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INTRODUCTION

Background: Inspiratory muscle training (IMT) is a commonly used exercise method for both pa-
tients with chronic obstructive pulmonary disease (COPD) and the older adult population. In ad-
dition to their primary function, respiratory muscles play an active role in core stabilization.
However, no IMT program includes both of these functions (i.e., core stabilization and postural
control functions as well as respiration). This study investigated the effects of a newly integrated
exercise program, termed “functional IMT," in geriatric individuals with and without COPD.
Methods: This prospective and experimental study included 45 geriatric individuals with COPD
(n=22) and without COPD (n=23). The training program consisted of 4 weeks of conventional
IMT followed by 4 weeks of functional IMT. Respiratory muscle strength, symptoms, exercise ca-
pacity, balance, postural control, physical activity, and quality of life were evaluated. Results: Af-
ter training, respiratory muscle strength, symptoms, exercise capacity, balance, postural control,
and quality of life improved in both groups (p<0.05). In addition, physical activity was increased
in the COPD group (p<0.05). We observed no statistically significant difference in outcomes be-
tween the two groups before and after treatment (p>0.05). Conclusion: The gains were similar in
both groups. Functional IMT, which is an integrated approach that includes all respiratory muscle
functions, is a safe, effective, and innovative method for use in geriatric individuals with and
without COPD.
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results in functional disability.”

The incidence of chronic obstructive pulmonary disease (COPD),
one of the most important causes of worldwide mortality and
morbidity, increases with age; moreover, the disease worsens with
aging.l) Airflow obstruction in COPD causes problems with lung
hyperinflation and blood gas exchange, a condition that increases
respiratory workload. When respiratory muscles cannot meet the
demand, dyspnea causes exercise intolerance and eventually leads

to physical inactivity.z) Aging increases physical impairment that

Respiratory muscles are skeletal muscles that must maintain
continuous activity to ensure life.”” Similar to other skeletal mus-
cles, respiratory muscles can also be trained based on the principles
of exercise.” Inspiratory muscle training (IMT) is an exercise
method used for both patients with COPD and the older adult
population, with positive effects in both populations.é‘g)

However, in these studies, the IMT (also known as “foundation
or conventional IMT”) focused only on the respiratory task of re-

spiratory muscles. In addition to their basic task of respiration, re-
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spiratory muscles are involved in core stabilization and postural
control.” The motor activities of all trunk muscles, including the
diaphragm, during both postural and respiratory tasks are coordi-
nated by the central nervous system. The regulation of abdominal
pressure occurs through coordinated activities of the abdominal,
diaphragm, and pelvic floor muscles, and such modulation is im-
portant for postural control and spinal stability.g) Moreover, bal-
ance and postural control are impaired in patients with COPD.
10,11)

The idea of a newly integrated exercise program that includes
functional IMT, which includes all inspiratory muscle functions,
was first proposed by McConnell.” This program aims to increase
the gains by applying exercises addressing all muscle functions,”
whereas foundation IMT mainly targets respiration. However, the
contributions of the respiratory muscles to postural control and
core stabilization have not been directly addressed in a rehabilita-
tion context. To our knowledge, no previous study has directly as-
sessed the effects of respiratory muscle training together with
non-respiratory functions (core stabilization and postural control)
in COPD and geriatric rehabilitation programs. Thus, this study
aimed to create and investigate the effects of an integrated IMT

program for geriatric individuals with and without COPD.

MATERIALS AND METHODS

Study Design and Participants

This prospective experimental study included 45 geriatric individ-
uals (age > 65 years) with COPD (n=22) and without COPD
(n=23) (ClinicalTrials.gov Identifier: NCT04460261). The train-
ing program was identical for both groups and consisted of 4 weeks
of foundation IMT followed by 4 weeks of functional IMT. Nor-
mal spirometry values were set as the inclusion criteria for healthy
older adults. The study was announced to healthy older adults via
social media and brochures. The Global Initiative for Chronic Ob-
structive Pulmonary Disease (GOLD) guidelines were used to di-
agnose COPD. The inclusion criterion for patients with COPD
was the diagnosis of COPD—forced expiratory volume in 1 sec-
ond (FEV,)/forced vital capacity (FVC) ratio < 0.7 after broncho-
dilator administration. At the time of the study, all patients with
COPD were in a stable clinical condition (same medication rou-
tine for the past 3 weeks without taking any antibiotics). Patients
with neurological, orthopedic, or cognitive problems were exclud-
ed from the study.

All procedures performed in studies involving human partici-
pants or human tissue were conducted according to the ethical
standards of the Institutional Ethical Review Board of Dokuz Eylul
University (No. 2017/21-50) and the 1975 Declaration of Helsin-

ki and its later amendments or comparable ethical standards. In-
formed consent was obtained from all participants included in the
study.

Outcome Measures
The evaluations were conducted over 2 days. In particular, balance
and postural control and exercise capacity tests were conducted on
separate days. All performance tests were performed twice to elim-
inate the learning effect and ensure measurement accuracy.

A computer-based spirometer (Minispir; Medical International
Research, Rome, Italy) was used to assess pulmonary function.”

Primary outcome measures

Inspiratory and expiratory muscle strength: Inspiratory muscle
strength (maximal inspiratory pressure [MIP]) and expiratory
muscle strength (maximal expiratory pressure [MEP]) were mea-
sured using a handheld mouth pressure device (Micro RMP; Mi-
cro Medical, Rochester, UK). Three to five acceptable and repro-
ducible maximal maneuvers (i.e., differences between values

< 10%) were performed, and the highest value was recorded.’ )

Secondary outcome measures

Symptoms: The modified Medical Research Council (mMRC)
Dyspnea Scale was used to evaluate dyspnea. Commonly used in
the assessment of dyspnea in COPD patients, the mMRC has a
five-level scoring system ranging from 0 to 4, in which a high score
indicates an increased sense of dyspnea.'”

The COPD Assessment Test (CAT) was used to assess symp-
toms in patients with COPD. The CAT has eight items, with scores
ranging from 0 to 40. Higher scores indicate increased symptoms.'”
Functional exercise capacity: The 6-minute walking test (6MWT)
and the 6-minute pegboard and ring test (6PBRT) were performed
to assess functional exercise capacity. The 6SMW'T was performed
according to American Thoracic Society guidelines'” as follows.
The 6MWT was performed on a 32-m continuous track. The
6PBRT was performed as described by Zhan et al.” to assess un-
supported upper-extremity exercise capacity.

Balance and postural control: Balance was assessed using the
Berg Balance Scale (BBS). This scale consists of 14 items, each of
which is scored between 0 and 4, with higher scores indicating a
better balance.” A portable balance device (Biodex Biosway Por-
table Balance System, New York, NY, USA) was used to measure
static postural stability. A total of three measurements, each for 20
seconds, with a rest period of 10 seconds between measurements,
were performed, with higher scores indicating impaired postural
control."”

Physical activity: Physical activity was assessed using the Physical
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Activity Scale for the Elderly (PASE), a validated 12-item self-ad-
ministered scale, in which higher scores indicated increased physical
activity.w)

Quality of life: Quality of life was assessed using the World
Health Organization Quality of Life Instrument-Older Adults
Module (WHOQOL-OLD). This questionnaire consists of 24
items in six different domains, with higher scores indicating a bet-

ter quality of life.””

Treatment Programs

We divided participants into two groups based on the presence or
absence of COPD. Both groups underwent a total of 8 weeks of
IMT using a threshold pressure loading device (POWERbreathe
Classic Light Resistance; IMT Technologies Ltd., Birmingham,
UK). The participants were asked to perform IMT twice daily in the
morning and evening. Both groups were trained 3 days a week under
physiotherapist supervision and without supervision on the other
days of the week. The exercise duration and frequency were record-
ed in a diary. This study required that participants attend at least 80
prescribed exercise sessions. The treatment program consisted of 4
weeks of foundation IMT followed by 4 weeks of functional IMT.

IMT Intensity

The intensity of the exercise was adjusted to 40%-50% of the MIP.
After 10 consecutive breathing cycles, the participants were asked
to perform 3—4 breath controls. As tolerance increased, the num-
ber of consecutive respiratory cycles increased. The IMT intensity
was adjusted using weekly MIP measurements (Table 1).

Foundation IMT
Foundation IMT is commonly used to train respiratory muscles.

Table 1. IMT programs

DeSCRlIption
Duration Foundation IMT: 4 weeks
Functional IMT: 4 weeks
Intensity Foundation IMT: Weeks 1-2, MIP 40%; weeks 34,
MIP 50%
Functional IMT: Weeks 5-6, MIP 40%; weeks 7-8,
MIP 50%
Frequency Two times daily in the morning and evening
Time A total of 30 minutes per day

Number of repetitions 10 consecutive breathing cycles (3—4 breath control)
A gradually increasing number of cycles depending
on tolerance

Exercise load The IMT intensity was adjusted according to weekly

MIP measurements

IMT, inspiratory muscle training; MIP, maximal inspiratory pressure (inspiratory
muscle strength).
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The present study applied foundation IMT during the first 4
weeks of training. We asked participants to sit in a comfortable up-
right position. We then placed a nose clip and instructed the pa-
tients to tighten their lips around the mouthpiece and breathe
against the resistance. During this 4-week-long training, all IMT
was performed solely in a sitting position, without any loading in

other positions.

Functional IMT

After the foundation IMT, all participants underwent 4 weeks of
functional IMT. Initially, all participants were taught diaphragmat-
ic breathing and activation of the abdominal wall musculature.
Each training session started with warm-up exercises and ended
with cool-down exercises. During the loading phase, core stability,
dynamic trunk activation, and postural control exercises were ap-
plied together with the IMT. The contents of the exercise program
are shown in Table 2 and Fig, 1.

Sample Size

To our knowledge, no other study has investigated the effects of
functional IMT in geriatric individuals with and without COPD.
However, a previous study showed that IMT increased MIP in
older individuals (baseline MIP, 82 +27 cmH,O; post-interven-
tion MIP, 103 23 cmH,0)."” Based on these results, we calculat-
ed a minimum required sample size of 18 patients per group for an
effect size of 0.83. A probability level of 0.0S, and a statistical power
level of 90% using G*Power Software (ver. 3.1.9.2; Diisseldorf,
Germany). Allowing for a 20% dropout rate, this study included
4S participants.

Data Analysis

We analyzed the data using IBM SPSS Statistics for Windows ver-
sion 20.0. (IBM Corp., Armonk, NY, USA). Shapiro-Wilk tests
and histograms were used to check for normality of the data distri-
butions. Values are expressed as mean + standard deviation and
median (25th-75th quartiles) for continuous variables and as fre-
quencies for categorical variables. Independent samples t-test
(when samples met parametric conditions) and Mann-Whitney
U test (when samples did not meet parametric conditions) were
used to compare continuous variables between the two groups.
Chi-square tests were used to compare categorical variables be-
tween the two groups. Paired-sample t-test (when samples met
parametric conditions) and Wilcoxon signed-rank test (when sam-
ples did not meet parametric conditions) were used to determine

the mean differences between before and after treatment.
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Table 2. Content of the functional IMT program

Description Exercise time Remark
Warm-up Diaphragmatic breathing exercises 5-10 minutes At the same time IMT
Flexibility exercises
Core stability exercises Plank on the wall 60 seconds, 3 sets
Side bridge on the wall 60 seconds, 3 sets
Bridge on the wall 60 seconds, 3 sets
Dynamic trunk activation exercises with upper-extremity movements Shoulder flexion 8-12 reps, 2 sets
Shoulder abduction 8-12 reps, 2 sets
Trunk rotation 8-12 reps, 2 sets
Postural control exercises Sit-stand 6 reps, 2 sets
Standing leg lift 30 seconds, 2 sets
Walking 30 seconds, 3 sets
Cool-down Flexibility exercises S minutes

IMT, inspiratory muscle training; MIP, maximal inspiratory pressure (inspiratory muscle strength).

Fig. 1. The contents of the exercise program. Core stability exercises: (A) plank on the wall, (B) side bridge on the wall, and (C) bridge on
the wall. Dynamic trunk activation exercises with upper-extremity movements: (D) shoulder flexion, (E) shoulder abduction, and (F) trunk
rotation. Postural control exercises: (G) sit-stand, (H) standing leg lift, and (I) walking.
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RESULTS

This study included a total of 45 geriatric individuals (COPD
group, n=22; non-COPD group, n=23). Three participants in the
COPD group and two in the non-COPD group dropped out.
Hence, the study was completed with 19 and 21 participants in the
COPD and non-COPD groups, respectively (Fig. 2).

The demographic characteristics (age, sex, weight, height, and
body mass index) and cognitive status (Mini-Mental State Examina-
tion score) were similar between the groups (p >0.05) (Table 3).

Pulmonary function, respiratory muscle strength (except
MIP%), exercise capacity, balance, postural control (except anteri-
or/posterior [score]), physical activity, and quality of life were sig-
nificantly higher in the non-COPD group than in the COPD group,
while symptom scores were significantly higher in the COPD
group than in the non-COPD group (all p <0.05) (Table 3).

After training, respiratory muscle strength, symptom percep-
tion, exercise capacity, balance, postural control, and quality of life
were significantly improved in both groups (p <0.05) (Table 4).
Additionally, physical activity was increased in the COPD group
(p<0.05) (Table 4).

‘We observed no statistically significant differences in respiratory
muscle strength, symptom perception, exercise capacity, balance,
postural control, physical activity, and quality of life between the
groups before and after treatment (p > 0.05) (Table 4).

DISCUSSION

This is the first study to investigate the effects of a new integrated
exercise program, called functional IMT, in geriatric individuals

Geriatric participants
Meeting inclusion criteria (n=45)

|
v v

COPD group Non-COPD group
Meeting inclusion criteria (n=22) Meeting inclusion criteria (n=23)

Follow-up
y A 4

Lost to follow-up (n=2)
® Two participants did not
complete the end-program

Lost to follow-up (n=3)
e Three participants did not
complete the end-program

assessment assessment
v A\ 4
Analyzed (n=19) | | Analyzed (n=21)

Fig. 2. Study flow diagram. COPD, Chronic obstructive pulmonary
disease.
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with and without COPD. After the intervention, the gains were
similar between groups. In the literature, IMT for COPD patients
and geriatric people has focused solely on the respiratory tasks of
the inspiratory muscles. However, the inspiratory muscles are also
involved in core stabilization and postural control. Muscle training
should include all muscle functions for optimal gain. Thus, the
training program in the present study included all inspiratory mus-
cle functions, i.e., both respiration and core stabilization.

In our study, 4 weeks of foundation IMT was followed by 4
weeks of functional IMT. The most important indication for IMT
is the disturbance of supply/demand balance owing to increased
respiratory workload. Increased demand for respiration leads to in-
creased loading of respiratory muscles to meet these needs. In such
situations, the respiratory muscles are mainly involved in their pri-
mary task of breathing, with their postural stabilization/control
functions secondary to the primary task. Enhancing the optimal
gain from a muscle training program requires functional training.
Functional loading of the respiratory muscles while they lack the
strength to perform their primary task of breathing will lead to fail-
ure of the muscles to perform optimally. Therefore, we initially ap-
plied foundation IMT to strengthen the muscles for respiration.
Functional IMT was administered only when the adaptive process
was completed.s)

Respiratory muscle training is an exercise method frequently
employed for individuals with COPD.”" A review investigating
the effects of IMT in individuals with COPD reported that the
treatment increased inspiratory muscle strength. *) Purthermore,
both inspiratory and expiratory muscle strengths improve with
IMT.” Souza et al.” reported increased diaphragm mobility and
thickness and improved inspiratory and expiratory muscle strength
in geriatric women following IMT. Another study conducted in a
geriatric population showed the development of inspiratory mus-
cle strength with IMT."”” Consistent with the literature showing
the positive effects of IMT, functional IMT in our study increased
both inspiratory and expiratory muscle strength in geriatric indi-
viduals with and without COPD. However, the gains were similar
in both groups.

Respiratory muscle weakness plays a predominant role in the
development of dyspnea.z) Therefore, studies of COPD often eval-
uate dyspnea as an outcome measure. Two large systematic reviews
examining the effects of IMT on individuals with COPD showed
that IMT reduced dyspnea.“’m In our study, we observed de-
creased mMRC scores after 8 weeks of IMT, consistent with previ-
ous findings. We also observed a decrease in CAT scores after
treatment, indicating that functional IMT can reduce dyspnea and
general symptom perception in patients with COPD. The effects
of IMT in geriatric individuals are mostly assessed relative to respi-
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Table 3. Demographic and clinical characteristics

COPD group Non-COPD group p-value
Age(y) 78.0 (72.0-85.0) 75.0 (70.0-79.0) 0.270"
Sex 0.962°
Male 58 57
Female 42 43
Weigh (kg) 72.7+10.7 740122 0.740”
Height (cm) 164.7+9.5 164.6%8.9 0.955"
BMI (kg/m’) 24.9 (24.1-294) 27.1(24.3-28.8) 0.361"
GOLD stage
I 13
I 6 -
MMSE score 27.0(27.0-28.0) 28.0(27.0-28.0) 0.525"
Pulmonary function
FEV, (% predicted) 572+122 101.3£26.5 <0.001™
FVC (% predicted) 7274135 93.5+23.0 0.001"
FEV,/FVC 64.9 (53.7-66.2) 82.4(80.8-89.1) <0.001™
PEF (% predicted) 52.0 (40.0-76.0) 93.0 (68.5-130.5) <0.001"
FEF,; ., (% predicted) 38.0(25.0-61.0) 95.0 (83.0-156.0) <0.001"
Respiratory muscle strength
MIP (cmH,0) 43.0 (35.0-79.0) 58.0 (47.0-79.0) 0.031"
MIP (%) 72.5(55.0-98.0) 88.1(72.9-112.9) 0.068”
MEP (cmH,0) 72.0 (50.0-105.0) 100.0 (75.0-138.0) 0.036"
MEP (%) 56.8+19.4 7514287 0.025"
Symptoms
mMRC (score) 2.0 (2.0-3.0) 1.0 (0.0-1.0) <0.001"
CAT (score) 14.8+5.3 -
Exercise capacity
6MWT distance (m) 350.0 (280.0-393.8) 455.0 (358.8-490.0) 0012
6MWT distance (%) 619+13.6 743+12.3 0.004"
6PBRT (score) 111.9+27.7 140.3+27.9 0.003™
Balance and postural control
Balance
BBS (0-56) 47.6+33 503+3.6 0.022"
Static postural stability
A/P stability index (score) 0.5 (0.4-0.6) 0.4 (0.3-0.6) 0.111”
M/L stability index (score) 0.3(0.2-0.5) 0.2 (0.1-0.3) 0.018™
Overall stability index (score) 0.6 (0.5-0.9) 04(0.3-0.8) 0.033"
Physical activity and quality of life
PASE (score) 683+30.4 100.0+35.1 0.004™
WHOQOL-OLD (score) 54.2 (47.9-58.3) 66.7 (63.5-72.4) <0001

Values are expressed as meantstandard deviation or median (25-75 quartiles) for continuous variables and frequencies were reported for categorical variables.
COPD, Chronic obstructive pulmonary disease; BMI, body mass index; GOLD, Global Initiative for Chronic Obstructive Pulmonary Disease; MMSE, Mini-
Mental State Examination; FVC, forced vital capacity; FEV,, forced expiratory volume in 1 second; PEF, peak expiratory flow rate; FEF, ., forced expiratory
flow between 25% and 75% of FVC; MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; mMRC, modified Medical Research Council; CAT,
COPD Assessment Test; 6MW'T, 6-minute walk test; 6PBRT, 6-minute pegboard and ring test; BBS, Berg Balance Scale; A/P, anterior/posterior; M/L, medial/
lateral; PASE, Physical Activity Scale for the Elderly; WHOQOL-OLD, World Health Organization Quality of Life Instrument-Older Adults Module.

*p<0.05.

) Mann-Whitney U test, YStudent t-test, chi-square test.
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ratory muscle strength and exercise capacity; however, a study in-
vestigating the effects on dyspnea reported decreased dyspnea af-
ter 6 weeks of training.26) Consistent with the literature, we ob-
served decreased dyspnea following functional IMT in geriatric in-
dividuals. However, the difference between the two groups was
not statistically significant. These results suggest that functional
IMT is an effective method for reducing dyspnea in geriatric indi-
viduals with and without COPD.

Functional exercise capacity is one of the most important out-
come measures in IMT studies of individuals with COPD.””
There are inconsistent results regarding the effects of IMT on
6MWT distance in geriatric individuals. One study reported sig-
nificant improvements in 6MWT and 12MWT results in the IMT
group compared to those in the control group.zs) In contrast, Mills
et al. reported no change in 6SMWT distance after an 8-week-long
IMT in 65- to 75-year-old individuals.”” However, Huang et al.””
reported that functional exercise capacity improved after 6 weeks
of IMT in geriatric individuals without COPD. In our study, the
6MWT distance improved after the training program in both
groups, indicating that functional IMT is an effective method to
increase functional exercise capacity in geriatric individuals with
and without COPD.

Studies on exercise capacity in COPD have generally focused on
the lower extremities. However, the upper extremities play a key
role in performing daily living activities.”” Zhan et al."” reported
that the 6PBRT was a valid and reliable test for individuals with
COPD. However, no study has investigated the effect of IMT on
6PBRT in geriatric individuals with and without COPD. We found
functional IMT to be an effective method for increasing the un-
supported upper-extremity exercise capacity in geriatric individu-
als with and without COPD. One reason for this finding may be
the increased efficiency of respiratory muscles in performing
non-respiratory tasks owing to improved strength, which leads to
higher exercise capacity in the arms. Decreased dyspnea may also
contribute to improved exercise capacity of the upper extremities.

To our knowledge, no other studies have investigated the effects
of IMT on balance and postural control in COPD and geriatric in-
dividuals, which makes comparisons difficult. In our study, func-
tional IMT yielded similar gains in balance and postural control in
geriatric individuals with and without COPD. Further studies on
this subject are required.

Physical activity levels were significantly lower in individuals
with COPD than in healthy controls.”” Eight weeks of IMT re-
portedly decreased dynamic hyperinflation and consequently im-
proved physical performance in patients with GOLD stage II-III
COPD.” In our study, the PASE scores of the COPD group in-
creased after the training program. This result shows that function-

al IMT can improve physical activity in geriatric patients with
COPD.

A study including geriatric individuals that evaluated physical
activity using an accelerometer reported increased physical activity
as a result of an 8-week-long IMT program.‘w) In contrast with the
literature, in our study, the physical activity scores of participants in
the non-COPD group were similar before and after the training,
which might be due to the differences in the method of evaluating
physical activity.

Quality of life in older individuals is a multidimensional concept
that is mainly based on perceived health and happiness. Quality of
life is affected in patients with COPD; moreover, as the disease se-
verity increases, there is a marked deterioration in the patient qual-
ity of life.”") In the literature, quality of life is considered a main
outcome of IMT. Two comprehensive reviews stated that IMT
improved the quality of life of patients with COPD.”*” In our
study, quality of life improved significantly in the COPD group, in-
dicating that functional IMT can improve the quality of life in
these patients.

Contradicting results have been reported regarding the effects of
IMT on the quality oflife of geriatric individuals. Mills et al.”” con-
cluded that 8 weeks of IMT did not affect the quality of life of geri-
atric individuals. The results of a study investigating the effects of
IMT on the quality of life of physically active geriatric individuals
observed no improvement in the quality of life score.”” However,
Huang et al.”” studied the effects of 6 weeks of IMT in geriatric in-
dividuals and reported improved quality of life. In our study, par-
ticipants in the non-COPD group showed a significant increase in
quality of life scores, thus demonstrating that functional IMT can
be effective in increasing the quality of life of geriatric individuals
with or without COPD.

This study had some limitations. First, the study did not include
a control group, which might have provided clearer information
regarding treatment effectiveness. However, there were difficulties
in designing treatment applications for the control group. The nu-
merous options include control groups with sham IMT, founda-
tion IMT, postural control, core stabilization, and no intervention.
Regardless of the control group, we could not completely demon-
strate the effectiveness of functional IMT. Further studies are re-
quired on this subject. Second, only acute effects of the training
were investigated without any long-term follow-up.

In conclusion, this is the first study to investigate the effects of a
newly integrated exercise program, functional IMT, in geriatric in-
dividuals with and without COPD. After the intervention, the
gains were similar between the groups. Our results of the study
suggest that functional IMT is safe and effective in geriatric indi-
viduals with and without COPD.

www.e-agmr.org
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