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| ABSTRACT |

The respiratory muscles constitute a complex pump system. Breathing under all circumstances
requires a coordination of different respiratory muscles. The most important inspiratory muscle is
the diaphragm. The diaphragm is the inspiratory muscle most shortened during hyperinflation,
which is inevitable consequence of severe obstructive airway diseases. It maintains a constant
volume and increases its circumference minimally as it shortens. Assessment of diaphragm function
can be carried out by the use of ultrasonography through measurement of its thickness and motility
(excursion). Short term exercise training for the diaphragm has been found to improve physical
fitness and to result in a decrease in the number of asthma attacks, emergency room visits, and
hospitalization The aim of this study was to evaluate the diaphragm thickness and motility in
asthmatic children and those with chronic lung diseases and also to assess the effect of a specific
training program for the diaphragm “diaphragm strengthening exercise” on those patients. The
work included 52 children, divided into three groups: (BA) group comprised 32 children with
bronchial asthma, with ages ranged from 6-13 years. (CLD) group comprised 20 children with
various causes of chronic lung disease (CLD) with ages range from 6-11 years and control group
comprised of 12 healthy children were used as a control, with ages ranged from 5-10 years. All
studied groups were subjected to clinical examination for assessment of clinical severity, plain X-
ray chest, spirometric pulmonary function tests and ultrasonographic assessment of diaphragm
thickness and excursion (motility). The patients were subjected to a special program of physical
training for the diaphragm “diaphragm strengthening exercise”, twice per week for 3 months.
Reassessment after the exercise program showed a statistically significant lower values of all
spirometric pulmonary functions (FEV 1, FVC, FEV%, PEF25-75% SVC ad MVV) in asthmatic
patients and in those with CLD compared to control (P<0.05). Also diaphragmatic thickness by
ultrasonography revealed less thickener diaphragm in both asthmatics (9.28+1.88 mm) and
children with CLD (9.32+1.79 mm) compared to control values (10.41+1.31 mm). Assessment of
diaphragmatic excursion or motility by ultrasonography revealed less mobile diaphragm in
asthmatics (11.06+£3.82) and in those with CLD (10.05£2.23 mm) compared to control values
(12.05+2.23 mm). There was no statistical significant difference between asthmatics and patients
with CLD as regards diaphragm thickness and motility. Also there was an improvement of asthma
scoring and asthma severity. In conclusion, diaphragmatic training programs may be of value in
improving symptoms and severity of patient with asthma and CLD through its effect on
diaphragmatic thickness and motility.
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INTRODUCTION |

he respiratory muscles are skeletal

muscles, and in essence their

structural and functional properties

are within the range of other skeletal
muscles located in the limbs. Adaptations to
their specific function, however, make them
distinctly different from other skeletal muscles
in a number of respects. First, limb muscles
are  essentially designed to produce
movements. And hence, primarily work
against inertial loads. Respiratory muscles
mainly have to overcome resistive and elastic
loads. Second, peripheral muscles contract
rhythmically  during movements, while
respiratory muscles contract rhythmically and
continuously, and they are the only skeletal
muscles on which life depends®.

The respiratory muscles constitute a
complex pump system. Breathing under all
circumstances requires a coordination of
different respiratory muscles. The most
important inspiratory muscle is the diaphragm.

These vital muscles thus have to be well
equipped to sustain continuous rhythmic
contraction. These adaptations include high
fatigue resistance, high oxidative capacity,
greater capillary density, and greater maximal
blood flow, and they depend upon structural
and functional properties of the muscles>®.

In patients with chronic lung diseases,
the inspiratory muscles are faced with an
increased loads. Airflow obstruction increases
resistive  work and the  developed
hyperinflation creates a threshold load that
needs to be overcome with each breath®®,

The diaphragm is the inspiratory muscle
most shortened during hyperinflation, which is
inevitable consequence of severe obstructive
airway diseases. It maintains a constant
volume and increases its circumference

minimally as it shortens. Assessment of
diaphragm function can be carried out by the
use of ultrasonography through measurement
of its thickness and motility (excursion)™.

Short term exercise training for the
diaphragm have been found to improve
physical fitness and to result in a decrease in
the number of asthma attacks, emergency
room visits, hospitalization and days of
absence from school. Also a significant
improvements in lung function values and in
asthma symptoms and CLD patients may
occur'®.

Aim of the study

The aim of this study was to evaluate the
diaphragm thickness and motility in asthmatic
children and those with chronic lung disease
and also to assess the effect of a specific
training program for the diaphragm
“diaphragm strengthening exercise” on those
patients.

\ SUBJECTS AND METHODS \

The study was conducted on 52 children
attending the Outpatient Chest Clinic of
Pediatrics Hospital, Ain Shams University and
they were divided into two groups and were
compared with a 12 healthy child consisted the
control group:

Bronchial asthma group (BA):

32 children with bronchial asthma (18
males and 14 females), their mean age was
(9.44+2.71 years) and their mean duration of
illness was (6+£3.08 years). They were
classified according to GINA guidelines
(2002) into mild persistent asthma (20 cases)
(62.5%) and moderate persistent asthma (12
cases) (37.5%).

Chronic lung disease group (CLD):
20 children with various causes of
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chronic lung diseases: 8 patients with
bronchiectasis  (40%), 8 patients with
interstitial fibrosis (40%) and 4 patients with
cystic fibrosis (20%), all patients were males,
their mean age was (8.4+2.37 years) and their
mean duration of illness was (5.4+6.2 years).
A third group of 12 healthy children, age
and sex matched with the studied groups was
selected as a control group. They were 7 males

(58.3%) and 5 females (41.7%), their mean

age was (7.5+1.88 years). All three groups

were subjected to:

1. Thorough history and clinical examination

laying stress on clinical severity

assessment by Modified GINA Guidelines

(2002), daily medication score and

symptom score or patients with asthma.

Plain X-ray chest.

3. Spirometric pulmonary function tests, by
the use of MIR Spirobank equipment in
Outpatient Chest Clinic, Pediatric Hospital,
Ain Shams University.

4. Ultrasonographic assessment of
diaphragmatic thickness and excursion by
the use of a high frequency probes (5-7.5
MHz) to observe the diaphragm at the zone
of apposition (ZOA) which is that part of
diaphragm in contact with lateral chest
wall below the inferior border of the
costophrenic sinus, as the following:

a. Patient lies in supine and the transducer is
aligned parallel to the midline.

b. A picture of the liver and diaphragm is
taken in full inspiration and then in full
expiration from the same point.

c. A line is drown between the angle of the

no
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picture and the dome of the diaphragm in
both sides in full inspiration and full
expiration.

d. The difference between both points is
considered the diaphragmatic excursion
and the “thickness” of the diaphragm is
measured directly.

5. Patients were subjected to a special
program of physical training for the
diaphragm  “diaphragm  strengthening
exercise”, twice per week for 3 months.
This exercise was done for diaphragm
through abdominal weights in the
following sequence:

a. Patient lies in Crock-lying position.

b. The abdominal weights are sand weights
connected to the upper abdomen with
adhesive straps to be applied firmly.

c. Weights were graduated from half
kilogram till three kilograms according to
each patient’s ability aiming to strengthen
the diaphragm as the main respiratory
muscle.

d. Exercise were applied as 2 sessions per
week for about 3 months each session takes
about 30 minutes while the patient asked to
inspire deeply 3 times each minute.

Patients were re-assessed by:

e History taking for assessment of symptom
score, medication score and clinical
severity.

e Clinical re-assessment.

e Pulmonary function tests.

e Ultrasonography of the diaphragm for
thickness and motility.
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| RESULTS
Table (1): Comparison between the three groups as regards number, sex, age, age of illness onset and
duration.
Variable Bronchial Asthma Chronic Lung Disease Control
n=32 n=20 N=12
Age (years) Range 6-13 6-11 5-10
g9e Iy Mean 9.44+2.71 8.4+2.37 7.4+2.37
Sex Male 9 (56%) 10 (100%) 7 (59%)
Female 7 (44%) 0 (0%) 4 (42%)
Range 2-5 0-10
Age of onset (Years) Mean 4+1.45 3:9.15
. . Range 2-11 1-8
Duration of illness (years) Mean 623.08 5442 46

Comparison between the three groups as
regards the number, sex, age, and age of

illness onset and illness duration in patients

Table (2): Statistical comparison between the control, asthmatic and chronic lung disease groups as
regards spirometric pulmonary function before diaphragmatic streng

groups showed a non significant difference in
all parameters (table 1).

thening exercises (DSE).

P”(LD;'O';LF’)TESF(’:TJ;“ Control BA Control CLD
103.67+15.32 49.31+6.63 103.67+15.32 47.2+14.64
FEV1(L/im) <0.001 (S) <0.001 (S)
101.92+1547 [  83+121.31 101.92+15.47 | 56+22.19
FVC (L/m) <0.01 () <0.01(5)
90.42+49.83 | 82.25+14.32 90.42+49.83 | 87.8+19.91
FEVI/FVC <0.05 () <0.01 ()
98.92+16.03 | 62+18.58 98.92+16.03 |  36.2+4.92
PEF (L/m) <0.001 (S) <0.001 (S)
995+1595 | 58.25+20.39 995+15.95 |  29.2+4.87
FEF2s (L/m) <0.001 (S) <0.001 (S)
FEFS, (L/m) 103.25¢17.15 | 63.06+21.14 103.25¢17.15 |  38.6+11.25
50 <0.001 (S) <0.001 (S)
FEF« (L/m) 107.75¢19.75 | 65.38+17.21 107.75¢19.75 |  36.6+11.05
7 <0.001 (S) <0.001 (S)
112419.94 |  655+19.19 112419.94 | 36.6+9.39
FEF25.75 (L/m) <0.001 (S) <0.001 (S)
91.33+365 | 81.69+11.12 91.33#3.65 |  51.6+11.67
LVC (Lim) <0.01(5) <0.001 (5)
98.1+9.5 | 60.41%10.7 98.149.5 |  50.5+10.6
MVV (L/m) <0.01(5) <0.01 ()
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Fig. (1): Statistical comparison between the three groups as regards spirometric pulmonary function
before DSE.

Table (2) shows that there was a control group and asthmatic and chronic lung
significant difference in all spirometric disease groups (figure 1).
pulmonary function before DSE between the

Table (3): Statistical comparison as regards ultrasonographic evaluation of diaphragm thickness and
excursion in the three groups before DSE.

Control BA Control CLD BA CLD
Diaoh. Thickness (mm 10.4+1.31 | 9.28+1.88 | 10.4+1.31 | 9.32+1.79 | 9.28+1.88 | 9.32+1.79
aph. Thickness (mm) <0.05 (S) <0.05 (S) >0.05 (NS)
Diaph. Excursion (mm) 12.05+2.23 | 11.06+3.82 | 12.05+2.23 | 10.26+3.66 | 11.06+3.82 | 10.26+3.66
ph. <0.05 (S) <0.05 (S) >0.05 (NS)
O Control
14 4 EBA
12 1
10 / OcCLD
mm 8'/
6-/
41 /
2.
0.
Diaph. Thickness Diaph. Excursion

Fig. (2): Statistical comparison as regards ultrasonographic evaluation of diaphragm thickness and
excursion in the three groups before DSE.

Table (3): Shows that there was a excursion in the three groups before DSE
significant difference in ultrasonographic (figure 2).
evaluation of diaphragm thickness and
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Table (4): Statistical comparison of spirometric pulmonary functions in BA and CLD groups before and

after DSE.
Pulm. Function Test BA CLD
(% of predicted) Before After Before After
49.31+6.63 85.94+6.32 47.2+14.64 60.2+13.79
FEV 1{L/m) <0.01(S) <0.01(S)
83+121.31 |  86.695.72 56+22.19 | 60+16.64
FVC (L/im) >0.05 (NS) >0.05 (NS)
82.25+14.32 |  99.13+4.08 87.8119.91 |  99.246.71
FEVI/FVC <0.05 (5) <0.01(5)
62+18.58 |  78.06+14.74 36.2+4.92 | 51+8.62
PEF (L/m) <0.00 (5) <0.01(5)
58.25+20.39 | 57.31+18.86 20.2+4.87 | 32.3t1.49
FEF2s (L/m) >0.05 (NS) >0.05 (NS)
FEF., (L/m) 63.06+21.14 | 61.75+19.32 38.6+11.25 | 40+11.79
50 >0.05 (NS) >0.05 (NS)
FEF.. (L/m) 65.38+17.21 | 65.44+16.78 36.6£11.05 [  36.848.32
s >0.05 (NS) >0.05 (NS)
65.5419.19 [ 80.19+14.89 36.649.39 | 52.2+8.6
FEF2575 (L/m) <0.01 (S) <0.001 (S)
81.69+11.12 |  86.69+8.87 51.6£11.67 |  56.8+10.49
LVC (L/m) <0.01(S) <0.001 (S)
60.41+10.7 |  82.41#8.7 50.5+10.6 | 62.72+13.81
MVV (Lim) <0.01(S) <0.01(S)
O Before
100
90 W After
80
70
60
L/m 50
40
30
20
10
0
FEV1 FVC FEV1/FVC FEF25-75 \Y/AVAYS

Fig. (3): Statistical comparison of spirometric pulmonary function in BA group before and after DSE.

strengthening exercise program (DSE) showed
a significant difference as p value was <0.01
(Table 4, figure 3).

Comparison of all tested spirometric
pulmonary functions in bronchial asthma
group before and after the diaphragm
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Fig. (4): Statistical comparison of spirometric pulmonary function in CLD group before and after DSE.

Comparison of all tested spirometric
pulmonary functions in chronic lung disease

group before and after

the diaphragm

strengthening exercise program (DSE) showed
a significant difference as p value was <0.01
(Table 4, figure 4).

Table (5): Percentage of change in diaphragm thickness and motility (excursion) in BA and CLD groups

before and after DSE.

Variables BA CLD
Before After Before After
Diaph. Thickness (mm) 9.28+1.88 0.47+1.94 9.32£1.79 10.11+1.76
% 2 8.4
Diaph. Excursion (mm) 11.06+3.82 | 11.32+£3.55 10.26+3.66 | 10.68+3.58
% 2.3 4
O Before
12 W After
10
8
mm 6
4
2
0
Diaph. Thickness Diaph. Excursion

Fig. (5): Statistical comparison as regards ultrasonographic evaluation of diaphragm thickness and
excursion in bronchial asthma group before & after DSE.
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Fig. (6): Statistical comparison as regards ultrasonographic evaluation of diaphragm thickness and
excursion in chronic lung disease group before & after DSE.

Comparison of diaphragm thickness and
excursion in asthmatic and chronic lung
disease groups before and after the diaphragm
strengthening exercise program (DSE) showed
a significant difference in both parameters as p
value was <0.01 (Table 5, figure 5 & 6).

\ DISCUSSION \

An important goal in managing patients
with chronic airway or lung disease should be
the reduction of symptoms especially
breathlessness. As respiratory muscle function
is frequently compromised in those patients
and it may contribute to the sensation of
breathlessness, inspiratory muscle training
may be valuable for improving functional
status and reducing dyspnea.

This study aimed to assess the
diaphragmatic motion and thickness in
asthmatic children and those with chronic lung
disease (CLD) and to correlate this effect of
special exercise training for diaphragm for 12
weeks.

This study showed a statistical
significant lower values of spirometric
pulmonary functions in asthmatic children
compared to control (P<0.05), which was in
accordance  with  many  investigators
documented these findings as pulmonary
function tests are useful way for objective

measurement of the degree, location and
reversibility —of airway obstruction in
asthmatics’.

Amin et al., Awadalla et al. and Emam et
al., documented that there were significant
lower values of spirometric pulmonary
functions in asthmatic children compared to
healthy children #%%.

Abdel-Aziz et al. stated that airway
obstruction in asthmatics is multifactorial e.g.,
airway smooth muscle contraction, oedema of
the bronchial wall, cellular infiltration, mucus
secretions and airway remodeling. All these
factors lead to decrease in airway flow and
forced exhaled volumes, the decreased FVC in
asthma is due to air trapping and increasing in
residual volume®.

This study revealed a statistical
significant decreased thickness of the
diaphragm in asthmatic patients (9.28+1.88
mm) compared to control group (10.4+1.31
mm) (P<0.05). Which was in accordance with
Sanchez et al. (1985) who recorded less
thicker diaphragm in patients with obstructive
airway disease, and they explained this
binding by a significant reduction in the
diameter of type I (slow twitch) and type II
(fast twitch) fibers.

El-Zorkany et al., studied 30 patients
with  bronchial asthma and evaluated
diaphragmatic excursion and thickness by
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ultrasonography. They revealed a statistical
significant thinner and less mobile diaphragm
in asthmatics compared to control’.

This  study also  showed less
diaphragmatic  excursion  “motion”  in
asthmatics compared to control (11.06+3.82
mm in asthmatics Vs 12.05£2.23 mm in
control).

Several studies have been reported on
the effect of airway obstruction on
diaphragmatic movement. However,
hyperinflation was proved by many workers to
be the main underlying aetiology.
Hyperinflation forces the diaphragm to operate
in an inefficient way for its force-length
relationship. Which will decrease the ability of
the diaphragm to generate negative pressure
during inspiration. Also hyperinflation causes
flattening of the diaphragm which in turn
places it in a serious mechanical disadvantage
being curved upward™*.

Also hyperinflation associated with
obstructive airway disease leads to loss of
axial direction of diaphragmatic fibers and
become directed medially or inwards. Also as
the contractile force increase in order to
develop the inspiratory pressure necessary to
inflate hyperinflated lungs, the diaphragm
blood supply may be altered™*.

Several reports about effect of
medications used in bronchial asthma in
affecting diaphragmatic performance have
been mentioned.

Salome et al., documented that although
inhaled steroids decreased airway
inflammation, it enhances the perception of
inspiratory muscle effort during histamine-
induced brochoconstriction™.

Reid et al., stated that patients with
chronic lung disease have increased plasma
levels of tumor necrosis factor- o, which
decreases diaphragmatic strength through
several mechanisms decrease in muscle
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anabolism, increase in muscle catabolism and
inhibition of contractility"’.

This work showed that, diaphragm was
affected in children with various causes of
chronic  lung  diseases.  Diaphragmatic
thickness and motility were significantly lower
in patients with CLD compared to control
(thickness was 9.32+1.79 mm in CLD Vs
10.4£1.31 mm in controls) and (excursion
“motility” was 10.26+£3.66 mm Vs 12.05+2.32
mm in controls).

Heunks and Dekhuijen stated that
dysfunction of respiratory muscles especially
diaphragm is common in patients with CLD as
a part of generalized process involving all
respiratory and peripheral skeletal muscles.
Causative factors for diaphragm dysfunction in
patients with CLD include; disturbance in
electrolytes, hypercarpia and prolonged use of
oral steroids®.

Unal et al., studied diaphragmatic
movement with MR fluoroscopy in 23 patients
with chronic lung disease and 15 control
group, and compared their results with
pulmonary functions. They stated that there
was a significant statistical difference in
diaphragmatic movement (excursion) between
the two groups and that FEV1 is best
correlated pulmonary function to
diaphragmatic excursion®®,

Mac Gowan et al., added that altered
geometry of thorax in severe emphysema
associated with CLD, compromises the
ventilatory pump function of the diaphragm.
Also malnutrition which frequently occurs in
moderate to severe CLD could also play a role
in diaphragmatic dysfunction®.

Barbarito et al., stated that diaphragm
undergoes structural and functional changes
during the coarse of CLD. Diaphragm has to
cope with an increased load, an intrinsic
weakness and a mechanical disadvantage
especially in the diaphragmatic length-force
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relationship®.

Orozco-Levi et al., concluded that
sarcomere disruption of respiratory muscles
and diaphragm is common in patients with
chronic lung disease and is more higher after
inspiratory load™.

Chronic lung disease could alter mass,
thickness, area and length of diaphragm
muscle in several ways, for example the
diaphragm may become hypertrophied in
response to the increased work of breathing.
Alternatively, diaphragm in those patients may
be atrophic due to under weight™*.

Heunks and Dekhuijzen stated that the
chronically increased load imposed on the
diaphragm in severe CLD may enhance
generation of free radicals which in turn may
further impair contractility of the diaphragm.
Also they stated that produced oxygen free
radicals in both asthma and CLD can affect
excitation-contraction coupling of respiratory
muscles. Also it affects mitochondrial
respiration and insulin-independent glucose
uptake in muscle fibers™.

This work showed a positive correlation
between PEFR and diaphragmatic motility (r =
0.62) (P <0.01).

This was in accordance with MacGowan
et al., who reported a positive correlation
between pulmonary functions and changes in
diaphragm in asthmatic patients. As severity of
airflow obstruction increases, the proportion of
abnormal diaphragmatic functions increases™.

This study explored the effect of 12
weeks of special training of the diaphragm
“diaphragm  strengthening  exercise” in
asthmatic children and those with CLD. A
significant statistical lower asthma scoring was
noticed after training (P< 0.01). Also there was
regression in the severity of asthma after
training (37.5% of cases were moderate
persistent asthma, regress to mild asthma and
became only 18.7%).

McConnel et al., examined the changes
induced by 3 weeks of inspiratory muscle
training (IMT) in mild/moderate asthmatics.
They found reduction in exertional dyspnea
and improvement of lung functions within 3
weeks of IMT™,

Weiner et al., studied the effect of
specific inspiratory muscle training (JMT) in
patients with asthma. They found that IMT
resulted in a significant improvement in
respiratory muscle performance, this was
associated with a decrease in the sensation of
breathlessness and a decrease in [3,-agonist
consumption. They explained that by the
increased inspiratory muscle strength in
trained patients®.

This study revealed a statistical
significant  higher  values of FEVI,
FEV1/FVC, PEF, VC and MVV in asthmatic
patients and in patients with CLD after
training of the diaphragm.

This was in agreement with McConnel et
al., (1998) as they found improvement of lung
functions in mild and moderate asthmatics
within 3 weeks of inspiratory muscle training.

Emam et al., studied the effect of
respiratory exercise (in the form of massage,
biofeedback and relaxation therapies) on 45
asthmatic children, they observed a significant
improvement  in pulmonary  function
parameters after massage, biofeedback, and
relaxation therapies®.

This study revealed an increase in both
diaphragmatic thickness and excursion in
asthmatics after training of the diaphragm (the
percentage of increase was 2% for thickness
and 2.3% for excursion). Also an increase in
both diaphragmatic thickness and excursion in
patients with CLD after training (the
percentage of increase was 8.4% for thickness
and 4% for excursion).

Ramirez-Sarmiento et al., evaluated the
effect of a specific training for all inspiratory
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muscles on the structure of inspiratory muscles
in patients with chronic obstructive pulmonary
disease. They observed an increase in both the
strength and endurance of diaphragm after
training. This improvement was associated
with increase in proportion of type | fiber and
decrease in type Il fibers. In addition both
fiber types exhibited an increase in cross-
sectional area. They concluded that diaphragm
training induces a specific functional
improvement of the inspiratory muscles and
adaptive changes in the structure®®.
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