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Abstract
Introduction. The aim of this study was to investigate the effectiveness of low level laser therapy (extravascular laser blood 
irradiation) on glycaemic levels in type 2 diabetes mellitus patients The most disabling symptoms in interstitial lung disease (iLd) 
patients are exertional dyspnoea, functional limitations, and impaired quality of life (QoL), all related to inspiratory muscle dys-
function. Therefore, the purpose of this study was to investigate the impact of inspiratory muscle training by using a threshold 
device on inspiratory muscle strength, functional capacity, and QoL in patients with iLd.
Methods. A single non-controlled clinical study was conducted among 30 patients with different subtypes of iLd who re-
ceived 30-minute threshold inspiratory muscle training 3 times per week for 12 weeks at 30% of the maximum inspiratory 
pressure (Pimax). Pimax, distance walked in a 2-minute walk test (2MWT), oxygen saturation (So2%), and QoL by the 36-item 
Short-Form Health Survey were measured before and after the intervention.
Results. A significant improvement was observed in all measured variables: Pimax (p = 0.0001), distance walked in 2MWT 
(p = 0.003), So2% (p = 0.043), and the QoL score (p < 0.05).
Conclusions. it was found that threshold inspiratory muscle training is recommended to be a part of the routine care for iLd 
patients to gain the benefits of improving the control of the symptoms.
Key words: interstitial lung disease, threshold inspiratory muscle training, maximum inspiratory pressure, 2-minute walk test, 
quality of life
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Introduction

interstitial lung disease (iLd) is a term describing a hetero-
geneous group of pulmonary disorders that share common 
physiological manifestations and clinical features [1]. it com-
prises more than 200 different lung conditions with varying 
degrees of inflammation and progressive interstitial fibrosis 
of the lung parenchyma resulting in progressive lung stiffness 
with consequent alteration in respiratory mechanics, impair-
ment of gas exchange, and exertional dyspnoea [2, 3].

dyspnoea on exertion is the key symptom in iLd patients, 
which progresses to the resting state with increasing dis-
ease severity. Gradual reductions in the total lung capacity and 
vital capacity, as well as degradation of diffusion capacity are 
the principal factors for the development of dyspnoea [4].

in patients with iLd, dyspnoea during activity is the most 
well-known and predominant exercise-limiting symptom. 
To avoid this symptom, the patients often limit the activity 
level, which exerts a deleterious effects on muscle function 
and results in skeletal muscle dysfunction and weakness, 
leading to a vicious cycle of deterioration of exercise capacity 
and aggravating symptoms [3].

it has been documented that reduced exercise capacity 
is associated with lower quality of life (QoL), which, in turn, 

is related to depression, fatigue, dyspnoea, social isolation, 
and poor survival. Patients with the worst exercise capacity 
reported the worst QoL [1, 3, 5].

Respiratory muscle dysfunction is profoundly associated 
with dyspnoea, limitation of exercise, and decreased health-
related QoL [5, 6]. This association also applies to iLd pa-
tients, which was recently confirmed with ultrasound exami-
nation in individuals with fibrotic iLd who showed limited 
excursion of the diaphragm and lower diaphragmatic thicken-
ing during deep breathing [4, 7].

Several previous studies affirmed the advantageous im-
pacts of inspiratory muscle training (iMT) on an assortment 
of outcomes in normal individuals [8, 9], as well as in patients 
with various disease conditions [10–12]. A program of thresh-
old iMT in patients with sarcoidosis significantly improved 
exercise capacity, respiratory muscle pressures, dyspnoea 
perception, and lower limb fatigue [5]. Another recent study 
revealed that adding respiratory muscle training in the form 
of threshold iMT as a component of a pulmonary rehabilita-
tion program in patients with iLd induced a significant im-
provement in exercise capacity, inspiratory muscle pressure, 
and dyspnoea perception [2]. Limited research has investi-
gated the effects of iMT in iLd patients; however, a pilot study 
about the effects of threshold iMT in iLd patients showed 
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considerable changes in inspiratory muscle function and 
proposed the modality as an effective training strategy to 
enhance inspiratory muscle function [13]. Therefore, the main 
objective of the present study was to investigate the impact 
of iMT by using a threshold device on the strength of inspi-
ratory muscles, functional capacity, and QoL in patients 
with iLd.

Subjects and methods

Study design and patients

A single non-controlled clinical study was conducted 
among 30 iLd patients aged 45–55 years, recruited from the 
Chest outpatient Clinic, Cairo University Hospitals, Al Kasr 
Elainy in Egypt. The sample size was determined in a pilot 
study to detect a 0.05% difference in primary variables (maxi-
mum inspiratory pressure [Pimax], distance walked in 2 min-
utes, QoL score). The calculation was based on a t-test 
(means: difference between 2 dependent means in matched 
pairs), type 1 error (alpha = 0.05), and type 2 error (beta = 
95%). Considering a 15% drop-out rate, the appropriate 
minimum sample size for this study was 25 patients (25 pa-
tients in the group as a minimum). The G*Power software 
(version 3.1.9.2) was used for these calculations. The study 
was carried out between July 2019 and January 2020. Pa-
tients were included if they were clinically stable (no exac-
erbations over the previous 3 months), able to perform the 
exercise, and had no change in the medication treatment 
throughout the previous 3 months. individuals with cardiovas-
cular problems, cognitive disorders, acute infection, previ-
ously receiving pulmonary rehabilitation, or currently treated 
for cancer, orthopaedic, or neurological problems were ex-
cluded from the study. All participants were given a com-
plete description of the study aims and procedures.

Assessment procedures

A data sheet was filled for each patient including personal 
data, duration of disease, and medications taken. Then, body 
weight and height were recorded. Body mass index was cal-
culated by dividing weight in kilograms by squared height in 
meters. Pimax, functional exercise capacity, oxygen saturation 
(So2%), and QoL were evaluated for the allocated patients 
before and after the 12 weeks of the study period.

Inspiratory pressure

Pimax was measured by using a respiratory pressure meter 
(MicroRPMTM), in accordance with the American Thoracic 
Society/European Respiratory Society guidelines. While the 
patient was in a sitting position and wearing a nasal clip, 
Pimax was assessed by means of forced inspiration starting 
from the residual volume. The best value obtained from at 
least 3 trials with 1-minute intervals was recorded, expressed 
in cm H2o and taken as an index for inspiratory muscle 
strength [14].

Functional capacity

A 2-minute walk test (2MWT) was performed in accor-
dance with the American Thoracic Society published guide-
lines, in a flat corridor. Each patient was instructed to cover 
as much ground as possible over 2 minutes. A pulse oximeter 
(oxyWatchTM) was utilized for measuring heart rate and 
So2%, and blood pressure was assessed with a portable 

upper arm blood pressure monitor (Panasonic EW3109W). 
Two trials with a rest period of 30 minutes between them were 
conducted on the same day. The maximum distance covered 
in 2 minutes was measured in meters and taken as an index 
for functional capacity [15].

Quality of life

The 36-item Short-Form Health Survey (SF-36) is a simple 
tool for assessing QoL. it consists of 36 questions assessing 
8 domains, namely physical function, role limitations owing to 
physical health, pain, social functioning, general health, role 
limitations owing to emotional problems, vitality, and mental 
health. The questionnaire was applied individually, with the 
patient rested and asked to answer all questions by circling 
the number that represented their opinion about their status. 
The participants were instructed that all questions should 
be filled. The general score was in the range of 0–100; in-
creased score corresponded to a higher QoL [16].

intervention

All the patients received a supervised program of iMT 
involving a threshold device (Respironics, NJ, USA, No. 
8373-0730) 3 times per week for 12 weeks. The training in-
tensity started with 30% of the initial Pimax. Pimax was adjusted 
and maintained at this percentage throughout the treatment 
(12 weeks) by measuring Pimax weekly and readjusting the 
intensity accordingly. The patient was asked to take deep 
inspiration through the system appropriate to overcome the 
adjusted training resistance in order to open the valve, then 
expire, and finally rest for 5–10 seconds, repeating this pro-
cedure for 30 minutes per session. All participants were in-
structed to maintain diaphragmatic breathing for the same 
duration of the session at home on days free of sessions.

Statistical analysis

Analysis of data was performed by using the Statistical 
Package for the Social Sciences (SPSS) for Windows, ver-
sion 16. initially, data were examined for normality by the Sha-
piro-Wilk test; depending on the outcomes, data are expressed 
as mean and standard deviation for normally distributed 
data or as median and interquartile range for non-normally 
distributed data. Student’s paired t-test was used for com-
paring the change between pre- and post-treatment values 
in normally distributed data (distance walked during 2MWT), 
while the Wilcoxon signed-rank test served to detect the 
change between pre- and post-treatment values in data 
showing inhomogeneous distribution (Pimax, So2%, and SF-36 
survey results). For all tests, the results were considered 
significant if p < 0.05.

Ethical approval
The research related to human use has complied with all 

the relevant national regulations and institutional policies, 
has followed the tenets of the declaration of Helsinki, and has 
been approved by the Ethical Review Board of the Faculty 
of Physical Therapy, Cairo University (approval No: P.T.REC/ 
012/002747).

Informed consent
informed consent has been obtained from all individuals 

included in this study.
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Results

Figure 1 shows the flow chart of the current study. out 
of the 39 patients with iLd who were assessed for eligibility, 
7 did not meet the inclusion criteria; 32 patients were allo-
cated to the study, 2 dropped out later without defined rea-
sons. Therefore, 30 participants completed the study and 
their results were analysed after the intervention.

The data regarding baseline demographic and clinical 
characteristics of the study participants (age, gender, body 
mass index, time after the diagnosis, and the diagnosis) are 
presented in Table 1.

Comparing the pre- and post-treatment measurements 
of the studied variables revealed a statistically significant 

increase in Pimax (p < 0.001), the distance walked in 2 minutes 
(p < 0.05), and So2% (p < 0.05). Also, the SF-36 QoL survey 
scores demonstrated an improvement in all measured do-
mains with p < 0.05 or p < 0.001, as shown in Table 2.

Discussion

The current study was performed to evaluate the impact 
of iMT applied with a threshold device on inspiratory muscle 
strength, functional capacity, and QoL in patients with iLd. 
it was hypothesized that iMT would be an effective method 
for improving inspiratory muscle strength, functional capacity, 
and QoL.

The findings of the present study showed that 12 weeks 
of iMT using a threshold device induced significant effects 
on Pimax, the distance walked in 2 minutes during 2MWT, 
and the scores of the 8 domains in the SF-36 QoL question-
naire among patients with iLd. The gains were independent 
of gender or the underlying diagnosis.

Pimax is a non-invasive indicator of the strength of inspi-
ratory muscles, specifically the diaphragm, and can be used 
to examine patients with inspiratory muscle weakness [17].

The current study demonstrated improvements in inspi-
ratory muscle strength, functional capacity, and QoL in iLd 
patients. Also, we observed that post-intervention Pimax was 
higher than its value before the study, which was attributed 
to a change in diaphragmatic strength as a result of the 
training method used. Threshold iMT is characterized by 
a one-way valve mechanism in which the patient should 
create adequate pressure to overcome the spring-loaded 
valve in order to allow airflow to commence; this is achieved 
by an initial isometric contraction of the diaphragm to gen-
erate the threshold pressure required to open the valve, 
followed by an isotonic contraction. Recently, the threshold 
type of iMT has been shown to have the greatest activation 
effect on the diaphragm among respiratory muscle training 
modes [9, 18]. increasing the diaphragm strength and thus 
its pressure-generating potential could be caused by adap-

Figure 1. Flow chart of the study

iLd – interstitial lung disease 
iMT – inspiratory muscle training

Table 1. Baseline demographic and clinical characteristics  
of the study group

ValueVariable

46.5 (45–53.5)Age (years)#

154.37 ± 8.04Height (cm)*

76.23 ± 14.68Weight (kg)*

31.75 ± 6.48BMi (kg/m2)*

2.1 ± 0.7Time after diagnosis (years)*

8, 26.7% / 22, 73.3%Gender (n, %) (males/females)

16 (53.3)
9 (30)
3 (10)
 1 (3.3)
 1 (3.3)

diagnosis [n (%)]
  iPF
  CTd-iLd
  Sarcoidosis
  NSiP
  LiP

BMi – body mass index, iPF – idiopathic pulmonary fibrosis, 
CTd-iLd – connective tissue disease-associated interstitial lung 
disease, NSiP – nonspecific interstitial pneumonia,  
LiP – lymphocytic interstitial pneumonia
# median (interquartile range), * mean ± standard deviation

Table 2. Comparison between pre- and post-treatment measure-
ments of the studied variables

pPost-treatmentPre-treatmentVariable

< 0.001**60 (52.47–67)33.15 (30–33.72)Pimax (cm H2o)#

< 0.05**84.2 ± 16.652.6 ± 8.112MWT (m)*

< 0.05**91 (89–92)86 (86–87)So2%#

QoL domains

< 0.001**70 (65–80)15 (10–21.25)Physical function#

< 0.001**75 (50–100)25 (00–32.25)Physical aspects#

< 0.001**100 (69.16–100)33 (00–66.66)Emotional aspects#

< 0.001**70 (57.5–80)10 (10–12.5)Vitality#

< 0.001**80 (62–88)20 (12–25)Mental health#

< 0.05**75 (59.38–75)25 (00–25)Social aspects#

< 0.05**72.5 (55–77.5)22.5 (11.88–22.5)Pain#

< 0.05**65 (53.75–70)20 (10–31.25)General health#

Pimax – maximum inspiratory pressure, 2MWT – 2-minute walk test, 
So2% – percentage of arterial blood saturation with oxygen,  
QoL – quality of life

# median (interquartile range), * mean ± standard deviation,  
** significant values
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tive structural changes in the form of an increase in type i 
fibre proportion and by the type 2 hypertrophy induced by 
the training method used [19].

As dysfunction of the inspiratory muscles along with the 
rapid shallow pattern of breathing are important causes of 
dyspnoea and exercise limitation in iLd patients [4], in ad-
dition to the close correlation between Pimax and exertional 
dyspnoea [17], the positive change induced in inspiratory 
muscle strength as an effect of iMT, manifested by higher 
Pimax at the end of the study, is functionally reflected as in-
creasing So2% and the distance walked in 2MWT as a mea-
sure of functional capacity.

in patients with chronic lung diseases, functional exercise 
capacity is commonly evaluated with field exercise tests 
based on walking [15]. in the current study, the utilization of 
the 6-minute walk test was intended to assess the functional 
capacity, but the patients were unable to finish one test trial 
owing to dyspnoea; thus, 2MWT was applied as a func-
tional exercise capacity assessment tool, which was better 
endured by the patients.

The validity of 2MWT as a tool to assess functional exer-
cise capacity was reported in patients before and after car-
diac surgery, patients with muscular inflammatory diseases 
[15], and patients with multiple sclerosis [20].

The SF-36 QoL questionnaire was used in this study as 
it has been accounted for as an appropriate instrument for 
evaluating QoL in idiopathic pneumonic fibrosis as a sub-
type of iLd [21].

Another important outcome of the current study is the 
significant increase in the scores of all SF-36 domains at 
the end of the study. This could have resulted from the im-
proved diaphragm muscle strength that led to increased func-
tional exercise performance and hence improved the pa-
tients’ ability to perform their activities of daily living, which 
was reflected as higher QoL.

The results of the current study support the hypothesis 
reported in literature about a strong association between the 
degree of physical effort during daily living activities and 
respiratory muscles strength [22]. Consequently, improving 
respiratory muscle strength can result in increased exercise 
capacity [10].

Previous research is available concerning positive effects 
of threshold iMT on improving Pimax in different conditions, as 
in athletes practising different types of sports, with greater 
effects when compared with other iMT modes [23], or among 
the elderly [9]. in chronic obstructive pulmonary disease, 
threshold iMT significantly improved Pimax, functional exer-
cise capacity, as well as dyspnoea and QoL [24]. Threshold 
iMT is a suggested therapeutic intervention in cases of respi-
ratory muscle weakness in patients with bronchiectasis as it 
induced a significant increase in diaphragmatic strength [25].

The findings of this research coincide with a recent analy-
sis in the field of idiopathic pulmonary fibrosis, which indicates 
an increase in dyspnoea control, exercise performance, and 
QoL as an effect of iMT [26].

Limitations

This study has some limitations, such as the absence of 
a control group, gender disparity, disease complexity under 
the umbrella of iLds with potentially specific clinical presen-
tations, and lack of long-term follow-up of the patients to 
check the sustainability of the improvements.

Conclusions

A 12-week iMT with a threshold device is an effective 
method to improve inspiratory muscle strength, functional 
exercise capacity, and QoL in iLd patients. on the basis of 
the obtained outcomes, threshold iMT should be included 
in physical therapy programs for iLd patients.

Disclosure statement
No author has any financial interest or received any finan-

cial benefit from this research.

Conflict of interest
The authors state no conflict of interest.

Funding
This study did not receive any form of funding.

References
1. Holland AE. Exercise limitation in interstitial lung disease 

– mechanisms, significance and therapeutic options. 
Chron Respir dis. 2010;7(2):101–111; doi: 10.1177/14 
79972309354689.

2. Kaushal M, Ali MS, Sharma RK, Talwar d. Effect of respi-
ratory muscle training and pulmonary rehabilitation on 
exercise capacity in patients with interstitial lung disease: 
a prospective quasi-experimental study. Eurasian J Pul-
monol. 2019;21:87–92; doi: 10.4103/ejop.ejop_21_19.

3. Panagiotou M, Polychronopoulos V, Strange C. Respi-
ratory and lower limb muscle function in interstitial lung 
disease. Chron Respir dis. 2016;13(2):162–172; doi: 
10.1177/1479972315626014.

4. Walterspacher S, Schlager d, Walker dJ, Müller-Quer n-
heim J, Windisch W, Kabitz H-J. Respiratory muscle 
function in interstitial lung disease. Eur Respir J. 2013; 
42(1):211–219; doi: 10.1183/09031936.00109512.

5. Karadallı MN, Boşnak-Güçlü M, Camcıoğlu B, Kokturk N, 
Türktaş H. Effects of inspiratory muscle training in sub-
jects with sarcoidosis: a randomized controlled clinical 
trial. Respir Care. 2016;61(4):483–494; doi: 10.4187/
respcare.04312.

6. Kesikburun B, Köseoğlu BF, Şahin A, Turgay M, doğan A, 
Öken ÖA. The effects of respiratory muscle weakness 
and pulmonary involvement on functional status, fatigue 
and health related quality of life in patients with system-
ic sclerosis. Arch Rheumatol. 2015;30(2):116–123; doi: 
10.5606/ArchRheumatol.2015.5238.

7. Santana PV, Cardenas LZ, de Albuquerque ALP, de Car-
valho CRR, Caruso P. diaphragmatic ultrasound find-
ings correlate with dyspnea, exercise tolerance, health-
related quality of life and lung function in patients with 
fibrotic interstitial lung disease. BMC Pulm Med. 2019; 
19(1):183; doi: 10.1186/s12890-019-0936-1.

8. illi SK, Held U, Frank i, Spengler CM. Effect of respira-
tory muscle training on exercise performance in healthy 
individuals: a systematic review and meta-analysis. 
Sports Med. 2012;42(8):707–724; doi: 10.1007/BF03 
262290.

9. Aboelmagd FM, Hamada HA, Saab iM. Effect of inspi-
ratory muscle training on diaphragm mobility and func-
tional capacity in elderly: a randomized clinical trial. Fiz-
joterapia Pol. 2019;19(2):28–32.

10. Gosselink R, de Vos J, van den Heuvel SP, Segers J, 
decramer M, Kwakkel G. impact of inspiratory muscle 
training in patients with CoPd: what is the evidence? 
Eur Respir J. 2011;37(2):416–425; doi: 10.1183/09031 
936.00031810.



F. Aboelmagd M., S.A. Moawd  
Inspiratory muscle training in interstitial lung disease

50

 
Physiother Quart 2022, 30(2)

11. Elkins M, dentice R. inspiratory muscle training facili-
tates weaning from mechanical ventilation among pa-
tients in the intensive care unit: a systematic review. J 
Physiother. 2015;61(3):125–134; doi: 10.1016/j.jphys. 
2015.05.016.

12. Schellekens W-JM, van Hees HWH, doorduin J, Roes-
thuis LH, Scheffer GJ, van der Hoeven JG, et al. Strate-
gies to optimize respiratory muscle function in iCU pa-
tients. Crit Care. 2016;20(1):103; doi: 10.1186/s13054 
-016-1280-y.

13. Koulopoulou M, Chua F, Koutoumanou E, Narayan S, 
Nikoletou d. inspiratory muscle training (iMT) in inter-
stitial lung disease (iLd) – a pilot study. Eur Respir J. 
2016;48:PA1368; doi: 10.1183/13993003.congress- 
2016.PA1368.

14. American Thoracic Society/European Respiratory So-
ciety. ATS/ERS statement on respiratory muscle testing. 
Am J Respir Crit Care Med. 2002;166(4):518–624; doi: 
10.1164/rccm.166.4.518.

15. Johnston KN, Potter AJ, Phillips AC. Minimal important 
difference and responsiveness of 2-minute walk test 
performance in people with CoPd undergoing pulmo-
nary rehabilitation. int J Chron obstruct Pulmon dis. 
2017;12:2849–2857; doi: 10.2147/CoPd.S143179.

16. Lacson E Jr, Xu J, Lin S-F, dean SG, Lazarus JM, Ha-
kim RM. A comparison of SF-36 and SF-12 composite 
scores and subsequent hospitalization and mortality risks 
in long-term dialysis patients. Clin J Am Soc Nephrol. 
2010;5(2):252–260; doi: 10.2215/CJN.07231009.

17. Laveneziana P, Albuquerque A, Aliverti A, Babb T, Bar-
reiro E, dres M, et al. ERS statement on respiratory 
muscle testing at rest and during exercise. Eur Respir J. 
2019;53(6):1801214; doi: 10.1183/13993003.01214-2018.

18. Walterspacher S, Pietsch F, Walker dJ, Röcker K, Kab-
itz H-J. Activation of respiratory muscles during respi-
ratory muscle training. Respir Physiol Neurobiol. 2018; 
247:126–132; doi: 10.1016/j.resp.2017.10.004.

19. Ramírez-Sarmiento A, orozco-Levi M, Güell R, Barrei-
ro E, Hernandez N, Mota S, et al. inspiratory muscle 
training in patients with chronic obstructive pulmonary 
disease: structural adaptation and physiologic outcomes. 
Am J Respir Crit Care Med. 2002;166(11):1491–1497; 
doi: 10.1164/rccm.200202-075oC.

20. Scalzitti dA, Harwood KJ, Maring JR, Leach SJ, Ruck-
ert EA, Costello E. Validation of the 2-minute walk test 
with the 6-minute walk test and other functional mea-
sures in persons with multiple sclerosis. int J MS Care. 
2018;20(4):158–163; doi: 10.7224/1537-2073.2017-046.

21. Markovitz GH, Cooper CB. Rehabilitation in non-CoPd: 
mechanisms of exercise limitation and pulmonary reha-
bilitation for patients with pulmonary fibrosis/restrictive 
lung disease. Chron Respir dis. 2010;7(1):47–60; doi: 
10.1177/1479972309348654.

22. Simões RP, Castello V, Auad MA, dionísio J, Mazzo-
netto M. Prevalence of reduced respiratory muscle 
strength in institutionalized elderly people. Sao Paulo 
Med J. 2009;127(2):78–83; doi: 10.1590/S1516-31802 
009000200005.

23. HajGhanbari B, Yamabayashi C, Buna TR, Coelho Jd, 
Freedman Kd, Morton TA, et al. Effects of respiratory 
muscle training on performance in athletes: a systematic 
review with meta-analyses. J Strength Cond Res. 2013; 
27(6):1643–1663; doi: 10.1519/JSC.0b013e318269f73f.

24. Beaumont M, Forget P, Couturaud F, Reychler G. Effects 
of inspiratory muscle training in CoPd patients: a sys-
tematic review and meta-analysis. Clin Respir J. 2018; 
12(7):2178–2188; doi: 10.1111/crj.12905.

25. Martín-Valero R, Jimenez-Cebrian AM, Moral-Munoz JA, 
de-la-Casa-Almeida M, Rodriguez-Huguet M, Casuso-
Holgado MJ. The efficacy of therapeutic respiratory 
muscle training interventions in people with bronchiec-
tasis: a systematic review and meta-analysis. J Clin Med. 
2020;9(1):231; doi: 10.3390/jcm9010231.

26. Hanada M, Kasawara KT, Mathur S, Rozenberg d, Kozu R, 
Hassan SA, et al. Aerobic and breathing exercises im-
prove dyspnea, exercise capacity and quality of life in 
idiopathic pulmonary fibrosis patients: systematic review 
and meta-analysis. J Thorac dis. 2020;12(3):1041–1055; 
doi: 10.21037/jtd.2019.12.27.


