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Abstract 

Introduction: Stroke frequently causes hemiplegia associated with muscle atrophy. Functional electrical stimulation 
(FES) is proposed to limit this muscle loss and support recovery. 

Objective: To evaluate the effect of FES on quadriceps and hamstring muscle thickness, as well as on the functional 
abilities of post-stroke hemiplegic subjects. 

Methods: This prospective observational study included 31 post-stroke hemiplegic patients, evaluated on day 0 and 
day 30. Quadriceps and hamstring muscle thickness was measured by ultrasound, and functional performance was 
assessed using the NIHSS, muscle strength, and the ABILICO scale. 

Results: After 4 weeks of FES applied to the paretic limb, no significant change in muscle thickness was observed in the 
stimulated quadriceps and hamstrings. However, a significant increase in quadriceps thickness was found in the non-
paretic limb. No significant changes were noted in NIHSS, muscle strength, or functional performance, and no 
correlation emerged between muscle trophicity and neurological severity. 

Conclusion: These results indicate that short-term FES is not sufficient to influence muscle mass or functional recovery, 
highlighting the need for longer-term protocols integrated into. 
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1. Introduction

Stroke is the leading cause of acquired disability in adults and the second leading cause of death worldwide [1]. After a 
stroke, more than 60% of patients remain disabled, 50% suffer from hemiparesis, and 30% are unable to walk without 
assistance [2]. The resulting hemiplegia often leads to rapid muscle atrophy, exacerbating functional loss. Skeletal 
muscle is suggested to be the main effector organ responsible for physical disability in the stroke population [3]. 
Previous studies have shown that chronic stroke survivors (> 6 months after stroke) experience muscle mass loss and 
decreased muscle strength in both paretic and non-paretic limbs [4]. 
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Rehabilitation is the most effective means of limiting the extent of disability and improving patient functionality (motor 
function, balance, walking speed, and activities of daily living) after a stroke [5]. 

Functional electrical stimulation (FES) has been proposed as an adjunct to rehabilitation in order to preserve muscle 
mass and stimulate motor recovery [6]. However, its effectiveness on muscle trophicity and functional recovery remains 
debated, with sometimes contradictory results. 

The objective of this study was to evaluate the effect of SEF on quadriceps and hamstring muscle thickness measured 
by ultrasound, as well as on functional recovery (NIHSS, muscle strength, ABILICO scale) in post-stroke hemiplegic 
patients. 

2. Materials and methods 

2.1. Study population 

This was a prospective observational study that included 31 hemiplegic patients admitted to CNHU-HKM (Cotonou) and 
CHUD-BA (Parakou) after a clinically and/or radiologically confirmed stroke. To be included in the study sample, 
patients had to: have a diagnosis confirmed by brain scan; be admitted to hospital within 7 days of the onset of stroke 
with hemiplegia; be at least 18 years of age; have a medical record that provides information on the patient's 
characteristics; have authorization from the attending physician to undergo the assessments required for the research; 
give written informed consent to participate in all phases of the study. Patients who have had a recurrent stroke, those 
whose medical records are incomplete, or those who are unable to perform the proposed tests are not included. The 
exclusion criteria were as follows: having neurological and muscular impairments prior to the stroke; leaving the 
hospital early before the end of the investigation. 

2.2. Research protocol 

At inclusion (D0), a clinical examination was performed, including measurement of vital signs, neurological assessment 
(NIHSS), measurement of muscle strength, and assessment of walking ability using the ABILICO scale. 

The muscle thickness of the quadriceps and hamstrings was measured by ultrasound according to a standardized 
protocol, performed by the same operator to limit inter-examiner variability. For all patients, the thickness of the 
quadriceps and hamstring muscles was assessed by measuring the diameter of the rectus femoris at the proximal, 
medial, and distal levels, as well as the transverse diameter of the semitendinosus, semimembranosus, and biceps 
femoris muscles on the day the patients gave their informed consent and 30 days after the first measurement. These 
various measurements were taken on both lower limbs (paretic and non-paretic). 

An FES protocol was applied to the paretic lower limb, at a rate of 5 sessions per week for 4 weeks. The stimulation 
parameters were adjusted to achieve a visible and tolerated contraction. The skin was carefully cleaned. Large-surface 
(90 × 50 mm, réf G0465), pre-gelatinized, easily removable transcutaneous surface electrodes that adhere to the skin 
were placed at the motor points of the quadriceps and hamstrings of the paretic leg [7]. The Globus Premium 400 
stimulator (ref. JFB-296-1119) with 4 channels delivered biphasic and symmetrical pulses of 50 Hz, with a pulse 
duration of 300 s, 12 s on and 6 s off, at intensities capable of causing visible contractions and at the maximum intensity 
tolerated by the subject (range, 20 mA–50 mA). The session lasted 50 min. 

On day 30, the same assessments were repeated. Statistical analysis used appropriate parametric or non-parametric 
tests. The significance threshold was set at p < 0.05. 

3. Results 

The study population had a mean age of 57.9 ± 9.9 years, a mean BMI of 25 ± 2.3, and was composed of 64.5% men. The 
average body temperature was 38.3 ± 1.0 °C, the average blood pressure was 157.1 ± 13.7 mmHg (systolic) and 89.6 ± 
10.2 mmHg (diastolic), and the average heart rate was 71.3 ± 3.9 beats/min. 

Regardless of the side of the paresis, no significant difference (p > 0.05) was observed between D0 and D30 in the 
quadriceps and hamstrings of the paretic leg. In contrast, the non-paretic leg showed a significant increase in quadriceps 
thickness (p < 0.05), but no difference in the hamstrings. 
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The NIHSS score decreased from 11 ± 3.7 to 10.7 ± 3.5 with no significant difference (p > 0.05). Muscle strength 
remained stable between D0 and D30. No patient was able to complete all 15 items on the ABILICO scale. Finally, no 
correlation (p > 0.05) was found between muscle thickness and NIHSS score. 

4. Discussion 

The average age of the subjects in this study was 57.9 ± 9.9 years. The results of this study are similar to those of 
Lipenguet et al. (2023), who noted an average age of 58.44 ± 13.73 years in their study evaluating the direct hospital 
costs of medical care for patients hospitalized for stroke in Gabon [8]. Our results corroborate the work of Kong et al. 
(2022), who noted an average age of 57.2 ± 12.3 years in a prospective study on the ultrasound evaluation of changes 
in the muscle architecture of the brachial muscle after a stroke, which included 50 patients in China [9].  

Our results confirm the assertion that stroke is affecting younger and younger people in developing countries, 
particularly in Benin. Indeed, as indicated by several studies conducted in Benin and Africa, the average age of stroke 
victims is around 60 years [10, 11]. This average age is well below that often observed in developed countries. Kunt et 
al. (2024) noted an average age of 70.3 ± 12.8 years in a multicenter study involving 1,136 patients and focusing on the 
clinical, epidemiological, and radiological characteristics of stroke patients [12]. The work of Iwasa et al. (2024) 
reported an average age of 74.80 ± 12.19 years in their study entitled Impact of functional independence and 
sociodemographic factors on discharge destination after stroke in a very elderly rural community in Japan, which 
included 160 patients [13]. 

Furthermore, in the present study, males were more affected by stroke (64.5% versus 35.5%). These values are similar 
to those reported in the literature, with 56.98% of men in Nigeria [14] and 61.3% of men in Vietnam [15]. 

Our results also showed that four weeks of SEF applied to the paretic lower limb was not sufficient to induce a significant 
change in muscle thickness or to improve overall neurological severity or muscle strength. These observations are 
consistent with those reported by Suzuki et al. (2017), who showed that FES applied in the acute phase prevents muscle 
atrophy without resulting in early functional gains [6]. FES can improve muscle mass by modifying muscle-specific 
transcriptional mechanisms. During muscle contraction, muscle fibers produce and release myokines, which have local 
and systemic effects on the body [16]. Functional electrical stimulation may alter myokine secretion, particularly that 
of insulin-like growth factor-1 in older adults [17]. 

The lack of improvement in NIHSS and muscle strength can be explained by the initial neurological severity of our 
patients (mean NIHSS > 10), the limited duration of the intervention, and the fact that the NIHSS is an overall score that 
is not very sensitive to peripheral muscle changes [18]. In addition, several recent studies have shown that muscle 
quality (fat infiltration, fiber architecture) and strength are better predictors of functional recovery than muscle mass 
alone [19]. 

Finally, the inability of patients to meet the ABILICO scale criteria reflects the low functional locomotor level of our 
cohort, confirming that 30 days is probably too short a period to expect significant improvement in walking, especially 
in patients with severe hemiplegia [20]. 

5. Conclusion 

Functional electrical stimulation, applied for 4 weeks in post-stroke hemiplegic patients, did not significantly alter the 
muscle thickness of the paretic leg, nor did it improve the NIHSS score, muscle strength, or walking ability as assessed 
by the ABILICO scale. These results suggest that longer protocols, combined with intensive functional rehabilitation 
programs, may be necessary to observe clinical benefits. 
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