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Introduction
Pulmonary surgical resection is the gold standard treatment for the 
early stages of lung cancer [1, 2].

After surgery, lung function and exercise capacity decline, ad-
versely affecting quality of life (QoL) [3–5]. Surgery induce impair-
ments of respiratory muscles which are related to the type of surgi-
cal incision, age and patients preoperative condition [6, 7]. Despite 
the increasing use of video-assisted thoracic surgery, postero lateral 

thoracotomy still is a common surgical incision, leading to a higher 
impairment of pulmonary function and slower recovery [6, 8].

In chronic obstructive pulmonary disease (COPD) patients there 
is evidence that inspiratory muscle training (IMT) may improve in-
spiratory muscle strength and endurance, exercise capacity, dysp-
noea and QoL [9, 10].

Few studies have evaluated the effect of IMT after pulmonary 
surgery in reducing postoperative pulmonary complications and 
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ABSTr AcT

This prospective experimental study aimed to compare effects 
of 3 different home-based postoperative respiratory muscle 
training protocols – inspiratory, expiratory and combined, in the 
patients’ postoperative recovery, regarding safety and respira-
tory muscle function, pulmonary function, physical fitness, 
physical activity (PA), dyspnoea and quality of life (QoL). Patients 
were divided in four groups Usual Care (UCare), inspiratory 
(IMT), expiratory (EMT) or combined muscle training (CombT) 
according to group allocation. Significant treatment * time in-
teractions were found for maximal inspiratory pressure (MIP) 
(p = 0.014), sedentary PA (SEDPA) (p = 0.003), light PA (LIGPA) 
(p = 0.045) and total PA (p = 0.035). Improvements were ob-
served for MIP in CombT (p = 0.001), IMT (p = 0.001), EMT (p =  
0.050). SEDPA reduced in EMT (p = 0.001) and IMT (p = 0.006), 
while LIGPA increased in both groups (p = 0.001), as well as To-
tal PA (p = 0.005 and p = 0.001, respectively). In UCare, CombT, 
and EMT, QoL improved only for Usual Activities. In conclusion, 
the addition of respiratory muscle training to physiotherapy 
usual care is safe and effective to increase MIP and contribute 
to improve physical activity. The CombT showed greater im-
provement on MIP, while IMT compared to EMT, was more ef-
fective to improve physical activity.
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recovery of lung function, which may be due to concerns about the 
postoperative safety of IMT [2, 11]. Brocki et al. [2] examined the 
additive effect of usual physiotherapy care plus IMT, and despite 
the significant reduction in hypoxemia, no significant difference 
was observed in muscle strength, pulmonary volumes, physical 
performance, or dyspnoea. Nevertheless, in the former study the 
training load used after surgery was 15 % of the preoperative max-
imal inspiratory pressure (MIP), which raise the interrogation about 
the dose adequacy [2]. Moreover, few studies [12–14] assessed the 
effects of expiratory muscle training (EMT) in COPD patients. De-
spite this, it seems that both IMT and EMT, alone or combined, ame-
liorate i) physical fitness (PF) ii) resting and exertional dyspnoea 
symptoms; and iii) health-related quality of life. However, there are 
no studies conducted preoperatively or postoperatively, using EMT 
alone or combined with IMT in lung cancer surgical patients.

Therefore, this study aimed to compare the effects of 3 differ-
ent home-based postoperative respiratory muscle training proto-
cols – inspiratory, expiratory and inspiratory plus expiratory – re-
garding safety and respiratory muscle strength and endurance, in 
lung cancer patients submitted to pulmonary resection by thora-
cotomy.

Secondarily, this study aimed to assess the influence of the 
above-mentioned training protocols on patient’s pulmonary func-
tion, daily physical activity (PA), PF, QoL, and dyspnoea.

Materials and Methods

Study design, recruitment, and data collection
This is a prospective experimental study approved by the Ethical 
Committee for Health of Hospital São João in October 19th, 2010, 
respecting the ethical standards of IJSM [15]. Patients were recruit-
ed between 2011–2015 at the Cardiothoracic Surgery Department, 
Hospital Centro Hospitalar de São João, Centre São João (Porto, 
Portugal). All patients diagnosed with lung cancer selected to any 
different pulmonary resections, except pneumonectomy, were in-
vited to participate in the study during the first preoperative ap-
pointment (108 patients were contacted). The inclusion criterion 
were: i) adult patients, ii) selected for pulmonary resection by pos-
terolateral thoracotomy. Exclusion criterion were i) patients select-
ed for pneumonectomy ii) patients that underwent previous tho-
racic surgery; iii) mental disorders; iv) diagnostic of cardiac or neu-
rologic diseases or renal failure; v) impaired autonomous 
deambulation. Eligible patients were randomly allocated using as-
signment by blocks. To generate random numbers, a randomizer 
form was programed for unsorted numbers with a range from 1 to 
4 [representing the four conditions; IMT, EMT, combined training 
(CombT; IMT  +  EMT), and usual care (UsualC)].

All patients were treated by the same surgical team and received 
the same anaesthetic and analgesic protocol. During the hospital 
stay all patients received chest physiotherapy intervention twice a 
day.

In the first appointment after surgery an accelerometer was pro-
vided for the measurement of daily PA. Pulmonary function and PF 
were assessed, and instructions for respiratory muscle training were 
given.

Patients were instructed to report during the study period any 
adverse event as increased chest pain, alkalosis signs, perceived fa-
tigue, respiratory discomfort or other pulmonary complications.

Intervention
After hospital discharge all patients received outpatient physio-
therapy, encompassing pulmonary expansion exercises, bronchial 
clearance and general exercises – usual care [5]. Adding to the usual 
care the intervention groups received home-based respiratory 
muscle training program, which last for eight weeks: IMT group re-
ceive inspiratory muscle training; EMT group received expiratory 
muscle training; CombT group received inspiratory muscle train-
ing plus expiratory muscle training. The usual care group (UCare) 
did not received any type of respiratory muscle training. Respira-
tory muscle training was performed six days a week, for fifteen min-
utes each session, at a pace of one breathing effort and one resting 
cycle, and supervised once a week. Adherence was self-reported.

Inspiratory muscle training
Patients in IMT group received a Threshold IMT (Philips, Respiron-
ics), and during the first week exercised at 25 % of MIP, with a load 
increment of 5 % each week, until reaching 60 % of MIP. Patients 
were instructed to exercise from residual volume to the maximal 
tolerable inspiratory volume against the inspiratory resistance. 
Training was performed in a seated position, and wearing a nose 
clip.

Expiratory muscle training
The EMT patients received a Threshold PEP (Philips Respironics), 
and were instructed to exercise from total lung capacity until max-
imal tolerable expiratory volume against the expiratory resistance 
to nearby residual volume, the training load and conditions were 
as described in the IMT.

Combined training
Patients received both Threshold IMT and Threshold PEP. The train-
ing loads and procedures were the same as for IMT and EMT, with 
the exception for training volume, since IMT was performed during 
15 min, and EMT for 15 min.

Assessments
Clinical data included information about smoking habits. Anthro-
pometrics included measurements of height, and weight, and body 
mass index (BMI) was calculated.

Dyspnoea was assessed with the Medical Research Council Dysp-
noea Questionnaire (MRC) [16, 17].

The Portuguese version of EuroQoL (EQ-5D-3L) was used to as-
sess QoL [18]. The EQ-5D-3L questionnaire encompasses five di-
mensions: mobility, self-care, usual activities, pain/discomfort and 
anxiety/depression [19, 20]. Pulmonary and respiratory muscles 
function tests were conducted according to the ATS/ERS guidelines 
using body plethysmography (MasterScreen™; Jaeger, Germany) 
[21, 22]. The measurements included forced vital capacity (FVC), 
forced expiratory volume in the first second (FEV1), Tiffeneau index 
(TI), peak expiratory flow (PEF), total lung capacity (TLC), diffusing 
capacity of the lung for carbon monoxide (DLCO), diffusing capac-
ity of the lung for carbon monoxide per unit of alveolar volume 
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(DLCO/VA), respiratory muscle function [maximum voluntary ven-
tilation (MVV), maximal inspiratory pressure (MIP) and maximal 
expiratory pressure (MEP)].

Physical fitness was assessed by the six minutes’ walk distance 
test (6-MWD), according to the American Thoracic Society (ATS) 
guidelines [23]. During the test heart rate and oxygen saturation 
were monitored using the PULSO X-3i (Konica Minolta).

Daily PA was measured by accelerometry [Actigraph GT1M (Ac-
tiGraph, LLC, Pensacola, FL, USA)] during 7 consecutive days, with 
a minimum of 8-hours/day (480min/day), and at least four-week 
days and one weekend day [24]. The standard software ActiLife 
(version 6.13.2, ActiGraph, LLC, Pensacola, FL, USA) was used for 
data analysis.

The reduced data was: total time of recording, total PA (total 
PA), time in sedentary PA [(SEDPA) (0–99 cpm)], light PA [(LIGPA) 
(100–2019 cpm)], moderate to vigorous PA [(MVPA) ( ≥  2020 
cpm)], and the ratio of time spent in each intensity was calculated, 
and expressed as a percentage (SEDPA %; LIGPA %; MVPA %) [25].

Statistical analysis
At baseline, between-treatment comparisons were carried out 
through One-way Analysis of Variance (one-way ANOVA), with Bon-
ferroni post hoc tests for continuous variables, and Chi-square test 
for categorical data. To analyse the effectiveness of the home-
based respiratory muscle training in the dependent variables, Gen-
eral Linear Model (GLM) – Repeated Measures ANOVA with Bonfer-

roni corrections were carried out for each outcome. As recom-
mended elsewhere, [26–28] the effectiveness of the intervention 
was assumed if treatment * time interactions were significant. 
When a significant treatment * time interaction was observed, a 
Univariate GLM ANOVA with Bonferroni post hoc tests was per-
formed with treatment as the fixed factor to ascertain the differ-
ences between groups (IMT, EMT, CombT and UCare) at the final 
assessment. Partial eta-squared (η2

p) was reported as the effect 
size. For analysis of QoL dimensions, excepting health state, non-
parametric methods were used. The Kruskal–Wallis test by ranks 
was used for between groups comparisons of changes between 
baseline and final assessment. The Wilcoxon signed-rank test was 
used to for comparisons within groups. Statistical significance was 
set at p < 0.05. All analyses were carried out in SPSS 21.0 (SPSS Inc., 
Chigago, IL, USA).

Results
From the 108 patients assessed for eligibility, 63 patients complet-
ed the training protocol (UCare, n = 19; CombT, n = 18; IMT, n =  13; 
EMT, n = 13) (▶Fig. 1).

At baseline there were no differences between groups regard-
ing age, sex, and clinical data (▶Table 1). Moreover, no group ef-
fect was detected at baseline for indicators of physical fitness, phys-
ical activity or quality of life.

There were no adverse events during the study period.

▶Fig. 1 Flow diagram of patients.

Assessed for eligibility (n = 108)

Excluded (n = 20)
Not meeting inclusion criteria (n = 4)
Declined to participate (n = 15)
Other reasons (n = 1)

Lost to follow-up (n = 0)

Discontinued intervention (n = 0)

Allocated to UsualC (n = 22)
Received allocated intervention
(n = 19)

♦

♦

♦ ♦ ♦ ♦

♦ ♦

♦
♦
♦

♦

♦♦♦Did not receive allocated
intervention (Incomplete 
assessment n = 2) (Not receiving 
usual care n = 1)

Allocated to CombT (n = 22)
Received allocated intervention
(n = 18)
Did not receive allocated 
intervention (Incomplete 
assessment n = 3)
(Hospitalisation n = 1)

Analysed (n = 13)

Excluded from analysis (n = 0)

Allocation

Analysis

Follow-Up

Randomized (n = 88)

Enrollment

Lost to follow-up (n = 0)

Discontinued intervention (n = 0)

Lost to follow-up (n = 0)

Discontinued intervention (n = 0)

Lost to follow-up (n = 0)

Discontinued intervention (n = 0)

Analysed (n = 13)

Excluded from analysis (n = 0)

Analysed (n = 18)

Excluded from analysis (n = 0)

Analysed (n = 19)

Excluded from analysis (n = 0)

Follow-UpFollow-Up

AnalysisAnalysis

Allocated to EMT (n = 22)
Received allocated intervention
(n = 13)
Did not receive allocated 
intervention (Incomplete
assessment n = 7) (Declined to 
participate n = 2)

Allocated to IMT (n = 22)
Received allocated intervention
(n = 13)
Did not receive allocated 
intervention (Incomplete 
assessment n = 5) (Hospitalization 
n = 1) (Declined to participate n = 3)
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The between-treatment comparisons (treatment * time inter-
action) for pulmonary function, PF, PA and perceived health status, 
is presented in ▶Table 2.

Significant treatment * time interactions were found for MIP, 
MIP %, SEDPA, SEDPA %, LIGPA %, Total PA.

The analysis of mean differences between final assessment and 
baseline (▶Table 3), showed significant improvements of MIP and 
MIP % in CombT, EMT, and IMT groups, with the largest effect sizes 
achieved by CombT group, followed by IMT and EMT groups, re-
spectively. The SEDPA, SEDPA %, LIGPA %, and Total PA, improved 
significantly in the EMT and IMT groups (▶Table 3), with largest ef-
fect sizes favouring the IMT group.

The possible bias related to the seasonality on physical activity 
behaviors was checked and the proportion of physical activity 
measurements at spring, summer, autumn or winter was similar 
across groups (χ2 = 7.783, p = 0.556).

No differences between groups were found at baseline for QoL.

As can be observed in ▶Table 2, no significant treatment * time 
interaction was observed for perceived health state. Regarding the 
five dimensions of QoL there was no significant differences between 
groups from baseline to final assessment. However, comparisons 
within groups (baseline versus final assessment) shown significant 
improvements in usual activities for UCare (z = − 2,496; p = 0.013), 
CombT (z = − 3.000; p = 0.003), and EMT (z = − 2,646; p = 0.008). No 
differences were observed in the other QoL dimensions.

Discussion
This study compared 3 different home-based postoperative respir-
atory muscle training protocols – inspiratory, expiratory and inspir-
atory plus expiratory – regarding safety and respiratory muscle 
function, in patients submitted to pulmonary resection by thora-
cotomy. Secondarily, this study aimed to examine the influence of 

▶Table 1 Baseline patients characteristics, and between groups comparisons [data is presented as mean (SD) or n ( %)].

Ucare (n = 19) combT (n = 18) EMT (n = 13) IMT (n = 13) Statistic p-value

mean (SD) mean (SD) mean (SD) mean (SD)

Age (years) 63.42 (9.38) 64.06 (5.81) 60.00 (13.02) 62.31 (8.66) F = 0.540 0.657

Height (cm) 165.11 (6.74) 165.17 (8.01) 162.77 (12.34) 167.77 (9.27) F = 0.672 0.573

Weight (kg) 69.32 (10.10) 71.67 (10.60) 66.08 (11.93) 72.42 (14.23) F = 0.836 0.480

BMI (Kg/m2) 25.38 (2.92) 26.15 (2.31) 24.92 (3.41) 25.59 (3.49) F = 0.455 0.715

Cigarettes peck-year 40.58 (36.69) 52.47 (50.82) 30.58 (27.01) 33.42 (36.70) F = 0.953 0.421

Postoperative hospital stay (days) 7.11 (5.55) 7.28 (2.97) 7.54 (3.41) 10.31 (10.43) F = 0.879 0.457

n ( %) n ( %) n ( %) n ( %)

Sex χ2 = 2.338 0.505

Woman 7 (36.8) 9 (50) 5 (38.5) 3 (23.1)

Men 12 (63.2) 9 (50) 8 (61.5) 10 (76.9)

Smoking relapse χ2 = 1.544 0.672

No 17 (89.5) 16 (88.9) 13 (100) 12 (92.3)

Yes 2 (10.5) 2 (11.1) 0 (0) 1 (7.7)

Neoadjuvant therapy χ2 = 4.192 0.651

No 17 (89.5) 15 (83.3) 12 (92.3) 10 (76.9)

Chemotherapy 2 (10.5) 2 (11.1) 1 (7.7) 3 (23.1)

Chemotherapy  +  radiotherapy 0 (0) 1 (5.6) 0 (0) 0 (0)

Coadjutant treatment χ2 = 7.883 0.247

No 12 (63.2) 10 (55.6) 6 (46.2) 10 (76.9)

Chemotherapy 7 (36.8) 6 (33.3) 7 (53.8) 3 (23.1)

Chemotherapy  +  radiotherapy 0 (0) 2 (11.1) 0 (0) 0 (0)

Surgery χ2 = 5.388 0.495

Low lob 7 (36.8) 8 (44.4) 3 (23.1) 6 (46.2)

Superior Lob 9 (47.4) 9 (50) 9 (69.2) 4 (30.8)

Others 3 (15.8) 1 (5.6) 1 (7.7) 3 (23.1)

Bronchodilators χ2 = 2.034 0.565

no 17 (89.5) 13 (72.2) 11 (84.6) 10 (76.9)

yes 2 (10.5) 5 (27.8) 2 (15.4) 3 (23.1)

Corticoids χ2 = 5.227 0.156

no 18 (94.7) 13 (72.2) 12 (92.3) 12 (92.3)

yes 1 (5.3) 5 (27.8) 1 (7.7) 1 (7.7)

UCare – usual care; CombT – combined respiratory muscle training; IMT – inspiratory muscle training; EMT – expiratory muscle training; BMI – Body 
mass index.
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training protocols, on patient’s pulmonary function, daily PA, PF, 
QoL, and dyspnoea.

The main findings were i) the safety of training protocols, given 
that no recordings of adverse occurrences were observed, ii) the 
effectiveness of home-based training on the inspiratory muscles 
strength, and iii) the improvements on daily PA.

Regarding the training-induced improvement on MIP, changes 
were more noticeable in the CombT, followed by the IMT and the 
EMT, respectively. Two meta-analysis including studies enrolling 
COPD [9] and preoperative surgical [29] patients had showed that 
IMT is effective to improve respiratory muscle strength and endur-
ance. Our findings agreed partly with these meta-analysis, since we 
didnʼt find any significant change on the maximum voluntary ven-
tilation, whatever the training protocol used.

After lung resection respiratory muscle strength decrease, espe-
cially in thoracotomy, even 12 weeks after surgery [6], and it was ex-
pected that each training protocol lead to improvements of specific 
exercised muscles. Surprisingly, MEP didnʼt improve in the EMT 
group. This might be related to the used gadget that was built for 
PEP therapy, and not for EMT. Therefore, the training load range from 
4 to 20 cm H2O, for some patients is not enough to reach the desir-
able training load. This can be considered a constraint in our study. 
Another possible reason for the lack of improvements on MEP, and 
also on maximum voluntary ventilation, might be related to training 
adhesion, which was self-reported, and therefore might be biased. 
To our best knowledge, beyond the impact of the type of surgical in-
cision [6], there is no published data regarding the influence of the 
pulmonary resections extent on respiratory muscle function decline.

Notwithstanding, when EMT was combined to IMT, MIP im-
provements overcome the observed in the other training groups. 
A possible explanation for this finding might reside on training vol-
ume, as the CombT group practice IMT and EMT during 15 min/day 
each muscles, while the other groups practice only 15 min. This 
possibility might not be the main explanation for the higher MIP 
improvement on CombT group since the specific overload for each 
muscle was the same among groups, independently of the train-
ing volume. Another reason could be related to the fact that EMT 
mobilizes air from total lung capacity, which might contribute to 
the gain on MIP. Nevertheless, the most important contribution to 
explain this improvement might be the agonistic role of the trained 
expiratory muscles during inspiration, as suggested by the MIP im-
provement in the EMT group. A recent study report that during in-
spiration with expiratory load the individuals “at risk” of COPD 
showed a significant higher activation of the rectus abdominal, 
while in healthy group it was observed an increased activation of 
transversus, external and internal oblique muscles. It is possible 
that expiratory muscles reinforcement promoted by EMT, lead to 
better inspiration efficiency [30].

Future studies might ascertain if daily supervised training is 
more/as effective as home-based training on changing respiratory 
muscle function. According to the meta-analysis conducted by Ken-
dall et al. [31], there are several issues that might empower inspir-
atory muscle training, as starting load < 30 % of MIP, with deliber-
ated load increment, session duration > 15 min, training length > 2 
weeks, and daily training supervision combined with exercise [31].
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Regarding the secondary aims, total PA and light PA increased, 
and percentage of sedentary time diminished, both in IMT and EMT 
groups, being the effect size higher in the IMT group. After lung re-
section with or without adjuvant therapy patients experience re-
duced PA, persistent fatigue, exercise intolerance, depression and 
loss of QoL [32].

Granger et al. [33] analysed PA in patients with lung cancer, com-
paring surgical patients and non-surgical patients by the time of di-
agnoses and after treatment (8–10 weeks), and found that after sur-
gery patients PA showed a significant reduction while in patients 
submitted to adjuvant therapy it remained unchanged. According 
to Novoa et al. [34], one month after lobectomy, patients reduce by 
25 % the total steps number, and by 28 % the total walking distance. 
It is likely that the participants in the present study also experienced 
PA reductions after surgery, which were posteriorly reversed by IMT 
and EMT. However, we can’t explain these PA changes since we don’t 
observe changes in pulmonary function, dyspnoea, pain and PF, 
which might be plausible modulators of PA levels [9]. Furthermore, 
there is no explanation why PA was unchanged in CombT.

No significant changes were found in the other secondary out-
comes, as pulmonary function, PF, dyspnoea, and QoL excepting 
usual activities.

Having into account that in the first month after surgery the pul-
monary function recovers almost completely, it is plausible that 
when the interventions started there is little room to additional 
improvements on pulmonary function [5, 35].

Regarding PF, Cavalhieri et al. [36] highlighted that lung cancer 
might induce disruption in pulmonary mechanics and gas ex-
change, leading to weight loss, anorexia, anaemia, protein catab-
olism and muscle wasting. Moreover, dyspnoea and fatigue are as-
sociated to increased sedentary behaviours leading to skeletal mus-
cle and cardiovascular deconditioning. According to Nagamatsu  
et al. [35] exercise intolerance is also attributed to the lung volume 
reduction accompanied by pulmonary vascular bed reduction, in-
creased load on the right side of the heart, and therefore, compro-
mising cardiovascular function. Moreover, complete recovery 
(95 %) of exercise capacity usually takes place 1 year after surgery 
[35], which might explain the lack of significant changes in PF in 
our study.

Given that for COPD patients the recommended duration of re-
habilitation programs should last 12 weeks [37], it is arguable that 
if the training protocol had exceeded 8 weeks, a greater effect on 
secondary outcomes would be expectable.

Regarding QoL, improvements were only significant for the 
usual activities. Interestingly, the changes were significantly high-
er in the UCare, as compared to CombT and EMT groups, respec-
tively, and no significant changes in the IMT group.

Regarding other outcomes that did not changed, we assume 
that the physiotherapy usual care was effective to improve patient’s 
recovery.

This study has several limitations. First, related to the small sam-
ple size, which could have limited the power to reach levels of sig-
nificance in several outcomes. Moreover, the adequacy of expira-
tory muscle trainer would not be the best instrument to expiratory 
muscle training.

Conclusions
After pulmonary resections, except pneumonectomy, respiratory 
muscle training combined with conventional physiotherapy is ef-
fective to ameliorate inspiratory muscle strength and contribute 
to increase daily PA. The combination of IMT plus EMT plus usual 
care showed better results to improve MIP, while IMT alone com-
pared to EMT, was more effective to improve daily PA levels.
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