
1)| Abstract |

Purpose: The aim of this study was to investigate the relationship between a functional evaluation model and the Fugl-Meyer 

assessment (FMA) scale in evaluating the upper extremities of stroke patients

Methods: Thirty-eight stroke patients were evaluated using the FMA and performed reaching and grasping motions using a 

three-dimensional motion analysis (Qquas 1 series, Qualisys AB, Sweden). The participants sat on a chair with a backrest. The 

position of the cup was located at a distance of 80% to the front arm length. The markers were attached to the sternum, acromion, 

elbow lateral epicondyle, ulnar styloid process, three metacarpal heads, and the distal phalanges of the thumb and index finger. 

The variables of the correlation between the functional evaluation model and the FMA scale were analyzed. Multiple regression 

(stepwise) was used to investigate the effect of the kinematic variables.

Results: A significant negative correlation was found between the movement time (p < 0.05), movement unit (p < 0.05), and 

trunk displacement values (p < 0.05) in the FMA total scores, while a positive correlation was found between the peak velocity 

(p < 0.05) and maximum grip aperture values (p < 0.05). As a result of the multiple regression analysis, the most significant factor 

was the movement unit, followed by the general movement assessment and trunk displacement. The explained FMA total score 

value was 62%.

Conclusion: This study presents a new functional evaluation model for assessing the reaching and grasping ability of 

stroke patients. The factors of the proposed functional evaluation model showed significant correlations with the FMA 

scale scores and confirmed that the new functional evaluation model explained the FMA by 67%. This suggests a new 

functional evaluation model for reaching and grasping stroke patients.
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Ⅰ. Introduction

Stroke is the major cause of morbidity, mortality, and 

long-term disability worldwide (Feigin et al., 2015; 

Langhorne et al., 2011). Stroke symptoms vary, but motor 

impairment, including reduced upper extremity function, 

is common and affects approximately 50–70% of patients 

in the acute stage (Persson et al., 2012). Of these patients, 

30% have severe upper extremity impairment (Houwink 

et al., 2013). Movement slowness is a direct consequence 

of brain lesion weakness (Sukal-Moulton et al., 2014), 

and hemiplegic upper extremity is a major residual defect 

in stroke patients (Patterson et al., 2011). This reduces 

the functional ability of the affected arm to an immovable 

level against gravity (Hayward et al., 2017). The inability 

to use the affected arms in activities of daily living limits 

the patient’s independence in the community (Lum et al., 

2009). The recovery of upper limb function in patients 

after a stroke is often insufficient despite intensive 

physical therapy (Belda-Lois et al., 2011).

During daily activities, the movement of the upper limb 

is complex and requires close interaction between 

environmental and personal constraints, and coordination 

among multiple muscles, joints, and body segments 

(Gibson, 2014; Shumway-Cook & Woollacott, 2007). 

Thus, various measurements have been used to evaluate 

complex functions after rehabilitation (Li et al., 2012; 

Park et al., 2008).

Many different tools are available for evaluating the 

improvement of the upper extremity motor function, and 

each has its own characteristics. Unlike the Fugl-Meyer 

test, which focuses on movement, for example, the action 

research arm test and the box and block test are measures 

to assess the ability to handle large and small objects 

(Cromwell, 1976; Mathiowetz et al., 1985; Organization, 

2001). Fugl-Meyer assessment (FMA), which is used to 

evaluate the motor state of stroke patients, is a 

well-established stroke motor measure that iteratively 

determines active movement at each joint of the paretic 

extremity (van Wijck et al., 2001).

Although a various measurement tools and methods 

have been used in addition to assessment scales, kinematic 

analysis using motion analysis is highly relevant in the 

clinical measurement of sensorimotor impairment and 

activity capacity limitations, and allows for the detection 

of the effect of motor control in stroke patients (Massie 

et al., 2009; Wu et al., 2014; Wu et al., 2012). Kinematic 

analysis provides a meaningful objective assessment of 

motor function while functional tasks are performed and 

provides information on the movement pattern, quality, 

and strategy (Alt Murphy et al., 2011; Wu et al., 2011). 

Kinematic variables using motion analysis show high 

reliability and validity in assessing reaching motion or 

pointing in stroke patients (Alt Murphy et al., 2011; 

Patterson et al., 2011; Subramanian et al., 2010). 

Kinematic variables, including movement trajectories, 

recruitment of joints, coordination between joints, and 

involvement of the trunk, are used to characterize the 

deficit, recovery, and treatment effects of control strategies 

during reaching motion in stroke patients (Massie et al., 

2009; Wu et al., 2013; Wu et al., 2012). For example, 

stroke patients have deficits in endpoint control and 

disrupted joint recruitment and interjoint coordination. A 

damaged endpoint control present with a smaller 

movement amplitude, prolonged movement times, and 

more segmented movement trajectories (Dejong & Lang, 

2012; Dipietro et al., 2009).

Motor performance aimed at the aspect of movement 

quality is evaluated as a temporal and spatial parameter 

factor, and is calculated by calculating joints, kinematic 

body segment, and endpoint positioning (de los 

Reyes-Guzman et al., 2014; Liebermann et al., 2010). 

In addition, various kinematic variables reflect the 

reaching movements of stroke patients. Studies are 
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underway to measure reaching and grasping to evaluate 

more functional and task-related movements, and the 

variables can be summarized as follows: Kinematic 

characteristics include movement time, peak velocity, 

movement unit, movement time where peak velocity 

occurs, and various upper extremity angles (Alt Murphy 

& Häger, 2015). Characteristics of compensation are trunk 

displacement and shoulder abduction angle (McCrea et 

al., 2005). Task performance characteristics include 

maximum grip aperture (MGA), movement time where 

MGA occurs, lifting, and moving (Alt Murphy et al., 2011; 

Patterson et al., 2011).

The goal of this study is to perform a three-dimensional 

motion analysis of the stroke patient’s reaching and 

grasping through the body surface markers used in the 

previous study and to confirm the relationship between 

the result of analysis and clinical evaluation scale. The 

clinical evaluation scale is FMA scale used the best 

established and commonly for reaching and grasping (van 

Wijck et al., 2001). In addition, based on this data, we 

propose a new functional evaluation model that can 

evaluate the reaching and grasping of stroke patients in 

three dimensions.

Ⅱ. Methods

1. Subjects

The participants were 38 stroke patients. The purpose 

and inclusion criteria of this study were promoted in our 

hospital from July 1, 2017, to November 30, 2017, to 

recruit study subjects. Prior to participation, the objective 

and methods of the study were explained to the subjects 

who then provided their written informed consent. The 

study was conducted after obtaining approval from the 

ethics committee of Sahmyook University and written 

informed consent from all the participants. The inclusion 

criteria were as follows: had a first episode of unilateral 

stroke with hemiparesis (Yavuzer et al., 2008), had an 

ischemic or hemorrhagic stroke of <6 months (Lin et al., 

2014), able to understand and follow simple verbal 

instructions (Yavuzer et al., 2008), had a Mini Mental 

State Examination-Korean Version score of ≥21 (Lee 

et al., 2014). The exclusion criteria were as follows: had 

a mental disorder or dementia, diagnosed as having an 

orthopedic condition such as an upper extremity fracture 

or neuropathy (Lee et al., 2014), and cannot perform the 

experiment.

2. Procedures

This is a cross-sectional study. Evaluation using motion 

analysis and the FMA scale were conducted by two 

experienced physiotherapists. All the participants were 

evaluated using the FMA scale, and their general 

characteristics were assessed. The participants sat in hip 

joint and knee joint 90 flexion on a chair with a backrest 

and adjustable height, with the feet touching the floor. 

The patients sat at the table, with their hands on the table. 

At this time, the height of the table was adjusted. The 

patient’s elbow joint was placed in 90 flexion; forearm, 

in neutral position; and wrist, parallel to the table edge, 

with the thumb and index finger attached to the initial 

position. The position of the cup is located at a distance 

of 80% of the front arm length, and the cup is gripped 

as fast as possible in accordance with the inspector’s 

instructions (Bustren et al., 2017). Five measurements 

were made, and the average value of three measurements 

in the middle was analyzed. Six infrared cameras were 

used for three-dimensional motion analysis (Qquas 1 

series, Qualisys AB, Sweden). The markers were attached 

to the sternum, acromion on the affected side, elbow lateral 

epicondyle, ulnar styloid process, 3 metacarpal heads, and 
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the distal phalanges of the thumb and index finger. The 

captured parameters were analyzed using the Qualisys 

Track Manager (Qualisys AB, Sweden). This equipment’s 

intraclass correlation coefficient (ICC) ranged from 0.887 

to 0.901 (Chen et al., 2016).

The kinematic variables of the reaching and grasping 

function evaluation model used in this study were as 

follows: Among the reaching motional analysis factors 

of stroke patients, from 1990 to 2014, more than 45% 

of the 93 preliminary studies were selected as the 

kinematic and compensatory characteristics, and grips 

with task performance characteristics were selected 

(Bustren et al., 2017).

The definitions of the kinematic variables are as 

follows: movement time is the time between the beginning 

and end of the movement (Bustren et al., 2017), peak 

velocity is the highest value of motion velocity (Selles 

et al., 2014), trunk displacement is the distance traveled 

by the sternum marker (Wu et al., 2014), The Percentage 

of movement time where Peak Velocity occurs (PPV) was 

calculated as the time to peak velocity * 100/movement 

time (Aboelnasr et al., 2017), movement unit is one 

acceleration and one deceleration (Lin et al., 2007) that 

are extracted from the wrist position data, MGA is the 

maximum distance between the thumb and the index 

finger and Percentage of movement time where Maximum 

Grip Aperture occurs (PMGA) was calculated as the time 

to reach MGA * 100/movement time (Wu et al., 2007).

3. Data Analysis 

The collected data were analyzed as follows using 

SPSS/WIN 20.0: The general characteristics of all the 

participants are presented as descriptive statistics. The 

variables of the functional evaluation model and FMA 

correlation were analyzed using Pearson correlation 

coefficients. To investigate the effect of the kinematic 

variables of the functional evaluation model on the FMA, 

multiple regression (stepwise) was used. The level of 

significance used was P less than 0.05.

Ⅲ. Results

The general features of the 38 participants are listed 

in Table 1. 

Characteristics Values

No, of patients 38

Age, years 63.57 ± 15.17(19–88)

Male/female 20/18

Affected side (right/left) 21/17

FMA scale score 42.68 ± 16.97(4–64)

Values are n or mean±standard deviation (SD). 

Ranges in parentheses are provided for continuous 

variables.

FMA: Fugl-Meyer assessment

Table 1. General characteristic measurements

In the upper score of the FMA scale, a significant 

negative correlation was found between movement time 

(r=−0.57, P<0.05), movement unit (r=−0.67, P<0.05), 

and trunk displacement values (r=−0.40, P<0.05), and 

a significant positive correlation was found between peak 

velocity (r=0.47, P<0.05) and MGA (r=0.39, P<0.05). 

FMA wrist score showed a significant negative correlation 

with movement time (r=−0.60, P<0.05), movement unit 

(r=−0.59, P<0.05), and trunk displacement (r=−0.51, 

P<0.05), and showed a significant positive correlation 

with peak velocity (r=0.40, P<0.05), MGA (r=0.45, 

P<0.05), and PMGA (r=0.35, P<0.05). FMA hand score 

also showed a significant negative correlation with 

movement time (r=−0.57, P<0.05), movement unit (r=−

0.55, P<0.05), and trunk displacement (r=−0.29, P<0.05). 

Peak velocity (r=0.54, P<0.05), MGA (r=0.65, P<0.05), 
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and PMGA (r=0.34, P<0.05) also showed significant 

positive correlations. In FMA coordination score, 

significant negative correlations were found with 

movement time (r=−0.69, P<0.05), movement unit (r=−

0.72, P<0.05) and trunk displacement (r = −0.46, P<0.05). 

Peak velocity (r=0.47, P<0.05) and MGA (r=0.43, P<0.05) 

showed significant positive correlations. FMA total score, 

which reflect all the scores, showed significant negative 

correlations with movement time (r=−0.64, P<0.05), 

movement unit (r=−0.70, P<0.05), and trunk 

displacement (r=−0.43, P<0.05). Significant positive 

correlations with peak velocity (r=0.53, P<0.05) and MGA 

values (r=0.52, P<0.05) were also observed. Table 2 shows 

the results of the correlation between FMA scale and the 

functional evaluation model for assessing reaching and 

grasping in stroke patients.

Multiple regression analysis was performed using the 

stepwise method to investigate the effect of functional 

evaluation model except PPV and PMGA on the FMA 

total score among the factors of the new functional 

evaluation model designed on the basis of correlation 

analysis results. The Durbin-Watson independence (1.4) 

and collinearity were satisfied (1.07–1.13). As a result 

of the multiple regression analysis, the most significant 

FMA upper FMA wrist FMA hand FMA coordination FMA total

Pearson P Pearson P Pearson P Pearson P Pearson P

Movement time −0.57 0.00* −0.60 0.00* −0.57 0.00* −0.69 0.00* −0.64 0.00*

Peak velocity 0.47 0.00* 0.40 0.01* 0.54 0.00* 0.47 0.00* 0.53 0.00*

Movement Unit −0.67 0.00* −0.59 0.00* −0.55 0.00* −0.72 0.00* −0.70 0.00*

Trunk displacement −0.40 0.01* −0.51 0.00* −0.29 0.08* −0.46 0.00* −0.43 0.01*

MGA 0.39 0.02* 0.45 0.00* 0.65 0.00* 0.43 0.01* 0.52 0.00*

PPV −0.10 0.55 −0.10 0.54 −0.11 0.51 −0.26 0.12 −0.13 0.44

PMGA 0.12 0.47 0.35 0.03* 0.34 0.04* 0.23 0.16 0.25 0.13

FMA: Fugl-Meyer assessment scale

MGA: maximum grip aperture

PPV: percentage of movement time where peak velocity occurs

PMGA: percentage of movement time where maximum grip aperture occurs

*P<0.05

Table 2. Correlation between the functional evaluation model and the FMA scale                     (n = 38)

B SE b R2
△R2 (P) F P

Contrast 52.11 6.27

1 −2.14 0.41 −0.56 0.49 34.03 0.00*

2 0.10 0.03 0.36 0.62 0.13 (0.00) 28.96 0.00*

3 −0.06 0.03 −0.22 0.67 0.05 (0.04) 22.70 0.00*

1: movement unit, 2: movement unit, MGA, 3: movement unit, MGA, and trunk displacement

MGA: maximum grip aperture

B: unstandardised regression coefficient

SE: standard error

b: standardised regression coefficient

R: coefficient of multiple correlation

*P<0.05

Table 3. Multiple regression analysis between the functional evaluation model and the FMA scale     (n = 38)
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factor was movement unit (b = −0.56), followed by MGA 

(b = 0.46) and trunk displacement (b = −0.22). As the 

movement unit and trunk displacement values decreased 

and the MGA value increased, the FMA total value 

increased. The FMA total score was explained by the 

best movement unit (49%). When MGA was added, a 

significant increase of 13% (P <0.05) was observed, and 

the explained FMA total score was 62%. In addition, when 

trunk displacement was added, a significant increase of 

5% (P < 0.05) was observed, and the explained FMA 

total score was 67%. The results of the multiple regression 

analysis are shown in Table 3, and Figure 1 shows the 

standardized predicted values.

Ⅳ. Discussion

In this study, a new functional evaluation model for 

reaching and grasping in stroke patients was developed, 

and data were collected and compared with FMA scale 

scores. The correlation between the functional evaluation 

model and the FMA was similar to those reported in 

previous studies. In previous studies, motion analysis of 

reaching in stroke patients revealed that the overall 

movement time was longer, and the deceleration was 

faster (Alt Murphy & Häger, 2015; Alt Murphy et al., 

2011; Dejong & Lang, 2012; Dipietro et al., 2009). Peak 

velocity tends to decrease (Alt Murphy et al., 2011; van 

Vliet & Sheridan, 2007; Wu et al., 2011). The movement 

unit indicating the smoothness of the movement was high 

(Alt Murphy et al., 2011; Dejong & Lang, 2012; Dipietro 

et al., 2009), and compensation movement increased trunk 

displacement (Alt Murphy et al., 2011; McCrea et al., 

2005; Roby-Brami et al., 2003). Moreover, as stroke 

rehabilitation progressed, MGA and PMGA increased 

(Edwards et al., 2012; Lin et al., 2007). 

This study also shows that FMA total score 

significantly negatively correlated with movement time, 

movement unit, and trunk displacement. Peak velocity 

and MGA showed significant positive correlations. PPV 

and PMGA were not significantly correlated but showed 

a positive correlation in previous studies. On the basis 

of this correlation, multiple regression by the stepwise 

method was performed with FMA total score as dependent 

variable for the variables of the new function evaluation 

model, namely movement time, peak velocity, movement 

unit, trunk displacement, and MGA, except for PPV and 

PMGA analysis. It is evident that the strength of the 

correlation between different kinematics variables and 

clinical scales can show some variations depending on 

which specific kinematic task. As a result of this study, 

the functional evaluation model explained the FMA scale 

score by 67%. In the multiple regression analysis, the 

factors that affected the FMA total score were movement 

unit, MGA, and trunk displacement. The movement units 

indicate the amount of error correction during reaching 

movement and is another indicator to infer the control 

strategy of reaching (Wu et al., 2007). Trunk displacement 

is used as an indicator of compensation movement (Alt 

Murphy et al., 2011; McCrea et al., 2005; Roby-Brami 

et al., 2003). In MGA, it is used as an indicator of various 

functions, indicating skillful grasping in comparison with 

the size of the object to be caught (Grosskopf & 

Kuhtz-Buschbeck, 2006), and is also used as a functional 

variable as in this study (Edwards et al., 2012). By 

contrast, the FMA total score is influenced by the 

indicators of control strategy, compensation movement, 

and functional index of the hand. The new functional 

evaluation model also reflects these indicators. 

Therefore, the new functional evaluation model in this 

study can be used to evaluate the reaching and grasping 

in stroke patients, instead of FMA total score. As 

movement time, movement unit, and trunk displacement 

factors decrease, the FMA total score of stroke patients 
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increases. The FMA total score of stroke patients increases 

as peak velocity, MGA, PPV, and PMGA factors increase. 

In addition, the most important factors that affect the total 

score of FMA are movement unit, MGA, and trunk 

displacement. 

There are some limitations in this study. First, a 

relatively small number of cases were recruited for this 

study. Second, the absence of variables for complex joint 

movements or kinetics.

This study presents a new functional evaluation model 

for assessing the reaching and grasping ability of stroke 

patients. The factors of the proposed functional evaluation 

model showed significant correlations with FMA scale 

score. Through a multiple regression analysis of the 

functional evaluation model and the FMA scale, we 

confirmed that the new functional evaluation model 

explained the FMA scale score by 67%.

Ⅴ. Conclusion

This suggests a new functional evaluation model for 

reaching and grasping in stroke patients, which allows 

us to evaluate the reaching and grasping abilities of stroke 

patients as a more objective and accurate tool. This may 

be helpful in future studies of reaching and grasping in 

stroke patients.
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