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Fugl Meyer Assessment (FMA) and Manual Muscle Test (MMT) protocols are
widely used in post-stroke rehabilitation assessment. In the protocol related to
pinch function evaluation, the patients are required to pinch a pincer object and
the therapists would apply some resistance equivalent to 4/5 score of MMT to
distinguish between subjects whom is fully recovered and yet to recover. The
resistance applied by the therapist using 4/5 MMT is also described as applying
gentle pull in FMA protocol. Subject’s ability or inability to pinch and resist the
gentle pull would lead to either score 1 (not recovered) or score 2 (recovered).
However, the gentle pull (4/5 MMT) is subjective which may result in intra-rater
and inter-rater variations. In this study, the gentle pull is determined quantitatively
using a developed pinch-pull gripping system. The pinch-pull gripping system
consists of a customized pinch force load cell measuring the pinch force, pulling
force load cell measuring the pulling force, linear actuator applying the automatic
pull, and displacement sensor to track the pinch slip. In determining the
quantitative value of gentle pull, four therapists were recruited at Universiti Putra
Malaysia Teaching Hospital and instructed to pinch a pincer object and exert a
gentle pull equivalent to 4/5 MMT as they would apply in clinical practice. The
results showed that the quantitative value of the therapist's gentle pull is
6.591£0.94 N. In order to investigate if this gentle pull force is able to distinguish
the normal volunteers, fifty normal volunteers representing score 2 were
recruited and their pulling forces were measured and compared with the
quantitative value of the gentle pull. The volunteers were instructed to pinch the
pincer object and resist the automatic pull of the linear actuator as much as
possible before the pincer object slips away from their fingers. The results show
that the normal volunteers exerted mean pulling forces at slip away of
14.84+3.57 N and 13+2.72 N for right and left hands, respectively. This indicates
that the normal volunteers attributed to score 2 is able to resist the gentle pull



exerted by the therapist. Furthermore, the amount of gentle pull applied by the
therapists is indeed suitable and that the pinch-pull gripping system is able to
measure the pulling force accurately. The results also show that despite the
volunteers exhibiting a small slip displacement, they could still resist the increase
in the pulling force up to slip away. Thus, the presence of slip displacement prior
to slip away is inadequate to judge the subject’s ability to resist the gentle pull.
In rehabilitation, the pinch-pull gripping system can be used to evaluate the
recovery of pinch function. In order to achieve a full recovery, the patient should
be able to pinch the pincer object and resist the 6.59 N pull exerted by the pinch-
pull gripping system.
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Protokol Fugl Meyer Assessment (FMA) dan Manual Muscle Test (MMT)
digunakan secara meluas dalam penilaian pemulihan selepas strok. Dalam
protokol yang berkaitan dengan penilaian fungsi mencubit, pasien diminta untuk
mencubit objek pincer dan ahli terapi akan menerapkan beberapa ketahanan
yang setara dengan skor MMT 4/5 untuk membezakan antara subjek yang pulih
sepenuhnya dan belum pulih. Rintangan yang diterapkan oleh ahli terapi
menggunakan 4/5 MMT juga digambarkan sebagai menerapkan tarikan lembut
dalam protokol FMA. Kemampuan atau ketidakmampuan subjek untuk mencubit
dan menahan tarikan lembut akan menyebabkan skor 1 (tidak pulih) atau skor 2
(pulih). Walau bagaimanapun, tarikan lembut (4/5 MMT) bersifat subjektif yang
boleh mengakibatkan variasi dalam penilai dan antara penilai. Dalam kajian ini,
tarikan lembut ditentukan secara kuantitatif menggunakan = sistem
mencengkeram cubitan-tarikan yang dikembangkan. Sistem mencengkeram
cubitan-tarikan terdiri dari sel beban daya cubit yang disesuaikan yang
mengukur daya cubit, sel beban daya tarik mengukur daya tarik, penggerak
linear yang menerapkan tarikan automatik, dan sensor perpindahan untuk
mengesan kegelinciran cubitan. Dalam menentukan nilai kuantitatif tarikan
lembut, empat ahli terapi direkrut di Hospital Pegajaran Universiti Putra Malaysia
dan diarahkan untuk mencubit objek penjepit dan melakukan tarikan lembut
setara dengan 4/5 MMT seperti yang berlaku dalam praktik klinikal. Hasil kajian
menunjukkan bahawa nilai kuantitatif tarikan lembut ahli terapi adalah 6,59 +
0,94 N. Untuk mengkaji apakah daya tarikan lembut ini dapat membezakan
sukarelawan normal, lima puluh sukarelawan normal yang mewakili skor 2
direkrut dan daya tarikan mereka diukur dan berbanding dengan nilai kuantitatif
tarikan lembut. Para sukarelawan diarahkan untuk mencubit objek pincer dan
menahan tarikan automatik linear penggerak sebanyak mungkin sebelum objek
pincer terlepas dari jari mereka. Hasil kajian menunjukkan bahawa sukarelawan



normal menggunakan daya tarik rata-rata pada jarak 14.84 + 3.57 N dan 13 +
2.72 N untuk tangan kanan dan kiri, masing-masing. Ini menunjukkan bahawa
sukarelawan normal yang dikaitkan dengan skor 2 mampu menahan tarikan
lembut yang dilakukan oleh ahli terapi. Tambahan pula, jumlah tarikan lembut
yang dilakukan oleh ahli terapi sememangnya sesuai dan sistem mencengkeram
cubitan-tarikan mampu mengukur daya tarikan dengan tepat. Hasilnya juga
menunjukkan bahawa walaupun para sukarelawan menunjukkan pergeseran
kegelinciran yang kecil, mereka masih dapat menahan peningkatan daya tarik
hingga tergelincir. Oleh itu, kehadiran kegelinciran sebelum tergelincir tidak
memadai untuk menilai kemampuan subjek untuk menolak tarikan lembut
tersebut. Dalam pemulihan, sistem mencengkeram penarik dapat digunakan
untuk menilai pemulihan fungsi mencubit. Untuk mencapai pemulihan
sepenuhnya, pesakit harus dapat mencubit objek pincer dan menahan tarikan
6.59 N yang dilakukan oleh sistem mencengkeram pinch-pull.
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CHAPTER1

INTRODUCTION

1.1 Overview

A stroke, sometimes called a “brain attack”, is a neurological deficit of brain
occurred when the blood flow in the arteries of the brain is cut off which leads to
death or disability (Gubbi, Rao, Fang, Yan, & Palaniswami, 2013). Worldwide,
stroke is the major cause of death and long-term disability (Lim, Kim, & Kang,
2018). Each year, approximately 15 million people experience a stroke. Of these,
10 million are either temporarily or permanently disabled (Langhorne, Bernhardt,
& Kwakkel, 2011). In Malaysia, stroke is the third leading cause of neurological
disability according to the Institute for Health Metrics and Evaluation (IHME)
(Wan, Hairi, Jenn, & Kamarulzaman, 2014). The stroke disability can take
different forms such as motor deficits, language deficits, and cognitive deficits.
Of these deficits, 70% of stroke survivors experience motor deficits which include
limitation of using hand function in daily life activities (Santisteban et al., 2016).
Hand function includes the ability to perform coarse and fine movements, as well
as power grasp. Several studies show that the recovery of fine movements
related to pinch function takes longer than coarse movements related to power
grasp function, and both required long-term recovery (Pessina, Bowley, Rosene,
& Moore, 2019). Pinch strength is a common and useful indicator of pinch
impairment (El-Katab, Omichi, Srivareerat, & Davenport, 2016). Pinch function
impairment is defined as the inability of thumb-index finger to produce strength
with sufficient magnitude and directional control, leading to object slipping (K. Li,
Nataraj, Marquardt, & Li, 2013).

Available technology for pinch strength assessment involves measurement of
maximal static pinch force such as pinch gauge and pinch dynamometer.
However, most daily activities involve dynamic pinching (Pennati et al., 2020).
Thus, the static pinch force measurement alone cannot assess the pinch
impairment completely. There is no single gold standard pinch assessment used
in clinical practice and research. Alternative assessments such as Action
Research Arm Test (ARAT) (Grattan, Velozo, Skidmore, Page, & Woodbury,
2019), Wolf Motor Function Test (WMFT) (Edwards, Lang, Wagner, Birkenmeier,
& Dromerick, 2012), Manual Muscle Test (MMT), and Upper extremity Fugl
Meyer Assessment (FMA) (Wolbrecht et al., 2018) which are commonly used as
standard assessments for pinch function. Among all available assessments,
FMA is arguably the most comprehensive clinical tool for measuring pinch
impairment after stroke (Page, Hade, & Persch, 2015). It involves step-by-step
procedures and protocol which are performed by therapists. In FMA, the
therapists test the patient’s ability to use his index-thumb finger to pinch a pincer
object (in which pen or pencil are customarily used) and then test the patient’s
ability to exert enough force to stabilize the pincer object against a gentle pull
applied by the therapist. In clinical practice, the therapist would apply some



resistance equivalent to 4/5 score of MMT and use this reference as a gentle pull
such that to prompt the patient to provide enough effort to resist, but not to break
the patient ability to resist the gentle pull (See et al., 2013). The scoring criteria
of the pinch function are based on a three ordinal scale: Score 0 (severe
impairment) given when the patient is unable to execute the pinching at all; Score
1 (moderate impairment) is given when the patient can hold the pincer object,
but not against the gentle pull (4/5 MMT); Score 2 (no impairment) is given when
the patient firmly holds the pincer object against the gentle pull (4/5 MMT) (See
et al., 2013). Score 1 indicates that the pinch function of the patient is not yet
recovered, while score 2 indicates a full recovery.

1.2 Motivation and Problem Statement

The motivation for carrying out this research stemmed from the lack of studies
related to quantification of gentle pull based on FMA protocol. In the clinical
practice of pinch evaluation, See and his colleagues (See et al., 2013) have
suggested the 4/5 MMT as the amount of gentle pull to distinguish between score
1 (not recovered) and score 2 (recovered). However, the 4/5 MMT is a qualitative
description for the gentle pull which opens the possibility for low intra-rater and
inter-rater reliability. Up to now, there is no quantitative value for the gentle pull
that would minimizes the subjectivity in exerting the gentle pull among therapists.
In addition, the body posture is not standardized among the therapists such that
different postures may result in different amount of gentle pull at each posture.
In the last five years, the research community has been working on automating
the pinch evaluation based on FMA protocol. Otten and co-authors (P. Otten, J.
Kim, & S. Son, 2015a; Otten, Son, & Kim, 2014) have used a hand glove system
with built-in Force Sensing Resistors (FSR) to measure the pinch force when the
gentle pull is applied. However, some post-stroke survivors have difficulties in
wearing the hand glove due to muscle contracture and spasticity. In later studies
conducted by Lee et al. (S.-H. Lee, Song, & Kim, 2016a; S. Lee, Lee, & Kim,
2017) the FSR sensors were attached to the pincer object directly such that the
patient is no longer required to wear gloves. Furthermore, these studies (Otten,
Kim et al. 2015, Lee, Lee et al. 2017) still used a subjective selection for the
threshold pinch force based on a therapist to distinguish between scores 1 and
2. In addition, the systems developed in these studies did not measure the
quantitative value of gentle pull and the pulling force of subjects which are
essential to distinguish between score 1 and score 2..

The systems developed in the (P. Otten, J. Kim, & S. H. Son, 2015b) and (S.
Lee, Lee, & Kim, 2018) are subjected to some limitations due to the FSR sensors
used to measure the pinch force. FSR sensors have been widely used in upper
extremity assessment and rehabilitation systems, but they suffer from
performance variation as well as low performance (Paredes-Madrid, Emmi,
Garcia, & De Santos, 2011; Parmar, Khodasevych, & Troynikov, 2017). The
variation in performance can be attributed to the conductive material on the
sensor layers being sensitive to temperature and deformation on the surface
(Rivera, Carrillo, Chacén, Herrera, & Bojorquez, 2007). In addition, the variation
in performance can be attributed to the inability to follow the standard calibration



procedures resulting in different calibration results compared to those in the
manufacturer’'s datasheet. On the other hand, low performance is attributed to
variation in voltage gain, high hysteresis, and low repeatability (A. Almassri et
al., 2018). Likitlersuang et al. (Likitlersuang, Leineweber, & Andrysek, 2017)
investigated the performance of thin-film sensors (FlexiForce) when attached to
human skin. The results showed a large measurement error of 23% using the
standard calibration procedures. Moreover, the pressure distribution of fingertip
skin on the sensing area is non-uniform in the case of slipping that leads to
inaccurate force measurements.

1.3 Research Questions and Hypotheses

Due to the previous gaps in the current research related to pinch evaluation
based on FMA and MMT protocols, this study is conducted to address the
following research questions: 1) How gentle pull of therapists can be
quantitatively measured; 2) What is the quantitative value of therapist's gentle
pull; 3) Is the quantitative value of gentle pull suitable to distinguish the pulling
forces of normal volunteers.

According to the FMA and MMT protocols, the subject should resist the gentle
pull (4/5 MMT) to avoid slip away. The pincer object would totally slip when the
subject is no longer able to exert enough pinch force. In this study, the normal
volunteers represent the score 2 of FMA. Hence it is hypothesized that all
volunteers will exert pulling forces higher than the quantitative value of therapist's
gentle pull (4/5 MMT).

1.4 Research Objectives

By referring to the problems explained in the previous section, the main
contribution of this study is represented by quantifying the gentle pull (4/5 MMT)
of the therapists based on Fugl Meyer and Manual Muscle Test protocols as
used in the clinical practice. The research objectives are listed as follows:

1. To develop a pinch-pull gripping system for gentle pull measurements
based on FMA and MMT protocols.

2. To determine the quantitative value of therapist’s gentle pull (4/5 MMT)
using the developed pinch-pull gripping system.

3. To compare the quantitative value of therapist's gentle pull (4/5 MMT)
with the pulling force of normal volunteers.

1.5 Research Scope and Limitation

¢ In this study, the pinch-pull gripping system is an initial prototype used
in the lab environment. The pincer object is small diameter cylindrical
object to mimic a pencil or pen like object used in FMA. To avoid any
damage to the pincer object while pinching, the pincer object is made of
copper alloy. Using another material to fabricate the pincer object would



result in different pinch and pulling force measurements due to the fact
that each material has a different coefficient of friction. The other
components, including load cell, LVDT sensor, and linear actuator, are
available on the shelf without requiring any customization. Using these
components allow fast and accurate system development which serves
the purpose of data collection of gentle pull, pulling force, and slip
displacement. In determining the threshold value to distinguish between
score 1 and score 2, first approach is the classification based technique
which can be adopted such that pulling force measurements can be
collected from two clusters of normal volunteers and stroke patients.
Then, the threshold value between the two clusters can be determined
as the gentle pull that distinguishes between score 1 and score 2.
Second approach is the threshold values decided based on the amount
of gentle pull exerted by the therapists in practice. This predefined
threshold is used to differentiate between score 1 and score 2. Thus, by
measuring the gentle pull of therapists quantitatively, the threshold value
to differentiate between score 1 and score 2 is determined. In this study,
the second approach has been adopted through collaboration with a
medical doctor at the department of rehabilitation medicine of UPM
hospital and the involvement of 4 occupational therapists.

This study recruits a cohort of young adult males in order to validate the
pinch-pull gripping system by comparing the data of normal volunteers
representing score 2 and therapist’s gentle pull used to distinguish
between score 1 and score 2. This population is selected to ensure the
recruitment of a large enough pool of volunteers to investigate the pulling
force values in a homogenous population (volunteers have the same
characteristics). The sample size to represent Malaysia population
would be very large (minimum 800 volunteers) in the case that females
and people of different ages are involved. Therefore, the comparison
between genders and ages is not covered, as this study mainly
concentrates on developing a pinch-pull gripping system to measure the
quantitative value of therapist’'s gentle pull and pulling force of normal
volunteers based on FMA and MMT protocol. The single-gender group
is taken from the Malaysian male students at the Electrical and
Electronic Engineering Department, Universiti Putra Malaysia. The right-
handers represent 93% of Malaysia population (Nasir, Jaafar et al. 2019)
so that they are only recruited in this study. In addition, construction
workers and sportsmen are not included due to the fact that these
groups have stronger pinch force than the average population as
indicated by (Angst et al., 2010).

This research has several limitations. The pinch and pulling force
measurements are evaluated among a cohort of young adult males to
ensure recruitment of a large enough sample size to represent a
homogenous population. The result of this study motivate further study
to generalize the pinch and pulling force data for Malaysians, including
female volunteers and people of different ages. During the observational



experiment, the finger's moisture and hydration of the volunteers are
considered to have the same influence on resisting the pulling force
generated from the linear actuator. The results of previous studies
indicated that the skin’s friction increase when the moisture level is
increased by wetting the fingers (Derler, Gerhardt, Lenz, Bertaux, &
Hadad, 2009). In addition, the contact area between finger-pad and
pincer object is not investigated such that previous studies reported that
the contact area has positive relationship with the ability to exert higher
pinch force (Barrea, Delhaye, Lefévre, & Thonnard, 2018). The influence
of arm muscles on the pulling force is not investigated among the
volunteers to know which muscles are activated while resisting the
pulling force. The total slip moment at which the volunteers experience
a continuous slipping is not investigated such that it is important to know
whether the volunteers release the pincer object due to overwhelming
pulling force generated from the linear actuator, or there is no enough
contact space at the free end on the pincer object.

1.6 Thesis Layout

This thesis is composed of six chapters. A brief overview, problem statement,
objectives, and scope of this study are presented in Chapter 1.

Chapter 2 is a review of previous studies leading to pinching assessment after
stroke. It provides a brief introduction on stroke and pinch impairments. Then,
the previous studies related to pinch assessment, Fugl Meyer, Manual Muscle
Test are reviewed leading to the gap of this study.

Chapter 3 describes the methodology to achieve the research objectives.
Section 3.2 presents the methods conducted to develop the pinch-pull gripping
system, while Section 3.3 presents the methods conducted to determine the
quantitative value of gentle pull from therapists. Section 3.4 presents the
methods to compare the pulling force of normal volunteers with gentle pull of the
therapists.

Chapter 4 presents the results and discussion obtained from the methods
conducted in Chapter 3 including the results of calibration and validation of the
pinch-pull gripping system, quantitative value of therapist’s gentle pull, and
comparison between normal volunteers and therapists.

In Chapter 5, the conclusions for the achieved objectives are presented. Also,
recommendations for further research are presented.
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APPENDICES

Appendix A1

Mesh Settings used in ANSYS

Physics Preference Mechanical
Relevance 0
Sizing

Use Advanced Size Function

On: Proximity and Curvature

Relevance Center

Medium

Initial Size Seed Active Assembly
Smoothing High
Transition Fast
Span Angle Center Coarse
| Curvature Normal Angle |Default (70.3950 %)
| Num Cells Across Gap Default (3)

|| Min Size

Default (3.7621e-002 mm)

|| Proximity Min Size

Default (3.7621e-002 mm)

Max Face Size

Default (3.76210 mm}

| Max Size Default (7.52430 mm}
| | Growth Rate Default (1.850 )
Minimum Edge Length 4.0780 mm
Inflation
Use Automatic Inflation None
Inflation Option Smooth Transition
|| Transition Ratio 0.272

| Maximum Layers 5

| Growth Rate 1.2
Inflation Algorithm Pre
View Advanced Options No

. Graphics | Manage Views . Details of “Mesh"
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Appendix A2

Certificate of Test and Calibration for S-Type Load Cell

i B

e wswn

Solutions in Loa

CERTIFICATE OF TEST AND CALIBRATION

DATE OF TEST: 09/02/2018 CERTIFICATE No.:
TEST LOCATION:  [LCM SYSTEMS MODE:
LOAD CELL TYPE: SERIAL No.

LOADCELL CONNECTIONS:

GREEN - POSITIVE SUPPLY BLACK . NEGATIVE SUPPLY
BLUE : POSITIVE SENSE BROWN - NEGATIVE SENSE
RED . POSITIVE SIGNAL WHITE . NEGATIVE SIGNAL

SCREEN
AMPLIFIER TYPE: SGA-A 110-230 Vac SERIAL No.: 17298770
SWITCH SETTINGS

SW1 ON 1&4

SW2 ON NONE

SW3 ON NONE

SW4 ON 2.788
LOAD AMP O/P (Vdc) | AMP O/P (Vdc)

kg READING 1 READING 2
0.00 0.000 0.000
10.00 1.001 1.001
20.00 2.002 2.001
30.00 3.001 3.001
40.00 4.001 3.998
50.00 5002 4997

CALIBRATION FIGURE: 1.830

CALIBRATION CARRIED OUT BY: 5

calibration has been performed on a te:
certified to BS EN ISO 7500;
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Appendix A3

AC Servo Specifications

200W Main Circuit Single/3-phase, 200 - 240V +10%, 50/60Hz
Control Circuit Single phase, 200 - 240V +10%, 50/60Hz
Input Main Circuit Single/3-phase, 200 - 240V +10%, 50/60Hz
400W A :
Power Control Circuit | Single phase, 200 - 240V +10%, 50/60Hz
750W Main Circuit Single/3-phase, 200 - 240V +10%, 50/60Hz
Control Circuit | Single phase, 200 - 240V +10%, 50/60Hz
Withstand voltage Primary to earth: withstand 1500 VAC, 1 min, (sensed current: 20 mA) [220V Input]
Ambient temperature:0°C to 50°C(If the ambient temperature of servo drive is
Temperature greater than 45°C, please install the drive in a well-ventilated location)
Storage temp : -20°C to 65°C
M Humidity Both operating and storage : 10 to 85%RH or less
Altitude Lower than 1000m
Vibration 5.88m/s? or less, 10 to 60Hz (No conti use at frequency)
Control method IGBT PWM Sinusoidal wave drive
Encoder feedback 2500 line incremental encoder 15-wire or 9-wire
8 Configurable Optically isolate digital general inputs, 5-24VDC, max input current
] 20mA
o Input ’ § L . "
@ Control 4 Configurable Optically isolate digital high speed inputs, 5-24VDC, max input
Z Signal current 20mA
§ o t 5 Configurable optically isolated digital outputs, 30VDC, max output current 30mA
=3 u
§ o e One motor brake control output, 30VDC 100mA max
= Analog i i . 2i
= signal Input 2 inputs (12Bit A/D : 2 input)
2 inputs (Photo-coupler input, Line receiver input)
: Input Photocoupler input is compatible with both line driver I/F and open collector I/F.
Pulse signal z E . A e 2
Line receiver input is with line driver l/F.
Output 4 outputs ( Line driver: 3 outputs, open collector: 1 outputs)
USB Mini C ion with PC or 1: 1 ication to a host.
RS232 RS-232 Communication
RS485 RS-485 C
CAN bus CANopen Communication
Ethernet EtherNET/IP, eSCL
Front panel 1. 4 keys (MODE, UP, DOWN, SET) 2. LED (5-digit)
Regeneration Resistor Built-in regenerative resistor (external resistor is also enabled.)
(1) Position mode
(2) Analog Velocity mode
(3) Analog Position mode
Control mode (4) Position mode
(5) Velocity Change mode
(6) Command Torque mode
(7) C Velocity mode
(1) Servo-ON input
(2) Alarm clear input
(3) CW/CCW Limit
(4) Pulse& Direction or CW/CCW input
Control input (5) Gain Switch
(6) Control mode Switch
(7) Pulse Inhibition
(8) General Input
(1) Alarm output
(2) Servo-Ready output
(3) External brake release
Control output (4) Speed arrival output

(5) Torque arrival output
(6) Tach Out

(7) General Output
(8)Position arrival output
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Appendix B1

SF-36 Questionnaire

SF-36v2™ Health Survey Standard Version

Please answer all questions.
THANK YOU FOR YOUR COOPERATION
General Details

Name

Age

Contact No. :(H/P)-

(Email)-

This survey asks for your views about your health. This information will
help you keep track of how you feel and how well you are able to do your

usual activities.

Please answer every question. Some questions may look like others, but
each one is different. Please take the time to read and answer each
question carefully and check-marking on the circle that best describes

your answer. Thank you for completing this survey!

1) In general, would you say your health is:

Excellent Very good Good Fair

2) Compared to one year ago, how would you rate your health in general now?

Much better Somewhat About the same Somewhat
now than one better now than as one year ago worse now than
year ago one year ago one year ago

now than one
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3) The following questions are about activities you might do during a typical
day. Does your health now limit you in these activities? If so, how much?

Yes, Yes, No, not
limited limited limited

a lot a little at all

a. (@]
Vigorous Activities, such as running,
lifting heavy objects, participating in
strenuous sports

b. Moderate Activities, such as moving a
table, pushing a vacuum cleaner,
bowling, or playing golf

. Lifting or carrying groceries

. Climbing several flights of stairs

. Climbing one flight of stairs (@] ® ®
Bending, kneeling, or stooping ® ®

. Walking more than a mile ® ® F

. Walking several hundred yards (@] ®

Walking one hundred yards ®
Bathing or dressing yourself .

b B (-~ L R - B~ R |

—.

4) During the past 4 weeks, how much of the time have you had any of the

following problems with your work or other regular daily activities as a result of

your physical health?

All Most Some A little None
of the of the of the of the of the
time time time time time

a. Cut down on the amount of ® ® ®
time you spent on work or
other activities

b. Accomplished less than you (@) ® ® ® ®
would like

c. Were limited in the kind of work
or other activities

d. Had difficulty performing the (@) ® ® ® ®
work or other activities (for
example, it took extra effort)
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5) During the past 4 weeks, how much of the time have you had any of the
following problems with your work or other regular daily activities as a result of
any emotional problems (such as feeling depressed or anxious)?
All of  Most of Some of A little of None of
the time the time the time the time the time

a. Cut down on the amount of ® ® (@)
time you spent on work or
other activities

b. Accomplished less than you (@) (@]
would like

c. Did work or activities less
carefully than usual

6) During the past 4 weeks, to what extent has your physical health or
emotional problems interfered with your normal social activities with family,
friends, neighbors, or groups?

Not at all Slightly Moderately Quite a bit Extremely

7) How much bodily pain have you had during the past 4 weeks?
None Very Mild Mild Moderate Severe Very Severe

8) During the past 4 weeks, how much did pain interfere with your normal work
(including both work outside the home and housework)?

Not at all A little bit Moderately Quite a bit Extremely

9) These questions are about how you feel and how things have been with you
during the past 4 weeks. For each question, please give the one answer that
comes closest to the way you have been feeling. How much of the time during
the past 4 weeks...

All of Most of Some of A little of None of
the time the time the time the time the time

a. Did you feel full of life?
b. Have you been very nervous? (@] ® ®

c. Have you felt so down in the
dumps that nothing could cheer
you up?
d. Have you felt calm and @ (@) ® ®
peaceful?
e. Did you have a lot of energy? (@] (@] (@] ®
f. Have you felt downhearted and
depressed?

g. Did you feel worn out? ® ® ® ® ®
h. Have you been happy?
i. Did you feel tired?

10) During the past 4 weeks, how much of the time has your physical health or
emotional problems interfered with your social activities (like visiting friends,
relatives, etc.)?

Some of the A little of the None of the
All of the time Most of the time time time time
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11) How TRUE or FALSE is each of the following statements for you?

Definitely  Mostly Don't Mostly
true true know false

a. I seem to get sick a little ® ® ®
easier than other people

b. I am as healthy as anybody I ®
know

c. I expect my health to get ®
worse

d. My health is excellent (@] ®

Definitely
false
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Appendix B2

Ethical Approval Sheet

Ref. no: UPM/TNCPI/RMC/JKEUPM/1.4.18.2 (JKEUPM)
Date: 12/2/2018
Dear Prof / Dr. / Mr. / Ms.,

APPLICATION FOR JKEUPM ETHICAL CLEARANCE: APPROVED

With reference to the above, | am pleased to inform you that your
application for ethical clearance for the research project entitled ‘Objective
and Automated Pinch Grasp Measurement System for Hand Function
Evaluation in Fugl Meyer Assessment (FMA) Standard ’ has been
approved.

Please note that the official letter of approval will be issued as soon as
possible. However, the ethical clearance is considered effective from the
date of this email, and you may now proceed with your research.

Kindly please remind the ethical approval is required in the case of
amendments/ changes to the study documents/ study sites/ study team.

Researchers should also complete a Study Final Report upon study
completion. The form can be obtained from the Ethics Committee for
Research Involving Human Subjects (JKEUPM) website
(http://www.rmc.upm.edu.my/documentfile).

If you have any enquiries, please contact Ms. Nursuraya (03-89471605) or
Ms. Nor Ellia (03-89471244).

Note: Please use this reference number for any transaction.
- JKEUPM-2017-248

Thank you.

Yours faithfully,

Prof. Dr. Zamberi Sekawi
Chair
Ethics Committee for Research Involving Human Subjects

Universiti Putra Malaysia
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Appendix B3

Z-Table
Z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
0.0 .5000 .5040 .5080 .5120 .5160 5199 5239 5279  .5319 .5359
0.1 5398 .5438 .5478 5517 5557 .5596 .5636 .5675 .5714 .5753
0.2 .5793 .5832 .5871 .5910 .5948 5087 .6026 .6064 .6103 6141
0.3 6179 .6217  .6255 6293 6331 .6368 .6406 .6443  .6480 6517
0.4 .6554 6591 6628 .6664 .6700 6736 .6772  .6808 .6844 .6879
0.5 6915  .6950  .6985 7019 7054 7088 .7123 7157 .7190 7224
0.6 7257 7291 7324 7357 7389 7422 7454 7486 7517 .7549
0.7 7580 7611  .7642 7673 7704 7734 7764 7794 7823 7852
0.8 .7881 .7910 7939 7967 7995 .8023 .8051 .8078 .8106 .8133
0.9 .8159 8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365 .8389
1.0 .8413 .8438 .8461 .8485 .8508 .8531 .8554 8577 .8599 .8621
11 8643  .8665 .8686 .8708 8729 8749 8770 .8790 .8810 .8830
12 .8849 .8869 .8888 .8907 .8925 8944 8962 .8980  .8997 .9015
1.3 9032 9049  .9066 9082 .9099 9115 9131 9147 9162 9177
1.4 9192 9207 .9222 9236 9251 9265 9279 .9292  .9306 9319
il 9332 .9345 9357 9370 .9382 9394 9406 .9418 .9429 9441
1.6 9452 9463  .9474 9484 9495 9505 .9515 .9525  .9535 .9545
17 9554 9564  .9573 9582 9591 9599 9608 .9616  .9625 9633
1.8 9641 9649  .9656 9664 .9671 9678 9686 .9693  .9699 .9706
19 9713 9719 .9726 9732 9738 9744 9750 9756 .9761 9767
2.0 9772 9778 .9783 9788 9793 9798 9803 .9808  .9812 9817
2.1 9821  .9826  .9830 9834 9838 9842 .9846 .9850  .9854 .9857
22 .9861 9864  .9868 .9871 9875 9878 .9881 .9884  .9887 .9890
23 9893  .9896  .9898 9901 .9904 9906 .9909 9911  .9913 9916
2.4 9918  .9920  .9922 9925 9927 9929 9931 .9932 .9934 9936
25 9938 .9940 .9941 9943 9945 9946 .9948 .9949  .9951 .9952
2.6 9953  .9955  .9956 9957 9959 9960 9961 .9962  .9963 .9964
27 9965 .9966  .9967 9968 .9969 .9970 .9971 .9972  .9973 9974
2.8 9974 9975  .9976 9977 9977 9978 9979 .9979  .9980 .9981
29 9981  .9982  .9982 9983 .9984 .9984 9985 .9985  .9986 .9986
3.0 .9987 .9987 .9987 .9988 .9988 9989 .9989  .9989 .9990 .9990
3 9990  .9991  .9991 9991  .9992 9992 9992 9992  .9993 .9993
32 9993 9993  .9994 9994 9994 9994 9994 9995  .9995 .9995
8.3 9995 9995  .9995 9996 .9996 9996 .9996 .9996  .9996 .9997
3.4 .9997 .9997 .9997 .9997 .9997 9997 9997  .9997 .9997 .9998
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