)

Lo .
Evaluation sheet
The current form consists of three parts
1} Intensity of back pain

2) Functional disabilities due 1o back disorders and pain
3) Quality of life

*Reguired

Today's date *
Date

mm/dd/yyyy B
Serial participation number { given by the physiotherapist) *

Your answer

_
Evaluation sheet

*Required

First part (internsity of back pain)

How much you can express your back pain within these two days *

]Illl]llll]llll]llllllllilllll|||lIlllllllllllIII!]Illmlllllllllllll]!llllllll]EIIIHII]IIlllllll

No pain Pain as bad
at afl as it could
possibly be

Scoring and interpretation:
{0 - 0.4 cm} = No pain

{4.5 cm =~ 7.4 tin) = Moderate pain
(7.5 cm — 10 ¢m )= Severe pain

your answer rieed to be a number (e g 4.1

Your ansvier

Back Next
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Appendix 8 Oswestry Disability Index (ODI) English

version on (Google form) (page 3)

L R
Evaluation sheet

*Requireg

Second part { functicnal disabilities)

Tnis part consist of 10 cusstions/sections
You need to Enswer cne question

U= no pzin and disability

5= more gein end highest disability

Section 1 - Pain intensity *

O G={ have no pain &t the moment

O 1= The pain is very mild at the moment
2= The pain is moderate &t the moment

4= The pain is very severe a1 the moment

O
O 3= The pain is fairly severe &t the moment
O
O

8= The pain is the worst imaginable at the miement

Section 2 - Personal Care (e.g.. Washing, Dressing) *

O L= can look afier myself normally without causing extra pain
O 1=1can look efter myself normally but it is very painful

2= tis painful 1o look after myself and | am slow and careful
3=ineed some help but manage most of my personal care

4= | need help every day in most aspects of self care

o O OO0

5= { do not get dressed, wash with cifficulty end stay in bed
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Section 3 - Lifting ~

C= i can lift hegvy weights without extra pain
1=t can lift heavy weights but it gives extra pain

2= Pain prevents me lifting heavy weights off the floor, bui i can manas if they are
cenveinelty pleged, for example © 1z table

3= Pain prevents me from lifting heavy weights, but | can manage light to medium
weights if they are conveniently positioned.

4= 1 can fift only very light weights.

S=1icannot lift or carry enything a1 &ll.

OO0 O O OO0

Section 4 - Wealking ~

O = Pain does not prevent me from walking any distance.

1= Pain prevents me from walking more than 1 mile. (% mile = 1.6 km)
2= Pain prevents me from walking mare than 1/4 mile.

3= Pein preverits me from walking more than 100 yards.

4=t can walk only with crutches or a stick.

E=1amin bed most of the 1ime and have 1o crawl to the toilet.

OO CIONG;

Section 5 - Sitting *

O C=tican sitin any chair as long &5 ¢ like

O 1=14 can sitin my fevourite chair for as long es | like

O 2= Pain prevents me from sitting for more than 1 hour.
O 3= Pain prevents me from sitting for mare than % an hour
D 4= Pain prevents me from sitting for mare that 306 minutes

O S= Pain prevents me from sitting &t all.
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Section é - Standing ”

Q C=ican stand as long as | went without extra pain.

1=ican stand as long as | want but it extre my pain.

2= Pain prevents me from standing for more than 1 hour.

3= Pain prevenits me from standina for miore than % an hour.

4= Pgin prevents me from standing for mcre than 10 minutes.

OO0 O0O0O0

5= Pain prevents me from standing &t all.

Section 7 - Steeping *

(C) €=My sleep is never disturbed by pain.

1= My sleep is occasionslly diszurbed by pain.

2= Because of pain ! have [ess than & hours sleap.
3= Beceuse of pain ! have less than 4 hours sleep.

4= Because of pain ! have less than 2 hours sleep.

OO0 0O0

5= Pazin prevents me from sleeping zt all.

Section 8 - Sex Life { if applicable )

0= My sex life is normal end causes no extra pain.
1= My sex life is normal but causes some extra pain.
2= My sex life is nearly normal but is very painful.
3= My sex life i severely restricied by pain.

4= My sex life is nearly absen: because of pain.

O OO O0O0O0

S= Pain prevents any sex life at &l
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Section ¢ - Social Life *

O 0= My social life is normal and causes me no extrz pain.
O 1= My social life is normal, but increases the degree of pain.

O 2= Pain has no significant effect on my sacial fife apert from limiting my more
energetic interests (e.g., sports, dancing).

O 3= Pain has restricted my social life and | do not go out as often.
O 4= Pain has restricted my social life to my home.

O 5= I have no social life because of my pain.

Section 0 - Traveling *

O 0= | can trevel anywhere without pain.

O 1= | can travel anywhere, but it gives extra pain.

O 2= Pain is bad but | mangage journeys of over 2 hours.

O 3= Pain restricts me to journeys of less than 1 hour.

O 4= Pain restricts me to short necessary journeys under 30 minutes

O 5= Pain prevenis me from travelling except ta recieve treatment

Back Next GRS g 3 of 4
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Appendix 9 Numeric Pain Rating Scale (NPRS)- Arabic
version on (Google form) (page 1 and 2) (
https://forms.gle/jXXDTko85Lgx9bsBA )

ety o "
(‘5\55"]‘ b JLn.u.u\
Pt 8238 e s lall 6 Y

A A 2 (]
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Appendix 10 Oswestry Disability Index (ODI)- Arabic

version on (Google form) (page 3)
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Appendix 11 Example of calculating outcome measures

scores through (www.orthotoolkit.com)

orthotoolkit®

Oswestry Disability Index Score Summary

Patient ID: participant 1 Date Completed: 10/30/2020

Section 1: Pain i!‘l[CﬁSiT}" (2 pomis)

The paan 15 mederate at tw naonient

Scction 2: Personal Care (Washing. Dressing, cte.) i2 pomts)

1w panndiad W look afien swvsell bt | am slow and carcful

Section 3: Lifting 1 pomts)

boan Lt hesy weights But it gives oxird pain

Section 4: Walking {0 points)

Pain does not prevent me walking any distance

Scction 5: Sining Il ponis)

Puoan only st my fis orite chair os Jong as | ke

Scction 6: Standing (1 points)

Foan stand os ooy as Dwand bt it gives tw €50 pam

Section 7: Sleeping (1 poamts)

My sleep is oceasionally disturbed by pain

Section &: Sex life (if applicable) v (1) points)
My sex lite is nermal and causes no extra paic
SCCU'GH 9; SOCiHi ilf*{.‘ (2 poants)

Fazr has no significant effect on my soviad Lo apart froe limitng my wore eneTpelc interests eg. sport

Scction 10: Travelling 10 points)
¥ can travel mmywhere without pain

Pertinent Negative Pertment Positive Pertinent Positive

Oswestry Disability Index Scorc:

10 points or 20 percent.

Graphical Oswestry Disability Index Score
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Appendix 12 An example of a patient's progress reportAn
example of a patient's progress report

Physiotherapy
Progress Report

18/6/2021

Four weeks of online Physlotherapy rehabliitation have been given to the participant shows the following

differences:
Before rehabliltation After Two weeks After four weeks
The intenglty 5 25 1
of back pain
Functiona! 24% 8% 6%
disabiilties
Core muscies 382.5 sec 65 sec 96 sec
Endurance
Fatima Alkhouzael
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