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Pulmonary Rehabilitation in Asthmatic Children

Shadia A. Mohamed, M.D. and Khaled A. Mamdouh, M.D,
Department of Physical Therapy for Growth and Development Disorders, Faculty of Physical Therapy, Cairo
University.

| ABSTRACT |

Bronchial asthma is characterized by persistent air way inflammation that is associated with
increased air way responsiveness, airway limitation and respiratory symptoms as wheezing,
coughing and dyspnea. Rehabilitation programs are recommended and widely applied in asthmatic
patients, so exercise prescription is a keystone of these programs. The objective of this study was to
investigate the efficiency of pulmonary rehabilitation programs in asthmatic children. Twenty eight
children, with age ranged from 7 to 10 years were included in this study. They were subdivided into
two matching groups: A study group included 16 children (9 females and 7 males}) and a control
group, which included 12 children (6 females and 6 males). For both groups, pulmonary function
tests, in the form of forced vital capacity (FVC), forced expiratory volume in the first second
(FEVI1), maximum voluntary ventilation (MVV) and peak expiratory flow rate (PEFR) were done
Jor all patients before and after one month of treatment. For both groups, a corticosteroid therapy
and the traditional physical therapy modalities were administered, in the form of localized deep
breathing exercises with frequent coughing and postural drainage according to the affected lobe.
For the study group, an incentive spirometry was added, The groups did not differ in all parameters
before the study (p > 0.05). A statistically significant decrease was Jound in symptoms, medication
scores and also pulmonary function measures in the experimental group versus the control. It can
be concluded that pulmonary programs could improve quality of life and pulmonary functions, so
these programs should be placed as a component in management of asthmatic children.

Key words: Asthma, pulmonary rehabilitation, incentive spirometry.

| INTRODUCTION | The normal  infant has  been
demonstrated to have a level of air way
reactivity greater than that of the older child or
adult. This reactivity may be directly related to
airway tone in infancy, to cellular and
mediator reactions rate or to the recurrence of
wheezing  associated  with viral upper
illness>*®.  Measures

ronchial asthma is defined as
chronic  inflammatory  disease,
involving many interaction cells,
which release a whole variety of
inflammatory mediators that activate several

target cells in the airways. This results in
broncho constriction, micro vascular linkage,
edema, mucus hyper secretion and stimulation
of neural reflexes™®?,

Tespiratory  tract

employed for determining severity include
symptoms, signs, medication requirements,
biological test, chest radiographs and
bronchoscopy™'?.
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Materials

* Discovery portable computerized
spirometer unit: Cat. Model no. 42.000.

o Incentive spirometer: Triflo II, Model no.
8884 - 717395,

Procedures

»  Methods used for evaluation

Ventilatory function tests

- Forced vital capacity (FVC). The child was
asked to breath in and out normally
through the mouth piece and then to inspire
maximally and to blow out (exhale
completely) as hard and fast as he could
through the mouth piece. With nasal clip
applied to the nose, the child was asked to
continue to exhale for three times. It is
measured in ml.

- Forced expiratory volume in the first
second (FEV1). The volume of gas expired
over the given time interval (1 sec), during
the performance of forced vital capacity is
recorded in ml.

- Maximum voluntary ventilation (MVV).
The child was asked to breath as rapidly
and deeply as possible, for three times. The
measured volume was multiplied by 4 to
give the results in liter / min.

- Peak expiratory flow rale (PEFR): The
child was asked to breathe in as deep as
possible through the mouth piece then to
blow out as hard and fast as possible. It is
measured in ml.

General principles during the evaluating

procedures:

- Sitting position was used in all procedures.
- Nasal clip and mouth piece were used
during the application of the procedures.

- The highest value of three consecutive
trials was recorded for each test done.

The ventilatory functions were done for

both study and control groups before and a

month after treatment.
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*  Methods used for treatment

For both groups, corticosteroid therapy
and traditional physical therapy program were
conducted, which included localized deep
breathing exercises, with frequent coughing
and postural drainage according to the affected
lobe. Moreover, a special lung expansion
maneuvers, with the wuse of incentive
spirometry was done for the study group only.
The incentive spirometry is a form of low-
level resistance training that emphasizes

sustained maximal inspiration. It is a flow-

sensitive device with three chambers, each
containing a plastic ball. On inspiration, these
balls rise in their chambers for as long as the
flow is maintained. The patient inhales
through the spirometer that provides visual
feed back through the colored balls, as the
patient breaths in as deeply as possible, in
addition to the auditory feed back given by the
voice of the therapist to encourage and
motivate the child. The procedures were as
follows:
- The patient was placed at a constable semi-
upright position, holding the incentive
spirometer in upright position.

- Firstly, the patient was asked to take three

to four slow, easy breaths and then
maximally exhale with the fourth breath.

- Then, the patient was instructed to place
the mouth piece of the device in his/her
mouth and maximally inhale at a rate
sufficient to raise the balls (1-3), according
to his effort with inspiratory hold for 3
seconds. This sequence was repeated 5 to
10 times in each set of exercise, with rest
in between, for three times / day.

[ RESULTS |

The results collected from the present
study were statistically analyzed to obtain the

mean, standard deviation (SD} and mean
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7 OStudy

i Control :
, ]

Percentage of change

FVC

Tests used

#ig. (1): Percentage of change of FVC and FEVI in both groups.

The results of the MVV are represented
in table (3). Before the start of the treatment
program, the mean value of the MVV in the
study group was 49.6 + 4.7 L / min, which
increased after one month of treatment to 57.8
+ 5.6 L. / min, with a mean difference of 8.2
and a percentage of improvement of 16.53 %.
A significant improvement was recorded (t =

4.38, p < 0.05). Similarly, in the control group,
the mean value of the MVV increased from
60.8 + 4.6 L / min before the treatment
program to 61.7 + 4.5 L / min after the
program, with a mean difference of 0.9 L /
min. The percentage of change was 3.49 %,
revealing a non-significant improvement (t =
0.33, P > 0.05) (Fig. 2).

Table (3): Comparison of mean values of maximum voluntary ventilation (M VV} in Liter / min, pre and

post treatment for both groups.

Study Control
MVV Pre Post Pre Post
Mean 49.6 57.8 60.8 61.7
sD 4.7 5.6 4.6 4.5
MD 3.2 + 0.9
% of Change 16.53 % 3.49 %
t 4.38 0.33
P <0.05(S) >0.05(N.S)
As revealed from table (4), before treatment of the control group, the mean value

treatment of the study group, the mean value
of PEFR was 188.0 + 13.0 Liter / min, which

underwent an increase after the training to be

242.0 + 14.0 Liter / min. The mean difference
was 54.0 Liter / min, with a percentage of
change of 7.06 %, which was statistically
significant (t’ 4.14, P < 0.05). Before

of PEFR was 204.0 + 12.0 Liter / min, which
increased after training to 209.0 + 13.0 Liter /
min. The mean difference was 5.0 Liter / min,
with a percentage of change of 2.45 %, which
was statistically non-significant (t = 1.12, P >
0.05) (Fig. 2).
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in severe asthmatic children was not related to
an improvement in pulmonary function, Later
on, Robinson et al. (1992)'® announced that
significant aerobic improvement with training
was not associated with changes in the use of
medications,  symptoms  or  bronchial
responsiveness to histamine.

Physical training programs, designed for
asthmatic patients, aim at improving physical
fitness, neuromuscular co-ordination and self
confidence™'?, When the patient performed a
slow inspiration and an inspiratory hold, using
the incentive spirometer, the well ventilated
alveoli would donate air to the under-
ventilated alveoli (whose small airways are
plugged with mucus), through pores of Kohn.
In addition, the inspiratory hold for 3 seconds
is helpful to allow for better collateral
ventilation  to Consequently,
breathlessness and the possibility of provoking
exercise-induced asthma will be reduced.
Exercise training may also reduce the
perception of breathlessness through other
mechanisms  including ‘strengthening of
respiratory muscles™!!.

The results of the present study were
also coincide with the results of Girodo et al.,’
who reduced the incidence of pulmonary
complication when incentive spirometer was
used three times / day. Further study was done
by Satta (2000)"°, who found an increase in
vital capacity after training with incentive
spirometery for asthmatic children. Few other
studies found no difference in pulmonary
complications or outcome when using
incentive spirometer”'’.

The improvement may be due to
increased expansion and mobility of the chest
and aeration of collapsed alveoli due to
removal of secretions, allowing for collateral
ventilation to occur. The improvement which
was recorded may be attributed to the ability
of the patient to clear his air ways, which

63

abolished the reflex spasm after the training
'with the incentive spirometer™?’.

A possible mechanism is that any
increase in the regular physical activity
increases the aerobic fitness. In turn, this will
rise the ventilatory threshold, thereby lowering
the minute ventilation during mild and

. 1
moderate exercises™'®,

CONCLUSION

From the results of this study and other
related studies, it can be concluded that the
incentive spirometer may represent an
effective and safe additional modality to be
utilized in the prevention of pulmonary
complications.
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