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• Pulmonary rehabilitation (ERS, ATS)

: Comprehensive intervention based on a thorough patient assessment 

followed by patient-tailored therapies, which include, but are not limited to

Exercise training/ Education/ Behavior change

designed to improve the physical and psychological condition of people with chronic respiratory disease  

and to promote the long-term adherence of health-enhancing behaviors

• Exercise training (cornerstone of PR)

- Endurance training (whole-body exercise)

- Resistance/Strength training (local muscle exercise)

- Flexibility training

- Neuromuscular electrical stimulation 

- Inspiratory muscle training 

Am J Respir Crit Care Med Vol 188, Iss. 8, 2013

Pulmonary rehabilitation 



Muscles involved respiration 

Front. Physiol., 14 June 2022



Inspiratory muscle training

- Training protocol

- Device



• Inspiratory muscle training : repetitive breathing exercise against an external load

- controlled by time, intensity, frequency (FITT)

Frequency: 3-5 sessions/week, 8-12 weeks

Intensity: as a proportion of the maximal inspiratory pressure

(30~50% of MIP → 75~100% MIP)

(using RPE 12-14. progressively increasing intensity within tolerable range

Time : interval training, 2min- work, 1min-rest. 7 repeats 

Type 

• Muscle training (2 type) 

- Strength training: high intensity and short duration  >> 2가지 종류의 device

- Endurance training: low intensity and long duration  >> endurance training device 

: Muscle fiber → overload → structural, neurogenic adaption 

Inspiratory muscle training



 Three types of IMT devices : how the load is generated

◼ threshold loading device: adjustable spring-loaded valve to set the resistance, 9-41cmH2O

◼ passive flow resistive device: contain holes of different diameters

cf) electronic resistive device: similar of passive resistive trainer

dynamically adapting the flow resistance

◼ isocapnic hyperpena device: low load and high respiratory flow (60-90% of MVV) 

contain rebreathing bag to maintain physiological rates of CO2

Inspiratory muscle training



 Inspiratory muscle device

- inspiratory resistive trainer : resistance 가 inspiratory flow rate에 dependent

- inspiratory threshold trainer: inspiratory flow에 independent 

Respiratory Medicine, Vol 132, 84-91 2017

◼

Inspiratory muscle training



CHEST. Vol 90 (5) 1986

Inspiratory muscle training



Inspiratory muscle training

 Contraindication 

- Hx of recurrent spontaneous pneumothorax

- Large bullae 

- Marked osteoporosis with Hx of spontaneous rib fracture

 Safety

- The first training session must be supervised

- Monitoring SaO2 (modest decrease, onset of hypoventilation as a strategy)

 Maintenance

- Training related gains are lost within 12 months

- Maintenance: 2 sessions each week

- During acute AE, cease training 
Arch Phys Med Rehabil Vol 91, September 2010



Inspiratory muscle training in various condition 

COPD

Interstitial Lung Disease

ICU (mechanical ventilation)

Post-operation (major surgery)

Spinal cord injury

Neuromuscular disorder (myopathy, ALS)



Inspiratory muscle training in 

Chronic obstructive pulmonary disease



 Inspiratory muscle function in COPD

Thorax 54:458-465, 1999

Hyperinflation 

- Altered shape and geometry of chest wall : decreased apposition zone of diaphragm

- Flattening of diaphragm : reduction of force-generating capacity 

- Shortening of diaphragm sarcomere length (esp. dynamic hyperinflation)

→ weakness of inspiratory muscle (diaphragm)

Pathophysiology of COPD



J Appl Physiol 92: 1205–1213, 2002.

COPD diaphragm adaptation 

: Type I fiber > Type IIx fiber

- Higher mitochondrial oxidative capacity

 Inspiratory muscle function in COPD

- increased inspiratory muscle load from hyperinflation and high airway resistance

- early stage: adaptation of inspiratory muscle 

ex) diaphragm: type II fiber → type I fiber

Pathophysiology of COPD



 Inspiratory muscle function in COPD

MIP (kPa) healthy COPD (FEV1, 44%, 
FEV1/FVC, 37%)

Male 11.0 (3.3) 8.2 (2.6)

female 8.8 (2.7) 6.2 (1.4)

- Advanced stage: imbalance, ineffective function of inspiratory muscle 

- Decreased MIP in COPD

- Decreased trans-diaphragmatic pressure (severe COPD: ~65% of control)

- Reduced force generation of diaphragm fiber

- Inspiratory muscle weakness is related to dyspnea

>> Inspiratory muscle training: potential target for training!

: reducing compromising dynamic hyperinflation 

reduce inspiratory time 

CHEST, 107 (3); 652, 1995

Respiratory Research 2008, 9:12

Pathophysiology of COPD



Am J Respir Crit Care Med, Vol 166, 1491-1497, 2002

Pre-post change 

- Function : MIP, endurance 증가

cf) exercise capacity는 차이 없음 

- Structure (external intercostal muscle)

: type I fiber 비율 증가

type II fiber의 크기 증가 

Effects of IMT in COPD 



Inspiratory muscle training improves breathing pattern during exercise in COPD patients

Effects of IMT in COPD 

Eur Respir J 2016; 47: 1261–1264



 Diaphragmatic fatigue was not demonstrated after exhaustive exercise in COPD

- Adaption of the diaphragm, resistance to fatigue

European Respiratory Journal 2011 37(2): 416-425

Effects of IMT in COPD 

 Inspiratory muscle strength training > endurance training (MIP, 6MWT, dyspnea)

 IMT vs control: improvement in MIP, 6MWD, dyspnea

 GE vs GE+IMT: improvement in only MIP (6MWD: in inspiratory muscle weakness, MIP<60cmH2O)



 COPD patients with inspiratory muscle weakness

- Subject: MIP<60cmH2O or <50% of predicted normal 

- Intervention: GET vs GET + IMT, PowerBreathe K 

- MIP, endurance breathing, endurance exercise capacity  증가, dyspnea at isotime 감소

- Exercise capacity (CPET, 6MWD)에서는 차이가 없었음 (insp function gain did not translate to improvement 6MWD)

Thorax 2018 73: 942-950
Effects of IMT in COPD 



Eur Respir J 2018; 51: 1701107

- Subject: severe or very severe COPD, (FEV1<50%)

- Intervention: PPR vs PPR + IMT, PowerBreathe (threshold)

Addition of IMT did not improve dyspnea, 6MD, QOL, but increased MIP 

Effects of IMT in COPD 



PR vs PR+IMT IMT vs control/sham

Outcome MCID Mean difference 95%CI Mean difference 95% CI

Dyspnea (Borg)
-at submax exercise

-1 0.19 -0.42, 0.79 (m) -0.94 -1.36, -0.51 (v.l)

Dyspnea (mMRC) -0.5~-1 -0.12 -0.39, 0.14 (v.l) -0.59 -0.76, -0.43 (l)

6MWD 26 5.95 -5.73, 17.63 (v.l) 35.71 25.68, 45.74 (m)

SGRQ -4 0.13 -0.93, 1.20 (l) -3.85 -8.17, 0.48 (v.l)

CAT -1.6 0.13 -0.80, 1.06 (v.l) -2.97 -3.85, -2.10 (m)

MIP (PImax) 17.2 11.46 7.42, 15.50 (m) 14.57 9.85, 19.29 (l)

Adverse effect
Minor, self-

limited
none

Cochrane Database of Systematic Reviews, Jan 6;1(1) 2023

55 RCT, ~ 2022

certainty evidence: m, moderate; l, low;  v,l, very low 



Current recommendation and guideline of IMT in COPD

 British Thoracic Society Guideline in pulmonary rehabilitation in adults (2013)

- Inspiratory muscle training (IMT) is not recommended as a routine adjunct to pulmonary 

rehabilitation. (Grade B)

 An official STS / ERS statement: Key concepts and advances in pulmonary (2013)

- IMT might be useful when added to whole-body exercise training in individuals with marked 

inspiratory muscle weakness or those unable to participate in cycling or walking 

 Global Strategy for the Diagnosis, Management, and Prevention of COPD (GOLD report 2025)

- Inspiratory muscle training increased strength of inspiratory muscles, but this not consistently 

translate to better performance, reduced dyspnea or improve health related quality of life when 

added to a comprehensive pulmonary rehabilitation program

→ IMT, a treatment option for people who are unable to participate fully in whole-body exercise 

training because of comorbid conditions such as severe musculoskeletal problems or claudication

Am J Respir Crit Care Med Vol 188, Iss. 8, pp e13–e64, 2013



Inspiratory muscle training in Interstitial lung disease



 ILD: lower lung compliance – limit capacity to respond to an increase in respiratory demand

 Inspiratory muscle weakness in ILD? controversial

European Respiratory Journal 42(1): 211-219.2013
Chest 96: 824–830. 1989

- MIP, sniff nasal pressure: 차이 없음

- respiratory drive (P0.1) : ILD 증가

- mouth and trans-diaphragmatic P 

during bilateral magnetic phrenic 

nerve stimulation: ILD 감소

- impaired MIP in mild-to-moderate ILD

Respiratory muscle function in ILD



- Subject: ILD of any etiology, MIP<60cmH2O

- Intervention: 3/week, 8weeks, PR vs PR + IMT (30% of MIP→ 60%)

SaO2 <88% → O2 Tx

Inclusion of IMT to PR may have superior benefits as compared to PR alone in ILD accompanied with IMW.
Physiotherapy Theory and Practice, 39:3, 518-528.2022

IMT in ILD



Respirology ;29:1077–1084. 2024

- Subject: idiopathic pulmonary fibrosis, MIP<60cmH2O

- Intervention: 7/week, 8weeks, sham IMT vs resistance IMT (50% of MIP→ tolerable range)

home-based tele-rehabilitation-assisted IMT intervention produced improvements in MIP, leading 

to improvements in functional exercise capacity and dyspnea

IMT in ILD



Inspiratory muscle training in 

ICU or mechanical ventilation  



Respiratory muscle weakness during mechanical ventilation 

Crit Care Clin 34 (2018) 357–381



IMT improved MIP, MEP compared with control

- heterogenous timing of IMT initiation: after 24hr ventilation/ transition to partially assisted 

ventilation/ rediness-to-weaning/ failed to attempting weaning/ after liberation from ventilation 

AnnalsATS Volume 15(6); 735, 2018

IMT in ICU/MV

28 studies (N=1,185patients)



IMT was associated with reduced duration of ventilation and reduced duration of weaning

not associated with ICU length of stay or increased risk of death in ICU 

IMT in ICU/MV

AnnalsATS Volume 15(6); 735, 2018



Hospital mortality risk was reduced in IMT group

: IMT initiation during MV was associated with lower mortality

IMT in ICU/MV

Journal of Intensive Care Medicine 2025 Feb

18 studies, threshold device



IMT in ICU/MV

◼ Practical guide for IMT in ICU

 Indication for IMT in ICU : 

MV>7 days, ventilator-dependent

 Equipment: threshold device (9-41 cmH2O)

connector to ETT or T-tube

suction circuit, respiratory pressure meter

Australian Critical Care 32 (2019) 249e255



◼ Practical guide for IMT in ICU

 Training protocol

: high-intensity low repetition – maximize benefit and minimize distress

intensity: 50% of MIP ->titration to the maximal tolerated level (complete the 6th breath/set)

frequency: 5 days/ week, 5 sets daily

- supervision: give normal ventilator support between sets, allow rest and recovery before next set

(about 1-2min)

- Progression : 1-2 cmH20 every 1-2 days

- Pneumonia: reduce intensity or cease training for a few days

IMT in ICU/MV

Australian Critical Care 32 (2019) 249e255



Inspiratory muscle training for 

major surgery patients 



Postoperative pulmonary complication 

 Postoperative pulmonary complication (PPC)

- atelectasis, pneumonia, bronchospasm, embolus, ARDS, respiratory failure

→ hospital length of stay, functional performance, readmission, mortality

 Risk factors of PPC

- age, smoking 

- cardiopulmonary exercise capacity (peak oxygen uptake)

- pulmonary disease (forced expiratory volume in 1 second [FEV1]

- muscular weakness, including that of the respiratory muscles

→ modifiable through pulmonary rehabilitation 



Cochrane Database of Systematic Reviews 2015, Issue 10

12 trials (695 participants)

- Preoperative IMT was associated with a reduction of postoperative atelectasis and pneumonia

- The effect of IMT on all-cause postoperative mortality is uncertain

- Preoperative IMT was associated with reduced length of hospital stay

Subject: cardiac surgery / major abdominal surgery

Intervention: preoperative IMT vs control 

IMT for major surgery 



Inspiratory muscle training for 

Spinal cord injury



Respiratory impairment in spinal cord injury

 Cervical cord injury: denervation and loss of coordination of respiratory muscles

→ Weak respiratory muscle → ventilation, lung volume, cough → pneumonia, atelectasis

→ leading cause of death in SCI

Front. Neurol., 14 October 2023

 Cord injury severity

- Injury level: C4 

- Complete, incomplete



- Subject: SCI induced tetraplegia (C4-C8 level), ASIA scale A-C

- Intervention: IMT (threshold)  vs sham-IMT. 3-5 set (12 breaths), 5/weeks, 6 weeks

Improvement of MIP, Borg scale, QOL and fewer respiratory complication (after 1 yrs)  in RMT group. 

Thorax 2020;75:279–288

IMT in SCI



DISABILITY AND REHABILITATION 2023, VOL. 45, NO. 17, 2703–2714 

- 6RCT

- Subject: ASIA A-D, acute-chronic
- IMT vs control

Improvement in  only MIP

No benefit for QOL, FEV1, MEP

IMT in SCI



Inspiratory muscle training for 

Neuromuscular disease



Neuromuscular disease (NMDs)

 Neuromuscular disease (NMDs)

: heterogeneous group of conditions that impair muscle function through pathologies of the 

anterior horn cell of spinal cord, neuromuscular junction, peripheral nerves and muscles

→ muscle weakness, muscle atrophy including respiratory muscles

 Respiratory impairments in NMDs

- ventilator difficulty

- decreased vital capacity

- reduced chest wall expansion

- difficult coughing, impairment in mucus control

- risk of fluid aspiration d/t bulbar palsy 

→ respiratory failure

JULY/AUGUST 2022 PRACTICAL NEUROLOGY 53



- Subject: children+ adults, motor neuron disease (ALS), myopathy (DMD), NMJ disorder (M. gravis)

- IMT vs control

<Amyotrophic lateral sclerosis>

- The mean difference (MD) in FVC% after four months’ treatment was 10.86% in favour of IMT

(95% CI -4.25 to 25.97; 1 trial, N = 24; low-certainty evidence) 

- no benefit in physical function or QOL

- no adverse effects

<Duchenne muscular dystrophy>

- 6-week intervention, TLC favored RMT in DMD (MD 0.45 L, 95% CI -0.24 to 1.14; 1 trial, N = 16; low-

certainty evidence)

- 18 days intervention, FVC showed no clear difference in DMD

11 studies, 250 participants

IMT in NMD

Cochrane Database of Systematic Reviews 2019, Issue 9



Eur Respir Rev 2022;31:220065

Subject: NME with impaired respiratory muscle function

(spinal cord injury, Guillain-Barre syndrome, spinal muscular atrophy, muscular dystrophy, multiple sclerosis)

risk of bias and the small sample sizes

40 studies

IMT in NMD

- Improvement in RMT: VC, MIP, MEP

- No benefit: cough, dyspnea, physical 

activity, QoL

The quality of evidence: low or very 

low d/t the overall high 


	슬라이드 1
	슬라이드 2
	슬라이드 3
	슬라이드 4
	슬라이드 5
	슬라이드 6
	슬라이드 7
	슬라이드 8
	슬라이드 9
	슬라이드 10
	슬라이드 11
	슬라이드 12
	슬라이드 13
	슬라이드 14
	슬라이드 15
	슬라이드 16
	슬라이드 17
	슬라이드 18
	슬라이드 19
	슬라이드 20
	슬라이드 21
	슬라이드 22
	슬라이드 23
	슬라이드 24
	슬라이드 25
	슬라이드 26
	슬라이드 27
	슬라이드 28
	슬라이드 29
	슬라이드 30
	슬라이드 31
	슬라이드 32
	슬라이드 33
	슬라이드 34
	슬라이드 35
	슬라이드 36
	슬라이드 37
	슬라이드 38
	슬라이드 39
	슬라이드 40
	슬라이드 41
	슬라이드 42
	슬라이드 43

