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Abstract

Introduction: Approximately 85% of patients after stroke subsequently suffer from loss of
upper limb function, leading to low quality of life and restricted activities of daily living. Upper
limb function improvement is the primary rehabilitation goal for such patients, and robotic
rehabilitation technologies are increasingly being used in motor and cognitive impairment
rehabilitation.

Objective: The purpose of this study is to examine the effect of adding robotic-assisted
rehabilitation to conventional rehabilitation on upper limb functions compared to conventional
rehabilitation for patients with subacute and chronic stroke.

Methodology: A randomized controlled trial was conducted among 24 patients with stroke,
allocated into two groups: (1) robotic-assisted rehabilitation and conventional rehabilitation;
and (2) conventional rehabilitation only. Both groups received 20 sessions (five times a week
for four weeks). All patients were investigated two times, at baseline and post-intervention,
using the Jebsen-Taylor Hand Function Test (JTHFT), Functional Independence Measures
(FIMs), and JAMAR® Hydraulic hand dynamometer. Independent t-test and Mann-Whitney U
test were used to compare between-group differences. A 2x2 (groups by time) mixed-design
analysis of variance was used to examine mean differences between control and experimental
groups. The Wilcoxon Signed Ranks Test was used to examine within-group differences.

Results: The 24 participating patients were distributed into two groups to evaluate and compare
the effects of (1) four weeks of adding robotic-assisted rehabilitation to conventional
rehabilitation (experimental group, n=13); and (2) conventional rehabilitation only (control
group, n=11) among patients after stroke. Both groups exhibited statistically significant
improvements in upper limb function, hand grip power, self-care, transfer, and cognition, as
measured with selected outcome measures (p<0.05). We found no significant differences
between the participants in two groups post-intervention.

Conclusions: Robotic-assisted rehabilitation combined with conventional rehabilitation in the
same duration of daily rehabilitation during the subacute and chronic phases has similar effects
to conventional rehabilitation alone in terms of upper limb motor function, hand power, and
cognition. The outcomes support the use of robotic-assisted rehabilitation among rehabilitation
tools for patients after stroke.
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Chapter 1

Introduction

1.1. Study Background

Stroke is defined as “a neurological deficit attributed to an acute focal injury of the central
nervous system (CNS) by a vascular cause, including cerebral infarction, intracerebral
hemorrhage (ICH), and subarachnoid hemorrhage (SAH)”.! Stroke accounts for an estimated
5 million deaths per year, and a large number of patients with stroke (PwS) complain of
physical and cognitive impairments and disabilities.? Approximately 85% of Patient after stoke
suffer from loss of upper limb function (ULF), leading to reduced quality of life (QoL) and
restricted daily functions.® More than two-thirds of patients admitted at hospitals due to stroke
have a motor impairment such as hemiparesis or hemiplegia, and about 50% of those comprise
upper and lower limb impairments, with difficult recovery implications. Most PwS receive
multidisciplinary rehabilitation, yet only 8-20% of patients fully recover the functionality of

affected limbs post-rehabilitation.?4°

The loss of ULF fundamentally affects PwS’ QoL and social participation,® and the
improvement of ULF is the primary rehabilitation goal for such patients.* Cognitive
impairments after stroke can affect patients’ functional recovery and QoL, and fundamentally
influence rehabilitation plans and long-term prognoses.” However, several studies have
demonstrated that task-specific, repetitive, and high-intensity training may improve motor
function in PwS.29 Also, patients’ engagement with rehabilitation programs is important.
High-intensity repetitive tasks therapy to improve ULF in PwS can be provided or augmented
by robotic devices, which can also improve the upper limb range of motion (ROM) and active

movements in PwS.2




Robotic rehabilitation technologies are increasingly used in motor and cognitive impairment
rehabilitation.!* A large number of published studies support the use of robotic rehabilitation
for PwS as evidence-based practice (EBP) to improve upper limb motor function and activities
of daily living (ADLs).* In addition, robotic rehabilitation can provide more intensive training
and repetitive task-specific training than conventional rehabilitation.® Previous studies
comparing robotic and conventional rehabilitation found the robotic rehabilitation effect to be
greater than that of conventional rehabilitation,®> while others showed there are no significant
differences between robotic and conventional delivery methods.*?'® However, such variations
in the results of studies may be related to the duration, intensity, type of therapy, subject

characteristics, and outcome measurements used in trials.

Video game rehabilitation increases the activation of muscle for the upper limb, and gaming in
general can make patients’ performance more engaged, and reduce non-compliance, and
consideration of ancillary compliance factors is considered an important dimension of quality
of care (QoC) in modern healthcare services delivery.’® Game-based exercises are a good
option for PwS rehabilitation, leveraging the inherent appeal of video games as a motivating
tool for rehabilitation.t® Many studies suggested involving the use of gaming in upper extremity
rehabilitation for PwS.% The use of robotic rehabilitation with visual gaming or virtual reality
(VR) has been found to improve motivation repetitions and patient engagement with exercises

and training.t"18

Several studies recommended the use of combining VR and robotic rehabilitation with PwS,
to improve ULF and ADLs, having found that matching tasks to visual targets can improve
patient training performance.’®!® Dehem et al. examined the effect of upper limb robotic-
assisted therapy in early stroke rehabilitation using one robotic device interaction with a video

game combined with conventional therapy.!! The intervention was delivered over four sessions




a week, over the course of nine weeks. The results showed that robotic-assisted therapy with

conventional therapy is more effective than conventional therapy only to improve ULFs.

There are many therapeutic technology companies offering devices for robotic-assisted
rehabilitation (RAR), including Tyromotion, which developed the robotic devices Diego®, for

arm-shoulder rehabilitation; and Pablo®, for hand-arm rehabilitation).?

1.2. Study Rationale

Less than 20% of PwS fully recover their fully ULF.X Improved functionality is the most
important objective for PwS’ rehabilitation, to reduce upper limb disability and enable the
resumption of normal life in to the best of the patients’ ability.?* Thus, there is a need for
intervention enhancing function recovery for the PwS.?? Robotic rehabilitation is an emerging
and quickly developing treatment avenue, but there are existential variations in the results of
robotic rehabilitation in PwS. Systematic reviews have shown differences in results and
generally present low-quality evidence.?® There is a need to conduct high-quality, targeted
studies to develop a blueprint for EBP deployments of modern technologies in stroke

rehabilitation, and this study seeks to contribute to this emerging research area.

1.3. Research Question
Does adding robotic-assisted rehabilitation to conventional rehabilitation improve ULF in post-

stroke patients with subacute and chronic stroke at four weeks follow-up?

1.4. Aim and Objectives
The aim of this study is to examine the effectiveness of adding robotic-assisted rehabilitation
to conventional rehabilitation on ULFs. To achieve this aim, it addresses four key objectives,

namely to:




e Conduct a randomized controlled trial (RCT) to compare conventional rehabilitation
plus RAR with conventional rehabilitation only for patients with subacute and chronic
stroke.

e Conduct comparative analysis of functional independence measures (FIMSs): Jebsen-
Taylor Hand Function Test (JTHFT) affected hand, motor, self-care, transfer, social
cognition, and “total” FIM.

e Compare between-group post-intervention differences.

e Compare within-group differences at baseline and four-week follow-up.

1.5. Hypothesis

Based on the current understanding gleaned from existing literature (as expounded in the
following chapter), this study hypothesized that patients who receive robotic-assisted
rehabilitation in addition to conventional rehabilitation have better ULF compared to those who
receive conventional rehabilitation only. It is important to note that this study seeks to explore

the possibility of augmenting (and not replacing) conventional rehabilitation with RAR.

1.6. Thesis Structure

This introductory chapter explains the background of stroke and existing treatment and
rehabilitation services to contextualize the rationale for undertaking this study, whose research
question, aim, objectives, and hypothesis are presented. Subsequently, Chapter 2 reviews
existing literature pertaining to the definition and prevalence of stroke, the currently supported
(EBP) rehabilitation programs for conventional post-stroke therapy, and the emerging scope

and potentialities of RAR.

Chapter 3 then expounds the research methodology used to answer the research question,

presenting the study design, data collection process (including setting and location), participant




inclusion and exclusion criteria, and sampling and recruitment methods. It also presents the
conventional and RAR-assisted interventions used, and the primary and secondary outcome
measures and equipment used to gather data, as well as the data analysis procedures. It also

explains the ethical considerations undertaken in this project.

Chapter 4 subsequent presents the results of applying the adumbrated methods. It explores the
socio-demographic and physiological characteristics of participants, and then unpacks the
outcomes of the two studied groups in terms of the FIMs used. Comparative analysis of
between-group post-intervention outcomes and within-group differences between baseline and
follow-up is presented and described. Chapter 5 discusses these results in relation to existing

literature, and concludes the thesis.




Chapter 2

Literature Review

2.1. Stroke Definition and Prevalence

Stroke, a neurological deficit related to CNS-intensive focal injury caused by avascular injury,
is considered a major reason for disability and death worldwide.? It can also be characterized
as a neurological disorder associated with blood vessel blocking, whereby clots occur in the
brain, thereby restricting arterial blood flow. The resulting localized increase in blood pressure
results in rupture, and the breaking of blood vessels during stroke in the cerebrum causes the
sudden death of brain cells (and large parts of the brain) due to the resultant lack of oxygen.?
The brain is a particularly complex organ that controls the function of the body. In the event of
a stroke preventing blood flow from reaching areas of the brain that regulate specific physical

functions in the body, the associated body parts will not be able to function as normal.?*

Stroke is the main cause of limb motor function impairment (e.g., hemiparesis and
hemiplegia).* Impairment caused by a stroke can be classified into two major types: (1)
impairment of body function, such as a significant deviation or loss in neuromusculoskeletal
and movement function related to joint mobility, muscle power, muscle tone, and/or
involuntary movements; and (2) impairment of body structures, such as a significant deviation
in nervous system structure or strangulation. In the case of upper limb impairments requires a
thorough assessment of particular needs and capabilities in order to provide appropriate care.?®
Impairment of upper limb motor functions affects individuals’ ability to carry out many ADLs,
which is likely to decrease independence and increase the care burden (on informal family

caregivers in addition to healthcare professionals).?®




2.2. Rehabilitation Programs

Most rehabilitation programs focus primarily on the lower limbs, in order to enable patients to
resume walking and attain greater mobility (e.g., techniques to regain normal gait function),
with insufficient attention to upper limb rehabilitation.?’ However, upper limb function
improvement is essential (for those affected in the upper limbs) in order to decrease disability
in PwS.2! Motor function recovery refer to restore patients’ muscle activation patterns.?! The
fact that training and physical activity can help restore motor function in PwS has long been
recognized.? Consistent with motor “learning” in healthy adults, this “relearning” process is
mediated by neuroplasticity, which is defined as the ability of the CNS to undergo a structural

and functional change in response to new experiences.?

Active movements of the upper limb can be restored and increased by focusing on
neuroplasticity,®® which is a major component of conventional therapy, which enables the
substantial rehabilitation of up to 60% of patients.?’” Updated evidence on the effect of many
intervention approaches, such as mirror, contrast-induced movement, VR, and high-intensity
repetitive tasks therapies to improve ULFs in PwS note that high-intensity repetitive tasks can
be provided or assisted by robotic devices, which can also improve upper limb ROM and active

movements.?

2.3. Robotic Rehabilitation

Robotic rehabilitation devices are intervention tools that are developed to assist and to train
performance for regaining limb functions.®* A considerable number of studies have analyzed
RAR in PwS, examining the effects of robotics rehabilitation alone or in combination with
conventional therapy. Also, some recent stroke guidelines have begun to recommend using
robots in addition to conventional rehabilitation.** Furthermore, a study investigating the effect

of new technologies on upper limb motor, functional state, and cognitive outcomes in PwS




concluded that short-term two-week robotic rehabilitation or VR had a positive effect on upper

motor recovery.?!

Sale et al. evaluated the effect of robotic-assisted therapy compared to usual physical therapy
(PT) on ULF during the subacute stroke phase over 30 sessions (Five days a week for six
weeks).®? They used the MIT-MANUS/InMotion2 (Interactive Motion technologies, Inc.,MA,
USA\) robotic device, they measured ULF using Fugl-Meyer Assessment (FMA) and Motricity
Index (MI), and they found that robotic-assisted therapy enabled greater functional recovery in

motor function than usual PT in early stage of therapy.®?

Masiero et al. conducted an RCT to investigate early therapy with a novel robotic device that
can enhance functional recovery and decrease hemiplegic or hemiparetic upper extremity
motor impairment in patients with acute stoke.®® They used a robotic device NeReBot in 25
sessions starting from one-week post-stroke. They measured ULF using FMA, FIM, Trunk
Control Test (TCT), Modified Ashworth Scale (MAS), and Medical Research Council. They
concluded that the group receiving robotic therapy in addition to conventional therapy showed
greater functional ability improvements and decreased motor impairment compared to the

conventional group.®

Carpinella et al. conducted a pilot RCT to assess the effects of robotic therapy and compared
it to arm-specific PT in PwS.3* They specifically analyzed arm function and motor strategies
derived from upper limb instrumented kinematics, measured by FMA of the upper extremity,
MAS, and FIM. They used planar robotic manipulandum (Braccio di Ferro, Celin s.r.l., Italy)
for 45 minutes, five times per week, for 20 sessions They concluded that both RAR and arm-
specific PT reduced arm impairments, but RAR was more effective in improving motor

strategies as well as inducing larger improvements in coordination of shoulder/elbow, with




greater reduction of abnormal trunk movements. The benefits of RAR appeared to be more

obvious in chronic patients.3*

Qian et al. evaluated the training effects of device-assisted treatment for subacute PwS and
compared them to the effects of traditional physical treatments, measured by FMA, MAS, the
Action Research Arm Test (ARAT), and FIM. They used the EMg-Driven NMES-robot
System for 60 minutes, five times a week, over 20 sessions, and concluded that the robotic-
assisted (NMES-robot) training was effective for early upper limb rehabilitation for PwS and

promoted ADL independence more than traditional PT.*®

Zengin-metli et al. examined the effects of robotic rehabilitation on ULF, cognitive, and ADL
outcomes in patients with subacute stroke.® They added robotic rehabilitation to conventional
rehabilitation and compared it to conventional rehabilitation only. The intervention duration
was the sessions was 30 minutes, five times, for three weeks, using the robotic device Armeo
Spring HocomAG Inc. (Volketswill, Switzerland). They concluded that the addition of robotics
to conventional rehabilitation had the same effect on motor function improvement and ADL in

patients with subacute stroke.

Taveggia et al investigated the effectiveness of robotic-assisted motion and activity in addition
to Physical and Rehabilitation Medicine (PRM) for rehabilitation ULF recovery in PwS.¥” They
added robotic therapy to conventional treatment and compared it to conventional treatment,
using the Armeo Spring robotic device for 1 hour, five days per week, over six weeks. The
found that robotics associated with RPM achieved similar outcomes to conventional
rehabilitation for the treatment of disability, pain, and spasticity in upper limb impairment

among PwS.¥




Iris et al. conducted a pilot study to evaluate the utility of the set identified devices in clinical
practice as well as compared robotic treatment with conventional therapy of the upper limb in
PwS.% The robotic devices they used encompassed the Amadeo, Diego, and Pablo ones from
Tyromotion, and Motore from Humanware (Pisa, Italy). The intervention was applied in 45-
minute sessions on five days a week, for 30 sessions. The findings indicated that patients with
subacute stroke in a robotic therapy group exhibited greater improvement in the Barthel index,

FMA, and de-ambulation outcomes than those receiving conventional therapy.®

The same intervention was applied by Aprile et al., who examined the effect of robotic upper
limb therapy using the Amadeo, Diego, and Pablo devices from Tyromotion, and the Motore
devise from Humanware (Pisa, Italy), and compared outcomes with those receiving
conventional therapy in 30 sessions (each lasting 45 minutes), five days per week.}* They
measured by FMA, MI , Medical Research Council, MAS, Neuropathic Pain Diagnostic
Questionnaire, Numerical Rating Scale of Pain, Modified Barthel Index, Frenchay Arm Test,
ARAT, and the 36-item Short-Form Health Survey. They concluded that robotics-assisted
therapy improved ULF and activity, but there was no statistically significant difference in

outcomes between subacute stroke patients in the robotic and conventional therapy groups.*4

2.4. Summary

Stroke continues to be a massive problem of increasing prevalence and impacts on healthcare
systems worldwide. A growing body of research has developed and explored the impacts of
deploying modern robotics technologies in rehabilitation for various particular symptoms (i.e.,
impairments) among PwS. While many studies have examined the effect of robotic
rehabilitation on ULF in PwS, most of them only used a single robotic device, albeit some did

used multiple devices.

10




Most (though not all) of the reviewed studies found that RAR improved outcomes among PwS
relative to conventional therapies. However, it should be noted that none of the reviewed
studies sought to replace conventional therapy with RAR, and there is consensus that the

augmentation of conventional therapy is the underling aim of research in this field.

To the best of our knowledge, no previous study examined the effect of adding RAR on
conventional rehabilitation on ULF using two robotic devices Diego® and Pablo® devices (from
Tyromotion, Austria) in a four-week intervention program for patients with subacute and
chronic stroke (measured by JTHFT). Thus this study seeks to contribute new insights

concerning robotic interventions among PwsS.
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Chapter 3

Methodology

3.1. Study Design

This study undertook an RCT, using parallel experimental and control groups, targeting a [1:1]
ratio. An RCT manifests a quantitative epistemology grounded in positivist ontology. An
experimental comparison is conducted under controlled conditions, with randomly allocated
experimental and comparison groups, whose outcomes are compared to determine the
effectiveness of an intervention (in this case, RAR among PwS). RCTs are considered to be
the most robust and rigorous methodologies to support EBP with proof of the clinical
effectiveness of treatments in clinical practice, with high-quality data supporting generalizable
conclusions. They can also be used in subsequent systematic reviews and meta-analyses to

generating increasing volumes of high-quality evidence to support decision-makers.*

3.2. Setting and Location of Data Collection
The study was conducted at the rehabilitation department at Sultan bin Abdulaziz Humanitarian
City (SBAHC) and the rehabilitation department at King Fahad Medical City (KFMC), Riyadh,

Saudi Arabia. Fieldwork was conducted from January 2022 to March 2024.

3.3. Sampling and Recruitment

Non-probability convenience sampling method was used to recruit participants eligible for
participation. The inclusion and exclusion criteria for participants in this study are shown in
Table 1. Eligible patients were inpatients recruited directly from the selected centers. The

nature and scope of the study was explained in full verbally and in writing, after which they

12




were invited to participate. Those who wished to voluntarily participate gave full written

informed consent (see section 3.12).

Table 1: Participant inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

Male and female Patients complaining of other neurological
or orthopedic conditions affecting upper
limb

Aged 18 years old and above Patients unable to move the upper limb at
all

First stroke suffered Patients having clinically diagnosed
psychological disorders

Time of onset from 1 to 24 months Patients unable to interact with robotic
devices due to severe cognitive problems

Patients can understand and follow Patients with severe spasticity (Modified

instructions in Arabic or English Ashworth Scale<?)

The total of 26 eligible participants who initially agreed to take part in this study were
distributed equally into two groups: the experimental group (hereinafter “ExG”) and the control
group (hereinafter “CtG”). Thus, there were 13 patients each in the EXG and CtG, as per the
original 1:1 target. However, two patients in the CtG subsequently withdrew, as they
discontinued the intervention due to discharge from the hospital. The CONSORT flow diagram

for the patient recruitment to completion process is shown in Figure 1.4
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[ Enroliment ] Assessed for eligibility

Excluded (n=0)

A 4

Randomized

v

[ Allocation ] v
Allocated to control group (n=13) Allocated to experimental group

f Follow-Up J

Discontinued intervention (n=2) Discontinued intervention (n=0)
{ Analysis } v
Analysed (n=11) Analysed (n=13)

Figure 1: CONSORT patient flow diagram

3.4. General Data Collection

Participants’ general data were collected from their medical records (with appropriate
permissions) by the investigator. Their socio-demographic data were recorded, including sex,
age, weight, height, body mass index (BMI), dominant hand, time of stroke onset, and affected
side. The investigator assessed the eligibility and examined spasticity using MAS when
participants were recruited. The collection of data concerning specific outcomes related to

devices is explained in detail in the following sections.
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3.5. Details of Interventions

3.5.1. Overview

The EXG received RAR for the upper limb in addition to conventional therapy, while the CtG
received only conventional therapy. For the purpose of randomizing the patients, the block
randomization method was used, with a block size of 4.4 Sequentially numbered, opaque,
sealed envelopes (SNOSE) were used for the allocation concealment scheme.*? Both groups
received 20 sessions (on five days a week for four weeks), including two hours of PT and
occupational therapy (OT). The study was an open-label trial; patients were not blinded to the
intervention allocation, and the investigators were unable to be blinded, because they were
assessed patients and performed the intervention. All measures were investigated at the
rehabilitation departments in selected centers two times, at the baseline of intervention (TO),

and four weeks after the initiation of the intervention (T1).

3.5.2. Conventional Rehabilitation

All patients in both groups received conventional rehabilitation (PT and OT), including upper
and lower limb rehabilitation. It should be noted that conventional rehabilitation programs were
tailored to the needs of each patient (embodying the principle of beneficence, as per
conventional norms), and thus varied slightly in particulars (though not in essence) between
participants. The main components of conventional upper and lower limb rehabilitation as

delivered in this study are displayed in Table 2.
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Table 2: Conventional upper and lower limb rehabilitation therapy components

Conventional Upper Limb Rehabilitation

Conventional Lower Limb Rehabilitation

Active assisted ROM

ROM exercises

Strengthening exercises

Strengthening exercises

Hand function training

Functional training

Reaching exercises

Bed mobility training

Fine motor skills training

Task-specific training

Modalities

Transfer training

3.5.3. Robotic-Assisted Rehabilitation

Balance exercises

Gait training

Modalities

Patients in the ExG received 30 minutes of upper limb rehabilitation with the following devices

(explained in more detail in section 3.8):

e Arrobotic device that allows unsupported 3-dimensional movement of shoulder, elbow,

and wrist joints (Pablo®, from Tyromtion, Austria).

e A robotic device that allows 3-dimensional movement of the shoulder joint with

supported arm weight (Diego®, from Tyromotion, Austria).

Both devices aim to increase ULF, ROM, and muscle power. During training, patients perform
motor and cognitive tasks that interact with visual and auditory feedback from devices by video

games. The therapeutic program used is as follows:

e Pablo®: includes 1-dimensional and 2-dimensiona; game-based exercises (“highway”,
and “chicken and worm”). Interaction with the game is based on grasping handle

sensors with variable power as well as movements of elbow and wrist joints.
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e Diego®: includes a game-environment (VR) exercises (“box and blocks”, “hanging up
the laundry”, and “breaststroke”). Interaction with the game is based on the movements

of shoulder and elbow joints.

Each device has more than one game with similar exercises and purposes. The therapist adapted
the workspace and difficulty according to the patient’s ability. During robotic training, each
patient was supervised by one therapist. Both devices were used in all sessions, each device for

15 minutes, with five minutes’ rest between the use of each of the two devices.

3.5.4. Duration of Treatment

The CtG and EXG received the rehabilitation therapies with durations displayed in Table 3.

Table 3: Duration of therapy components

Rehabilitation Type Control Group | Experimental Group
Conventional lower limb rehabilitation 60 60
Conventional upper limb rehabilitation 60 30
Robotic-assisted rehabilitation - 30

3.6. Primary Outcome Measure: Jebsen-Taylor Hand Function Test (JTHFT)

JTHFT developed by Jensen, and Taylor in 1969, is used widely for hand motor function
assessment.*® It has been demonstrated to have good validity, reliability, and responsiveness,
and normative data for the test are available for all ages and genders of PwS.*4 The JTHFT
is scored by times using a stopwatch to complete seven tasks, including: writing sentences,
turning over cards, picking up small objects and placing them in a can, stacking checkers,
moving large light cans, and moving heavy cans.*® In this study, a sum time of seven tasks was

used. The specific JAMAR® hand function test was used in this study.

17




3.7. Secondary Outcome Measures

3.7.1. Functional Independence Measure (FIM)

FIM is an outcome measure commonly used in stroke rehabilitation to assess function level,
developed by the American Academy of Physical Medicine and rehabilitation in 1984. It is a
valid, reliable and responsive outcome measure to PwS.#4 It includes 18 items over the motor
and cognitive sub-scales, 13 items for motor (self-care, sphincter control, locomotion, and
transfer), and five items for cognitive (communication and social cognition) dimensions. Each
FIM item is scored from 1 to 7, ranging from 1 = “[require] total assistance” to 7 = “complete

independence”. The total score for FIM ranges between 18 and 126.49%0

3.7.2. JAMAR® Hydraulic Hand Dynamometer

The JAMAR® Hydraulic Hand Dynamometer is a gold standard outcome used to measure
handgrip power. It is a valid, reliable and responsive outcome measurement for assessing grip
power among PwS.®! Patients were asked to sit with their shoulders in a neutral position with
their arms at their sides and elbows flexed 90 degrees, with their wrists in a mild ulnar deviated
position. After the subjects were positioned with the Dynamometer, they were asked to squeeze
as hard as possible. Three trials were performed, and the outcomes were used to calculate the

grip power (i.e., the mean of the grip score for the three trials).>

3.7.3. Modified Ashworth Scale (MAS)

MAS is a modified version of the Ashworth scale used in rehabilitation to assess muscle tone
(spasticity). It is a valid, reliable, and responsive outcome measure to assess muscle tone in
PwS.>3%% MAS scores range from 0 to 4, where 0 means “no increase in muscle tone”, 1 means
“slight increase muscle tone, manifested by either a catch and release or minimal resistance at
the end of the ROM”, 1+ means “slight increase in muscle tone, manifested by a catch followed

by minimal resistance throughout the remainder (less than half) of the ROM”, 2 means “more
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marked increase in muscle tone but the limb is easily flexed”, 3 means “considerable increase
in muscle tone, passive movement difficult”, and 4 means “limb is rigid in flexion or
extension”. It is based on muscle resistance in response to passive movement provided by the

investigator.> MAS was used as a screening outcome measure during recruitment.

3.8. Equipment

In this study, we used two robotic systems for upper limb rehabilitation, as described below.

3.8.1. Pablo® (from Tyromotion, Austria)

Pablo is a robotic system that uni-manual or bi-manual three-dimensional movement device,
based on two sensors, and is able to record hand movement and forces to provide assistance.
The therapist can control either force or motion in response to which the patient must flex and
extend the finger, as well as undertaking movement of the shoulder, elbow, and wrist. Possible
movements include shoulder abduction/adduction, elbow extension/flexion, forearm
supination/pronation, and wrist dorsal extension/palmar flexion. The movement was performed
through two additional tools in this study: multi-board and multi-ball. All the movements were

unassisted.”14

3.8.2. Diego® (from Tyromotion, Austria)

Diego is a robotic system that is uni-manual and bi-manual, which allows three-dimensional
movement devices, and movements of the shoulder joint, with arm weight support. The devices
can apply to unilateral and bilateral of upper limbs. They consist of two arm units that are
suspended above the patient and allow for separate arm training. Two ropes pull the arm of the
patient up at the wrist and elbow.”® For patient safety, Diego has an emergency stop button

(used in emergency cases, such as patient discomfort or distress, to stop the device).?°
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In both devices, patients can perform motor and cognitive tasks, and the devices provide
training with visual games (i.e., video games) to improve patient satisfaction and compliance.
The functional exercises based on video games are available on robotic devices. The interactive
games improve function through the support of assistive forces provided by robotic devices

without an external assistant.’

3.9. Data Analysis

The distribution of data was examined before analysis using the Shapiro-Wilk test. The data
statistically be treated to show the means and standard deviations (SDs) of age, height, weight,
BMI1%, and time of stroke onset. To compare data on descriptive demographic characteristics,
the Chi-square test was used. Differences between the ExG and CtG were examined using
separate parametric and non-parametric test based on data distribution and homogeneity of
variance. Mann-Whitney U was used to compare between-group differences in hand grip
power, cognitive FIM, and communication FIM. T-tests for independent samples were used to
compare between-group differences of JTHFT affected hand, self-care, transfer, motor, social
cognition, and total FIM. A 2x2 (groups by time) mixed-design analysis of variance (ANOVA)
was used to examine the mean differences between ExXG and CtG. The Wilcoxon Signed Ranks
Test was used to compare within-group references, with the level of significance at P>0.05.

All analysis was conducted using SPSS Statistics for Windows, Version 25.0 (Chicago, USA).

3.10. Sample Size Estimation
The sample size needed in the current study was estimated using the statistical software
G*Power 3.1.9.4 with the following combination: ANOVA repeated measure, within-between

interaction, effect size (f) of 0.30, an alpha level of 0.05, power (1-B) of 0.80, with two groups
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and 2 measurements and, non-sphericity correlation (€) of 1. The estimated sample size was

thus 24 patients, which was achieved.>®

3.11. Ethical Approval

Prior to conducting any fieldwork, ethical approval was sought and obtained from SBAHC
(No. 61-2022-IRB) (Appendix A) and KFMC (No. 23-178) (Appendix B), and the Deanship
of Graduate Studies gave approval to commence the study (Appendix C). The nature and scope
of the study was explained in full verbally and in writing in the participant information sheet
(Appendix D), after which eligible participants were invited to participate. It was stressed that
participation was entirely voluntary, and that participants could decline or subsequently
withdraw from the study at any time without giving a reason, and that their healthcare services
and statutory rights would not be affected at all by such choices. They were assured that all of
their responses and all data collected in this study would be reported anonymously, with no
personally identifying information. All eligible patients signed the written consent form before

enrolling in this study, at SBAHC (Appendix E) and KFMC (Appendix F).
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Chapter 4

Results

4.1. Socio-Demographic and Physiological Characteristics

From the total of 26 eligible participants who initially agreed to take part in this study (13
patients in the EXG and 13 in the CtG, as per the original 1:1 target), two patients in the CtG
withdrew as they discontinued intervention due to discharge from the hospital; nevertheless,
the study still had the required 24 participants to attain statistical power, as explained in the

previous chapter. The mean and SD of the general characteristics are shown in Table 4.

Table 4: General characteristics of participants

Control Experimental P value
(meanxSD) (meanzSD)
Age (years) 53.45+17.45 57.85+10.58 0.46
Height (cm) 169.91+8.42 167.77+9.13 0.56
Weight (kg) 79.22+12.86 78+11.56 0.81
BMI (kg/m?) 27.42+3.75 27.90+4.83 0.79
Onset time (months) 4.32+3.4 8.61+7.49 0.09

Table 5 shows the socio-demographic descriptive statistics concerning the participants. It can
be seen that the majority in each group were male (ExG n=10; CtG n=9), and were receiving
treatment at SBAHC (ExG n=11; CtG n=9). More than half of patients in the ExG were high
school educated (n=6), while most of those in the CtG were university educated (n=7). The
most dominant hand in patients in both groups was the right (ExG n=12; CtG n=9), and almost
all patients in both groups were married (ExG n=10; CtG n=8) and all participants were living
with their families. The vast majority of participants had experienced the ischemic stroke type

(ExG n=10; CtG n=9). Moreover, more than half of patients suffered from left-hand
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impairment (EXG n=7; CtG n=8). The general characteristics data were comparable, and there

were no statistically significant differences between groups (P<0.05) (Table 4).

Table 5: Socio-demographic descriptive statistics (n=24)

Characteristics Control (n=11) Experimental (n=13)
Sex Male 9 10
Female 2 3
Hospital SBAHC 9 11
KFMC 2 2
Education Primary 2 4
Secondary 0 0
High school 2 6
Bachelor 7 2
Postgraduate 0 1
Dominant hand Right 9 12
Left 2
Marital status Single 3 1
Married 8 10
Divorced 0 1
Widower 0 1
Living status Alone 0 0
With family 11 13
Other 0 0
Stroke type Ischemic 9 10
Hemorrhage 2 3
Affected hand Right 3 6
Left 8 7
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4.2. Study Variables

Chi-square testing revealed no statistically significant differences for sex (P=0.769) or stroke
type (P=0.77). Moreover, Shapiro-Wilk test to examine the assumptions of normal distribution
revealed no statistically significant differences in each group at baseline for most measures
(P>0.05), with the exceptions of hand grip power, cognitive FIM, and communication FIM, for
which statistically significant differences were observed (P<0.05). This indicates that some
data violated the assumptions of normal distributions (Table 6 shows descriptive statistics for

outcome measures at pre- and post-intervention).

Table 7 and Table 8 compare baseline data between the two groups. Baseline data that met the
assumptions was tested using an independent t-test. It can be seen that there were no statistically
significant differences between the groups in terms of their scores for JTHFT affected hand
(t(22)= -0.104, P=0.92), motor FIM (t(22)= 1.509, P=0.15), self-care FIM (t(22)= 0.853,
P=0.40), transfer FIM (t(22)=1.593, P=0.13), social cognition FIM (t(22)=0.757, P=0.46), and

total FIM (t(22)= 1.433, P=0.17).

Baseline data that violated the assumptions were tested using the Mann-Whitney U test. No
statistically significant differences were observed between groups in terms of hand grip power
(u=65.000, p= 0.70), cognitive FIM (u=70.500, p= 0.95), or communication FIM (u=56.000,

p= 0.30).
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Table 6: Shapiro-Wilk normality test scores

Variables Groups Time Shapiro-Wilk

Age Control - 0.63
Experimental - 0.30

Weight Control - 0.06
Experimental - 0.10

Height Control - 0.25
Experimental - 0.63

BMI Control - 0.33
Experimental - 0.17

Hand grip power Control Pre 0.001
Post 0.08

Experimental Pre 0.000

Post 0.001

JTHFT affected hand Control Pre 0.19
Post 0.15

Experimental Pre 0.60

Post 0.30

Motor FIM Control Pre 0.25
Post 0.35

Experimental Pre 0.43

Post 0.11

Self-care FIM Control Pre 0.25
Post 0.34

Experimental Pre 0.38

Post 0.46

Transfer FIM Control Pre 0.05
Post 0.12

Experimental Pre 0.23

Post 0.07
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Table 6: Shapiro-Wilk normality test scores

Variables Groups Time Shapiro-Wilk

Cognitive FIM Control Pre 0.012
Post 0.000

Experimental Pre 0.05

Post 0.001

Communication FIM Control Pre 0.000
Post 0.000

Experimental Pre 0.001

Post 0.000

Social cognition FIM Control Pre 0.18
Post 0.001

Experimental Pre 0.06

Post 0.001

Total FIM Control Pre 0.83
Post 0.16

Experimental Pre 0.51

Post 0.12

Table 7: Descriptive statistics for outcome measures (Median (Interquartile Range))

Experimental Control
Pre Post Pre Post
JTHFT affected hand 77.08+45.99 57.21+37.67 79.19+53.72 60.86+47.23
Motor FIM 48+16.14 67.08+18.40 36.73+20.46 61.82+23.31
Self-care FIM 19.54+7.71 29.15+9.82 16.73+8.43 28.64+10.41
Transfer FIM 13.62+5.14 16.46+4.23 9.91+6.27 15.18+5.62
Social cognition FIM 17.69+3.03 19.31+2.39 16.64+3.80 10.09+2.91
Total FIM 81.38+17.81 99.38+19.71 69+24.45 94.36+26.66
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Table 8: Descriptive statistics for outcome measures (MeanSD)

Experimental Control
Pre Post Pre Post
Hand grip power 2(2.3) 3(3.6) 3.10 (4.5) 5.50 (11.6)
Cognitive FIM 30 (9) 35 (7) 32 (8) 35 (3)
Communication FIM 14 (3) 14 (1) 14 (1) 14 (0)

4.3. Comparative Analysis of Functional Independence Measures

The studied variables were compared using ANOVA. The results are shown in Table 9, and

the identified relationships between them are discussed below.

Table 9: Comparison between variables using 2x2 (groups by time) ANOVA

Variables Interaction Time Group

Main Effects Main Effects

JTHFT affected hand F (1,22) =0.42 F (1,22) =26.22 F (1,22) =0.02
p=0.84 p=<0.001 p=0.88

Motor FIM F(1,22) =1.13 F(1,22) =61.24 F(1,22) =1.22
p=0.30 p=<0.001 p=0.28

Self-care FIM F (1,22) =0.67 F (1,22) =58.62 F (1,22) =0.23
p=0.42 p=<0.001 p=0.64

Transfer FIM F (1,22) =2.61 F (1,22) =29.29 F (1,22) =1.49
p=0.12 p=<0.001 p=0.23

Social cognition FIM F(1,22) =1.19 F(1,22) =27.91 F (1,22) =0.29
p=0.29 p=<0.001 p=0.60

Total FIM F(1,22) =1.59 F (1,22) =55.16 F (1,22) =1.03
p=0.22 p=<0.001 p=0.32
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4.3.1. JTHFT Affected Hand

There was no statistically significant impact of the intervention on JTHFT affected hand score
(F (1,22) =0.042, P=0.88), but there was a statistically significant difference between scores at
TO and T1 (F (1,22) =26.218, P<0.001). Participants required less time to perform JTHFT
affected hand at T1 compared to TO, as indicated by the effect size (Cohen’s d= 1.07 (95 CI:
0.56 to 1.57)), with no statistically significant impact associated with group interaction (F

(1,22) =0.042, P=0.84) (Figure 2).
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Figure 2: JTHFT test pre- and post-intervention primary and secondary outcomes

28




4.3.2. Motor FIM

There was no statistically significant impact of the intervention on motor FIM sub-scale score
(F (1,22) =1.217, P=0.28), but there was a statistically significant difference between scores at
TO and T1 (F (1,22) =61.237, P<0.001). Participants improved at T1 compared to TO, as
indicated by the effect size (Cohen’s d=-1.58 (95 ClI: -2.18 to -0.97)), with no statistically

significant impact associated with group interaction (F (1,22) =1.135, P=0.30) (Figure 3).
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Figure 3: Motor FIM test pre- and post-intervention primary and secondary outcomes
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4.3.3. Self-Care FIM

There was no statistically significant impact of the intervention on self-care FIM domain score
(F (1,22) =0.231, P=0.64), but there was a statistically significant difference between scores at
TO and T1 (F (1,22) =58.622, P<0.001). Participants improved at T1 compared to TO, as
indicated by the effect size (Cohen’s d= -1.57 (95 CI: -2.16 to -0.96)), with no statistically

significant impact associated with group interaction (F (1,22) =0.666, P=0.42) (Figure 4).
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Figure 4: Self-care FIM test pre- and post-intervention primary and secondary outcomes
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4.3.4. Transfer FIM

There was no statistically significant impact of the intervention on transfer FIM domain score
(F (1,22) =1.491, P=0.23), but there was a statistically significant difference between scores at
TO and T1 (F (1,22) =29.203, P<0.001). Participants improved at T1 compared to TO, as
indicated by the effect size (Cohen’s d=-1.04 (95 CI: -1.54 to -0.54)), with no statistically

significant impact associated with group interaction (F (1,22) =2.609, P=0.12) (Figure 5).
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Figure 5: Transfer FIM test pre- and post-intervention primary and secondary outcomes

31




4.3.5. Social Cognition FIM

There was no statistically significant impact of the intervention on social cognition FIM domain
score (F (1,22) =0.287, P=0.60), but there was a statistically significant difference between
scores at TO and T1 (F (1,22) =27.907, P<0.001). Participants improved at T1 compared to TO,
as indicated by the effect size (Cohen’s d=-1.06 (95 CI: -1.55 to -0.55)), with no statistically

significant impact associated with group interaction (F (1,22) =1.186, P=0.29) (Figure 6).
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Figure 6: Social Cognition FIM test pre- and post-intervention primary and secondary

outcomes
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4.3.6. Total FIM

There was no statistically significant impact of the intervention on the total FIM score (F (1,22)
=1.028, P=0.32), but there was a statistically significant difference between scores at TO and
T1 (F (1,22) =55.161, P<0.001). Participants improved at T1 compared to TO, as indicated by
the effect size (Cohen’s d=-1.48 (95 CI: -2.06 to -0.89)), with no statistically significant impact

associated with group interaction (F (1,22) =1.591, P=0.22) (Figure 7).
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Figure 7: Total FIM test pre- and post-intervention primary and secondary outcomes
4.4. Comparative Analysis

Mann-Whitney U and Wilcoxon Signed Ranks tests were conducted to compare variables. The

results are shown in Table 10, and the identified relations are discussed below.

33




Table 10: Comparison between variables using Mann-Whitney U test and Wilcoxon signed

ranks test
Variables Between group comparisons Within group comparisons
Control Experimental
Hand grip Pre u=65.000, p=0.70 Z=-2.552 Z=-2.803
POwer Post|  u=42.000, p=0.09 p=0.01 p=0.005
Cognitive FIM | Pre u=70.500, p=0.95 Z=-2.384 Z=-2527
Post|  u=70.000, p=0.92 p=0.02 p=0.01
Communication | Pre u=56.000, p=0.30 Z=-1.633 Z=-1.841
FIM Post|  u=62.000, p=0.40 p=0.10 p=0.07

4.4.1. Between-Group Post-Intervention Differences
For the non-parametric data, the Mann-Whitney U test was used for between-group differences

post-intervention. The salient findings of this testing revealed that:

e Post-intervention hand grip power was not significantly different between groups
(u=42.000, p= 0.09).

e Post-intervention cognitive FIM sub-scale scores were not significantly different
between groups (u=70.000, p= 0.92).

e Post-intervention communication FIM domain scores were not significantly different

between groups (u=62.000, p= 0.40).

4.4.2. Within-Group Differences
Wilcoxon Signed Rank test was used for testing within group differences. The salient findings

of this testing revealed that:

e Hand grip power was significantly improved at post-intervention compared to baseline

in the CtG as measured with the JAMAR hand grip dynamometer (Z= - 2.552, p=0.01),
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and was significantly improved at post-intervention compared to baseline in the ExG
(Z=-2.803, p=0.005).

Cognitive was significantly improved at post-intervention compared to baseline in the
CtG as measured with cognitive FIM sub-scale score (Z= - 2.384, p= 0.02), and was
significantly improved at post-intervention compared to baseline in the ExG (Z= -
2.527, p=0.01).

Communication was not significantly improved at post-intervention compared to
baseline in the CtG as measured with communication FIM domain score (Z= - 1.633,
p=0.10), and was not significantly improved at post-intervention compared to baseline

in the EXG (Z= - 1.841, p=0.07).
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Chapter 5

Discussion and Conclusion

5.1. Main Outcomes

PwS typically have severe impairments to their upper limb motor function and cognition, and
they require appropriate rehabilitation programs in order to improve motor function, which
thereby improves their QoL and diverse personal psycho-social and professional outcomes
(e.g., enabling the resumption of normal social activities and returning to work).%” The majority
of PwS have impaired ULF, and have difficulty in performing ADLs independently.® To
improve the functional ability of the upper limb in PwS, many rehabilitation techniques have
been developed,® but it is difficult to empirically measure the effect of rehabilitation programs
on PwS, and studies are lacking on effective techniques for EBP to enable patients to regain

ULF.2

This study examined the effect of adding RAR to conventional rehabilitation on ULFs
compared to solely using conventional rehabilitation techniques for PwS. We hypothesized that
patients who would receive RAR and conventional rehabilitation would have better ULF
compared to those who received only conventional rehabilitation, and tested this by studying
FIMs to undertake comparative analysis. The participants (24 PwS) were assigned into two
groups: 13 in the EXG and 11 in the CtG. All patients were relatively older adults (with mean
ages of 57.58 and 53.45 years in the ExG and CtG, respectively). The majority of patients were
male in both groups (76.92% EXG, 81.81% CtG). In the present study, the effect of four weeks
of adding RAR to conventional rehabilitation was evaluated and compared to conventional

rehabilitation only in PwS. We found no significant differences between the participants in
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both groups post-intervention in the studied ULF, hand grip power, self-care, transfer,

cognitive, and communications outcomes.

The mean differences in JTHFT affected hand between pre- and post-intervention were 19.87
seconds (ExG) and 18.33 seconds (CtG), with minimal clinically important difference (MCID)
was reported for healthy people as 6.32 seconds for the dominant hand and 10.12 seconds for
non-dominant hand.*® Mean differences in total FIM score between pre- and post-intervention
were 18 (ExG) and 25.36 (CtG), with CtG matching MCID (22).%° The motor sub-scale FIM

scores were 19.08 (ExG) and 31.09 (CtG), with both groups matching the MCID (17).%°

Several studies have evaluated the efficacy of RAR compared to conventional rehabilitation.
However, the majority of the studies examined the effect of RAR in conjunction with
conventional rehabilitation. Moreover, some studies evaluated the effects of RAR alone
compared to conventional rehabilitation. While such works cannot be compared with the
current study directly, due to studying diverse and different populations, using varying
particular techniques and outcome measures, most of them found significant improvements in
ULFs in RAR similar to conventional rehabilitation.®*48 Some studies found significant
differences in ULFs post-intervention, but most of them were in the early stroke phase of

rehabilitation.1133

Variation between previous studies in intensity, duration of treatment, patient characteristics,
type of treatment, and outcome measures were used, following recent meta-analysis.>** Most
previous studies in this field examined the effects of one robotic rehabilitation device compared
to conventional rehabilitation, but most available robotic devices are targeted to act on a limited
range of joints. Ideally, robotic devices that enable the treatment of the whole upper limb (from
shoulder to hand) should be used.** Moreover, some studies examined the effects of four

robotic rehabilitation devices,** which could lead to limiting the patient’s ability to engage
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with robotic rehabilitation and feel fatigued. In the current study two robotic rehabilitation
devices was used to cover whole upper limb joint and functions, and to ensure patient

engagement with the robotic rehabilitation devices.

Hand grip power, as measured with the JAMAR hand grip dynamometer, revealed no
significant differences between both the studied groups, contrary to a recent study which found
significant differences between the RAR group and the conventional rehabilitation group in
hand strength as measured with the MI1.1* The MI outcome measure is used to measure hand

strength that does not focus on the hand grip.

The current study’s results affirm those of most previous works on RAR and conventional
rehabilitation in terms of achieving improved ULF in patients with subacute and chronic stroke
in similar improvements. A previous systematic review examined the effect of robotic therapy
compared to usual care in motor control, functional independence, QoL, and upper limb
performance of PwS, and found the same improvements in both groups, with no statistically
significant differences between the robotic therapy group and the usual care group (i.e.,

equivalent to the EXG and CtG in this study).%

5.2. Strengths, Limitations, and Implications

This study shows the real effectiveness of RAR combined with conventional rehabilitation in
patients after subacute and chronic stroke recruited in rehabilitation centers, reflecting the
intrinsic utility of the methods adopted to effectively answer the research question, and achieve

the research objectives.

Nevertheless, this study has several limitations, notably in (1) using a medium effect size, (2)
using a short term of intervention (i.e., four weeks), and (3) not using blinding for the allocation

of patients and investigators for intervention and control groups. Consequently, it is advised to
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conduct future studies with a smaller effect size, longer-term intervention programs, with at
least a single-blinded trial. Additionally, most of the participants in each group were recruited
from SBAHC (eleven and nine in the experimental and control groups, respectively); while
this increases homogeneity, it would be preferable to include a larger sample of patients being

treated at diverse rehabilitation centers across Saudi Arabia.

The results of the current study support the use of RAR combined with conventional
rehabilitation in the same duration of daily rehabilitation during the subacute and chronic
phases. This EBP recommendation is based on the similar effects of this treatment to
conventional rehabilitation alone in terms of upper limb motor function, hand power, and
cognition outcomes. This means that we can use RAR as a useful ancillary tool of rehabilitation
for PwS. However, we need further studies with a small effect size to confirm the results of the
current study and support clinical decision makers to adopt particular RAR for tangible clinical

outcomes to improve QoC and patient outcomes.
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Education level:
) 358 = 54 Lo sia Y
Postgraduate University High school Secondary Primary
[ ] L] [ O

Living: o)
OAlone O With family O Other O 2k O Al a0, (32) A
(specify).........
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Appendix E: Sultan Bin Abdulaziz Humanitarian City Participant Consent

Form

Ll Sledsd] 5l A -y Olale s
SuLtan BiIn ABpuLaziz HumaniTariAN CiTy
RESEARCH & SCIENTIFIC CENTER

INFORMED CONSENT FOR RESEARCH
INVOLVING THE ADMINISTRATION OF
(DRUGS, USE OF DEVICES OR
PERFORMANCE OF PROCEDURES) *

Gl B AS Laall o 488 gally Allgall il o))
*(Aald Cig) ) 5l [3gals) 59) Jlaniad Gadlaii )
(@i ¥ L had))

Patient’s Nameplate:

Title of Proposal: The Effect of Robotic-Assisted
Rehabilitation on Upper Limb Function in Patients with
Stroke: Randomized Controlled Trial (RCT)

Gl Y Gl g e gl saclisay Jualall 31 2 i) o) 53
3aie A gide 4y jad At Lol TG Guloadl ) oal 4y lal)

Part | — Research Participant Information Sheet:
You are invited to participate in a scientific research project

@) (3 3 jLaall Glaghea — Jg¥) £ )
als G A il d e

A. Purpose of the Research is to increase general
knowledge about

O848 mall 5305 5a Gl (e 2 A J

the effect of adding robotic-assisted to conventional
rehabilitation on upper limb functions comparing

@Y ALalal Z3all ) Ciga gl Saelasey JaalaN ddL) A
eyl hid LAl Z3ally 455 Jia g g gladl il bY) il e

to conventional rehabilitation for patients with Aflall clicd)
stroke.
B. Description of the Research: i) da g &

Randomized controlled trial, we will compare between two
groups. The experimental group will receive robotic
rehabilitation plus the conventional and control group will
receive conventional rehabilitation only.

Four weeks duration of the trial

Aoy jadll de saadl ¢ (i gene 43 jlEa Lo 20 ¢ Baiie A0 e 4y 5o
sl zali il J\list_;:y‘_; G525l Baclisay JaalS gl yy (AlT
Lis Ll prals yy Al 4aSatdll 4.:;&;4;.‘}&4.‘&._&3;\”
bgL;\f\qJ‘lq)';ﬂlz;n

D. Potential Benefits:

sdlaiaal) af gdl) i

Increase upper limb function

A ghal) Gl kY il B 3L

H. Compensation / Treatment:

In the event of injury resulting from participation in the
research study, Sultan Bin Abdulaziz Humanitarian City
will make available to you, including admission, if
required, its hospital facilities and professional attention.
Financial compensation from SBAHC is not available.

:E)\ﬂ\/él.ab.l_ﬂ\ T

o2gy i€ i ol ja g Al JB Yyl G Alla 3
L) Gleaall ellase o Uali Line JiST 4l jall
a3 1) G diaal) 8 s sl gl A 3O Adall A lial) sy
Adle il go3 gl Ad) i ¥ (S5 Y

For Official Use Only

INFORMED CONSENT FOR RESEARCH INVOLVING THE
ADMINISTRATION OF (DRUGS, USE OF DEVICES OR
PERFORMANCE OF PROCEDURES) *

(Cross out the not applicable)*

From:

To

RACH

SBAHC 1803 —RSC.CS (11/21) ME

Sl B A e e 46 sally Agall Gl o)
*Aals Sl ) 5l [3gals) 39) Jarias) Gillas (U
*(cakis ¥ L )

Informed Consent for Research Involving the Administration of (Drugs, Use of Devices or Performance of Procedures) *
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Ll Sladsd) 5 sl s o Ollaks Ly s
SuLtan Bin AspuLaziz HumaniTarian Ciry
RESEARCH & SCIENTIFIC CENTER

INFORMED CONSENT FOR RESEARCH
INVOLVING THE ADMINISTRATION OF
(DRUGS, USE OF DEVICES OR
PERFORMANCE OF PROCEDURES) *

Sla) B As Ll o 488) gally Algall Gl o3
o (- EQCAPLFEN P s PEV LYY I DLW A i
(ki ¥ L Ghdl)

Patient’s Nameplate:

I. Voluntary Participation:

Participation in this study is voluntary. You will suffer no
penalty nor loss of any benefits to which you are
otherwise entitled should you decide not to participate.
Withdrawal from this research study will not affect your
ability to receive alternative methods of medical care
available at (you will be informed about).

Significant new findings that may come up during the
course of the research study which might be reasonably
expected to affect your willingness to continue to
participate in the research study.

A gkl &S L) b

A dlia A8 HLEall pae &) 58 13y Ao ghal A jall o2 4 AS LAl
NS ¢ Aalladl i g pkall i i) Clislina 5Y 2 a5
Wy Ll Lasal il e 5 o Al (o oV ) 6
(A claasll Gy allae G lalis ) (8558 5

28 Al Baaa il Caad) s A e o g ) L2 3 A
04l jall oda A ) eVl i ) A kil dlisle) o s

J. Confidentiality:

Your identity and medical record, as a participant in this
research study, will remain confidential with respect to
any publications of the results of this study. Furthermore,
your medical record may be reviewed by the SBAHC
Institutional Review Board or the agency sponsoring this
research in accordance with applicable laws and
regulations.

)

A s (il e s gima g i g (S5 Al all o2 (3 LS
Cra e g LY Syl jall :u_mulu.h Q\),.:‘.:\A],c.:\n;qﬁ
paill 3 paa 8 Ll jall ac ) gl yf s gl sl ol Jé
U seadll g dakadll ol gall

K. Contact Person(s):

You may call the, Office of Research & Scientific Center at
562 0000, extension 1708, 8828 for general questions
concerning research at or research subjects' rights. For
any specific questions with regard to this study, or in the
event of a research-related injury, please contact the PI
Dr. Abdulrahman Alsubiheen telephone # 0562290178
Ext. , Pager # G

You have the right to receive a signed copy of the consent
form.

tads Juad¥) ey (udl) aldly)

ke 5620000 a8 it e Slal) S je pe Jual g1l GliSay

o anlly dalaial) ol Ll e a2 8828 4l 1708 Al sl
b of ol 13gs e Sataa il 3 gay e Ay LN (3 gy
Galdl e JUaiVl ga i sl jal) Canay Slilial (6l & gaa s
i v 2TYYRIVA 8 Cila e gl s Jllae ) 5S4
) el e )

SRV 128 (e Aad g ddan LAY Glis e

For Official Use Only

INFORMED CONSENT FOR RESEARCH INVOLVING THE
ADMINISTRATION OF (DRUGS, USE OF DEVICES OR
PERFORMANCE OF PROCEDURES) *

(Cross out the not applicable)*

From:

To

RACH

SBAHC 1803 —RSC.CS (11/21) ME
Informed Consent for ch the A
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of (Drugs, Use of Devices or Performance of Procedures) *
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RESEARCH & SCIENTIFIC CENTER

INFORMED CONSENT FOR RESEARCH
INVOLVING THE ADMINISTRATION OF
(DRUGS, USE OF DEVICES OR
PERFORMANCE OF PROCEDURES) *

Glal) A A4S L) o 48 gally Algall Gl o))
o (- EQCA PPN P s PRV LYY I PEL AW N i

(ks ¥ L lai)

Ll Slbedsd) 5t ds - Ollab Ly
SuLtan Bin AspuLaziz HumaniTArIAN CiTy

Patient’s Nameplate:

procedures to:

PART Il - Authorization for Administration of certain
drugs, use of devices or performance of certain

b el a) ) g o) 38 Juaiads Gauis 1AL £ 50l

Patient Name: o yall ansl
MRN: : oaball Caldll o
1. a | authorize Dr. Abdulrahman Alsubiheen and O Ll sl gl Gas il e ;5 3SA s il 13 i-1

his/her associates at Name the hospital to administer
the following (drugs, use the following devices or
perform the following procedures)* during my
treatment (or the treatment of the person named
above for whom | am a legal representative)*

Robotic devices

A *(alall e a Y 5l Sl i el sall) Jlantialyidiuss) 5 4ne
aliaf g3l yodel ) Saal paslll dadas ) dnhll alles D -
*oal S le sl

gl g Jaalad

. | understand that the above-mentioned (drugs,
devices or procedures) * are being studied to
determine the extent to which they may be of value
in treating my illness or condition (or the illness or
condition of such patient named above, as the case
may be).

s odel ) 2l #(ela ¥l ol ¢ leall ol ol sall) s aadl 2
Leia el G Aad) dadlaal Taie (555 38 2 (gl ) 43 jaad i o
(oAl A 2 g5l gt e A Aaly )

For Official Use Only

INFORMED CONSENT FOR RESEARCH INVOLVING THE
ADMINISTRATION OF (DRUGS, USE OF DEVICES OR
PERFORMANCE OF PROCEDURES) *

(Cross out the not applicable)*

From:

To

RACH

SBAHC 1803 —RSC.CS (11/21) ME

Slall A4S L o dad) pally Agall Gl ¢3)
*(Aals Sip) ) 5l [gals) 99) Jariad) il SN
@l ¥ L Ghad)

Informed Consent for Research Involving the Administration of (Drugs, Use of Devices or Performance of Procedures) *
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Ll Sl 5l ds - Olale Lds
SuLtan Bin AsouLaziz HumaniTarian City
RESEARCH & SCIENTIFIC CENTER

INFORMED CONSENT FOR RESEARCH
INVOLVING THE ADMINISTRATION OF
(DRUGS, USE OF DEVICES OR
PERFORMANCE OF PROCEDURES) *

Glagl) B A i) o 488 gally Allgall G )

*Aald Cig) ) gl [ kgas) 5d) Jlariad i )
*(hais ¥ e )

Patient’s Nameplate:

2. | acknowledge that | have (read, or had explained to
me in a language | understand) the attached Research
Participant Information sheet and that Dr.

has explained to me the
nature and purposed of the (drugs, devices or
procedures)* described in the Research Participant
Information Sheet as well as any benefits reasonably
to be expected, possible alternative methods of
treatment, the attendant discomforts and risks
reasonably to be expected and the possibility that
complications from both known and unknown causes
may arise as a result thereof. | have had the
opportunity to ask any questions | had with respect to
such (drugs, devices or procedures) * and all
questions | asked were answered to my satisfaction.

o slaal) pran (Lagdl daly J can 52 3l i ) 8 by 3 3
/258 O 5 ¢ jall 5 Cinlly 38 HlLall, dilaiall

dapbydale Jmua sl 3
Clagleall 723 gai 355831 F(lel oY) ) Sleall o ) all)
Al dgaMtall 3yl L5 g yall 50 il L il y Ll
Gipaa Juaial Gl g L s o gl Slale 33015 shladl s Ll
SN AN i jaa pe A8y e Sl Clicliae
plaaiuly 3l Lo Al (i 5l 480 dia il J gl S 4l LS
Lo AN LAY il ¥kl el a1 5f Sleall ol el 5all)

3. | understand that | am entitled for reimbursement for
expenses incurred as a result of my participation in
this study

8 ) iy peadl o Loy gald Gadul 8 il sl o geiall 00 4
Al & S Lk ol ja aagil

4. | voluntarily accept the risks associated with the use
of the above-mentioned drugs, devices or the
performance of the above-mentioned procedures
with the knowledge and understanding that the
extent to which they may be effective in my
treatment (or the treatment of the patient named
above, has not been established, that there may be
side effects and complications from both known and
unknown causes and that these drugs, devices, or
procedures may not result in cure or improvement.

S el pall alasialy dlaid) jlladll Jal o) ) sy L5
Al ) agh g pale o Y 138 355,800 e 2Y) 5 Slead
ol g panlll [ adle ) A Ll (s ) s g

Ol 5 dad gia s By Clicline Sllia (555 S aily  *(o_al
clel Y 51556 i 4 0¥l 028 o A3y jme s 4 A sea
Lo Al a2l f ls leas M) (6355 Y S Aalal)

For Official Use Only

INFORMED CONSENT FOR RESEARCH INVOLVING THE
ADMINISTRATION OF (DRUGS, USE OF DEVICES OR
PERFORMANCE OF PROCEDURES) *

(Cross out the not applicable)*

From:

To

RACH

SBAHC 1803 —RSC.CS (11/21) ME

Sl A A i) e A3 gally Dlgall Gl o)
Aol Sip) ) ol [3gals) 3) Juanicd) Gullais )
*(cehis ¥ L )

Informed Consent for Research Involving the Administration of (Drugs, Use of Devices or Performance of Procedures) *
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Ll Sladsd) 5l e o Ollale s
SuLtan Bin AspuLaziz HumaniTarian City
RESEARCH & SCIENTIFIC CENTER

INFORMED CONSENT FOR RESEARCH
INVOLVING THE ADMINISTRATION OF

(DRUGS, USE OF DEVICES OR
PERFORMANCE OF PROCEDURES) *

Slal) A A4S Ll o A8 gally Algall Gl 0)3)
*(Aald gl ) ol [3ga/s) 39) Juaniaa llali 3

*(Ghl ¥ L Ghdl)

Patient’s Nameplate:

The research and procedures have been explained to me. |
have been allowed to ask any questions and all my questions | iSas A8 Lial & & S8y 48 pall i3 Al es e 4aY)
have been answered. I have read the consent and have had
time to think about participating. I can ask any additional
questions I may think of later. I may refuse to participate in
the study, and I may quit being in the study at any time
without any penalty and without affecting my health care.

I have been given permission for the study doctor and
sponsor to use and disclose my personal health information.

I will receive a signed copy of this consent form.

5. | understand that | am free to withdraw this consent Vg Aallaall adady a8 ga Conss & jal) Blhaa I 0 agdly .6
and discontinue experimental treatment with the S by iy gl 8 F( ol e el leallel sl
above-mentioned drugs, devices or procedures at any O Al e (ol e 45 i) jlalaall s Gl gall aan
time. The consequences and risks, if any, which (S22
might occur in the event | decide to discontinue such . ) ) o
treatment have been explained to me. | understand 4‘1’4’@‘4‘&' )"“V‘X “‘f“hf“j" :v"'yf“"“}""" f“‘”“s
that such withdrawal will not affect my ability to el “*’f‘s"“‘um) da g1y uul “’L"d‘
receive any medical care made necessary by the Al a1 Lgintd Ll ol gid
performance of such studies or to which | might be
otherwise entitled.

CONSENT 438) gal)

Subject: REPIRA

Caady Dm gl gk ) gals Sy J el jaYly Gl muag o

By Ryl b AU b 5 ses L Bil) Al gl
Apnaall Jle ) Je ol Sy olydge iy gl AL Gaal

fpaddll Laall lagles alasiiy oy Auljall Cudad e

i Galdlly
AE) gl 3 a3 (e dad e Aiiss alilis

Ol e 1o ki & G gay dul o2 3 AS ) e il
AT \E‘JRSJLA:A"\.I \__;)I PARK] :..‘,,.JI a e t}i,ﬂ\ o U gllae

A

I agree to participate in this study. My agreement is
voluntary. I do not have to sign this form if I do not want to
be part of this research study.
Subject Signature: 1 L) o b g5
Date: gl

% :Cé,l\
Time: . .

g AM g PM Q ‘e 0O \la

For Official Use Only

INFORMED CONSENT FOR RESEARCH INVOLVING THE
ADMINISTRATION OF (DRUGS, USE OF DEVICES OR
PERFORMANCE OF PROCEDURES) *

(Cross out the not applicable)*

From:

To

RACH#

SBAHC 1803 ~ RSC.CS (11/21) ME

Sl A A i e A gally Algall Gl o)
Al Sl ) ol [ 3gale) 39) Jeariad) cullals U1
*(eh ¥ Lo )

Informed Consent for Research Involving the Administration of (Drugs, Use of Devices or Performance of Procedures) *
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Ll Sledsd) 5t ds -y Olabs L
SuLtan BiN AspuLaziz HumaniTarIAN CiTy
RESEARCH & SCIENTIFIC CENTER

INFORMED CONSENT FOR RESEARCH
INVOLVING THE ADMINISTRATION OF
(DRUGS, USE OF DEVICES OR
PERFORMANCE OF PROCEDURES) *

Slal A4S Laall o 488 gally Allgall Gl 03
*Aala sl o) gl [3gals) 5) Juariad Gl 3
*(chais ¥ e ubadl)

Patient’s Nameplate:

Person Obtaining Consent:

I have explained the nature and purpose of the study and the
risks involved. I have answered and will answer questions to
the best of my ability. I will give a signed copy of the
consent form to the subject.

Signature of Person Obtaining Consent:

243 ) o Juany oAl adll)
LS (L dalaial el g leia g all g d ol daphs Conza y
s b el ol Ll Cual Gaguay Y1 e el
Ll 438 gall 23 g3 (g0 4 50

1438 gal) o Juaas 3 il gl

Date: o]
. o gl

Time: O AM O PM B las [ PN

Principal Investigator: | Dr. Abdulrahman Alsubiheen Gl Ges jllae 30 1 gigal) Galld)

Signature of Principal Investigator: Jsisemall Salddl o i

Date: Gl
: .l gl)

R g AM Q _PM Q il O 4\l

For Official Use Only

INFORMED CONSENT FOR RESEARCH INVOLVING THE
ADMINISTRATION OF (DRUGS, USE OF DEVICES OR
PERFORMANCE OF PROCEDURES) *

(Cross out the not applicable)*

From:

To

RACH

SBAHC 1803 —RSC.CS (11/21) ME

Sl A A L e 4 gally Agall Gl o)
*Aela Sl ) 5l [l 52) Jearias) ullals 3
(@l ¥ L ila)

Informed Consent for Research Involving the Administration of (Drugs, Use of Devices or Performance of Procedures) *
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Appendix F: King Fahad Medical City Participant Consent Form

Ll ag i
King Fahad Medical Gty

Institutional Review Board

o Consent Form for Full Review Studies

IRB Log Number: 1eall) Sl o8
Subject or Study Number: 8 L) and
e Szl s lian Jaldl 3
: . ol s 2yl G LY il oA .5
Medical Record Number: 3 ;a0 Ll 120N, 1ealal) Sadl o g
3ie L2
The Effect of Robotic-Assisted Rehabilitation on Upper Limb Function in Patients with Stroke: Open Label Randomized
Study Title: Controlled Trial (RCT)
U g2e L jaidelall 43 Agwld_hﬂl‘;ﬂ@#lql)},ﬂ’\\_ﬂkjdk(_:},-))lls;:h.-qj.p"ﬂ(l).il c il gl G
Principal Investigator: Abdulaziz Suliman Alarfaj FA) Jadis 3 allae 1o ) Sald)
Address: Riyadh oakl 20 siad)
Telephone: 0544793465 0544793465 sedilgl) a8,

A member of the research team will explain what is
involved in this study and how it will affect you. This
consent form describes the study procedures, the risks
and benefits of participation, and how your
confidentiality will be maintained. Please take your
time to ask questions and feel comfortable making a
decision whether to participate or not. This process is
called informed consent. If you decide to participate in
this study, you will be asked to sign this form and will
be given a copy for your records. Throughout this
consent form, “you” will refer to you or your child, as
appropriate.

gy 5 e W 0 5 Al jall 038 Sl e Gl (8 2 (e 3 Al 7 s
Jalial) 488 5 ¢ AS Ll (pe il gil) 5 jhlaiall g ¢ Al all Cis) ) ) EY) 138
&) 28T ALY 7 b B A cagh 30 pla ) Clagteall 4y o
G B3 5 puiicall 4380 gall | acs 4381 gall 038 9 Y Al & L S 1) La
A iy AT 13 o a8 gl dlie calla ¢ 4l jalloda (A4S LA
e llils ) gl ) s g Ml L )Y 138 )5 D

shai2y)

Why is this study being done (objectives)?

(1Y) A 2l 038 (5 25 13l

The purpose of this study is to examine the effect of
adding robotic-assisted to conventional
rehabilitation on upper limb functions comparing to
conventional rehabilitation for patients with stroke.

Lo pall 4 lall Gl LY Gl g 53 5 eali 5l 138 DA e Ja

How many people will take part in this study?

4l o2h (B oS il 3 a8

50

50

What will happen if | take part in this study?

€ Al odh (B S LG 1) Gidasu e

Will improve and increase upper limb function

s all 4 glall Gl LY G g 3 3 e ) Auidie das

| Study location:

el ) 5

This document is a property of King Fahad Medical City Institutional Review Board.

KFMC IRB 03.2020
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Ll ag Sl .
|_King Fahad Medical City

‘m Institutional Review Board
Ches Consent Form for Full Review Studies

Rehabilitation department in King Fahad medical city,

T AL i Tl i L) g A 33e] ol

Riyadh Kingdom of Saudi Arabia. A gl
What is expected of me during the study? £l Al 33 DA (e g g L
Cooperation and adherence to the instructions provided Yol ad ¥ J5 e dasial cilagely o) 5319 Oyglal
by the treating specialist. . = = 203

How long will | be in the study? ) ) 238 (B 4S el 5ae A L
4 weeks el €
Can | stop being in this study? € &S il plgs) aakiiad Ja

Yes. You can decide to stop at any time. Tell the study
doctor if you are thinking about stopping or you’ve decided
to stop. He or she will tell you how to stop your
participation safely. No one will try to get you to change
your mind.

il O 1Y ) i) o oy o Bl ) iy s

B e e llaass sl Y el oS ke olg) 1S Ol iyl

Are there risks if | stop being in this study?

€ A ) A4S L) gl 13) 4ad g sl S A

No, there isn’t any risks.

I VU ST

What side effects or risks can | expect from being in the
study?

B AS LA 51 (e ghgaa (S AN Aadladl BT i b A L
Sh) Al

There isn’t any risk or side effects

s 0 5 Hhlie gl gy Y

This document is a property of King Fahad Medical City Institutional Review Board.

KFMC IRB 03.2020
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Institutional Review Board

Consent Form for Full Review Studies

better. While doctors hope the intervention will be more
effective effects than the standard (usual) treatment, there
is no proof of this yet.

Are there benefits to taking part in the study? € A Al 84S Laall (e 2l g8 S JA
Taking part in this study may or may not make your health bt NI TR T TR TR g

W ¢ (Unall) aslill ZOall o lels 6T Jasill (5S o el Jaly
W il e s sy

What other options are there?

€ s AN LN AL

Instead of being in this study, you have these options:
Continuation of the rehabilitation program provided by
the hospital itself without adding the other program.

Al pll 338 LA e Yo g el il jls el
DAY il

What happens if | am injured because | took part in this
study?

S 3 030 B S el cueny el a3 i g g Ve

It is important that you tell Abdulaziz Suliman Alarfaj if you
feel that you have been injured because of taking part in
this study. You can tell the doctor in person or call him at
0544793465 . If you are injured as a result of being in this
study, treatment will be available. The costs of the
treatment may be covered by KFMC or the study sponsor,
depending on a number of factors. KFMC and the study
sponsor do not normally provide any other form of

Cam a5 5 i G5 oS 1) AN G GHIEE 215 o pedd o
o bead Caplal 5 o ey 2l 0 030 3 SIS ke Cansss Aa]
kel s 58 aB dla a3 Js 3. 0544793465 e 42 JuaiY)
m}é“;;é,@,&:)&]‘qgr&l}xul‘*;éu‘“h}udnﬁihh&
DA S (612 ) Jgan o bl gd Al Ane 2355 Y 3de Jal gall (0
138 G o sledl o 3330 o geanlly el Ge Gyl JSE e
&€ (IRB) ualaall Gl jaiis pasis 3all (S JuaiY) Sli€ay ¢ gun gall

compensation for injury. For further information about this, 26913 4,0
you may call the office of the Institutional Review Board

(IRB) at extension 26913.

What are the costs of taking part in the study? Al ) (A4S Ll ST A Lag

You will not be charged for any study activities.

Al ) Al e gl S JaaTi )

| will 1 be paid for my taking part in this study?

€ )l 03 8 AS Sl i ) s A |

This document is a property of King Fahad Medical City Institutional Review Board.
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Institutional Review Board

— Consent Form for Full Review Studies

O In return for your time, effort and travel expenses, you
will be paid for taking part in this study.
X You will not be paid for taking part in this study.

A B ¢ A s i iy g iy Jlia 3 [
Ayl ol

Alda &gl B

Will my medical information be kept private?

We will do our best to make sure that the personal
information in your medical record is kept private.
However, we cannot guarantee total privacy. Your personal
information may be given out if required by law. If
information from this study is published or presented at
scientific meetings, your name and other personal
information will not be used.

ol a3 Laddd) Slagled) G e SE Laga (5 sl Jaine
O (ay AL L gl Ganiad f LSy ¥ ¢ SllD g Ay pually Jhaas
£ O o g Sy 51 B 1) Lo 2 S e (. s
Ll 3 S 55 45 1) Leadlll Clagled) i dasd (o ZLadl)

Al Clelia¥l i e g Oyl

What are my rights if | take part in this study?

€ du) all odh A4S Laa) o cbl g 13) Agha A L

Taking part in this study is your choice. You may choose
either to take part or not to take part in the study. If you
decide to take part in this study, you may leave the study at
any time. No matter what decision you make, there will be
no penalty to you and you will not lose any of your regular
benefits. Leaving the study will not affect your medical care.
You can still get your medical care from KFMC. Dr.
Abdulrahman Alsubiheen may use information that was
collected prior to your leaving the study.

We will tell you about new information or changes in the
study that may affect your health or your willingness to
continue in the study.

In the case of injury resulting from this study, you do not
lose any of your legal rights to seek payment by signing this
form.

o3 A4S JLEAll BN pa Sl & sa) Gaddd pll e G3AS UL ) 3
O ¢ 1A S Laga g 5 3 38 LA elgs) SISy LS, Y i 4 )
L 5 Sl ALlall dlall 2 il e ol S5 ) g g gl (S
255 Al 28 L Lipne e ol Lkl Bl e N e By )
I8 0 J3 Lran & ) Glaghed) pxiiiy 3 (pgnd) Gea e

Al

D A5l 3l padl f Cilaniandd g e ghaall IS5 il i gus (i
Al Aol gl blaaiidl e ff Siaia e 355 0 oS

O Ul 88 011 Y 138 a8 i Al sa O A3l a1 Al i
sl Gl 3345 636 3 sl

| Who do I call if | have questions or problems?

€ JSliia o) Alicd 5 ool CAS 13) JuadY (A8 Goas |

This document is a property of King Fahad Medical City Institutional Review Board.
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"1" Institutional Review Board
e:i: ,‘ Consent Form for Full Review Studies
nw_‘u‘_,_h

Before you agree to be in this study, you will talk to a study
team member qualified to tell you about this study. You
can ask questions about any aspect of the research. If you
have further questions about the study, you may ask them

at any time. You may call the principal investigator at
0562290178

b elael aal L)) GoaTiae Ll jall o3 38 LE) e il g of U

sl U ALY £ 5k o Sy | Dl ) a3 e oyl a3l A o

ey Ll e ALY o 330 ol GIS 1) ol il (o il

Al e puil Gald Qe d€y by gl B Jyd
- 0562290178

CONSENT:

Subject/Guardian (if the subject is minor):

The research and procedures have been explained to me. | have
been allowed to ask any questions | have at this time. | can ask
any additional questions | may think of later. | may quit being in
the study at any time without affecting my health care.

| will receive a signed copy of this consent form.
| agree to participate in this study. My agreement is voluntary. |

do not have to sign this form if | do not want to be part of this
research study.
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Witness Signature: AL ad g
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Person Obtaining Consent: Aa ) o Jualal) il

| have explained the nature and purpose of the study and the risks
involved. | have answered and will answer questions to the best
of my ability. | will give a signed copy of the consent form to the
subject.

Signature of Person
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Principal Investigator: ol Saldd)
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[STOP! Do not use the following signature
lines unless third party consent is being
requested.]
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The person being considered for this study is unable to
consent for himself/herself because he/she is a minor. By
signing below, you are giving your permission for your child
to be included in this study.

Parent or Legal Guardian:
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