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Introduction 
 
Pneumoconiosis is a collection of occupational 
interstitial lung disorders caused by inhaling min-
eral dust (1). The most of this dust is made up of 
inorganic materials, including free silica dust, as-
bestos fibers, coal mine dust, and mixed silicate 
dust, which can cause chronic lung inflammation 
and fibrosis. Pneumoconiosis develops when in-
flammation leads to pulmonary fibrosis (2), and it 
is commonly found worldwide, especially in low- 
and middle-income countries, and among gold, 
iron, and tin miners (3). Pneumoconiosis is classi-
fied into four subtypes based on the composition 
of the mineral dust that causes it: silicosis pneu-

moconiosis (the most common form) that is 
caused by dust with high levels of free silica; sili-
cate pneumoconiosis (including asbestos’s, talc’s, 
cement’s, mica’s, and potter’s pneumoconiosis); 
pneumoconiosis resulting from coal dust and 
carbon-based dust (including coal worker’s, 
graphite, and carbon black pneumoconiosis); and 
metal pneumoconiosis resulting from metal dust 
(including aluminum’s, welder’s, and caster’s 
pneumoconiosis) (4). In recent years there has 
been a decline in the worldwide prevalence of 
pneumoconiosis; however, the number of people 
affected by this disease is still substantial. The 
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economic and health implications of pneumoco-
niosis on the nation, society, family, and individ-
ual continue to be considerable because the dis-
ease cannot be properly cured. Pneumoconiosis 
patients have an average survival rate of 32 years 
after their diagnosis (4-6).  
Pneumoconiosis is a rare disease that is currently 
untreatable (7). To alleviate suffering, slow dis-
ease progression, and increase survival rates, 
management of the condition must begin with a 
holistic strategy for overall health and active in-
terventions, such as symptomatic treatment, 
complication/combination treatment, and reha-
bilitative treatment (8). There is conclusive evi-
dence that comprehensive intervention can re-
duce dyspnea, improve exercise performance, 
and enhance health-related quality of life (9). 
Pulmonary rehabilitation (PR) is a comprehensive 
intervention based on a thorough patient assess-
ment followed by patient-tailored therapies that 
include, but are not limited to, exercise training, 
education, and behavior change (10-13). It is de-
signed to improve the physical and psychological 
condition of people with chronic respiratory dis-
ease and to promote the long-term adherence to 
health-enhancing behaviors (14). PR can benefit 
people diagnosed with chronic obstructive pul-
monary disease (COPD), bronchiectasis, pulmo-
nary hypertension, interstitial lung disease, and 
other chronic pulmonary disorders (15). Patients 
with non-malignant respiratory diseases can ben-
efit from PR to increase their physical capacity 
and quality of life. However, pneumoconiosis 
patients have been underrepresented in previous 
studies (16). Therefore, in this review, we sum-
marized PR strategies for the treatment of pneu-
moconiosis.  
 
Treatment strategies for pneumoconiosis 
Present situation 
Pneumoconiosis has become a substantial burden 
in recent decades, but there are currently few 

proven clinical treatments available (17). Lung 
transplantation is the only treatment for ad-
vanced pneumoconiosis, which has a chance of 
preserving the patient's life (18). Treatment plans 
are based on patient complaints, such as cough-
ing, chest pain, and difficulty breathing, and may 
include managing associated complications like 
respiratory infections, tuberculosis, chronic ob-
structive pulmonary disease, and pneumothorax, 
as well as encouraging patients to engage in reha-
bilitative exercises (19, 20). Some clinical treat-
ments have reduced symptoms and improve 
quality of life (21), including whole lung lavage 
(WLL) as part of an integrated treatment plan for 
pneumoconiosis (22). WLL can help slow the 
development of pneumoconiosis by clearing the 
airway of sputum, secretions, dust, and fibrotic 
cytokines, but it is most effective when imple-
mented early in the course of the disease when 
the majority of the inhaled dust is still lodged in 
the pulmonary alveoli (23).  
However, there is currently no proof that WLL 
could improve pulmonary function or reduce 
lung fibrosis, and it is an intrusive technique with 
unknown long-term effects on lung homeostasis. 
Lung transplantation is a viable option for people 
with terminal lung disorders like silicosis, and the 
results are often the reasonable when the patient 
is young. Patients with silicosis who undergo a 
lung transplant had a 76% chance of survival af-
ter three years (18). However, only 6–7 years is 
the median survival time for people who have 
received a lung transplant. Lung transplantation 
has been enormously hampered by factors such 
as the scarcity of donor’s lungs, the seriousness 
of the potential side effects, the expense of the 
procedure, its perceived complexity, and the in-
herent dangers of the operation itself. The 
pneumoconiosis treatment classification is de-
tailed in Fig. 1. 
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Fig. 1: The pneumoconiosis treatment classification (Original) 
 
Potential treatments for pneumoconiosis 
Some medications have recently been discovered 
to be effective in treating pneumoconiosis. Drugs 
that suppress the immune system's inflammatory 
response, such as hydroxychloroquine (24), corti-
costeroids, infliximab (25), as well as the antioxi-
dant N-acetylcysteine (26), the vasodilators 
nicorandil and carvedilol (27, 28), have the poten-
tial to reduce pulmonary inflammation and fibro-
sis in experimental models of pneumoconiosis. 
Corticosteroids with anti-inflammatory character-
istics have been demonstrated to alleviate clinical 
symptoms of people with chronic beryllium ill-
ness (29). Additionally, some traditional Chinese 
medicine extracts, such as dioscin (30), astragalo-
side IV (31), kaempferol (32), tanshinone IIA 
(33), and dihydrotanshinone (34), have shown 
promise in reducing inflammation and fibrosis in 

animal models. Moreover, stem cell therapy has 
shown great promise in preclinical studies, with 
therapeutic results in a mouse model of silicosis 
(35, 36). Although successful in preclinical and 
clinical tests, the underlying mechanism for the 
anti-inflammatory and anti-fibrotic capabilities of 
mesenchymal stem cells (MSCs) in treating 
pneumoconiosis remain unknown. Moreover, 
many challenges must be addressed before stem 
cell therapy can be used in clinical practice, in-
cluding assessing its viability and effectiveness, 
resolving scientific and practical challenges, ad-
dressing ethical concerns, and conducting exten-
sive clinical studies. Despite these challenges, 
stem cell therapy shows considerable promise 
and will continue to drive research in the coming 
years (37). 
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Definition and Clinical impact of pulmonary 
rehabilitation 
The American Thoracic Society Pulmonary Re-
habilitation Statement (2013) defines PR as a 
comprehensive intervention that includes exer-
cise training, education, and behavior change tai-
lored to improve the physical and psychological 
condition of people with chronic respiratory dis-
ease and promote long-term adherence to health-
enhancing behaviors (38). While this definition 
highlights the aims and components of PR, it 
does not specify the necessary structure, setting, 
and supports for successful PR models. At the 
time of its development, PR programs in North 
America and Europe were mostly center-based, 
and very few were delivered in other settings (39). 
Given these developments, the workshop com-
mittee was asked to evaluate this definition in 
light of more recent advancements in PR science 
and practice (39). 
In recent years, PR programs have expanded be-
yond center-based models to other settings. Pa-
tients with pneumoconiosis can benefit from PR, 

which typically lasts 6-12 weeks and includes aer-
obic activity, education, and muscle strengthening 
tailored to each patient (40). Patients often have 
training sessions twice or thrice a week for 30-60 
minutes each. To achieve the greatest possible 
functional gains, therapies are tailored to each 
patient. PR can improve symptoms, including 
dyspnea, exercise tolerance, and general health, 
and have positive effects on patients' physical, 
emotional, social, and financial well-being (41). 
 
The components of pulmonary rehabilitation 
PR comprises essential components, each of 
which plays a substantial role in enhancing the 
patient’s quality of life. The combined use of 
these components yields the best rehabilitation 
outcomes. Physical training, strength training, 
respiratory muscle training, use of oxygen during 
training, psychological treatments, physiotherapy 
and relaxation training, nutrition, and rehabilita-
tion surgery are discussed in detail in the follow-
ing sections (42). The components of PR are 
specified in Fig. 2. 

 

 
Fig. 2: Components of the pulmonary rehabilitation (Original) 

 
Physical training 
 
Pneumoconiosis patients engage in less physical 
activity due to dyspnea and to avoid experiencing 
pulmonary symptoms during physical activity 
(43). This leads to a reduction in skeletal muscle 

strength, making it more challenging for them. 
Thus, physical workouts are crucial during PR 
(14). The duration of physical training weeks 
should be between 4 and 12 weeks, with 2 to 5 
sessions per week (44, 45). Nonetheless, the re-
habilitation group emphasizes 2 sessions per 
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week in addition to the individual's own training 
sessions (46, 47). Various exercises focus on spe-
cific muscle groups, such as the upper or lower 
limbs, and on endurance or strength (48). A 
combination of endurance and strength exercises, 
focusing on different body muscles, is recom-
mended during PR (49-51). The intensity of the 
exercise should correspond to 60 to 75% of max-
imum oxygen absorption, performed for 20 to 30 
minutes and repeated many times each week, to 
boost the patient's endurance (52). If facilities are 
unavailable to measure oxygen levels, symptoms 
can be used to gauge the intensity of the activity. 
Modest dyspnea-inducing exercise has been 
shown to increase a patient's endurance (53). 
 
Respiratory muscle training 
The PR program may include respiratory muscle 
training (RMT) to alleviate respiratory muscle 
weakness caused by pneumoconiosis. Weak res-
piratory muscles lead to fatigue, effort restriction, 
dyspnea, and hypercapnic respiratory failure (54, 
55). RMT aims to enhance respiratory muscle 
function and relieve dyspnea, hypoxia, and 
hypoventilation. Flutter valves, threshold inspira-
tory muscle trainers, and incentive spirometers 
are some of the equipment used for RMT based 
on the patient's specific needs (9, 56). RMT com-
prises two components: inspiratory muscle train-
ing (IMT) and expiratory muscle training (EMT) 
(57). IMT is usually prescribed for shortness of 
breath, while EMT is for productive cough (58). 
IMT has two approaches: strength training and 
endurance training. Endurance training technique 
utilizes more training volume with fewer external 
loads, while strength training approach utilizes 
less training volume with a greater number of 
external loads (59). In a popular IMT technique, 
the patient resists a load equal to 30-60% of their 
steady inspiratory pressure for 15-30 minutes per 
day, with the load gradually increasing by up to 
5% per week based on the patient's strength (55). 
 
Use of oxygen during training 
Many patients requiring PR have an imbalance 
between ventilation capacity and demand, which 
worsens shortness of breath during activities and 

physical training, hindering completion of the 
program and reaping its benefits (60). Continual 
hypoxemia can also lead to inadequate tissue ox-
ygenation, pulmonary hypertension, and eventu-
ally right heart failure. Thus, oxygen assistance is 
necessary to eliminate hypoxemia and enhance 
the capacity for physical training (61). Currently, 
many PR programs suggest supplementing blood 
oxygen saturation above 88 percent with oxygen 
(62). The efficacy of oxygen supplementation in 
enhancing PR's effect and improving patients' 
quality of life is yet to be demonstrated, and stud-
ies in this area have conflicting results. Studies 
have suggested that a mixture of oxygen and he-
lium can be more effective due to the low density 
of helium gas, reducing airflow resistance and 
trapped air (62-64). 
 
Education 
Patient education is a crucial component of PR 
for pneumoconiosis patients, although it is not 
very successful when provided alone. When 
combined with other components, patient educa-
tion can improve the patient's quality of life (65). 
Typically, patient education is provided weekly in 
PR programs before or after physical training. 
While individual instruction is sometimes given, 
it usually takes place in group settings (66). Cur-
rently, the focus is on patient-centered training 
and self-management to improve the patient's 
quality of life and alleviate symptoms (67). These 
education sessions cover the topics listed below 
(Table 1). 
 
Psychological support 
Psychological concerns substantially affect the 
quality of life of individuals with chronic respira-
tory disorders. Anxiety, depression, panic, cogni-
tive impairment, and tobacco addiction are 
among the most important psychological prob-
lems faced by these people (68). During physical 
exercise, dyspnea causes anxiety, panic, and limits 
social activities, leading to sadness. Therefore, 
evaluating the patient's levels of anxiety and de-
pression is a common component of many PR 
programs (67). Additionally, patients in various 
PR programs receive psychological support from 
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psychologists and sometimes physiotherapists. 
This support includes assistance with improving 
mood, adaptive behavior, anxiety management 
strategies, and positive thinking (67, 69). Patients 
with sexual activity issues require sexual counsel-

ing. Individuals with serious mental issues, such 
as debilitating anxiety and depression, must be 
referred to a psychiatrist (14). 
 

 
Table 1: Education as a component of the pulmonary rehabilitation 

 
No. Common topics covered in training 
1 Introducing chronic respiratory disease to the patient 
2 Breathing techniques including Diaphragmatic breathing and Pursed lip breathing 
3 Energy conservation techniques 
4 Respiratory medications 
5 Home exercise training 
6 Introduction of respiratory medications 
7 Nutrition 
8 Use of oxygen 
9 Airway clearance training 
10 Stress and emergencies management 
11 Exacerbation management 

 
Nutrition 
Nutritional monitoring of patients is another cru-
cial aspect of PR. Typically, nutritionists who are 
in contact with the rehabilitation team are re-
sponsible for this task as there is no full-time nu-
tritionist on the team (70). In PR, nutrition as-
sessment is performed by measuring body mass 
index (BMI) or weight. Some rehabilitation pro-
grams use skinfold anthropometry or bio-
impedance analysis to estimate fat-free mass for 
more accurate screening (71). Nutritional inter-
ventions to improve nutritional status include 
utilizing nutritional supplements and modifying 
the frequency, volume, and composition of 
meals. Combining nutritional therapies with 
physical exercise boosts the patient's fat-free 
mass and muscle strength, thus enhancing the 
patient's quality of life (72). 
 
Indications and contraindications of pulmonary 
rehabilitation 
PR is primarily recommended for patients with 
COPD and other chronic respiratory disorders 
who experience activity-related dyspnea and can-
not tolerate everyday activities, especially those 
who cannot manage their illness despite receiving 

appropriate medical and therapeutic measures (9, 
73). Interestingly, PR is not limited to people 
with chronic lung conditions but also recom-
mended for patients with musculoskeletal disor-
ders and heart failure. Starting PR in the earlier 
stages of the disease has a greater impact on the 
treatment process and enhancing the patient's 
quality of life (8, 74). The modified Medical Re-
search Council Breathlessness (mMRC) is used to 
assess the degree of baseline functional disability 
due to dyspnoea. It is useful in characterising 
baseline dyspnoea in patients with respiratory 
disease such as COPD. The mMRC breathless-
ness scale ranges from grade 0 to 4. Grade 0 indi-
cates being breathless only with strenuous exer-
cise while Grade IV indicates being too breath-
less to leave the house or dress and undress. Pa-
tients in grades between 2 and 4 are potential 
candidates for PR (75-77). However, PR is not 
always advantageous or practical for patients and 
may have absolute or relative contraindications. 
The most important contraindications include 
persistent orthopedic or unstable cardiovascular 
diseases, transmissible infectious diseases, unsta-
ble psychiatric conditions, and severe cognitive 
impairment that makes it difficult to follow in-
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structions. Other important contraindications 
include severe uncontrolled anemia, limited life 
expectancy, severe debilitating fatigue, severe vis-
ual impairment, and inability to perform training 

due to other diseases (73, 74, 76, 78). Table 2 
shows the contraindications and indications of 
pulmonary rehabilitation. 

 
Table 2: Contraindications and indications of pulmonary rehabilitation 

 
  Contraindications of PR Indications of PR 
1 Persistent orthopedic disease such as 

unstable bone fracture 
Chronic obstructive pulmonary disease (COPD) 

2 Unstable cardiovascular disease such as 
unstable angina and arrhythmia 

Pneumoconiosis 

3 Transmissible infectious disease that is 
dangerous for others 

Pulmonary hypertension 

4 Unstable psychiatric conditions that are 
dangerous for others 

Restrictive lung disease 

5 Uncontrolled diabetes Musculoskeletal diseases 
6 Severe cognitive impairment that makes 

it difficult to follow orders 
Heart failure 

7 Progressive neuromuscular disease  
8 Lack of motivation  
9 Severe uncontrolled anemia  
10 Limited life expectancy  
11 Severe debilitating fatigue  
12 Severe visual impairment  
13 Inability to perform Training due to 

other diseases such as severe arthritis 
and severe peripheral vascular disease 

 

 
Pneumoconiosis and pulmonary rehabilitation 
PR has been extensively utilized in the treatment 
of pulmonary disorders and has been shown to 
effectively result in sustained improvements in 
functional capacity and decreased requirements 
for clinical care. However, past investigations 
have typically included fewer patients with 
pneumoconiosis (16). Some recent RCTs of PR 
for the treatment of pneumoconiosis have been 
published (54, 79, 80) (Table 3), and a meta-
analysis (65) considered 1307 participants from 
16 randomized controlled trials. The results 
showed that PR is beneficial for individuals with 
pneumoconiosis, as changes in the 6-minute walk 
distance, St. George's Respiratory Questionnaire, 
modified Medical Research Council dyspnea 
scale, 36-item Short Form Health Survey, and 

pulmonary function were the most telling indica-
tors. No negative side effects were identified in 
any of the investigations (65). These findings 
suggest that PR can enhance the exercise capacity 
and quality of life of people with pneumoconio-
sis. Subgroup research revealed that increasing 
the time spent in PR or combining exercise train-
ing with other forms of rehabilitation, such as 
nutritional intervention and psychosocial sup-
port, may increase pulmonary function (65). 
Since patients with pneumoconiosis have a poor 
quality of life, and the condition is still regarded 
as incurable and irreversible, the present guide-
lines should include PR as a routine treatment to 
alleviate symptoms and slow the disease's pro-
gression (81, 82). 
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Table 3: Randomized controlled trials (RCTs) studies investigating the effectiveness of pulmonary rehabilitation 
(PR) in treating pneumoconiosis. 

 
Study  Country Year Case PR intervention Period of treatment Ref 
Ma et al Japan 2023 15 Health education 

Exercise training 
Respiratory training 

> 1 month (83) 

Chen et al China 2020 38 Health education 
Exercise training 

Respiratory training 

2 month (54) 

Xiao et al China 2019 74 Health education 
Exercise training 

Respiratory training 

6 month (84) 

Pan et al China 2017 60 Health education 
Exercise training 

Respiratory training 

2 month (85) 

Wang et al China 2017 51 Health education 
Exercise training 

2 month (86) 

Qu et al China 2017 82 Health education 
Exercise training 

3 month (87) 

Yun et al China 2015 100 Health education 
Exercise training 

12 month (88) 

Liu et al China 2015 82 Health education 
Exercise training 

3 month (89) 

Li et al China 2015 80 Health education 
Exercise training 

Respiratory training Psy-
chological counseling 
Nutritional guidance 

6 month (90) 

Li et al China 2014 200 Health education 
Exercise training 

2 month (91) 

Liu et al China 2014 60 Health education 
Exercise training 

Respiratory training 

6 month (92) 

Ma et al China 2014 60 Exercise training 
Respiratory training Psy-

chological counseling 
Nutritional guidance 

1.5 month (93) 

Dale et al Australia 2014 10 Exercise training 4 month (94) 
Jin et al China 2014 102 Health education 

Exercise training 
Respiratory training Psy-

chological counseling 

6 month (95) 

Zhang et al China 2012 160 Health education 
Exercise training 

Respiratory training 

2 month (96) 

Cao et al China 2010 62 Health education 
Exercise training 

Respiratory training 

2 month (97) 

Liu et al China 2009 70 Health education 
Exercise training 

Psychological counseling 
Nutritional guidance 

3 month (98) 

Dong et al China 2009 62 Health education 
Exercise training 

Respiratory training 

3 month (99) 
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Benefits and perspective of pulmonary rehabili-
tation 
PR is now widely recognized as an integral part 
of the post-exacerbation care plan for patients 
with chronic respiratory disorders. It has evolved 
from being primarily a field of study and inquiry 
to its current status as a robust subspecialty with-
in respiratory medicine. The widespread ac-
ceptance of rehabilitation in the field of respira-
tory medicine is further evidenced by the incor-
poration of PR as a scientific working group or 
assembly in the social structure of major respira-
tory societies. The guidelines widely acknowledge 
the effectiveness of PR, and the Global Initiative 
for Chronic Obstructive Lung Disease (GOLD) 
method for rehabilitating COPD specifically fo-
cuses on patients with symptoms and exacerba-
tions (100). Exercise training is one of the few 
interventions that has been shown to improve 
exercise tolerance, symptoms, and health-related 
quality of life in patients with pneumoconiosis. 
PR is widely acknowledged as a multimodal ap-
proach to treating patients with lung disease (38).  
However, gaining conceptual clarity and wide-
spread agreement around the terminology for PR 
is a key step toward the future of the field. Nu-
merous treatments fall under the umbrella phrase 
"pulmonary rehabilitation" today. Although some 
alternatives to traditional PR have been pro-
posed, such as internet-based self-management 
program (101)s, home-based minimally super-
vised rehabilitation (102), tai chi exercises (103), 
and yoga (104). Some patients with chronic res-
piratory disorders may benefit from these proce-
dures, and in some areas, they may be the only 
option, but it should be made clear that these 
methods are not intended to replace PR. Despite 
the growing body of research on rehabilitation 
and potential methods of delivery, many open 
questions persist. These include emphasizing fit-
ness or physical activity instead, creating reliable 
biomarkers to predict whether a given patient will 
benefit from a given PR approach, tailoring PR 
programs to the needs of individual patients, 
evaluating the risks associated with various PR 
approaches effectively, and comparing new PR 
approaches against established ones in terms of 

their short- and long-term costs and benefits 
(105, 106). 
 
Conclusion 
 
PR strategies have been increasingly utilized as a 
multimodal program for the treatment of pneu-
moconiosis. Studies have shown that PR not only 
improve the management of patients' symptom 
and quality of life but also saves healthcare costs. 
In individuals with pneumoconiosis, a gradual 
increase in daily activity through exercise training 
has been demonstrated to improve quality of life 
more than medication alone. Despite these ap-
parent benefits, PR is still not widely employed, 
which can be attributed to various issues such as 
doctors' lack of awareness of PR's benefits, pa-
tients' failure to follow their exercise plans, and 
inadequate health insurance coverage. Pneumo-
coniosis is becoming more prevalent in many 
parts of the world; therefore, preventive 
measures like PR should be widely disseminated 
and implemented. PR is an effective and cost-
saving approach for managing pneumoconiosis, 
and healthcare providers should consider incor-
porating it into the standard care plan for patients 
with this condition. 
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