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Abstract

Background Disability in the upper limb in post-stroke survivors may have a variety of effects, particularly

in the elderly, that require planning therapeutic actions to restore function. Thirty-four patients were randomly
assigned to the control group (CON) and the Functional Electrical Stimulation (FES) group. For 12 weeks, the CON
group received core stabilization exercises (CSEs). The FES group received (FES) for the interscapular muscles

with CSEs for the first six weeks and completed the following six weeks with only CSEs. Patients were assessed at base-
line, 6 and 12 weeks post-intervention. The trunk impairment scale (TIS) and the Postural Assessment Scale for Stroke
(PASS) were used to assess trunk performance. A palpation meter was used to measure the scapular horizontal
position (SP). Balance was assessed by the Berg Balance Scale (BBS), and the Timed Up-and-Go test (TUG). Function
was assessed with Barthel Index (BI).

Results Both groups improved significantly (P<0.001 for both groups, d=1.1-3.7 for control group and d=1.9-

6.1 for FES group) post-treatment (at 6 and 12 weeks) in all outcomes except SP in the control group (P<0.05

at both times, d=0.6 at 6 weeks and 0.8 at 12 weeks).

Conclusion FES for interscapular muscles may have positive effects on trunk performance, scapular position, balance,

and function in stroke patients. Also, additional improvements were observed post-intervention compared to base-
line. FES is recommended to be part of the rehabilitation program of elderly post-stroke patients.
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Background

Cerebrovascular stroke (CVS) is the most widespread

acquired neurological disease affecting adults worldwide

[1]. Improved stroke survival due to the quantum leap in

early management is in ultimate need of parallel develop-
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extremity, are deficits that impair the routine of activities
of daily living (ADLs), mainly the self-care activities and
social interactions [6].

Balance disorders and the risk of falling in stroke sur-
vivors are among the most prevalent consequences
resulting from impaired postural control, postural sway,
weight-bearing asymmetry, and impairments in move-
ment [7]. Additionally, balance and trunk stability are
crucial for gait [8]. As a result, there may be a general
decline in independence and quality of life, as well as a
higher chance of having another stroke in the future [9].

Stroke also causes a significant loss of trunk muscle
strength, which in turn lowers trunk performance. Addi-
tionally, a significant predictor of post-stroke functional
and motor recovery is a balanced sitting position [10].

The scapula acts as dynamic stability with organized
mobility and range of motion at the glenohumeral joint
(GH). It plays a major role in smoothing UE actions. A
biomechanical alternation of the scapula could lead to
instability of the GH joint, which can cause subluxation,
dysfunction, or pain around the shoulder joint [11].

FES of the upper limb is attracting interest as a thera-
peutic approach in post-stroke rehabilitation. A meta-
analysis of controlled studies found that FES promotes
muscle strength recovery after cerebrovascular accidents.
It enables muscle relearning, improves range of motion,
strength, postural tone, and motor control, enabling
patients to practice meaningful tasks more effectively
[12].

The FES, in which muscles are coordinatedly activated
with the goal of providing function, can contribute to
neuronal plasticity by antidromic muscle stimulation, or
muscle concurrent stimulation of afferent fibers resulting
in a greater synaptic remodeling [13].

Core-stabilization exercises (CSEs) promote strength,
endurance, neuromuscular control, and coordination of
the muscles that are predominant in maintaining trunk
and spine dynamic stability. In combined kinetic chain
activities, it is possible to construct, transfer, and regu-
late motion and forces to all segments by controlling the
trunk’s motion and position above the pelvis and leg [14].

Most ADLs, including sitting, standing, walking, and
supporting the lower limbs, require core stability and
precise trunk muscle control. Stroke causes aberrant
muscle activation and disturbances in motor patterns
[15, 16].

Methods

The study followed a randomized controlled trial aimed
at evaluating the effects of functional electrical stimu-
lation (FES) for intrascapular muscles on trunk per-
formance, scapular position, and balance in elderly
post-stroke hemiparetic patients. The secondary outcome
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was to evaluate the functional performance of the par-
ticipants. The study was conducted between Septem-
ber 2022 and February 2023. All patients were informed
about the study’s nature, purpose, and potential risks,
all the patients gave informed consent, stating that they
were willing to participate.

The study enrolled 34 patients with post-stroke hemi-
paresis. Using a computer-based randomization pro-
gram, they were divided into two equal groups: the
control (CON) group (underwent CSEs only) and the
study group (underwent FES first 6 weeks+ CSEs and
the next 6 weeks CSEs). The Mini-Mental State Exami-
nation (MMSE), which is closely connected to stroke and
age, was used to rule out any cognitive abnormalities that
would interfere during the application of the FES, as well
as to assure that all participants follow the instructions
accurately.

Inclusion criteria: Patients were > 60 years old of both
sexes, had a first-time-right or left CVS within the pre-
ceding 6 months that damaged the cerebral cortex con-
firmed by (medical chart, neurological examination, and
computed tomography or MRI report) and were able
to stand and walk independently, a Modified Ashworth
Scale (MAS) of upper limb muscle <1 +.

Exclusion criteria: Patients with orthopedic, neuro-
logical problems, epilepsy, paralysis neglect, behavioral
abnormalities, any shoulder dysfunction before or post-
stroke (dislocation or subluxation), or those who used
upper limb splints.

For 12 weeks, the CON group completed 45 min of
CSEs (4 days/week), Fig. 1. Each conventional core sta-
bility program consisted of exercises to improve core
stability and balance [17]; each exercise was repeated
15-20 times. Sitting position with slow forward bending,
and then slowly rotating the trunk alternatively in clock-
wise and counterclockwise directions to keep the trunk
muscles engaged. Sitting position with extended shoul-
ders, clasped hands together (holding 1 KG weight), and
then alternately punch laterally to the right, and then to
the left to complete lateral punches, as shown in Fig. 2a,
return to resting position and repeat. Sitting position
with alternating bending right leg back into the chest, try
to relax the leg muscles by engaging the core muscles to
lift the leg. Crock-lying position with feet flat on the floor,
knee bending then alternating roll both hips to the right
and left. Crock-lying position with pushing heels into the
floor tightening the gluteus and abdominal muscles and
lifting hips and back from the floor (bridging), as shown
in Fig. 2b. Sitting on a ball with eyes open, with foam feet,
and alternately shifting weight toward the right and the
left sides while maintaining trunk in the erect position.

The FES group received FES for the interscapular mus-
cles in the paretic side 30 min per session (4 days/week),
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Assessed for eligibility (n=51)

Excluded (n=17)

e Not meeting inclusion criteria (n=12)
e Declined to participate (n=3)
e Other reasons (n=2)

Baseline assessment

Randomized (n=34)

h 4

Allocated to intervention (n=17)
Received allocated intervention (n=17)
Did not receive allocated intervention (n=0)

Baseline Assessment

Received FES for intrascapular muscles
combined with postural training program
(n=17)

Discontinued intervention (n=0)

6 weeks assessment from baseline
Discontinued intervention (n=0)

[

Received only 6 weeks of postural training
program (n=17)
Discontinued intervention (n=0)

|
Post 12 weeks assessment from baseline
Analysed (n=17)
Discontinued (n=0)

Fig. 1 Patients'flowchart

with core stabilization exercise (CSEs) 45 min four days
per week for the first six weeks and completed the next
six weeks with only (CSEs) 45 min four days per week.
We did not discontinue training the patients in both
groups because core stability exercises (CSEs) are consid-
ered part of the rehabilitation regimen for patients with
chronic hemiplegia following stroke.

The electric stimulation device was used to deliver
interscapular muscle stimulation as FES with (pulse
width 300 us, frequency 33 Hz, 6s on followed by 6 s off,

Allocated to intervention (n=17)
Received allocated intervention (n=17)
Did not receive allocated intervention (n=0)

l

Baseline Assessment

Received only 6 weeks of postural training
program (n=17)
Discontinued intervention (n=0)

l

6 weeks assessment from baseline
Discontinued intervention (n=0)

[

Received only 6 weeks of postural training
program (n=17)
Discontinued intervention (n=0)

I

Post 12 weeks assessment from baseline
Analysed (n=17)
Discontinued (n=0)

4 days/week for 6 weeks), (5 cmx5 cm) six Dura-Stick®
electrodes were used [18]. Three muscle groups were
selected the lower fiber of the trapezius muscle (LT), the
upper fiber of the trapezius muscle (UT), and the serratus
anterior muscle (SA) [19], Two electrodes were placed for
each muscle according to the points where the optimum
contraction was obtained; each muscle received stimu-
lation through a separate channel, as shown in Fig. 3.
Electrodes were initially placed over the nerve(s) that
innervate the muscle to be stimulated, and stimulation
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I
Fig. 2 a Patient sitting with extended shoulders, clasped hands
together and then alternately punch laterally to the right, and then
to the left. b Patient crock-lying position with pushing heels,
tightening the gluteus and abdominal muscles and lifting hips
and back

Fig. 3 Patient with the functional electrical stimulation device
on intrascapular muscles
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was applied. The process was complete if the final move-
ment was the desired one. Otherwise, electrodes were
adjusted (typically with minor modifications of no more
than a few centimeters) and the procedure was repeated
until the required movement was achieved. The inten-
sity of the stimulation was gradually increased, usually
in increments as small as the stimulator allows [20]. The
patients were instructed to inform about any uncomfort-
able skin sensation or muscle contraction.

Both groups were evaluated for spinal performance,
scapular position, balance, and function at baseline, 6,
and 12 weeks after the intervention. Spinal performance
scores were identified by the Trunk Impairment Scale
(TIS), and the Postural Assessment Scale for Stroke
(PASS). The 17-item TIS assesses trunk coordination and
sitting balance (static and dynamic) on a 2, 3, or 4-point
ordinal scale. A higher score indicates a better perfor-
mance. The total score is a number between 0 and 23,
where 0 represents the lowest score and 23 the greatest
[10].

PASS measures the patient’s capacity to maintain stable
postures as well as equilibrium in changes of position. It
is typically used as an independent predictor of the func-
tional outcome in stroke survivors [21, 22]. The PASS test
consists of 12 items that get harder as they go, measur-
ing balance while lying down, sitting up, and standing up
[23]. Compared to the Berg Balance Scale and the Fugl-
Meyer Assessment modified balance scale, the PASS
exhibits better psychometric properties [24, 25].

A Palpation meter (Baseline® Evaluation Instrument,
SKU FS628, USA) was used to measure the scapular
horizontal distance. The distance in centimeters (cm)
between the closest horizontal spinous process of the
thoracic spine and the inferior angle of the scapula. Three
measurements were conducted, and the mean was used
in the results [26].

The most valid and reliable tests used scales to evalu-
ate balance problems in stroke survivors are the Berg Bal-
ance Scale (BBS), and the timed up and go (TUG), also
used to evaluate functional mobility, fall prediction, and
reaction rate [27]. The Barthel index (BI) is frequently
used to assess stroke patients’ ability to perform activities
of daily living (ADL) during the phases of drug treatment
and rehabilitation [28].

Statistical analysis of the data was performed using
IBM SPSS Statistics (version 25.0 for Windows, IBM
Corp., Armonk, NY). A repeated measures analyses of
variance (ANOVA, with a Tukey post hoc multiple com-
parison) and an independent t test were used to compare
differences within and between groups, respectively. The
effect sizes (Cohen’s d) were determined by averaging the
differences between the changes post 6 and 12 weeks and
the baseline. The significance level was set at P<0.05.
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Table 1 Baseline characteristics of the patients

Variables FESgroup CONgroup P between group
Number 17 17 -

Age mean+SD 664+£3.6 68.5+38 0.1079

Sex, n (% male) 11 (68.75) 10 (62.5) -

BMI (kg/mz) 284+1.2 283+1.8 0.8172

Months post-stroke 73+12 72+18 0.8501
Ischemic/hemorrhagic  12/5 11/6 0.0606

Side of paralysis Rt/Lt 14/3 13/4 -

MMS 264+09 269+1.1 0.1567

FMA 81.8+211 80.7£27 0.6336

BMI: body mass index, CON: control, FES: functional electrical stimulation, Lt: left,
N: number, Rt: right, SD: standard deviation, MMSE: Mini-Mental Status Exam,
FMA: Fugl-Meyer Assessment

Sample size was calculated using G* power software
(3.1) expecting effect size d=0.65 (two-tailed t test of
difference between two independent means) based on
previous study [29]. Power was set at 80% and alpha
was set at 0.05.
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Results

Table 1 displays the patients’ initial characteristics. Age,
sex, body mass index (BMI), months post-stroke, causes
of the lesion, Mini-Mental State Examination (MMSE),
or Fugl-Meyer Assessment (FMA) scores were not signif-
icantly different between the groups at baseline. Tables 2
and 3 show the changes in trunk performance (evaluated
by TIS and PASS), scapular position (SP) evaluated by the
distance (cm) between the inferior angle of the scapula
and the closest horizontal dorsal spinous process, and
balance (evaluated by BBS and TUG) scores in the FES
and CON groups. Data were analyzed using ANOVA and
a Tukey post hoc multiple comparison.

The CON group showed significant improvement
(P<0.001) in TIS, PASS, BBS, TUG, and BI with large
effect size (Cohen d between 1.1 and 3.7) at 6 and 12
weeks. The SP showed statistically non-significant, but
clinically significant, reduction after 6 and 12 weeks com-
pared to the baseline (P=0.4946, d=0.6, and P=0.4113,
d=0.8, respectively), as shown in Table 2 and Fig. 4.

The FES group showed significant improvement
(P<0.001) in TIS, PASS, SP, BBS, TUG, and BI with large

Table 2 Changes in variables in the CON group pre- and post-intervention

CON group Baseline 6 weeks 12 weeks Baseline versus 6 weeks Baseline versus 12
weeks

p-value d p-value d
TIS (range 0-23) 14.06+1.03 152+0.97 159+0.75 <0.001* 1.14 <0.001% 1.84
PASS 208+1.2 216+1.1 221+0.8 <0.001* 0.8 <0.001* 13
SP (cm) 109+29 103+2.1 10127 0.4946 0.6 04113 0.8
BBS 44.06+1.24 464+1.27 475+1.28 <0.001* 234 <0.001* 374
TUG (5) 17511 153+£1.3 145+£094 <0.001* 22 <0.001* 32
Bl 519+146 54.1+£145 582+1.04 <0.001* 2.16 <0.001* 6.3

*Significant, BBS: Berg Balance scale Bl: Barthel Index, cm: centimeters, CON: control, PASS: Postural Assessment Scale, s: seconds, SP: scapular position, TIS: Trunk

Impairment Scale, TUG: Timed-Up-and-Go test

Table 3 Changes in variables in the FES group pre- and post-intervention

Study group Baseline 6 weeks 12 weeks Baseline versus 6 weeks Baseline versus 12
weeks

p-value d p-value d
TIS (range 0-23) 14.2+1.07 16.1+1.2 16.8+0.9 <0.001* 19 <0.001% 26
PASS 206+1.6 219+13 22.7+09 <0.001* 1.3 <0.001* 2.1
SP (cm) 11.36£2.06 905+19 845+2.1 <0.001* 23 <0.001* 29
BBS 438+1.36 4847+14 498+13 <0.001* 4.67 <0.001* 6.1
TUG (5) 17713 14.5+1.06 134+12 <0.001* 32 <0.001* 43
3] 49.1£16 53.46+0.6 589+0.7 <0.001* 4.36 <0.001* 8.9

*Significant, BBS: Berg Balance scale Bl: Barthel Index, cm: centimeters, FES: functional electrical stimulation, PASS: Postural Assessment Scale, s: seconds, SP: scapular

position, TIS: Trunk Impairment Scale, TUG: Timed-Up-and-Go test
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Fig.4 The CON group mean values of Trunk Impairment Scale
(T1S), and the Postural Assessment Scale for Stroke (PASS), Scapular
Position (SP), Berg Balance Scale (BBS), Timed Up and Go (TUG),
and Barthel index (B) in the control group at baseline, 6 and 12 weeks
post-intervention
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Fig. 5 The FES group mean values of Trunk Impairment Scale

(T1S), and the Postural Assessment Scale for Stroke (PASS), Scapular
Position (SP), Berg Balance Scale (BBS), Timed Up and Go (TUG),

and Barthel index (B) in the control group at baseline, 6 and 12 weeks
post-intervention

effect size (Cohen d between 1.9 and 8.9) at 6 and 12
weeks, as shown in Table 3 and Fig. 5.

Between-group comparisons, using independent t
tests, at baseline, 6 and 12 weeks post-intervention in all
outcomes showed that there are significant differences
between groups (P<0.05) in TIS, BBS, and BI at 6 and 12
weeks, and PASS and TUG at 12 weeks, in favor of study
group. While, SP at 12 weeks tends to be significant in
favor of study group as well (P=0.054) (Table 4).

Discussion

The results of this study showed that both groups dem-
onstrated a significant improvement in trunk perfor-
mance (evaluated by TIS and PASS), balance (evaluated
by BBS and TUG), and function (evaluated by BI) in elder
patients with post-stroke hemiparesis, but the FES exer-
cise had a superior improvement. Also, the FES showed
a significant improvement in the scapular position as the
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Table 4 Between-group comparisons at baseline, 6 and 12
weeks post-intervention in all outcomes
CON group t Sig. (2-tailed) Mean
versus FES difference
group
TIS Baseline -0326 075 -0.12
Post 6 weeks —2764 0.01% - 094
Post 12 weeks ~ —3292 0.002*% - 094
PASS Baseline 0473 064 0.24
Post 6 weeks —-0.587 056 -024
Post 12 weeks ~ —2.102 0.04* -059
SP Baseline —-0.580 057 —-0.50
Post 6 weeks 1.863 0.07 1.26
Post 12 weeks 2003 0.054 1.68
BBS Baseline 393 070 0.18
Post 6 weeks —4.662 0.000* —-212
Post 12 weeks ~ —4.990 0.000* — 224
TUG Baseline —-0721 048 -0.29
Post 6 weeks 1.906 0.066 0.76
Post 12 weeks 2976 0.006* 112
BI Baseline 5247 0.000* 2.76
Post 6 weeks 1687 002% 0.65
Post 12 weeks ~ —2.060 0.000*" - 065

*Significant at P<0.05, “analysis of covariance (ANCOVA, with pretest score
as covariate) as there as significant difference at baseline, BBS: Berg Balance
Scale, Bl: Barthel index, CON: control, FES: functional electrical stimulation,
PASS: Postural Assessment Scale for Stroke, SP: scapular position, TIS: Trunk
Impairment Scale, TUG: Timed Up and Go

distance (cm) measured between the inferior angle of the
scapula and the closest horizontal dorsal spinous process
decreased, and this improvement was continued after
stimulation, and there was a further improvement in the
trunk performance and balance compared to baseline.

The control group did not show statistical significant
improvement, but had significant clinical improvement
which necessitates a further research on a larger sample
to prove this effect.

Balance disorders post-stroke are caused by motor
impairments, sensory disturbance, perceptual deficits,
and changes in spatial cognition. Weight-bearing asym-
metry, the smaller surface of stability, increased sway,
and body tilting [30]. In our study, the improvement of
balance and trunk performance in both groups might be
attributed to that core stability has well-established relia-
bility of improving trunk muscle performance as support
for the lumbo-pelvic-hip complex. Additionally, previ-
ous studies have shown that core stability training can
enhance balance and mobility in addition to improving
trunk performance [31, 32].

An earlier study found that exercising core stabil-
ity training for 400 min (20 min/day for 20 days) may
increase mobility, stability, and trunk function. These
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findings provide proof that stroke patients benefit from
interventions based on the core stability theory that tar-
get trunk muscle activation [33].

The deficits in trunk and scapular movement patterns
that exist in stroke survivors make it difficult to achieve
selective and an optimal activation of their muscles,
which negatively impacted the function and position of
the UE. A suitable starting position at the level of the
scapula and the trunk is essential for proper UE function
[34]. The improper scapular muscle activation causes
excessive trunk movement, stimulation at this level
should improve movement patterns and reduce the pro-
pensity for forward trunk bending. The activation of the
abdominal and multifidus muscles to stabilize the body
and head both before and during limb movements forms
the basis of core stabilization exercises [35].

FES uses a low-energy electrical pulse to cause muscle
contractions, which can enable functional movements
in people with upper motor neuron lesion paralysis [20].
Due to an increase in muscle mass and strength, which
also improved scapular alignment and postural adjust-
ment, FES showed a superior improvement in trunk per-
formance and balance [36].

Previous research demonstrating an increase in mus-
cle strength in middle-aged stroke patients treated with
FES raises the possibility that FES also has positive effects
on muscle mass, which is inversely correlated with mus-
cle strength. Strength and muscle mass may be related to
stroke survivors. The majority of studies involved par-
ticipants who were 50 on average, a group that includes
older adults as well. As a result, older adults may experi-
ence the same outcomes, though studies with larger sam-
ples of older adults are necessary [37, 38].

The study’s findings are in line with those of previous
studies, in terms of improving scapular stabilization, it
has been established that training of scapular muscles
by exercise or by FES might result in improvement of
scapular position and can have a positive impact on the
shoulder joint, resulting in improved UE function and,
consequently, the trunk and balance [6, 39].

According to a recent study in 2022, when applying
FES to the upper limb, one should consider the need to
recruit muscle synergy. FES is a promising tool that can
integrate postural control muscles in other anatomi-
cal areas, like the ipsilesional side and the trunk, which
are needed to enhance the affected UE functions in the
hemiparetic side after a stroke [40]. This explained the
superior improvement in the FES group that might be
a result of improved scapular stabilization and postural
adjustment.

Scapular malalignment (dyskinesis), is the absence of
natural scapular movement, is the term used to describe
changes in the position and motion of the scapula. In this
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study, the distance (cm) between the inferior angle of the
scapula and the nearby spinal vertebra decreased as the
range of motion of the scapula in stroke patients was fur-
ther altered by the activation of scapular muscles by FES
[41].

The findings of this study show that the improvement
of ADLs performance measures by BI in both groups is
because of improvement in dynamic balance while sit-
ting and standing, as the CSEs are effective in restoring
lower trunk muscle activity, which is primarily impacted
by hemiplegia [35].

This study has some strength in that it is the first study
to investigate the medium term (12 weeks) effect of FES
of the interscapular muscles on trunk performance (eval-
uated by TIS and PASS), scapular position (evaluated by
Palpation meter), balance (evaluated by BBS and TUG),
and function (evaluated by BI) in elderly patients with
post-stroke hemiparesis, according to the authors.

Conclusions

FES for interscapular muscles (UT, LT, and SA) signifi-
cantly improve scapular alignment, shoulder position,
and shoulder muscle power. FES combined with core sta-
bilization exercises has a beneficial effect on improving
trunk performance, postural adjustment, scapular align-
ment, balance, and ADLs performance in chronic stroke
survivors. FES should be used in rehabilitation programs
for stroke survivors.

Recommendations

As a result, more research (randomized controlled trials)
on the long-term effects of FES on a bigger sample are
required. Also the applications of FES on different neu-
rological cases like traumatic brain injuries or spinal cord
injuries.

Limitations

This study is restricted by a lack of long-term follow-up
and a true control group, as well as the inclusion of a
small sample size.

Abbreviations

ADLs Activities of daily living

BBS Berg Balance Scale

BI Barthel index

BMI Body mass index

CON Control

CSEs Core stabilization exercise

Cvs Cerebrovascular stroke

FES Functional electrical stimulation
FMA Fugl-Meyer assessment

LT Lower fiber of the trapezius muscle
MMSE  Mini-Mental State Examination
PASS Postural Assessment Scale for Stroke
SA Serratus anterior muscle

SP Scapular horizontal position
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TIS Trunk Impairment Scale

TUG Timed Up-and-Go test

UE Upper extremity

ut Upper fiber of the trapezius muscle
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