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Purpose The purpose of this study was to investigate the effect of upper limb function based on individual
problemsolving approach in hemiplegic patients after stroke in terms of reaching speed and upper limb function of
affected side as compared with conservative occupational therapy. Methods 25 stroke patients who were hospitalized at
rehabilitation center in Gyeonggido. And they were divided into an individual problemsolving approach group and a
conservative approach group. The average speed of reaching motion and upper limb function before and after the
intervention were evaluated. Results The average reaching speed before and after the intervention was statistically
significant in experimental group (p<.05), but not statistically significant in the control group (p>.05). Upper limb
function before and after the intervention was in significant difference statistically (p<.05) in experimental group, but not
statistically significant in control group (p>.05). There was no statistically significant difference in the average reaching
speed and UL function between the two groups (p>.05). Conclusion This study demonstrated that the UL function based
on IPSA improves more than a conservative occupational therapy.
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Ⅰ. Introduction
After stroke, the upper limb (UL) functions are damaged by the following as neural weakness, sensory
impairment, abnormal muscle tone, impaired posture
control as well as shoulder pain, shoulder subluxation, limb contracture and deformity, learned nonuse and biomechanical alignment problems.1) This loss
of UL function is one of the most common and challenging sequelae after stroke and can limit in activities
of daily living (ADL).2) Understanding the relationship
between motor impairment and functional activities
following central nervous system (CNS) lesions is essential for successful rehabilitation. UL perform complex movements, such as reaching, grasping and lifting of functional task. It is achieved by gross motion
of many joints and complex coordination of fine
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motion.3) The movement of the shoulders, which is
the basis of the reaching motion, consists of the integrated activities of the scapulothoracic, glenohumeral, acromioclavicular, and sternoclavicular joint,
it is a scapulohumeral rhythm, a natural combination
and interaction of all these joints.4) The motion of
hemiplegic patients is more segmented than normal
people, which makes normal joint function difficult
and slows down the movement and is characterized
by high variability and deviation from straight track.5)
There is a clear correlation between speed and quality
of motion.6) According to a study comparing paralyzed
arm pointing with a finger to a paralyzed target on a
flat table for stroke patients, the paralyzed arm's
reaching motion was characterized by low motion amplitude, slower speed, and more. It showed that the
motion trajectories were distributed and clearly distinguished spatially.7) Therefore, the recovery of constant velocity and consistent trajectory in reaching mo-

The Effect of Reaching and Hand Function Based on Individual Problem-Solving Approach in Hemiplegic Patients after Stroke: A Randomized Controlled Study ∙ 47

NEUROTHERAPY 2020;24(1):47-53

tion of affected side in hemiplegic patients may be
the result of a qualitatively improved performance,
which may depend on the stability and mobility of
the shoulder.8) In addition, the posture control provides strong stability when performing reaching components, which is an essential factor.9) And it is important to keep yourself in the correct direction of
movement and position towards the target point when
training for the purpose of restoring reaching function
in stroke patients.10) An individual problem-solving approach (IPSA) is that treats patients with sensory, perceptual, and behavioral disorders, as well as movement problems, according to their problems.11) In addition, IPSA is important to reduce abnormal patterns
through posture control and proper weight support
between the trunk and limbs.12) To reach to grasp objects and manipulate them properly, need to be able
to get their hands exactly on the target. A selective
movement that creates stability of the shoulders and
elbows should be paired with an anticipatory postural
adjustment mechanism to treat the movements
efficiently.13) Conservative occupational therapy (COT)
commonly used in clinic include tools to increase the
range of motion of joints, strength exercises, task-oriented approaches, and ADL training using compensatory methods.14) However, such as COT is difficult to
functionally use the affected UL due to overlooking
the fundamental problems that impede the patient's
performance and functional participation, or the use
of unaffected UL as a compensatory method in performing the operation of the UL.15) Because patients
have different regulating mechanisms of UL function,
it is necessary to study the interventional method to
find the fundamental cause and solve the problem.16)
In a study applying IPSA to recovery of UL, we reported that the Bobath concept or neurodevelopment
treatment (NDT) had a significant effect on UL function17), and also another study compared the UL function with the COT by scapular setting intervention
based on Bobath concept.18)
If the arm movement is sustained in an inefficient
pattern, it is difficult to recover the function. Therefore,
it is necessary to accurately evaluate and treat the individual problem factors of the patient. The purpose

of this study is to find out the effect of UL function
based on IPSA for hemiplegic patients after stroke,
compared with conservative occupational therapy approach basis that can contribute to the recovery of
patients.

II. Materials and Methods
1. Subjects
The study conducted 25 subjects with hemiplegic patients who were hospitalized at rehabilitation center in
Gyeonggi area. Criteria for selection are follows as patients with stroke hemiplegia diagnosed by neurologist
and rehabilitation specialist, those who can understand
and follow the instructions for the research with a
score of 23 or higher in Montreal Cognitive Assessment
in Korean version (MoCA-K) and they have no pain
or musculoskeletal disorders in the more affected UL,
those who can detect when affected hand sensory
stimulation and those who can sit alone and walk,
who understand the content of this study and agree
to voluntarily participate in the study
2. Procedure
25 subjects selected by the screening test were divided into two groups through block randomization.
The subjects were divided into individual problem-solving approach group (IPSAG) and conservative
occupational therapy group (COTG) according to the
approach method. Each group received 90 minutes of
physiotherapy and 60 minutes of occupational therapy
in regular treatment sessions. And as an experimental
treatment, IPSAG received intervention based on IPSA,
and COTG was performed task-based COT 30 minutes
a day, 3 times a week for 4 weeks. It was conducted
by occupational therapists who had completed the
Bobath basic course for more than three years of
therapeutic experience. Each group received a preliminary evaluation before the intervention and a post
evaluation after the intervention.
3. Intervention method
The two groups separated so that they did not know
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about the interventions they were receiving, therapists
were recruited as those who completed the Bobath
basic course for more than three years of experience
in the treatment of stroke patients. Prior to the intervention, the IPSAG had time to discuss the patient's
individual problem inference and intervention with respect to the clinical reasoning process of the intervention based on IPSA. Therapists in the COTG
agreed that occupational therapy interventions were
used to repeat tasks using tools.
3-1. Individual problem-solving approach (IPSA)

IPSA is to the assessment and treatment of individuals
with disturbances of function, movement and postural
control due to a lesion of CNS and can be applied to
individuals of all ages and all degrees of physical and
functional disability.19)
3-2. Procedure and methods of IPSAG
The intervention process of IPSAG involves analyzing
the posture and movement of the subject before treatment to identify individual problems that limit UL
function and to set treatment goals accordingly. The
treatment was conducted to improve stability of the
trunk and weight support to adjust muscle tone and
posture, that was conducted to improve the efficient
movement and move the arm in various postures, too.
The exercise program was divided into trunk, shoulder, hand exercise as Table 1.13)

3-3. Procedure and methods of COTG

In order to improve UL function, the UL was placed
on the table and various treatment tools were used.
The level of difficulty was adjusted to provide COT
such as increasing range of motion of UL, strengthening exercise, progressive resistance exercise and
task-based training.
4. Measurements tools
4-1. 3-dimentional motion analysis system
Reaching motion was measured by CMS10 of zebris
medical GmbH CMS 10 (Germany), an UL 3-dimensional motion analysis system. It consists of measuring
sensor, holding device, body surface marker, pads, cables and computer device (Figure 1). Basically, repetitive movement, range of motion, maximum speed
movement, and aiming movement can be measured.
Manuals on the measurement posture, tool position
and method are presented within the software. When
the subject starts to move, the measuring sensor detects the ultrasonic signal of the active marker and
displays it on a computer monitor as a three-dimensional graph. Sit upright on the chair and fasten the
body to the back of the chair with a strap to limit the
movement of the body and face the measuring device
with the desk in between. The inclination of the
measuring device was adjusted to 45° and the distance to the subject was about 80cm. Three active
markers were attached to the dorsal of index finger,
the metacarpophalangeal joint, and the dorsal of wrist.
The starting position was to place the hand on the
desk and instruct it to 'reach out', reaching the paralyzed hand toward the target, touching the target with

Table 1. Introduction at the intervention program of IPSAG
Treatment goals and Methods

Trunk

Shoulder

Hand

- Segmental and cooperative recovery of the trunk and pelvis
- Rearrangement of the shoulder for the stability of the rib cage
- Activation of contact ability of hand and ground to improve posture control ability
- Realignment and selective strengthening for stability of shoulder joint
- Promote the movement of the shoulder complex to ensure stability and mobility
- Training of functional tasks for mobility in various directions
- Contact hand-orientating response training by lengthening and activation of intrinsic muscles
- Enhancing sensory stimulation and awareness of the affected hand
- More sophisticated and detailed movement training through functional grip, release and manipulation

IPSAG: individual problem-solving approach group
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5. Data analysis
The statistical analysis of this study was conducted using SPSS 18.0. To find out general characteristics of
the study subjects, descriptive statistics frequency analysis was conducted. The chi-square test was used to
test homogeneity and normality between the two
groups. Paired t-tests were performed to compare
changes before and after intervention in the group,
and independent t-tests were performed for comparison after the intervention between the groups. The
statistical significance level of all data was .05.

Figure 1. zebris medical GmbH CMS10(left) and figure of
zebris measurement for reaching motion in
study(right)

the index finger, and returning to place, 5 times
(Figure 1). In this study, analyzed the movement
speed of reaching as the movement toward the target.

III. Results

4-2. Manual Function Test (MFT)

1.General characteristics of the subject
A total of 25 subjects participated in this study, randomly assigned to IPSAG of 13 and COTG of 12.
There were no significant differences between the
groups according to gender, type of brain damage, affected side, average age, duration of disease, and
MoCA-K (p>.05) (Table 2).

MFT is a tool developed to measure UL function and
movement ability of stroke patients and consists of
three items: UL movement, grasping and finger
manipulation. The result is recorded one point each
time, if it is impossible, it is recorded as 0 point and
the result value is calculated by totaling 32 points and
converting it to 100 points.

Table 2. General characteristics of the subjects
Variable

Gender
Type of brain damage
Affected side

Average age

Duration of disease
(month)
MoCA-K

(N=25)

IPSAG (N=13)

COTG (N=12)

Male

9

9

Female
Hemorrhage

4
7

3
5

Infarction

6

7

Left
Right

6
7

6
6

10s

0

1

20s
30s

1
2

1
2

40s

5

0

50s
60s

2
3

3
3

70s

0

2

Less than 6
6~12

2
8

3
5

13~24

2

3

25~36

1
24.46±1.56

1
24.41±1.16

2

x /t

p

.103

.75

.371

.54

.037

.85

-.54

.59

-.37

.97

.08

.94

Mean ± SD: The values are mean (standard deviation), IPSAG: individual problem-solving approach group, COTG: conservative occupational
therapy group, MoCA-K: Montreal of cognitive assessment in Korean version
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2. Change in average reaching speed and MFT
before and after intervention in groups
IPSAG showed a statistically significant difference in
the change in the average speed of reaching before
and after intervention (p<.05). In COTG, the average
reaching speed was improved, but there was no statistically significant difference(p>.05). In IPSAG, there
was a statistically significant difference in MFT (p<.05)
and there was no statistically significant difference in
COTG (p>.05) (Table 3).
3.

Comparison of differences on average
reaching speed and MFT after intervention
between group
There was no statistically significant difference in average reaching speed and UL function in the change
test for intergroup testing after intervention (p>.05)
(Table 4).

Ⅳ. Discussion
Stroke is the result of permanent brain damage, but
most patients recover little by little, most of which is
caused by brain reorganization, or neuroplasticity.
Nevertheless, one-third of stroke patients require continuous help with impairment of UL function.20)
Neurorehabilitation programs to improve affected UL

function in stroke patients include Bobath approach,
bilateral UL training, constraint induced movement
therapy (CIMT), task-oriented approach, imagery training, and mirror therapy.21) Especially, Bobath approach is a problem-solving approach that focuses on
task performance consisting of selective movement,
posture control, and coordinated movement.22) In addition, rather than treating all patients with the same
content, the patients should be able to combine a variety of treatment techniques in a flexible, wide variety of ways according to their needs.23) In one study,
subjects' brain activity increased after intensive UL
treatment to match the individual's level of individual
motor performance, and improved recovery of the UL
after 3 months.20) In addition, there were significant
differences in UL function and ADL in a study of the
Bobath approach in 61 stroke patients.12) A six-week
study in which hemiplegic patients were based on the
Bobath approach reported a significant increase in
hand and shoulder joint function in the study group
compared to the general joint exercise group.17)
Reaching and grasping of human are the basic factors
associated with all activities that require the movement of the UL in ADL, of which reach is the essential element to move the hand quickly toward the target to be grasped. In a study analyzing the reaching
behaviors of hemiplegic patients and normal subjects,
hemiplegic patients showed a significant decrease in

Table 3. Change in average reaching speed and MFT before and after intervention in groups
Variable

IPSAG (N=13)

(N=25)

COTG (N=12)

Before

After

p

Before

After

p

ARS (mm/s)

184.23±107.34

257.69±192.95

.04*

145.83±139.55

194±201.58

.20

MFT (score)

13.53±8.54

14±8.28

.02*

10.83±10.04

11.33±9.80

.16

*

Mean ± SD: The values are mean ± standard deviation p＜0.05, ARS: average reaching speed, MFT: manual function test, IPSAG: individual
problem-solving approach group, COTG: conservative occupational therapy group

Table 4. Comparison on average reaching speed and MFT after intervention between group
Variable

IPSAG (N=13)

COTG (N=12)

(N=25)

p

Before

After

Before

After

ARS (mm/s)

184.23±107.34

257.69±192.95

145.83±139.55

194±201.58

.60

MFT (score)

13.53±8.54

14±8.28

10.83±10.04

11.33±9.80

.91

Mean ± SD: The values are mean ± standard deviation, ARS: average reaching speed, MFT: manual function test, IPSAG: individual
problem-solving approach group, COTG: conservative occupational therapy group
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exercise accuracy compared to control group. The
movement pattern of the patients was significantly
correlated with the level of motion impairment of the
arm. Patients with severe disorders were more subdivided, highly variable, and less accurate than patients with moderate and mild disorders.24)
Recently, objective assessment of UL movement
has led to an increasing number of studies using kinematic morphological analysis.25) One study suggests
that the review of the effectiveness of Bobath approach should consider the therapist's skill and use
UL measurement tools rather than subjective assessment tools26). Also, the report on interventions and
measurements based on the Bobath approach suggested that further consideration is needed for clear
treatment goals, therapist proficiency, subject-centered
interventions, and proven and reliable measurement
equipment.27)
The purpose of this study was to investigate the
effect of UL function based on IPSA on hemiplegic
patients after stroke compared with COT. The subjects
were divided into IPSAG and COTG according to the
intervention. In the previous study, which presented
the effect of reaching after intervention through motion analyzer, significant effects of speed and smoothness of affected UL movement were reported28). Also,
a study reported that the speed of reaching motion
was increased after the goal-oriented UL treatment
that facilitate coordination of the proximal and distal
part on the UL29).
In this study, there was also a significant difference
in the before and after interventional changes in the
average reaching speed of IPSAG. It is believed that
the results show, compared with COT, finding and resolving factors that limit hand movements for each
patient improves the efficiency of patient's posture
control and movement, and the effectiveness of intervention to help more automatically interact with
environment. This supports the previous study that
there is a clear correlation between quality and speed
of movement.6) The UL function also showed a difference in the study group, which means that the stability of the trunk and shoulder of IPSAG improved the
range of shoulder movement. And that means the im-

provement of fine hand function according to the improvement of body awareness through the sensory input of the hand, too. Finally, comparing the differences after intervention changes between groups,
there was no difference between ARS and MFT. This
is thought to be the result of a period of intervention
that is not enough to increase adaptation through
IPSA. In addition, it is necessary to apply appropriate
task-oriented training and training based on actual
ADL including both hands.30) The limitation of this
study is that the number of subjects is small, so the
generalization is limited according to the results of the
study. In addition, follow-up studies to confirm the
consistency of recovery after interventions are considered necessary in future studies. And we expect the
study to analyze the mediation effect of IPSA by analyzing various data as well as the average reaching
speed of UL through 3D motion analyzer.
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