American Journal of Research Communication www.usa-journals.com

Efficacy of 12-week Pulmonary Rehabilitation Program on Exercise
Capacity of Burned Children: A Randomized Control Study

Amal. M. Abd El Baky'?, Sahar. M. Adel®

Physical Therapy Department for Surgery Faculty of Physical Therapy, Cairo University,
Giza, Egypt'. Collage of Applied Medical Science (CAMS)- Majmaah University, Kingdom
of Saudi Arabia®. Physical Therapy Department of Basic Science, Faculty of Physical
Therapy, Cairo University, Giza, Egypt’®

Corresponding author: Amal. M. Abd El Baky, E-mail: a.abdeibaky@mu.edu.sa,
amalabaky@yahoo.com, PO box 66Almajmaa 11952, KSA, Tel: 00966595702464

Abstract

The purpose of this study was to evaluate the therapeutic efficacy of 12 weeks of
pulmonary rehabilitation program with a treadmill on exercise capacity of burned children
measured by maximum oxygen consumption (VO2zmax). Methods: thirty children from both
sexes with healed partial thickness thermal burns participated in this study one month after
being discharged from hospital. The patients’ age ranged from 7-17 years with total body
surface area (TBSA) of 20-40 %. Patients were randomized to either group A (control) who
received their traditional physical therapy program, or group B (pulmonary rehabilitation
group) who received in addition to traditional physical therapy program a pulmonary
rehabilitation program in the form of aerobic exercises on a treadmill. The treatment was
continued for 12 weeks at the frequency of 3 times per week. VOzmax and treadmill time were
measured before treatment and after 12 weeks after treatment. Results: there were significant
differences between the groups. VOzmax and treadmill time improvements for groups A and B
were 26.9%, 25.6% and 58.6%, 60.5% respectively. Conclusion: adding aerobic exercises to
traditional rehabilitation program is more effective in improving exercise capacity of burned
children rather than performing traditional rehabilitation program alone, which accelerates

the return of the children to their schools and perform their daily living activities.
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1. INTRODUCTION

Burns have a catastrophic impact in terms of loss of human life, suffering, disability,
and financial loss (Edlich et.al.,2010). Severe burns represent a major physical and
psychological event in a child's life. Progress in the treatment of burns, such as fluid
resuscitation, early burn wound excision, new antibiotics, and nutritional support has reduced
burn mortality (Przkora et al., 2005). Burned children living beyond the acute phase of injury
often have extensive physical functional limitations (Suman et al., 2002). In addition they
suffer from a decrease in pulmonary function, marked prolonged skeletal muscle weakness
and low physical and functional capacity (exercise capacity), which are major obstacles
preventing the burn victim from returning to school and performing daily living activities
(Suman et al., 2001; Dasu et.al., 2004; Willis et.al., 2011).

The majority of existing rehabilitation programs were designed focusing on short term
outcomes. They emphasize relief of scar contractures and generally do not incorporate a
quantifiable exercise prescribed to increase musculoskeletal strength and functional outcome
(Cucuzzo, 2001). Such reduction in exercise capacity of burned patients indicates a need for
rehabilitative interventions that improve physical function and performance (Suman et al.,
2002).

Pulmonary rehabilitation is a multidisciplinary program for patients with respiratory
disease. Potential benefits include reduced symptoms, improved exercise tolerance and
quality of life. It varies widely in duration, frequency and structure as well as the nature of
health care professionals involved (Rochester, 2000). The exercise session lasts from 20- 90
minutes and therapy duration ranges from 6 to 12 weeks with 2 or 3 sessions/week (Reina-
Rosenbaum, 1997). Some programs routinely include upper extremity exercises such as
pulley weights and arm ergometry, and exercise training to lower extremities such as floor or
treadmill walking, bicycling ergometry or stair climbing, they may include also breathing
retraining such as diaphragmatic breathing and pursed lip breathing (Rochester, 2000) .

Aerobic exercises are considered an important component of pulmonary rehabilitation

programs as they improve the patient’s functional status and if the intensity of training is
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adequate, they result in a physiological training effect in patients with pulmonary
dysfunctions (Larson et.al., 1999; Cheng et.al., 2003). Aerobic exercise is any activity that
uses large muscle groups which overloads the heart and the lungs and causes them to work
harder than at rest for a period of 15 to 20 minutes or longer while maintaining during 60-
80% of this period maximum heart rate (Panton et al., 2004). Randomized controlled trials
have demonstrated consistently that lower limb training of several types increases exercise
capacity (Rochester, 2003). The motorized treadmill is the most common device used in
pulmonary rehabilitation programs (Cucuzzo et.al., 2001).

VO:2max IS the gold standard measurement of cardiovascular fitness. It provides an
objective and reproducible assessment of patient’s functional capacity or exercise capacity
(Opasich et al., 2002).

Therefore the aim of this study was to evaluate the therapeutic efficiency of aerobic
exercise using treadmill on the burned children’s exercise capacity. As these results may help
in planning a physical therapy program, which enhances the improvement of exercise

capacity of burned children.

2. MATERIAL AND METHODS

2.1. Subjects:

Thirty children from both sexes and of age 7-17 years with healed partial thickness
thermal burn injuries of 20- 40% TBSA were included in this study one month after their
discharge from hospital. The patients were selected from teaching hospitals in Cairo, Egypt.
The study was conducted in the out clinic of the Faculty of Physical Therapy, Cairo
University. The faculty’s Human Research Committee approved this study and written
informed consents were obtained from the parents of all participants prior to their
involvement. Patients were excluded from the study if they had one or more of the following:
leg amputation, limitation of range of motion (ROM) of lower limb joints, anoxic brain
injury, psychological or severe behaviour disorders (Suman et al., 2002). Patients were
randomized into two equal groups; group A (control group) received traditional physical
therapy program only (activities of daily living ‘ADL’, stretching, strengthening, and
breathing exercises) three times per week for 12 weeks, and group B (pulmonary

rehabilitation group) who received pulmonary rehabilitation program inform of aerobic
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exercise using a treadmill in addition to their physical therapy traditional program three times

per week for 12 weeks.

2.2. Measurement procedures:

Zan-680 Ergospiro “Ergospirometry System” was used to measure patients’ exercise
capacity (VOazmax) and treadmill time in both groups, before and at the end of conducting
treatment period (12 weeks). A treadmill exercise test was done by following the Modified
Bruce protocol as shown in (Table 1). The mask was fixed by straps then the triple V. tube
was connected to the mask. The starting speed and angle of elevation were 1.7 miles/ hour
and 0% respectively; they were subsequently increased every 3 minutes. Patients were
constantly encouraged to complete 3 minutes for each stage and the test was terminated once
the peak volitional effort was achieved (Suman et al., 2002; Suman et al., 2001). The patients
were instructed not to tightly grasp the side rails of the treadmill since this leads to decrease

VO2max and increases the time of exercise (Fletcher et al., 2001).

Table 1.The Modified Bruce protocol for treadmill exercise testing

Duration of interval Treadmill speed Grade of elevation

(minutes) (miles/hour) (%)
3 1.7 0
3 1.7 5
3 1.7 10
3 2.5 12
3 3.4 14
3 4.2 16
3 5 18
3 5.5 20
3 6.0 22
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2.3. Treatment procedures

Treatment was started one month after the patients’ discharge from hospital for 12
weeks for both groups. RAM model 770 CF electronic treadmill was used for exercising
group B at a rate of 3 sessions/week, each session was lasting from 20-40 minutes. The
participant exercised at 70-85% of his previously determined individual VOzmax (Suman et.al.
,2002). Treadmill running exercises at a moderate pace began and ended with warming-up
and cooling-down periods in the form of walking on the treadmill for about 3-5 minutes at
speed 1- 1.5 kilometre/hour with zero inclination. With cooling down the speed was
gradually decreased until reaching to zero (Perna et.al.,1999; San Juan et.al.,2007).
Traditional physical therapy program for both groups was in the form of stretching and
strengthening exercises of all involved areas in addition to diaphragmatic breathing exercises

while activities of daily living were performed daily.

2.4. Data analysis

Student’s t-test was used to compare pre and post- treatment program VO;max and treadmill
time values within each group. Paired t-test was used to compare both groups. P-value < 0.05
was considered statistically significant. Statistical analyses were performed with Statistical

Package for Social Science (SPSS Inc., Chicago, Illinois), version 17 for Windows.

3. RESULTS

3.1. Patients’ demographic data:

Table 2 shows patients’ demographic data, and it demonstrates that there were no
significant differences between both groups regarding the patients’ age, weight , height and
TBSA.

Table 2. Patients demographic data

Variables Groups
Group (A) Group (B)
Age(years) 12.5+3.1 11.4+3.02
Weight (Kg) 38.2+6.55 37.9+6.33
Height (cm) 137.949.2 135.74£10.9
TBSA(%) 32.8946.56 29.4545.11
Gender (M/F) 9/6 7/8
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3.2. Results of control group (group A):
The mean values and standard deviations of VO,nax and treadmill time for the control
group before and after treatment showed that there were significant improvements in the

patients’ VOomax and treadmill time with P value <0.05 and with 26.9% and 25.6%
improvement respectively (Table 3).

Table 3. The statistical analysis of mean differences of VOzmax, and treadmill time pre
and post treatment (after 12 weeks) for control group

Statistical value VO2max Time
(mL/Kg/ min) (minute)
Pre Post Pre Post
X+SD 18.98+4.12 24.1+4.21 11.22+1.61 14.1+1.23
t- value 24.3 -10.1
% of improvement 26.9% 25.6%
P- value <0.05

3.3. Results of pulmonary rehabilitation group (group B):

The mean values and standard deviation are represented in table 4 and showed
highly significant improvements in the patients’ VOzmax and treadmill time after pulmonary
rehabilitation for 12 weeks with 58.6% and 60.5% improvement respectively.

Table 4. The statistical analysis of mean differences of VO,max and treadmill time pre

and post treatment (after 12 weeks) for pulmonary rehabilitation group

Statistical value VOzmax Time
(mL/Kg/ min) (minute)
Pre Post Pre Post
X+SD 17.9+4.2 28.4+3.2 10.94+1.72 17.56%1.65
t- value 18.56 -18.88
% of improvement 58.6% 60.5%
P- value 0.0001
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3.4. Comparative Analysis of VO,max and treadmill time between both groups of the
study:

Figure 1 shows the mean values of patients” VO, max and treadmill time for groups A
and B at the beginning of the study .The mean values were 18.98+4.12, 17.9+4.2 and
11.22+1.61, 10.94+1.72 respectively. The results represented that, there were no significant
differences between both groups for VO, nax and treadmill time with P value =0.34 and 0.71

respectively.

18.98
7.9 B Group A M GroupB
15
10
5
0
VO2max Treadmill time
(mL/Kg/min) (min)

Figure 1. The mean value of VO,max and treadmill time at the beginning of study for
both groups.

After 12 weeks from the beginning of the study (post treatment ) the results showed
that there were significance differences regarding the patients’ VO, max and treadmill time
between both groups with P value = 0.001.The mean values for group A and B were
24.1+4.21, 14.1+1.23 and 28.4+3.2, 17.56+1.65 respectively (Figure 2).
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Figure 2. The mean value of VO;max and treadmill time at post treatment for both
groups (after 12 weeks).

4. DISSCUSION

The results of the current study pointed out that (1) there was reduction in the burned
children exercise capacity represented by reduction in the VO omax and treadmill time. This
finding is supported by the results achieved by (Mlcak et.al., 1995), who reported abnormal
cardiopulmonary functions in a patient survived after thermal injury, in addition to (Suman
et.al., 2002; Abd EI Baky et.al., 2006; willis et.al., 2011), who documented that there were
deteriorations in both pulmonary function and exercise capacity resulting from burn injury, in
addition our results showed that (2) there were improvement in the burned children exercise
capacity and treadmill time after 12 weeks of pulmonary rehabilitation program in the form
of aerobic exercise to the lower limbs using electronic treadmill.

There is a large body of literature supports the effectiveness of pulmonary
rehabilitation program especially lower limb aerobic exercise; it is reported that an exercise
training program consisted of aerobic exercise of 30-40 minutes duration for 59 patients
suffering from obstructive pulmonary disease significantly improved the patient’s peak

exercise oxygen consumption (exercise capacity), and work output (Carter et.al.,1988).
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Brdareski et.al.,2012 showed that, training involvement two times a week moderate intensity
for 15 minutes is enough to achieve some improvement in aerobic capacity. Moreover,
improvements in VO,max and treadmill time were demonstrated following the application of
moderate to high intensity aerobic exercise (Punzal et.al.,1991). In addition (Ortega et.al.,
2002; Rhoades and Tanner, 2003) concluded that aerobic exercise resulted in improvements
in exercise capacity, treadmill time and dyspnea of patients with varying degree of
obstruction who experienced low VO,max. Significant increase in patient’s exercise capacity,

forced vital capacity (FVC), and forced expiratory volume after 1 second (FEV,) were

achieved by the application of pulmonary rehabilitation program consisted of 10 minutes
warm up, 25 minutes aerobic exercise and 10 minutes cool down (Finnerty et.al.,2001).
(Suman et al, 2002) succeeded to conclude that children with thermal injury also benefit from
exercise training, which was evidenced by increase in pulmonary function (PF) and exercise
capacity.

It is reported that running, bicycling and other forms of aerobic exercise provide a
sufficient stimulus to improve cardio-respiratory function (Porcari et.al.,2002). Similar
findings were also supported by (Normandin et.al., 2002; and Rochester 2003), who showed
improvement in PF and exercise capacity of patients with obstructive disease.

Several studies had shown that leg exercise program benefits patients with lung
disease. Peripheral muscle training on treadmill has proven to be a valid tool for improving
symptoms of dyspnea, quality of life, and capacity for exercise in patients with chronic
obstructive pulmonary disease (COPD) (Ruiz de Ofa Lacasta et.al., 2004). (Janos et.al.,
2005) concluded that, lower extremity training for 8 weeks caused improvement in exercise
capacity and dyspnea reduction measured with Modified Borg Scale.

Improvement in the VO,max may be due to an increase in the blood flow to the active
muscle mass because of an increase in maximal cardiac output and the changes within muscle
also contribute to this increase, primarily the increases in capillarization, myoglobin and
oxidative enzyme activity (Bouchard et.al.,1999). In addition, it was suggested that the
significant increase in VOzmax might be related -in part- to the effect of aerobic exercise that
improves the respiratory function and - on the other hand- to an increase in the stroke volume
of the heart by the effect of regular exercise. These respiratory adaptations facilitate oxygen
supply to tissues and add further evidence to the improvement of respiratory fitness (Carsten
et.al., 2004). Recently (Kolt and Snyder-Mackler, 2007) concluded that The mechanism
underlying improvement in VO,max after aerobic training may be attributed to improved
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central adaptations (increased heart rate and stroke volume at maximal exercise would
produce elevated cardiac output) along with peripheral adaptations (improved cardiac output
redistribution, improved endothelial function, increased capacity of the muscle to extract
oxygen owing to an increase in capillary density). Additional benefits of increased capillary
density include decreased diffusion distance, and increased red blood cell transit time,
providing enough time for oxygen diffusion which is facilitated by the increase in the number
of mitochondria that increase the surface area for oxidation. Also, temperature elevation and
decreased pH in the active muscle facilitate oxygen unloading from haemoglobin. The
combined effects of increased capillarity and enhanced oxygen unloading result in an
increase in the arteriovenous oxygen difference . Current theory states that, the increases in
the arteriovenous oxygen difference and increases in cardiac output contribute equally to the
increased VO2max Observed after aerobic training.

The results of this study and previous studies prompt us to conclude that addition of
aerobic exercise to the traditional rehabilitation program is effective means for improving
burned children exercise capacity rather than application of the traditional rehabilitation

program alone.
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