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Abstract

Background: One of the main problems of chronic stroke patients is the inability to move the fingers separately despite the passing of
an extended period of time since the onset of the disease. Dexterity is a fine motor skill that allows one to manipulate objects through
voluntary movement.

Objectives: The aim of this study was to compare the fine motor skills of patients with chronic stroke to those of healthy controls.
Patients and Methods: This analytic and descriptive cross-sectional study was carried out randomly on 50 patients with chronic stroke
with a mean age of 57.8 years suffering for 46 - 72 months and on 50 healthy people with a mean age of 51.16 years. Patients did not
receive any intervention before or after one week of assessment. The function of both hands of each patient was measured with the nine-
holepegtest (NHPT) and the box and block test (BBT).

Results: The results showed that the mean variation of speed in the BBT test (standard deviation [SD]) in the left hands of the patients
(recessive limb) was 57.8 (12.75), greater than in their right hand (dominant limb) (54.76 [8.67]). The rate of speed in healthy people’s right
hands was 68.58 (8.31), greater than in their left hands (63.5 [8.54]). In addition, the results of the NHPT showed that the stroke patients
needed more time to manipulate the objects than the healthy ones. For the NHPT, the mean (SD) of the right hand (dominant limb)
patients(4.89)and healthy controls 36.7(14.5) 21.98, mean (SD) of the left hand (dominant limb) patients (4.45) and 30.4 in healthy subjects
(4.09) 24.18 respectively. Independent T-test showed P < 0.05 in all the results obtained, respectively.

Conclusions: The results showed that the dexterity fingers of patients suffering from stroke at the final stages of Bronestrum is much

closer to the dexterity of healthy controls.
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1. Background

Stroke is one of the most debilitating neurological
disorders among adults. It is the third leading cause of
mortality (after cardiovascular disease and cancer), and
itis the cause of 10% of mortalities in the world. Over 50%
of stroke patients suffer from sensory and movement
impairment in the limbs of the affected side. One of the
main problems of chronic stroke patients is inability to
move the fingers separately despite the passing of an ex-
tended period of time since the onset of the disease. The
function of the upper limbs is very important to main-
tain quality of life. Two to three years after the onset of
chronic stroke, 25% - 45% of patients experience some
improvement in motor function. It is reported that 45%
of them suffered from poor function of the upper limbs
after four years (1).

The function of the upper limbs results from sensory
and motor skills. Motor skills are divided into coarse
and fine movements. Dexterity is a form of fine motor
skill that allows one to manipulate objects through

voluntary movements. Manipulation of objects means
checking out and transferring the object between the
fingers. Yancosek KE et al. showed that dexterity skills
are one of the predictors of independence in one’s daily
activities (2). Subordinate skills allow one to control ob-
jects using the fingers (3), which is important because
it affects the ability to use fine motor skills in daily ac-
tivities, such as unscrewing toothpaste cap, knitting,
writing, and many other home and work activities. Dis-
ability in these activities causes dependence, emotional
changes, and depression and leads to reduced quality
of life (4).

Various evaluations such as the grooved pegboard test,
the Jebsone Taylor test of hand function, the functional
dexterity test, and the Moberg pick-up test are used to
assess dexterity skills (2). In this study, the box and block
test (BBT) and the nine-hole peg test (NHPT) were used.
With time and effective rehabilitation, the function of
upper limbs after stroke can improve. However, many
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people may refuse to participate in ongoing rehabili-
tation programs. Many studies have been carried out
to determine the norms of dexterity and the speed of
healthy subjects’ hands (5). However, no study has been
conducted in order to examine the fine motor skills of
patients with chronic stroke in the final stages of Bro-
nestrum.

2. Objectives

This study compared fine motor skills in patients with
chronic stroke in the final stages of Bronestrum with
those of healthy adults. The aim of this study was to in-
vestigate whether the dexterity of chronic stroke patients
in the final stages of Bronestrum is sufficient to indepen-
dently perform daily fine motor activities, to the point
that rehabilitation programs may not be necessary.

3. Patients and Methods

This is a descriptive, cross-sectional, randomized study
carried out on patients referred to clinics in Tehran. In-
clusion criteria were as follows: patient has experienced
their first stroke, at least five years have passed since the
initial injury, the patient has no unilateral spatial neglect
(Star - cancellation > 44), the patient meets minimum
standards for mobility of the upper limbs basedon the
Bronestrum test (stage five or higher), and the patient
is between 45 and 60 years old. Exclusion criteria were
as follows: a muscle tone score for the disabled hand of
greater than one based on the Ashworth scale (6), pres-
ence of pathology according to the Mini-Mental State Ex-
amination (MMSE) (score of higher than 21), absence, and
lack of desire to continue the treatment.

Participants gave written consent in accordance with
the standards of the Ethics Committee of the Shahid Be-
heshti University of Medical Sciences. The participants
were then informed of the purpose of the study and of
how the tests would be performed. The performance of
both hands in each participant was measured using the
nine-hole peg test (NHPT) and the box and block test
(BBT).After doing one practice session, the patients were

asked to perform the BBT followed by the NHPT as much
as possible at a high speed in one session. After the scores
were recorded, they were announced to the participants.

The BBT assesses the functional ability and the speed of
the hand in picking up and dropping beads on the oth-
er side of the box. In this study, when the first bead was
picked up, the therapist started the stopwatch. After 60
seconds, the beads that had been moved to the other side
of the box were counted (7, 8). A reliability test retesting
these tools was conducted in patients with stroke (re-
sults: 0.97-0.89) (6).

The NHPT assesses fine motor skills and performance
speed. In this study, the participant was asked to put
nine small beads in particular locations on the pegboard
as quickly as possible. As soon as the last bead was put
in place, the participant removed them one by one. The
reaction time (from picking up the first bead to placing
the last one) was recorded by the therapist (9). The test-
retest reliability of the test was obtained (0.83 - 0.99) in
the chronic stroke participants (6).

3.1. Data Analysis

A T-test was used to compare the means of the data. All
data were analyzed using SPSS, version 18.

4. Results

In this study, 50 patients with chronic stroke and in the
final stages of Bronestrum, with a mean age of 57.8years
and a duration of suffering of 46 - 72 months were evalu-
ated alongside50 healthy controls with a mean age of
51.16 years. Equality of variables, the Chi-square test for
uniformity between patients and healthy cases in terms
of gender distribution, disabled hand and healthy one
andan independent T-test were used to investigate the
consistency of two groups of patients and healthy ones
in age, duration of suffering from stroke and cognitive
status was done. Because P < 0.05, the results show that
both groups were equal in the above variables. Demo-
graphic information for each group is displayed in Ta-
bles1and 2.

Table 1. Distribution of Demographic Information for Patients (N =50)

Variable Chronic Stroke Participants Normal Participants P Value

Gender <0.001
Male 28(56) 28(56)
Female 22(44) 22(44)
Total 50 (100) 50 (100)

Dominant hand <0.001
Right 49 (98) 49 (98)
Left 1(2) 1(2)
Total 50 (100) 50 (100)
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Table 2. Mean and Standard Deviations of Age, Duration of Disease, and Cognitive Tests Between the Two Groups (N=50)

Variable Chronic Stroke Participants Normal Participants P Value
Age,y 57.8+9.45 5116 +7.78 <0.001
Mini-Mental State Examination (MMSE) 25.5+2.77 294163 <0.001
Total 50 50
Table 3. Mean and Standard Deviation of the Variables in BBT and NHPT Between the Two Groups (N =50)
Variable Chronic Stroke Participants Healthy Participants PValue
Mean Range Mean Range
Box and blocktest (BBT)
Dominant hand (right) 54.76 + 8.67 34-81 68.58 +8.31 47-80 <0.001
Non-dominant hand (left) 57.8 £12.75 30-82 63.5+8.54 44-85 <0.001
Nine-hole peg test (NHPT)
Dominant hand (right) 36.7+4.89 25-48 21.98 £5.14 14 -37 <0.001
Non-dominant hand (left) 30.4+4.45 18-43 24.18+4.09 16-30 <0.001

According to theresults displayed in Table 3 (below), the
mean difference BBT in the speed of patients hands with
the left hand (recessive limb) was higher than their right
one (dominant limb). This is most likely because, with
the exception of one participant, all participants were
right handed, and the stroke patients’ dominant hands
had been affected by disease. In addition, the mean differ-
ence of BBT in speed of healthy people’s hands in the right
hand was higher than in the left hand. As in BBT, the num-
ber of beads thrown beyond the box were counted, the
larger the figures the more BBT test beads will be. Thus, in
stroke patients, it can be said that the non-affected hand,
despite being the recessive limb, had better performance
than the right hand (the dominant limb).This reflects the
impact of the disease on upper limb function and espe-
cially on fine motor skills. On the other hand, in healthy
participants, the right hand (dominant limb) performed
better than the left hand (recessive limb), which was the
expected result.

The results of this study also showed that the hand
speed of normal participants was higher than that of
chronic stroke participants. The results of mean differ-
ence in NHPT showed that stroke patients needed more
time to manipulate the objects than healthy participants.
In chronic stroke participants, the speed of their unaf-
fected limb was faster than that of their affected limb.
The results of this test confirm the findings of the BBT
test. In addition, in healthy participants, the speed of the
dominant hand was greater than that of the recessive
hand, as expected.

5. Discussion

Fine motor skills involve the small muscles of the hand.
Musculoskeletal integration and coordination among
the fingers are required for powerful and precise move-
ments. The keys to restoring the fine motor skills of the
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fingers are exercises and repetitive activities. After pass-
ing the acute phase and separating out the parts of the
synergistic pattern, fine and elegant skills of the arm,
wrist, and fingers are started. Based on the results dis-
played in Table 3 and the obvious difference in upper
extremity function between chronic stroke patients and
healthy individuals, it cannot be claimed that lack of
treatment is a cause of improvement. On the contrary,
this study showed that time, rehabilitation activities, and
performing repetitive daily activities improved patient
hand performance. Patient fears of dependency and of
lack of effective hand use were also reduced.

Fine motor skills are enhanced in various ways. In ad-
dition to rehabilitation activities, daily activities such as
buttoning a shirt and peeling fruit aid in recovery. Stabi-
lizing the muscles around the joint and improving hand-
eye coordination are also very important for accurate
motion (4, 9). The results of this study showed that al-
though stroke affects the upper limbs, effective use of the
affected limb can be restored through rehabilitation and
daily activities. Higgins et al. also concluded that damage
to the fine motor skills of the hand after stroke can be
remedied by timely treatment (10). In a review study, Ou-
jamaa et al. also showed that rehabilitation interventions
after stroke improve the function of upper limbs (11).

Repeated and intentional performance of exercises, re-
ceiving visual feedback on how to move, learning by imi-
tation, learning under supervision, trial and error, and
eventually reinforcement learning lead to changes in
muscle memory. Self-organization in neuromotor learn-
ing, improved hand movements, and repetition training
lead to reduced activity of the spastic muscles (12).

A study carried out on 39 people with chronic stroke,
Paquin et al. investigated the effects of computer games
on fine motor skills during 16 sessions conducted twice a
week for 15 minutes at a time. They discovered that com-
puter games contribute to finger dexterity and enhance
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movement speed (13). Applicable tools are also found in
the home. This study showed that doing many daily ac-
tivities and using appliances improved hand function.
Therefore, if a stroke patient refuses rehabilitation ser-
vices ordered by a rehabilitation specialist or physician,
there may be no cause for concern if they use home activi-
ties to aid in recovery.

Villeneuve et al. found that playing the piano also pro-
vides rehabilitation (14). In another study, Sunderland
investigated unilateral dexterity skills after stroke. He
found that spontaneous recovery often occurs after six
months. However, those with damage to the right hemi-
sphere of the brain tend to have significantly better re-
covery than those with damage to the left hemisphere
(13). Chen et al. examined differences in five functions in
stroke patients: picking up, dropping, and manipulating.
They measured the hand performance of 62 individuals,
conducting tests three times over three to seven days us-
ing the BBT and NHPT tests. They found that errors were
reduced with repetition. However, the ability of the af-
fected hand was still found to be less than that of the
normal hand (15).

Lateralization priority of an organ refers to repeated
application of the one-sided organs such as hands, feet,
eyes, and ears in daily activities. Priority of lateralization
is related to mental, verbal, and motor development (16).
Thus the involvement of one of the brain hemispheres,
each of which is the base of functioning for the opposite
side of the body, affects manual skills.

[tis obvious that hand skills are better when using the
fingers of the dominant side. However, some forms of
damage such as fractures, burns, and diseases of the
peripheral and central nervous system may affect the
function of the limbs on one side of the body. Stroke is
one of these forms of damage. This study showed that
the dominant hand performs better than the reces-
sive hand in healthy people, but that this may not be
the case in chronic stroke patients. Inspite of the pri-
ority of the limb due to motor-sensory involvement,
coordination, motion range and other factors affect-
ing the hand, due to the damage resulting from the
individual’s disease, stroke patients may prefer to use
the recessive hand, therefore leading to better perfor-
mance in the recessive limb. Unnatural tone and lim-
ited range of motion also affect the performance of the
dominant hand. However, the average scores obtained
in comparison with healthy people are not very differ-
ent, which shows that they can become depend chronic
dentin their many daily activities. Many people believe
that if stroke becomes chronic, there is no need for re-
habilitation services. However, some people tend to do
the finer performance in their hands. People who took
part in this study were in the final stages of hand per-
formance on the basis of the Bronestrum criteria, and
they had not received any treatment for a long time.
At first glance, it is obvious that the upper limb func-
tion of stroke patients is compromised. However, this

study showed that with time, rehabilitation activities,
and repeated daily activities, upper limb function can
improve. Patient fears of dependency and of lack of ef-
fective hand use can also be reduced.

In one study by Mathiowetz et al. they evaluated the
norms of fine motor skills in the fingers using the NHPT
(17), and in another study, they evaluated the norms of
fine motor skills in the fingers using the BBT (5). They also
showed that mean scores of hand performance vary by
age. The mean scores obtained in healthy people in this
study are consistent with those found in previous stud-
ies. Unfortunately, the exact number was not available
by age in people with stroke and this affected the ability
to compare the results. The test-retest reliability was not
measured for all people in this study. Therefore, it is sug-
gested that the tests used in this study be more thorough-
ly evaluated in future studies.

This study showed that there were differences in dex-
terity between patients in the final stages of stroke re-
covery and healthy people. However, the chronic stroke
patients evaluated in this study were able to function
independently in their daily activities unless further
neurological damage occurred. This study used tools
that measure the most delicate motor skills of the fin-
gers, including the opposition of the thumb with the
other fingers. These tools were also used to assess the
speed of hand performance. Hence, the caregivers and
even patients could see that the manual dexterity of
the chronic stroke patients was for some reason closer
to that of healthy ones. In addition, the probability
of these chronic stroke patients requiring treatment
is low. It could also be that in these chronic stroke pa-
tients, the motor skills of the recessive hand became
more similar to those of the dominant limb in healthy
patients because stroke patients often have to use their
non-dominant hand.
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