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Abstract
Introduction. Activities with unstable supports provoke greater muscle contractions than those with stable surfaces. Using 
unstable surfaces to provoke upper limb muscle contraction after hemiplegia has not been explored. Hence, this study tested 
the effect of efforts to maintain the hemiparetic hand on an unstable surface on proximal muscle contractions of upper limb in 
patients with acute stroke.
Methods. First-time stroke patients in the acute phase were randomly allocated into 2 groups. The control group (n = 18) 
received conventional physiotherapy, whilst the experimental group (n = 19) was given activities to maintain their hemiparetic 
side hand on an unstable surface in 5 different positions, in addition to conventional physiotherapy. Surface electromyogram 
was recorded from deltoid and upper trapezius on the hemiparetic side before and after 10 sessions of training.
Results. Overall, 14 patients (aged 57.71 ± 10.70 years) in the control group and 14 (55.78 ± 7.52 years) in the experimental 
group completed the training. Non-parametric tests for between-group analysis showed that the average electromyography 
output in the deltoid and trapezius muscles was higher in the experimental group compared with the control group (p < 0.05).
Conclusions. Training involving efforts to maintain the hemiparetic side hand on an unstable surface can be used to provoke 
activity in upper limb proximal muscles. This could be a simple training with minimal equipment and minimal manual assis-
tance required, added to routine physiotherapy to facilitate proximal muscle contraction in patients with stroke during the 
acute phase.
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Introduction

Motor impairments of the upper limb in hemiplegia due 
to stroke are often persistent and disabling. A multi-ethnic 
study on the acute stroke population reported that 77.4% of 
stroke survivors had motor impairments in the upper limb [1]. 
Only half of all stroke survivors with an initial hemiplegic upper 
limb regain some upper limb function after 6 months [2]. Re-
strictions in upper limb functions have been demonstrated 
even 4 years after stroke [3].

Strength training, task-specific training, and constraint-
induced movement therapy are commonly used to improve 
motor control in the paretic upper limb [4–9]. All these meth-
ods focus on muscle contractions and movements in the pa-
retic upper limb. These therapies generally require concentric 
contractions or eccentric contractions of the muscles. Activi-
ties which demand holding a position, requiring isometric con-
tractions of the muscles, are less studied for their effect on 
improving motor control of the upper limb, specifically the 
proximal musculature of the upper extremity.

Exercises performed on unstable surface have been re-
ported to provoke greater muscle work compared with those 
on stable surfaces in healthy adults [10–12]. Swiss ball has 
been used to induce better recruitment of trunk muscles after 
stroke [13]. We anticipate that efforts to place and maintain 

the hand on an unstable surface are likely to provoke muscle 
contraction around the shoulder girdle of the paretic upper 
limb. Generally, patients who have experienced a stroke will 
demonstrate difficulty in maintaining their paretic limb on 
a wheelchair arm rest or table. This difficulty may lead to the 
upper limb slipping from the support surface, resulting in soft 
tissue injuries around the hand and shoulder.

In this study, we aimed to test the effect of efforts to sus-
tain the paretic upper limb on an unstable surface on proxi-
mal muscle contraction in patients with hemiplegia. Surface 
electromyography (SEMG) was used to assess the muscle 
activity. If the effort is successful in provoking activity in mus-
cles around the shoulder, this could be an easy self-exercise 
for the patient, as well as a functional training activity to help 
maintain the hemiparetic upper limb on a support surface.

Subjects and methods

Patient recruitment and intervention

First-time stroke patients who were able to comprehend 
oral commands were screened for inclusion in the study. 
The inclusion criteria were: (1) diagnosed ischemic stroke 
within 5 days of stroke; (2) ability to understand commands 
to perform the activities for the study; (3) Chedoke-McMaster 
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Stroke Assessment: motor recovery stage 2 or less in the 
upper extremity; (4) ability to maintain unsupported sitting 
in bed or on a chair for 20 minutes. Patients were excluded if 
they presented with orthopaedic or neurological impairments 
which affected their ability to undertake the activity.

A total of 54 patients were screened by convenience sam-
pling; 18 were randomly allocated to the control group and 19 
to the experimental group by using a 4-block randomization 
method (Figure 1). The participants in both groups were given 
impairment-specific exercises [14] (Table 1). In addition to 
these exercises, the experimental group was trained to main-

Figure 1. CONSORT flow diagram for patient allotment

Table 1. Impairment-specific exercises

In lying
•	 Passive movements of the paretic upper limb and lower limb
•	 Facilitating techniques by tapping on the muscle belly  

to improve muscle activity
•	 Active assisted exercises to the upper and lower limb
•	 Bed mobility training: pelvic bridging exercises, 

 supine-to-side lying, lying-to-sitting

In sitting
•	 Weight bearing to the paretic upper limb
•	 Self-supported shoulder exercises
•	 Bilateral arm training
•	 Reaching activities with proper safety measures
•	 Task-specific training for arm, hand, and lower limbs based 

on motor sequences relevant to daily life
•	 Sit-to-stand activities

In standing
•	 Balance training: static and dynamic activities with  

therapist’s support

Gait training
•	 Walking facilitated owing to lower extremity control with  

therapist’s guidance

tain their flaccid hand on unstable surfaces in 5 different po-
sitions (Table 2, Figure 2). The patients were instructed not 
to hold the unstable surface but to maintain their hand posi-
tion on it. The patient’s hand was placed in the position and 
they were asked to sustain the position for 10 seconds in 
10 repetitions. Adequate rest was given between the posi-
tions and whenever the patient wanted a rest. Initially, assis-
tance was provided to maintain the position; the assistance 
was gradually reduced as the patient gained control to main-
tain the position. The individuals were closely monitored to 
ensure that they did not attempt any compensatory move-

Table 2. Activities to maintain the paretic hand on unstable surface

1.	Patient in sitting position on a stable surface (bed side, 
chair) with a medicine ball placed on a table in the sagittal 
plane at their chest level, with shoulder in 60–65° flexion

2.	Paretic hand placed by the therapist on a medicine ball  
and the patient asked to maintain the position

3.	Patient in sitting position on a stable surface with  
a medicine ball placed on a table in the scapular plane. 
Paretic hand placed sidewards on the medicine ball

4.	Patient in sitting position on a stable surface with a Swiss 
ball placed in the sagittal plane at their chest level; paretic 
hand placed forward on the Swiss ball

5.	Patient in sitting position on a stable surface with a Swiss 
ball placed in the scapular plane; paretic hand placed  
sidewards on the Swiss ball

6.	Patient in sitting position on a stable surface with an empty 
plastic chair in the sagittal plane at their chest level, with 
shoulder in 60–65° flexion

7.	Paretic hand placed forward on the backrest of a plastic 
chair
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ments. Both groups received 20–25 minutes of therapy for 
the upper extremity once a day for 10 days as part of 40–45-min-
ute physiotherapy sessions.

During the follow-up, 4 patients dropped out of the study 
from the control group and 5 from the experimental group 
because of their discharge from hospital. Finally, 14 patients 
were analysed in the control group and 14 in the experimen-
tal group.

Outcome measure

SEMG was recorded from deltoid and upper trapezius 
muscles, as these are commonly studied muscles around 
the shoulder [15] and as they are likely to show activity with 
minimal effort. The SEMG recordings were performed for 
both the control and experimental groups before the start 
of the intervention and on the day after the 10-day interven-
tion program.

SEMG was documented for the upper trapezius, anterior 
deltoid, middle deltoid, and posterior deltoid by using the 
NeuroTrac© software 4.0 0f VM (Verity Medical Ltd., United 
Kingdom). Silver chloride adhesive electrodes were applied. 
The active electrodes were placed on the muscle belly of the 
above muscles, with an inter-electrode spacing of 20 mm 
along an axis parallel to the muscle fibre orientation. Standard 
skin preparation techniques were utilized; the skin was 
cleaned with 70% alcohol (ethanol). The ground electrode 
was placed on the C7 spinous process (seniam.org) [16, 17]. 
To record the activity of the upper trapezius, the electrodes 
were placed 50% of the distance along the line from the 
acromion to the spine on vertebra C7. For the anterior deltoid, 
the electrodes were placed one-finger width distally and an-
teriorly to the acromion process. For the middle deltoid, the 
electrodes were placed from the acromion to the lateral epi-
condyle of the elbow. For the posterior deltoid, the electrodes 
were placed in the area about 2 fingerbreadths behind the 
angle of the acromion.

SEMG was determined with the upper extremity in 5 dif-
ferent positions. Average EMG reading (μV) was recorded 
for each test position.

Statistical analysis

The output of SEMG recordings for anterior deltoid, pos-
terior deltoid, middle deltoid, and upper trapezius was aver-
aged from 5 different positions for data analysis. A non-par-

ametric test was used as the data were not normally distributed. 
The Wilcoxon signed rank test was used to analyse the dif-
ference in muscle activity of upper trapezius and anterior, 
middle, and posterior deltoid before and after the interven-
tion in the control group and the experimental group. Be-
tween-group analyses were performed with the Mann–Whit-
ney U test. Intention-to-treat analysis was not considered as 
the drop-out from both groups was similar, as was the num-
ber of patients analysed in both groups.

Ethical approval
The research related to human use has complied with all 

the relevant national regulations and institutional policies, 
has followed the tenets of the Declaration of Helsinki, and has 
been approved by the Sri Ramachandra Institute of Higher 
Education and Research Ethical Committee (REF: CSP/18/ 
73/264). Trial registration: Clinical Trails Registry – India 
(www.ctri.nic.in) (CTRI/2018/11/016430).

Informed consent
Informed consent has been obtained from all individuals 

included in this study.

Results

Table 3 shows the profile of the stroke patients who par-
ticipated in the study. Individuals with right and left stroke 
were equally distributed across the groups.

Table 3. Profile of the patients

Variables
Control  
group

(n = 14)

Experimental 
group

(n = 14)

Age (years) (mean ± SD) 57.71 ± 10.70 55.78 ± 7.52

Males (n) 10 9

Females (n) 4 5

Right cerebrovascular accident (n) 9 10

Left cerebrovascular accident (n) 5 4

Table 4 presents average SEMG recordings of muscle 
activity for the upper trapezius and anterior, middle, and pos-
terior deltoid. An increase was observed in muscle activity in 
both the control and experimental groups after the interven-

Figure 2. Patient attempts to maintain hemiplegic side hand on a Swiss ball in the scapular plane (A)  
and on a backward tilted chair (B); recording electromyogram from deltoid after 10 sessions of training
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tion when tested within the groups. The pre-intervention val-
ues did not differ statistically significantly between the groups, 
whereas the post-intervention results were statistically sig-
nificantly different (p < 0.05). Greater muscle activity was 
recorded in the experimental group compared with the con-
trol group after the intervention.

Discussion

In this study, we found that an effort to sustain the hemi-
paretic side hand on an unstable surface provoked muscle 
activity around the shoulder. This form of exercise involves 
less movement in the shoulder joint, results in minimal risk 
of soft tissue injury, and will require minimal caregiver as-
sistance to do; moreover, adherence to performing these 
exercises may be higher than with usual exercises which 
involve greater movements as the patient can easily under-
take this training themselves.

Research in upper limb rehabilitation after stroke has 
been undertaken predominantly in late sub-acute and chronic 
phase stroke patients. According to Wattchow et al. [5], reha-
bilitation techniques at an early stage may enhance learning-
related changes and hasten the upper limb recovery. The 
method of training tested in this study appears to be useful 
to facilitate proximal muscle activity around the shoulder in 
early sub-acute stroke patients.

Generally, contribution to and participation in therapy are 
likely to be better when training mimics functional activities. 
In this study, the positions we used are part of daily activities 
that the individuals might find difficult to accomplish. Hence, 
it is anticipated that patients will accept and participate in 
this kind of training.

Maintaining proper posture while positioning and trans-
ferring a stroke patient is the key to decrease the risk of soft 
tissue injuries around the shoulder joint [18, 19]. One of the 
few recommendations to prevent shoulder-hand syndrome 
is to position the arm forward on a resting surface such as 
a table to ensure that the hand does not hang down unno-
ticed [18]. A patient with hemiplegia usually finds it difficult to 
maintain a static position on resting surfaces. We assume 
that the training to maintain the hemiparetic side hand on an 
unstable surface will improve the ability to maintain a static 
position on resting surfaces. Although the effectiveness of 
position holding training in preventing shoulder injuries is 
beyond the scope of this study, the results suggest that 
administering this training may reduce the risk of soft tissue 
injuries around the shoulder joint as the patient is more able 
to maintain a static position on resting surfaces.

Many stroke patients report difficulty adhering to exer-
cises at home. One of the common reasons for poor adher-
ence to exercises is the lack of equipment and infrastructure 
for training, and the inability of family members to provide 

guidance and supervision as given by a therapist [20]. The 
exercises used to sustain the hemiparetic side hand on an 
unstable surface in order to provoke contractions of muscles 
around the shoulder that were applied in this study involve 
a chair, a medicine ball, and a Swiss ball. They are easy to be 
performed by the patient, require a ball as an instrument, 
which is simple to procure, and demand less caregiver han-
dling. Different exercises can be developed on the basis of 
this concept to provide a variety of training and provoke di-
verse muscle groups.

Limitations

The contraction of upper trapezius and deltoid alone has 
been studied. Other muscles around the shoulder complex 
should be tested to understand the effect on other muscles 
of the shoulder girdle. We could not follow up all patients on 
whether they were using the training at home; however, 
a number of patients reported that they were. A long-term 
follow-up on the feasibility and effectiveness of this exercise 
approach is required.

Conclusions

An effort to hold the hemiparetic side hand on an unsta-
ble surface provokes muscle contraction around the shoul-
der. This can be used as training with minimal movement to 
help provoke muscle contraction, and can be applied in pa-
tients who are apprehensive to move owing to shoulder pain 
or are not cooperative for exercise training.

Clinical relevance

This study shows that the use of position holding exer-
cise training is effective in provoking proximal muscle activity 
around the shoulder. Therefore, it can be utilized as part of 
training to facilitate upper limb recovery in the early sub-
acute phase of stroke rehabilitation.

Recommendations

The SEMG data can be simultaneously recorded from 
all the proximal muscles. Real-time recording will be helpful to 
understand the activity of muscles during the training. The ef-
fect of such training on functional outcomes can be analysed.

Disclosure statement
No author has any financial interest or received any finan-

cial benefit from this research.

Conflict of interest
The authors state no conflict of interest.

Table 4. Average electromyography output (μV) (mean ± SD) from shoulder muscles in stroke patients

Muscle
Control group Experimental group Between groups

Before intervention After intervention pa Before intervention After intervention pa pb pc

Upper trapezius 3.59 ± 0.85 10.20 ± 1.08 0.001 3.36 ± 1.31 15.11 ± 10.11 0.001 0.92 0.04

Anterior deltoid 3.46 ± 0.38 8.31 ± 0.82 0.001 3.03 ± 0.93 10.23 ± 3.48 0.001 0.05 0.01

Middle deltoid 3.90 ± 0.83 9.78 ± 0.75 0.001 3.57 ± 1.02 12.38 ± 3.57 0.001 0.56 0.002

Posterior deltoid 3.46 ± 0.62 8.47 ± 0.51 0.001 3.18 ± 0.76 9.32 ± 2.27 0.001 0.38 0.01

a Wilcoxon signed rank test for pre- and post-analysis within the control and experimental group 
b Mann–Whitney U test for pre-intervention scores between the groups 
c Mann–Whitney U test for post-intervention scores between the groups
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