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ABSTRACT

Objective: This study aimed to evaluate the effects of functional electrical stimulation (FES) on muscle strength,
fatigue, muscle mass, and quality of life (QoL) in older patients with COVID-19.

Methods: Older patients with COVID-19 were randomly divided into the following 2 groups: real FES (intervention
group, n = 20) and sham FES (control group, n = 20). These patients received FES concurrent with the voluntary
contraction of muscles for 10 consecutive sessions. Ultrasound imaging, pressure biofeedback, Chalder fatigue scale,
and QoL were utilized to measure muscle mass, muscle strength, chronic fatigue, and QoL, respectively. Evaluations
were performed at the beginning, immediately, and 1 month after the end of intervention.

Results: All variables showed statistically significant improvement immediately and 1 month after the intervention in
the real FES group (P < .05). However, the tibialis anterior muscle mass and fatigue significantly improved
immediately after the intervention in the sham FES group. However, the tibialis anterior and rectus femoris muscles
strength and rectus femoris muscle mass were not significantly changed immediately and 1 month after the
intervention (P > .05). There were significant differences in muscle mass, physical fatigue, muscle strength, and QoL
between groups with more efficacy of real FES (P < .05).

Conclusion: For this sample of patients, FES improved fatigue, muscle strength, muscle mass, and QoL in older

INTRODUCTION

Coronavirus disease 2019 (COVID-19) has involved mil-
lions of people worldwide since 2019." So far, most
COVID-19—related treatments have focused on controlling
acute symptoms and recovery.” However, many recovered
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patients face persistent physical, cognitive, and psychologi-
cal symptoms with the advancement of research.” Muscle
fatigue is one of the most persistent and debilitating symp-
toms.”* Most patients experience persistent symptoms for at
least 2 months after leaving the hospital, which is more pro-
nounced in older people.’ Patients with COVID-19 report
fatigue as one of the most persistent and debilitating symp-
toms (64%).”™ Post—COVID-19 fatigue is associated with
decreasing physical and mental performance following
changes in central, psychological, and peripheral disease fac-
tors.” As a result of this virus, patients with COVID-19 may
experience muscle fatigue and physical fatigue, as well as
myalgia, muscle wasting, and decreased muscle strength. ™%’
Eventually, independence and quality of life (QoL) are
reduced in patients with COVID-19,° which imposes irre-
versible financial and social effects on society.’

Electrical neuromuscular stimulation has significant
effects on increasing strength and muscle mass, retraining
muscles, preventing muscle weakness, and controlling
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muscle and physical fatigue as one of the practical and prom-
ising techniques.”® Functional electrical stimulation (FES)
causes involuntary muscle contractions by stimulating the
motor nerves,”™ which is usually easily tolerated without
any side effects.” Mild exercise therapy concurrent with
FES has been shown to be helpful in patients with muscle
weakness post—COVID-19.” Improvement in muscle
strength, muscle mass, and functionality of septic patients
with critical COVID-19 following FES has also been evalu-
ated.'® As well, benefits of using FES on muscle weakness
and function in patients with COVID-19 admitted to the
intensive care unit have been described.” Some limited stud-
ies and case reports have shown that FES can reduce fatigue
and maintain muscle strength in patients with COVID-19
during acute periods and hospitalization.™* '’ However, we
are aware of no studies that have examined the effect of FES
on fatigue, muscle mass, and muscle strength in older
patients with COVID-19 after hospitalization and during
recovery.

Most older patients with COVID-19 experience fatigue
and muscle weakness for over 2 months after discharge, sub-
stantially affecting their QoL.® On the other hand, routine
exercise therapy has not been advised for improving muscle
strength or increasing muscle mass'*'' because of muscle
fatigue and wasting in patients with COVID-19 after
discharge.m’ll Therefore, FES, as an additional rehabilitation
strategy, could possibly help patients with COVID-19 after
discharge by improving muscle strength and controlling mus-
cle fatigue.™'" Therefore, the purpose of this study was to
evaluate the effects of FES intervention on muscle strength,
fatigue, muscle mass, and QoL in older patients with
COVID-19 after discharge. The research hypotheses were the
following: (1) FES can improve muscle mass, fatigue, and
QoL in older patients with COVID-19, and (2) there is no sig-
nificant effect following sham FES in improving muscle
mass, fatigue, and QoL in older patients with COVID-19.

METHODS

Design and Ethics

This study was a parallel double-blinded, randomized
controlled trial and was approved by the Human Ethics
Committee at Semnan University of Medical Sciences,
Semnan, Iran. The study was registered in the Iranian Reg-
istry of Clinical Trials (www.irct.ir; IR.SEMUMS.
REC.1400.153). The current study was performed during
the second half of 2021 in the Neuromuscular Rehabilita-
tion Research Center. A consent form was signed by all
participants before participating in the study.

Participants
A total of 60 patients with COVID-19 were recruited after
discharge from the hospital and screened by an infectious
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disease specialist based on the inclusion and exclusion crite-
ria. Then, 40 participants were randomly assigned into 2
groups by a computerized random number generator, includ-
ing real FES (intervention group, n = 20) and sham FES
(control group, n = 20). Finally, all 40 participants with a
mean age of 68.28 £ 6.52 years completed the study. This
sample size was calculated using Cohen’s table (based on
the effect size determined on the first 20 patients) to detect
the effect of FES with 95% confidence and statistical power
of 80%. The rectus femoris (RF) and tibialis anterior (TA)
muscles are key muscles involved in standing and walking,
and in the current study, FES was applied to these 2
muscles.® The inclusion criteria included the following: (1)
older adults with COVID-19 discharged from the hospital,
(2) going 2 weeks after the onset of the disease (the patient
is in the subacute phase),8 (3) being older than 60 years, (4)
having weakness in the RF and TA muscles (the score of <3
in manual muscle test),” (5) having normal alertness, orienta-
tion, and responsiveness to a verbal stimulus,® and (6) will-
ingness to participate in the study.

Exclusion criteria were as follows: (1) known or sus-
pected malignancy in the lower limbs®; (2) body mass
index more than 35 (kg/mz)x; (3) unstable conditions, such
as deep vein thrombosis and rhabdomyolysis®; (4)
implanted cardiac pacemaker or defibrillator;® (5) amputa-
tion or inability to transfer independently from bed to chair
before hospital admissiong; (6) skin burning, anesthesia, or
hyperesthesia after using FES'?; and (7) patients with Alz-
heimer disease, degenerative disease, or polyneuropathy.'”
Figure 1 shows the flowchart of the eligibility assessment
throughout the study.

Ultrasound Measurement for Assessing the Muscle Mass

A diagnostic ultrasound (US) imaging unit (HS-2100 V;
Japan) set in B-mode with a 7.5 MHz linear head transducer
was used to assess the RF and TA muscle mass. Real-time
US imaging is a reliable and valid technique for determining
muscle mass.*'? The US transducer was located on the RF
muscle (halfway between the anterior superior iliac spine
line and the upper edge of the patella) of the dominant lower
limb with minimal pressure to evaluate the RF muscle mass.
At the same time, the patient slept supine (Fig 2A).” The dis-
tance between the superficial and deep aponeurosis of the
RF muscle was measured by the US curser (Fig 2B).* The
US evaluated the TA muscle mass of the dominant lower
limb in the supine crook-lying position'* while the knees
were bent 90° and the ankles relaxed.'* In this condition, the
transducer of the US was placed vertically with minimal
pressure in the upper one-third of the distance between the
knee and the external malleolus (Fig 2C)."* The distance
between the superficial and deep aponeurosis of the TA mus-
cle was measured by the US curser (Fig 2D).'* At least 3 US
images were recorded from each condition to increase the
US measurement accuracy. The RF and TA muscle masses
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Assessed for eligibility (n=60)

Exchided (n=20)

¢ Notmeeting the inclusion criteria (n=20)

¢ Decline to participant (n=0)

Randomized (n=40)

Allocated to intervention group (n=20)
* Received allocated intervention (n=20)

Completed the whole program (n=20)
¢ Data analyzed (n=20)

Allocated to control group (n=20)

* Received allocated intervention (n=20)

Completed the whole program (n=20)
¢ Data analyzed (n=20)

Fig 1. Flow diagram of participant’s eligibility assessment.

Fig 2. Position of the participants for measuring the RF muscle mass (A), ultrasound measurement of the RF muscle thickness (B),
position of the participants for measuring the TA muscle mass (C), and ultrasound measurement of the TA muscle thickness (D). RF,

rectus femoris; TA, tibialis anterior.
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Fig 3. The assessment of RF muscle strength in the supine position (A), and the assessment of TA muscle strength in the prone position
(B) with a biofeedback pressure device. RF, rectus femoris; TA, tibialis anterior.

were assessed at the beginning of the first session (Ty), after
the end of the intervention (T;), and 1 month after the end of
the intervention (T,). An expert physiotherapist performed
all measurements.

Assessment of Muscle Strength

A biofeedback pressure device was used to evaluate the
muscle strength of the dominant lower limb. The partici-
pants were placed in a position supine to assess the RF
muscle strength. The cuff of the device was placed below
the patient’s knee, and the patients were asked to contract
the RF muscle with a maximal isometric contraction and
press the knee to the bed immediately after the verbal com-
mand of the physiotherapist (Fig 3A). A pressure biofeed-
back device was placed between the patient’s ankle and the
end edge of the bed, allowing the cuff to measure the
strength of the TA muscle. The patients were requested to
take their ankles to the dorsiflexion during the verbal com-
mand of the physiotherapist while applying maximum pres-
sure to the cuff of the device (Fig 3B). The device’s
pressure was set to 40 mmHg before maneuvering, and
muscle strength was measured in millimeters of mercury.'”
Three records were taken from each condition of tests to
increase the measurement accuracy.

Assessment of Walking Speed as a Functional Task

Patients were asked to walk a straight distance of 4 m to
assess their daily function.® The time to complete this dis-
tance was taken with a chronometer and calculated the walk-
ing speed.® Walking speed was recorded at the beginning of
the first session (Ty), after the end of the intervention (T;),
and 1 month after the end of the intervention (T,). An expert
physiotherapist performed all measurements.

Assessment of the QoL
The 26-item version of the World Health Organization
Quality-of-Life scale was used in this study,'®'” comprising

5 domains, including physical health, psychological health,
social relationship, environment, and general health.'® Each
item is rated on a 5-point Likert scale (higher scores denote
higher QoL).'® The scores were transformed to a 0 to 100
scale after computing.'® Quality of life was recorded at the
beginning of the first session (Ty), after the end of the inter-
vention (T;), and 1 month after the end of the intervention
(To).

Assessment of Fatigue (Physical and Mental)

The participants’ fatigue was assessed by the Persian trans-
lation of the Chalder fatigue scale with 14 questions. This
self-rating scale is reliable and valid for measuring fatigue.'®
The principal components analysis supported the notion of a
2-factor physical solution measured by items 1 to 8, and men-
tal fatigue was measured by items 9 to 14. Each of the 14
items included a 4-point scale range in the least symptomatic
to maximum symptomologies, such as “better than usual,”
“no worse than usual,” “worse than usual,” and “much worse
than usual”. The answers to “better than usual” were on the
left of the response scale with a score of 0. The responses to
“much worse than usual” were located on the correct
scale."™"” This questionnaire was completed at the beginning
of the first session (Ty), after the end of the intervention (T}),
and 1 month after the end of the intervention (T,).

Therapeutic Interventions in Each Group

Two physiotherapists were involved in this study to super-
vise the interventions in both groups and assess the outcomes.
The assessor who evaluated the outcomes was blind to the
group assignment, and the participants were also blind to the
intervention of the other group. All participants of both
groups received their interventions for 10 consecutive ses-
sions. Intervention group members received actual FES con-
current with voluntary muscle contractions, whereas control
group members received only sham FES. The current study
used the 30-minute FES (710 P plus, Iran) for RF and TA
muscles during 10 consecutive sessions.”
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The FES was administered to patients seated on a chair
with voluntary contractions of RF muscle. A pair of elec-
trodes (10 x 5 cm) was used on the RF muscle so that 1
electrode was placed 5 cm below the inguinal area, and the
other was 5 cm above the patella.” The excitation protocol
used symmetric 2-phase rectangular pulses with a fre-
quency of 50 Hz (250 us pulse duration).® Stimulation (on)
time was 6 seconds, and relaxation (off) time was 12 sec-
onds, which provoked the muscle with a total of 90 con-
tractions per day.® The stimulation intensity was adjusted
daily to create a visible contraction in each muscle and
simultaneously stimulate the muscle.® The maximum stim-
ulation intensity was recorded for each session as an indica-
tor of the FES dose.”

The FES and voluntary contraction of the TA muscle
were combined with stimulating the TA muscle in the inter-
vention group. One electrode was placed on the motor
point of the muscle, and the other immediately below the
muscle bulk.” Functional electrical stimulation was applied
for 30 minutes with a diversion pulse of 250 us, a fre-
quency of 50Hz, on-time stimulation of 6 seconds, and off-
time stimulation of 12 seconds.”’

In the control group receiving the sham treatment, FES
was used for only the first 20 seconds for providing the

Table |. Baseline Characteristics of the Study Participants
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sham FES condition. Then, the stimulation intensity was
decreased to O during the remaining intervention.

Patients were instructed to follow a regular and mild aer-
obic exercise program every 10 sessions of intervention.
Home-based exercise training is composed of warm-up (5
minutes) and aerobic exercise (outdoor walking, cycle
ergometer, and stair climbing or step; 3 sets of 20 repeti-
tions with the maximum tolerated load).”' Exercise inten-
sity and duration increased progressively based on
patients’ capability.

Statistical Analysis

Data were analyzed with SPSS software, version 22
(IBM Corp., Armonk, New York). The normality of data
distribution was evaluated for the tested variables by Kolmo-
gorov-Smirnov test. An independent ¢ test was used to assess
baseline values between groups. Furthermore, the general
linear mixed model repeated measure analysis of variance
was performed to evaluate the main effects of the interven-
tion and time (before, immediately, and 1 month after the
intervention) and their interaction on muscle mass, muscle
strength, walking speed, QoL, and fatigue. The paired and

Variable Intervention Group, Real FES (n = 20) Control Group, Sham FES (n = 20) P Value
Age (y) 69.7 £7.87 66.85 £ 4.59 17
BMI 27 +£.04 25+.02 13
RF muscle mass 16.64 £ 4.75 15.77 £2.31 46
TA muscle mass 20.64 £ 3.69 21.39£2.82 A7
RF muscle strength 74.73 £8.02 71.89 £7.96 25
TA muscle strength 97.25 £ 28.46 98.08 £ 11.64 .90
Walking speed 5.84 £+ 1.60 527+ 1.46 24
General health 56.25 £ 17.90 56.87 £17.43 91
Physical health 47.49 £16.22 48.89 £ 15.07 18
Psychological health 54.99 £ 13.69 55.41 £ 10.65 91
Social relationship 64.38 £13.42 71.66 £ 14.90 11
Environmental health 5322+£15.23 53.43 £10.72 .96
Physical fatigue 17.55 £4.55 16.35 £ 6.07 48
Mental fatigue 7.90 £3.09 7.75£3.72 .89

BMI, body mass index; FES, functional electrical stimulation; RF, rectus femoris; TA, tibialis anterior.
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independent ¢ tests assessed the differences within and
between groups. The type I error («) was set at .05.

REsULTS

Table | indicates no significant differences between the
groups in baseline variables of age, body mass index, mus-
cle mass (RF and TA muscles), muscle strength (RF and
TA muscles), walking speed, QoL, and fatigue (physical
and mental) (P > .05).

Table 2 shows the results of the general linear mixed
model repeated measure analysis of variance analysis on
muscle mass (RF and TA muscles), muscle strength (RF and

Journal of Manipulative and Physiological Therapeutics
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TA muscles), walking speed, QoL, and fatigue (physical and
mental). The findings indicated that the main effect of the
group was significant for RF muscle mass (P = .042), RF
muscle strength (P = .005), walking speed (P = .004), gen-
eral health (P = .018), psychological health (P =.029), envi-
ronmental health (P = .04), and physical fatigue (P = .029).
In addition, the main effect of “Time” was significant for all
variables (P < .001) except for social relationships (P = .37).
The group x time interaction effects were also significant for
all variables (P < .001), except for mental fatigue (P = .064)
and social relationships (P = .18) (Table 2).

Post hoc within-group analyses with Bonferroni correc-
tion significantly improved RF and TA muscle mass and

Table 2. ANOVA Analysis on Muscle Mass (RF and TA muscles), Muscle Strength (RF and TA muscles), Walking Speed, QoL, and

Fatigue
Variable Effect Degree of Freedom F P Value
RF muscle mass Main Group 1 4.45 .04°
Time 2 21.87 <.001*
Interaction Group x time 2 17.86 <.001*
TA muscle mass Main Group 1 5 .39
Time 2 34.15 <.001*
Interaction Group x time 2 2241 <.001*
RF walking strength Main Group 1 8.78 .005*
Time 2 13.77 <.001*
Interaction Group x time 2 8.16 .002*
TA walking strength Main Group 1 2.52 12
Time 2 20.51 <.001*
Interaction Group x time 2 15.28 .001*
Walking speed Main Group 1 9.44 .004*
Time 2 40.71 <.001*
Interaction Group x time 2 72.18 <.001*
General health Main Group 1 6.08 .018*
Time 2 32.06 <.001*
Interaction Group x time 2 12.58 <.001*
Physical health Main Group 1 3.98 .053
Time 2 50.10 <.001*
Interaction Group x time 2 12.94 <.001*

(continued)
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Variable Effect Degree of Freedom F P Value
Psychological health Main Group 1 5.19 .029°
Time 2 29.19 <.001"
Interaction Group x time 2 10.46 <.001*
Environmental health Main Group 1 4.54 .04*
Time 2 17.93 <.001"
Interaction Group x time 2 11.18 .001*
Physical fatigue Main Group 1 5.17 .029°
Time 2 62.92 <.001"
Interaction Group x time 2 19.42 <.001*
Mental fatigue Main Group 1 5 392
Time 2 27.23 <.001"
Interaction Group x time 2 2.85 .064

ANOVA, analysis of variance; QoL, quality of life; RF, rectus femoris; TA, tibialis anterior.

# Significant differences.

strength, walking speed, general, physical, psychological,
and environmental health, as well as physical and mental
fatigue in the intervention group, immediately and 1-month
follow-up after the intervention (P < .01; Table 3). However,
the TA muscle mass and mental fatigue were significantly
improved immediately after sham FES intervention in the
control group (P < .01). In addition, walking speed, general,
physical, and psychological health, as well as physical and
mental fatigue, were significantly better in the 1-month fol-
low-up (P < .01; Table 3). At the same time, the other varia-
bles were not significant changes immediately, and 1-month
follow-up after the intervention (P > .05; Table 3).

Moreover, the post hoc between-group analysis indi-
cated significant differences between the intervention and
control groups in the RF muscle mass, RF and TA muscle
strength, walking speed, general, physical, psychological,
and environmental health, as well as physical fatigue
immediately and at 1-month follow-up after the interven-
tion (P < .01; Figs 4 and 5; Table 4). There were no side
effects, such as burning under the electrodes, for each inter-
vention and control group.

DISCUSSION

In this study, we found that those receiving real FES sig-
nificantly improved RF and TA muscle mass, RF and TA
muscle strength, walking speed, general, physical,

psychological, and environmental health, as well as physi-
cal and mental fatigue immediately and 1-month follow-up
after the intervention. However, the TA muscle mass and
mental fatigue significantly improved immediately after
sham FES intervention in the control group. In addition,
significant effects of the intervention on walking speed,
general health, physical health, psychological health, and
physical and mental fatigue were observed during only a 1-
month follow-up in the control group. Moreover, the other
variables were not significantly changed immediately and
after 1-month follow-up after the sham FES intervention in
the control group.

In comparison to other studies, a randomized controlled
trial conducted by Minetto et al (2021) showed the positive
effects of FES on improving muscle function.” This study
evaluated physical performance, fatigue, muscle strength,
RF muscle thickness, and walking performance. The results
supported the effectiveness of electrical stimulation in
improving the physical and muscle function of patients
with COVID-19.° Burgess et al (2021) assessed the effect
of neuromuscular electrical stimulation on the recovery of
patients with COVID-19 and concluded that electrical stim-
ulation could reduce muscle atrophy in hospitalized
patients as an effective intervention for rehabilitating
patients with COVID-19.” The current study also revealed
that FES significantly improved lower limb muscle perfor-
mance, QoL, and fatigue, immediately and 1-month after
the intervention. Kyeongyoon et al (2018) investigated the
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Table 3. The Results of Paired t Test on Muscle Mass (RF and TA muscles), Muscle Strength (RF and TA muscles), Walking Speed,

QoL, and Fatigue in Different Assessment Times Within the Groups

Intervention Group, Real FES

Control Group, Sham FES

Variable Time Assessment Mean Difference SD P Value Mean Difference SD P Value
RF muscle mass TO Tl —2.41 1.91 <.001" —-.10 .30 12
T2 —2.49 2.40 <.001" —.13 .35 11
TA muscle mass TO Tl -2.59 1.75 <.001" —.26 .50 .03*
T2 —2.63 1.84 <.001" —.24 .67 .14
RF muscle strength TO T1 —9.48 6.50 <.001* 45 5.26 .70
T2 —9.48 11.07 .002° —2.46 6.25 11
TA muscle strength TO Tl —20.10 12.83 <.001* —1.16 3.82 18
T2 —21.06 16.26 <.001" —1.48 4.10 .14
Walking speed TO T1 —1.09 .54 <.001* —.04 34 .57
T2 —1.17 51 <.001" .35 32 <.001*
General health TO T1 —19.62 16.47 <.001" —2.50 8.73 21
T2 —24.37 19.49 <.001" —6.75 11.05 .01*
Physical health TO T1 —15.99 12.45 <.001* —-2.71 7.63 12
T2 —22.04 13.41 <.001" —8.34 7.98 <.001"
Psychological health TO T1 —13.09 11.03 <.001" .36 5.76 18
T2 —16.52 11.64 <.001" —6.73 9.72 <.001"
Environmental health TO Tl —13.67 12.70 <.001" —.76 11.10 .76
T2 —14.91 12.04 <.001* —2.95 7.69 12
Physical fatigue TO T1 8.25 5.44 <.001" .95 2.89 15
T2 10.45 5.70 <.001" 3.94 292 <.001*
Mental fatigue TO T1 2.50 2.35 <.001* 1.00 1.48 <.001*
T2 2.90 2.55 <.001* 1.75 2.14 <.001*

FES, functional electrical stimulation; QoL, quality of life; RF, rectus femoris; 70, before intervention; T/, after the end of the intervention; 72, 1 month

after the end of the intervention; TA, tibialis anterior.
# Significant differences.

effects of 20-minute FES along with in-bed cycling on the
RF muscle strength and muscle mass of the left leg in
mechanically ventilated patients, while in-bed cycling
alone was used in the right leg.”” The cross-sectional area
thigh circumferences RF was assessed with ultrasonogra-
phy, and muscle strength was measured by the Medical
Research Council scale.”” The results indicated that no sig-
nificant RF muscle strength and muscle mass changes

between 2 interventions and 1-session FES could induce
the training effects.”” However, this study investigated the
temporary impact of FES and training on RF muscle
strength and muscle mass.”” In contrast, the current study’s
findings indicated that 10 sessions of FES significantly
improved RF and TA muscle mass and strength immedi-
ately and 1-month follow-up after the intervention in older
patients with COVID-19.
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Fig 4. The comparison of RF muscle mass (A), the TA muscle mass before (Ty), after the end of the intervention (T;), and 1 month after
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Fig 5. The comparison of RF muscle strength (A), and the TA muscle strength before (Ty), after the end of the intervention (T;), and 1
month after the end of the intervention (T,) between intervention and control groups (B). RF, rectus femoris; TA, tibialis anterior.

Table 4. The Results of Independent t Test on Muscle Mass (RF and TA muscles), Muscle Strength (RF and TA muscles), Walking
Speed, QoL, and Fatigue in Different Assessment Times Between the Groups

Intervention Group, Real FES Control Group, Sham FES

Variable Time Assessment Mean £ SD Mean + SD Mean Difference P Value
RF muscle mass Tl 19.05 £4.19 15.87 £2.332 3.17 .006"
T2 19.14 £3.93 15.99 £2.27 3.14 .005*
TA muscle mass T1 23.23 +4.17 21.65 £ 3.01 1.57 17
T2 23.27 £ 4.07 21.46 £2.89 1.80 A2
RF muscle strength T1 84.22 £ 10.44 71.34 £9.95 12.87 <.001*
T2 84.38 +12.29 73.88 £9.48 10.49 .006"
TA muscle strength Tl 116.96 + 28.41 99.24 £+ 12.25 17.71 .017¢
T2 117.72 £ 26.36 99.96 £ 12.50 17.76 .014*
Walking speed T1 6.93 £1.57 531 +£1.30 1.62 .001*
T2 7.01 £1.61 491 £1.33 2.09 <.001"

(continued)
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Table 4. (Continued)
Intervention Group, Real FES Control Group, Sham FES
Variable Time Assessment Mean + SD Mean £+ SD Mean Difference P Value
General health T1 75.87 £ 13.65 59.37 £15.23 16.50 .001*
T2 80.62 £ 15.23 63.62 £ 15.15 17.00 .001*
Physical health T1 63.48 £ 10.07 51.60 £ 14.17 11.88 .004*
T2 69.54 £9.95 57.23 £ 12.86 12.31 .002*
Psychological health T1 68.08 £+ 11.81 55.04 £ 10.65 13.04 .001*
T2 71.52 £ 12.60 61.82 £+ 8.62 9.70 .01*
Environmental health T1 66.90 £ 16.53 54.19 £9.55 12.71 .006"
T2 68.14 £17.33 56.07 £ 7.53 12.06 .009*
Physical fatigue T1 9.30 £ 4.64 15.40 £5.51 —6.10 .001*
T2 7.10 £ 3.64 12.39 £5.79 —5.28 .002a
Mental fatigue T1 540 +2.52 6.75 £ 2.77 —1.35 115
T2 5.00 £2.53 6.00 +2.77 —1.00 241

FES, functional electrical stimulation; QoL, quality of life; RF, rectus femoris; 70, before intervention; 71, after the end of the intervention; 72, 1 month

after the end of the intervention; TA, tibialis anterior.
# Significant differences.

Limitations and Recommendations

The present study was performed with a small sample
size of 40 patients. Future studies are recommended to
have a larger sample size. This study did not include spe-
cific examinations to provide possible insights into the neu-
ral and muscular mechanisms underlying the effects of
FES in patients. The assessment of neural and muscular
activity by electromyography, electroneurography, or mus-
cle biopsy techniques is suggested in future studies.

CONCLUSION

This study showed that FES significantly improved all
variables of RF and TA muscle mass, RF and TA muscle
strength, walking speed, QoL, as well as physical and mental
fatigue immediately and 1-month follow-up after the inter-
vention. In addition, the TA muscle mass and mental fatigue
were significantly improved immediately after sham FES
intervention in the control group. However, significant
effects of the intervention were observed on walking speed,
general, physical, and psychological health, as well as physi-
cal and mental fatigue only at the 1-month follow-up. This
knowledge helps the physicians and/or therapists to plan
FES interventions for improvement of muscle mass, muscle
strength, fatigue, and QoL in older patients with COVID-19.
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Practical Applications

e This study showed that functional electrical
stimulation significantly improved all variables
of rectus femoris and tibialis anterior muscle
mass, rectus femoris and tibialis anterior mus-
cle strength, walking speed, and quality of life.

e Physical and mental fatigue was also
improved immediately and at 1-month fol-
low-up after the intervention.

e In addition, the tibialis anterior muscle mass
and mental fatigue were significantly improved
immediately after sham functional electrical
stimulation intervention in the control group.
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