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ABSTRACT
Objective: Pulmonary rehabilitation is mainly focused on exercise training and breathing retraining
in children with asthma. Conversely, balance training is not usually recommended for the treatment,
although postural deficits were found in these patients. Therefore, this study assessed the effect of
balance training intervention on postural stability in children with asthma. Methods: Nineteen chil-
dren with mild intermittent asthma (age 11.1 ± 2.1 years, height 147.6 ± 13.9 cm, weight 41.8 ± 13.3 kg)
were randomly assigned to an experimental group or a control group and completed a four-week
physiotherapy program including breathing exercises and aerobic physical training (six times/week,
45 minutes). Both groups performed the same training, but only the experimental group underwent
exercises on balance devices. The center of pressure (CoP) velocity in the anteroposterior (Vy) and
mediolateral (Vx) directions, and total CoP velocity (Vtot) were recorded before and after training in
the preferred and the adjusted stances under eyes open (EO) and eyes closed (EC) conditions. Results:
The addition of balance intervention led to significant improvements of Vtot (p= 0.02, p= 0.04) in both
types of stance, Vx in the preferred stance (p= 0.03) and Vy in the adjusted stance (p= 0.01) under EO
conditions. Significant improvements were also found in Vy in the adjusted stance (p= 0.01) under EC
conditions. Conclusions: Results of this study support the effectiveness of balance training as a part of
physiotherapy treatment for improving balance performance, predominantly under EO conditions, in
children with mild asthma.

Introduction

Asthma can lead to musculoskeletal dysfunctions and
alterations in posture due to the excessive use of acces-
sory respiratory muscles and mouth breathing [1–5].
Decreased thoracic mobility, elevated and adducted
shoulders, winged scapulae, increased kyphosis and
shortening of the muscles (pectoral muscles, neck mus-
cles, etc.) have been observed in children with asthma.
These children might also have shortening of the knee
and hip flexors [4], and knee flexors are considered as
one of the major muscles required for postural stability. A
relationship between mouth breathing and postural alter-
ations has been found in children [6–8]. Moreover, a high
prevalence of mouth breathing in children with asthma
could indicate that this is an important factor affecting
postural stability. Poor postural stability in patients with
asthma may be also associated with compromised sta-
bilization function of diaphragm in people with respi-
ratory diseases, when respiratory demand is increased
[9,10]. However, all these assumptions have not been

CONTACT Zuzana Kováčiková kovacikzuz@gmail.com Department of Sports Kinanthropology, Faculty of Physical Education and Sports, Comenius
University, Bratislava, Nábrežie armádneho generála L. Svobodu ,   Bratislava, Slovakia.

conclusively confirmed in patients with different stages of
bronchial asthma. Despite this fact, scientists suggest that
this is the reason for poor postural stability observed in
patients with asthma.

Poorer balance performance has been found in
children with asthma compared with non-asthmatic
individuals [11–13]. These studies assessed balance per-
formance by comparing the center of pressure (CoP)
velocity or CoP displacement between healthy children
and children with asthma in different types of stance.
CoP velocity is one of the most widely used variables
in studies assessing balance performance in children
and adults [13–17]. It is used as an indicator of postural
control system where increased CoP velocity means
poorer balance and vice versa. Although previous studies
differ in the type of diagnostic tools used, protocols and
variables, the data obtained from these studies form the
basis for the hypothesis that postural stability can be
impaired in patients with asthma compared to healthy
people.

©  Taylor & Francis Group, LLC
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Proprioceptive balance training seems to be a use-
ful tool for improving postural stability in patients with
impaired balance due to various diagnoses [18–20]. To
the best of our knowledge, this type of training has
not been applied to children or adults with asthma
across a wide range of severities. Only a few studies
focused on balance changes after a rehabilitation pro-
gram has been conducted for another common lung dis-
ease – chronic obstructive pulmonary disease (COPD).
Although COPD is typically a disease of the adult pop-
ulation, it has been shown that a pulmonary rehabilita-
tion program without any specific proprioceptive balance
training resulted in only minor improvements in balance
and had no effect on balance confidence [21]. In contrast,
a combination of pulmonary rehabilitation treatment and
balance training significantly improved balance perfor-
mance in patients with COPD in comparison to patients
who received only standard pulmonary rehabilitation
treatment [22].

Asthmatic symptoms can negatively influence a child’s
participation in school and physical activities, and can
decrease their health-related quality of life [23, 24]. For
this reason, an exercise training program for children
with asthma was designed, and was aimed to enhance
self-confidence and improve health-related fitness and
quality of life [25–31]. Balance improvement can lead
to better self-confidence and an increased likelihood of
participation in physical activities on a regular basis
[32].

The hypothesis of this study was that balance training
applied to a standard physiotherapy program may have
a beneficial effect on postural stability for children with
asthma. Therefore, the aim of our study was to assess the
effect of balance intervention, as part of four-week physio-
therapy program including breathing exercises and aero-
bic physical training, on postural stability in childrenwith
mild intermittent asthma.

Methods

Subjects

A total of 19 school children with mild intermittent
asthmawere randomly assigned to an experimental group
(n = 9; age 10.2 ± 2.4 years, height 139.3 ± 12.5 cm,
and weight 33.2 ± 12.3 kg) or to a control group
(n = 10; age 11.8 ± 1.3 years, height 141.3 ± 6.5 cm, and
weight 33.4 ± 10.5 kg). Children with a medically sta-
ble phase of asthma andwithout any exacerbations within
the previous eight weeks were recruited from referrals to
the pulmonary rehabilitation program of the Miramonti
Children’s Medical Institution. Mild intermittent asthma

was diagnosed by an allergist according to the Global
Initiative forAsthmaCriteria (http://www.ginasthma.org,
Accessed March 19, 2017) at least one year prior to the
enrollment in the study.

Inclusion criteria for both groups were a diagnosis
of well-controlled mild bronchial asthma without any
restriction for participating in the pulmonary rehabilita-
tion program. This asthma severity was selected to allow
all children to complete the pulmonary rehabilitation pro-
gram. Children with exacerbation of their disease in the
previous eight weeks were not included in this study to
avoid the possible effect of exacerbation on their exer-
cise tolerance andmuscle strength which could negatively
affect the results of this study. The exclusion criteria for
both groups were any other diseases known to affect the
sensorimotor control mechanisms underlying balance.
When the total number of participating children in this
study was known, the children were randomly assigned to
either experimental or control group, where the random-
ization process was as follows. Each child had to choose
an envelope. The envelope contained either number 1 or
number 2. Children who chose an envelope with number
1 were assigned to the experimental group, while children
who chose an envelope with number 2 were assigned to
the control group (Figure 1).

The procedures were in accordance with the ethical
standards on human experimentation and were approved
by an institutional review board. All parents of the chil-
dren included in this study were informed about the pro-
cedure and gave their written informed consent.

Balance assessment

Basic balance parameters during the tests weremonitored
using Kistler force plates (9286AA, Kistler Instrumente
AG, Winterthur, Switzerland) at baseline and after the
treatment (the following day after the completion of a
four-week physiotherapy program) (Figure 1). The sys-
tem consisted of two force plates with a sampling rate
of 200 Hz. The children performed two static balance
tests with different foot position configurations (preferred
stance and adjusted stance) in a randomized order. In
the preferred stance, they adopted their preferred stance
with their feet positioned comfortably. In the adjusted
stance, the foot position was designated a 30° angle
between the medial borders of the feet with the heels
5 cm apart. All tests were administered with the sub-
ject’s eyes open (EO) and eyes closed (EC). One experi-
mental trial was performed prior to each test. Each test
was performed twice for 30 seconds, and the children
had 5 seconds to stabilize their posture prior to each
measurement.
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Figure . Study flow diagram.

Assessment of ventilatory parameters

Ventilatory parameters were assessed for both groups at
baseline and after the treatment (Figure 1). Lung func-
tion tests were performed using a ZAN 100 Handy USB
spirometer (nSpire Health Inc., Oberthulba, Germany),
and further analysis was performed to determine the
vital capacity (VC), forced expiratory volume in 1 sec-
ond (FEV1), and peak expiratory flow. Respiratorymuscle
strength was assessed non-invasively using a respiratory
pressure meter (Micro Respiratory Pressure Meter, Care
Fusion, San Diego, CA) to measure maximal inspiratory
mouth pressure (MIP) and maximal expiratory mouth
pressure (MEP). All these maneuvers were performed in
a sitting position. The tested parameter values from the
lung function tests and respiratory muscle strength were
expressed as a percentage of the predicted values.

Exercise protocol

All subjects from both groups completed a four-week
physiotherapy program six times per week during a spa
treatment. The physiotherapy program included breath-
ing exercises and aerobic physical training. Each train-
ing session lasted a total of 45 minutes and was divided

into 5 minutes of warm-up, 5 minutes of stretching,
10 minutes of breathing exercises, 20 minutes of aero-
bic physical training and 5minutes of cool-down. Breath-
ing training included diaphragmatic breathing, pursed lip
breathing and thoracic expansion exercises. Children also
learned airway clearance techniques (autogenic drainage
and active cycle of breathing techniques). Children com-
pleted three sets of 10 repetitions of each breathing exer-
cise followed by a 1-minute relaxation pause with con-
trolled breathing. While the control group performed the
breathing exercises in an upright sitting position on a
chair and in a standing position (bipedal and unipedal
conditions) on a firm surface, the experimental group per-
formed the same exercises on balance devices (i.e., Airex
Pad, Soft Gym Overball, Bosu R© Balance Trainer PROFI
and Original Pezzi R© Gymnastik Ball Standard). Stan-
dard aerobic physical training as an adjunctive therapy
in asthma treatment was focused on the improvement of
physical fitness using a set of exercises which includes the
following: proprioceptive exercises, functional strength
exercises (lower limbs, upper limbs and core), hand–eye
coordination exercises and endurance training. All exer-
cises were selected with respect to age. Exercises were
also carefully selected so that it was possible to perform
them on balance devices (75% of all exercises). While
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4 Z. KOVÁČIKOVÁ ET AL.

the control group performed the proprioceptive exercises,
functional strength exercises and hand–eye coordination
exercises on a firm surface, the experimental group per-
formed the same exercises on unstable devices.

Data analysis

The data were filtered using a fourth-order low-pass But-
terworth filter with a cut-off frequency of 7 Hz in MAT-
LAB (MATLAB R2010b, MathWorks, Inc., Natick, MA).
Prior to and after the training, the CoP velocity (cm
s−1), an indicator of postural stability, was recorded in
the mediolateral direction (Vx) and the anteroposterior
direction (Vy) along with the total velocity (Vtot) for
each group. The average of two trials was analyzed. Both
groups were tested at the baseline (pre) and end (post) of
the training program and were statistically analyzed. Pre-
to post-training changes (delta change,�) were calculated
for each parameter in each group separately and were
then used for the between-group comparison to deter-
mine the training effect. Similarly, the delta change was
also calculated for the ventilatory parameters. A statisti-
cal analysis of the collected data was performed using the
Statistica program (version 10, StatSoft, Inc., Tulsa, OK).
The Kolmogorov–Smirnov test for the normality distri-
bution was performed on all variables. Because the data
did not fit a normal distribution, the Mann–Whitney U-
test was used to assess the differences between groups.
The effect of treatment was assessed using the Wilcoxon
test for repeated measurements. Group characteristics are
presented as the mean and standard deviation. All data
are presented as the median and interquartile ranges. The
criterion for significance was set at p < .05. The effect
size was evaluated using Cohen’s d (large effect d > 0.8,
medium effect 0.5 � d � 0.8, and small effect d < 0.5).

Results

No significant between-group differences were found in
any of the baseline characteristics, variables or ventilation
parameters prior to the training intervention (p > 0.05)
(Table 1).

The addition of balance training intervention to the
physiotherapy program led to significant improvements
of Vtot (p = 0.02, p = 0.04) in both types of stance,
Vx in the preferred stance (p = 0.03) and Vy in the
adjusted stance (p = 0.01) under EO conditions. Signif-
icant improvements were also found in Vy in the adjusted
stance (p = 0.01) under EC conditions. This finding was
corroborated by the large effect sizes (d > 0.8) (Table 5).

In the experimental group, the balance training
resulted in a significantly lower CoP velocity in Vx (p =
0.04), Vy (p = 0.02) and Vtot (p = 0.02) in the adjusted

Table . Baseline characteristics.

Experimental
group Control group p

Age (years) .± . .± . .
Height (cm) .± . .± . .
Weight (kg) .± . .± . .
Preferred stance EO
Vx (cm s−) . (.–.) . (.–.) .
Vy (cm s−) . (.–.) . (.–.) .
Vtot (cm s−) . (.–.) . (.–.) .

Preferred stance EC
Vx (cm s−) . (.–.) . (.–.) .
Vy (cm s−) . (.–.) . (.–.) .
Vtot (cm s−) . (.–.) . (.–.) .

Adjusted stance EO
Vx (cm s−) . (.–.) . (.–.) .
Vy (cm s−) . (.–.) . (.–.) .
Vtot (cm s−) . (.–.) . (.–.) .

Adjusted stance EC
Vx (cm s−) . (.–.) . (.–.) .
Vy (cm s−) . (.–.) . (.–.) .
Vtot (cm s−) . (.–.) . (.–.) .

Ventilatory
parameters
VC (%) . (.–.) . (.–.) .
FEV (%) . (.–.) . (.–.) .
PEF (%) . (.–.) . (.–.) .
MEP (%) . (.–.) . (.–.) .
MIP (%) . (.–.) . (.–.) .

Notes. Preferred stance, feetwerepositioned comfortably; adjusted stance, foot
position was designated a ° angle between the medial borders of the feet
with the heels  cm apart; EO, eyes open; Vx, center of pressure velocity in
the mediolateral direction; Vy, center of pressure velocity in the anteropos-
terior direction; Vtot, total center of pressure velocity; EC, eyes closed; VC,
vital capacity; FEV, forced expiratory volume in  second; PEF, peak expi-
ratory flow; MEP, maximal expiratory mouth pressure; MIP, maximal inspi-
ratory mouth pressure. ∗p � .. Age, height and weight values are pre-
sentedasmean±SD. CoPandventilatory values arepresentedas themedian
(interquartile range).

stance, and in Vx (p = 0.03) and Vtot (p = 0.03) in the
preferred stance under EO conditions only. This finding
was corroborated by the large effect sizes (d > 0.8). On
the other hand, no significant improvements were found
under EC conditions for either stance (Table 2).

The control group showed no significant improvement
in any of the measured conditions or variables (p > .05)
(Table 3).

Similarly, significant improvements of VC and FEV1
were observed after treatment only in the experimental
group (Table 4). Moreover, FEV1 was lower in the con-
trol group after treatment. Compared with the changes
observed in the control group, the improvement in the
experimental group was greater for FEV1 (p = 0.01)
(Table 5). We confirmed the effect of breathing exercises
on expiratory muscle strength in the experimental group
(p= 0.01) and the control group (p= 0.01), but therewere
no between-group differences found for changes in MEP
(p= 0.39).On the other hand, inspiratorymuscle strength
improved in both groups but significant improvementwas
confirmed only in the experimental group (p = 0.04). No
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Table . CoP variables in preferred and adjusted stances before and after the four-week physiotherapy program in the experimental group.

Eyes open Eyes closed

Baseline After treatment p Cohen’s d Baseline After treatment p Cohen’s d

Preferred stance
Vx (cm s−) . (.–.) . (.–.) .

∗
.

†
. (.–.) . (.–.) . .

Vy (cm s−) . (.–.) . (.–.) . . . (.–.) . (.–.) . .
Vtot (cm s−) . (.–.) . (.–.) .

∗
.

†
. (.–.) . (.–.) . .

Adjusted stance
Vx (cm s−) . (.–.) . (.–.) .

∗
.

†
. (.–.) . (.–.) . .

Vy (cm s−) . (.–.) . (.–.) .
∗

.
†

. (.–.) . (.–.) . .
Vtot (cm s−) . (.–.) . (.–.) .

∗
.

†
. (.–.) . (.–.) . .

Notes. Preferred stance, feet were positioned comfortably; adjusted stance, foot position was designated a ° angle between the medial borders of the feet with
the heels  cm apart; Vx, center of pressure velocity in the mediolateral direction; Vy, center of pressure velocity in the anteroposterior direction; Vtot, total center
of pressure velocity. ∗p� .. †Large effect. Values are presented as the median (interquartile range).

Table . CoP variables in preferred and adjusted stances before and after the four-week physiotherapy program in the control group.

Eyes open Eyes closed

Baseline After treatment p Cohen’s d Baseline After treatment p Cohen’s d

Preferred stance
Vx (cm s−) . (.–.) . (.–.) . . . (.–.) . (.–.) . .
Vy (cm s−) . (.–.) . (.–.) . . . (.–.) . (.–.) . .
Vtot (cm s−) . (.–.) . (.–.) . . . (.–.) . (.–.) . .

Adjusted stance
Vx (cm s−) . (.–.) . (.–.) . . . (.–.) . (.–.) . .
Vy (cm s−) . (.–.) . (.–.) . . . (.–.) . (.–.) . .
Vtot (cm s−) . (.–.) . (.–.) . . . (.–.) . (.–.) . .

Notes. Preferred stance, feet were positioned comfortably; adjusted stance, foot position was designated a ° angle between the medial borders of the feet with
the heels  cm apart; Vx, center of pressure velocity in the mediolateral direction; Vy, center of pressure velocity in the anteroposterior direction; Vtot, total center
of pressure velocity. ∗p� .. †Large effect. Values are presented as the median (interquartile range).

between-group differenceswere found for changes inMIP
(Table 5).

Discussion

Although poorer postural stability was found in patients
with asthma [12, 13, 33], balance training is not a com-
monly recommended type of treatment in these patients.
We hypothesized that balance training added to a stan-
dard physiotherapy program including breathing exer-
cises and aerobic physical training may have a beneficial
effect on postural stability in children with mild asthma.

The addition of balance training to a physiother-
apy program resulted in significantly improved overall
postural stability under EO conditions for both types
of stance. In the preferred stance, improved overall
postural stability was related to significantly improved
mediolateral stability. Conversely, in the adjusted stance,
improved overall postural stability was related to sig-
nificantly improved anteroposterior stability. Addition-
ally, significant improvements in anteroposterior stability
were only found in the adjusted stance under EC condi-
tions. The reason postural stability was not significantly
improved in other EC conditions may be because the
majority of exercises were performed with eye control

Table . Changes in ventilatory parameters before and after the four-week physiotherapy program in experimental and control groups.

Experimental group Control group

Baseline After treatment p Cohen’s d Baseline After treatment p Cohen’s d

Preferred stance
VC (%) . (.–.) . (.–.) .

∗
.

†
. (.–.) . (.–.) . .

FEV (%) . (.–.) . (.–.) .
∗

.
†

. (.–.) . (.–.) . .
PEF (%) . (.–.) . (.–.) . . . (.–.) . (.–.) . .
MEP (%) . (.–.) . (.–.) .

∗
.

†
. (.–.) . (.–.) .

∗
.

MIP (%) . (.–.) . (.–.) .
∗

. . (.–.) . (.–.) . .

Notes. VC, vital capacity; FEV, forced expiratory volume in  second; PEF, peak expiratory flow; MEP, maximal expiratory mouth pressure; MIP, maximal inspiratory
mouth pressure. ∗p< .. †Large effect. Values are presented as the median (interquartile range).
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6 Z. KOVÁČIKOVÁ ET AL.

Table . Outcomemeasures for experimental and control groups.

� Experimental group Control group P Cohen’s d

Preferred stance EO
Vx (cm s−) . (.–.) − . (−.–.) .

∗
.

†

Vy (cm s−) . (.–.) − . (−.–.) . .
†

Vtot (cm s−) . (.–.) . (−.–.) .
∗

.
†

Preferred stance EC
Vx (cm s−) . (−.–.) . (−.–.) . .
Vy (cm s−) − . (−.–.) − . (−.–.) . .
Vtot (cm s−) − . (−.–.) − . (−.–.) . .

Adjusted stance EO
Vx (cm s−) . (.–.) . (−.–.) . .
Vy (cm s−) . (.–.) − . (−.–.) .

∗
.

†

Vtot (cm s−) . (.–.) − . (−.–.) .
∗

.
†

Adjusted stance EC
Vx (cm s−) . (−.–.) − . (−.–.) . .
Vy (cm s−) . (.–.) − . (−.–.) .

∗
.

†

Vtot (cm s−) . (.–.) − . (−.–.) . .
Ventilatory parameters

VC (%) . (.–.) − . (−.–.) . .
FEV (%) . (.–.) − . (−.–.) .

∗
.

†

PEF (%) . (−.–.) − . (−.–.) . .
MEP (%) . (.–.) . (.–.) . .
MIP (%) . (.–.) . (−.–.) . .

Notes.�, delta (thedifference in velocities and ventilatory parameters before and after training); preferred stance, feetwerepositioned comfortably; adjusted stance,
foot position was designated a ° angle between the medial borders of the feet with the heels  cm apart; EO, eyes open; Vx, center of pressure velocity in the
mediolateral direction; Vy, center of pressure velocity in the anteroposterior direction; Vtot, total center of pressure velocity; EC, eyes closed; VC, vital capacity;
FEV, forced expiratory volume in  second; PEF, peak expiratory flow; MEP, maximal expiratory mouth pressure; MIP, maximal inspiratory mouth pressure.
∗p� .. †Large effect. Values are presented as the median (interquartile range).

(80%). The results seem to demonstrate that the hypoth-
esis was verified.

Significant improvement of anteroposterior stability
in the more challenging adjusted stance under EO and
EC conditions may be associated with the nature of bal-
ance training in the experimental group. It is known that
in healthy people, somatosensory information plays the
greatest role (70%) in balance performance [34]. Young
individuals predominantly use ankle strategy for main-
taining balance. Ankle strategy is used for postural distur-
bances corrections in the anteroposterior direction and
depends more on feedback from the proprioception sys-
tem. This could be another reason why it is important
to add proprioceptive balance training to comprehen-
sive treatment in children with asthma. Proprioceptive
balance training induces increased stress on the motor
control system, providing greater neuromuscular control
challenges, whichmight have led to lower CoP values and
better postural stability.

The anteroposterior stability improvements might also
be associated with a better control of body segment posi-
tions, especially with an upright position without head
and shoulder protraction, decreased internal rotation of
the shoulder and higher chest wall expansion, which was
associatedwith the improvement of VC in the experimen-
tal group. Similar findings were confirmed by Almeida
et al. [17]; their study found a significant correlation
between horizontal alignment of the head (anterior view)
and VC.

It is known that mediolateral stability can be impaired
in people with breathing problems due to an inadequate
contribution of the trunk muscles toward balance [35].
An impaired postural contribution of inspiratory muscles
toward trunk stability has been confirmed in patients with
COPD with inspiratory muscle weakness [36]. Although
inspiratory muscle strength was sufficient in both groups
of children with asthma in the current study, a significant
improvement in inspiratory muscle strength was con-
firmed in the experimental group, which may be another
reason why improvements in postural stability after treat-
ment were observed only in this group.

Both groups performed breathing exercises and aer-
obic physical training as part of a standard physiother-
apy program. However, only the experimental group per-
formed this program concurrently with balance training.
This combination seems to be effective for inducing sig-
nificant changes in postural stability. Our results are simi-
lar to the results of Beauchamp et al. [22], who confirmed
that a combined balance training and pulmonary rehabili-
tation program improved balance in patients with COPD.
The same authors found in a previous study [21] that a
pulmonary rehabilitation program without any specific
balance training did not lead to balance improvement in
patients with COPD.

As expected, in childrenwith intermittent asthma, ven-
tilatory parameters reached more than 80% of the pre-
dicted values. Almost all values were higher after treat-
ment in both groups, although significant improvements
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were confirmed only for VC and FEV1 in the experimen-
tal group. The effect of breathing retraining on ventila-
tory parameters in patients with asthma has been con-
firmed in some previous studies [37, 38]. On the other
hand, Thomas et al. [39] confirmed the positive effect of
breathing retraining on asthma-specific health status in
adults with asthma, which was assessed using the Hospi-
tal Anxiety andDepression Scale and theNijmegenQues-
tionnaire for hyperventilation, but not on asthma patho-
physiology. The reason for greater improvements in the
experimental group may be associated with the perfor-
mance of breathing exercises in more demanding posi-
tions. It is known that respiratory muscles are responsi-
ble not only for breathing but also for trunk stabilization
and upper extremity movements [40, 41]. It is well doc-
umented that the breathing function of respiratory mus-
cles has to be coordinated with the other non-respiratory
functions of respiratory muscles [9]. Therefore, breathing
retraining associated with proprioceptive balance train-
ing in more challenging positions may be beneficial for
improving breathing patterns and for better co-activation
of respiratory muscle fibers in different tasks.

This improvement of respiratory and non-respiratory
functions of respiratory muscles may result in higher alle-
viation of asthmatic symptoms. Decreased presence of
asthmatic symptoms can be associated with better self-
confidence for participating in various physical activities
without any breathing problems and with the confidence
to try new activities that could encourage children with
asthma to embrace a positive attitude about being physi-
cally active in their life. Another advantage of this balance
improvement can be associated with decreased risk of fall
during activities of daily living and during various physi-
cal activities.

The optimal duration of balance training interventions
is still under discussion and varies from study to study.
The length of our intervention was established according
to the current literature [42, 43]. Previous studies con-
firmed postural stability improvements in healthy peo-
ple after a four-week balance training. Similar findings
were observed in our study. Four-week balance training
added to a physiotherapy program including breathing
exercises and aerobic physical training resulted in signif-
icant improvement of postural stability and ventilatory
parameters in childrenwithmild intermittent asthma.We
admit that this effect is questionable formore severe stages
of asthma and needs to be further evaluated. Therefore,
more studies are necessary to determine the optimal dura-
tion of this program for children and adults withmild per-
sistent, moderate persistent and severe asthma disease.

There are a few limitations of this study. First,
we assessed children who only had mild intermit-
tent bronchial asthma; so the results might not be

representative for children with moderate and severe
asthma. Second, we assessed postural stability and venti-
latory parameters one day after completing a physiother-
apy program; therefore, we cannot assess the long-term
effect of this therapy.

Conclusions

Results of this study support the effectiveness of balance
training as a part of physiotherapy treatment for improv-
ing balance performance, predominantly under EO con-
ditions, in children with mild asthma. Moreover, this
intervention seems to be effective for inducing signifi-
cant improvements in the ventilatory function. Therefore,
focus on postural stability improvement as part of a com-
prehensive treatment could be targeted toward school-age
children with lower stages of asthma as a prevention of
future postural deterioration and reduced injury risk.
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