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ABSTRACT 

Background: Chronic obstructive pulmonary disease (COPD) has several systemic manifestations that impacts its 

severity, exercise capacity, and progression. Pulmonary rehabilitation (PR) program helps to decrease symptoms and 

improve exercise capacity. 

Objective: To assess the effect of pulmonary rehabilitation on exercise capacity, skeletal and   diaphragmatic muscles in 

stable COPD patients. 

Methodology: A prospective interventional study was conducted on 60 patients with stable COPD. All of them were 

assessed by the following at baseline and 12 weeks after PR program; spirometric-indices, arterial blood gases, 

ultrasonographic assessment of diaphragm thickness fraction (DTF%) and tidal breathing diaphragm excursion (TDE), 

assessment of diaphragm and quadriceps muscle shear wave elastography (SWE), measurement of right ventricular 

systolic pressure (RVSP) gradient by echocardiography, and evaluation of functional health status by; COPD assessment 

(CAT) test, modified medical research council (mMRC) scale and six minutes’ walk test (6MWT).  

Results: In COPD patients, the spirometry-indices were significantly improved after PR compared to baseline value 

(p<0.001). The oxygen saturation (SaO2%), and arterial partial of oxygen (PaO2) were significantly improved as both 

were increased, while the arterial partial of carbon dioxide (PaCO2) and pH were significantly decreased after PR 

compared to the baseline value (p< 0.05). The DTF %, and TDE were significantly increased after PR compared to 

baseline (p<0.05). The diaphragm SWE, quadriceps SWE, and RVSP were significantly improved after PR compared to 

the baseline values, all decreased (p<0.05). The exercise tolerance parameters, CAT score and mMRC scale were 

significantly decreased (p<0.001), while the 6MWT distance, and pre and post 6MWT SpO2 were significantly increased 

(p<0.001) after PR compared to the baseline values.  

Conclusion: PR confers benefits to COPD patients that manifest in diverse ways as improvement of ventilatory function, 

arterial blood gases, exercise capacity, and diaphragm functions, with decrease of diaphragm and quadriceps muscle 

stiffness and pulmonary artery pressure.  
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INTRODUCTION 
Chronic obstructive pulmonary disease (COPD) is an 

overwhelming disease and at present is the 3rd leading 

cause of death worldwide. It is also the 7th leading cause 

of disability-adjusted life years. In its earliest stages, the 

patients frequently limit their physical activities to 

accommodate for dyspnea.  With COPD progression, 

physical activities and exercise capacity continue to 

decrease with development of vicious cycle of 

deconditioning, dyspnea, and more decrease in physical 

activities [1]. Despite improvements of pharmacological 

treatments of COPD, a huge number of patients remain 

symptomatic and suffer from frequent exacerbations 

and hospitalizations. Dyspnea developed at rest and/or 

during daily-living activities in COPD patients can lead 

to more sedentary lifestyle, a progressive declining in 

exercise capacity, with subsequent home isolation [2]. 
 

For many years, smoking cessation and 

pharmacological treatment are the mainstay of COPD 

Pulmonology 
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treatment, but currently forceful exercise programs like 

pulmonary rehabilitation (PR) have been considered a 

fundamental part in managing COPD patients [3]. PR is 

considered the most effective non-pharmacological 

treatment for improving exercise capacity in COPD 

patients and has become a regular care for these patients 
[4]. PR and drug therapy are not competitive but rather, 

they must have a synergistic effect to result in better 

successful outcome [3].  

 

Chronic airflow limitation increased respiratory 

muscles load, make the diaphragm flat, and decreasing 

its capacity to generate tension. Numerous other 

mechanisms can alter functions of respiratory muscles 

in COPD patients, e.g. ageing, oxidative stress, 

malnutrition, activation of proteases, and associated 

comorbidities; however, changes in thoracic wall 

geometry and diaphragm place are the most documented 

mechanisms leading to diaphragmatic dysfunction 
[5].  Therefore, assessing diaphragmatic function in 

patients with COPD has been the focus of many studies 
[6]. Ultrasonographic (US) assessment of diaphragm 

thickness at zone of apposition (ZOA) at the end of 

maximum inspiration is considered a good marker of 

quantifying hyperinflation. Moreover, the 

diaphragmatic excursion (DE) was correlated with 

degree of airway obstruction. Therefore, changes in 

diaphragmatic thickness or excursion after PR programs 

may be good markers of how successful the PR [7]. Shear 

wave US elastography (SWE) is an innovative US 

technology that offer a direct and real-time 

measurements of the mechanical characteristics of 

tissues and information muscle quality. SWE identify 

the stiffness of the tissue by measuring the elasticity 

index based on the grade of distortion under the 

application of an external force [8].  

 

Respiratory and skeletal muscle dysfunction in COPD 

patients lead to increased dyspnea index score [modified 

medical research council (mMRC) scale], decrease 

exercise tolerance and capacity, and reduced activities. 

Early recognition and intervention to improve skeletal 

muscle function is essential for improving prognosis 

and quality of life of COPD patients [3]. The COPD 

assessment test (CAT) is a questionnaire primarily used 

to assess the health status of COPD patients. It includes 

several domains e.g. symptoms, physical activities 

capacity, psychological, sleep status, social impacts, and 

others. It is widely reflecting the quality of life of COPD 

patients and provide a simple method to assess and 

follow symptoms [9]. The 6-minutes’ walk test (6MWT) 

evaluate global and combined responses of different 

body systems to exercise e.g. pulmonary and 

cardiovascular systems, blood and neuromuscular 

system., and peripheral and systemic circulation. It is a 

valued index for assessing functional capacity in COPD 

patient as the 6MWT distance is a useful indicator of 

COPD severity and predictor of survival [10].  

 

Pulmonary hypertension (PH) is a frequent and 

significant finding in COPD. It leads to with poor 

clinical courses with more recurrent exacerbation 

events, shorter survival, and larger need of health 

resources [11].  

 

This study aimed to assess the influences of PR program 

on exercise capacity, skeletal and   diaphragmatic 

muscles in stable COPD patients. 

 

SUBJECT AND METHODS 

An interventional study was performed chest diseases 

department, Al-Zahraa University hospital, Cairo, from 

September 2022 to May 2024.  
 

Study participants: A total of 60 out of 197 patients 

with stable COPD were selected from chest outpatient’s 

clinic where they regularly followed-up. They were 

diagnosed several years ago on the bases of typical 

symptoms and signs of COPD, and post-bronchodilator 

FEV1/FCV<70% and an increase of FEV1<12% and/ or 

< 200 mL 15 minutes after 4 puffs 400 µg of inhaled 

salbutamol [12].  

 

Exclusion criteria: COPD patients with the following 

diseases were not included into the study; major organ 

failure (e.g.  renal failure, liver cell failure, heart 

failure), uncontrolled diabetes or hypertension, unstable 

angina or recent myocardial infarction in the last 6 

months, and neuromuscular or orthopaedic diseases, 

patient on long-term oxygen therapy, patients received 

systemic steroid in the last 4 weeks, and patient having 

previous pulmonary or cardiac surgery. 
 

Ethical consideration 
The study protocol was approved by faculty of medicine 

for girls, Cairo, Al-Azhar University, Egypt institutional 

review board committee (No. 1421) and a written 

informed approval was taken from each patient prior to 

participation into the study. All data were nameless and 

coded to ensure confidentiality of patients. 
 

Methods  

The patients age, sex, body mass index (BMI) was 

reported. Liver and renal function tests, fasting blood 

glucose, complete blood count, and ECG were done to 

confirm that the studied COPD patients have no 

exclusion criteria.  The assessment of functional health 

status of the COPD patients was done using the CAT 

score, mMRC dyspnea scale, and the 6MWT. The CAT 

score is an 8-item questionnaire and ranges from 0-40. 

Higher scores signify a more severe influence of COPD 

on a patient’s life. It was translated into Arabic 

language, and it was reliable and validated for use in 

Arabic nations [13]. The mMRC scale is a self-

assessment scoring system used to evaluate 

impairment caused by shortness of breath during 

daily activities, it was ranged from 0-4, with 0 means 

less breathlessness and 4 means marked 

breathlessness [14]. The 6MWT is an authorised test, of 

submaximal intensity, used to objectively assess 

functional exercise capacity across many 

pathologies. The 6MWT was conducted according to 

ATS guidelines [15]. 

Measurements of arterial blood gases (ABG) was 

performed after resting in room air for 15 minutes, it was 
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done using (Rapid Lab 248 blood gases analyser, 

Siemens Medical Solutions, Malvern, PA, US). The 

following parameters were recorded; O2 saturation % 

(SaO2%), arterial partial pressure of oxygen (PaO2) 

mmHg, and arterial partial pressure of carbon dioxide 

(PaCO2) mmHg, bicarbonate (HCO3) mmol/L and 

power of hydrogen (pH). 

 

Spirometry was done in accordance with the standards 

of the ERS/ATS [16] using (Smart PFT trolley S, 

Germany). The following parameters were measured; 

forced vital capacity % predicted (FVC%), forced 

expiratory volume in first second % predicted (FEV1%), 

FEV1/FVC ratio, and forced expiratory flow 25-75 % 

predicted (FEF 25-75 %). The best of three technically 

accepted performance was selected. 

Ultrasound assessment of diaphragm thickness and 

excursion were done by using Sonoscape SSI6000 

(Medical Systems, Shenzhen, China). The tidal 

diaphragm excursion (TDE) was measured by using a 

low frequency transducer (3.5-5 MHz). It was assessed 

by both motion-mode (M-mode) and brightness-mode 

(B-mode) US. The DE was measured during tidal 

breathing (TDE). It was examined through right anterior 

subcostal window. Through this window, the diaphragm 

visualized as a thick, deeply located, hyperechoic, and 

curved structure that separates thoracic and abdominal 

cavities [17]. The probe was positioned between the 

midclavicular and the anterior-axillary lines, below the 

right costal margin, and directed cephalic, posteriorly, 

and medially [7]. The amplitude of the DE was measured 

by placing callipers at the bottom and top of the 

diaphragmatic inspiratory slope. To quantify DE in an 

objective manner, at least three images were evaluated, 

and the mean of the three measurements were reported 
[17] (figure 1). 

 

 

A. Right anterior subcostal window 

for measurement of diaphragm 

excursion: The probe was 

placed between the mid-

clavicular and the anterior 

axillary lines, below the costal 

margin, and directed cephalad, 

medially, and dorsally. 

 

 

 

 

 

B. Ultrasonographic image of 

diaphragm tidal breathing 

excursion: The amplitude of the 

DE was  by placing calipers at 

the bottom and top of the 

diaphragmatic inspiratory slope. 

Figure (1): Ultrasonographic measurements of diaphragm thickness and excursion 

For measurement of diaphragm thickness the high 

frequency linear probe (9.5-15 MHz) was placed mid-

way between the anterior and mid-axillary line, between 

7th and 9th intercostal space in the ZOA [17]. On B-mode 

A 

B 
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diaphragm visualized as an echogenic linear structure 

between highly reflective peritoneal and pleural 

membranes. The thickness was measured as the distance 

from the middle of the diaphragmatic pleura to the 

middle of the peritoneal membrane [18]. It was measured 

by placing callipers on reflective lines at end expiration 

i.e. residual volume and after deep inspiration i.e. total 

lung capacity (figure 2). The diaphragm thickness 

fraction  (DTF%) was calculated using the following 

equation: 

"
 (Thickness at total lung capacity – (Thickness at residual volume)

 (Thickness at residual volume) 
X100" 

[7]. Patients were classified according to DTF%, either 

having diaphragm dysfunction (DTF ≤ 20%) or having 

normal diaphragm function (DTF ≥20%) [19]. 

 

 

A. Patient and probe position for 

ultrasound measurement of 

diaphragm thickness A high 

frequency linear probe (9.5-15 

MHz) was placed mid-way 

between the anterior and mid 

axillary line in longitudinal 

plane, between 7th and 9th 

intercostal space in the ZOA. 

 

  

 

B. B-mode US of diaphragm 

thickness: the diaphragm 

appears as a thick echogenic 

linear structure between highly 

reflective pleural and 

peritoneal membranes. The 

thickness was measured as the 

distance from the middle of 

the diaphragmatic pleura to the 

middle of the peritoneal 

membrane 

Figure (2): Ultrasonographic measurements of diaphragm thickness 

 

The SWE of the diaphragm and quadriceps muscle was 

done using (Toshiba Aplio 500 Platinum, Japan). The 

patient was lie in supine position. After good quality 

image of the right diaphragm was obtained, the SWE-

mode was switched on, and the elastic range was 

adjusted to 0-160 kPa. When the patient quietly holding 

his breath at the end of inspiration, the elastic modulus 

of the diaphragm and quadriceps muscle in the region of 

interest (ROI) was measured by using Q-BOX. When 

assessing the diaphragm, a circular area with a width of 

(1cm X 1cm) was selected as the ROI, that covered as 

much of the diaphragm as possible. When assessing the 

quadriceps muscle, the ROI was set to an oval area with 

a width of 1cm x 2cm. The average values of SWE 

velocity (m/s) were automatically created in each ROI 

by the US system [20] (figure 3). 

 

A 

B 
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A. SWE of the diaphragm When 

measuring SWE of the 

diaphragm muscle, a circular 

area with a diameter of (1cm X 

1cm) was selected as the ROI, 

that covered as much of the 

diaphragm as possible in each 

image. 

  

 

B. SWE of quadriceps muscles 

Regarding the quadriceps 

muscles The ROI was set to an 

oval area with a diameter of 

1cm x 2cm. The average values 

of shear wave velocity (m/s) 

were automatically created in 

each ROI by the US system. 

Figure (3): Shear wave elastography of diaphragm and quadriceps muscled  

 

 

Resting transthoracic echocardiography was done by 

using (Vivid-E9 GE system, China), with tissue doppler 

and speckle tracking imaging capability attached to 

Echo-Pac workstation version 201, following guidelines 

from the American Society of Echocardiography and the 

European Association of cardiovascular imaging [21]. 

The right ventricular systolic pressure (RVSP) gradient 

was measured in the presence of tricuspid regurgitation 

the peak systolic gradient across the tricuspid valve and 

inferior vena cava diameters and collapse was used. The 

RV Tei-index reflects both systolic and diastolic RV 

functions = (isovolumic relaxation time + isovolumic 

contraction time)/ejection time. Patients were classified 

according to RVSP either having PH (RVSP ≥ 21 

mmHg) or having no PH (RVSP <21 mmHg) [11]. 

 

The spirometric-indices, CAT score, mMRC scale, 

6MWT, US assessment of DTF% and TDE, SWE of 

diaphragm and quadriceps muscle, ABG, and RVSP 

were measured at baseline and after 12 weeks of PR 

program that including the following multicomponent 

intervention; exercise training, education, dietary 

advice, psychological and behavioural intervention. 

 

 Breathing exercises 

1. Diaphragmatic breathing: the patient lied on 

his/her back on a flat surface, the knee was bent, the 

head was supported by cushion, and another 

cushion was put under the knees to support the legs. 

patient placed one hand on the upper chest and the 

other just below the rib cage, so he feels the 

diaphragm move as he breathe. Then the patient 

was asked to breath slowly through the nose so that 

the stomach moves out against the hand. The hand 

on the chest remained in its position. Thereafter, the 

patient contracts the abdominal muscles, letting 

them fall inward as place exhales through pursed 

lips. The hand on the upper chest remained in its 

place [22].  

 

B 

A 
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2. Pursed lip breathing: the patient inhale deeply 

through the nose (like smelling something), for 

about two seconds, therefore, the abdominal 

muscles were used to fill the lungs with air. Then, 

the patient pursed his lips as if he is about to blow 

out a candle and then exhale slowly through the 

mouth. Exhale twice as long as when he inhales 

then make a quiet hissing sound as he exhales [22]. 

 

 Secretion clearance exercises 

1. Huffing (huff cough) technique: the patient inhale 

through his mouth, somewhat deeper than he would 

when taking a normal breath, and contract 

abdominal muscles to exhale the air out in three 

breaths while creating the sounds “ha, ha, ha. [23]. 

2. Percussion: the caregiver cupped hand arcs to the 

chest wall and tricks a cushion of air to soften the 

clapping, it was performed powerfully and with a 

steady beat. Each beat has a hollow sound. Most of 

the movement was wrist the wrist with the arm 

relaxed, making percussion less exhausting to the 

patient [24]. 

3. Vibration: The caregiver firm flattened hand was 

placed on the chest wall over the part of the lung 

being drained and the muscles of the arm and 

shoulder were tensed to generate a fine shaking 

motion. Then, light pressure was applied over the 

area being vibrated. The patient then blow air 

slowly and as complete as he can [24]. 

 

 Lower limb exercises 

1. Home-based walking exercise: the patient 

performed self-monitor walking exercise activity 

three days / week, up to 30 minutes per session [25]. 

2. Supervised lower extremity resistance training: 
the patients attended three exercise resistance 

training sessions / week. The patient completed 3 

sets of 8 repetitions of knee extension, leg press, 

leg curls, and squat and toe rise exercises, 

supervised by a trainer. Body weight squat, squat 

to oblique crunch, “leg flexion” (for the biceps 

femoris and gastrocnemius), and “leg extension” 

(for the quadriceps femoris). The patient achieved 

4 series of 6-8 repetitions for each exercise 

included in strength-training program [25]. 

 

 Arm strengthening exercise 

In each session the patient performed 10 minutes of 

general warm-up, 20 minutes of upper-limb circuit 

training, and 10 minutes of cool off. The strength 

exercises were done with the following procedures: 

“butterfly” (for the pectoralis major muscle) and “chest 

pull” (for the latissimus dorsi), The patients completed 

4 series of 6-8 repetitions for each exercise included in 

the strength-training program [26]. 

 

Statistical analysis 

The SPSS version 24 was used for data analysis. The 

Kolmogorov-Smirnov test was used to assess the 

distribution of the quantitative data. As the studied 

quantitative data were non-parametric it was expressed 

as median and interquartile range (IQR). Frequency and 

percentage were used to present qualitative data. The 

Wilcoxon signed-rank test (Z-score) was used for 

comparing the difference in quantitative variables at 

baseline and after PR. The delta changes (Δ %) of 

studied variables was calculated as [(Post PR value – 

Baseline value) / (Baseline value) X 100]. . The p-

value < 0.05 was considered significant (95% 

confidence interval).  

 

RESULTS 
The characteristics of the studied COPD patients were 

presented in table (1). 

Table (1): Characteristics of the studied COPD patients 

Characteristics 
COPD patients 

n= 60 

Age (yrs.) 
Mean ± SD 59.3 ± 5.6 

Range  49 – 71 

BMI 
Mean ± SD 26.5 ± 3.2 

Range 20.7 – 34.8 

Gender 
Males 56 (93.4%) 

Females 4 (6.6%) 

COPD Severity 
Moderate 29 (47.5%) 

Severe - very severe 31 (52.5%) 

Pulmonary hypertension 
PH 37 (62.3%) 

No PH  23 (37.7%) 

Diaphragm function  
Diaphragm dysfunction  20 (32.7%) 

Normal Diaphragm function  40 (67.2%) 
Yrs.: Years, BMI: Body mass index, COPD: chronic obstructive pulmonary disease, PH: Pulmonary hypertension, SD: Standard deviations  
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Table (2): Effect of pulmonary rehabilitation on ventilatory function in patients with COPD 

Spirometric indices 

 Baseline 

n= 60 
Median (IQR) 

After rehabilitation 

n= 60 
Median (IQR) 

 

Δ % Stat. test p-value 

FEV1/FVC ratio 63(54-66) 64(59-67) 4.5±4.5 Z=5.99 0.001* 

FEV1% 48(32-55) 53(36-61) 10.2±6 Z=6.64 0.001* 

FVC% 74(62-87) 76(64-88) 2.1±3.1 Z=4.67 0.001* 

FEF25-75% 48(44-54) 50(45-55) 3.8±3.9 Z=5.37 0.001* 
IQR: Interquartile range, FEV1%: Forced expiratory volume in first-second percent predicted, FVC%: Forced vital capacity percent 

predicted, FEF25-75%: Forced expiratory flow between 25 and 75% of vital capacity percent predicted, Δ%: Delta change percentage, Z: 

Wilcoxon signed-rank test, *: Significant p-value (<0.05). 

 

Table (2) shows that there was significant improvement 

of all spirometric-indices in COPD patients after 12 

weeks of PR compared to baseline value (p< 0.05). 

Table (3) shows that the O2 sat% and PaO2 mmHg were 

significantly increased, and PaCO2 mmHg and pH were 

significantly decreased after PR compared to baseline 

value (p< 0.05).  

 

Table (4) shows that the DTF %, and TDE were 

significantly increased after PR compared to baseline 

value (p<0.05). The diaphragm SWE, quadriceps SWE, 

and RVSP were significantly decreased after PR 

compared to baseline value (p<0.05).  

 

Table (5) shows that the CAT score and mMRC scale 

were significantly decreased (p <0.001), and 6MWD, 

and pre and post 6MWT SpO2 % were significantly 

increased (p <0.001) in COPD after PR compared to 

baseline value. 

 

Table (3):  Effect of pulmonary rehabilitation on arterial blood gases in patients with COPD 

ABG parameters 

Baseline 

n= 60  
Median (IQR) 

After rehabilitation 

n= 60 

Median (IQR) 

 

Δ % Stat. test p-value 

SaO2  % 94(93-95) 95(93-97) 1.5±1.3 Z=5.96 0.001* 

PaO2 mmHg 76(69-79) 79(72-83) 4.1±1.9 Z=6.71 0.001* 

PaCO2 mmHg 39(36-43) 38 (36-42) -1.4±7.2 Z=2.73 0.006* 

HCO3 24 (23-25) 24 (23-25) -0.3±3.1 Z=1.14 0.254 

pH 7.41(7.39-7.44) 7.4(7.38-7.42) -0.1±0.2 Z=3.05 0.002* 
SaO2: Oxygen saturation %, PaO2: Arterial partial pressure of oxygen, PaCO2: Arterial partial pressure of carbon dioxide, HCO3: 

Bicarbonate, pH: Power of hydrogen, Δ%: Delta change percentage, Z: Wilcoxon signed-rank test, Significant p-value (< 0.05). 

 

Table (4): Effect of pulmonary rehabilitation on diaphragm function, diaphragm and quadriceps elastography, 

and pulmonary artery pressure in patients with COPD  

US parameters 

Baseline 

n= 60 

Median (IQR) 

After rehabilitation 

n= 60 

Median (IQR) 
Δ % Stat. test p-value 

DTF%  31 (23-39) 34 (25-43) 8.4±6.1 Z=6.34 0.003* 

Tidal breathing DE (cm) 1.98 (1.7-2.4) 2.37 (1.9-2.8) 17.9±6.5 Z=6.74 0.001* 

Diaphragm SWE velocity m\s 3 (2.4-3.9) 2.87 (2.0- 3.7) -8.2±6.1 Z=6.63 0.001* 

Quadriceps SWE velocity m\s 3.22 (2.5-4.2) 2.93 (2.2-3.9) -8.9±7 Z=6.71 0.001* 

RVSP mmHg 30 (20-43) 20 (20-40) -8.6±26.6 Z=5.09 0.001* 
DTF: Diaphragm thickness fraction, DE: diaphragm excursion, SWE: Shear wave elastography, RVSP: Right ventricular systolic pressure, 

Δ%: Delta change percentage, Z: Wilcoxon signed-rank test, Significant p-value (< 0.05). 

 

Table (5): Effect of pulmonary rehabilitation on exercise tolerance in patients with COPD 

Exercise tolerance 

parameters 

Baseline 

n= 60 

Median (IQR) 

After rehabilitation 

n= 60 

Median (IQR) 

 

Δ % Stat. test p-value 

CAT score 26 (24-29) 22 (20-28) -11.7±7.7 Z=6.62 0.001* 

mMRC score 2 (2-3) 2 (1-2.5) -17.5±24.4 Z=4.64 0.001* 

6 MWD (m) 210 (170-284) 221 (181-294) 5.9±4.8 Z=6.12 0.001* 

Pre 6MWT SpO2 93(92-95) 95(93-97) 1.6±1.2 Z=6.06 0.001* 

Post  6MWT SpO2 92(91-93) 93(92-95) 1.5±1.4 Z=5.67 0.001* 
CAT: COPD assessment test, mMRC: Modified medical research council, 6 MWD: Six-minutes Walk distance, cm: Centimetre, Δ%: Delta 

change percentage, Z: Wilcoxon signed-rank test, Significant p-value (< 0.05). 
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DISCUSSION 
One previous study proposed that the alterations of 

diaphragm functions in COPD are fundamentally due to 

the adaptive processes of a complex muscle adaptations 

to the changes of its mechanical environment rather than 

a form of dysfunction. If these diaphragmatic alterations 

are seeming in COPD patients, the diaphragm might 

respond to treatment, which would be an imperative 

goal [27]. Our outcomes support this theory as we found 

significant improvement of diaphragm contractility 

(DTF% and TDE) in COPD patients after PR. In COPD, 

hence air trapping decrease DE, therefore, decreasing 

air trapping with PR may lead to enhanced diaphragm 

movements. In the same context, the reduced air 

trapping after PR might cause the diaphragm to appear 

‘thicker’ since the diaphragm returns into a better 

physiologic place [6].  Therefore, it is crucial to 

demonstrate that alterations of diaphragmatic function 

can be improved with PR at every stage of COPD.  

Similarly, Güneş et al. [6], and Crimi et al.  [28] reported 

that the PR led to increase in diaphragm thickness in 

COPD patients irrespective of COPD   severity. 

Corbellini et al.  [29] reported that the PR improve 

diaphragmatic mobility and skeletal muscle function in 

COPD.  Chun et al.  [30] used fluoroscopy and showed 

augmented diaphragmatic mobility after PR.  

 

In the same context, exercise training remains the single 

known intervention to inverse some of the underlying 

skeletal muscle alterations COPD patients [31]. Again, 

our study confirms this hypothesis as we found 

significant improvement of diaphragm and quadriceps 

elastography, both were decreased in COPD patients 

after PR. To the best of our knowledge, this is the first 

research assessing the influence of PR on diaphragm 

and quadriceps elastography in COPD patients. 

 

The significant improvement of spirometric-indices 

after PR encountered in this study (p<0.001) indicate 

that the diaphragmatic breathing technique and puffing 

technique may improve respiratory muscle function 

with subsequent improvement of ventilatory functions. 

Moreover, inspiratory muscle training increases 

transpulmonary pressure, and increase inspiratory 

muscles volume and performance, thereby enhancing 

ventilatory functions. Additionally, exercise improves 

pulmonary function via respiratory muscles 

strengthening, increasing airway calibre and reducing 

airway resistance. Our result agreed with other previous 

studies that reported significant increase of FVC% and 

FEV1%, after 2 weeks. [32] or 12 weeks [33] of PR 

compared to pre-PR values in stable COPD patients. 

Also, Greulich et al. [34] performed retrospective 

analysis of patients with very-severe COPD who 

underwent an in-house PR program and reported that the 

FEV1 was increased by 99 ml above baseline. 

Dissimilarity, Mercken et al. [35] found no changes of 

pulmonary functions after a training program.  

 

In the present study, the significant increase in SaO2 %, 

PaO2, with significant decrease in PaCO2 and pH after 

PR (table 3) suggest that breathing exercises induce 

breathing pattern adaptations and increased duration of 

both inspiration and expiration with resulting increase 

in tidal volume leading to homogenous lung emptying, 

thus preserving the intrabronchial pressure and 

supporting both gas exchange and ventilation [36]. Same 

result was reported in several studies that reported 

increased PaO2 [36] [37] [38], and decreased PaCO2 and 

HCO3 [36] [37] after PR than before PR. Moreover, another 

study conducted on COPD patients with respiratory 

failure and found that PaO2 and SaO2 increased 

significantly in normocapnic and hypercapnic patients 

after PR; the hypercapnic patients demonstrated more 

increase of SaO2 and more decrease in PaCO2 
[3739]. 

 

The improvement (decrease) of CAT score and mMRC 

scale, and 6MWT parameters in our COPD patients after 

PR (table 5) may be attributed to an improvement of 

respiratory and skeletal muscle functions, improvement 

of airway function, breathing pattern adaptations, 

decrease in dynamic hyperinflation, decrease in the 

breathing effort, and decrease in oxygen demand 

associated with improvement of the oxygen 

consumption in peripheral muscles. Also, decreasing the 

frequency of hyperventilation can reduce the O2 cost. 

Our results agreed with two previous studies that 

documented that the post-PR mMRC scale and CAT 

scores were significantly decreased than baseline values 
[4] [9]. Moreover, Vitacca   et al. [40] study reported that the 

total CAT improved, with no significant difference 

between GOLD grade 4 and GOLD 1 to 3 combined. 

Shehata et al. [41] reported that significant decrease in 

mMRC score and increase in 6MWD in stable COPD 

patients after PR. Although the improvement in mMRC 

scale and 6MWT distance after PR did not reach an 

acceptable clinical value, we consider this improvement 

clinically significant, as the change in 6MWD is an 

indicator of the functional performance of the COPD 

patients.  

 

The significant decrease of RVSP in COPD patients 

after PR found in the current study (table 4) may be 

related to an increase in PaO2 and decrease in PaCO2 

with subsequent abolishment of hypoxic and / or 

hypercapnic pulmonary vasoconstriction. Also, exercise 

enhance pulmonary circulation, induce pulmonary 

vasodilatation, and increase adrenaline and cortisol 

secretion that led to pulmonary vasodilatation and 

decrease pulmonary vascular resistance with subsequent 

of reduction of pulmonary artery pressure [42]. However, 

one study stated that the mechanisms via which exercise 

training impacts pulmonary artery pressure are not 

entirely clear, and large clinical trials are needed to 

confirm its safety and efficacy [43]. Several studies 

reported significant decrease of pulmonary artery 

pressure after rehabilitation program in patient with 

pulmonary hypertension [44] [45] [46]. 

 

CONCLUSION 
PR confers benefits to COPD patients that manifest in 

diverse ways as improvement of ventilatory functions, 

arterial blood gases, exercise capacity, and diaphragm 

functions, with decrease of diaphragm and quadriceps 
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muscle stiffness and pulmonary artery pressure. 

Therefore, PR should be part of the standard care of 

COPD patient. PR clinics should be present in primary 

health care settings for COPD patients. Another study to 

compare impacts of different types of breathing exercise 

on functional status and quality of life of COPD patients 

is recommended.  
 

Financial support: This work was not funded from 

any governmental or non-governmental agencies.  
 
 

Conflict of interest declaration: The authors declared 

that there is no direct or indirect conflict of interest. 

 

REFERENCES 

1. Arnold MT, Dolezal BA, and Cooper CB. 
Pulmonary rehabilitation for chronic obstructive 

pulmonary disease: Highly effective but often 

overlooked. Tuberc Respir Dis (Seoul). 

2020;83(4):257-267. 

2. Gosselink R, De Vos J, van den Heuvel SP, 

Segers J, Decramer M, and Kwakkel G. Impact 

of inspiratory muscle training in patients with 

COPD: what is the evidence? Eur Respir J. 

2011;37(2):416-25. 

3. Deng M, Zhou X, Li Y, Yin Y, Liang C, Zhang Q, 

Lu J, et al. Ultrasonic elastography of the rectus 

femoris, a potential tool to predict sarcopenia in 

patients with chronic obstructive pulmonary 

disease. Front Physiol. 2022; 12:783421.  

4. Kiliç L, Tural Önür S, Gorek Dilektasli A, 

Ulubay G, and Balcı A. Understanding the impact 

of pulmonary rehabilitation on airway resistance in 

patients with severe COPD: A single-center 

retrospective study. Int J Chron Obstruct Pulmon 

Dis. 2023; 18:1-10. 

5. Essawy TS, AL-Arag AH, Mousa HH, Abd El-

Sattar M, Elsawy and RS. Ultrasound assessment 

of diaphragmatic thickness in chronic obstructive 

pulmonary disease patients as a predictor for 

disease severity. Benha Medical Journal. 2021: 38, 

(1): 353-67  

6. Güneş S, Genç A, Aytür YK, Çiftçi F, Hayme S, 

and Kaya A. Effects of pulmonary rehabilitation 

on diaphragm thickness and contractility in patients 

with chronic obstructive pulmonary disease. Turk J 

Med Sci. 2022;52(1):89-96. 

7. Boussuges A, Rives S, Finance J, and Brégeon F. 
Assessment of diaphragmatic function by 

ultrasonography: Current approach and 

perspectives. World J Clin Cases. 2020;8(12):2408-

24. 

8.  Creze M, Nordez A, Soubeyrand M, Rocher L, 

Maître X, and Bellin MF.. Shear wave 

sonoelastography of skeletal muscle: basic 

principles, biomechanical concepts, clinical 

applications, and future perspectives. Skelet. 

Radiol. 2018; 47: 457-71. 

9. Ma Y, Chen Y, Zhang N, Xu G, Wang Y, Sun Y, 

et al. Efficacy and safety of pulmonary 

rehabilitation training on lung function, quality of 

life, and T cell immune function in patients with 

stable chronic obstructive pulmonary disease: a 

randomized controlled trial. Ann Palliat Med. 2022 

May;11(5):1774-1785. 

10. Mohammed RS, Mohammed AS, Mohammed 

LA, and Taha AR, Estimating the effectiveness of 

pulmonary rehabilitation in patients with chronic 

obstructive lung disease. Egyptian Journal of 

Medical Research. 2022; 3 (1):24-36. 

11. Blanco I, Tura-Ceide O, Peinado VI, Barberà 

JA. Updated perspectives on pulmonary 

hypertension in COPD. Int J Chron Obstruct 

Pulmon Dis. 2020; 15:1315-24.  

12. GOLD. (Global Initiative for Chronic 

Obstructive Lung Disease). Diagnosis of COPD, 

4-8 

chromeextension://efaidnbmnnnibpcajpcglclefind

mkaj/https://goldcopd.org/wpcontent/uploads/202

1/12/GOLD POCKET-GUIDE-2022-v1.1-

22Nov2021_WMV.pdf\ [Accessed 15 Sep, 2022]. 

13. Al-Moamary MS, Al-Hajjaj MS, Tamim HM, 

and GhobainMA. The reliability of an Arabic 

translation of the chronic obstructive pulmonary 

disease assessment test. Saudi Medical Journal 

32(10):1028-33 

14. Rajala K, Lehto JT, Sutinen E, Kautiainen H, 

Myllärniemi M, and Saarto T. mMRC 

dyspnoea scale indicates impaired quality of life 

and increased pain in patients with idiopathic 

pulmonary fibrosis. ERJ open research. 

2017;3(4):00084. 

15. Crapo RO, C Asaburi R, Coates Al, Enright Pl, 

Macintyre NR, McKay RT, et al. ATS statement: 

Guidelines for the six-minute walk test. Am J 

Respir Crit Care Med. 2002; 166: 111-17. 

16. Miller MR, Hankinson J, Brusasco V, Burgos F, 

Casaburi R, Coates A, et al. ATS/ERS task force. 

Standardisation of spirometry. Eur Respir J. 

2005;26(2):319-38. 

17. Santana PV, Cardenas LZ, Albuquerque ALP, 

de Carvalho1 CRR, and Caruso P. 

Diaphragmatic ultrasound: a review of its 

methodological aspects and clinical uses. J Bras 

Pneumol. 2020;46(6): e20200064 

18. Boon AJ, Harper CJ, Ghahfarokhi LS, 

Strommen JA, Watson JC, and Sorenson EJ. 
Two-dimensional ultrasound imaging of the 

diaphragm quantitative values in normal subjects. 

Muscle Nerve. 2013;47(6):884-89.  

19. Haaksma ME, Smit JM, Boussuges A, Demoule 

A, Dres M, Ferrari G, et al. EXpert consensus on 

Diaphragm UltraSonography in the critically ill 

(EXODUS): A Delphi consensus statement on the 

measurement of diaphragm ultrasound-derived 

parameters in a critical care setting. Crit Care, 2022 

26(1):99. 

20. Chen Y, Li J, Dong B, Zhu Z, and Lyu G. Two-

dimensional shear wave elastography: a new tool 

for evaluating respiratory muscle stiffness in 

chronic obstructive pulmonary disease patients. 

BMC Pulm Med. 2022;22(1):441. 

https://bmfj.journals.ekb.eg/issue_21652_24475_.html
https://bmfj.journals.ekb.eg/issue_21652_24475_.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5731772/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5731772/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5731772/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5731772/


JRAM 2024; 5 (2): 174-185 El-Saeed et al. Rehabilitation in COPD patients 
 

 
183 

21. Lang RM, Badano LP, Mor-Avi V, Afilalo J, 

Armstrong A, Ernande L, et al. 
Recommendations for cardiac chamber 

quantification by echocardiography in adults: an 

update from the American Society of 

Echocardiography and the European Association of 

Cardiovascular Imaging. J Am Soc Echocardiogr. 

2015;28(1):1-39.e14 

22. American Lung Association. Breathing 

exercises (https://www.lung.org/lung-health-

diseases/wellness/breathing-exercises). Accessed 

10/29/2022 

23. Nall R. Breathing Exercises with COPD ,2020 

https://www.healthline.com/health/copd/breathing

-exercises [Accessed 15 Sep 2022]. 

24. McCarren B, Alison JA, and Herbert 

RD. Vibration and its effect on the respiratory 

system. Aust J Physiotherapy. 2006; 52:39 - 43.  

25. McDermott MM, Liu K, Guralnik JM, Criqui 

MH, Spring B, Tian L, et al. Home-based walking 

exercise intervention in peripheral artery disease: a 

randomized clinical trial. JAMA. 2013;310(1):57-

65. 

26. Ortega F ,  Toral 

J , Cejudo  P,  Villagomez R, Sánchez 

H, Castillo J, et al. Comparison of effects of 

strength and endurance training in patients with 

chronic obstructive pulmonary Disease, Am J 

Respir Crit Care Med. 2002;166(5):669-74. 

27. Clanton TL and Levine S. Respiratory muscle 

fiber remodelling in chronic hyperinflation: 

dysfunction or adaptation? Journal of Applied 

Physiology. 2009;107(1):324–35. 

28. Crimi C, Heffler E, Augelletti T, Campisi R, 

Noto A, et al. Utility of ultrasound assessment of 

diaphragmatic function before and after pulmonary 

rehabilitation in COPD patients. International 

Journal of Chronic Obstructive Pulmonary 

Disease. 2018; 13:3131–39. 

29. Corbellini C, Boussuges A, Villafane JH, and 

Zocchi L. Diaphragmatic mobility loss in subjects 

with moderate to severe COPD may improve after 

in-patient pulmonary rehabilitation. Respiratory 

Care. 2018;63(10):1271-80. 

30. Chun EM, Han SJ, and Modi HN. Analysis of 

diaphragmatic movement before and after 

pulmonary rehabilitation using fluoroscopy in 

patients with COPD. International Journal of 

Chronic Obstructive Pulmonary Disease. 2015; 

10:193-99. 

31. Donaldson AV, Maddocks M, Martolini D, 

Polkey MI, and Man WD. Muscle function in 

COPD: a complex interplay. International Journal 

of Chronic Obstructive Pulmonary Disease. 2012; 

7:523-35. 

32. Ma H, Dai M, Wu S, Zhao Z, Zhang Y, Zhao F, 

et AL. Pulmonary rehabilitation ameliorates 

regional lung function in chronic obstructive 

pulmonary disease: a prospective single-arm 

clinical trial. Ann Transl Med. 2022 ;10(16):891.  

33. AlKarn AF,  Hassan WA,  Abo El Fadl AA, and 

Mahmoud MA. Effectiveness of pulmonary 

rehabilitation on pulmonary function parameters 

and dyspnea in patients with stable chronic 

obstructive pulmonary disease. Egypt J Bronchol 

2018 12:149-153 

34. Greulich T, Koczulla AR, Nell C, Kehr K, 

Vogelm eier CF, Stojanovic D, Wittmann M, 

Schultz K. Effect of a Three-Week Inpatient 

Rehabilitation Program on 544 Consecutive 

Patients with Very Severe COPD: A Retrospective 

Analysis. Respiration. 2015;90(4):287-92.  

35. Mercken EM, Hageman GJ, Schols AM, 

Akkermans MA, Bast A, and Wouters EF. 

Rehabilitation decreases exercise-induced 

oxidative stress in chronic obstructive pulmonary 

disease. Am J Respir Crit Care Med 2005; 172: 

994–1001. 

36.  Hashem ES, d Abdou LM,  El-Gamil AE,  

Shaaban AY, The Effect of diaphragmatic 

breathing versus pursed-lips breathing on 

pulmonary functions among patients with chronic 

obstructive pulmonary disease ASNJ. 2015; 

17(1):153-74 

37. Korkmaz C, Demirbas S, Vatansev H, Yildirim 

E, Teke T, and Zamani A. Effects of 

comprehensive and intensive pulmonary 

rehabilitation and nutritional support on quality of 

life and functional status in patients with chronic 

obstructive pulmonary disease. J Int Med Res. 

2020;48(4):300060520919567.  

38. Elkhateeb NB, Elhadidi A,  Masood HH,  

Mohammed R, Pulmonary rehabilitation in 

chronic obstructive pulmonary disease. Egyptian 

Journal of Chest Diseases and Tuberculosis. 2015; 

112(2). 

39. Sahin H, Naz I, Varol Y, Aksel N, Tuksavul F, and 

Ozsoz A. Is a pulmonary rehabilitation program 

effective in COPD patients with chronic 

hypercapnic failure? Expert Rev Respir Med. 

2016;10(5):593-98.  

40. Vitacca M, Paneroni M, Spanevello A, 

Maniscalco M, Diasparra A, Aliani M, et al. 
Effect of pulmonary rehabilitation on COPD 

assessment test items in individuals classified as 

GOLD group E. Respiration. 2023;102(7):469-78.  

41. Shehata SM, Refky MM, Al gabry MM, 

and Nafae RN. Outcome of pulmonary 

rehabilitation in patients with stable chronic 

obstructive pulmonary disease at chest department, 

Zagazig university hospitals (2014–2016). 

EJOB 2018; 12: 279-87. 

42. Kamal WMA, Nambi GS, and Mahmoud MZ. 

Impact of resisted Exercise on chronic obstructive 

pulmonary disease (COPD) in elderly patients in 

Al-Kharj, Saudi Arabia. International Journal of 

Medical Research and Health Sciences.2016; 5 

(5):187-195. 

43. Zhang X, Xu D. Effects of exercise rehabilitation 

training on patients with pulmonary hypertension. 

Pulm Circ. 2020;10(3):2045894020937129. 

https://www.healthline.com/health/copd/breathing-exercises
https://www.healthline.com/health/copd/breathing-exercises
https://www.atsjournals.org/author/Toral%2C+Javier
https://www.atsjournals.org/author/Toral%2C+Javier
https://ejb.springeropen.com/articles/10.4103/ejb.ejb_43_16#auth-Atef_F__Al-Karn-Aff1
https://ejb.springeropen.com/articles/10.4103/ejb.ejb_43_16#auth-Wafaa_A_-Hassan-Aff1
https://ejb.springeropen.com/articles/10.4103/ejb.ejb_43_16#auth-Abdel_A__Abo_El-Fadl-Aff1
https://asalexu.journals.ekb.eg/?_action=article&au=461440&_au=Eshrak+Salama+Hashem
https://asalexu.journals.ekb.eg/?_action=article&au=461441&_au=Laila+Mohamed+Abdou
https://asalexu.journals.ekb.eg/?_action=article&au=461442&_au=Aida+Elsayed+El-Gamil
https://asalexu.journals.ekb.eg/?_action=article&au=461444&_au=Ahmed+Youssef+Shaaban
https://asalexu.journals.ekb.eg/?_action=article&au=461444&_au=Ahmed+Youssef+Shaaban
https://asalexu.journals.ekb.eg/issue_29299_29302.html
https://www.researchgate.net/scientific-contributions/Hosam-H-Masood-2072243666?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/Amany-R-Mohammed-2072254147?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/Amany-R-Mohammed-2072254147?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19


JRAM 2024; 5 (2): 174-185 El-Saeed et al. Rehabilitation in COPD patients 
 

 
184 

44. Al-Tantawy M, Al-Sayd, M, Al-Sayd Y, and Abd 

Al-Aty, M. "Role of pulmonary rehabilitation in 

patients with pulmonary arterial hypertension," Al-

Azhar International Medical Journal. 2022; 3(9): 

23. 

45. Mainguy V, Maltais F, Saey D, Gagnon P, Martel 

S, Simon M, et al. Peripheral muscle dysfunction 

in idiopathic pulmonary arterial hypertension. 

Thorax. 2010; 65(2), 113-7.  

46. Grünig E, Maier F, Ehlken N, Fischer C, 

Lichtblau M, Blank N, et al. Exercise training in 

pulmonary arterial hypertension associated with 

connective tissue diseases. Arthritis research and 

therapy. 2012; 14(3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



JRAM 2024; 5 (2): 174-185 El-Saeed et al. Rehabilitation in COPD patients 
 

 
185 

 الملخص العربي

 زمنتأثير التأهيل الطبي الرئوي على مرضي ضيق الشعب الهوائية الم
، لبني خالد 2، رحاب محمد حمدي1هدي اسعد عيد، 1، مجد محمد جلال1علياء عبد الناصر محمد السعيد

 4، بسمة محمد محمد3صقر
 الامراض الصدرية، كليه طب بنات، القاهرة، جامعه الازهر، جمهوريه مصر العربية. قسم  1

 جامعه الازهر، جمهوريه مصر العربية. امراض القلب و الأوعية الدموية، كليه طب بنات، القاهرة، قسم 2
 الأشعة التشخيصية ، كليه طب بنات، القاهرة، جامعه الازهر، جمهوريه مصر العربية. قسم 3
 الطب الطبيعي والتأهيل، كليه طب بنات، القاهرة، جامعه الازهر، جمهوريه مصر العربية.قسم  4

 

 ملخص البحث 

ن له تأثيرات عامه كثيره على الجسم والتي تحدد مدي شده المرض مرض ضيق الشعب الهوائية المزم الخلفيه:
والقدرة الحركية وتطور المرض نفسه. ان برنامج التأهيل الرئوي يساعد في تقليل الاعراض وتحسين القدرة 

 العامة على الحركة.

ب الحاجز في : دراسة تأثير التأهيل الطبي الرئوي على القدرة الحركية والعضلات الطرفية والحجاالهدف
 الحالات المستقرة لمرضي ضيق الشعب الهوائية المزمن.

دراسة تداخليه مترقبه شملت  ستون مريض ذو حاله مستقرة من مرض ضيق الشعب الهوائية المزمن  الطرق:
حيث تم عمل وظائف التنفس وتحليل غازات الدم وسونار علي الحجاب الحاجز لقياس سمك وحركه الحجاب 

ونار الالاستوجرافي علي الحجاب الحاجز والعضلة الرباعية للفخذ وسونار علي القلب لقياس الحاجز  والس
ارتفاع ضغط شريان الرئة وتم تقييم القدرة الحركية للمرضي عن طريق: مقياس التنفس لمرضي ضيق الشعب 

رات مره اوليه ثم تم الهوائية المزمن و مقياس قصر النفس واختبار المشي لسته دقائق تم عمل كل هذه الاختبا
 اعادتها جميعا بعد اثني عشر أسبوعا من التأهيل الرئوي.

حجم الزفير القسري في الثانية الاولي \النسبة ما بين السعه الحيوية القسرية )تحسنت وظائف التنفس النتائج: 
%  بعد التأهيل 75-25الاولي وتدفق الزفير القسري  حجم الزفير القسري في الثانية‘السعه الحيوية القسرية ‘

الرئوي مقارنه بالقيم الأولية وأيضا تحسنت قيم غازات الدم مقارنه بالقيم الأولية حيث زاد تشبع الاكسجين وقلت 
تحسنت قيمه سمك الحجاب الحاجز وأيضا حركته بعد التأهيل الرئوي  قيمه حموضه الدم وثاني أكسيد الكربون.

تحسنت قيم السونار الاستوجرافي للحجاب الحاجز وأيضا لعضله الفخذ مقارنه بالقيم الأولية  بالقيم الأولية. مقارنه
تحسنت قيمه ضغط شريان الرئة وقيم تقييم القدرة الحركية في صوره مقياس التنفس واختبار  بعد التأهيل الرئوي.

 الأولية بعد التأهيل الرئوي.المشي لسته دقائق وأيضا مقياس قصر النفس مقارنه بالقيم 

: التأهيل الرئوي يساعد بطرق كثيره في تحسين وظائف التنفس وغازات الدم والقدرة الحركية الاستنتاجات
 ووظائف الحجاب الحاجز وقساوة الحجاب الحاجز وعضله الفخذ وأيضا ارتفاع ضغط شريان الرئة.

 

مرين التنفس عن طريق الحجاب الحاجز، مقياس قصر النفس، تمرين التنفس : ضيق الشعب الهوائية المزمن،  تالكلمات المفتاحية

 عن طريق الصفير.
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