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Esra  Pehlivan a,∗,  Erdoğan  Ç etinkayab, Zeynep  Betül Özcan c, Fulya  Senem  Karaahmetoğlu c,
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a b  s t  r a  c t

Introduction:  Pulmonary  rehabilitation  (PR) is recommended  prior  to bronchoscopic lung  volume reduc-
tion (BLVR)  procedures  to  optimize  patient outcomes.  However,  there’s  a  lack  of clear  guidance on  PR
content.  The aim  of our study is to  examine  the effect of adding  inspiratory  muscle training (IMT) to
standard  PR  before BLVR on exercise  capacity,  dyspnea,  fatigue  level  and  quality  of life.
Methods:  Sixty-four patients  were randomly  assigned to either  the  PR  Group  (PRGr)  or the  PR  with IMT
group  (IMTGr). Both groups  underwent an  8-week standard  PR  program,  including breathing  exercises,
muscle strengthening, and walking.  Additionally, IMTGr  received  IMT sessions. Outcome measures com-
prised  six-minute walking  distance  (6MWD), maximal inspiratory  and  expiratory pressures  (MIP, MEP),
peripheral  muscle strength,  modified  Medical Research  Council  dyspnea  score,  fatigue symptom  scale,
spirometric  parameters, Saint  George  Quality  of Life  Questionnaire  (SGRQ),  International  Physical  Activity
Questionnaire Short  Form (IPAQ-SF), and  Hospital  Anxiety and  Depression  Scale.
Results:  Our  study found  no  significant difference in exercise capacity  improvement  between IMTGr  and
PRGr. However,  IMTGr  showed  significant  improvement  in MIP  compared  to  PRGr.  Both groups  expe-
rienced  improvements  in dyspnea,  fatigue,  and  depression  scores,  as  well  as  enhancements in 6MWD,
MEP,  peripheral  muscle  strength,  IPAQ-SF and  SGRQ  scores.
Conclusion:  Adding  IMT to PR  did  not show a  significant difference between groups  among BLVR-eligible
patients.  However,  improved  respiratory  muscle  strength  may  have positive  clinical  implications.  Further
research is needed to  explore  short  and  long-term effects.

©  2024  SEPAR. Published by  Elsevier España,  S.L.U. All  rights  are  reserved,  including those for  text
and  data  mining,  AI training,  and similar  technologies.

Introduction

Emphysema, a  common feature of Chronic Obstructive Pul-
monary Disease (COPD), is strongly linked to disease severity and
prognosis. Patients with emphysematous COPD often experience
dyspnea, limited exercise capacity, cardiac issues, and poor out-
comes due to lung hyperinflation.1,2 To address this, bronchoscopic
lung volume reduction (BLVR) therapies like valve and coil treat-
ments have gained prominence in  COPD research. These procedures
aim to alleviate hyperinflation, leading to improved lung function,
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exercise capacity, and quality of life. BLVR procedures were inte-
grated into the GOLD guidelines in 2017.3

Hyperinflation can have significant repercussions on respira-
tory muscle function, particularly impacting the diaphragm. This
crucial muscle experiences a  mechanical decrease in activity, pri-
marily due to  compression.4 Moreover, structural alterations occur
within the respiratory muscles under such circumstances. Biopsies
of the diaphragm reveal a  decline in  Type II (fast) fibers, accompa-
nied by an increase in  Type I (slow, fatigue-resistant) fibers. Studies
have demonstrated that during hyperinflation, the length of  the
diaphragm can decrease by up  to 40% compared to  normal levels at
Functional Residual Capacity. This alteration in  length profoundly
affects the force–capacity relationship of the diaphragm.4,5 Fur-
thermore, systemic factors prevalent in hyperinflation cases, such
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as weight loss, electrolyte imbalances, hypercapnia, hypoxia, and
oxidative stress, also exert a  considerable influence on respiratory
muscle function.5

Inspiratory Muscle Training (IMT), one of the components of
pulmonary rehabilitation (PR), has been used in chronic lung
diseases for years. There is  data showing that IMT  reduces diaphrag-
matic activation by strengthening the respiratory muscles, and that
reduced excessive diaphragmatic activation also reduces the per-
ceived level of dyspnea.6–8 It  improves patients’ ability to sustain
high levels of ventilation. In the ATS/ERS guideline published in
2013, it is stated that IMT applied in  addition to PR in  patients
with respiratory muscle weakness will provide additional benefit
by increasing respiratory muscle strength.7 The benefits mentioned
here are not detailed, and the patient group primarily includes res-
piratory diseases such as COPD.

Preoperative PR programs are recommended for BLVR
procedures.9 Guidelines in this area emphasize the impor-
tance of implementing PR or  a comprehensive exercise program
prior to making decisions regarding procedures such as BLVR.10

The primary objective is to assess the potential benefits of PR on
patients’ clinical outcomes, particularly in alleviating dyspnea and
improving quality of life.11 PR has the potential to either eliminate
the need for procedures or  enhance the success rate of such
interventions. Pulmonary functions and exercise capacity play
pivotal roles in determining the necessity of procedures for indi-
viduals with COPD. Literature consistently reports the beneficial
impact of PR on these parameters.12 Consequently, understanding
the positive effects of PR on pulmonary functions and exercise
capacity is paramount in guiding clinical decisions regarding
appropriate interventions for COPD patients. However, there is a
lack of information regarding the specific content of the program
for this patient group, and standard PR programs are typically
applied. In the literature, there is only one study that examines
the effectiveness of home-based and hospital-based PR programs
before the bronchoscopic procedure.13 No study investigating the
effectiveness of IMT  in this patient group has been found. In the
study, the aim was to investigate whether IMT  might increase the
gains of the PR program or not. Our study holds the distinction of
being the first to explore this aspect. The hypothesis of our study
is that adding IMT  to  PR will reduce perceived dyspnea levels,
improve exercise capacity, physical activity level and also quality
of life.

Methods

Study design

A prospective, non-blinded, randomized controlled study was
conducted. The study was approved by the local ethics committee
(Protocol number: 2022/238) and registered to  ClinicalTrials.gov
website (registration number: NCT05540054). It was  carried out
between September 2022 and June 2023. The study was conducted
in accordance with the Helsinki Declaration. A written informed
consent was obtained from each patient.

The study included individuals with COPD who were listed to
undergo a BLVR by  the pulmonary diseases council and who  were
in consultation with PR program. All cases had a  modified Med-
ical Research Council Dyspnea score (mMRC) of at least 2 and a
forced expiratory volume in 1 s (FEV1) percentage below 45%. The
planned bronchoscopic procedures were valve or coil. The patients
were eligible for inclusion if they had: a  diagnosis of pulmonary
emphysema; were listed for bronchoscopic procedures; had been
medically stable for the past 4 weeks; had no orthopedic or car-
diac problems that would prevent them from exercising; showed
the presence of dyspnea on exertion; and had the ability to  use a

smartphone. Patients with severe comorbid disease, unstable coro-
nary artery disease, collagen vascular diseases, and requiring high
oxygen therapy (>3–4 L/min), a history of exertional syncope, or any
comorbidity that interferes with exercise training (severe orthope-
dic or neurological deficits or unstable heart disease) and those who
had participated in a  pulmonary rehabilitation program in  the last
12 months were excluded from the study.

Participants who met  the study inclusion criteria and completed
the baseline assessments were randomly allocated into one of the
two groups: namely, the Pulmonary Rehabilitation Group (PRGr)
or  the Pulmonary Rehabilitation plus Inspiratory Muscle Training
Group (IMTGr), in a 1:1 ratio using the randomization website
(https://www.randomizer.org/). All  assessments were performed
on the same day before and after rehabilitation.

Medical follow-up of all patients was continued by a  pul-
monology specialist. All patients were given an education on the
definition of their disease, the importance of regular medical
follow-up and physical activity, and the role of PR in ensuring dis-
ease control. Exercise training was  carried out by an experienced
physiotherapist. The first exercise sessions and all evaluations of all
cases were conducted at the hospital. The 2nd and 3rd training ses-
sions were carried out in  patients’ homes via online synchronized
videoconferencing. Those who  completed the three training ses-
sions received exercise videos on their smartphones and continued
exercising on their own. Participants received weekly phone calls
for exercise follow-up.

Interventions

All patients underwent a  PR exercise program 3 days a  week
for 8 weeks, including breathing exercises, muscle strengthen-
ing, and walking training. The program also included inspiratory
muscle training for the IMTGr. Breathing exercises targeted chest,
diaphragmatic, and lateral basal lobes, with 10 repetitions per-
formed twice daily. Peripheral muscle strengthening utilized a
TheraBand for resistance. Strengthening exercises were applied
to major muscle groups in both the upper and lower extremities
with 10 repetitions each. Progression was  made by increasing the
number of repetitions and sets weekly. Self-walking intensity was
determined at 60% workload utilizing data derived from the six-
minute walking test (6MWT).14 Furthermore, participants were
instructed to  maintain a  perceived level of fatigue between 12 and
14 on the Borg Rating of Perceived Exertion (RPE) scale during walk-
ing and were educated on the specifics of this instruction. IMTGr
received additional training Powerbreath Classic device (POWER-
breathe International Ltd., England, UK), progressively increasing
workload to 30–50% of maximum inspiratory pressure over
8 weeks. For the IMT  exercise session, patients were instructed to
sit on a  chair with back support, place the device with adjustable
resistance in  their mouth, take a  deep and strong breath in, and
exhale comfortably all the way down to  residual volume. This reg-
imen, comprising 7 sets of 2 min  work and 1 min  rest, aimed to
enhance inspiratory muscle strength and endurance.15 To ensure
program adherence and enable the progression of exercise load,
weekly online video calls were conducted with patients.

Outcome measurements

All assessments of the patients were conducted at the hospi-
tal both at baseline and after 8 weeks. Exercise capacity, dyspnea
level, and respiratory muscle strength were primary outcome mea-
surements. Functional capacity was evaluated using the 6MWT
following the guidelines of the American Thoracic Society (ATS),
wherein patients were instructed to walk as quickly as possi-
ble between two  cones positioned 30 m apart, and the distance
covered in  6 min  was recorded. Additionally, oxygen saturation
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and heart rate were measured before and after the test using a
pulse oximeter.16 Dyspnea perceptions during daily activities were
assessed using the modified Medical Research Council scale.17 Dys-
pnea was also scored by  the patient using the modified Borg scale.18

Pulmonary Function Tests were conducted using the Pony
Fx Desktop Spirometer (Cosmed; Italy), adhering to  ERS/ATS
guidelines.19 The maximum inspiratory pressure (MIP) and max-
imum expiratory pressure (MEP) measurements were performed
with the Pony Fx instrument from Cosmed (Cosmed; Italy). The
test was conducted following ERS  statement.20 The patient placed
a rubber mouthpiece with flanges on the device, sealed their lips
firmly around the mouthpiece, exhaled/inhaled slowly and com-
pletely, and then tried to  breathe as hard as possible.21 The patient
was allowed to rest for approximately one minute, and the maneu-
ver was repeated until the peak value was achieved. Verbal or
visual feedback was provided after each maneuver, and the aim
was to achieve a  variability between measurements of less than
5 cmH2O. The maximum value was recorded.22 Hand grip strength
was assessed using a  hydraulic dynamometer, while upper and
lower extremity muscle strength measurements were obtained
using a hand-held dynamometer (Lafayette Instrument Company,
USA) on the dominant side, with each measurement performed
three times and the highest value analyzed.23 The International
Physical Activity Questionnaire Short Form (IPAQ-SF) involved
summing reported minutes spent in different intensity levels of
physical activity over the past seven days, categorized into vigor-
ous, moderate, and walking activities. Scores for each category were
obtained by multiplying time spent in  minutes per day by a corre-
sponding metabolic equivalent of task (MET) value standardized
relative to resting metabolic rate.24 The Saint George Respiratory
Questionnaire (SGRQ) was utilized as a  quality of life scale specific
to respiratory diseases, with scores ranging from 0 (no impairment)
to 100 (highest impairment).25 Fatigue levels were assessed using
the Fatigue Severity Scale (FSS),26 and patients’ anxiety and depres-
sion levels were evaluated using the Hospital Anxiety Depression
Scale (HADS), with 7 items for each subscale.27

Data analysis and sample size

Statistical analysis was carried out using the SPSS software
program (version 25, USA). The normality of variable distribu-
tions was assessed through the utilization of the Shapiro–Wilk
statistic. Nonparametric tests were employed for comparisons.
The Mann–Whitney U test was used to compare baseline fea-
tures. Specifically, the pre- and post-treatment data of the groups
were compared using the Wilcoxon Signed Rank Test. Median val-
ues with the range from minimum to maximum were used to
express nonparametric variables, while percentages were used for
descriptive variables. Categorical variables were analyzed using the
chi-square test. To explore potential differences in the effects of
interventions between groups, a  mixed ANOVA (repeated measures
ANOVA with a between-subjects factor) was utilized. A significance
level of p < 0.05 was considered to indicate statistical significance.
The effect size was assessed using Cohen’s d for six minute walking
distance. According to  Cohen,28 Cohen’s d values of 0.2, 0.5, and 0.8
represent small, medium, and large effect sizes, respectively.

The sample size  for the study was determined based on the study
conducted by JF Liu et al.,29 which reports a  significant difference
with an effect size of 0.91 between inspiratory muscle training
and control groups at 6 weeks in  6MWT  distance (360 ± 70 vs
419 ± 60 m).  Accordingly, to be able to detect such difference with
a power of 90% at a  confidence level of 95%, we  calculated that
27 patients are needed in  each group for the study. However, con-
sidering that there may  be dropouts throughout the study, sample
size was increased by 20%  and 32 patients were included in each
group.

Table 1

Demographic and clinical baseline characteristics and clinical baseline study out-
comes of the groups.

IMTGr PRGr

Demographic characteristics
Gender (male/female), n (%)  23/4 (85.2/14.8) 23/3  (88.5/11.5)
Age  (year) 67.00 (49–74) 63.50 (45–72)

Anthropometry
BMI  (kg/m2) 24.09 (17–36) 23.56 (19–48)

Exercise capacity
6MWD  (m) 316.05 (88–499) 363.82 (29–632)

Dyspnea
mMRC  (0–4)* 3 (2–4) 3  (2–4)
mBorg 2 (0–10) 1  (0–4)

Pulmonary functions
FVC (%)  53.00 (32–73) 53.50 (8–72)
FEV1 (%) 27.00 (15–41) 29.50 (9–43)
FEV1/FVC% 40.00 (32–60) 45.50 (25–85)

Respiratory muscle strength
MIP  (cmH2O) 56.00 (23–103) 61.50 (26–87)
MIP  (%  predicted) 65.00 (26–106) 66.50 (28–96)
MEP  (cmH2O) 78.00 (26–157) 76.00 (33–136)
MEP% (%  predicted) 68.00 (21–128) 63.50 (28–109)

Peripheral muscle strength, N
Handgrip 59.00 (35–112) 60.00 (20–107)
Elbow flexion 34.70 (24–52) 33.25 (18–56)
Hip flexion 39.30 (27–61) 38.05 (15–66)
Knee extension 28.30 (18–43) 23.90 (15–59)
Dorsi flexion 39.50 (24–56) 35.85 (20–70)

IPAQ-SF
Vigorous 0 (0–0) 00  (0–0)
Moderate 0 (0–840) 40.00 (0–560)
Walk 148.50 (0–4158) 305.00 (0–1368)
Total 339.00 (0–4278) 537.00 (0–1368)

SGRQ
Symptom 62.88 (29–92) 68.72 (35–95)
Activity 85.87 (41–100) 89.32 (12–100)
Impact 61.52 (15–91) 58.70 (1–95)
Total 67.99 (33–89) 65.42 (11–96)
FSS 45.00 (18–63) 54.50 (30–63)

HADs
Anxiety 6 (0–21) 7  (0–17)
Depression 7 (0–16) 7.50 (0–20)

Data are reported as median (minimum-maximum).
IMTGr: The standard pulmonary rehabilitation plus inspiratory muscle training
group; PRGr: The standard pulmonary rehabilitation group, 6MWD: 6-Minute Walk-
ing  Distance, BMI: body mass index, mBorg: modified Borg Scale,  mMRC: modified
Medical Research Council Association dyspnea score, FVC:  forced vital capacity,
FEV1:  forced expiratory volume in one second, MIP: maximum inspiratory pressure,
MEP: maximum expiratory pressure, IPAQ-SF: International physical activity ques-
tionnaire short-form, SGRQ: Saint George Respiratory Questionnaire, FSS: fatigue
symptom scale, HADs: hospital anxiety and depression scale.

* The  decreases in mMRC  scores are better results.

Results

A total of 68 emphysema patients were referred for PR before
BLVR. Sixty-four were randomized into study groups, while eleven
were excluded for various reasons (Fig.  1). The average age was
64 years, with 86.8% males. Baseline characteristics showed no
significant differences between groups, except for fatigue scores
(p =  0.028). Refer to  Table 1 for detailed demographic and baseline
clinical data.

In  the comparison between the PR group and the group with
IMT  added to  PR, except for MIP, the groups were similar; there
were no superiority of one group over the other (Tables 2  and 3).

In the assessment conducted at the end of the rehabilitation
program, intragroup changes in the IMTGr showed an increase in
6MWT  distance, FVC, FEV1, all peak mouth pressure measurements,
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Table 2

The effect of treatment on functional exercise capacity, dyspnea, respiratory functions and muscle strength.

IMTGr PRGr Between group difference

Before PR After PR In-group change (�) p* Before PR  After PR In-group chance (�)  p* p  value**
Median (min–max) Median (min–max) Median (min–max) Median (min–max) Median (min–max) Median (min–max)

Exercise capacity
6MWD  (m) 316.05 (88–499) 345.00 (147–514) 66.15 (−73–191) <.001 363.82 (29–632) 385.87 (66–661) 33.07 (−132–249) .031 .076

Dyspnea
mMRC  (0–4) 3 (2–4) 2 (0–4) 1 (0–2) <.001 3  (2–4) 2  (0–4)  1  (−2–1) <.001 .801
mBorg  2 (0–10) 1 (0–10) 0 (−3–3) .074 1  (0–4) 0.5 (0–4)  0 (−3–4) .257 .579

Spirometry
FVC  (%) 53.00 (32–73) 55.86 (31–86) 2 (−15–41) .049 53.50 (8–72) 55.50 (31–886) 1.50 (−11–29) .059 .952
FEV1 (%) 27.00 (15–41) 28.00  (12–69) 1.00 (−9–45) .066 29.50 (9–43) 32.50 (10–59) .00 (−6–23) .088 .890
FEV1/FVC% 40.00 (32–60) 40.00 (19–76) 0.00 (−18–39) .194 45.50 (25–85) 43.00 (26–65) .00 (−47–22) .754 .503

Mouth  pressure
MIP (cmH2O) 56.00 (23–103) 64.00 (26–131) 11.00 (−6–30) <.001 61.50 (26–87) 64.00 (18–108) −.50 (−14–24) .484 .002
MIP  % 65.00 (26–106) 75.00  (30–135) 15.00 (−7–33) <.001 66.50 (28–96) 72.00 (19–115) 1.5 (−16–48) .072 .032
MEP  (cmH2O)  78.00 (26–157) 81.00  (41–164) 10.00 (−54–76) .016 76.00 (33–136) 93.50 (47–154) 19.50 (−46–45) .001 .501
MEP%  68.00 (21–128) 75.00  (35–128) 9.00 (−46–63) .019 63.50 (28–109) 77.50 (35–142) 16.00 (−38–39) <.001 .418

Peripheral  muscle strength, N
Handgrip 59.00 (35–112) 63.00  (39–121) 4.00 (−10–36) .011 60.00 (20–107) 63.50 (24–100) 4.00 (−9–11) .039 .246
Elbow  flexion 34.70 (24–52) 41.00 (27–60) 4.90 (−5.50–15) <.001 33.25 (18–56) 43.20 (21–66) 6.65 (−8–18) <.001 .604
Hip  flexion 39.30 (27–61) 47.40 (27–69) 4.80 (−4.40–29) <.001 38.05 (15–66) 42.90 (22–67) 5.30 (−4–20) <.001 .981
Knee  extension 28.30 (18–43) 33.80 (24–48) 6.10 (−13–16) .003 23.90 (15–59) 30.55 (20–47) 4.70 (−14–13) .001 .647
Dorsiflexion 39.50 (24–56) 44.80 (29–65) 5.00 (−4–23) .001 35.85 (20–70) 45.10 (24–72) 4.90 (0.4–25) <.001 .266

IMTGr: The standard pulmonary rehabilitation plus inspiratory muscle training group; PRGr: The  standard pulmonary rehabilitation group. 6MWD:  6-minute walking distance, mBorg: modified Borg Scale, mMRC: modified
Medical  Research Council Association dyspnea score, FVC: forced vital capacity, FEV1: forced expiratory volume in one second, MIP: maximum inspiratory pressure, MEP: maximum expiratory pressure. The decrease in mMRC
scores  are better results.

* Wilcoxon rank test.
** Mixed ANOVA, significance level p < 0.05.
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Table 3

The effect of treatment on physical activity level, quality of life, fatigue, anxiety and depression, and cognitive functions.

IMTGr PRGr Between group difference

Before PR After PR In-group change (�) p* Before PR After PR In-group chance (�) p* p  value**
Median (min–max) Median (min–max) Median (min–max) Median (min–max) Median (min–max) Median (min–max)

IPAQ-SF
Vigorous 0  (0–0)  0 (0–80) 0  (0–80) .059 00 (0–0) 0  (0–1600) 0 (0–1600) .006 .070
Moderate 0  (0–840) 280 (0–2160) 120.00 (0–2040) <.001 40.00 (0–560) 443 (0–2100) 3760 (−280–1540) <.001 .749
Walk  148.50 (0–4158) 693 (99–4158) 451 (−346–1039) <.001 305.00 (0–1368) 852 (247–2079) 451 (−675–1468) <.001 .431
Total  339.00 (0–4278) 1359 (347–4718) 693 (0–2931) <.001 537.00 (0–1368) 1476 (578–2793) 939 (−49–2002) <.001 .477

SGRQ
Symptom  62.88 (29–92) 43.43 (7–90) −19.63 (−43–13) <.001 68.72 (35–95) 48.87 (20–90) −11.30 (−49–12) .002 .544
Activity  85.87 (41–100) 79.14 (23–100) −7.39 (−30–7) <.001 89.32 (12–100) 76.78 (23–100) −6.74 (−38–13) .009 .682
Impact  61.52 (15–91) 40.15 (13–77) −17.51 (−52–6) <.001 58.70 (1–95) 34.58 (1–65) −19.24 (−44–8) <.001 .963
Total  67.99 (33–89) 52.41 (20–78) −14.79 (−37–4) <.001 65.42 (11–96) 50.15 (14–72) −17.19 (−36–7) <.001 .834

FSS  45.00 (18–63) 29.00  (4–50) 14.00 (−50–0) <.001 54.50 (30–63) 40.50 (5–63) 15.00 (−45–9) <.001 .781

HADs
Anxiety  6  (0–21) 5 (0–17) 1.00 (−8–4) .019 7 (0–17) 4.00 (0–17) −2 (−11–5) .059 .489
Depression 7  (0–16) 4.00 (0–11) 3  (−9–4) <0.01 7.50 (0–20) 5.00 (0–19) −1.00 (−13–3) .003 .679

IMTGr: The standard pulmonary rehabilitation plus inspiratory muscle training group; PRGr: The standard pulmonary rehabilitation group. IPAQ-SF: International physical activity questionnaire short-form, SGRQ: Saint George
Respiratory Questionnaire, FSS: fatigue symptom scale, HADs: hospital anxiety and depression scale.

* Wilcoxan rank test.
** Mixed ANOVA, significance level p < 0.05.
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Fig. 1.  Study flow chart.

peripheral muscle strength, and physical activity level scores,
except for the IPAQ-SF vigorous subcategory. Furthermore, there
was a decrease in  mMRC dyspnea, FSS fatigue, anxiety, and depres-
sion levels. Fatigue level was higher in baseline scoring in PRGr.
At the end of the program, it dropped from 45 to  29 in IMTGr and
from 54 to 40 in PRGr. Although baseline levels were different, the
groups were similar at end-of-program evaluation (Tables 2 and 3).

In contrast, intragroup changes in  PRGr showed improve-
ments in 6MWT  distance, peripheral muscle strength, and only
MEP  among maximal mouth pressure measurements. PRGr also
demonstrated increased scores in  all IPAQ-SF subparameters and
a decrease in mMRC, FSS, and depression levels. However, no
significant changes were observed in spirometric parameters
(Tables 2  and 3).

The IMT  group exhibited a  median increase in  walking distance
of 66 meters, whereas the PRGr group showed a median increase
of 33 meters (Table 2). Both groups achieved an increase in  walk-
ing distance above the MCID (25 m)  value; however, the increase in
walking distance in the IMT  group is significantly greater.30 Despite
this, the effect size, as measured by Cohen’s d, was d =  0.151, indi-
cating a small effect size.

In current literature, respiratory muscle weakness was  defined
with a cutoff value of 62 cmH2O for female and 83 cmH2O for
male.31 The number of cases with identified respiratory muscle
weakness at baseline were 21 in  IMTGr and 24 in PRGr. At  the end

of the program, these numbers were 18 in  IMTGr and 21  in  PRGr.
There was  no  statistically significant difference between the groups
at baseline (p =  .140) or at the end of the program (p =  .244).

In the intergroup analysis, statistically significant differences
were observed in the maximal mouth pressure measurement
parameter MIP  (p = 0.003) in  favor of IMTGr. However, no statis-
tically significant differences were observed in other parameter
changes (p >  0.05) (Tables 2 and 3).

No complications were encountered related to the practices
conducted during the assessment and exercise program. But during
the 2-month follow-up period, a  total of 5 subjects were excluded
from the IMTGr, and 6 from the PRGr. Four patients in  both groups
could not  continue the exercise program due to COPD attacks. One
participant from IMTGr and two  from PRGr expressed their inten-
tion to come to  the hospital for their final evaluations. The dropout
rates in  both groups were comparable, with a dropout rate of 16%
in IMTGr and 19% in  PRGr.

Discussion

The study investigated whether the addition of IMT to  the
PR program had any additional impact on program outcomes.
The main findings show that IMT  does not  provide any addi-
tional benefit other than increased respiratory muscle strength. The
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study results revealed that PR prior to  BLVR leads to an increase
in exercise capacity, peripheral muscle strength, quality of life,
and physical activity level, while reducing perceived dyspnea and
fatigue. Furthermore, the patients’ psychological well-being expe-
riences a positive impact. Adding inspiratory muscle training to
the standard PR program may  have a  positive effect on respiratory
muscle strength and lung volumes. Although the addition of IMT  to
the PR exercise program did not  reach statistical significance over-
all, an increase in percentages of measured and expected values
for parameters such as FVC and FEV1 was  observed. Importantly,
a statistically significant increase in  the measured liter quantity of
FEV1 was achieved. Although the increase in FEV1 is modest, given
that spirometric values typically do not  increase with PR gains and
tend to worsen in  these  patients, it can be concluded that this gain
represents a small yet valuable improvement. This study marks the
first investigation of the effects of adding IMT  to the PR program in
emphysema patients eligible for BLVR.

The observed differences between the groups, while expected,
are statistically significant within-group changes. Although the
increase in 6MWD  observed in the PRIMT group compared to  the
PRGr did not reach statistical significance, the mean increase in
the IMT  group was 66 m compared to  33 m in the PRGr group.
This indicates a  clinically relevant difference exceeding the 25-
m minimal clinically important difference. However, this clinically
relevant difference has a  small effect size, as measured by  Cohen’s
d = 0.151. The greater improvement in walking distance observed
in the IMTGr could be attributed to enhanced respiratory muscle
strength, leading to  a  reduction in  perceived dyspnea levels and
potentially resulting in better performance during the tests. This
finding aligns with a  previous randomized controlled trial involving
lung transplant candidates, which also reported a similar pattern of
greater improvement in exercise capacity with the addition of IMT
to the standard PR exercise program.15 This reference suggests that
improved respiratory muscle strength could potentially enhance
exercise capacity. However, beyond this article, no other stud-
ies have been found demonstrating a  direct correlation between
IMT  and increased exercise capacity specifically in individuals with
COPD. Nevertheless, there are indications that IMT may have a  pos-
itive impact on exercise capacity in other patient populations.32,33

In our study, the increase in inspiratory muscle strength was noted
to be 11 cmH2O in the group receiving IMT, whereas the median
change in this parameter was negative in the group not undergoing
IMT. Comparing our findings with previous studies employing simi-
lar methodologies, the IMT  groups demonstrated increases ranging
from approximately 15 cmH2O to 19 cmH2O,34 while the non-IMT
groups showed increases ranging from 9 cmH2O to 10 cmH2O.35 In
the first study, the exercise program was conducted as a supervised
inpatient regimen using ergometers. The supervision and the use of
ergometers for aerobic training likely contributed to a  greater effect
on respiratory muscle strength. In contrast, the second study did
not include home-based or supervised aerobic training, although
IMT  was performed under supervision. Consequently, the increase
in respiratory muscle strength observed in  the second study was
less than that seen in our  study. Notably, despite the consider-
ably lower median change in respiratory muscle strength observed
in the non-IMT group in our  study, it is  intriguing that no sig-
nificant difference was observed between the two  groups. The
positive effect of increased MIP  on walking distance may  involve
mechanisms such as reduced accessory respiratory muscle activity
due to strengthened major respiratory muscles, thereby alleviat-
ing shortness of breath and fatigue. Our findings are consistent with
moderate-certainty evidence presented in the Cochrane systematic
review,36 particularly regarding the significant increase observed
in MIP  in the IMTGr. The Cochrane review suggests a similar trend
of improvement in 6MWD  following IMT, although not statistically
significant. This consistency lends support to the potential bene-

fits of IMT  in enhancing respiratory muscle strength and functional
exercise capacity in COPD patients. Furthermore, our  study con-
tributes to existing evidence by demonstrating the magnitude of
change in MIP, thereby enhancing our understanding of  the efficacy
of IMT  interventions in COPD management.

One of the key benefits of PR programs is the reduction in
perceived dyspnea and fatigue levels.37 The PR exercise pro-
gram achieves symptomatic improvement through gains in aerobic
capacity, peripheral muscle strength, and a change in  the percep-
tion of dyspnea.38 In our study, individuals with severe dyspnea
perception were included. Similar to  the literature, a decrease
in dyspnea perception was  observed in  both groups. The lack of
significant differences between the groups in terms of dyspnea
perception may  be due to  the fact that respiratory muscle weak-
ness, one of the causes of dyspnea, is  not  present in every case. It
is observed that the expected MIP  values of both groups are above
60%. Additionally, literature reports suggest that the response to
IMT  tends to be more pronounced in individuals with MIPmax
below 60 cmH2O.34,35 This information further corroborates our
findings and provides additional support for our results.

In PR programs, not all patients may  achieve spirometric
improvements.39 In cases of advanced respiratory failure and
parenchymal damage, obtaining improvements in  spirometric val-
ues through PR can be challenging. The primary expectation from
PR is  often symptomatic improvement.40 In our study, there was a
statistically significant increase in spirometric values in  the IMTGr.
However, in  the PRGr, no improvement in  lung volumes was
observed. While there was  a  slight increase in  spirometric values
in the IMTGr group, the observed change in  FEV1 (delta: 0.03 L)
was  relatively small and below the Minimal Clinically Important
Difference (MCID) for FEV1, which is  typically considered to be
100 ml.  Therefore, the improvement in spirometric values is  not
clinically relevant. The literature presents varying results regard-
ing the effects of PR13,41 and IMT15,42 on lung volumes, with some
studies reporting significant changes while others do not. This
inconsistency highlights the need for further research to better
understand the impact of these interventions on lung function.

In a  randomized controlled study investigating the benefits of
adding IMT  to PR in COPD, it was  found that IMT  provided no
additional benefits, except for an increased MIP.34 Another study,
implementing PR with additional IMT  for three weeks in COPD
cases without inspiratory muscle weakness, reported an improve-
ment trend in dyspnea sensory intensity, particularly in  cases with
FEV1 values below 50% of predicted. However, IMT  showed no
impact on dyspnea and functional parameters in  COPD cases with
a maximum MIP  exceeding 60 cmH2O.43 In current studies, cut-
off points for respiratory muscle weakness based on T-scores ≥ 2.5
SD below the peak mean value were determined to be  62  cmH2O
for females and 83 cmH2O for males for MIPmax.31 In our study, it
appears that the majority of cases have respiratory muscle weak-
ness. Moreover, the increase in  MIP  obtained was somewhat lower
compared to existing literature examples.36,44 According to  our
results, the fact that adding IMT  to the program did not make a
difference may  be due to insufficient training time or  the fact that
the exercises were performed unsupervised throughout the week,
although weekly follow-ups were made.

Psychological issues, such as anxiety and depression, are com-
mon in patients with chronic respiratory conditions. A review
on the relationship between COPD exacerbations and depression-
anxiety identified them as significant risk factors. In a  randomized
controlled trial exploring controlled breathing techniques in  hos-
pitalized COPD patients, respiratory control positively impacted
anxiety and depression during exacerbations.45 Preoperative PR,
administered for at least 3 weeks to  lung transplant candidates,
reduced depression levels.39 In  another randomized controlled
study investigating PR and IMT  for terminally ill respiratory
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patients preoperatively, IMT  was found not to provide additional
benefits to psychological status, although the overall program
improved depression levels.15 In our study, the IMT  group showed
a statistically significant improvement in  anxiety and depression
levels, while anxiety levels in  the standard PR group remained
unchanged. However, not detecting a  difference between the
groups provides insufficient evidence to  reveal the effect of IMT
on psychological state.

Our study has several limitations that should be acknowledged.
Firstly, ethical considerations regarding the necessity of PR before
BLVR precluded the inclusion of a  placebo group without an exer-
cise program, which could have provided valuable comparative
data. Secondly, the lack of long-term follow-up after BLVR limits
our understanding of the sustained effects of the interventions.
Due to the problems experienced in  health expenses, BLVR pro-
cedure could not be performed in  our  country for a  while, and this
caused deficiencies in the follow-up of our cases after BLVR. Addi-
tionally, the use of the mMRC  scale to  assess dyspnea levels may  be
limited in its sensitivity. Employing additional, more sensitive dys-
pnea scales could have offered a  more comprehensive evaluation
of outcomes. Another limitation of our  study is the underpower-
ing to detect such clinically relevant between-group differences in
6MWD.  Although an increase in  walking distance above the MCID
value was achieved in both groups, no significant difference was
observed in the IMTGr group. Additionally a  statistically significant
difference favoring the IMTGr was observed in  the MIP parameter
in the intergroup analysis, no statistically significant differences
were noted in other parameter changes. The fact that IMT  was
not performed under supervision may  have caused this and is  a
limitation.

Conclusion

In conclusion, our study sheds light on the potential benefits of
integrating IMT  into standard PR programs, particularly for enhanc-
ing respiratory muscle strength. However, it’s noteworthy that our
findings did not reveal a  significant difference between the IMT
and PR-alone groups in terms of exercise capacity or other patient-
reported outcomes. This suggests that  while IMT integration holds
promise, its additional benefits over standard PR alone may  not be
statistically significant based on our study results. Nonetheless, our
study underscores the positive effects of PR on the clinical status
of BLVR-eligible patients, consistent with existing literature. This
reaffirms the value of PR as a  standalone intervention in optimiz-
ing patient outcomes in this population. Furthermore, our  results
emphasize the importance of PR as a  precursor to  BLVR procedures,
indicating its role in optimizing patient outcomes. Nevertheless,
it’s important to acknowledge the limitations of our  study, partic-
ularly its ability to detect significant differences between groups.
Therefore, further research with larger sample sizes is warranted
to fully elucidate the potential benefits of IMT  integration and PR
preceding BLVR. Such research could provide valuable insights into
optimizing patient care  and treatment strategies.
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Ç örtük, and Halit Ç ınarka contributed to the study’s design, coor-
dination, and manuscript review.

Conflict of interest

The authors declare that there is no conflict of interest.

Acknowledgements

The author(s) thank to  their gratitude to all the patients who
participated in  the study and to  the clinical staff involved in  the
conduct of the research.

References

1. Marsh SE, Travers J, Weatherall M,  McNaboe M,  Williams MV,  Jones AC, et  al.
Proportional classifications of COPD phenotypes. Thorax. 2008;63(9):761–7.

2. Rossi A,  Aisanov Z, Avdeev S, Di Maria G,  Donner CF, Izquierdo JL, et al. Mecha-
nisms, assessment and therapeutic implications of lung hyperinflation in COPD.
Respir Med. 2015 Jul;109(7):785–802.

3. Vogelmeier CF,  Criner GJ, Martinez FJ, Anzueto A, Barnes PJ, Bourbeau J, et al.
Global strategy for the  diagnosis management and prevention of chronic
obstructive lung disease 2017 report. GOLD executive summary. Am J  Respir
Crit  Care Med. 2017;195(5):557–82.

4. De Troyer A. Effect of hyperinflation on the diaphragm. Eur Respir J.
1997;10(3):708–13.

5. Marchand E, Decramer M.  Respiratory muscle function and drive in chronic
obstructive pulmonary disease. Clin Chest Med. 2000;21(4):679–92.

6. Langer D,  Ciavaglia C,  Faisal A, Webb KA, Neder JA, Gosselink R, et  al. Inspiratory
muscle training reduces diaphragm activation and dyspnea during exercise in
COPD.  J  Appl Physiol (Bethesda Md:  1985). 2018;125(2):381–92.

7. Spruit MA, Singh SJ, Garvey C,  ZuWallack RL, Nici L, Rochester C,  et al. An official
American Thoracic Society/European Respiratory Society statement: key con-
cepts and advances in pulmonary rehabilitation. Am J  Respir Crit Care Med.
2013;188(8):e13–64.

8. Hill K,  Jenkins SC, Hillman DR,  Eastwood PR. Dyspnoea in COPD: can  inspiratory
muscle training help? Aust J  Physiotherapy. 2004;50(3):169–80.

9. Ries AL, Make BJ, Lee SM,  Krasna MJ,  Bartels M,  Crouch R, et al.  The effects of
pulmonary rehabilitation in the national emphysema treatment trial. Chest.
2005;128(6):3799–809.

10. van  Agteren JE, Hnin K, Grosser D,  Carson KV, Smith BJ. Bronchoscopic lung vol-
ume  reduction procedures for chronic obstructive pulmonary disease. Cochrane
Database Syst Rev. 2017;2(2):Cd012158.

11. McDonald CF. ACP Journal Club. Review: Pulmonary rehabilitation improves
health-related QoL and exercise capacity more than usual care in COPD. Ann
Intern Med. 2015;162(12):Jc4.

12. He  W, Wang J, Feng Z, Li J, Xie Y. Effects of exercise-based pulmonary rehabilita-
tion  on  severe/very severe COPD: a  systematic review and meta-analysis. Ther
Adv Respir Dis. 2023;17, 17534666231162250.

13. Pehlivan E, Turan D,  Yazar E, Balcı A,  Ç etinkaya E. The effect of pulmonary reha-
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