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Abstract. Aim. This study aims to show how upper extremity position affects balance and gait in stroke survivors
compared with healthy controls. Material and Method. Thirty-two stroke survivors (mean age: 52.1£10 yrs) having a
score of 7 and above according to the Hodkinson Mental Test were compared with 32 healthy controls (mean age:
52.1£10 yrs). Stroke survivors were divided into two groups according to their Brunnstrom upper extremity stage: stage
1 (n=16) (group 1); stage 3 (n=16) (group 2). Healthy controls were instructed to simulate Brunnstrom upper extremity
Stage 1 first (group 3) and then Stage 3 (group 4) during the assessments. The same healthy controls were evaluated
twice, one day apart. Tinetti Gait and Balance Assessment Tool and Functional Reach Test were used to measure
balance ability and gait characteristics of the participants in the two groups. Results. While stroke survivors in stage 1
(group 1) and stage 3 (group 2) were compared in terms of balance and gait characteristics, no significant differences
were found (p=>0.05). The same results were also found for healthy controls (group 3 and 4) (p=>0.05). However, stroke
survivors in stage 1 or stage 3 (group 1 and 2) according to Brunnstrom showed decreased balance and gait
characteristics compared to healthy controls (group 3 and 4) (p<0.05). Discussion and Conclusion. Although the stroke
survivors showed balance and gait problems compared to the healthy controls, the findings indicate that the upper
extremity position does not lead to negative effects on balance and gait characteristics in stroke survivors.
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Introduction

Depending on the location and magnitude of brain injury, stroke can cause physical dysfunctions and many
disabilities. Stroke survivors often experience balance and gait problems due to reduced mobility, weakened
muscle strength, abnormal posture, and cognitive dysfunction (1).

Decrease in balance is one of the most common problems in stroke survivors. Numerous experiments
reporting increased postural oscillations, greater load on the intact limb, decreased muscle strength and
decreased sensory information from the affected side, abnormal muscle tone, decreased stability, and
cognitive problems are the main causes of balance disruption (2-5). Also, as it is known, the risk of falls in
stroke survivors increased due to impaired balance. Furthermore, 70% of stroke survivors have a history of
falls after discharge (6). But more importantly, it causes fear of falling in individuals with stroke and causes
a significant decrease in individuals' activities and increases caregiver burden (6, 7).

One of the most important outcomes of the post-stroke rehabilitation program is the ability of individuals
with stroke to ambulate independently in the community (8). However, this is not always possible because
gait in stroke survivors is characterized by reduced speed, cadence, step length, asymmetry and increased
energy consumption in temporal, spatial, kinematic and kinetic gait variables (10). Although rehabilitation
programs emphasize regaining gait, it has been stated that 35% of stroke survivors cannot regain their
walking function and 25% cannot walk without physical support (12).

It has been reported that there is a problem in the upper extremity of the stroke survivors ranging from
48%(13) to 77% [14] after stroke. Approximately 80% of people with acute stroke have upper extremity
motor disorders, after 4 years, 50% of them continue to have motor problems (15). This situation limits the
daily living activities of the stoke individuals and causes them to become dependent on help. Therefore, it is
important to evaluate upper extremity dysfunction from the early period and to plan the most suitable
treatment strategies (16).

In addition to problems such as muscle weakness, coordination disorders, movement disorders, and tonus
abnormalities seen in the lower extremities after stroke, balance is also affected by upper extremity
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dysfunctions (16). Also, a number of studies researched the effects of upper extremity position on gait, these
studies used slings for giving the position to the upper extremities (18,19). However, there is no study
showing the impact of upper extremity position, which was caused by the symptoms of stroke, on balance or
gait parameters in stroke survivors. That’s why; this study was planned to describe the impact of upper
extremity position on balance and gait in stroke survivors compared with healthy controls.

Material and Method

FParticipants. Between June 2017 and May 2018, 32 subjects with stroke and 16 healthy controls were
included in the study. Stroke survivors who were admitted Pamukkale University Neurological Rehab. Unit
were included in this study. Healthy controls were selected from patients' caregivers with the same
demographic characteristics as the stroke survivors. Inclusion criteria for stroke survivors were between the
ages of 30-65, who had a stroke for the first time, had a stroke diagnosis of at least 6 weeks, could walk
independently (with or without a walking aid), being stage 1 or stage 3 according to the Brunnstrom upper
extremity staging, having a score of 7 and above according to the Hodkinson mental test (HMT). The
inclusion criteria for healthy control were to be between the ages of 30-65 and to have a score of 7 or more
according to the HMT. People with multiple hemispheres lesions, other neurological diseases, orthopedic
problems, or internal diseases such as diabetes, and hypertension were excluded from the study. During the
study, participants who did not complete the tests or who had had missing data were also excluded from the
study.

Study design. Thirty-two stroke survivors were divided into two groups; Brunnstrom stage 1 (affected upper
extremity in flask extension position) (group 1) and stage 3 (affected upper extremity in spastic flexed
position) (group 2). Sixteen healthy subjects were included in the control group. The participants in the
control group were divided into two groups: upper limb imitating flask position (Brunnstrom stage 1) (group
3) and upper extremity imitating spastic position (Brunnstrom stage 3) (group 4). Healthy controls were
instructed to simulate the Brunnstrom stage 1 and stage 3. Real stroke individuals’ photographs were shown
to the healthy controls so that they can simulate an upper extremity flask or spastic position. Moreover, a
physiotherapist showed each position on his own body. Measurements were completed when healthy
controls simulated the positions correctly. Each healthy participant simulated flask position first and then
spastic position one day apart. The idea behind including healthy controls in the study was to reduce the
effects of symptoms such as spasticity and muscle weakness on gait and balance to zero, thus we examined
the effects of arm position purely.

Data Collection. HMT was used to detect cognitive impairments. Those having scores of 7 or higher were
included in the study (20). Tinetti Gait and Balance Assessment Tool (TGBAT) was used to evaluate gait
and balance. Gait and balance measurements were done in Brunnstrom stage 1 and stage 3 positions (21).
The functional Reach Test (FRT) was also used to assess the limits of stability. All participants were
evaluated by the same physiotherapist.

TGBAT is a simple, easily administered test that measures a subject’s gait and balance. The test is scored on
the subject’s ability to perform specific tasks. The maximum score for the gait component is 12 points. The
maximum score for the balance component is 16 points. The maximum total score is 28 points, higher scores
indicate that person's balance and gait are better (22, 23).

FRT is a valid and reliable balance assessment test that measures the distance between the arm length and the
maximum distance a person can reach when standing in a standing position in a standing position. In this
test, the participant stands at an angle of 90 degrees between the arm and the trunk. The participant is then
asked to extend forward and the maximum distance the participant can reach is measured. The measurement
is made 3 times and the best measurement is recorded (24).

Ethical considerations. The approval was given by Pamukkale University Non-invasive Clinical Research
Ethics Committee (Number: 36936, date: 06.06.2017).

Statistical analysis. The Statistical Package for the Social Sciences (SPSS version 23) was used to analyze
the data obtained from this study. The Kolmogorov-Smirnov test was used to detect the normal distribution
of the data. Mann Whitney’s U-test was applied to all of the other parameters except height. A level of p <
0.05 was considered as significant.
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Table I. Comparison of demographic characteristics of stroke survivors and healthy controls
Stroke survivors Healthy controls "
Variables group 142 (n=32) group 3+4(n=32) p
Min-Max Mean+SD Min- Max Mean+SD
Age (years) 29-65 52.13+10.7 32-65 52.1£10.2 0.904*
Height (cm) 148-183 168.1+8.7 145-182 163.3+10.7 0.311%*
Weight (kg) 50-110 77.5£13.6 58-120 77.6£15.5 0.638*
Body mass index (kg/mz) 18.3-38.1 27.4+4.6 19.2-42.7 29.245.6 0.163*
Education level (years) 5-20 8.7+4.3 5-16 9.6+£3.9 0.247*
HMT Score 7-10/10 8.8+1.0/10 8-10/10 9.5+0.7/10 0.003*

HMT: Hodkinson Mental Test, * Mann- Whitney U test, **Independent Sample T test

Results

No significant differences in terms of age, height, weight, body mass index, and educational level between
the stroke survivors and the healthy controls (p>0.05). Although there was a significant difference in terms
of HMT scores between the groups, nobody showed cognitive impairment (p<0.05) (Table I). When groups
1 and 2 were compared in terms of demographics, no significant differences were found (p>0.05), except for
disease duration (p<0.05) (Table II). No significant differences were found in the intragroup analysis of
stroke survivors (groups 1 and 2) and healthy controls (groups 3 and 4) in terms of balance and gait

parameters (p >0.05) (Table III, IV).

Table II. Comparison of demographics and clinical characteristics of stroke survivors by group 1 and group 2

Variables Group 1 (n=16) Group 2 (n=16)

Min- Max Mean+SD Min- Max Mean+SD p*
Age (years) 35-65 52.6£10.6 29-65 51.6x11.1 0.821*
Height (cm) 155-183 170.149.0 148-180 166.1+8.0 0.5117%*
Weight (kg) 58-100 80.1£12.4 50-110 74.9+14.6 0.265*
Body mass index (kg/ m’) 18.3-38.1 279453 22.0-36.8 27.0£4.0 0.451%*
Education level (years) 5-20 7.9+4.3 5-17 9.4+4.5 0.231*
Disease Duration (month) 1.5-28 6.3£7.0 7-96 40.9+29.7 0.000*
HMT Score 7-10 8.8+1.1 7-10 8.8%1.0 0.937*

HMT: Hodkinson Mental Test, * Mann- Whitney U test, **Independent Sample T test
Table I1I. Comparison of balance and gait scores of stroke survivors by the groups
Variables Group 1 (n=16) Group 2 (n=16) "
Min-Max Mean+SD Min-Max Mean+SD P
FRT(cm) 8-40 21.0+7.8 11.5-32 18.3+4.7 0.234*
Tinetti, balance score 6-16 112435 6-16 12.1£3.1 0.482%*
Tinetti, gait score 4-12 7.5%2.7 2-12 8.3+£3.0 0.372*
Tinetti, total score 10-28 18,6+5.8 8-28 20.445.9 0.355*
FRT: Functional Reach Test, * Mann- Whitney U test
Table IV. Comparison of balance and gait scores of healthy controls by the groups
Variables Group 3 (n=16) Group 4 (n=16) .
Min- Max Mean+SD Min- Max Mean+SD P

FRT (cm) 25-46 34.4+5.7 22-42 31.845.2 1.000*
Tinetti, balance score 16-16 16+0.0 16-16 16+0.0 1.000*
Tinetti, gait score 12-12 1240.0 12-12 1240.0 1.000*
Tinetti, total score 28-28 28+0.0 28-28 28+0.0 1.000*

FRT: Functional Reach Test, * Mann- Whitney U test
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Table V. Comparison of balance and gait scores of stroke survivors with stage 1 (group 1) and healthy
controls simulating stage 1 (group 3)

Stroke Survivors Healthy Controls
Variables Group 1 (n=16) Group 3 (n=16) e
Min- Max Mean+SD Min- Max Mean+SD
FRT (cm) 8-40 21.0+7.8 25-46 34.4+57 0.000%*
Tinetti, balance score 6-16 11.2+3.5 16-16 16+0.0 0.000%*
Tinetti, gait score 4-12 7.5£2.7 12-12 12+0.0 0.000*
Tinetti, total score 10-28 18.6+5.8 28-28 28+0.0 0.000*

FRT: Functional Reach Test, * Mann- Whitney U test

Table VI. Comparison of balance and gait scores of stroke survivors with stage 3 (group 2) and healthy
controls simulating stage 3 (group 4)

Stroke Survivors Healthy Controls p*
Variables Group 2 (n=16) Group 4 (n=16)
Min- Max Mean+SD Min- Max Mean+SD
FRT (cm) 11.5-32 18.3+4.7 22-42 31.845.2 0.000*
Tinetti, balance score 6-16 12.143.1 16-16 16+0.0 0.000*
Tinetti, gait score 2-12 8.3£3.0 12-12 12+0.0 0.000*
Tinetti, total score 8-28 20.4+5.9 28-28 28+0.0 0.000%*

FRT: Functional Reach Test, * Mann- Whitney U test

Discussion

The study was conducted to analyze whether upper extremity position affects balance and gait in stroke
survivors or not. As a result of this research, balance and gait parameters are affected in stroke survivors.
However, the upper extremity position had no negative effect on balance ability and gait characteristics.
Although stroke survivors can walk independently, they have a high risk of falling in both acute and chronic
periods. As known very well, the most important cause of falls in stroke survivors is balance impairment
(25). We know that the balance of stroke survivors is impaired compared to healthy subjects. Stroke
survivors show decreased postural stability, the inability of the lower extremities to provide adequate
support, step length reduction, and inadequate compensatory responses (26). Similarly, we observed a range
of disorders such as decreased support surface of stroke survivors, difficulty in standing due to insufficient
postural stability, and impaired weight bearing and gait. In the light of the results obtained from our study,
balance, and gait are affected by the reasons mentioned above in stroke survivors, negatively. The related
literature supports our study (25-28).

In stroke survivors, some forces and moments arise due to the weight and dynamics of the arm during upper
extremity movement. These forces and moments affect the standing and sitting posture as well as the ability
to change positions and make various changes in balance (16). Kulcu et al. found that upper extremity
dysfunction adversely affected the balance. In addition, they stated a positive relationship between
Brunnstrom upper extremity stages and balance (16). Similar results have also been given in the other study
by Kurt et al., which included stroke survivors between stage 1 and stage 5 according to Brunnstrom (29). In
another research, stroke survivors were divided into 2 groups according to Brunnstrom's upper extremity
staging as stage 1-2 (group 1) and stage 3-4 (group 2). They reported that there was a significant difference
between the two groups in terms of balance (30). In parallel with the literature, in our study, the balance of
stroke survivors was also found to be impaired. But unlike the previous studies, no differences in terms of
balance and gait were found between Brunnstrom motor stages. We think that the main reason for this is that
the above-mentioned studies used Brunnstrom's upper extremity staging to compare the functional status. In
our study, we compared the impact of arm position on balance and gait parameters in stroke survivors and
healthy controls.

There are a few studies that have examined the effect of upper extremity position on gait. Yavuzer et al.
evaluated gait parameters in stroke survivors and healthy subjects with or without a sling with their arm

Medicina Sportiva



Impact of upper extremity positions on balance and gait in stroke survivors: A comparative study with healthy controls
Fettah Saygili & all

3434

flexed. In consequence, they found that there was no difference between arm sling and without arm sling
measurements of healthy controls. However better results were obtained with arm sling measurements in
stroke survivors (18). Hwang et al. studied the effects of arm sling on gait parameters in stroke survivors.
They asked participants to wear flexion type, extension type, and elastic type. They reported that walking
with an arm sling was better than without arm sling. Moreover, extension type arm sling showed more
positive effects compared to the others (19). Hwang et al. claimed that gait was better when the upper limb
was supported by extension type sling. In the studies, the positive effect of an arm sling on the gait cycle was
shown. In our study, no sling was used. A comparison was made according to the upper extremity positions
resulting from tonus disturbance. Namely, we tried to show the effect of upper extremity kinematics on
balance and gait, which are mainly affected by muscle tones such as spasticity and flaccidity in stroke
survivors.

During the normal gait cycle, arm swings are completely passive due to trunk movements, gravity, and
inertial forces. Besides, arm swings play an important role in maintaining balance during gait as well as
reducing energy consumption (31). In a person with a stroke, the unaffected arm moves more than the
affected arm during gait. This may occur as a direct result of post-stroke disease or an adaptive strategy to
facilitate gait. Chou et al. observed that stroke survivors placed their arms in front of their breasts or hips
during walking (32). In our study, it was also observed that there was no arm swing on the affected side as a
result of tonus changes in the upper extremities of stroke survivors. However, the unaffected arm moved
more than the affected arm.

According to the results of our study, when stroke groups were examined on a group basis, no significant
relationship was found between the FRT scores of stroke survivors according to Brunnstrom's upper
extremity staging. Yet, FRT scores were lower in stroke individuals with stage 3 than those with stage 1.
Huang et al. found that spasticity in the shoulder girdle is usually seen in large medial rotator muscles such
as pectoralis major, latissimus dorsi, and teres major (33). Moreover, spasticity in the latissimus dorsi muscle
also affects trunk movements. During measurements in our study, we observed that stroke survivors in stage
3 had spasticity and showed decreased trunk movements and lower FRT scores.

One of the most important symptoms of hemiplegia after stroke is the decrease in lower leg muscle strength.
Decrease in sensory and muscle strength on the hemiparetic side greatly affects gait parameters. In our study,
there were significant differences in gait and balance between stroke survivors and healthy controls. Stroke
survivors showed balance disturbances and gait cycle problems. This is an expected result.

Simulating stroke survivors provide us to examine the effects of arm position purely. Because we can
minimize the effects of symptoms, especially spasticity and muscle weakness, on gait and balance. But,
when we examined the literature, there is no study was found in which healthy individuals simulated stroke
survivors. Thus, we think that our study is important because it can open new horizons for investigators’
further studies.

Limitations. There were some limitations of the study: (1) the sample size was small; (2) we could not use
more sophisticated technologies to evaluate balance ability and gait parameters. In spite of the limitations,
comparing the stroke survivors and healthy controls has yielded significant results.

Conclusion

In this current study, unlike in the literature, stroke survivors were examined and were compared with
healthy controls in terms of balance and gait. According to the results of our study, in stroke survivors,
balance and gait are affected to a great extent compared to healthy controls. Our study showed that the upper
extremity position does not affect balance and gait. Even so, we should analyze stroke survivors, who have
muscle tone abnormalities in the affected upper extremity, to see their needs during maintaining balance and
gait. In addition, our study is one of the pioneering studies in the field of physiotherapy, where volunteers
simulate patients.
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