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Abstract. - OBJECTIVE: To determine wheth-
er neuromuscular electrical stimulation of calf
muscles could improve nocturnal symptoms and
quality of life in asthmatic children.

PATIENTS AND METHODS: Sixty children (8-
12 years) with moderate asthma were random-
ly allocated to three groups (A, B, and C). The
three groups completed 12 weeks of supervised
breathing exercises for 30 min. In addition, group
A completed neuromuscular electrical stimula-
tion of the calf muscles and group B completed
aerobic exercise in the same period. The inter-
vention was conducted five days a week for 12
consecutive weeks. Pre-and post-treatment eval-
uations involved pulmonary function tests, the
Children’s Asthma Control Questionnaire, calf
muscle isometric muscle force, six-minute walk
test, and Pediatric Asthma Quality of Life Ques-
tionnaire.

RESULTS: A significant increase in all mea-
sured variables was recorded in all groups in
favor of group A (p < 0.001). However, calf mus-
cle isometric muscle strength, and nocturnal
symptoms were non-significant in group C (p >
0.05). There was a significant difference between
groups A and C in all measured variables (p <
0.001) in favor of group A. Significant differenc-
es between groups B and C in all measured vari-
ables (p < 0.001) in favor of group B were also
noted. No significant differences were seen be-
tween groups A and B (p > 0.05).

CONCLUSIONS: Neuromuscular electrical
stimulation of calf muscles is an excellent ad-
junct to breathing exercise programs in improv-
ing nocturnal symptoms and quality of life in
asthmatic children. Moreover, it can serve as a
considerable alternative to traditional physical
training in periods of disease exacerbation.
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Introduction

Asthma is a chronic inflammatory disease that
affects a wide range of cells and cellular compo-
nents in the airway. Intermittent or persistent dis-
eases (mild, moderate, or severe) can be defined
according to the existence of daytime and noctur-
nal symptoms, need for medication, frequency of
exacerbations, pulmonary function, and physical
activity limits!. Chronic inflammation causes air-
way hyper-responsiveness and blockage, result-
ing in recurrent attacks of wheezing, dyspnea,
chest tightness, and coughing, especially at night
or early morning, resulting in reduced quality
of life (QoL), psychological well-being, and the
ability to engage in everyday physical activities?.
It affects approximately 19% of children, with
11% having inadequate asthma control®. School-
aged children have a higher frequency of asthma
symptoms*. Physical activity is the most frequent-
ly stated precipitating factor among school stu-
dents’, and this may also be a limiting factor®.

Patients with asthma may have reduced mus-
cle mass, which includes the respiratory muscles.
Consequently, this could be a good target for

3456 Corresponding Author: Rasha A. Mohamed, MD; e-mail: dr.rashapt@gmail.com



Efficacy of neuromuscular electrical stimulation in asthmatic children

training’. Dyspnea is due to the weakening of re-
spiratory and peripheral muscles®’, resulting in a
decreased pulmonary function not only by block-
ing airflow, but also by reducing the number of
diaphragm muscle fibers!®. A reduction in skeletal
muscle performance is seen regardless of respira-
tory tract physical function'. Hypoxia, systemic
inflammation, oxidative stress, malnutrition, dis-
use, reduced motor neuron activity, type I muscle
fiber percentage, activity of oxidative enzymes,
increased type IIb muscle fiber percentage, and
long-term use of corticosteroids can all contrib-
ute to muscle weakness and fatigue, particularly
in the lower limbs (LLs)"2. Muscle deterioration
is usually gradual, and subtle®, leading to gen-
eral fatigue and irritability’, decrease in physical
activity, sleep disturbances, psychosocial effects,
school absentecism!®, and a significant decrease
in QoL'5. Furthermore, due to the disease-related
restrictions, children and adolescents with asthma
often experience frustration, shame, and have low
self-confidence'. They may also avoid physical
activities because of parents’ anxiety and protec-
tiveness!’. Reduced muscle strength, motor coor-
dination, and exercise tolerance are all signs of
exercise deprivation.

The presence of night-time symptoms is a
key indicator of asthma control issues'®. Despite
breakthroughs in pharmacological treatments, a
high percentage of patients with asthma have poor
asthma control'. It has been documented that over
two-thirds of asthma patients experience noctur-
nal worsening of symptoms®’, which are charac-
terized by frequent awakening, chest tightness,
increased airway hyper-responsiveness, usage of
asthma medications, and reduced lung function.
Anti-inflammatory medications and bronchodi-
lators are frequently used to alleviate night-time
asthma symptoms. However, nocturnal asthma
remains a big issue?'. The mechanisms that cause
nocturnal asthma are multifactorial”?, including
fluid accumulation in the thorax (rostral fluid)*,
overnight reduction in plasma cortisol levels, and
increase in airway inflammation, which elevates
cholinergic tone and promotes airway hyper-re-
sponsiveness. Nocturnal asthma causes sleep
disruption, fatigue throughout the day, and poor
cognitive performance, all of which contribute to
a poor QoL?,

Neuromuscular electrical stimulation (NMES)
is routinely used in physical therapy to improve
muscle strength and endurance, peripheral cir-
culation, and to retrain motor functions®. Under
identical technical conditions, NMES stimulates

the muscles to a greater extent than voluntary
muscular activities®. NMES of the LLs increases
skeletal muscle mass, strength, exercise capaci-
ty, and overall health. Therefore, NMES may be
beneficial in the treatment of dyspnea?. Based on
previous studies’’, NMES can be safely used as
an alternative to traditional physical exercises in
patients with chronic obstructive pulmonary dis-
ease (COPD) during periods of aggravation of
symptoms, in advanced stages of the disease, or
even in patients receiving respiratory therapy. In
comparison to typical physical training, another
noteworthy element of NMES is that patients feel
less worried during and after the exercise.

A systematic review® showed that exercise
can reduce the prevalence and frequency of noc-
turnal symptoms in children and adults. A previ-
ous study® that compared the effects of breathing
and aerobic exercises, concluded that though both
are helpful, aerobic exercise is preferable. In in-
dividuals with COPD, both strength training and
NMES have been shown to have a positive impact
on health?®. Recognizing that fluid accumulation
in the thorax is one of the risk factors for poor
asthma control has led to the discovery of new
medications and a shift in clinical management.
Simple treatments for reducing fluid accumula-
tion in the legs, such as physical exercise, may be
beneficial to asthma patients®®. To our knowledge,
no previous studies have assessed the effect of
NMES on calf muscles in children with asthma.
The hypothesis of this study was that NMES of
the calf muscle could be as effective as aerobic
training in improving nocturnal symptoms and
QoL. Thus, the study aimed to determine whether
NMES of the calf muscles could improve noctur-
nal symptoms and QoL in children with asthma.

Patients and Methods

Study Design, Ethics, and Consent

This was a prospective, randomized, paral-
lel-group controlled trial with a planned duration
of 12 weeks and conducted at the Abu El-Rish Pe-
diatric Hospital, Faculty of Medicine, Cairo Uni-
versity. The trial was registered with the UMIN-
CTR Clinical Trials platform (UMIN000046401).
The study was approved by the Ethics Committee
of'the Faculty of Physical Therapy, Cairo Universi-
ty (NO: P.T.REC/012/003535), and all procedures
complied with the Code of Ethics of the World
Medical Association (Declaration of Helsinki) for
experiments involving humans. Moreover, it also
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adhered to the Consolidated Standards of Report-
ing Trials (CONSORT) guidelines and Standard
Protocol Items: Recommendations for Interven-
tional Trials (SPIRIT)**3. The children’s parents
signed a consent form before the participation in
the study. The intent of the study and its proce-
dures were explained to all the parents.

Sample Size

Prior to initiating the study, sample size was
calculated using G¥*POWER statistical software
(version 3.1.9.2; Universitat Kiel, Germany).
Based on data of forced vital capacity (FVC) from
a pilot study conducted on five patients in each
group, the required sample size for each group
was estimated to be 20. The calculations were
performed using alpha = 0.05, power 80%, and
effect size 0.42.

Participants

Sixty asthmatic children ranging from 8 to 12
years (36 boys and 24 girls) were enrolled in the
study. All the children were selected from the Abu
El-Rish Pediatric Hospital. This age range was
chosen because it is considered as a transitional
time in the development of the respiratory sys-
tem, marking the end of fast growth and structural
changes in the peripheral lung unit*. The criteria
for inclusion were as follows: persistent moder-
ate asthma [60 < forced expiratory volume in 1 s
(FEV,) > 80% of the predicted value and absence
of any exacerbation or change in medication in
the preceding 30 days, peak expiratory flow
(PEF) values of 60 + 80% predicted at baseline,
but normal after bronchodilator, and daily use of
an anti-inflammatory agent at low or moderate]',
body mass index (BMI) within normal, and clin-
ically-stable conditions (i.e., no changes in the
medications for over one month and taking main-
tained doses of drugs in the past 3 months). None
of the participants was involved in any other regu-
lar exercise program during the study period. The
medical follow-up was performed by the same
physician.

Exclusion criteria included exacerbation of
asthma symptoms that required the use of system-
ic corticosteroids in the past month or during the
study period, thoracic surgery, chronic sinusitis,
cardiovascular diseases, musculoskeletal disor-
der, costovertebral fractures, spinal deformities,
recent calf strains, compartmental leg syndrome,
muscle relaxants and histamines, and inability to
cope with the protocol for intervention and tests
after the familiarity sessions.
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Randomization, Allocation, and Blinding

Seventy children were examined for eligibility
by the research coordinator. Ten children were ex-
cluded (eight did not meet the eligibility require-
ments, and parents of two did not allow participa-
tion), thus 60 children participated in the study.
Following recruitment, the children were random-
ly allocated to one of three groups (A, B, or C) us-
ing a computer-generated randomization schema
stratified through permuted blocks of randomly
varying sizes. As the study was blinded, the block
sizes were not revealed.

Following randomization (concealed allo-
cation), the group allocation was revealed only
to the non-blinded physiotherapist who was not
involved in the study using computer software
(Clean Web) after. The children were informed
verbally by a physiotherapist. An independent
statistician who was not part of the study created a
randomization list before the investigation began.
None of the children dropped out of the study. The
study followed the CONSORT principles; Figure
1 depicts the experimental flow diagram?!'.

Outcome Measurements

Medical history was used to assess eligible
children and a preliminary assessment of body
height (cm) and weight (kg), using a weight and
height scale (health scale 70, made in China), was
undertaken on those who met eligibility. Weight
was calculated to the closest 0.1 kg, and the BMI
was calculated.

All participating children in each group were
measured under similar conditions, immediate-
ly before and after 12 weeks of treatment. A re-
searcher who was blinded to the group allocations
performed both the measurements. Pulmonary
function tests (PFTs), asthma control, noctur-
nal symptoms, and calf muscle isometric mus-
cle force were considered the primary outcomes,
whereas the secondary outcome measures includ-
ed the six-minute walk test (6 MWT), and QoL.
All evaluations were performed on a single day.
The children did not use a bronchodilator for less
than 12 h prior to the evaluation.

Pulmonary Function Tests

The PFTs was measured using a Master Screen
10S spirometer, 1999 (Jaeger, Wiirzburg, Germa-
ny). The percent-predicted values of FVC, FEV ,
FEV /FVC ratio, and PEF were measured. Each
child was seated in a comfortable position. Ini-
tially, the child was instructed to breathe normal-
ly with the lips tightly closed on the mouthpiece.
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Figure 1. CONSORT flow diagram showing the experimental design of the study.

After a few breaths, each child was instructed to
take several normal breaths. Following this, the
child was instructed to breathe slowly and deeply
as much as possible, followed by strong exhala-
tions. The test was repeated thrice, and the most
acceptable and repeatable data were taken®. The
FVC and FEV, values from the three tests were
within 10% of the highest values*.

Asthma Control and Nocturnal Symptoms

The Childhood Asthma Control Test (C-ACT)
was used to measure asthma control. This test in-
cludes seven items and is divided into two sections
that were used in our study to evaluate asthma in
the preceding 4 weeks*. The first section consists
of four questions about the child’s perception of
asthma, activity limitation, coughing, and noctur-
nal awakening. Children are individually asked to
select one answer from the four options for each

question. A score is assigned to each response.
The second section comprises three questions re-
lated to daily complaints, daytime wheezing, and
night-time awakening. Each question has six re-
sponse options, which are to be completed by the
parents or caregivers®®. The total scores from the
sum of all seven items (0 = least asthma control,
27 =most asthma control; cutoff point < 19 = poor
asthma control). Furthermore, two C-ACT ques-
tions (C-ACT,.) linked to nocturnal symptoms
were assessed separately.

Isometric Muscle Force

A handheld dynamometer (HHD, model
01165; Lafayette Instrument Company, Lafay-
ette, IN, USA) was used to measure the isometric
muscular force of the calf muscles. During a 5-s
interval, the peak force in Newtons (N) was mea-
sured. The test was repeated thrice consecutively,
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and the greatest force was recorded. Ankle plantar
flexion strength was measured while the child was
in a long sitting position with the heel above the
plinth edge. The HHD was placed on the plantar
surface of the dominant leg, proximal to the first
metatarsal head, with the force transducer being
perpendicular to the metatarsals®’.

Six-Minute Walk Test

The 6MWT was used to assess the functional
capacity of the children with lung disease-limited
effort. Compared to healthy children, asthmatic
children have a decreased six-minute walk dis-
tance (60MWD)*, The child was instructed to walk
for 6 min at maximum speed on an unobstructed
rectangular pathway while maintaining a steady
pace without running. Monitoring pulse oximetry
(SpO,) was essential, then the child held a pulse
oximeter on his or her hand. The test was con-
ducted under the supervision of a researcher who
stood at the center of the track, encouraging the
child, and checking the pulse oximeter. The timer
continued to run during any pause over the test.
The distance was measured to the closest meter
using track markings.

Quality of Life Assessment

The Pediatric Asthma Quality of Life Ques-
tionnaire (PAQLQ) was used to assess the QoL.
This is a valid and reliable multidimensional asth-
ma-specific and age-appropriate tool for assess-
ing the health-related quality of life (HRQoL) of
children and adolescents with asthma, aged 7-17
years®. It comprises 23 questions that span three
domains: 5 about activity limits, 10 symptoms-re-
lated, and 8 related to emotional functions.

The PAQLQ rates the items on a 7-point Likert
scale (1 = ‘poor’ and 7 = ‘excellent’ QoL). The
mean response to all items in each domain was
used to compute the domain score. The average of
the mean scores for the three domains was used to
calculate the overall score. The higher the score,
the better the perception of the HRQoL.

Intervention

All children in the three groups performed
breathing exercises for 30 min/5 days/week for 12
successive weeks. In addition, children in groups
A and B underwent NMES of the calf muscles
and aerobic training, respectively for 30 min/day,
thrice a week. Each program was conducted by
the same researcher. During the study, eligible
children did not participate in any other activities
or receive any injections or medication.
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During treatment sessions, the researcher mon-
itored and verified compliance. Before beginning
the intervention, children were shown how to en-
sure that they could complete it appropriately. The
adherence rate was approximately 98%, which de-
pended on the attendance of the child and his/her
completeness of the exercises. Child attendance
was calculated by considering the total number
of attended prescribed visits. The researchers
checked the completeness of the interventions
using the Template for Intervention Description
and Replication (TIDieR) checklist and guide®.
Dropout of the child from the study was consid-
ered when more than two sessions were missed,
and the completeness was < 90% of the exercises.

Criteria for Discontinuation

Discontinuation was suggested if asthma symp-
toms or any other medical condition for which ex-
ercise was contraindicated worsened. Parents were
therefore instructed to complete a training diary to
record their medication, any side effects from thera-
py sessions (such as fatigue), and symptoms during
the day and night. They were advised to contact the
general practitioner and the study researcher if their
child’s symptoms worsened. During the 12-week
treatment period, none of the children experienced
any exacerbations.

Breathing Exercises

During the familiarization session, the chil-
dren and their parents were taught about normal
breathing patterns, such as nasal, diaphragmatic,
quiet, slow, and regular breathing, as well as how
diaphragmatic breathing, such as over-breathing,
mouth breathing, and upper chest breathing, can
affect asthma symptoms. Breathing exercises were
conducted with the patients seated and in the supine
position. Breathing exercises included diaphrag-
matic, lateral costal, and pursed-lip exercises. Each
exercise was repeated in three sets of 10 repetitions
for 10 min with a 5 min rest between each set.

Aerobic Training

Children in group A underwent supervised aero-
bic training using an electric treadmill (Pro-Form®,
model 3251, Sdo Paulo, Brazil) for 30 min (day-to-
day), thrice a week for 12 weeks in an acceptable
setting at a temperature of 22-25°C. The children
wore sport shorts and shoes. The exercise included
a 5 min warm-up, a 20 min training, and a 5 min
cool-down. The warm-up and cool-down comprised
of mild treadmill walking at 40-50% of maximal
heart rate (HR). The intensity of the exercise was
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Table I. Participants’ characteristics.

Group A Group B Group C
p-value
mean = SD mean = SD mean = SD
Age (years) 10.05 + 1.45 10.2 + 1.39 10.47 + 1.25 0.61
Weight (kg) 32.32 + 6.04 32.47 £5.51 3242+ 532 0.79
Height (cm) 136.9 + 8.56 1377 £7.11 138.35 + 6.83 0.83
BMI 17.07 £ 1.25 16.97 +1.17 17.33 £ 1.16 0.61
Sex Boys 12 (60%) 13 (65%) 11 (55%) 0581
Girls 8 (40%) 7 (35%) 9 (45%) '

BMI: Body Mass Index; SD: standard deviation; p-value: level of significance; *: significant at p < 0.05.

managed by maintaining 70-80% of maximum HR
with reference values derived using the Karvonen
algorithm®*'. Before and after each exercise session,
HR, respiratory rate, and SpO, were measured. The
children were instructed to take 2 agonists before
or during the session, if necessary.

Electrical Stimulation Protocol

A 4-channel neuromuscular stimulator (Compex
Motion, Switzerland) was used to perform NMES of
the gastrocnemius muscles. Electrodes (5cm x 9cm,
StimTrode, Axelgaard Manufacturing, California,
USA) were positioned over the approximate position
of the motor points of calf muscle group of both legs*.
The stimulation was conducted for 30 min (day-to-
day) thrice per week for 12 weeks. An asymmetrical
biphasic waveform, with a frequency of 40 Hz and
pulse duration of 300 ps, was used at the maximally
tolerated stimulation amplitude (typically between 20
and 40mA) for 2s on, followed by 2s off. The calf
muscles of both legs were stimulated out of sync,
such that when the right gastrocnemius was contract-
ed, the left leg got relaxed and vice versa®.

Statistical Analysis

An ANOVA test for numerical data and a Chi-
square test for categorical data were conducted to
compare the participants’ characteristics among
the three groups. The normal distribution of data
for all variables was checked using the Shap-
iro-Wilk test. Levene’s test for homogeneity of
variance was conducted to ensure homogeneity
between the groups. To compare the within-and
between-group effects on PFTs (FVC, FEV ,
FEV /FVC, PEF), C-ACT, ., C-ACT, calf muscle
isometric muscle force, MWD, and PAQLQ (ac-
tivity limitation, symptoms, emotional function,
and overall score), a mixed-model multivariate
analysis of variance (MANOVA) was performed.
Post-hoc tests using the Bonferroni correction
were carried out for subsequent multiple com-

parisons. Statistical Package for Social Studies
(SPSS) version 25 for Windows (IBM Corp., Ar-
monk, NY, USA) was used. For all statistical anal-
yses, the level of significance was set at p < 0.05.

Results

Participants’ Characteristics

Sixty children with moderately persistent asth-
ma were included in this study. Table I shows
the characteristics of the participants in the three
groups. There was no significant difference in age,
weight, height, BMI, and sex distribution between
the groups (p > 0.05).

Effect of Treatment on Pulmonary
Functions, C-ACT, , C-ACT, Calf Muscle
Isometric Muscle Force, 6MWD, and PAQLQ
There was a significant interaction between
treatment and time (F = 47.14, p = 0.001, n? =
0.92). Additionally, there was a significant main
effect of time (F = 1550.33, p = 0.001, n*= 0.99)
and treatment (F = 34.51, p = 0.001, n* = 0.9).

Within Group Comparison

There was a significant increase in PFT (FVC,
FEV , FEV /FVC, PEF), C-ACT, 6MWD, and
PAQLQ (activity limitation, symptoms, emotion-
al function, and overall score) in the three groups
post-treatment compared with pre-treatment
(»p < 0.001). There was a significant increase in
C-ACT,, and calf muscle isometric muscle force
in groups A and B post-treatment compared to
pre-treatment (p < 0.001), while there were no
significant changes in group C (p > 0.05, Table II).

Between Group Comparison

There were no significant differences among
the three pre-treatment groups (p > 0.05) for all
measured variables. Comparison between groups
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Table Il. Pre and post treatment mean values of the pulmonary functions, C-ACT

3,7

C-ACT, calf muscle isometric muscle force, 6GMWD, and PAQLQ of the three groups.

Group A Group B Group C
Pre Post Pre Post Pre Post
[ 0, 0
mean = SD mean = SD MD o @7 p-value mean = SD mean = SD MD ol p-value mean = SD mean = SD MD ey p-value
change change change
FVC (%) 73.90+0.85 81.90+1.25 8 10.83 0.001* 74.1+1.07 825+1.24 840 11.34 0.001* 73.60+0.88 78.05+1.19 4.45 6.05 0.001*
FEV, (%) 71.05+0.83 82.35+1.69 11.30 15.90 0.001* 70.6+0.82 83.05+£1.76 12.45 17.63 0.001* 70.55+0.69 7545+1.19 490 6.95 0.001*
FEV /FVC (%) 75.55+0.83 83.55+0.76 8 10.59 0.001*  75.65+0.88 83.30+0.73 7.65 10.11 0.001* 75.55+0.83 77.85+0.67 230 3.04 0.001*
PEF (%) 71.10+0.91 81.35+0.88 10.25 14.42 0.001*  71.65+1.14 81.85+1.18 1020 1424  0.001* 70.85+0.88 75.10+1.33 425 6.00 0.001*
C-ACT 2.15+0.37 5.05+£0.51 290 13488 0.001* 220+041 530+047 3.10 14091 0.001* 225+044 235+049 0.10 444 0.42
C-ACT 13.70+£0.86 19.80+1.24 6.10 44.53 0.001*  13.55+0.89 19.30+1.17 575 4244  0.001* 13.45+0.89 1595+1.00 2.50 1859  0.001*
Calf muscle
isometric muscle 142 +1.68 179.60 + 1.47 37.60 26.48 0.001*  141.55+1.39 178.65+1.87 37.10 26.21 0.001* 141.70+1.72 141.95+1.85 0.25 0.18 0.61
force (N)
6MWD (m) 413.25+£5.15 457.70 £7.55 4445 10.76 0.001* 412.30+3.36 460.80+9.01 48.50 11.76 0.001* 411.35+5.25 435.95+8.98 24.60 5.98 0.001*
ficrflli\;gt}ilon 4.60+0.60 6.15+£0.67 1.55 33.70 0.001* 480+0.70 6.50+0.69 1.70 3542 0.001* 4.65+049 540+050 0.75 16.13  0.001*
Symptoms 515+0.59 695+0.60 1.80 3495 0.001* 525+0.64 6.70+047 145 27.62 0.001* 530+0.57 6.05£051 0.75 14.15 0.001*
Eﬂgg{‘)’:al 495+0.51  6.25+0.55 130 2626  0.001*  485+049 650+051 1.65 3402 0.001* 485+0.59 560+0.50 075 1546  0.001*
Overall score  5.10+0.55 635+£049 125 2451 0.001* 520+0.52 655060 135 2596  0.001* 5.05+0.60 5.65+0.67 0.60 11.88  0.001*

C-ACT: Childhood Asthma Control Test; MD: mean difference; FVCY%: predicted forced vital capacity; FEV, %: predicted forced expiratory volume in one second; PEF%: predicted peak expiratory
flow; PAQL: Pediatric Asthma Quality of Life questionnaire; p-value: probability value; 6MWD: Six-minute walk distance; SD: standard deviation; *: significant at p < 0.05.
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Table Ill. Comparison of post treatment mean values of the pulmonary functions, C-ACT

muscle force, 6GMWD, and PAQLQ among the three groups.

5 C-ACT, calf muscle isometric

Avs.B Avs. C B vs. C

MD (p-value) MD (p-value) MD (p-value)
FVC (%) 0.60 (0.38) 3.85 (0.001)* 4.45 (0.001)*
FEV, (%) 0.70 (0.49) 6.90 (0.001) * 7.60 (0.001)*
FEV /FVC (%) 0.25 (0.83) 5.70 (0.001) * 5.45 (0.001)*
PEF% 0.50 (0.52) 6.25 (0.001)* 6.75 (0.001)*
C-ACT 0.25(0.33) 2.70 (0.001)* 2.95 (0.001)*
C-ACT 0.50 (0.51) 3.85 (0.001)* 3.35(0.001)*
Calf muscle isometric muscle force (N) 0.95 (0.26) 37.65 (0.001)* 36.70 (0.001)*
6MWD 3.10 (0.76) 21.75 (0.001)* 24.85 (0.001)*
Activity Limitation 0.35(0.24) 0.75 (0.001)* 1.10 (0.001)*
Symptoms 0.25 (0.42) 0.90 (0.001)* 0.65 (0.001)
Emotional function 0.25 (0.41) 0.65 (0.001)* 0.90 (0.001)
Overall score -0.20 (0.87) 0.70 (0.001)* 0.90 (0.001)

C-ACT: Childhood Asthma Control Test; MD: mean difference; FVCY%: predicted forced vital capacity; FEV %: predicted forced
expiratory volume in one second; PEF%: predicted peak expiratory flow; PAQLQ: Pediatric Asthma Quality of Life Questionnaire;
p-value: probability value; 6MWD: Six-minute walk distance; SD: standard deviation; *: significant at p < 0.05; vs.: versus.

post-treatment revealed that there were significant
differences in all measured variables of groups
A and B compared with those of C (p < 0.001),
while there was no significant difference between
groups A and B (p > 0.05, Table III).

Discussion

The treatment goal for children with asthma is
to reduce the severity and frequency of symptoms
to enable them to perform normal activities. The
present study aimed to determine whether NMES
of the calf muscles could improve nocturnal
symptoms and QoL in asthmatic children.

There were significant improvements in the
measured variables (PFT,, C-ACT, QoL, and
6MWD) of the three groups in favor of the group
that underwent combined treatment of breathing
exercises and NMES of the calf muscle or aero-
bic training. Moreover, there was a significant re-
duction in nocturnal symptoms in the groups that
underwent NMES of the calf muscle or aerobic
training, while no significant improvement was
recorded in the group that underwent only breath-
ing exercises. No significant differences were re-
corded between the NMES and aerobic training
for all measured variables.

The significant immediate improvements in
PFT,, C-ACQ, 6MWD, and QoL could be at-
tributed to the improvement in respiratory mus-
cle strength, chest wall mobility, and decrease in
bronchospasm. The two most common measures

for objective asthma evaluation are FEV, and
PEF*. Both these measures reflect the degree of
airway obstruction and lesions, as well as airway
function and respiratory muscle strength*>*%. PEF
is commonly used as a reference for respirato-
ry rehabilitation therapy assessment and is the
most reliable measure to objectively evaluate an
asthma episode*”*®. Therefore, the significant im-
provements in FEV, and PEF might be due to an
increase in respiratory muscle strength and a de-
crease in bronchospasms*#,

The significant effect of the breathing exercise
program is consistent with a systematic review
that concluded that respiratory exercises demon-
strated benefits with regard to reducing symptoms
and thus the need for bronchodilators provided!?,
the use of medication®, exacerbation episodes, the
levels of anxiety and depression®!, and improved
HRQoL>.

Our results are in line with the findings of Eva-
risto et al* who documented that asthma control,
asthma symptoms, airway inflammation, physi-
cal activity, psychological distress, and QoL im-
proved similarly among outpatients with moder-
ate-to-severe asthma who participated in aerobic
training or breathing exercise programs. Howev-
er, a higher percentage of aerobic exercise partic-
ipants reported improved asthma control and less
need for rescue medications. Additionally, it has
been reported that aerobic training reduces exer-
cise-induced bronchoconstriction®?, corticosteroid
consumption, exacerbation episodes and asthma
symptoms>. A recent study> compared the ef-
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fects of NMES of the quadriceps with those of a
conventional physical therapy program in patients
with asthma. The findings revealed greater im-
provements in PFT, quadriceps strength, func-
tional capacity, and QoL compared to the conven-
tional physical therapy program alone.

The significant improvements in PFTs could
be explained by the increased mechanical activity
of the inspiratory muscles, especially the exter-
nal intercostals, which has been demonstrated to
have an accessory function in expiration, creating
considerable thoraco-abdominal movement. All
muscles involved in respiration were mechanical-
ly reorganized because of this. Respiratory mus-
cles are both physically and functionally skeletal
muscles. As a result, they might respond to train-
ing in the same way as the other skeletal muscles.
These physiological adaptations improve muscle
strength, endurance, and functional exercise ca-
pacity, resulting in a better QoL>.

The physiological effects of breathing exer-
cises include switching of muscle fiber type (in-
creased proportion of type I fibers and size of type
II fibers in the external intercostal muscles), dia-
phragm hypertrophy, improved neural control of
the respiratory muscles, enhanced capillary blood
flow, reduced work of breathing®’, improved re-
spiratory muscle endurance®, and attenuation of
the respiratory muscle metaboreflex, which could
increase blood flow to the LL muscles and partly
lead to increased exercise tolerance and decrease
in perceived breathlessness and exertion™.

The effect of treadmill or NMES could be
explained as follows: during the long-term mus-
cle activity while muscle training, as the body
needs to supply more oxygen to the working
muscles, the lungs must provide extra oxygen to
the working muscles via the blood stream by in-
creasing the rate and depth of breathing, which
can improve FVC, exchange of oxygen and car-
bon dioxide, O, intake and diffusion rate®. This
occurs through widening of the respiratory tract
and lowering of air flow resistance, stimulating
inactive alveoli, increasing alveolar compliance,
expanding the rib cage, and strengthening respi-
ratory muscles, thus resulting in increased lung
elasticity and lung expansion®'. Treadmill train-
ing has the advantage of engaging a large num-
ber of muscles®.

The significant improvement in nocturnal
symptoms in children who underwent aerobic
training or NMES is consistent with a previous
systemic review by Francisco et al®8, which con-
cluded that the studies investigating the effect of
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aerobic exercise on nocturnal symptoms in asth-
ma revealed a reduction in the prevalence and fre-
quency of nocturnal symptoms and improvement
in QoL and asthma control. Only Westergren et
al% found that the prevalence of nocturnal symp-
toms did not change following physical exercise
training; however, it may be noted there were no
participants with nocturnal symptoms at baseline
in this study.

In both the upright and supine positions, asth-
matic patients had greater respiratory resistance
and stiffness than healthy subjects at baseline.
As a result, the same amount of fluid deposi-
tion in the airway wall may produce a larger
reduction in the diameter of small airways than
in large airways, resulting in a higher increase
in airway resistance in people with a narrower
airway tree. Fluid overloading and rostral fluid,
which shift from the legs to the thorax in the su-
pine position, have been linked to poor asthma
control and nocturnal symptoms. Accumulation
of fluid in the thorax may result in a chain re-
action that worsens airway constriction® as it
increases blood volume and pressure in the bron-
chial circulation. As a result, the pressure gradi-
ent between the blood and interstitium increases,
leading to increased fluid leakage and increasing
airway wall edema, as well as peribronchial fluid
cuffing resulting in excessive airway narrowing®
and airway hyper-responsiveness that contribute
to the severity of asthma®. Additionally, over-
night rostral fluid increases fluid accumulation
in the neck, narrowing the pharynx, resulting in
increased resistance, collapsibility, and worsen-
ing of nocturnal symptoms®. It has been report-
ed that compared to asthmatic patients, the effect
of increased thoracic fluid volume on airway re-
sistance is negligible®.

Moreover, children with asthma have weak-
ness in the lower limb muscles, which leads to
a decrease in the pumping action of the mus-
cles during the daytime, while increasing fluids
in the lower limbs lead to increased amounts of
rostral fluid during sleep. Additionally, patients
with COPD have abnormalities in peripheral cir-
culatory regulation®”. Therefore, the significant
improvement in nocturnal symptoms and in all
measuring variables in the groups that under-
went aerobic exercises or NMES, in comparison
to the group that underwent the breathing exer-
cises alone, might be due to improvements in the
pumping action during the training and increas-
ing the strength and reducing fatigue in the LL,
muscles, resulting in increased pumping action
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of the muscles during the daytime, thereby re-
ducing the amount of rostral fluid. There is suf-
ficient evidence to support that strengthening the
calf muscle pump improves cardiovascular fitness
and reduces fatigue. This could be attributed to a
change in muscle fiber type in response to leg ex-
ercises®. Vena et al*® concluded that calf muscle
NMES is an effective method for reducing fluid
accumulation during prolonged periods of inac-
tivity and has the potential to be used as a device
to prevent leg edema and treat health effects in
at-risk groups. This observation is consistent with
the findings of Neder et al®, Hartkopp et al”, and
Thom et al”!, who found that NMES and treadmill
improved muscle capillaries and oxidative capa-
bilities, possibly enhancing overall aerobic capac-
ity and exercise performance. Moreover, Kaymaz
et al” concluded that high-frequency NMES (50
Hz) and aerobic training (treadmill walking and
cycling) significantly enhanced quadriceps man-
ual muscle testing scores in patients with severe
COPD, with no significant differences between
the groups.

The significant effect of calf stimulation on
nocturnal symptoms could be explained by the
greater effect of NMES of the skeletal pump in the
legs, which reduces leg fluid by reducing capillary
pressure and increasing tissue pressure. Muscle
pumps in the foot, calf, and thigh are among the
LLs pumps. The calf muscle pump is the most im-
portant of these pumps because it is the most ef-
ficient, has the highest capacitance, and produces
high pressures”™. A normal limb has a calf volume
0f 1500-3000 cm, a venous volume of 100-150 cm,
and ejects more than 40-60% of the venous fluid
with a single contraction™. In a previous study”,
the effectiveness of NMES and intermittent pneu-
matic compression of the calf muscles in improv-
ing the microcirculatory blood flow in the thigh of
healthy individuals was compared. NMES was a
more effective modality than pneumatic compres-
sion in reducing edema, as it increased microcircu-
lation by more than a factor among three in com-
parison to pneumatic compression.

The NMES is less demanding for the heart
and circulatory system than regular exercise.
As a result, the ventilation demand is reduced,
which lowers the risk of dyspnea. Owing to de-
stabilization of the respiratory system, decom-
pensation of the circulatory system, and other
hazardous clinical signs, traditional training may
be contraindicated during exacerbation periods.
In prior research utilizing electrical stimulation,
NMES has been shown to be safe for patients

with exacerbations of the condition, patients
with severe COPD, and even those undergoing
respiratory therapy>*. NMES might be especially
beneficial for individuals with very low motiva-
tion for exercise because of low aerobic capaci-
ty’s. Home-based NMES of leg muscle training
in heart failure had similar advantages to con-
ventional exercise in enhancing exercise capaci-
ty, making it an effective option for aerobic exer-
cise training for patients who cannot participate
in traditional exercise’’; therefore, it can safely
be performed at home.

Another important aspect of NMES use in
comparison to conventional training sessions is
the reduction in anxiety experienced by patients
during and after therapy. Reduced anxiety allows
patients to break through emotional barriers and
eventually the spiral of inactivity, as in severe
COPD cases, often leads to disability or death.
Moreover, NMES does not induce muscle fiber
damage or severe exhaustion’.

Habib et al” concluded that in terms of phys-
ical functioning and social life, the QoL of asth-
matic patients was significantly lower than that of
healthy individuals. Therefore, the improvement
in PFTs, asthma control, and nocturnal symptoms
might explain the improvement in the 6 MWD and
QoL in this study. Reducing anxiety and depres-
sion, medication consumption, peak expiratory
flow, asthma symptoms, and the levels of hyper-
ventilation symptoms are reflected in improving
the HRQoL?*® and normalizing the autonomic sys-
tem®!. The favorable impacts of increased exercise
capacity are represented by psychological gains
and better self-esteem, thus positively influencing
HRQoL?*.,

The lack of follow-up to monitor the long-term
effects of the treatment methods is a limitation of
this study. Nevertheless, it has several strengths,
including the objective functional assessment of
pulmonary function, patient perception of their
problem, no drop out, and the lack of baseline dis-
crepancies.

Conclusions

The NMES of calf muscles can serve as an
excellent adjunct to the breathing exercise pro-
gram in improving the nocturnal symptoms and
QoL of asthmatic children. Moreover, it could be
a considerable alternative to traditional physical
training in periods of disease exacerbation and
low-motivated children.
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