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Patients with Chronic Respiratory Disease (CRDs) have a
disorder in muscle structure and function, but their function
increases with physical progress and decreases the risk of
general and muscular weakness. CRDs patients with muscle
frailty also have higher mortality rates than patients without
muscle frailty and they are more likely to develop sarcopenia
and the incidence of pathogens. The aim of the present study
was to evaluate the main indicators of sarcopenia in chronic
respiratory patients with more focus on the musculoskeletal
structure and function in these patients and their impact on
quality of life which has the greatest predictor on mortality
of them.
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Femoral bone mineral density and rectus femoris phenotype as 

sarcopenia indicators after a pulmonary rehabilitation protocol in 

patients with chronic respiratory disease. 

1. Abstract 
    Introduction: Patients with Chronic Respiratory Disease (CRDs) have a disorder in muscle structure and 

function, but their function increases with physical progress and decreases the risk of general and muscular 

weakness. CRDs patients with muscle weakness also have higher mortality rates than patients without muscle 

weakness and they are more likely to develop sarcopenia and the incidence of pathogens. The aim of the present 

study was to evaluate the main indicators of sarcopenia in chronic respiratory patients with more focus on the 

musculoskeletal structure and function in these patients and their impact on quality of life which has the greatest 

predictor on mortality of them. 

   Methods: We randomly selected patients (N=38) with mean age of 72±1.0 years old men and women elderly 

with chronic respiratory diseases such as asthma, COPD, bronshiectasis and obesity with dyspnea score ≥ 2 in 

Medical Research Council (MRC) index. All patients after receiving research information and signing informed 

consent they have gone on performed assessments of pre and post rehabilitation protocol in spirometry for lung 

function, hand-grip dynamometer, quadriceps strength grading test, body mass index (BMI), skeletal muscle Index 

(SMI), 6-minute walking test (6MWT) and quality of life questionnaire SF-36 in rehabilitation and pulmonology 

departments at the Health Parc Sant Joan de Deu. Then, they performed femur bone mineral density (FBMD) and 

ultrasound on the rectus femoris muscle mid-tight cross-sectional area (RFMTCSA) in the quadriceps muscle at 

the electro-diagnosis department. They completed a pulmonary rehabilitation protocol for 4 months, which 

included: Exercise tests- incremental and constant, 12 weeks, 3 times a week, duration of each session was 1h :15 

min. Breathing techniques, respiratory muscle training and self-management, (ATS-ERS guidelines, 2013-2016).  

   Results: After the rehabilitation protocol, significant changes in BMI were seen in all patients, pre rehabilitation, 

BMI= 30±1.06 kg/m2 and post rehabilitation, BMI=29±1.00 kg/m2. In evaluating the muscle performance of 

respiratory patients, we observed that strength of quadriceps muscles in the quadriceps right leg in pre 

rehabilitation t= 24.00±3.0 and the quadriceps right leg in post rehabilitation t=27.00±4.0 at P< 0.00. In the 

analysis of Pearson’s correlation r =0.607 between T-scores and Z-score in Femur Bone Mineral Density (FBMD) 

and Rectus femoris Mid-Tight Cross Sectional Area (RFMTCSA) in pre-rehabilitation, there is a little bit 

significant correlation between the variables (P<0.00). There was a significant correlation between the variables 

(P <0.00). However, in the Pearson correlation analysis r = 0.910 at post-rehabilitation between the T-score and 

Z-score in the FBMD with RFMTCSA, there was a significantly higher correlation than pre-rehabilitation’s these 

variables at P <0.00. 

   Discussion: When we compared femur bone, rectus femoris muscle parameters and quality of life as indicators 

diagnosis of sarcopenia in chronic respiratory patients, we observed that in rectus femoris muscle ultrasound as 

the most effective foot muscle in detecting sarcopenia was the determination of the parameters of RFMTCSA and 

Circumference muscle, and we found significant change in the test of DEXA scan in T-score some more than Z-

score. Also, we observed that T-score and Z-score in femur bone and RFMTCSA had a high significant correlation 

after the pulmonary rehabilitation protocol. We conclude that if specialists examine the ultrasound of the rectus 

femoris muscle and femur bone with DEXA scan as the main indicators of sarcopenia in chronic respiratory 

patients, they can monitor the latest health status of these patients and determine their mortality rate with greater 

accuracy and predict. 

   Key words: Sarcopenia, Femoral bone mineral density, Rectus femoris muscle phenotype, Quadriceps muscles, 

Chronic respiratory disease, Quality of life. 
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4. Introduction  
    Chronic respiratory disease (CRDs) is widespread worldwide. It was reported to be the 

sixth leading cause of death in the world in 1990 and is now the fourth leading cause of 

death and is projected to be the third leading cause of death in the world by 2020.1 Chronic 

obstruction of airflow is an important feature of these patients. CRDs has impaired airway 

function and lung structures. Some of the most common chronic obstructive pulmonary 

diseases, COPD, asthma, occupational lung disease, pulmonary hypertension and 

respiratory problems associated with the patient are due to adverse physical conditions 

such as for overweight and obesity. Patients with chronic respiratory illness can suffer 

from other symptoms such as frailty, depression, heart attack, fatigue, decreased exercise 

capacity, and kidney pain. Chronic respiratory diseases in this study included: COPD, 

asthma, bronchiectasis, and obesity. Exercise is in many cases a strategic way to improve 

the symptoms of these diseases. It is now widely reported that proper exercise can be an 

effective prevention and treatment strategy for respiratory patients, and this is very 

important in the management of elderly people with chronic respiratory diseases. Recent 

studies of extrapulmonary issues in chronic respiratory patients have shown that 

quadriceps muscle is the most important muscle for these patients due to involvement in 

movement and activities. 2,3 But accurate and reliable equipment must be used to evaluate 

the quadriceps. New scientific studies have used ultrasound technology as an important 

and valid device for an accurate evaluation of quadriceps function and structure. 

    Besides, other non-pulmonary complications, such as cardiovascular disease, bone 

loss, musculoskeletal disorders, and muscle weakness, can also adversely affect their 

health outcomes. Increasing different comorbidities can damage lung function, decrease 

quality of life, and increase mortality. In all of these problems, muscle weakness and 

osteoporosis is a major problem that needs more therapeutic intervention. In the general 

population, osteoporosis risk factors include female gender, age, low body weight, 

glucocorticoid intake in chronic patients, and endocrine problems such as 
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hyperthyroidism and primary hyperparathyroidism. Recently, reduced skeletal muscle as 

sarcopenia parameter has been identified as a risk factor.4 The major risk factors for 

osteoporosis in respiratory patients are not yet clearly understood, but factors such as 

aging, female gender, low body weight, and body mass index (BMI) have been associated 

with reduced BMD in patients with COPD. 5 But compared to skeletal muscle index, body 

weight and BMI do not provide a more accurate reflection of body composition. In one 

study of aging and body composition, the prevalence of sarcopenia in the overweight 

group (BMI = 25-29) was 8.9% and in the obese group (BMI> 30) 7.1%. 5 Overweight 

and obesity are often symptoms of sarcopenia and gradually increase with the prevalence 

of chronic respiratory disease. Body mass index is associated with osteoporosis risk 

factors in patients with COPD including low body weight and low BMD. Sarcopenia is a 

major complication of chronic obstructive pulmonary disease, which is often seen even 

without low BMI. However, few studies have been published on the relationship between 

sarcopenia and BMD. 

 

4-1- Skeletal muscle dysfunction in CRDs.   

   Musculoskeletal disorders are an important clinical examination that is recognized in 

chronic respiratory patients. For example, in people with COPD, common changes in the 

musculoskeletal system, including quadriceps weakness, atrophy, and fiber-type shift, 

each provide independent predictive information of the lung. The mechanism that disrupts 

musculoskeletal function can have negative consequences through the progression of the 

so-called "healthy age" to sarcopenia and weakness. 

   Sarcopenia has been described as a decrease in skeletal muscle and a decrease in 

physical function dependence, which requires knowledge of current conditions of the 

musculoskeletal system to reduce muscle mass and muscle weakness in chronic 

respiratory patients. Skeletal muscle function is often considered in common diagnostic 

criteria, due to muscle weakness and a history of weight loss, which is often a product of 

muscle wasting. Both syndromes indicate skeletal muscle dysfunction, which affects 
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more of these syndromes, the broader effects of the disease, both inside and outside the 

lungs, affecting morbidity and mortality in these patients. Therefore, the presence of 

sarcopenia may be considered and provide additional prognostic information provided by 

skeletal muscle function markers. Previous studies have reported that a decrease in 

skeletal muscle mass is associated with a decrease in lung function in patients with 

COPD.2,4 More recently, in studies of nursing home residents, Carlson et al. (2015) 6 

showed that peripheral muscle strength, including hand-grip strength, was associated with 

maximal stimulating muscle strength. However, there is a paucity of information on how 

skeletal muscle mass changes are associated with pulmonary function in adults without 

lung disease. According to latest findings, this is the first study to investigate the 

association between rectus femoris muscle mass, femur bone and pulmonary function in 

samples of chronic respiratory patients from a general population of respiratory patients 

without apparent clinical symptoms. 6 

 

4-2- Assessment of quadriceps and femur bone in CRDs.  

    Many researchers have shown that in all the muscles of the body, the quadriceps are 

directly linked to the causes of death in older respiratory patients because weakness and 

atrophy in these muscles lead to physical inactivity and eventually lead to serious 

complications in these patients. 7,8 It is believed that osteoporosis, especially in the large 

bones of the body such as the femur, will cause inactivity, fatigue, and ultimately kidney 

failure. 9 Therefore, it is interesting to use valid scientific equipment to evaluate the 

relationship between quadriceps and femur structure. According to some researchers, 

muscle ultrasound, especially in the evaluation of the quadriceps, could be a better 

alternative to CT and MRI for evaluation of the musculoskeletal system in chronic 

respiratory patients. 8 This technology is an important tool for muscle evaluation in 

patients following the European Respiratory Society (ERS) Physical Activity Protocol. 

Since muscle ultrasound, both static and dynamic, allows for the consideration of 
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structural changes as well as reporting of local stress levels, researchers can provide new 

and varied information. Chunrong et al. (2014) 9 noted in a study that quadriceps muscle 

dysfunction is associated with reduced survival, poor performance, and poor quality of 

life. Most importantly, quadriceps muscle strength can predict mortality better than 

measuring the lung function in these patients. Improved quadriceps strength and 

endurance are seen with increased exercise capacity and can be good support for COPD 

patients after pulmonary rehabilitation. Huppmann and colleagues (2014) 8, focusing on 

patients with COPD, conclude that the measurement of rectus femoris cross-sectional 

area, recorded using a curved array transducer, is related to quadriceps muscle strength. 

These results are corroborated by reliable reports of femoral rectus femoris function with 

a wide linear array (connected to a console unit) and quadriceps muscle strength.7 

   Hakamy et al. (2017) 10 stated that the most important benefits of pulmonary 

rehabilitation include exercise tolerance, increased self-esteem, and quality of life, the 

strongest evidence of which is visible in patients with COPD or worse in lung cancer. The 

decision to go to a pulmonary rehabilitation clinic should not be based on parameters such 

as age or disease, but rather on the degree of disability and functional limitations of these 

respiratory patients. Complications associated with COPD include cardiovascular 

disease, obesity, diabetes, depression, muscle weakness, muscle disorders, and 

osteoporosis, which can significantly affect their mortality and if these complications are 

reduced in respiratory patients, there is a decrease in their mortality. Also, they do 

physical activity with minimal fatigue. Much research has been done on the efficacy of 

pulmonary rehabilitation in chronic respiratory patients. Also, they do physical activity 

with minimal fatigue. Much research has been done on the efficacy of pulmonary 

rehabilitation in chronic respiratory patients. 

    Bachason et al. (2013) 11 reported that, in peripheral motor muscles, intramuscular 

changes (e.g. changes in fiber type I/II/IIX and oxidative enzyme activity) decrease 

exercise-induced contractile fatigue in COPD patients. Quadriceps fatigue appears to be 

reduced in patients with increased strength and may occur in all or only some patients. 
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Nervous pressure in the leg during exercise may be related to quadriceps muscle 

contractions. 

   Annemie et al. (2014) 12 showed that exercise training, nutritional support, training and 

behavior change, self-management and physiological support improvement techniques 

are treatments that are often performed in pulmonary rehabilitation programs with 

increased muscle strength and endurance. It is based on assessing the patient's integrated 

health status and examines the systemic effects and complications of pulmonary disease. 

    In a recent study, Xiong et al. (2017) 13 reported the quadriceps weakness with fatigue, 

one of the most important symptoms of inactivity in many COPD patients, which has a 

significant effect on their quality of life in health. This conclusion was calculated after 

ultrasound (US) and tomography measurements of the lower limb structure in patients 

with mild to severe COPD in the rectus femoris muscle cross-sectional area (RFcsa). 

Ultrasound imaging is a safe and easy method used to evaluate the magnitude and severity 

of skeletal muscle contraction in Echo Intensity (EI). Increased skeletal muscle EI is an 

early diagnostic method and is an important factor in the diagnosis of musculoskeletal 

disorders and is a factor independent of age and muscle mass while reducing muscle 

strength in middle-aged and elderly people. The relationship between rectus femoris 

muscle structure, assessed by ultrasound, and health-related quality of life and health 

status of sarcopenia in COPD patients is still unknown. 

 

4-3- Recognizing sarcopenia in CRDs. 

    Some scientific reports suggest that one of the systemic effects of COPD is sarcopenia. 

The term is described as an age-related decline in muscle volume and function. This 

situation is associated with negative health consequences such as falling, disability, 

hospitalization, poor quality of life and mortality. The cause of sarcopenia is in addition 

to the consequences of the disease, nutrition, and activities caused by physiological 

changes. Sarcopenia can be classified as a physical impairment associated with adverse 

health consequences. These findings suggest that sarcopenia is associated with increased 
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lung function in COP patients. Patients with COPD also have a relative or absolute 

increase in fat mass, which can lead to systemic inflammation, and insulin resistance.14 In 

a recent study, body mass index (BMI) was not significantly associated with lung 

function, the severity of dyspnea, quality of life, and decreased skeletal muscle mass. 15 

   Skeletal muscle dysfunction is a well-known clinical manifestation in COPD patients. 

Key features include quadriceps weakness, atrophy, and type II fiber alteration, all of 

which are associated with a poor prognosis independent of lung function. Sarcopenia 

describes age-related skeletal muscle loss, leading to an increased risk of physical 

disability, poor health, and mortality. Sarcopenia is increasingly recognized as a clinical 

syndrome with its contributing factors, including physical inactivity, malnutrition, and 

chronic illness. Since COPD is in some ways an accelerated disease in the aging process, 

it is proposed the hypothesis that sarcopenia is related to COPD patients. In patients with 

COPD, most studies addressing skeletal muscle dysfunction have focused on one aspect 

of sarcopenia, mainly in the lower limbs. This contradicts international consensus 

statements on sarcopenia, which emphasizes the loss of both muscle mass and function 

in diagnostic criteria, and emphasizes the importance of general muscle function. In 

particular, evaluation of one aspect of sarcopenia is not sufficient, as the relationship 

between muscle mass and strength is nonlinear, and muscle atrophy does not always lead 

to dysfunction and there are no functional status weaknesses. The European Working 

Group on Sarcopenia in the Elderly (EWGSOP) has developed practical clinical 

diagnostic criteria for sarcopenia approved by international organizations and used to 

assess the prevalence and impact of this syndrome on disease settings and states. 

Although commonly used in COPD, it is necessary to understand the magnitude and 

nature of the problem in the disease associated with atrophy and muscle weakness.15,16 

Sarcopenia is associated with many common disease management strategies, including 

exercise training and nutritional aspects. Given the emergence of drugs directed to 

sarcopenia in other disease conditions, such data may be useful for drug production. In 

this study, we evaluated the prevalence and risk factors of sarcopenia in respiratory 
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patients and the effect of sarcopenia on functional exercise capacity and health status. We 

also seek to examine the relationship between sarcopenia and quadriceps strength and to 

examine whether exercise training as part of pulmonary rehabilitation can reverse 

sarcopenia. 

   Patients with respiratory disorders have musculoskeletal disorders, but their function 

increases with the progression of physical activity and reduces the risk of general and 

muscular weakness. Respiratory patients with general and muscular weakness have 

higher mortality rates than non-weak patients and are more likely to have sarcopenia and 

an increased incidence of the disease. In one study at a British hospital (2015), 17 the 

prevalence of sarcopenia was reported to be 14.5% of COPD patients compared to other 

European countries. In chronic respiratory patients, both risk factors (smoking, aging) 

and their causal mechanisms (endocrine dysfunction and inflammatory cytokines) are 

common and be high prevalence. These causes have increased with age and the global 

prevalence of recurrent respiratory diseases. Muscle structure and function must be 

considered for the diagnosis of sarcopenia. Clinically, the current definition of sarcopenia 

may show several defects, especially for quantitative measurement of muscle volume. 

Firstly, muscle mass thresholds are defined differently, and this causes patients to be 

classified correctly or incorrectly for sarcopenia. The prevalence of sarcopenia in the 

elderly also depends on the accepted definition for evaluation. However, the role of 

skeletal muscle ultrasound for screening and diagnosis of sarcopenia in the elderly 

remains and is important. None of the current definitions of sarcopenia include it in the 

diagnostic algorithms currently in the category of specialists. However, some 

experts 18 believe that using ultrasound in this field is also useful and that this technique 

is recognizable based on pioneering studies of muscle mass in healthy individuals and 

patients with an aging approach. Therefore, most studies support the use of potentially 

validated muscle ultrasound to identify sarcopenia in the elderly. However, since it has 

been performed in small samples and a variety of clinical conditions (from healthy 

subjects to patients with chronic diseases), no significant recommendations have been 
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made regarding the use of large-scale muscle ultrasound. In smaller cases, so in the same 

patients, some muscles may be affected by sarcopenia and other muscles not affected. 

Innovative muscle ultrasound studies have been conducted by Abe et al. (2015) 19 and his 

colleagues have contributed to the development of knowledge of this phenomenon and 

have developed specific concepts. They also developed and validated the equations, and 

calculated the total body mass index from ultrasound muscle thickness measurements in 

Japanese and Caucasian subjects, and achieved significant results. These proposed 

equations can be useful in Baumgartner (2016) 20 definition of sarcopenia identification 

and the near future. However, the relationship between full-body sarcopenia and specific 

sarcopenia is not fully understood and needs further research to identify the indicators. In 

this study, in a small group of healthy adults, the researchers showed that the ratio of 

anterior or posterior muscle to ultrasound was not consistent with abdominal lumbar mass 

measured by DEXA. However, according to the researchers' findings, it can be concluded 

that using ultrasound and DEXA to predict sarcopenia indices in chronic respiratory 

patients is valid and reliable, but which parameter has the most impact? It is not clear yet 

and we need to investigate more in the future. However, the role of skeletal muscle 

ultrasound for screening and diagnosis of sarcopenia in the elderly is quite clear. But none 

of the current indicators of sarcopenia include its diagnostic algorithm. Some 

experts 21,22 believe that the use of muscle ultrasound is also potential in this area and is 

largely based on pioneering studies in which muscle mass and its architecture are 

evaluated using this method in healthy subjects and respiratory patients. 

 

4-4- Prevalence sarcopenia and suffering from CRDs. 

    According to the latest scientific reports, 23,24 the rate of sarcopenia in COPD patients 

is about 25%. Severe sarcopenia was 2.5% and only 0.8% obesity associated with 

sarcopenia. The incidence of sarcopenia in COPD patients is 15%. It is well known that 

respiratory disorders are a very common disease. It is also quite evident that respiratory 
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distress is a very common disease that affects up to 10% of adults over 40 years of age 

and causes high levels of illness and mortality. It is associated with additional respiratory 

disorders, such as cardiovascular disease, osteoporosis, depression, and anemia. Previous 

studies have shown a correlation between low BMI and lower life expectancy in 

respiratory patients.25 However, recent data suggest that certain undesirable changes in 

body composition, in particular, lean body weight loss, can be a more reliable predictor 

of mortality than low BMI. In patients with respiratory disease, such changes have been 

observed concerning exercise intolerance, loss of quality of life, and increased mortality. 

Few studies in the literature on the prevalence of sarcopenia are associated with COPD 

severity indices. 26,27 

   Also, to date, no studies have been conducted on the association of sarcopenia with a 

prognosis of COPD or sarcopenia correction by BMI to prevent misdiagnosis in 

overweight patients. In respiratory patients over 50 years of age, there is a 1–2% decrease 

in muscle mass per year.28 Besides, between 50 and 60 years old and those over 60 age, 

muscle strength decreased by 1.5 percent and 3.0 percent, respectively.29 This 

phenomenon, known as sarcopenia, is an important indicator of weakness syndrome. 

Sarcopenia has been shown to occur in approximately 5% to 13% of all persons over 65 

years of age and in 20% to 40% of all respiratory patients, which may be even in 10% of 

normal weight respiratory patients.30 In patients with COPD, decreased exercise capacity 

is a major limiting factor of daily activities and is directly related to an increased risk of 

exacerbation. It has been suggested that such a decrease would be the best predictor of 

early mortality in them. The rate of impairment of exercise capacity (exercise 

intolerance), which is caused by factors such as pulmonary dysfunction, restriction of 

respiratory gas exchange, and skeletal muscle dysfunction, is related to the severity of 

COPD. In the event of shortness breath, such changes lead to further impairment of 

physical activity, which initiates a difficult cycle, also known as a downward spiral in 

them. 31 
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4-5- Sarcopenia with weakness/frailty in CRDs. 

    According to current criteria for the diagnosis of sarcopenia, researchers combine 

muscle function with muscle strength and physical function. The prevalence of sarcopenia 

in patients with CRDs is limited according to this definition. Also, the factors associated 

with sarcopenia in CRDs have not been extensively studied, especially for outcomes 

related to the aging syndrome, such as falls and disability. Early detection of sarcopenia 

can facilitate targeted interventions to prevent cough progression and improve quality of 

life in respiratory patients. Studies show that weakness, coupled with poor physical 

outcomes in chronic respiratory illnesses, such as increased falls, hospitalization, and high 

rates of disability, is consistent with the literature in the elderly.32,33 Prospective studies 

also support frailty as a predictor of mortality. Their weakness doubles the risk of 

mortality, which has obvious implications for disease management. It also provides 

examples of the adverse effects on patients' chances of receiving surgical and non-

pharmacologic treatment modifications, which should be considered an equally important 

negative outcome. 34 

   There have been limited studies of sarcopenia and weakness/frailty in chronic 

respiratory patients to date, relying on the status of this persistent disease, and this is 

important given that exacerbation or hospitalization has accelerated the disease and 

possibly increased sarcopenia. Recent studies 35,36 focused on sarcopenia and showed that 

a 15% prevalence was observed in patients with persistent respiratory disease. Studies 

examining the prevalence of weakness/frailty are generally interpreted as weakening with 

chronic respiratory disease. Only one retrospective study was able to show weakness in 

respiratory patients, which reported that there was very mild concern in these patients. 

Estimates of prevalence vary widely in studies, ranging from 5% to 65% for weakness 

and 22% to 64% for pre-old age. 37 This change is most likely due to differences in the 

criteria used and the population or settings studied. Sputum outbreaks have been 

associated with several factors including physical inactivity, shortness of breath, poor 
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breathing function, and increased comorbidity. In cross-sectional evaluation, a 

combination of weaknesses and these factors led to the poorest results, with evidence of 

cumulative side effects. Pulmonary rehabilitation has been shown to improve outcomes 

in patients with weakness/frailty and sarcopenia. 38 Symptoms improved, physical 

function improved, and overall health improved after a rehabilitation program, and in 

some patients, this factor led to inversion and separation of sarcopenia complications and 

weakness status. The change in status partly reflects the work of phenotypic models 

because patients who approach one or more evolutionary points need only a small 

improvement to change their status. However, there is a significant overlap between the 

main features of sarcopenia and weakness and the common goals of rehabilitation, for 

example, muscle strength, physical activity, and vitality. 39,40 The presence of sarcopenia 

does not appear to prevent patients from participating in pulmonary rehabilitation, but 

impairment-related disorders appear to complement their rehabilitation program. People 

who are weak in a rehabilitation study double the chances of not completing a patient 

plan. However, there is evidence that the relationship between weakness and chronic 

respiratory disease can be bilateral. Falsarella et. al. (2014) 41 found that weakness is 

associated with an increased risk of respiratory disorders, and conversely, respiratory 

failure is associated with an increased likelihood of weakness. This finding needs to be 

confirmed and may be associated with exacerbation of the disease in which respiratory 

disorder and weakness persist but can have important consequences because they target 

strategies that may be broadened for both subjects. 

 

4-6- Effects of sarcopenia and frailty on muscles in CRDs. 

    Recent research has shown that chronic disorders and respiratory complications are 

highly interdependent. Patients with the chronic respiratory disease show an increasing 

intensity of weakness,42,43 but the relationship between chronic respiratory disease and 

weakness is still unknown, although this is a sign of weakness in individuals with and 
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without CRDs. As patients with CRDs get worse over time, they become increasingly 

inactive and lose muscle strength, leading to sarcopenia and muscle weakness. Patients 

with the respiratory illness also undeveloped movement, slow walking, and falls due to 

general and muscle weakness. Complete non-breathing is also a strong predictor of 

general malaise up to 94% in patients with COPD who suffer from chronic respiratory 

obstruction, and significantly affects their quality of life and daily activities resulting in 

immobility. 44,45 In these patients, the highest level of fatigue (65.3%) and weakness, 

decreased activity and deficiency were observed in all criteria. Perhaps it was more 

prevalent among women than men. Increasing the prevalence on the Medical Research 

Council (MRC) scale increases fatigue (by 3 to 5 times the MRC score). 46,47 

   Two cohort studies from Heartfield Hospital Pulmonary Rehabilitation Services 

provided data to examine the relationship between skeletal muscle weakness, sarcopenia, 

and general weakness.48 Of the 90 participants with COPD who had sarcopenic criteria, 

89% had weak hand strength, 54% had slow walking speed, and 48% had both indicated 

a decrease in physical function. The other 27 participants in this study (4% of the total 

sample) had low skeletal muscle index but none had any markers of physical function 

decline. There was also no evidence of a decrease in physical performance or exercise 

capacity in this subgroup. This latter view does not support sarcopenia, which requires 

some degree of muscle dysfunction, because by adding physical function the diagnosis of 

sarcopenia is reduced, and it seems that most people with the syndrome do not 

differentiate with others. In a related but larger cohort, 209 participants had poor muscle 

phenotype criteria. Among this weak group, the majority of patients showed hand 

weakness (80%) and had a slow walking speed (72%). But the findings showed that 

muscle dysfunction plays an important role in sarcopenia and weakness in chronic 

respiratory patients. 49,50,51 
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4-7- Overlap sarcopenia and frailty as key role in CRDs. 

    Scientific reports show that weakness and sarcopenia overlap, nearly one-third of those 

with sarcopenia are weak, but not all of whom are sarcopenia.52,53 Although both diseases 

are commonly considered as complications of aging, chronic illness such as CRDs can 

accelerate their occurrence. According to a recent conceptual model, sarcopenia is said to 

be a physical weakness as a subset of biological changes in the body, and some point to 

both sides of the same coin.54 The skeletal muscle plays an important role in weakness 

because it is not only important for strength and mobility but is one of the main sources 

of mitochondrial energy production and the main reservoir of amino acids in the body. 55 

     In fragile stress conditions, as an acute exacerbation in CRDs, the sarcopenic patient 

can’t mobilize amino acids commensurate with the 100% increase in demand for protein 

synthesis in wound healing, immune function, and acute-phase reactants. The 

combination of anabolic deficiency and catabolic stressors exacerbates the malnutrition 

bed, creating a perfect storm for rapid muscle loss, culminating in profound compensation 

with long-term recovery and numerous complications. Even a slight loss of 5% of muscle 

can have a devastating and long-lasting effect on the patient. 56 Chronic aging-related 

diseases such as respiratory disease, cardiovascular disease, and diabetes compromise 

metabolic balance, cardiovascular function, and pulmonary function and lead to increased 

vulnerability of organisms to exposure to low-intensity stressors. This scenario illustrates 

the phenotypic manifestations of weakness. 57 On the contrary, frailty can lead to negative 

progress and result in chronic diseases in older patients. These chronic diseases are also 

associated with skeletal muscle mass and function leading to sarcopenia, which is 

associated with poor physical function and weakness. Decreased regenerative capacity 

due to dysfunctional satellite cell function, malignant perfusion, increased oxidative 

stress, mitochondrial dysfunction, and inflammation, constitute aging-associated skeletal 

muscle changes in sarcopenia associated with a poor phenotype.58 Inflammation appears 

as an important factor for chronic diseases, with sarcopenia and weakness. Chronic 
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diseases also have a great impact on hormonal regulation, mainly on the levels of 

testosterone, which are important for muscle physiology and are linked to poor physical 

function and weakness. 59 

   In other words, sarcopenia and frailty of the biological substrate at the muscle surface 

(i.e., low muscle mass) can be easily measured with the aid of existing techniques. At the 

clinical level, manifestations of frailty and sarcopenia, such as slow walking, balance 

disorder, and weakness, can also be objectively measurable with specific assessment 

scales, such as the Short Physical Performance Battery (SPPB) or berg balance. This set 

of biological, clinical, and functional manifestations resembles the diagnostic pathway 

commonly performed for other age-related degenerative diseases, such as congestive 

heart failure, COPD, and peripheral arterial disease. This ultimately means that the elderly 

with frailty and sarcopenia can easily be identified as individuals with target organ 

damage (e.g. low muscle mass), specific clinical phenotype and physical dysfunction. 60 

Identification of sarcopenia as a major component of physical impairment suggests that 

interventions specifically targeting skeletal muscle such as nutrition, adequate amounts 

of physical activity and exercise, as well as drug interventions can have preventive and 

therapeutic benefits. A recent randomized controlled trial conducted at two hospitals with 

289 elderly people showed that a 6-month integrated care program with exercise, 

nutrition, and psychological interventions had improved debilitating and sarcopenia 

among the elderly living in the hospital, and comprehensive training can be further 

improved. 61,63 These interventions are part of the integrated pulmonary rehabilitation and 

care at COPD. In the field of respiratory disease, research into sarcopenia and frailty are 

at a new stage. Systematic studies have shown that smoking is linked to the development 

of sarcopenia and frailty, and there is evidence to suggest that sarcopenia plays an 

important role in disease complications in patients with lung cancer and lung 

transplantation and that in poor adults who are critically ill.62 Chronic critical illness or 

severe disability can increase mortality and prolonged hospital stay. 64,65 
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   Sarcopenia is defined as age-related skeletal muscle loss. However, this now indicates 

any muscle decline in aging and any conditions such as chronic disease including COPD 

that cause a catabolic state. Muscle loss can start at age 35 and accelerate with age. 

Although sarcopenia is known as an elderly syndrome, it can also occur in young people 

after chronic illness and malnutrition. 66,67,68 Sarcopenia, which is characterized by 

decreased muscle mass, is a common feature of all chronic diseases associated with 

inflammation. Besides, it can be associated with preserved fat mass, which results in 

specific body composition and is known as sarcopenia obesity. Koo et al. (2017) 68,100 

showed that COPD patients with sarcopenia obesity presented the lowest parameters of 

pulmonary function testing, but had a better quality of life compared to patients who 

experienced other body composition changes. Although this syndrome has attracted 

considerable attention, it still has no accepted definition in the world. However, the 

syndrome described by the European Working Group on Elderly Sarcopenia (EWGSOP) 

is used as a loss of muscle mass along with one of the other two elements of muscle 

function and muscle strength in more research settings. Early detection of sarcopenia 

obesity can allow appropriate preventive and therapeutic interventions. 69 

   The aging process is characterized by a gradual decline in skeletal muscle (or 

sarcopenia) that, by interacting closely with chronic illnesses, may be susceptible to 

physical disability. CRDs is a very common condition associated with poor lean mass and 

impaired general health in the elderly. Also, lean mass was inversely associated with 

shortness of breath for the Medical Research Council and the component of the St. 

George's Respiratory Questionnaire and was directly related to pulmonary function 

parameters (including forced expiratory volume per second [FEV1]). More recently, 

Spruit et al. (2013) 58, 70 reported the lack of relationship between lean mass and 6-minute 

walk test results (6MWT) in COPD evaluation for longitudinal identification and 

prediction. On the other hand, Panita et al. (2015) 72 have already reported a positive 

correlation between results in 6MWT (the most common and reliable COPD assessment) 

and lean mass in respiratory patients with sarcopenia. The researchers explained their 
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negative results by making their analytical choices and evaluating the greater number of 

potential patients. 

 

4-8- Sarcopenia indexes in CRDs: 

4-8-1- Body Mass Index (BMI). 

    Body mass index (BMI) should be mounted on a wall using standard hospital 

calibration scales, because these parameters are very useful and fruitful in respiratory 

treatment as an indicator of health status. BMI is calculated as body mass (Kg) divided by 

squared body height (m2).  However, this mostly applies to patients with severe COPD 

where an increasing BMI is linearly associated with better survival, while in patients with 

mild to moderate COPD the lowest mortality risk occurs in normal to overweight or 

weight loss in these patients. The World Health Organization criteria were used to classify 

the subjects as low-weight (BMI<18.5), eutrophic (18.5 <BMI ≤24.99), overweight (25≤ 

BMI ≤29.99) or obese (BMI ≥30.00). 73 This index and division for respiratory patients 

can also be cited and so for all population recognized. The biggest problem with BMI is 

that when patients with chronic respiratory disease have a normal weight, they are unable 

to recognize the percentage of the muscles of this patient, which is the main cause of her 

movement and activity, and in this situation, we need to use more precise equipment the 

body composition by BIA (Bioelectrical Impedance Analysis), including the percentage 

of muscle, fat, bone, lean mass, hole body mass, is more accurately measured, and this 

can be useful in a more accurate diagnosis of sarcopenia in these patients. 74 

 

4-8-2- Skeletal Muscle Index (SMI) 

   One of the most important indicators of sarcopenia in chronic respiratory patients is the 

Skeletal Muscle Index (SMI), which is measured by factors such as age, height, weight, 

ethnicity, gender, and BMI in a valid and reliable formula, and its rate in an evaluation 

table according to gender and age is measurable. This index is the most important factor 

in the diagnosis of sarcopenia in chronic patients, especially in patients with respiratory 
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disease. SMI is calculated as a function of weight and height as follows: (height [m] _ 

0.244 _ body mass) + (7.8 _ height) + (6.6 _ gender) – (0.098 _ age) + (ethnicity – 3.3). 

The SMI index is then calculated by dividing an individual’s SMI (kg) by his or her height 

squared (m2). This indicator can be used as the main factor in the diagnosis of a respiratory 

patient with sarcopenia 75. 

    The gold standard of research for evaluating sarcopenia relies on complete techniques, 

cross-sectional imaging, a non-functional, and more structured approach to routine care. 

A more practical alternative indicator of lumbar muscle density in L3 using a normalized 

computed tomography (CT) is called skeletal muscle index (SMI). While evidence 

suggests that decreased lumbar SMI is associated with adverse clinical outcomes, such as 

deaths in the lung or colorectal cancers, little research has investigated how this measure 

of sarcopenia relates to dyspnea or decreased exercise tolerance. Although lung cancer 

patients and respiratory patients often use chest CT scans as part of their care, fewer 

respiratory patients receive lumbar scans. This limits the ability to evaluate sarcopenia 

using the lumbar SMI and therefore requires the discovery of the quadriceps SMI 

instrument as a more accurate sarcopenia measure. Besides, the measurement of thoracic 

skeletal muscle, which is involved in breathing work, may be associated with better 

breathing and better functional capacity. 76,77 

   European experts 78 did not report a significant relationship between SMI and breath 

intensity. There was also no significant relationship between SMI, respiratory rate, and 

6MWT interval. Similarly, the Cox proportional hazards model 79 did not show a 

significant relationship between SMI and manual weakness. Finally, using this technique, 

50 patients with eligible Lumbar Scan diagnoses were identified and found similar results. 

Over time, the SMI has gradually declined unacceptably. There was a significant 

relationship between Pearson correlation coefficients in lumbar and thoracic scans in this 

issue. Their findings suggest that the definition of SMI-based sarcopenia is not associated 

with severe breathing, exercise capacity, or survival in a small sample of patients with 

advanced lung cancer. The strengths of the present study include a population with 
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complementary sarcopenia features, severe breathing and exercise tolerance, and robust 

exploratory analysis. Despite the negative results, they demonstrated the feasibility of 

measuring sarcopenia using SMI. They were limited by the small sample size and missing 

data. Whereas a larger sample provides more power to detect significant index 

correlations. They used CT scans performed in the usual stages of care, which may not 

meet the exact criteria of future research. Changes in the quality of CT scans may result 

in indeterminacy. Besides, it cannot illuminate the severity of respiratory illnesses and 

other complications present in diagnostic models to potentially improve the accuracy of 

treatment models in respiratory patients. 80,81,82 

 

4-8-3- Anthropometric Indexes  

   For a more accurate diagnosis of sarcopenia, according to scientific reports, 

anthropometry and measurement of body sections such as arms, trunk, pelvis, and legs 

are important parameters for measuring anthropometry in the diagnosis of sarcopenia. A 

chronic respiratory patient must be normal, since muscle atrophy will be directly related 

to muscle weakness and general weakness of the body, and ultimately lead to a decrease 

in the physical activity of the patients. In these conditions, the quality of life of the patients 

is compromised and they are not able to continue their normal life and eventually the 

mortality rate increases. 83,84 

 

4-9- Pulmonary Rehabilitation (PR) in CRDs. 

   The results of scientific predictions show that pulmonary rehabilitation reduces frailty 

but there is little evidence of this intervention in this area. PR has been shown to 

significantly improve patient symptoms and quality of life in patients with respiratory 

disease. Public daily activities can relieve shortness of breath and fatigue, as well as 

increase exercise tolerance, and affect patients' self-control and feel it. Recently, studies 

have shown that the lack of association between fat mass and the 6-minute walk test 

(6MWT) is one of the general considerations in assessing COPD patient status 
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longitudinally to identify alternatives in predicting the future of these patients. In addition 

to improving respiratory and functional symptoms, pulmonary rehabilitation programs 

also target elements such as weakness, depression, inactivity, and fatigue. 85,86 

   Jones et al. (2015) 87 investigated the interaction of sarcopenia index in patients with 

COPD and response to pulmonary rehabilitation. In this study, 622 elderlies and middle-

aged COPD patients were included in the study. An immediate cohort study was followed 

over four years of pulmonary rehabilitation in patients with weakness and COPD. The 

pulmonary rehabilitation program consisted of an 8-week outpatient and 2-time weekly 

and home-based one-time training program. The sessions consisted of 1:15 hours of 

training, with 25.6% of participants in the pulmonary rehabilitation program being a 

weakness (according to the Freud phenotype model), while only 10% of the participants 

did not meet any of the weakness criteria. Significant improvements have been reported 

in a variety of areas including the Dyspnea MRC scale, manual dynamometer, chronic 

fatigue and anxiety, emotional scores, hospital stress, and depression shuttle score and 

walking test. All of these parameters are related to sarcopenia indices in respiratory 

patients. Sarcopenia has increased with age and the World Initiative Index for Obstructive 

Pulmonary Disease. It can be clearly stated that disorders of the skeletal muscle are more 

important in evaluating sarcopenia in chronic respiratory patients. 88,89 In the event of any 

disruption to the structure and function of the large musculoskeletal system of the body, 

especially the lower limbs and the foot, which are the main cause of movements, there 

will be widespread changes in weight loss, overweight, body composition, body diameter, 

water, fat, muscle percentage. Ultimately, the amount of physical activity a patient has 

directly related to their muscles. 90,91 

   In the present study, we investigated the effect of quadriceps rectus femoris muscle 

phenotype and femoral bone density as major markers of musculoskeletal sarcopenia in 

chronic respiratory patients predicting mortality in them following a pulmonary 

rehabilitation protocol. The effect of these changes will be on lung function, exercise 

capacity, muscle function and quality of life in these patients. This study was performed 
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in the Department of Pulmonology and Rehabilitation, Health Parc Sant Joan de Deu 

(PSSJD), Research Group "Clinical and epidemiological research group on high 

prevalence diseases", School of Medicine of the University of Barcelona. 
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    5- Justification  

      Given that this study is a pulmonary rehabilitation protocol, we believe this is a 

fundamental strategy to prevent the spread of respiratory problems worldwide. Research 

studies have shown that pulmonary rehabilitation can: reduce mortality, reduce hospital 

admissions, reduce inpatient hospital days, reduce readmissions (e.g. from 33 – 7%), 

reduce the number of home visits, improve health-related quality of life in respiratory 

patients after suffering an exacerbation (e.g. dyspnoea, fatigue, depression). Pulmonary 

rehabilitation could, be highly cost-effective, reducing costs to only 1,800 € - 7,800 € per 

year, thus saving 150 € per patient. Chronic respiratory patients in clinical evaluation 

generally have obesity, weight loss, muscle weakness, and osteoporosis, which are the 

most direct problems in quality of life, and are often associated with high medical costs 

due to the greater side effects in these patients. But pulmonary rehabilitation can help 

save money, prevent complications, and control future pulmonary disorders. 

    Regarding the hypothesis of the project we expect to find correlation models between 

rectus femoris phenotype (mid tight cross-sectional area, circumference, distance 

parameters in rectus femoris of quadriceps) and femur bone mineral density (T-score and 

Z-score parameters). We will assess the eefectivness of a pulmonary rehabilitation 

protocol on the quality of life in these patients (BMI, lung function, muscle function, 

exercise capacity) expecting to achieve lower costs in medical, laboratorial examinations, 

readmission hospital and hospitalization for chronic respiratory patients. 
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HYPOTHESIS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 Femoral bone mineral density and rectus femoris phenotype as sarcopenia indicators …  

38 
 

   6-   Hypothesis 

   Alternative Hypothesis (H1): The Research Hypothesis is that there is a direct 

correlation between Rectus femoris muscle phenotype (Mid-tight Cross sectional area, 

Distance and Peripheral), measured via Ultrasound, and femur bone mineral density, 

assessed via DEXA scan (T-score & Z-score) as main sarcopenia indicators, that can be 

achieved after a 4-month pulmonary rehabilitation protocol involving exercise tests. We 

hypothesize that after the exercise protocol patients with chronic respiratory disease 

would improve their exercise capacity, muscle function, lung function, and quality of life.  

We also believe that this correlation can help to specialists to more accurate detection of 

sarcopenia rate in chronic respiratory diseases. 
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7- Main objective 

    The main objective of this study was to evaluate the relationship between rectus femoris 

phenotype and femoral bone mineral density as the main indicators of sarcopenia in 

chronic respiratory patients following a pulmonary rehabilitation protocol with a 

cardiopulmonary exercise test approach (ERS/ATS instructions). The effect of this 

relationship on exercise capacity, muscle function, lung function and quality of life in 

these patients has also been investigated.  

 

   7-1-  Specific objectives 

   (1). To evaluate the clinical history parameters and health indexes in patients with 

chronic respiratory disease after the cardiopulmonary exercise protocol at hospital and 

home.  

   (2). To evaluate the phenotype parameters of rectus femoris including: MTCSA, 

distance and circumference in patients with chronic respiratory disease after the 

cardiopulmonary exercise protocol at hospital and home.     

   (3). To evaluate femoral density parameters in T-score & Z-score in chronic respiratory 

patients after the cardiopulmonary exercise protocol at hospital and home.     

   (4). To evaluate the cardio-pulmonary parameters and exercise capacity in chronic 

respiratory patients after the cardiopulmonary exercise protocol at hospital and home. 

   (5). To evaluate the musculoskeletal function in upper and lower limbs in chronic 

respiratory patients after the cardiopulmonary exercise protocol at hospital and home. 

   (6). To evaluate the lung function parameters in chronic respiratory patients after the 

cardiopulmonary exercise protocol at hospital and home. 

   (7). To evaluate the quality of life parameters and health-related factors (SF-36) in 

patients with chronic respiratory disease after the cardiopulmonary exercise protocol at 

hospital and home. 
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8- Methodology and Materials 

8-1- Ethics and Research Committees.  

    This study has been approved by the Ethic Committee and the Research Committee 

Parc Sanitari Sant Joan de Deu, in the research group: “Clinical and epidemiologic 

research on high-prevalence disorders.” (Faculty of Medicine at the University of 

Barcelona). All patients who volunteered before signing an informed consent form had 

all information about the goals, techniques, possible outcomes, and therapeutic processes 

in the pulmonology, rehabilitation, and radio diagnostics departments. Also, all patient 

information without personal access is completely confidential and is for the sole purpose 

of this research (Appendix 1,7,8). 

 

8-2- Study design.  

   Figure 1 shows the general design of the study. The patients had asthma, COPD, 

bronchiectasis and obesity (randomly, 38 men and women selected from the chronic 

respiratory community at the hospital) with a dyspnea score ≥ 2 in MRC index. We 

evaluated the general characteristics of the patients including: gender, age, weight, height, 

BMI and clinical history, then SF-36 quality of life questionnaire, spirometry of lung 

function, hand-grip dynamometer, grading system for Manual Quadriceps Muscle test 

and 6MWT at the pulmonology and rehabilitation departments (Picture 1). Then, they 

were referred to the Radio diagnostic department to perform a DEXA scan test to evaluate 

the femoral bone mineral density (T-score and Z-score) and ultrasonography on the rectus 

femoris quadriceps muscle (Cross-sectional area, distance and circumference). They 

performed a 4-month long term a pulmonary rehabilitation protocol (Table 1), which 

included: Exercise tests- incremental and constant, 12 weeks, 3 times a week, duration of 

each session was 1h 15 min. Breathing techniques, respiratory muscle training and self-

management, (ATS-ERS guidelines, 2013-2015) were conducted with the supervision of 

specialists. Following the pulmonary rehabilitation protocol, all patients performed 
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assessments as post-rehabilitation like pre-rehabilitation, according to the protocol study. 

Main intervention: Cardiopulmonary exercise tests (CPET) was developed by American 

Thoracic Society in 2003 92 as the gold standard with validity and reliability to study a 

patient with limited level of exercise and to evaluate improvement of respiratory patients 

before and after pulmonary rehabilitation protocol.  

 

8-3- Inclusion criteria.  

   Presence of clinical criteria for chronic condition and/or radiological pulmonary and 

cardiac, cardiorespiratory function in stable phase (at least two months without changes 

in semiotics) demonstrative of moderate (predicted 50% ≤ FEV1 < 80%), severe 

(predicted 30% ≤ FEV1 < 50%) and very severe (predicted FEV1 < 30%) obstruction. 

Clinical criteria’s in Asthma in moderate persistent: daily symptoms, use of short-acting 

beta agonists daily, attacks affect activity, exacerbations ≥2 times a week and may last 

for days, night-time symptoms >1 time a week, FEV1 greater than 60% to <80% of 

predicted and PEFR variability >30%, and criteria’s in severe persistent: Continual 

symptoms, limited physical activity, 

frequent exacerbations, frequent 

night-time symptoms, FEV1 ≤60% of 

predicted, PEFR variability >60%. 93  

 

 

 

 

 

   8-4 - Exclusion criteria.  

   Cardiovascular arrhythmic, cardiac ischemic during exercise test, cardiac surgery 

during last 3 months, neuromuscular and orthopedic disorders and rheumatoid arteritis, 

metabolic syndrome that could interfere with the results or difficult to obtain super 

Picture 1: One of chronic respiratory patients under consolation 

of the pulmonary rehabilitation protocol.  

http://www.hkresp.com/index.php/administrator/84-lung-function-testing/839-2010-jun-exercise-testing-in-copd-patients
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performance, severe malnutrition, treatment with drugs with potential effect on the 

muscle structure and function (e.g. corticosteroids), ethical reasons and intensive physical 

activity that due to disorder in blood pressure and heart rate. 93 

 

8-5- Main Intervention:  

    8-5-1- Hospital Basic  

8-5-1-1- Standard Exercise Protocols (Guidelines ERS/ATS).  

   Exercise tests used for chronic respiratory airway patients in exercise training include 

treadmill walking, resistance exercise (Picture 5) on major muscle groups (chest, back, 

shoulders, triceps, biceps, quadriceps, hamstrings and abdominals), stair climbing and 

cycling, recumbent or upright cycling (Picture 2), and elliptical or rowing machines 

measuring a number of physiological variables, including peak oxygen uptake (VO2), 

peak heart rate and peak work load. Participants in the exercise groups are assigned to a 

program with whom they exercise three times per week for 16 weeks. Oxygen capsulate 

is permitted during training to keep SpO2 90% pulse oximeter. It is expected that patients 

will attend approximately 30 training sessions (which means and adherence of 80%). 

Four respiratory patient types were present in our study including asthma, bronchitis, 

COPD and obesity and all these patients attend a 4-month pulmonary rehabilitation 

program after taking the steps of the Committee on Research and the Medical Ethics 

Committee to clearing the approval by hospital directory and preparing the protocol. 

Patients received the main intervention exercise tests: (incremental & constant), 

breathing techniques and respiratory muscle training according to, ATS-ERS guidelines 

(2013-2015). 94,95  
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8-5-1-2- Cardiopulmonary exercise tests (CPET)  

    Developed by the American Thoracic Society in 2003 96 as the gold standard with high 

validity and reliability for studying patients with limited levels of exercise and evaluating 

respiratory improvement before and after the pulmonary rehabilitation protocol. It 

provides a comprehensive assessment of the integrative responses involving the 

pulmonary, cardiovascular, hematopoietic, neuropsychological, skeletal systems and 

metabolic syndrome. Buta et. al. (2013) 97 stated that the two CPET protocols most 

frequently used in the clinical setting are the maximal incremental and the constant work 

rate tests by ergo cycling system. Interpretation of CPET involves a systematic review of 

the indices of the exercise capacity, cardiovascular response, ventilatory response and gas 

exchange. The response pattern in 

respiratory patients is exampled by (1) 

decreased VO2 peak (2), decreased or 

normal AT (3), decreased HR peak (4), 

normal or decreased O2 pulse and (5) 

increased in VE/MVV, VE/VCO2 (AT), 

VD/VT parameters (Appendix 11). 

 

8-5-1-2-1- Types Training in CPET:  

8-5-1-2-1- 1- Cycle-ergometer constant load test (CLT).  

   Neder et al. (2003) explained the exercise test to use in clinical trials for chronic 

respiratory and cardiac patients. A protocol with a constant workload of 50% of the 

maximum intensity found in incremental test to be used to assess the patient’s maximum 

tolerated time and subsequent analysis of VO2 and HR on-kinetics (Ergo-FIT, model Ergo 

167 Cycle, Parmesans, Germany).98  

 

 

 

Picture 2: One of chronic respiratory patient doing the cardio-

pulmonary exercise tests (CPET).  
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   8-5-1-2-1-2- Symptom-limited cycle ergometer incremental load test (ILT).  

   This protocol has increasing steps and Neder et al. (2003) designed this protocol for 

evaluation of patients with disorders of cardiopulmonary, cardiac, asthma, COPD. 

Advanced equipment with high protection for the patients is used. ILT is performed using 

a cycle ergometer with electromagnetic brakes and performed with a workload of 80% of 

the maximum intensity found in incremental test (Ergo-FIT, model Ergo 167 Cycle, 

Parmesans, Germany). 99 

    

    8-5-1-3- Breathing Techniques (Guide lines ERS/ATS):  

   There are two breathing techniques that can help to get the air without working so hard 

to breathe: pursed-lips breathing and diaphragmatic breathing (also called belly or 

abdominal breathing). Before starting any breathing technique, it is needed a time of a 

minute to drop the shoulders down, close the eyes, and relax (Picture 3). The following 

instructions are given to the patients (Picture 4):   

100,101 

   1. Pursed-Lips Breathing. 

   2. Diaphragmatic (Abdominal/Belly) Breathing. 

   3. Better Breathing Tip: Stop, Reset, Continue.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture 3: Session of the pulmonary rehabilitation protocol and 

breathing techniques training via respiratory patients.  
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Table 1: Cardio-pulmonary exercise protocol (study protocol) in chronic respiratory patients. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NO Exercise Instructions Time (min) 

1 Warm up Walking, rotation of joints in upper limbs and lower limbs, rotation and stretching of trunk 

in low back, chest, neck and shoulders and quadriceps.  
15  

2 Cycling 

ergometer 

or  

Treadmill 

The test began with a 1-minute warm-up period at minimal cycle ergometer load (15 W), 

with 5- to 10-W increases every 2 minutes that were individually selected to maintain the 

period of load increase in the 8-to-12 -minute range. 1-minute active recovery using minimal 

cycle ergometer load followed the peak load interruption and was followed by a 6-minute 

passive recovery. Treadmill test is special for patients that they have knee osteoarthritis and 

must be attention to standards indexes in exercise program and initially, the walking speed is 

very slow for warm up, but each minute the required walking speed progressively increases. 

Total, time for treadmill test 6 min.  

25  

3 Light 

dumbbell 

Repetition of light dumbbell (50 % resistance) for improvement of endurance muscle in 

major muscles e.g. shoulders, back, low back, pectoral muscles, trunk sides, quadriceps, leg 

muscles that more used in exercise program and influence on breathing. 

10  

4 Respiratory 

Muscle 

Training 

RMT may consist of inspiratory muscle training (IMT) or expiratory muscle training (EMT) 

or a combination of both includes:1. Diaphragmatic reeducation. 2. Profound inspiration.3. 

Inspiratory hiccups.4. Resistive inspiration with linear pressure load. 

10  

5 Breathing 

tecniques 

1. Pursed-Lips Breathing., 2. Diaphragmatic (Abdominal/Belly) Breathing., 3. Better 

Breathing Tip: Stop, Reset, Continue. 
5  

6 Cold down Light walking, deep breathing, stretching of muscles that more used in exercise program e.g. 

breathing muscle, major muscles, peripheral muscles that employed during exercise and fresh 

mind 1 min.  

10  

Picture 4: Group sessions of chronic respiratory 

patients in department of Rehabilitation at Parc 

Sanitari Sant Joan de Deu.  

Picture 5: Resistant exercise with dumbbells in a 

respiratory patients group during a session of the 

pulmonary rehabilitation protocol.  
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8-5-1-5- Ergo cycling- Cardiopulmonary exercise testing - CPET: 

8-5-1-5-1- Cycle-ergometer constant load test (CLT):  

    Respiratory patients with severe and very sever levels. 

8-5-1-5-2- Symptom-limited cycle ergometer incremental load test (ILT):  

    Respiratory patients with mild and moderate levels. 102,103 

 

8-5-1-6- Treadmill- Walking tests –WT: 

8-5-1-6-1- Modified Bruce Treadmill Test (MBTT):  

Respiratory patients with mild and moderate levels & disorders and pain in knees and hip.   

8-5-1-6-2- 6-Minute walking test (6MWT):  

Respiratory patients with severe and very sever levels with disorders and pain in knees 

and hip (Picture 6). 104  

 

 

 

8-5-1-7- Follow-up:  

   Contact with respiratory patients by telephone every 2 months by a nurse case manager 

to reinforce the importance of continued home exercise during 6 months. 

 

 

Picture 6: breathing techniques and 6-MWT tests in chronic respiratory 

patients.  
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8-6- Work plan. 
 

Figure 1: Work Plan Concept (Pulmonary Rehabilitation Protocol) 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

   

   8-7- Assessments in hospital 

   8-7-1- Clinical history (health and medical records):  

   All of the respiratory patients participating in this study, for their clinical history, have 

completed a special medical and clinical record form with the help of a specialist, 

including their latest medical and health care at the hospital (Figure 2). These include: 

BMI, history of smoking, hospitalization history, oxygen consumption, arthritis, 

cardiovascular disease, depression, diabetes, blood pressure, respiratory attacks and 

critical illness (Appendix 9).  

  

 

  

Coordination via Directory of Rehabilitation and Pneumology 

Departments for start the Pulmonary Rehabilitation Protocol. 
  

  

Pre-Pulmonary Rehabilitation Assessments: Diagnose by Pneumologist of 

patients with chronic Respiratory airway disease, Classification on MRC 

dyspnea Score ≥ 2, Informed consent, Clinical history, Randomized N=38, 

BMI, Spirometry, DEXA scan of FBMD, Muscle assessments (Hand grip 

dynamometry, Quadriceps grading manual test, Ultrasound RFMTCSA, 

6MWT, SF-36 (Quality of life), Data calculate. 

   

 

    
 

   

  
  

  

  
  
  

  

  
  

  

  

  
  
  

  

Main Intervention: (Protocol study) CPET (Exercise tests: incremental & 

constant, 12 weeks, 2 time per week, 1hr: 15 min duration sessions, ATS-

ERS), 12 weeks, 1 time per week at Home exercise prescription (Breathing 

techniques, respiratory muscle training (RMT)).   

  
  

  
  

  
  

  
  After post-Pulmonary Rehabilitation Protocol, Resource utilization, Number of 

Exacerbations, Capsulate oxygen, Home exercise prescription. 

  

  
  

  

  
  

  

Post-Pulmonary Rehabilitation Assessments: Clinical history, BMI, Spirometry, 

DEXA scan of FBMD, Muscle assessments (Hand grip dynamometry, Quadriceps 

grading manual test, Ultrasound RFMTCSA, 6MWT, SF-36 (Quality of life), Data 

calculate and Data analysis by SPSS 21.0 on P value <0.05. 

Data analysis and final Output on the effectiveness 

and correlation on FBMD and RFMTCSA after a 

Pulmonary Rehabilitation Protocol.  



 
 Femoral bone mineral density and rectus femoris phenotype as sarcopenia indicators …  

50 
 

 

 

 

Figure 2: Manuel preform clinical history and general characteristics of chronic respiratory patients.  
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   8-7-2- BMI (Body Mass Index):  

   The most important variable in patients with chronic 

respiratory disease is the BMI or the ratio of weight to height: 

BMI (kg/m2) = Weight (kg)/Height2 (m2). According to 

WHO, the most important factor in quality of life and health 

is in patients and even in ordinary people, and we have used 

this important index in the assessment of chronic respiratory 

patients, which was done using a digital BMI at the 

Rehabilitation department (Picture 7) (Appendix 2). 105  

   

 

 

   8-7-3- Lung function test (Spirometry):  

   All participants performed spirometry with a spirometer in a standing position (Picture 

8), in accordance with the latest ATS/ERS guidelines. The best and the highest values 

were used between the three measurements in the final statistical analysis. Regardless of 

the patient's condition, most FVC and FEV1 values are selected. The largest FVC and 

FEV1 values to be selected, regardless of the manoeuver. The lung function variables 

were expressed as percentage of the reference values (ERS/ATS guidelines) (Appendix 

16). 106  

 

   

 

 

 

Picture 8: Spirometry test by one of chronic 

respiratory patient at the clinic.  

Picture 7: Body mass index (BMI) device one of assessment in 

chronic respiratory patients.  
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   8-7-4- Handgrip dynamometry:  

   Handgrip dynamometry was used to assess the maximum strength of flexor hand 

muscles in upper limbs because this device has a high validity and reliability for medical 

researches, especially in respiratory disorders. Hand-grip style dynamometer (Takei 

Physical Fitness Test, model TKK 5401 Grip-D) was used for measurement of the 

subjects in an orthostatic position, with the upper limb (UL) stretched out down (Picture 

9) (Appendix 6,15). 105,107 

 

 

 

 

 

 

 

 

    8-7-5- Grading systems for manual quadriceps muscle strength:  

    In this variable, which is an indicator of quadriceps muscle strength and performed by 

a rehabilitation practitioner, the method of testing is such that the grading is from 0 to 5. 

It is possible to do this with the help of the hand, until the resistant of the hand in the 

weakest possible condition to 

strongest condition- doing knee 

extensions (Picture 10). Its grading 

is such that: 0 = Zero, 1= Trace, 2= 

Poor, 3= Fair, 4= Good, 5=Normal 

(Appendix 6,14). 108   

   

 

Picture 9: Dynamometry hand-grip test in 

one of chronic respiratory patient.  

Picture 10: Manuel grading Quadriceps strength in one of 

chronic respiratory patient.  
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   8-7-6- Femur Bone mineral density (FBMD):  

   We decided to use of DEXA scan (Picture 11) to evaluate Femur bone mineral density 

of respiratory patients special on T-score and Z-score parameters because it’s one of best 

devices with high reliability and validity in medical researches. Bone mineral density 

(BMD) was assessed by DEXA (Dual-

Energy X-ray Absorptiometry), on 

DPX-L (Lunar Excellent in Imaging 

version 4.7e, Madison, Wisconsin, 

EUA) equipment, duly calibrated and 

under daily quality control according 

to the manufacture’s specifications. 109  

  

 

 

 

 

    8-7-7- Rectus Femoris Mid-Tight Cross-Sectional Area (RFMTCSA):  

    Phenotypic Rectus Femoris quadriceps was measured by B-mode Ultrasonography 

(Picture 12) using an 8 MHz 5.6 cm linear transducer array (PLM805, Toshiba Medical 

Systems, Crawley, UK) in Mid-Tight Cross-sectional area. Distance and peripheral 

parameters of the Rectus femoris quadriceps muscles (RFMTCSA) were obtained 110,111 at 

the highest point in the thigh so that the entire rectus femoris cross-section could be 

visualized in a single field in all subjects. We used this method in pre and post 

rehabilitation program in patients at this study.   

 

 

 

Picture 11: DEXA scan on one of chronic 

respiratory patient’s femur bone.  
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8-7-8- Skeletal Muscle Index (SMI):  

   One of the most important indicators in the prediction of sarcopenia in chronic 

pulmonary patients is the measurement of SMI, which in recent researches have been 

evaluated using a reliable formula that takes into consideration the following parameters: 

height, weight, gender, age, BMI, and ethnicity (Appendix 5). 112   

Formula: 

SMI = (height[m] 0.244 body mass) + (7.8 height) + (6.6 sex) – (0.098 age) + (ethnicity – 3.3). 

 

   8-7-9-  6-Minute Walking Test (6-MWT):  

   Iwama et al. (2009) 86 designed the exercise test for cardiac and respiratory patients with 

severe situation and employed it in clinical practice at hospitals and clinics (ERS/ATS 

guidelines). The patients will be instructed and encouraged to walk as fast as possible for 

6 minutes, using standardized phrases every minute of the self-paced tests. The duration 

of this test is 6 minutes and is indicated on a 30-meter roundabout, with two cylinders, 

and it is said to patients that the most traveled route in the 6-minute period is their record 

in this test (Picture 13). The percentage of distance traveled will be calculated using the 

Picture 12: Ultrasound test on 

one of chronic respiratory 

patient’s rectus femoris 

muscle in quadriceps.  
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following equation: Distance traveled at 6MWT/predicted distance×100. The changes in 

(SpO2) during exercise are measured using a lightweight portable pulse oximeter. The 

longest 6MWD of two tests (performed the same day and separated by 20 min) will be 

the primary outcome measure. We determined the effort level using the ratio between HR 

max during the test and HR max % prediction (formula HR max = 220 – age). The 

therapist should pay attention to patients and if they have fatigue or dyspnea, they must 

rapidly stop the test and go to rest on a chair or bed. Pre and post 6MWT dyspnea were 

measured using the Borg scale (Appendix 13). 113   

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

Picture 13: 6-minute walking test (6MWT) doing by one of 

chronic respiratory patient.  
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  8-7-10- SF-36 questioner (Quality of life):  

    This Questioner is the most widely used 

generic questionnaire, the Medical Outcomes 

Study Short Form 36 (SF-36). It has been a 

widely accepted generic HRQL measurement 

in recent years with high validity and 

reliability special in medical studies and 

respiratory researches. 114,115 The SF-36 

includes 36 items divided into eight domains 

(Picture 14): Physical Functioning (PF), Role 

Physical (RP), Bodily Pain (BP), General 

Health (GH), Vitality (VT), Social 

Functioning (SF), Role-Emotional (RE) and 

Mental Health (MH). Our patients completed 

the questionnaire before and after the 

Pulmonary Rehabilitation Protocol 

(Appendix 4,12).  

 

   8-8- Home Basic. 

   In order to be able to maximize the effectiveness of the pulmonary rehabilitation 

protocol at hospital and monitoring in chronic respiratory patients, we advised all of them 

to do one session per week at home. After coming to the hospital two sessions a week to 

perform a pulmonary rehabilitation protocol, they also performed a home-based breathing 

exercise and techniques session at the end of the week tailored to their group sessions. To 

monitor the patient activity at home, the physiotherapist would call them to follow up on 

a home-based breathing exercise session and plan the following next week on the 

weekend. All patients were required to complete one session of home-based breathing 

exercises, and when coming to the clinic, prior to weekly pulmonary rehabilitation 

Picture 14: Questioner of SF-36 for assessment of 

quality of life indexes special for chronic respiratory 

patients.  
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sessions, they were asked to mark the exercises performed in a home-based breathing 

exercise reporting form. With this program, we were obliging them morally to conduct 

and control a regular home exercise session. 

   Finally, to evaluate patients, we asked them to complete the Quality of Life 

Questionnaire SF-36 and asking how many hours a day they use O2 oxygen capsules at 

home, so that we could compare the quality of life and daily activities of patients in 

conducting home-based respiratory exercise sessions in accordance with the pulmonary 

rehabilitation protocol in the clinic. Exercises at home increase the amount of walking 

and daily activities associated with the motivation to engage in social activities and reduce 

anxiety and stress. The following instructions were given to the patients as indications to 

perform the right breathing exercises. 

 

    8-8-1- Breathing Techniques 
 

    Breathing techniques are one of the most important ways to maintain the effects of 

pulmonary rehabilitation at home for chronic respiratory patients. There are two breathing 

techniques that help you get the air you need without having to breathe hard: Pursed-lips 

Breathing and Diaphragm Breathing (also called abdominal or belly). For better and 

easier breathing: Lift your shoulders upright. Take a minute before lowering your 

shoulders, closing your eyes, and resting before each breath. 

 

8-8-1-1- Pursed-Lips Breathing 
 

    This breathing techniques helps to focus, slow down and relax. Pursed -lips breathing 

should be used during and after physical activity. It should be used after any activity that 

causes shortness of breath. Through the nostril and breathe slowly. Do not push the air 

out. Breathe through the lips as if you were slipping a candle. Exhalation two to three 

times longer than your inhalation in this breathing method. This breathing increases the 

amount of time you can exercise or perform an activity and improves the exchange of 

oxygen and carbon dioxide. To purse-lips breathing included: 116,117,119 
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1. Breathe through your nose for about 2 seconds (as if you are smelling something). 

2. Hold your lips as if you were about to die on a birthday cake pile. 

3. Slowly breathe through the pursed-lips, two to three times. 

4. Repeat. 

 

8-8-1-2- Breathing from the diaphragm 

   This type of breathing is also called abdominal breathing. When breathing your 

abdomen should be raised and then lowered. The diaphragm is your main breathing 

muscle and is designed to do most of the breathing work. When you have COPD, the 

diaphragm is not used and muscles in the neck, shoulders and back are used. These 

muscles don't do much to move your air. Diaphragm training can help with more 

"breathing work". Included: 

1. Place one hand on your abdomen. Place one hand on the upper your chest. 

2. Focus on breathing on your abdomen. 

3. As you breathe in, your hand on your stomach should be raised. 

4. As you breathe, your hand on your stomach should come down. 

5. Breathe through your nose. Breathe slowly through the chased lips. 

6. Do this 2 to 3 times a day for 5 to 10 minutes.  

  

    Start by doing this while lying on your back, then try sitting down. Then try it while 

standing. Lastly, try it while doing the activity. The more comfortable you are with this 

type of breathing you can use to relieve shortness of breath. With all daily activities you 

can use diaphragmatic breathing. 118 

 

8-8-1-3- Better Breathing Tip: Stop, Reset, Continue 

   Use these three steps when you are short of breath during exercise or regular daily 

activities that is include: 

1. Stop your activity. 
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2. Adjust it by sitting down, loosening your shoulders, and do pursed-lips breathing until 

you catch your breath. 

3. Continue your activity, breathe in the pursed lips. If you need to, move at a slower 

pace. 118 

 

   8-8-2- Respiratory muscle training (RMT) (Guide lines ERS/ATS)  

   Respiratory Muscle Training (RMT) can be defined as a technique that aims to improve 

function of the respiratory muscles through specific exercises.  It consists of a series 

exercises, breathing and other, to increase strength and endurance of the respiratory 

muscles and therefore improve respiration. RMT is normally aimed at people who suffer 

from asthma, bronchitis, emphysema and COPD. However, many people adopt RMT as 

part of their exercise training as this training is designed to strengthen the muscles used 

for breathing. Studies have shown that regular RMT can increase a person’s endurance 

during cardiovascular exercise or physical activities such as running and cycling.  When 

a person is breathing normally, they typically use between 10 to 15 percent of his or her 

total lung capacity. With RMT a person can typically increase the amount of lung capacity 

used. Deeper breathing uses a bit more energy but also allows more oxygen to enter the 

bloodstream with each breath while strengthening the breathing muscles. Strengthening 

inspiratory muscles by performing daily breathing exercises for at least six weeks 

significantly reduces the amount of oxygen these same breathing muscles require during 

exercise, resulting in more oxygen being available for other muscles. RMT may consist 

of inspiratory muscle training (IMT) or expiratory muscle training (EMT) or a 

combination of both includes. 120,135 

 

   8-8-2-1- Diaphragmatic reeducation.  

    Slow mouth and oral contraction are intended to increase the aperture torque by 

increasing the abdominal movement and extension of the lateral side of the chest. 15 
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repetitions were performed on back lacerations with lower members and 15 repetitions 

on the left and right side edges. 

 

   8-8-2-2- Profound inspiration.  

   Deep nasal breathing continues until reaching the TLC after a long pause and then an 

oral expiry and 15 replays are made on the back deck with lower members. During the 

inspiration, the arms rose. 

 

   8-8-2-3- Inspiratory hiccups.  

   Short-term and continuous breaths without courses, as long as they reach the TLC, are 

followed by a smooth contraction that weakens to the level of eczema. We found that 15 

times repeated with a person who supports the chest, with upright palms, creating a tone 

of light when muscle contraction. 

 

   8-8-2-4- Resistive inspiration.  

    The pressure valve system uses a deep algorithm with a scale of 7 to 41 cm H2O 

denoted from the respiratory threshold - activated breathing muscle training. The used 

charge varies from 30 to 50 percent of the PI value. Three series of 15 repetitions were 

performed at intervals over the rest. 120 
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8-9- Statistics 

    Descriptive statistics (Frequency, Mean values ± Standard Deviation, Variance...) was 

used to analyse the variables of clinical history and health status indexes in preliminary 

characteristics (age, gender, height, weight, BMI, patients, Smoking, Diabetic, 

Hypertension, Depression and Crisis). 

   Differences between pre and post rehabilitation protocol in assessments of Hand-grip 

dynamometry, grading manual quadriceps strength, spirometry, 6-minute walking test, 

skeletal muscle index (SMI), Femur bone mineral density and Ultrasound rectus femoris 

muscle in quadriceps and finally quality of life questioner SF-36, were analysed using t-

Student of one Sample T-test, independent sample T-test and paired sample T-test. 

ANOVA test was run for analysing 6MWT and cardio-pulmonary exercise tests 

parameters. Evaluation of correlation between rectus femoris phenotype parameters and 

femur bone mineral density indexes was done using Pearson correlation in bivariate 

method of SPSS.  

   In this study we received report analyzed from department of electrodiagnostic on rectus 

femoris muscle by Ultrasound report and femur bone mineral density by DEXA scan that 

we used of these figures in assessments of rectus femoris phenotype and FBMD 

parameters.  

   We evaluated all of the variables analysis by SPSS version 21.0 software (SPSS Inc., 

2012, Chicago, IL, USA) and Excel 2016 (office 2016) to be used for database. Statistical 

significance was set at P <0.05.  
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RESULTS 
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9- Results  

      9-1- Measurement Preliminary characteristics and clinical history 

      Table 2 shows that, most of the patients had COPD and the prevalence was higher in 

men. We found significant changes in chronic respiratory patient’s BMI from 30±1.06 

(kg/m2) before the rehabilitation protocol to 29±1.00 (kg/m2) after that and we also 

observed weight loss in all respiratory patients. Regarding the clinical history of patients, 

we can see that 42% of patients have a history of hospitalization and the average rate of 

smoking in all of them is 15±3.0 years. A remarkable point in this study, which is very 

important for respiratory patients, is the amount of oxygen consumed via O2 capsulate at 

home which significantly decreased special in COPD and obesity patients (from 30% to 

14%) after the pulmonary rehabilitation protocol (Graph 1). Table 2 also shows that 50% 

of the patients had knee arthritis, 21% cardiovascular disease, 31% depression, 31% 

diabetes, and 14% hypertension. Finally, the rate of respiratory crisis with high intensity 

decreased significantly (P<0.05) from 14% to 3% after the pulmonary rehabilitation. We 

observed that in all clinical and general health factors, chronic respiratory patients 

recovered, presenting improvement in general health and clinical conditions.   

 

 

Graph 1: Oxygen capsulate consumption monitored at home, h/per Day, P<0.05. 
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Table 2: Preliminary characteristics and clinical history pre and post rehabilitation protocol at the study on P <0.05. 

 

   9-2- Measurement of muscle strength  

    In evaluating the muscular performance of the respiratory patients, we observed that 

the quadriceps strength (graded from 1 to 5) significantly increased (P<0.001) after the 

rehabilitation protocol in right dominant leg (Mean= 3.00±00 kg vs Mean= 4.00±00 kg) 

and in left leg (Mean= 3.00±00 kg vs Mean= 4.00±00 kg) (Graph 2 and Tables 3, 4). In 

contrast, we observed significant changes in the hand muscle strength test in both of the 

Variables  Frequency Valid 

Present 

Mean 

± SEM   

SD Variance Minimum Maximum Percentile

100 

Gender 

 

Male 22 57%       

Female 11 28% 

Missing 5 13% 

Age (yr) 72±1.0 7.0 54.0 53 88 76.0 

Patients  COPD Men 18 46%       

Women 4 10% 

Asthma Men 1 2% 

Women 5 13% 

Bronchiec

tasis 

Men 1 2% 

Women 2 5% 

Obesity Men 2 5% 

Women 0 0% 

BMI- pretest (kg/m2) 30±1.06 6.0 37.0 17 45 33.0% 

BMI- posttest (kg/m2) 29±1.00 5.0 33.0 17 40 33.0% 

Height (cm) 166±1.0 10.0 108.0 146 196 172.0% 

Weight- pretest (kg) 85±3.0 21.00 471.0 45 142 95.0% 

Weight- posttest (kg) 84±1.0 21.04 442.0 45 141 94.0% 

Recent 

Hospitalization 

Yes 16 42%  

No 17 44% 

Smoking (yr) 15±3.0 17.00 323.0 00 60 25.0 

Capsulate 

Oxygen (hs/Day) 

Pre RHB 33 86% 2±0.0 1.0 1.0 1 6 3.0 

Post RHB 33 86% 2±0.0 0.0 0.0 0 4 3.0 

Arthritis Yes 8 50%       

No 25 36% 

Cardiovascular 

Disease 

Yes 12 21.1% 

No 21 65% 

Depression Yes 12 31% 

No 21 55% 

Diabetic Yes 14 31% 

No 19 55% 

Hypertension Yes High 36% 

No Middle 50% 

Crisis Pre RHB High 14 36% Post RHB High 3 7 % 

Middle 3 7% Middle 10 26% 

Low 10 26% Low 20 52% 
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right hand (Mean= 31.00±2.0 kg vs Mean= 33.00±2.0 kg) and the left hand (Mean= 

27.00±1.0 kg vs Mean = 29.00±2.0 kg) after the pulmonary rehabilitation protocol (Graph 

2 and Tables 3, 4).  

Graph 2: Quadriceps strength and Hand grip dynamometer in pre and post rehabilitation protocol in respiratory patients. 

Pre RHB; Pre -Pulmonary Rehabilitation. Post RHB; Post -Pulmonary Rehabilitation on P <0.05. 

 

Table 3: Mean & Std. Deviation in Quadriceps muscle strength and Hand grip dynamometer of respiratory patients. 

 

 

 

 

 

 
 

 

 

 

Pre RHB; Pre -Pulmonary Rehabilitation. Post RHB; Post -Pulmonary Rehabilitation on P <0.05. 

 

Table 4: T-test in quadriceps strength and hand grip dynamometer in pre and post rehabilitation on respiratory patients. 

 One-Sample Statistics 

 

Variables 
 

N 

Mean ±SEM 

(KGs) 
 

SD 

Quadriceps  Right  Pre RHB 32 3.00±00  0.001 

Quadriceps  Left  Pre RHB 32 3.00±00 1.008 

Quadriceps  Right  Post RHB 29 4.00±00 0.000 

Quadriceps  Left  Post RHB 29 4.00±00 0.000 

Hand Grip  Left  Pre RHB 31 27.00±1.0 10.000 

Hand Grip  Right  Pre RHB 31 31.00±2.0 12.000 

Hand Grip  Left  Post RHB 29 29.00±2.0 11.000 

Hand Grip  Right  Post RHB 29 33.00±2.0 12.000 

 

Variables  

   Test Value = 0.00  

t (KGs) df  P   Lower (KGs) Upper (KGs) 

Quadriceps  Right  Pre RHB  4.00±3.0 31  0.001   3.00  4.09  

Quadriceps  Left  Pre RHB  3.00±3.0 31  0.001   3.00  3.00  
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   9-3- Measurement of 6-minute walking test (6MWT) 

   The results showed that the Borg scale had a significant change after the pulmonary 

rehabilitation protocol, so that from age 64 to age 80 years old we had a significant 

decrease in this index during the walking test indicating an improvement in their 

cardiopulmonary status. As exhibits Graph 3, the most significant increase was in the 

overall age of 76 years having these patients recorded the greatest distance index after the 

pulmonary rehabilitation protocol. Fortunately, there has been a significant increase in 

the rate of SPO2 L in all ages of patients following the pulmonary rehabilitation protocol, 

except for ages 60 to 70 years, which did not change significantly. In the HR final, we 

did not find any significant changes in patients at the age of 67 years, but at all ages of 

the respiratory patients, there was a significant decrease in patients' HR final after the 

walking test, indicating their improvement in exercise capacity. 

Graphs 3: Comprised main parameters of Borg scale, Distance (m), SPO2 (L) and Final heart rate in pre and post 

rehabilitation protocol in respiratory patients on P <0.001. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Quadriceps  Right  Post RHB  7.00±4.0 28  0.001   3.00  5.00  

Quadriceps  Left  Post RHB  5.00±4.0 28  0.001   3.00  5.00  

Hand Grip  Left  Pre RHB  14.00±27 30  0.001   23.00  31.00  

Hand Grip  Right  Pre RHB  14.04±31 30  0.001   27.00  36.00  

Hand Grip  Left  Post RHB  16.00±29 28  0.001  24.00  33.00  

Hand Grip  Right  Post RHB  21.00±33 28  0.001   29.00  38.00  

A. Borg scale B. Borg scale 
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A. Distance 

W 

B. Distance 

A. SpO2 B. SpO2 

A. HR final B. HR final 
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    All 6MWT test parameters are shown in Tables 5 and 6. There was a significant 

difference (P< 0.001) between pre-test before the pulmonary rehabilitation protocol and 

the post-test for all of them: Borg scale, walked distance, final SpO2 and final heart rate. 

 

Table 5: ANOVA test of 6MWT parameters of pre-rehabilitation protocol in respiratory patients on P<0.001. 

pre RHB; Pre-Pulmonary Rehabilitation Protocol. 6MWT; 6 Minute Walking Test. SPO2; Saturation Oxygen. Inici; Initial. 

Fin; Final. Post RHB; Post- Pulmonary Rehabilitation Protocol. HRR; Heart Rate Rest in 1 minute after exercise test. HR 

final; Heart Rate Maximum during test. HR Base; Heart rate basically. 

 
 

Table 6: ANOVA test of 6MWT parameters of post-rehabilitation protocol in respiratory patients on P<0.05. 

ANOVA test 

Variables Sum of Squares df Mean Square F P  

Borg Scale pre RHB1 Between Groups 106.0 18 5.00 1.00 0.001 

Within Groups 76.0 13 5.00   

Total 183.0 31    

6MWT SPO2 (L)initial  Pre RHB Between Groups 5304.0 18 294.00 0.00 0.001 

Within Groups 3987.0 13 306.00   

Total 9291.0 31    

6MWT SPO2 (L) fin Pre RHB Between Groups 3336.0 18 185.00 0.00 0.001 

Within Groups 3771.0 13 290.00   

Total 7107.0 31    

6MWT Distance (m) Pre RHB Between Groups 188582.0 18 10476.00 1.00 0.001 

Within Groups 118356.0 13 9104.00   

Total 306939.0 31    

6MWT HRR (1min) Pre RHB Between Groups 462.0 18 25.00 0.00 0.001 

Within Groups 624.0 13 48.02   

Total 1086.0 31    

6MWT HR Final (fr) Pre RHB Between Groups 495.0 18 27.00 0.00 0.001 

Within Groups 874.0 13 67.00   

Total 1369.0 31    

6MWT HR Base Pre RHB Between Groups 694.0 18 38.00 0.00 0.001 

Within Groups 561.0 13 43.00   

Total 1255.0 31    

Borg Scale pre RHB2 Between Groups 59.0 18 3.00 0.00 0.001 

Within Groups 45.0 13 3.00   

Total 105.0 31    

ANOVA test 

Variables Sum of Squares df Mean Square F P  

Borg Scale post RHB1 Between Groups 41.0 16 2.00 2.00 0.031 

Within Groups 10.0 12 0.00   

Total 51.0 28    

6MWT SPO2 (L) initial Post RHB Between Groups 2638.0 16 164.00 0.00 0.001 

Within Groups 2110.0 12 175.00   

Total 4749.0 28    

6MWT SPO2 (L) fin Post RHB Between Groups 2816.0 16 176.00 1.00 0.001 
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pre RHB; Pre-Pulmonary Rehabilitation Protocol. 6MWT; 6 Minute Walking Test. SPO2; Saturation Oxygen. Inici; Initial. 

Fin; Final. Post RHB; Post- Pulmonary Rehabilitation Protocol. HRR; Heart Rate Rest in 1 minute after exercise test. HR 

final; Heart Rate Maximum during test. HR Base; Heart rate basically. 

 

   9-4- Measurement of correlation between FBMD and RFMTCSA 

   In the analysis of Pearson’s correlation r =0.607 between T-scores and Z-score in Femur 

Bone Mineral Density (FBMD) and Rectus femoris Mid-Tight Cross Sectional Area 

(RFMTCSA) in pre-rehabilitation, there is a significant correlation between the variables 

(P<0.001). In the analysis of the Pearson’s correlation r =0.910 in post-rehabilitation 

between T-score and Z-scores in FBMD and RFMTCSA, there have a higher significant 

correlation between variables than pre-rehabilitation on P<0.001 (Table 7). It can be said 

that there is a significant relationship between FBMD and RFMTCSA after pulmonary 

rehabilitation protocol, and in both T-score and Z-score of FBMD with rectus femoris 

phenotype in RFMTCSA significant progress was observed. But in chronic respiratory 

patients this significant increase was shown in Z-score higher than T-score. Also we can 

see that in circumference of RFMTCSA between pre and post rehabilitation protocol didn’t 

have significant change or improvement in correlation with T-score and Z-score (Graphs 

4, 5).  

 

 

Within Groups 1874.0 12 156.00   

Total 4690.0 28    

6MWT Distance (m) Post RHB Between Groups 134858.0 16 8428.00 0.00 0.001 

Within Groups 117922.0 12 9826.00   

Total 252780.0 28    

6MWT HRR (1min) Post RHB Between Groups 191.0 16 11.00 0.00 0.001 

Within Groups 184.0 12 15.00   

Total 376.0 28    

6MWT HR (fr) Final Post RHB Between Groups 805.0 16 50.00 1.00 0.001 

Within Groups 866.0 12 72.00   

Total 1671.0 28    

6MWT HR (fr) Base Post RHB Between Groups 407.0 16 25.00 0.00 0.001 

Within Groups 849.0 12 70.00   

Total 1256.0 28    

Borg Scale post RHB2 Between Groups 29.0 16 1.00 0.00 0.001 

Within Groups 27.0 12 2.00   

Total 56.0 28    
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Table 7: Pearson Correlation between FBMD, via DEXA with RFMTCSA via Ultrasound, pre and post of Pulmonary 

Rehabilitation Protocol in respiratory patients. 

Rectus Femoris MTCSA; (m2), Femur BMD; (cm).  

 

 

 

 

 

Variables RF MTCSA  

pre RHB 

R2 

RF MTCSA  

post RHB 

R2 

RF Circumference  

pre RHB 

R2 

RF Circumference  

post RHB 

R2 

P  

BMD Ind.  T-score  pre RHB 0.607   0.167  0.001 

BMD Ind.  Z-score  pre RHB 0.001 

BMD Ind.  T-score  post RHB  0.910  0.178 0.001 

BMD Ind.  Z-score  post RHB 0.001 

Graph 4: Correlation between T-score and Z-score of the Femur bone mineral density and Rectus femoris cross sectional 

area in phenotype quadriceps, at P <0.001. 
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Graph 5: Correlation between T-score and Z-score of the Femur bone mineral density and circumference of rectus femoris 

in phenotype quadriceps, at P <0.001. 
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   9-5- Measurement Rectus femoris MTCSA in two patients  

   Ultrasound images from two patients selected as random sample showed that RFMTCSA 

quadriceps had a significant increase in the first patient (pre-test, RFMTCSA = 1.85 cm²; 

post-test, RFMTCSA= 2.17 cm²) and in the second patient (pre-test, RFMTCSA = 1.73 cm²; 

post-test, RFMTCSA = 2.38 cm²). There also was a significant increase in the 

circumference rectus femoris muscle quadriceps in the first patient (pre-test, 

circumference = 6.69 cm to post-test, circumference = 7.24 cm) but there were no 

significant changes in the second patient (pre-test, circumference = 6.50 cm to post-test, 

circumference = 5.97 cm) (Figure 3). 
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Figure 3: Ultrasound RFMTCSA (MTCSA, Distance, Circumference) on two respiratory patients on P<0.001. 

 

 

 

 

 

 

 

 

  

 

    

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

Patient 1: pre RHB 

Patient 1: post RHB 

Patient 2: pre RHB 
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   9-6- Measurement of Femur bone mineral density in two patients.  

   Comparing the two patients’ DEXA scans parameters (Figure 4), we found that there 

were relatively non-significant modest changes in the first patient between pre-rehab (T-

score=0.99, Z-score= 2.39) and post-rehab (T-score=1.37, Z-score= 2.56), and in the 

second patient between pre rehab (T-score=0.39, Z-score= 2.52) and post rehab (T-

score=1.10, Z-score= 2.26). Finally, we see a significant increase in the femoral bone 

mineral density parameters despite the short duration (4-months) of their pulmonary 

rehabilitation protocol (Figure 4). Comparing the figures of DEXA scans, we find that 

there are relatively positive changes in the incidence of DEXA scan between pre and post-

rehabilitation protocol in all of respiratory patients (Figure 4). 

 

 

  

 

 
 

In Figure 3, we observe that in rectus femoris ultrasound of 2 patients with chronic respiratory disease, the parameters of the MTCSA, Distance, 

and Circumference are close to each other and they all indicate that patients with continuous physical activity and have relatively good health 

conditions. MTCSA or Area, Mean= 2.01±0.00 cm2, Distance, Mean= 0.03±0.02 cm, Circumference, Mean= 5.10±0.00 cm on p < 0.001. 

 

Patient 2: post RHB 
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Figure 4: Comparison of the Femoral bone mineral density-FBMD (T-score and Z-scores) parameters on P<0.001. 

 

 

 

 

 

 

     

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patient 1: pre RHB 

Patient 1: post RHB 
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   9-7- Measurement of Skeletal muscle index (SMI)  

   There was a significant increase in musculoskeletal index before (pre-rehabilitation 

SMI, Mean=16±32) and (post-rehabilitation SMI, Mean=17±34) after the pulmonary 

rehabilitation protocol and they showed positive changes after the rehabilitation protocol 

P <0.001 (Table 8). 

 

Figure 4: Comparison between bone mineral density indexes in T-score and Z-score at the femur bone on two chronic 

respiratory patients before (left) and after (right) the pulmonary rehabilitation protocol by DEXA scan on P<0.001.  

Patient 2: pre RHB 

Patient 2: post RHB 
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 Table 8: T-test Skeletal Muscle Index on chronic respiratory airway patients on P<0.05. 

 

 Formula: *Skeletal Muscle Index (SMI): (height [m] 0.244 body mass) + (7.8 height) + (6.6 sex) – (0.098 age) + (ethnicity – 3.3). 

 

    9-8- Measurement of Femur bone mineral density (FBMD) 

   After measuring FBMD, we found a significant increase between the Z-scores before 

(pre rehab Mean= 1.00±00, P<0.001) and after (post rehab Mean= 2.00±00, P<0.001) the 

pulmonary rehabilitation and also in the T-scores (pre- rehab Mean= 0.00±00, P<0.001; 

post-rehab Mean= 1.00±00, P<0.001) (Table 9,10). 

 

 

Table 9: Mean and Std, BMD parameters in pre and post Rehabilitation protocol, P<0.001. 

 

 

 

 

 

 

 

 

Table 10: Paired Sample T-test FBMD on T-score and Z-score in pre and post Pulmonary Rehabilitation Protocol, P<0.001. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 One-Sample Test 

 

Variables 

 

M 

 

df 

 

P  

 

Lower Upper 

Skeletal Muscle Index pre RHB 16±32 32 0.001 28.00 36.00 

Skeletal Muscle Index post RHB 17±34 32 0.001 30.00 38.00 

Paired Samples Statistics 

Variables Mean ± SD N 

Pair 1 BMD Index T-score pre RHB 0.00±0.0 31 

BMD Index T-score post RHB 1.00±0.0 31 

Pair 2 BMD Index Z-score pre RHB 1.00±0.0 31 

BMD Index Z-score post RHB 2.00±0.0 31 

Paired Samples Test 

Variables Mean SEM P  

Pair 1 FBMD   T-score pre RHB  

FBMD   T-score post RHB 

-7.00 0.00 0.001 

Pair 2 FBMD   Z-score pre RHB  

FBMD   Z-score post RHB 

-5.00 0.00 0.001 
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9-9- Measurement Rectus femoris Mid-Tight Cross-Sectional Area (RFMTCSA) 

   Regarding the parameters of RFMTCSA, we found that all indices included RFMTCSA 

(Mean= 2.00 to 2.00, P<0.00), circumference (Mean = 6.00 to 7.00, P<0.00) and distance 

(Mean = 0.05 to 0.00, P<0.01), particularly in the RFMTCSA and rectus femoris muscle 

circumference underwent significant after the pulmonary rehabilitation protocol (Tables 

11, 12).  

Table 11: Mean and Std Ultrasound parameters of Rectus femoris muscle in pre and post Rehabilitation, P<0.001. 

 

 

 

 

 

 

 

 

 

 

 

Table 12: Ultrasound parameters of Rectus Femoris in pre and post Pulmonary Rehabilitation Protocol on Sig. P<0.05. 

 

 

 

 

 

 

 

   9-10- Measurement of Cardio-Pulmonary Exercise Testing (CPET) 

   Comparing parameters of Cardio-Pulmonary Exercise Testing (CPET) over time, the 

results indicate that the Distance (Mean start= 27.00±18.00 to Mean final=29.00±0.00, 

P<0.00), Speed (Mean start= 10.00±0.00 to Mean final =11.00±0.00, P<0.00), SPO2 

(Mean start= 94.00±1.00 to Mean final =96.00±1.00, P<0.001), and HR max (Mean start= 

Paired Samples Statistics 

Variables Mean ± SD N 

Pair 1 Ultra RF MTCSA pre RHB 2.00±1.00 31 

Ultra RF MTCSA post RHB 2.00±2.04 31 

Pair 2 Ultra RF Distance pre RHB 0.05±0.04 13 

Ultra RF Distance post RHB 0.00±0.07 13 

Pair 3 Ultra RF Circumference pre RHB 6.00±1.00 31 

Ultra RF Circumference post RHB 7.00±1.00 31 

Paired Samples Test 

Variables t SEM  P  

Pair 1 Ultra RF MTCSA pre RHB  

Ultra  RF MTCSA post RHB 

2.087 0.00  0.000 

Pair 2 Ultra RF Distance pre RHB  

Ultra  RF Distance post RHB 

0.000 0.07  0.019 

Pair 3 Ultra RF Circumference pre RHB  

Ultra RF Circumference post RHB 

4.000 0.08  0.000 
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98.00±1.00 to Mean final =99.00±1.00, P<0.001) significantly increased after post 

rehabilitation, indicating the effectiveness of the pulmonary rehabilitation protocol (Table 

13,14). We saw that SPO2 and HR max in obesity and bronchiectasis patients have had 

more changes in post-rehabilitation protocol than in the rest of patients (Graph 6).  

 

Table 13: Mean & SD, CPET parameters on respiratory patients at the pulmonary rehabilitation protocol on P<0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 14: Mean, SEM, CPET main parameters of chronic respiratory patients at the pul, rehabilitation protocol on P<0.001. 

 

 

 

 

 

 

 

 

One-Sample Statistics 

Variables N Mean ± SD 

CPET Distance start RHB 31 27.00±18.00 

CPET Time start RHB 32 10.00±0.00 

CPET Speed start RHB 29 10.00±0.00 

CPET Pressure start RHB 32 25.00±0.00 

CPET Saved effort start RHB 32 0.00±0.00 

CPET Pulso O2 start RHB 31 94.00±1.00 

CPET HR max start RHB 31 98.00±3.00 

CPET Distance final RHB 29 29.00±0.00 

CPET Time final RHB 30 10.00±0.00 

CPET Speed final RHB 27 11.00±0.00 

CPET Pressure final RHB 30 25.00±0.00 

CPET Saved effort final RHB 30 0.00±0.09 

CPET Pulso O2 final RHB 29 96.00±2.00 

CPET HR max final RHB 29 99.00±3.04 

a. t cannot be computed because the standard deviation is 0. 

Paired Samples Test 

 

Variables 

 

Mean ± SEM P 

Pair 1 CPET Distance start RHB  

CPET Distance fin RHB 

2700.0±19.0 0.001 

Pair 2 CPET Speed start RHB  

CPET Speed fin RHB 

10.0±0.0 0.031 

Pair 3 CPET PulsoO2 start RHB  

CPET PulsoO2 fin RHB 

100.0±2.0 0.001 

Pair 4 CPET HR max start RHB  

CPET HR max fin RHB 

100.0±4.0 0.001 
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Graph 6: We can be seeing the range of volatility variables; Distance (m), Time (Min), Speed (m/s), Pressure (Pa), 

Pulso2 (So2), HR max (bpm), in start and final in CPET test at the pulmonary rehabilitation protocol in different 

chronic respiratory patients. 

    

 

 

 

 

 

 

 

 

 

 

    

 

 

9-11- Measurement of spirometry lung function 

    In the spirometry variables we can see that most significant changes have occurred in 

FEV1/FVC % (Mean ± SEM=40.00 ± 7.0, vs Mean ± SEM=35.00 ± 7.0) and FEV1/FVC 

ltr (Mean ± SEM=27.00 ± 5.0, vs Mean ± SEM=25.00 ± 5.0). In variable of FEV1 % 

(Mean± SEM=51.00 ± 2.0 vs Mean± SEM=52.00 ± 2.0), we saw that there was a 

significant change in pre and post rehabilitation protocol that cannot be considered as 

acceptable positive changes but can be seen in the effectiveness of the pulmonary 

rehabilitation protocol on spirometry variables in chronic respiratory patients (P <0.001) 

(Table 15). Also, we reported that in bronchitis patients we have had highest significant 

in FEV1/FVC %  and obesity patients had more significant in FEV1 % . Asthma patients 

had increase significant in FVC perc in pre and post rehabilitation protocol (Graph 7).  
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Graph 7: Mean different between spirometry parameters (Liter, %) in asthma, bronchiectasis, COPD and obesity patients in 

pre and post pulmonary rehabilitation protocol. 

 

 Table 15: Different mean spirometry parameters of respiratory patients in pre and post rehabilitation protocol on P<0.001. 

Paired Samples Statistics 

Variables Mean ± SEM 
(Liter, %) 

 

N SD 

Pair 1 FVC lts pre RHB 3.08 ± 0.0 32 1.00 

FVC lts post RHB 3.00 ± 0.0 32 1.00 

Pair 2 FVC perc pre RHB 60.00 ± 2.0 32 14.00 

FVC perc post RHB 62.00 ± 2.0 32 11.00 

Pair 3 FEV1 lts pre RHB 2.00 ± 0.0  32 1.09 

FEV1 lts post RHB 2.00 ± 0.0 32 1.05 

Pair 4 FEV1 perc pre RHB 51.00 ± 2.0 32 15.00 

FEV1 perc post RHB 52.00 ± 2.0 32 16.00 

Pair 5 FEV1/FVC lts pre RHB 27.00 ± 5.0 32 31.00 
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Table 16: Paired T-test, Spirometry parameters in respiratory patients, pre and post rehabilitation protocol on P<0.001. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9-12- Measurement of Quality of life questionnaire (SF-36) 

   To determine the Reliability of our Quality of life questionnaire (SF-36), we used 

Cronbach's Alpha test (Table 17). Fortunately, the questionnaire had a significant 

reliability and validity in both the pre-Rehabilitation (Cronbach’s Alpha= 0.861, P<0.05) 

and post-Rehabilitation (Cronbach’s Alpha= 0.901, P<0.05). In the quality of life factors, 

the SF-36 questionnaire we observed significant differences between pre- and post-

rehabilitation in all indexes, especially in general health, role physical, role emotional and 

bodily pain which indicates improvement of the health status in chronic respiratory 

patients (Tables 18, 19 and Graphs 8, 9).  

 

 

FEV1/FVC lts post RHB 25.00 ± 5.0 32 29.00 

Pair 6 FEV1/FVC perc pre RHB 40.00 ± 7.0 32 44.00 

FEV1/FVC perc post RHB 35.00 ± 7.0 32 41.00 

Paired Samples Test 

 

Variables 

 

Mean P 

Pair 1 FVC lts pre RHB  

FVC  lts post RHB 

0.00±0.04 0.003 

Pair 2 FVC % pre RHB   

FVC  %  post RHB 

-2.00±1.00 0.000 

Pair 3 FEV1 lts pre RHB   

FEV1 lts  post RHB 

0.07±0.04 0.000 

Pair 4 FEV1 % pre RHB  

FEV1 %  post RHB 

0.00±0.00 0.000 

Pair 5 FEV1 FVC lts pre RHB   

FEV1 FVC lts post RHB 

2.00±3.00 0.000 

Pair 6 FEV1 FVC % pre RHB  

FEV1 FVC % post RHB 

5.00±5.00 0.000 
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Table 17: Validity and Reliability SF-36 Questioner on Cronbach’s Alpha in pre and post rehabilitation protocol on  

P <0.001. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Case Processing Summary 

Reliability Statistics on SF-36 in pre and post Rehabilitation.  

Cases_ pre RHB Valid 25 65.0 

Excludeda 13 34.0 

Total 38 100.0 

Cronbach’s Alpha_ pre RHB 0.861  

N of Items_ pre RHB 36 

 

 

Cases_ post RHB 

 

Valid 19 50.0 

Excludeda 19 50.0 

Total 38 100.0 

Cronbach’s Alpha_ post RHB 0.901  

N of Items_ post RHB 36  

a. Listwise deletion based on all variables in the procedure.  
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Table 18: SF-36 questioner indexes on Cronbach’s Alpha in pre Rehabilitation protocol of chronic respiratory 

patients. 

 

 

Graph 8: Quality of life factors from SF-36 questionnaire on chronic respiratory patients in pre rehabilitation 

protocol. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Item-Total Statistics 

 

Variables 
Scale Mean  Corrected Item-

Total Correlation 

Cronbach's Alpha 

if Item Deleted 

General health sf36 pre RHB 96.40 0.00 0.00 

Physical functioning sf36 pre RHB 98.20 -0.09 0.00 

Role physical sf36 pre RHB 97.50 0.00 0.00 

Role emotional sf36 pre RHB 96.00 0.00 0.00 

Social functioning sf36 pre RHB 97.50 0.00 0.00 

Bodily pain sf36 pre RHB 96.50 0.00 0.00 

Vitality sf36 pre RHB 97.25 0.00 0.00 

Mental health sf36 pre RHB 97.40 0.00 0.00 
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Table 19: SF-36 questioner indexes on Cronbach’s Alpha in post Rehabilitation protocol of chronic respiratory 

patients. 

 

 

Graph 9: Quality of life factors from SF-36 questionnaire on chronic respiratory patients in pre rehabilitation 

protocol. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Item-Total Statistics 

 

Variables 
Scale Mean  Corrected Item-

Total Correlation 

Cronbach's Alpha 

if Item Deleted 

General health sf36 post RHB 100.50 0.00 0.00 

Physical functioning sf36 post RHB 102.10 0.00 0.00 

Role physical sf36 post RHB 101.00 0.00 0.00 

Role Emotional sf36 post RHB 100.00 0.00 0.00 

Social functioning sf36 post RHB 101.50 0.00 0.00 

Bodily pain sf36 post RHB 100.50 0.00 0.00 

Vitality sf36 post RHB 100.75 0.00 0.00 

Mental health sf36 post RHB 100.60 0.00 0.00 
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DISCUSSION 
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10 - Discussion 

    In this study, we concluded that by comparing bone, muscle, and quality of life as the 

main indicators diagnosis of sarcopenia in chronic respiratory patients, we find that rectus 

femoris is the most effective quadriceps muscles in the diagnosis of sarcoma. RFMTCSA, 

Distance, and Circumference muscle parameters, and DEXA scan at Z-score and T-score 

of femur bone density after patients' rehabilitation protocol were significantly different. 

In other words, in all the ultrasound indices of the rectus femoris muscle and the DEXA 

scan data of the femur, we found positive incremental data. Moreover, the training 

capacity in the ergo-cycling of these patients is also showed positive changes in the initial 

and final heart rate. In muscle strength tests, we also measured leg muscles strength 

compared to hand muscle strength and saw more positive changes in both of them. With 

these considerations in mind, it can be said that although patients with normal daily 

activities can control the main indicators of sarcopenia, they can improve the quality of 

life and improve the outcomes of all major muscular and bone markers. Muscle function, 

lung function, and exercise capacity require a comprehensive pulmonary rehabilitation 

program that can help to prevent muscle weakness and degeneration, as well as reduce 

important bone mineral density such as the femur and ultimately their mortality rate. We 

conclude that not all factors are necessary to accurately determine the severity of 

sarcopenia in patients with chronic respiratory disease, and if specialists consider rectus 

femoris ultrasound and femur bone DEXA as the most important factors for maintaining 

body stability, they can monitor the latest status of respiratory patients with sarcopenia 

and more accurately diagnose the health status and mortality of the chronic respiratory 

patients. 

   We also examined whether spirometry indices are actual measurements and better 

predictors of whether CRDs patients develop sarcopenia than the GOLD staging of the 

disease. Sarcopenia and obesity have direct effects on lung function values and we 

recommend that both elements should be evaluated in all respiratory patients. We found 
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that respiratory patients with sarcopenia had lower T-score BMD, which means a higher 

prevalence of osteoporosis. Also, the presence of sarcopenia was significantly associated 

with an increased risk of osteoporosis and low BMD in both low- and high-weight patient 

groups. Therefore, in evaluating patients with CRDs, the presence of sarcopenia should 

be considered an independent risk factor for low BMD. 

   Lung function is a stronger independent predictor compared to 6MWT results and body 

composition parameters. Taken together, these parameters are not only useful for 

assessing breathing and the treatment process, but are also a potential surrogate for 

patients' physical function. Some of the limitations of our study deserve attention. The 

relatively small size of our samples, which may be in line with the study hypothesis, may 

limit our findings. But our conclusion holds for a whole population, but may not be 

entirely true for a population with more prevalent respiratory disease. This does not mean 

that the conclusion is highly generalizable. We evaluated body composition by DEXA, a 

method widely accepted in scientific research, but not by the "gold standard" for patients. 

Besides, we define sarcopenia based on purely quantitative parameters of body 

composition, but we are also able to provide information on the qualitative dimension of 

sarcopenia (e.g. muscle strength). The third factor considered in the present analysis (e.g. 

exercise testing) may explain our findings differently. Finally, the cross-sectional design 

of the study allowed for the creation of a causal sequence among the relationships studied. 

Body composition may be an important determinant of physical function in elderly 

respiratory patients. This research is needed to confirm these observations on larger 

samples to improve our understanding of the factors influencing physical function in a 

more complex population such as chronic respiratory patients.    

    Patients with chronic respiratory disease have altered systemic complications, 

including muscle function and structure, and are dependent on several factors such as 

systemic disorders, hypoxia, type I and IIa muscle atrophy, and decreased oxidative 

enzyme capacity.121 But the most important factor affecting the quality of life in these 

patients is the muscle phenotype and bone density for the diagnosis of osteoporosis, which 
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is also considered as the leading cause of mortality in chronic respiratory patients.122 Also, 

for the most important purposes of this study, we concluded that there is a significant 

relationship between RFMTCSA and FBMD as the main indicators of sarcopenia in 

patients with the chronic respiratory disease after our pulmonary rehabilitation protocol. 

Compared with pre-rehabilitation and post-rehabilitation, we found that after 4 months of 

pulmonary rehabilitation, the effect between RFMTCSA and Z-score on FBMD was 

significantly greater than its comparison with T-score, and these are promising targets for 

these patients. Also, as noted earlier, there were significant improvements in indicators 

such as 6MWT, CPET, spirometry in lung function, upper and lower extremity muscle 

strength, and the SF-36 quality of life questionnaire after the pulmonary rehabilitation 

protocol. Marcellis and Swallow et al. (2011) 16,123 reported that patients with chronic 

respiratory symptoms have impaired peripheral muscular strength in the upper or lower 

body, or both, and are more fatigued, and the results of tests for lung dysfunction, PI max., 

6MWD and QoL. In a study similar to our study, Xiong et al. (2017) 13 mentioned the 

intensity of echo (EI) was significantly increased by ultrasonography in rectus femoris at 

all stages of the GOLD standard following the pulmonary rehabilitation protocol for 

COPD patients. However, the cross-sectional area of rectus femoris (RFcsa) in GOLD 

standard decreased. This suggests that changes in EI Rectus femoris may occur earlier in 

muscle size in patients with COPD. EI was not associated with age, BMI, and airflow 

obstruction in our patients. These results show peripheral muscle function in patients with 

COPD, whose strength and size of the quadriceps are lower than in normal subjects. Some 

researchers have focused on the relationship between quadriceps strength and thickness 

with lung function in respiratory patients, which can be assessed using muscle 

ultrasound.124 In another study, the effect of small and large muscular disorders was 

examined on admission, especially in quadriceps. Chunrong et al. (2014), 9 reported 

expected gender differences in quadriceps muscle for COPD and control groups and 

similar data were also reported, indicating that in quantifying quadriceps performance 

compared to controls, sex and age, mean QMVC declined 47% and 45% in men and 
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women; a more severe decrease than previously reported, indicating a significant 

impairment of quadriceps strength in COPD patients. In other studies, the effects of small 

and large muscular disorders, especially in the quadriceps, was related to the time of 

hospitalization. 125  

    In the study Greening et al. (2015) 4 measured the level of quadriceps (Qcsa) as a 

marker of muscle mass. This method has previously been confirmed in computed 

tomography, Qcsa as well as X-ray absorptiometry in people with COPD and is useful 

for patient evaluation in acute conditions and under the need of patient effort. Regarding 

the hospital admission, the mean daily proportion of patients with respiratory distress and 

disorder was different in the small and large muscle groups. This indicates that skeletal 

muscle function is crucial not only for hospital admission but also for the severity and 

duration of hospitalization. Also, Maddocks et al. (2014) 49,61 examined skeletal muscle 

in a study to determine the rate of obesity in patients with COPD using CT. Patients had 

a significant percentage of muscle fat compared to healthy controls. There was also a 

significant relationship between skeletal muscle percentage and physical activity, 

exercise capacity, and type of muscle fiber, independent of age, quadriceps, and 

MTCSA. 126 Finally, researchers have predicted the mortality rate of respiratory patients 

and even healthy individuals and their association with the extent of physical activity, 

indicating the importance of pulmonary rehabilitation with the exercise testing approach. 

   Hakamy et al. (2017) 10 analyzed the mechanisms by which pulmonary rehabilitation 

can improve mortality that may be associated with improved physical activity. Also, they 

reported that after the cardiopulmonary exercise protocol, they need a strong and accurate 

predictor to survival in all chronic respiratory disease groups, especially patients with 

COPD, using quadriceps ultrasound results and femur bone density. The goal can be 

achieved by creating scientific and rational solutions aimed to improve exercise 

endurance, muscle strength as well as mental disorders and hence physical activity. 

     Zabal et al. (2015) 53 noted in their research that ultrasound measurements of muscle 

thickness, obtained at several sites in the thigh muscles, were consistent with DEXA 
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markers on muscle mass to determine sarcopenia. In the largest of these studies, 127 the 

researchers found that in 77 healthy people, sarcopenia was between the mean age of 65 

years old. The number of muscle lesions measured by ultrasound at 3 different locations 

along the lower limbs was independently and strongly correlated with the musculoskeletal 

system. The mass is calculated by DEXA. In a small group of patients with COPD, an 8-

week program of high-intensity isokinetic resistance exercises significantly increased the 

mass of rectus femoris. Falsarella et al. (2016) 42,118 examined the effect of muscle mass 

and bone mass on the function of 99 elderly women and found that decreased muscle 

volume was associated with poor physical activity and with walking speed. In this study, 

muscle mass loss was observed in the elderly with poor physical performance compared 

to other study groups. This finding suggests that skeletal muscle mass may be directly 

related to physical function. One reason for this relationship may be a change in their 

muscle structure during aging. These changes may occur if muscle strength is reduced 

and thus affect the physical function of these patients. 128,129  

    In a study developed in the United Kingdom 130, researchers diagnosed COPD patients 

using EWGSOP criteria and skeletal muscle mass measurement using bioelectric 

impedance analysis (BIA) and quadriceps muscle strength assessment, while in our study 

DEXA was used to measure skeletal muscle mass and hand-grip dynamometer to measure 

hand muscle strength. Although BIA has good reliability and correlation with DEXA, 

BIA underestimated muscle mass in previous studies. A study in Brazil showed that the 

prevalence of sarcopenia in COPD patients using DEXA was 2% detectable. However, 

the report identified sarcopenia only using the low skeletal muscle mass defined in the 

present study as pre-sarcopenia. Overall, the prevalence of pre-sarcopenia in our study is 

consistent with previous data reporting a prevalence of sarcopenia in COPD using only 

low skeletal muscle mass ranging from 20 to 40%. For sarcopenia obesity, the prevalence 

in this study was very low (0.8%). Researchers have reported that no studies using similar 

criteria have been performed in patients with COPD. 131 In another study, the prevalence 

of sarcopenia obesity in Asia and Europe was reported to be around 15%.130, 132 However, 
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the present study only used skeletal muscle mass to detect sarcopenia. There are four 

factors associated with sarcopenia using multivariate analysis: age, severity of COPD, 

MRC scale, and BMI. Advancing age and the severity of COPD have a greater impact on 

the diagnosis of sarcopenia. 133 

   Tanden et al. (2016) 54, after analyzing the available reports showed that 5 different 

parameters can be obtained by muscle ultrasound to evaluate sarcopenia in the elderly: 

muscle thickness, cross-sectional area, shape length, vibration angle, and intensity echo. 

However, in none of the available studies, all of these parameters were evaluated in the 

same subjects. Therefore, more evidence is needed to convince specialists to evaluate the 

clinical and practical value of each. Muscle thickness seems to be simpler and easier to 

assess than other parameters, which can now be evaluated automatically by specific 

software and device with high accuracy.134 

   Researchers believe that there seems to be a relationship between sarcopenia and 

chronic respiratory disease, and with the increase in complications of sarcopenia, 

mortality in these patients also increases, but the exact cause is not known. However, 

there is limited research on pulmonary rehabilitation as a major intervention to reduce the 

effects of sarcopenia in respiratory patients. 135,136 Further work in this area could focus 

on preventing these complications, such as sarcopenia, due to the weakness of these 

patients and the impact of pulmonary rehabilitation. Future studies could also examine 

the long-term benefits of pulmonary rehabilitation interventions and whether patients 

with the sarcopenia approach eventually become weaker. 137 Most likely, as other studies 

have shown, this research needs more investigation for more accurate measurements. 

Muscle weakness (mass and strength) is a prognosis independent of mortality in COPD 

patients. 138 

   Also, given the musculoskeletal disorders, especially in the muscles of large chronic 

respiratory patients, researchers predict the health status and mortality rate of these 

patients and even healthy individuals and its association with physical activity levels, 

which emphasizes the importance of performance pulmonary stress. How can sarcopenia 
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be optimally managed for respiratory diseases using cardiovascular and pulmonary 

exercise testing? Exercise-based strategies can be used to reduce the impact of these 

syndromes on patients, and evidence suggests that sarcopenia cannot be completely 

prevented entirely, a belief supported by genetic literature. 139 The comprehensive model 

of pulmonary rehabilitation has been proven to be very effective in improving health 

status in respiratory disease and targets many of the components of this model of 

sarcopenia and related outcomes. The "dose" of model-delivered rehabilitation appears to 

be sufficient to alter the extent of sarcopenia, indicating a reduced risk of adverse events 

occurring, although this should be clinically confirmed. Given the difficulty that poor 

people experience in completing a program, to understand how to better support poor 

patients, perhaps through organizational changes, for example, flexible transportation 

plans or class planning, or through strategies further training, for example, muscle 

stimulation, is needed. The main goal is for more people to access and benefit from the 

rehabilitation approach. 140,141 

 

10-1- Syndrome associated with sarcopenia in CRDs.  

    Both sarcopenia and frailty are common in people with chronic respiratory disease and 

its prevalence is associated with age, the severity of illness, symptoms and anemia burden. 

Muscle weakness can be started to evaluate patients with a chronic respiratory disease 

with increased risk of falls, hospitalization, and mortality. There is a complex interaction 

between quadriceps weakness, sarcopenia, and that overlap, but the clinical phenotypes 

are distinct. Suggested areas for future work include acute studies, evaluation of prognosis 

and weakness of sarcopenia concerning each other and current multivariate indicators as 

well as ongoing research on exercise, nutrition, and medication strategies to help prevent 

or treat sarcopenia in chronic respiratory patients. In one study developed in London 142, 

it was reported that gradual loss of muscle mass occurs at the age of 40 and increases after 

the age of 70 years. Slow walking and hand-grip were faster than decreasing muscle mass, 

especially after age 70. The result confirms that age is one of the independent factors. 
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However, only age > 75 years showed more statistical significance in sarcopenia. Since 

patients were over 40 years of age, age 65-74 years may not show differences compared 

to those younger than 65 years. In terms of COPD severity, airflow limitation was lower, 

according to previous reports of skeletal muscle mass. This may be due to (1) the high 

cost of resting energy due to increased work breathing and inadequate dietary intake in 

severe COPD, (2) physical inactivity due to exercise intolerance, (3) excessive loss 

skeletal muscle due to increased systemic inflammation and (4) possible hypoxia and 

frequent use of systemic corticosteroids. In contrast, the severity of COPD, which was 

not correlated with some reports, maybe due to the definition of sarcopenia that uses low 

skeletal muscle mass alone in the study, while muscle strength and physical function 

weren’t other factors associated with COPD severity. Researchers say the MRC scale 

increased the risk of sarcopenia. 143 

    This scale has been extensively studied concerning its association with lung function 

tests. Besides, it can predict disease rates and mortality in COPD patients. Higher MRC 

scales showed that poorer lung function was also associated with sarcopenia.136 Weight 

loss increases the risk of dangerous diseases compared to obesity, the results show that 

lower BMI is associated with lower fat mass in COPD patients. However, BMI was not 

a good indicator for predicting adverse outcomes in patients with COPD, as several 

studies have shown that BMI is not associated with disease involvement. This explanation 

was due to an increase in excess fat reserves in the later stages of COPD. Similarly, 

smoking alone had no significant relationship with sarcopenia. Sarcopenia has been 

studied due to systemic effects of COPD as an independent factor for bone mineral 

density (BMD) reduction. One explanation is that previous studies, using the lower trunk 

skeletal muscle sequence, have identified sarcopenia and examined the relationship of 

BMD to sarcopenia, while a link between osteoporosis and sarcopenia has been observed. 

Baseline clinical features show that, due to low SMI, decreased physical function and 

increased sarcopenia. More than half of the patients met one of the criteria, which was 

often poor physical function. Patients with sarcopenia were significantly older, had higher 
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airflow obstruction and decreased quadriceps strength, exercise capacity, performance, 

physical and mental activity, and health status compared to patients without 

sarcopenia. 144 There were no significant differences between groups regarding smoking 

status, number of complications, hospitalization, suicide or exacerbation of the disease. 

In another study 145, QMVC was measured in 622 patients. When patients were classified 

according to quadriceps weakness, there was a significant difference in the prevalence of 

sarcopenia between groups (Poor: 14.9% (11.2% to 18.6%) vs. Normal: 13.8% 

(10.2%) ٪ Up to 18.0%) and 90 sarcopenia patients, 33 (36.7%) had quadriceps 

weakness. 

 

10-2- Smoking and sarcopenia in CRDs.     

    One of the major causes of the catabolism protein compounds in the muscles of chronic 

respiratory patients, which is the increase in destructive activity and inflammation in the 

myofibril, is due to smoking in these patients. Unfortunately confirmed by our results in 

this study, the average smoking rate in patients with respiratory disease was 15±3.0 years, 

which is one of the main causes of unhealthy aging and decreased quality of life in these 

patients. Smoking is one of the mechanisms that can be observed to increase protein 

catabolism in CRDs, as observed in various epidemiological studies of smoking and 

sarcopenia.146 Although there is disagreement in the literature, a relationship between 

smoking history and muscle mass loss was observed in lean COPD patients, while others 

did not. One possible explanation for this finding is that patients with COPD have high-

grade inflammation and high levels of TNF-α that is physiologically involved with 

sarcopenia and are independent of their smoking history. 146 Neither GOLD and no 

obstruction (FEV1) was associated with the diagnosis of sarcopenia. The number of 

patients studied and the distribution of severity scores could explain the discrepancy. 

Similarly, smoking alone had no significant relationship with sarcopenia. There were no 

significant differences between groups regarding smoking status, number of 

complications, hospitalization, suicide or exacerbation of disease 147. 
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10-3- Nutritional interventions in CRDs.  

   Additional therapeutic strategies can include nutritional interventions and multifactorial 

studies. Nutritional evaluation should be an integral part of the comprehensive 

management of chronic respiratory patients, but often not enough attention. In some 

respiratory malnutrition, patients may be one of the main causes of sarcopenia, adequate 

nutrition support may be significant for change. Eventually, as the disease multiplies, 

patients receive more drugs. The introduction of a new drug can be a stressor, and 

cumulative adverse events or drug metabolism can directly contribute to the weakness of 

chronic respiratory patients. 148 Dependent on evidence-based medications or appropriate 

exemptions for the care of elderly patients is anticipated. In contrast, the advent of drugs 

directed specifically to the muscle can alter the treatment landscape and create a new 

perspective on the management of sarcopenia in chronic respiratory diseases and 

beyond. 149 

 

10-4- Lung function and body composition in sarcopenic CRDs.  

     The results showed that the BMI of respiratory patients and their weight decreased 

significantly after the pulmonary rehabilitation protocol, which confirms the effectiveness 

of pulmonary rehabilitation in reducing the complications of sarcopenia in chronic 

respiratory patients, as shown in research by other investigators was also considered. 

Also, in our study, there was a significant increase in SMI after the pulmonary 

rehabilitation protocol, which coincided with an increase in the lung function parameters 

of the research’s patients, which also indicated a relationship between them. 

    Clinicians found that lung function values were much worse in sarcopenia patients. 

Although they found that in sarcopenia, muscle mass decreased and BMI decreased, with 

decreases in lung parameters these relationships were predicted predominantly with the 

percentage of more realistic lung function parameters.150 Besides, they found that higher 

BMI and higher SMI were both associated with better lung function in patients with 

sarcopenia obesity. However, there was a significant difference between sarcopenia and 
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obesity patients and between sarcopenia obese patients. This may indicate that 

information beyond the body mass index (BMI) is needed to predict the severity of the 

disease, although further studies are needed to examine SMI and BMI separately for this 

purpose. 151 Previous studies by Ischaki et al. (2016) 90 showed that based on GOLD and 

Spirometry values, SMI was the only COPD intensity measurement method. Also, this 

study had no relationship with BMI and its severity index. Although the relationship of 

SMI with spirometry parameters is similar to previous studies in this study, they cannot 

show that SMI decreased in the severity of COPD. Patients with obese sarcopenia are 

presented with the lowest spirometry parameters. However, the difference between 

patient groups in FEV1 is significant. Also, in a study on Korean patients,152 the 

researchers found that the difference between the groups with obesity status and the 

sarcopenia status was significant across all lung function parameters, whereas in the study 

lung function was only between groups sarcopenia has decreased and there is no decrease 

in obese patients. This difference between studies can be explained by different 

definitions of sarcopenia. 153 Also, in 33.3% of patients with COPD sarcopenia was 

identified. In the overweight to an obese group, sarcopenia was seen in 13.5%, almost 

twice the healthy population. In COPD patients, the sarcopenia group had lower T-score 

BMD and the prevalence of osteoporosis was higher than the non-sarcopenia group. In 

multivariate regression analysis, SMI showed a strong correlation with T-scores of all 

body regions. Besides, the negative effects of SMI on BMD were significantly reduced 

relative to weight and BMI. Research models adjusted for factors such as age, sex, height, 

smoking frequency, blood vitamin levels, PTH, ALP, FEV1 (1), and physical inactivity 

may decrease osteoporosis and decrease bone density. But, BMD in the sarcopenia group 

was 2 to 7 times higher than non-sarcopenia. Even after adjusting for weight and BMI, 

the ad of osteopenia and BMD were lower in the sarcopenia group than in the non-

sarcopenia group. In the following analysis according to BMI, 2 to 4 times are more likely 

to develop osteopenia, osteoporosis, and low BMD in both low-weight and overweight 

groups, despite sarcopenia. In COPD, muscles clearly show changes in SM 
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levels. 154,155 Therefore, many studies have been done on their muscles. SMI is an 

indicator of muscle mass in one organ and AWGS has suggested that SMI is the most 

important index of sarcopenia in Asia. SMI has been discussed as an indicator of 

sarcopenia according to recent COPD studies. 156 

    Korean Lung Health Institute 156 reported that sarcopenia was more prevalent even in 

obese groups than in COPD groups. The prevalence of overweight sarcopenia compared 

to the obese COPD group was twice that of the healthy group, as reported in previous 

studies. In COPD, body weight and low BMI have been previously reported to increase 

the risk of low BMD. They sought to identify the effects of sarcopenia on BMD in COPD 

and found that sarcopenia itself is an independent risk factor in reducing BMD in both 

the overweight and weight loss groups. Overweight in obese COPD patients with 

sarcopenia can be considered a low-risk factor for low BMD. However, this study showed 

that they may also be a high-risk group. This study showed that a low-risk group with 

sarcopenia should be considered a very high-risk group. In previous studies, sarcopenia 

in the healthy group was confirmed to be associated with low BMD, but these studies did 

not consider weight and BMI. Besides, in a study at the London Lung Institute 157 on 

COPD, SM was not described as a risk factor for low BMD, whereas in this study, SMI 

was more strongly associated with lower BMD than other BMI. Also, the presence of 

sarcopenia was a risk factor for decreasing BMD in both the underweight and overweight 

groups. This result is consistent with the results of a previous COPD mortality study: 

mortality was higher in people with low-fat mass index than in those with low BMI.158 

    Among the lung function parameters, it was shown that FVC and FEV1 were 

independently associated with skeletal muscle mass fluctuations.158 However, the changes 

in FEV1/FVC were not related to skeletal muscle mass. These results are consistent with 

the findings of a previous study that decreased FVC and FEV1 in a group of patients with 

decreased musculoskeletal mass, respectively, but compared FEV1/FVC in a group of 

patients with normal skeletal muscle mass in the elderly over 65 years has been consistent. 

There are several explanations for these findings. Because the limited lung volume 
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appears to decrease FVC and FEV1 levels, individuals with reduced SMI may be able to 

inflate their lungs due to muscle weakness. Therefore, FVC and FEV1 values can be 

reduced, but FEV1/FVC, which describes upper airway obstruction, remains unchanged. 

Although SMI was generalized as skeletal muscle mass index, they showed that upper 

extremity strength was associated with maximal exhalation pressure. That is, the finding 

suggests that generalized skeletal muscle mass may be related to respiratory skeletal 

muscle mass. 159 Another explanation for FVC and FEV1 about SMI could be that the 

loss of skeletal muscle mass is due to inflammatory mediators that can lead to impaired 

lung elasticity and expansion. Thus, in the present findings, a decrease in skeletal muscle 

mass, estimated by SMI, could reduce lung volume and increase lung restriction rather 

than an airway obstruction. 160 Decreased skeletal muscle mass was independently 

associated with decreased levels of lung function parameters such as FVC%, FEV1%, in 

a large population of Korean adults without clinical lung disease. Findings indicate the 

clinical importance of skeletal muscle mass as a potential risk for lung function in all age 

groups and men and women. 161 

 

10-5- Response to Pulmonary Rehabilitation (PR) 

   As previously mentioned, in patients with chronic respiratory airway disease, 

sarcopenia is one of the major problems of these patients, which gradually causes atrophy 

and weakness in their muscles, ultimately reducing physical activity and severely 

affecting their quality of life. If they do not participate in pulmonary rehabilitation and 

physical exercise, they will experience general weakness and a gradual increase in 

mortality. Therefore, it can be said that the major part of sarcopenia is due to 

musculoskeletal disorders, which include their structure and physical movement, and 

should be a top priority in these patients' pulmonary rehabilitation programs. In this study, 

we aimed to investigate sarcopenia factors in chronic respiratory patients that revealed a 

significant increase in ultrasound on the rectus femoris cross-sectional area (RFMTCSA) 

and rectus femoris peripheral as well as on DEXA scans on femoral bone mineral density 
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(FBMD) at the Z-score, in fact, rectus femoris muscle peripheral and femur bone density 

were among the factors that had positive effects on factors such as leg muscle strength, 

quality of life, lung function and exercise capacity in this study. It was also found that 

there were no changes in the strength of the hand muscles and the final heart rate as well 

as the distance parameter in RF ultrasound, indicating no effect in these patients. Regular 

rehabilitation programs have shown that they have progressed gradually, but their 

sarcopenia has dropped significantly, requiring regular, long-term pulmonary 

rehabilitation. 

   Respiratory patients with sarcopenia participated in PR sessions. Following PR, there 

were no statistical differences for changes in body composition, functional or health status 

between patients with or without sarcopenia. In a study, the sarcopenic group, SMI, and 

resistance to manual effect improved. Three patients had a change in SMI in terms of 

mass and function, and three patients had a change in performance (one with improved 

walking speed and two with improved manipulation power). These patients were 

generally closer to normal SMI. Sarcopenia was distinct in quadriceps alone and was 

associated with decreased daily function, exercise capacity, and quality of life. However, 

sarcopenia does not appear to affect the response to pulmonary rehabilitation. In about a 

quarter of patients, supplementation of PR resulted in a reversal of their sarcopenia. 162,163    

     There was no difference in the prevalence of sarcopenia between patients with or 

without quadriceps weakness, and one-third of sarcopenia patients maintained quadriceps 

strength. In both respects, sarcopenia appears to be a distinct phenotype, which cannot be 

identified by local weakness alone. 164 Findings also suggest that quadriceps power loss 

may be due to COPD before a loss of whole-body muscle mass. Specifically, the 

prevalence of quadriceps weakness was high (315 of the 554 patients in whom it was 

measured), but of these, only 47 patients with quadriceps weakness met sarcopenia 

criteria, while in 33 Others observed criteria without evidence of quadriceps weakness. 

There are several underlying reasons for the muscle function observed in COPD, 

characterized by atrophy, weakness, and fiber shift profile. Physical inactivity is a 
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constructive sediment factor that is generally identified, and patients with sarcopenia 

reported the lowest daily steps and energy costs based on their objective assessments. 

Other etiological factors such as hypoxemia, inflammation, and medication may also hurt 

the musculoskeletal system and may play a role in sarcopenic status. Few studies have 

investigated the distinct response to rehabilitation in respiratory patients with sarcopenia. 

    Liu et al. (2017) 136 reported that elderly with mobility impairment followed a 12- to an 

18-month exercise program and no significant difference was observed in adherence with 

and without sarcopenia (74%vs.71%, respectively=0.059). Patients with COPD and 

sarcopenia responded positively to PR with improvement in performance, exercise 

capacity, lower and upper extremity strength, and health status, as was the case with 

patients without sarcopenia, and the significant differences were minimal. Although some 

progress has been made, patients with sarcopenia start PR at a low level. They were 

weaker, had lower BMI, decreased exercise and functional capacity. 165,166 To this end, 

they have been able to prove that PR can reverse sarcopenia in select patients, in 

particular, patients with SMI or low functioning who were near the risk threshold initially. 

Improvement in SMI or one aspect of performance at one point led to a reversal of 

sarcopenia. From this point of view, these criteria have more operational benefits than 

exercise and nutritional interventions that have a favorable effect on their performance as 

well as their muscle mass. 167,168 However, the majority of patients maintained their 

sarcopenia and were supported for drug testing in selected patients. The risk of sarcopenia 

associated with COPD has not yet been studied more, and future longitudinal studies are 

needed to evaluate its impact on adverse events and survival. 169 In the elderly, Figueiredo 

et al. (2016) 170 showed that sarcopenia is associated with an increased risk of mortality, 

and in a separate cohort of unpleasant older adults, sarcopenia increased the risk of forced 

readmission and mortality. Aspects of low muscle function have been associated with 

negative outcomes in COPD in the past, although serious consequences of sarcopenia 

syndrome require further research to determine its risk in COPD patients, they conclude 

with these pulmonary rehabilitation programs that these risk factors to reduce it. 171,172   
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   Ischaki et al. (2015) 135 showed that in COPD patients, further decreasing BMI increases 

disease severity, as measured by the GOLD and FEV1 criteria. However, the authors 

evaluated body composition using bioelectric impedance analysis. In another recent 

study173, the low-fat mass was worse than FEV1, however, using bioelectric impedance 

analysis, body composition was assessed. The BODE index, a prognostic parameter, 

considers the training capacity that can affect unhealthy mass. 174,175 They observed a 

devastating trend towards a higher prevalence of sarcopenia in patients with COPD at 

higher BODE levels, and differences were observed between the lower and upper muscle 

groups. In multivariate analysis, the BODE index was significantly affected by 

sarcopenia, which is more common in patients with a prognosis of sarcopenia. In their 

opinion, there are no further studies on this relationship.176  

 

   10-6-Future perspective on prevalence sarcopenia in CRDs.   

    Sarcopenic phenotype is associated with decreased performance, exercise capacity, and 

health status and this is characterized by localized quadriceps weakness. In this study, it 

was reported that sarcopenia appears to influence the response to pulmonary 

rehabilitation, which can lead to the syndrome change in selected patients. The main 

components of sarcopenia were muscle mass and low strength. But factors such as age, 

the severity of COPD, hospital admission during the past 12 months, and low BMI were 

also related to sarcopenia. 177 Also, measurement of sarcopenia complex in patients with 

advanced lung cancer with dyspnea suggests that it is not associated with survival. 175,177 

However, they have shown that evaluation of sarcopenia is possible using conventional 

muscle ultrasound techniques and DEXA scan in bone density. The importance of 

identifying an effective method for measuring sarcopenia and its relation to self-control 

be overemphasized. These measures help to understand the complex relationship between 

skeletal muscle, airway dynamics, neurophysiology, and other important mechanisms to 

aid breathing in advanced respiratory diseases. 178 
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   Evidence to date to studies of weakness in respiratory sarcopenia patients has been 

proven in their phenotypic structure. 179 The use of sarcopenia and poor disease models 

in a wide range of patients is necessary to fully understand the syndrome and its value in 

this field. Recent studies have evaluated structures that are closely related to sarcopenia 

and weakness in an acute condition, for example, local muscle loss and walking speed, 

and provide a solid basis for validating models of sarcopenia and weakness will be 

examined. 180 Studies on the prognosis and weakness of sarcopenia are generally 

retrospective and have been used for unmodified criteria that have been removed from 

valid instruments. Again, future validation should be done on this basis to confirm these 

early findings and join the main tool and obtain the desired results using robust collection 

methods. Besides, because these studies use existing datasets, the results are usually 

limited to death, and the wide range of results used in elderly syndromes has not been 

exploited. In addition to tracking mortality, studies should also assess the incidence of 

ADL, disability, home care, and hospital admission if possible. For example, the 

comparative prognosis of these syndromes, both concerning each other and in prognostic 

parameters such as age, segregation, obstruction, body mass index and exercise capacity 

(BODE index), should also be tested, if they compete as the primary clinical marker. 

   Also, we found that decline in lean mass results in exercise intolerance, which has been 

described as a major contributor to impaired quality of life, increased hospitalization, and 

increased mortality. This confirms that sarcopenia is associated with a worse prognosis 

in CRDs. The results of the present study indicate that the prevalence of sarcopenia, 

detected by DEXA and Ultrasound screens, which is currently the gold standard method, 

was high in a sample of CRDs patients. Disorders and loss of muscle mass in lean patients 

are usually of concern. As additional pulmonary manifestations of CRDs, they decrease 

the capacity of exercise. It can also cause more muscle loss, so a vicious cycle begins. 

Therefore, early detection of sarcopenia through body composition analysis, especially in 

the major muscles and bones of the body, can facilitate interventions aimed at preventing 

the deterioration of lean body mass and improving the quality of life in CRDs patients. 
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CONCLUSSION 
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11- Conclusions 

Our programme of pulmonary rehabilitation improved:  

 - Parameters of quadriceps muscle specially in COPD patients, RFMTCSA in pre 

rehabilitation= 1.73 and post rehabilitation= 2.38.  

- The rate of Femur bone mineral density (FBMD) increased after the pulmonary 

rehabilitation protocol. 

- We found that there was a significant reduction in BMI and crisis indicators in 

respiratory patients, and there was significant difference in the low rate consumption 

of oxygen capsule. 

- Correlation between RFMTCSA quadriceps and FBMD factors significantly 

increased after the pulmonary rehabilitation protocol. 

- Significant positive changes were observed in cardio-pulmonary and muscle 

parameters including HR max, Distance ergo-cycling, pulse O2, speed ergo-cycling, 

Borg scale, FEV1/FVC its, FEV1/FVC perc, FVC its, Hand-grip dynamometer, but in 

Quadriceps grading strength and HR initial we have had same record scales before and 

after the pulmonary rehabilitation protocol. 

- In most of the indicators quality of life via questioner SF-36 and oral report of 

patients , especially in general health, physical function, social and emotional function, 

also, patients were also less likely to use capsulate oxygen at home and we found that 

home exercises and breathing techniques had a significant impact on maintaining the 

effects of the pulmonary rehabilitation protocol and enhancing self-esteem and 

confidence in the daily activities of the respiratory patients, and to the extent that they 

did so long after the rehabilitation protocol, exercises, and breathing techniques 

continued at home. 

 

   I hope this research will shed some light on the complications of sarcopenia in 

chronic respiratory patients and help to reduce the problems of older patients with 

chronic respiratory disease in the near future. 
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12- Limitations. 

12- 1- The periodicity of the protocol study is 3 time per-week/for 16 weeks, but if it 

would have been more clinical exams probably participants could not have continued the 

rehabilitation protocol to the end of the study, resulting in data missing in the final result.  

12-2-  One of the limitations in this study is the older age and physical and mental fatigue 

caused by elderly in respiratory patients in all tests and imaging which can affect the 

results of the study. 

12-3- Another limiting cause in the study is the mortality of patients due to old age, 

which unfortunately occurred in 2 of the respiratory patients and failed to complete the 

protocol.  

12-4- Side effects of medications for chronic respiratory patients taking daily and 

regularly could have had some influence in the results of  the tests and the research 

protocols. 
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13- Technical facilities 

  

13-1- Department of Pulmonology:  

- Clinical history from SAP (intranet PSSJD). 

- Ergo Spirometry.   

- BMI device. 

- SF-36 questionner. 

- Pulse oximetry. 

 

13-2- Department of Rehabilitation:  

- Informed consent and personal details. 

- Handgrip dynamometry. 

- Manual grading quadriceps strength.  

- 6 Minute Walking test (6MWT). 

- Ergo Cycling tests. 

- Treadmill tests. 

- Dumbells and bands.   

 

13-3- Department of Radio-diagnostic:  

- DEXA scan on femur bone. 

- Ultrasound Rectus femoris quadriceps.  
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