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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 
6.59±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 
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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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KUANTIFIKASI TARIKAN LEMBUT DENGAN MENGGUNAKAN SISTEM 
PENARIKAN DENGAN MENCUBIT BERDASARKAN FUGL MEYER DAN 

PROTOKOL UJIAN OTOT BAGI PEMULIHAN 

Oleh 

ABDALLAH S Z ALSAYED 

2020 

Pengerusi : Raja Mohd Kamil bin Raja Ahmad, PhD 
Fakulti  : Kejuruteraan 
 
 
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 
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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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CHAPTER 1 

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 
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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, Chacón, Herrera, & Bojorquez, 2007). In addition, the variation 
in performance can be attributed to the inability to follow the standard calibration 
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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  

x 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 
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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. 
 
 

x 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). 
 
 

x 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 
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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, Lefèvre, & 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 
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Appendix A2 

Certificate of Test and Calibration for S-Type Load Cell 
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Appendix A3 

AC Servo Specifications 
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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! 
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Appendix B2 

Ethical Approval Sheet 
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Kindly please remind the ethical approval is required in the case of 
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Researchers should also complete a Study Final Report upon study 
completion. The form can be obtained from the Ethics Committee for 
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(http://www.rmc.upm.edu.my/documentfile). 
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          - 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 
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