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Objective: This study aimed to quantify one of the useful upper extremity movements to evaluate motor control abilities between
the groups of people with mild and moderate arm impairments performing a door handling task.
Design: Cross-sectional study.
Methods: Twenty-one healthy participants and twenty-one persons with chronic stroke (9 mild stroke and 12 moderate stroke)
were recruited for this study. Stroke participants were divided into 2 groups based on Fugle-Meyer Assessment scores of 58-65
(mild arm) and 38-57 (moderate arm). All they performed door handling task including the pronation and supination phases 3
times. We measured some movement factors which were reaction time, movement time, hand of peak velocity, hand of movement
units to perform door handling task using the three-dimensional motion analysis.
Results: The majority of kinematic variables showed significant differences among study groups (p<0.05). The reaction time, total and phase of movement time, hand of peak velocity ,the number of movement units discriminated between healthy participants
and persons with moderate upper limb stroke (p<0.05). In addition, reaction time, total and phase of movement time, the number
of movement units discriminated between those with moderate and mild upper limbs of stroke patients (p<0.05).
Conclusions: Three-dimensional kinematic motion analysis in this study was a useful tool for assessing the upper extremity
function in different subgroups of people with stroke during the door handling task. These kinematic variables may help clinicians
understand the arm movements in door handling task and consist of discriminative therapeutic interventions for stroke patients on
upper extremity rehabilitation.
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Introduction
Stroke is a disease that causes central nervous system
movement disorders and cognitive disorders, and most patients suffer from unilateral upper extremity paralysis, which
contributes to movement disorders [1,2]. Upper extremity
function is essential for the performance of basic activities
of daily living, and because it plays an important role during
other sports and leisure activities, the damaged upper extremity function of stroke patients are subjected to severe restrictions in participating in personal activities and daily life

activities [3-5]. Therefore, identifying the level of restriction
in daily activities due to the severity of the stroke and to accurately measure the reduced upper extremity function is
necessary for the selection and application of an appropriate
intervention in the area of rehabilitation [6,7].
To assess the function of the damaged upper extremity
function of persons affected by stroke, the Fugl-Meyer
Assessment, Frenchay Arm Test, Motor Assessment Scale,
and the Action Research Arm Test was used while the Box
& Block and Nine Hole Peg Tests were used as a standard
measurement tool [8-10].
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Although these assessment tools are considered to be reliable, they are limited in identifying small, specific changes
[4]. In addition, not only is it difficult to for these tools to analyze movement patterns or the strategies used of the upper
limb, it cannot exclude the subjective opinions of the examiner during the evaluation [11]. Therefore, an objective
measurement tool that allows a kinematic analysis to understand the complex and sophisticated movements of the upper limb is needed [11,12]. The kinematic motion analysis is
a method capable of measuring both quantitative and qualitative changes in motion, and is currently useful for a variety of disease groups [13,14]. Although motion analysis is
complex, it has been reported to be effective in evaluating
the characteristics of the upper extremity function of various
movement disorders since it has the advantage of being able
to provide the kinematic data for each joint [15,16]. When
looking into previous studies that examine the quantitative
and qualitative movements of the upper extremity through
the use of kinematic motion analysis, many of them involved
healthy subjects performing task-oriented reaching exercises in order to understand the mechanisms and biomechanical properties of motor control [17-19].
Although there has been several studies that have examined the ability to control upper extremity movements in
persons affected by stroke, the majority of studies have focused on simple movements, such as goal-oriented reaching
and pointing [13,20,21]. In addition, a study by Alt Murphy
et al. [22] has reported that reaching and grasping movement
abilities depended on the constraints and objectives of the
task, and arm reach movements varied according to the presence or absence of a tangible object on the target point,
which produces a variable kinematic movement pattern, especially during grasping or reaching an object from target
point [23,24]. Therefore, currently there is a growing need
for motion analysis studies related to task-oriented movement that can emerge during the performance of daily living
activities [4]. However, studies examining upper extremity
function during daily living activities in persons with stroke
have only been focused on a drinking activity [22,25-28],
there have been difficulties in identifying various upper extremity movements used in daily life, and relevant kinematic
studies are insufficient. In order to verify the effect of intervention within persons affected by stroke, especially to differentiate the effect of moderate-level intervention on motor
function, a task that is a part of daily living has to be applied
and the upper extremity movement needs to be assessed for
classification using the kinematic variables. Therefore, this

study involved healthy subjects and subjects affected by
stroke performing specific tasks of daily living (turning the
door knob), and in order to investigate the function of the upper extremity kinematic differences, reaction time, movement time, peak velocity of the hand, and movement units of
the hand were analyzed.

Methods
Subjects
This study included twenty-one hemiplegic subjects (16
male, 5 female) and twenty-one control subjects. The selection criteria for subjects affected by stroke were: 1) first
onset of cerebral infarction or an intracerebral hemorrhage,
2) subjects with lesions confined to one side, 3) Brunnstrom
stage of 3 or higher, 4) have sufficient cognitive abilities to
understand and follow instructions of the investigator. Of
the subjects affected by stroke, nine suffered from a mild
stroke (Fugl-Meyer score, 58-65) and twelve suffered from
a severe stroke (Fugl-Meyer score, 38-57). Healthy persons
without any neurological and orthopedic impairments or
symptoms served as the control subjects (Table 1). All subjects voluntarily provided an informed consent after being
fully informed of the study purpose and methods. This study
has been approved by the research ethics committee of a
National Rehabilitation Center (NRC-2011-01-002).
Procedure
All subjects were instructed to sit upright on a desk and to
hold onto a doorknob, which was not to be turned until at the
signal of the illumination of a lamp. The doorknob turning
process was composed of one continuous motion, from supination to pronation, with the ipsilateral side for subjects af-

Table 1. Characteristics of participants
Variable
Sex (male/female)
Age (y)
Height (cm)
Weight (kg)
Forearm length (cm)
Arm length (cm)
MMSE
Upper Fugl-Meyer
(score)

Healthy

Stroke
(mild)

(N=40)
Stroke
(moderate)

10/9
8/1
8/4
23.6 (3.5)
42.8 (18.5) 53.2 (14.7)
171.4 (8.3) 171.5 (5.9) 166.6 (6.3)
65.5 (12.4) 73.3 (11.2) 65.1 (11.7)
26.3 (1.4)
25.9 (1.9)
24.8 (1.4)
56.2 (3.4)
54.7 (3.2)
54.0 (2.6)
29.2 (1.1)
29.4 (1.5)
61.2 (3.2)
49.6 (6.9)

Values are presented number only or mean (SD).
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fected by stroke, and with the dominant hand for the control
subjects for a total of three times. To obtain data, the Vicon
(Oxford, UK) eight cameras with a sampling frequency of
200 Hz were used. A total of 16 infrared reflective markers
(14 mm marker) were applied according to the Vicon systems upper limb model mounting position. Also, an addition
of five markers were attached onto the doorknob to obtain a
reference point (Figure 1).

Figure 1. Marker set information.

Figure 2. Phase description for door handling task.
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Data management and analysis
In order to analyze the behavior of the characteristics of
each movement, the movement was divided into 5 subdivisions, such as reaction, supination, supination return,
pronation, and pronation return (Figure 2). The reaction
time, movement time, peak velocity of the hand, and movement units of the hand were analyzed according to the supination, pronation, and neutral positions. Reaction time is defined as the time it takes for trunk movement to appear at the
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Table 2. Kinematic variables during door handling task
Kinematic variable
Reaction time
Movement time (total)
Movement time (pronation phase)
Movement time (supination phase)
Hand of peak velocity (total)
Hand of peak velocity (pronation phase)
Hand of peak velocity (supination phase)
Movement units (total)
Movement units (pronation phase)
Movement units (supination phase)

(N=40)
Healthy

0.3 (0.1)
1.8 (0.6)
0.5 (0.2)
0.5 (0.2)
33.8 (13.4)
32.5 (12.4)
31.6 (11.9)
3.8 (1.8)
1.8 (1.0)
2.0 (1.1)

a

Stroke (mild)
0.3 (0.1)
2.0 (0.6)
0.5 (0.2)
0.7 (0.2)a
23.1 (16.7)
21.4 (16.3)
18.7 (12.9)a
6.6 (2.9)a
3.0 (1.6)a
3.6 (1.5)a

Stroke (moderate)
b,c

0.6 (0.4)
3.5 (1.5)b,c
0.9 (0.5)b,c
1.3 (0.6)b,c
b
16.8 (8.6)
14.9 (8.4)b
13.7 (8.2)b
13.0 (7.9)b,c
5.7 (4.0)b,c
7.3 (4.2)b,c

p
0.016
<0.001
0.003
<0.001
0.003
0.002
<0.001
<0.001
<0.001
<0.001

b

p<0.05 between affected arm in participants with mild stroke and healthy participants. p<0.05 between affected arm in participants with
c
moderate stroke and healthy participants. p<0.05 between affected arm in participants with mild and moderate stroke.

initiation of a task, and movement time is the time it takes to
perform supination and pronation.
The peak hand velocity was calculated using the tangential velocity, and the maximum velocity of each phase and
the maximum velocity was measured of the total movement
phase. The movement unit of the hand is defined as the acceleration and deceleration of the hand in reference to the
hand markers, and the number of the movement units represents the degree of shakiness and smoothness of the hand,
and the numerically smaller the movement unit of the hand,
the smoother the hand movement.
When the movement unit of the hand is 1, it represents the
most optimal level of smoothness.
The unit of motion is comprised of one acceleration and
one deceleration, and the numerical units within the phases
of acceleration and deceleration was calculated when the
motion of turning the doorknob exceeded 10% of the peak
velocity of the hand movement.
The kinematic variables were analyzed using the Nexus
(Vicon Inc.) software, and all data was processed using the
Matlab R2012a (The MathWorks Inc, Natick, MA, USA).
Statistical analysis was performed using SPSS Statistics ver.
17.0 (SPSS Inc., Chicago, IL, USA). The mean values of the
general characteristics of the mild stroke, severe stroke, and
control groups were used. The kinematic data was analyzed
with the Mann-Whitney U test to make a comparison of the
two groups. The significance level was set at p<0.05.

Results
Although there was no significant difference in the reaction time, total movement time between the healthy adults

and mild stroke subjects, and peak velocity of the hand
(p>0.05), there was a significant difference in the time and
velocity of the supination movement (p<0.05). In addition,
there was a significant difference in the movement unit of
the hand during supination and pronation. There was a significant difference in reaction time, peak hand velocity, and
movement units of the hand in healthy adults and mild stroke
subjects (p<0.05). There was a significant difference in reaction time and movement units of the hand in the mild
stroke and severe stroke subjects (p<0.05; Table 2).

Discussion
This study attempted to confirm if there was a difference
in upper limb motor function in accordance to stroke severity through 3-dimenstional motion analysis during the
motion of turning a doorknob, which is a common daily life
activity for persons affected by stroke.
Although there was a significantly longer movement time
of supination and pronation phase when comparing the
healthy adults with the mild stroke group (p<0.05), there
was a significantly slower peak hand velocity and longer
movement units of the hand comparing the mild and moderate stroke group (p<0.05). In addition, there was a significantly longer in reaction time and movement units of the
hand when comparing the mild with the moderate stroke
group (p<0.05).
In general, the movement time or strategy of a person affected by stroke is not as efficient when comparing the
movement of a normal, healthy adult. Previous studies have
shown that there was a large difference in the kinematic variables when not only comparing healthy adults with persons
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affected by stroke, but also when comparing between mild
and severe stroke patients [22]. Therefore, it can be considered that this study has also shown a difference in the kinematic variables amongst the control group, mild stroke
group, and severe stroke group.
Since this study involved task-oriented upper extremity
movement, the results showed a decrease in maximum velocity of the hand, an interruption in the movement unit of
the hand, leading to an overall increase in movement time,
which agree with the results of previous studies [29,30].
However, a study by Alt Murphy et al. [22] compared the
drinking behavior between healthy adults and persons with
stroke and had found no significant difference in maximum
velocity of the hand. This may be due to the fact that when
persons affected by stroke move the wrist joint to turn a
doorknob, there is a simultaneous contraction of the agonist
and antagonist muscle groups, which is associated with
spasticity, and thus, cause a delay in muscle contractions affected side [31], and also because of the reason that the muscles used during the drinking motion is different.
The motion of turning a doorknob involves supination
and pronation of the forearm, where supination is performed
by the forearm extensor muscles, such as the supinator muscle, and pronation is performed by the forearm flexor muscles, such as the pronator teres and pronator quadrates
muscles. In regards to the Brunnstrom stages post-stroke,
the higher the stage, the lower the rigidity and synergistic
movements, which allows an increase in movement ease
[32]. In addition, the recovery of the flexor muscles necessary to perform flexion has occurred at a lower level than the
recovery of the extensor muscles to perform extension, and
the flexor muscles that perform pronation have a slightly
faster recovery period, indicating that it has good function.
Therefore, when comparing the healthy adults with the mild
stroke subjects, there was a greater significant difference in
the movement time, maximum velocity of the hand and
movement unit of the hand during the supination phase compared to the pronation phase during the motion of turning a
doorknob.
The kinematic analysis of the distal joint while turning a
doorknob can be used as an assessment tool to classify the
severity of stroke for rehabilitation.
Chronic stroke patients who received twelve weeks of robotic rehabilitation training on the distal upper extremity for
grasping and supination/pronation showed significant improvements in Fugl-Meyer Assessment score from 32.2 to
37.0 and Motricity Index scores from 50.6 to 57.5 [33].
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The limitations of this study are as follows: 1) The age of
the control and stroke subjects were not matched, 2) the flexor and extensor muscle activities were not measured. However, the fact that the kinematic variables could be quantitatively evaluated in the motor function of the wrist while turning a doorknob according to different levels of stroke severity has been shown. Therefore, in regards to upper limb
function rehabilitation for patients post-stroke, discriminatory rehabilitative intervention strategies may be built and
developed based upon the kinematic variables of the wrist
joint during supination and pronation that have been found
in this study.
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