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Abstract: Diaphragmatic dysfunction is a major factor in the etiology of postoperative pulmonary complications
after lung decortications. This study was designed to compare between the effect of inspiratory muscle training
versus aerobic training on pulmonary functions post thoracotomy on diaphragmatic excursion. Thirty patients
of both sexes, second day post lung decortication surgery participated in this study. Their ages ranged from
20-50 years old. Patients were assigned randomly into two equal groups in number. All patients in each group
were received 12 sessions of treatment, 6 sessions each week, Group (I) consisted of 15 patients would receive
inspiratory muscle training (IMT) in addition to conventional chest physiotherapy, Group (II) consisted of 15
patients received aerobic training (AT) in addition to conventional chest physiotherapy. Diaphragmatic
excursion was measured for each patient pre and post the study (2 weeks). Results showed that the
diaphragmatic excursion of group I pre treatment was 2.2+0.26 cm and post treatment was 3.51+0.33 cm with a
percentage improvement (increase) of 59.54%, while the diaphragmatic excursion of group II pre treatment was
2.240.26 cm and post treatment was 3.944+0.28 cm with a percentage of improvement (increase) of 79.09%. It
was concluded that both IMT and AT effectively increase the diaphragmatic excursion which lead to decrease
the work of breathing. So, these programs should be considered in rehabilitation of patients underwent lung
decortications surgery.
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INTRODUCTION

Thoracotomy is a common surgical procedure.
The indications for thoracotomy are wide including the
management of mediastinal and bronchogenic carcinoma,
chest trauma, empyema, recurrent pneumothorax etc [1].

Decortication is done to remove the lining of the
pleural cavity, called the pleura, when this lining becomes
thick and inelastic, restricting lung expansion. It is also
done to remove tumors in the pleura [2]. The goals of the
operation are to reexpand the lung and fix the problems
affecting the pleural space to improve lung function [3].
Decortication may be necessary to help patients with
pleurisy, empyema, fibrothorax and mesothelioma [4].

Respiratory muscle function and strength after
thoracic surgery may be affected directly by damage to
the muscle itself or to the nerves as a consequence of the
incision, or indirectly as a result of changes in the

mechanics of the respiratory system. Distortion of chest
wall configuration may reduce the chest wall compliance
and increase the work of breathing leading to a decrease
in the mechanical efficiency of the respiratory muscles.
The efficiency of the respiratory muscles may be further
reduced by a decrease in lung compliance due to
atelectasis [5].

Thoracic surgery may cause reduced respiratory
function with associated increased risk of mortality. The
risk of postoperative pulmonary complications is
relatively high following thoracic surgery. major thoracic
surgical procedures, such as thoracotomy, may lead to
severe depression of pulmonary function through
atelectasis, secretion retention, altered chest wall
mechanics and abnormal breathing pattern [6].

Postoperative complications have been reported to
be as high as 30% for thoracotomy and lung decortication
in patients with chronic obstructive pulmonary disease.
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Most of the complications are due to respiratory muscle
dysfunction and surgery-related changes in chest wall
mechanics. In general, preoperative optimisation of
medical therapy combined with chest physiotherapy and
early extubation and mobilisation may improve clinical
outcomes in high-risk surgeries, including upper
abdominal and thoracic surgery in patients with severe
emphysema [7].

Like other skeletal muscle, the rationale for
inspiratory muscle training is that increase the endurance
or strength of the respiratory muscles can reduce the
severity of dyspnea, improve clinical outcomes and
enhance the ability of individuals to perform daily
activities [8].

Diaphragmatic excursion is the movement of the
diaphragm during breathing. It is the difference between
the end maximum inspiration and the end maximum
expiration[9]. Its reduction was the main determinant of
respiratory function impairement [10].

Ultrasonography is used to investigate the changes
in diaphragmatic excursion. It has many advantages
including portability, visualization of structures of the
thoracic bases and upper abdomen, lack of ionizing
radiation and the ability to quantify diaphragmatic motion
[11].

Inspiratory muscle training for three weeks in post-
operative thoracotomy can significantly improve the
ventilatory function and decreased the duration of post-
operative hospitalization which may be due to
improvement of diaphragm strength in addition to
improvement of mechanics of breathing for this group of
patients [12].

The respiratory system responds to aerobic training
(AT) by the immediate increase in the pulmonary
ventilation, largely through stimulation of the respiratory
centers in the brain stem from the motor cortex and
through feedback from the proprioceptors in the muscles
and joints of the active limbs [13].

The current work aimed to compare the efficacy of
inspiratory muscle training versus aerobic training on
diaphragmatic excursion post lung decortications.

MATERIAL AND METHODS

Subjects: Thirty subjects of both sexes (17 males and 13
females) with the mean age of 33.849.11 years and body
mass index (BMI) of 24.05+2.54 kg/m? of second day after
thoracotomy surgery were included in the study. The
study was applied in El-kasr al ainy Hospital-
Cardiothoracic Department.
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Inclusion Criteria: Patients participated in the current

study have met the following criteria:

*  Underwent unilateral pleural decortication surgery.

« All patients post open technique of pleural
decortication surgery.

*  All patients had posterolateral incision approach.

« All patients had two chest tube placement
(anterior,posterior) intraoperative.

«  All patient sufferd from decrease in diaphragmatic
muscle strength and depression in pulmonary
ventilation post lung decortication.

Exclusion Criteria: Patients were excluded from the study

if they had any of the following criteria:

*  Anymedical condition that had been contraindicated
to exercise ( eg. General myopathy, osteoarthritis
knee,hip and bone deformity in spine and lower limb).

« Unwilling to participate in the exercise program as
defined by the protocol.

¢« Uncontrolled  hypertension,
psychiatric condition.

«  Cognitive dysfunction.

*  Addict patients.

*  Heavy smoker patients ( above 20 c/d).

cardiac  illness,

All the participants included underwent thoracotomy
surgery (lung decortication). They suffered from
decreasing in diaphragmatic excursion after thoracotomy.
Whereas subjects with any other medical condition that
had been contraindicated to exercise (e.g. General
myopathy, osteoarthritis knee, hip and bone deformity in
spine and lower limb ), Uncontrolled hypertension, cardiac
illness, psychiatric condition or addict patients were
excluded from the study. This study was reviewed and
was approved by the Ethics Committee of Faculty of
Physical therapy, Cairo University.

Material and Procedures

Evaluatinon Equipment

Ultraosnography: (Thoracic Ultrasound): Siemens
SONOLINE G60 Ultrasound Machine,Germany), For
measurement of diaphragmatic excursion.

Height and Weight Scale: (Seca Apparatus, Made in
China): It was used to measure the height and the weight
of the patient.

Training Equipment

Threshold Inspiratory Muscle Training: (Hs730Eu-
010/USA) Threshold IMT, applies resistance (weight)
training to the inspiratory muscles in order to increase
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the inspiratory muscle strength. The Threshold trainer
is a small hand held device supplied by Respironics.
It includes a mouthpiece and a calibrated springloaded
valve. The valve controls a constant inspiratory pressure
training load and the patient must generate the inspiratory
pressure in order for the inspiratory valve to open and
allow inhalation of air. The valve is calibrated and can be
adjusted according to a percentage of the patient’s
maximum inspiratory pressure (PI max)[14].

Stationary Bicycle Ergometer: stationary bicycle
supplied with adjustable electronic digital heart rate
monitor used for aerobic exercises,Stop watch to adjust
the time for each exercise phase (warming up, active phase
and cooling down phase).

Procedures of the Study

Evaluative Procedures

»  Each patient had full explanation of the objectives of
the study, demonstration on equipments and
procedures. Those patients who agreed to participate
in the study would be signed an informed consent
for participation.

« Data concerning each patient characteristics had
collected in the first session including age, height,
weight and BMI.

»  Diaphragmatic excursion would be measured pre and
post the study program for each patient.

*  (Calibration of instruments would be performed before
each session.

Treatment Procedure: Subjects who met the inclusion
criteria were randomly assigned into two groups as I and
IT (n=15) subjects in each group. Both groups performed
conventional chest physiotherapy. Group I received IMT
(threshold inspiratory muscle training device) and group
II received AT (bicycle ergometer).

Each patient in group I received inspiratory muscle
training (IMT) in addition to conventional chest
physiotherapy. IMT starting resistance equal to 30% of
their maximal inspiratory pressure (MIP), duration 30
minutes/ day, was divided into two session 15 minute
each one performed at (morning / evening). The resistance
had been increased incrementally based on the rate of
perceived exertion (RPE) scored by the patient on the
Borg Scale [15]. Each patient in-group (II): received
aerobic training program in addition to conventional chest
physiotherapy. They participated in an established
moderate intensity aerobic exercise program on stationary
ergometer bicycle at 60-70% of HR ,,,. and in regarding to
moderate work load at score 12-14 on Borg scale for rate
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of perceived exertion(RPE) (According to Borg scale) [16]
for 30 minutes / session, 6 session/ week for two weeks
with total 12 sessions. The session was consisted of
warming up 5 minutes, active training phase 20 minutes
and cooling down 5 minutes [17].

Diaphragmatic  excursion was measured by
ultrasound device at a lower frequency transducer 1-3
MHz (greater depth and Less spatial resolution) and M
mode to measure excursion of the diaphragm (greater
posteriorly than anteriorly, greater laterally than medially)
at 2" day post-operative and after the program (2 weeks)
[18, 19].

Statistical Procedures: For the statistical analysis of the
data, Descriptive statistics and t-test for comparison of
the mean age, weight, height and BMI between both
groups (I and IT), Dependent and independent t-tests were
used to determine the differences in mean values of
diaphragmatic excursion,the level of significance for all
statistical tests was set at p < 0.05, All statistical measures
were performed through the statistical package for social
studies (SPSS) version 19 for windows.

RESULTS

Results of Demographic Data in Both Groups: A total of
30 patients underwent lung decortication surgery
participated in this study. The mean values of the
patients’ age, body weight, height and body mass index
(BMI), in each group is detailed in Table 1. Paired t-test
for the two groups revealed that there is no significant
difference between the groups in age (p=0.65), body
weight (p=0.62), height (p=0.73), BMI (p=0.56). This
indicates that the two groups are matched in age, body
weight, height and BMI.

Frequency Distribution of Sex in Group I and II: The sex
distribution of group I revealed that there were 6 female
with reported percentage of 40% and 9 male with reported
percentage of 60%. The sex distribution of group II
revealed that there were 7 female with reported percentage
of 47% and 8 male with reported percentage of 53% as
shown in Table (2).

Results of Diaphragmatic Excursion: Multiple pairwise
comparison showed that there was no significant
difference in the mean values of diaphragmatic excursion
pre treatment between group I and group II (p = 0.96).
However, there was a significant increase in the mean
values of the diaphragmatic excursion post treatment in
the group II compared with group I (p = 0.001) Table (3).
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Table 1: Demographic data for patients in both groups (I, II).

Group I Group IT
%+SD %+SD MD t- value p-value Sig
Age (years) 33.849.11 35.13+6.7 -1.33 -0.45 0.65 NS
Weight (kg) 75.46+5.98 76.33+£3.14 -0.87 -0.49 0.62 NS
Height (cm) 177.4+6 176.66+5.93 0.74 0.33 0.73 NS
BMI (kg/m?) 24.05+2.54 24.51+1.61 -0.46 -0.59 0.56 NS
%: Mean SD: Standard Deviation MD: Mean difference
t value: Unpaired t value p value: Probability value NS: Non significant
Table 2: The frequency distribution of sex in group I and II:
Group I Group IT
Female Male Female Male
No. 6 (40%) 9 (60%) 7 (47%) 8 (53%)
Total 15 (100%) 15 (100%)
Table 3: Mean values of diaphragmatic excursion pre and post treatment of group I and II:
Diaphragmatic excursion (cm)
Group I Group IT
=+£SD #+SD
Pre Post Pre Post
2.2+0.26 3.51+0.33 2.240.26 3.94+0.28
Two way mixed MANOVA
Within group comparison (effect of time)
F=4582.89 p=0.0001
Between group (effect of treatment)
F=422 p=0.04
Interaction effect (time* treatment)
F=9271 p=0.0001
Multiple pairwise comparison (bonferroni correction)
MD p-value Sig
Pre vs Post Group I -1.31 0.0001 S
Group II -1.74 0.0001 S
Group I vs Group II Pre treatment 0 0.96 NS
Post treatment -0.43 0.001 S

%: Mean

p value: Probability value

Interaction Effect: There was a significant interaction
between time and treatment effect (p = 0.0001) Table (3).

DISCUSSION

Postoperative  pulmonary complications (PPC)
present high rates of morbidity, mortality, increase
hospital costs and prolonged hospital stay predominantly
in cardiac, thoracic and abdominal surgery. The incidence
of PPC varies according to the previous diagnosis of the
candidates for surgery, the incidence rates vary
dramatically, ranging from 3 to 42%, pulmonary

SD: Standard Deviation
S: Significant
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MD: Mean difference
NS: Non significant

complications is relatively high following thoracic
surgery, rates have been recorded at between 18 and 61%,
compared with only 16 and 17% for upper abdominal
surgery and 0% and 5% for lower abdominal surgery
[20].

This study was conducted to determine the response
of diaphragmatic excursion after application of inspiratory
muscle training versus aerobic exercise for patients
undergoing lung decortication. There was a significant
increase in diaphragmatic excursion with a percentage of
improvement (increase) of 59.54 and 79.09% in group (I)
compared to group (II) respectively.
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Our result was in agreement with Valkenet ef al. [21]
who stated that preoperative respiratory muscle training
may prevent postoperative pulmonary complications by

increasing inspiratory muscle strength in patients
undergoing thoracic surgery.
In continuation, Kulkarni et al [22] have

demonstrated that inspiratory muscle training for two
weeks before upper abdominal surgery increased
inspiratory muscle strength.

In contrast, there are other studies conducted by Ora
et al. [23] in which the authors used a 3—4 week IMT with
a training load of 60-80% of the maximum voluntary
ventilation in obese individuals. Although the authors did
not observe significant changes in inspiratory muscle
strength, there was a significant increase in maximum
voluntary ventilation in the group that performed the
experimental protocol. their training was comparable with
that of the present study, however, differences existed in
frequency six versus three session per week.

Savci et al. [24] found that a non-intensive 4-week
training programme of resistive breathing in patients
undergoing coronary artery bypass graft surgery led to an
increase in exercise capacity and a decrease in dyspnoea
when assessed by symptom limited exercise testing. these
changes were associated with significant increases in the
velocity of diaphragmatic excursions during quiet
breathing and sniffing.

This results come in agreement with Adamo et al. [25]
who reported that the ventilatory muscles receive a
training stimulus from whole-body aerobic exercise. It was
found that increased inspiratory and expiratory muscle
strength increased respectively by 12 and 13% and
diaphragm excursion increased by 11%.

Also, Elaine et al. [26] found that greater structural
dimensions of the diaphragm (thickness, internal diameter
and cross-sectional area) and excursion improvement were
shown in aerobic -trained individuals relative to controls.

The findings on diaphragmatic excursion are
supported also by Paulin et al. [27] who reported that
IMT alone and IMT in conjunction with a general exercise
program, significantly improves diaphragmatic thickness
and excursion.

CONCLUSION

The findings of this study demonstrated that a
program of IMT or AE in post lung decortications
patients for two weeks revealed significant improvement
in the diaphragmatic excursion while, aerobic trainning
lead to more improvement (increase). So, both types of
training are safe and can be used in rehabilitation of
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patients underwent lung decortications and thoracic
surgery rehabilitation programmes.
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