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ABSTRACT

There is an overwhelming body of evidence that supports the efficacy of
inspiratory muscle training in improving strength of the inspiratory muscles
and activity performance in a variety of patient populations. Essential to
the utilization of this abundant body of evidence is knowledge translation,
a concept that emphasizes the translation of global knowledge to
application that can be effectively integrated into clinical practice. To this
effect, this perspective paper aims to provide physical therapists with
explicit ways to apply and integrate the evidence related to inspiratory
muscle training into clinical practice by proposing a novel 7-step BREATHS
framework. This framework discusses the Biomechanics of breathing,
Resources and devices available for inspiratory muscle assessment and
treatment, Examination of inspiratory muscle strength, Assessment of
outcome measures, Treatment considerations in strengthening inspiratory
muscles, Holistic health impact through inspiratory muscle training, and
Safety considerations for clinicians to consider across the continuum of care.
This framework is designed to upskill physical therapists and other health
care providers with a contemporary model to deliver safe, effective, and
evidence-informed inspiratory muscle training for various patients and
clients. The paper elucidates the underpinnings of each aspect of the
BREATHS framework and its application to practice, enabling clinicians to
better appreciate the power of inspiratory muscle training in maximizing

overall health and wellness in their patients and clients.
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Introduction

The vision statement of the American Physical Therapy
Association (APTA) defines the need for physical
therapists to transform society by optimizing movement to
improve the human experience.! In order to optimize
movement, the APTA has created and promoted the
movement system which is defined as the collection of the
nervous, endocrine, musculoskeletal, cardiovascular,
pulmonary, and integumentary systems that interact as
integral components that affect human movement.2
Optimal movement requires the inspiratory muscles to
work effectively to bring in oxygen and sustain activity.
A known but often underestimated reason for overall
movement dysfunction is breathlessness and exercise
intolerance that stems from inspiratory muscle weakness.
To this effect, this review article delineates a novel 7-step
BREATHS framework (Figure 1) or implementing
inspiratory muscle assessment and training as a
component of routine clinical practice. The BREATHS
framework encapsulates an evidence-based review of
the literature related to the Biomechanics of breathing,
Resources available for strengthening inspiratory muscles,
Examination of inspiratory muscle strength, Assessment of
outcomes, Treatment considerations for training
inspiratory muscles, Holistic health, and Safety
considerations.

It is essential for physical therapists to utilize best practice
when caring for patients and clients that present with
breathlessness and exercise intolerance. In several
populations of patients, including patients with chronic
non-communicable diseases such as heart failure, chronic
obstructive pulmonary disease, multiple sclerosis,
Parkinson’s disease and others, respiratory muscle
function is often compromised.3>” The BREATHS
framework has clinical utility in any setting within the
continuum of care. It reviews key proficiencies related to
the examination, assessment and treatment of inspiratory
muscle function. An appreciation of each of the
components of the BREATHS framework in clinical practice
collectively sets the stage for a comprehensive approach
to strengthening the inspiratory muscles. Several
systematic reviews and metanalysis showcase the benefits
of inspiratory muscle training (IMT) in improving function
in a variety of patient populations.8-'2 However, no
manuscript or evidence-based resource currently exists
that explicitly formulates a systematic approach on how
physical therapists can translate this knowledge into
practice in an effort to strengthen the inspiratory muscles.
Therefore, the purpose of this perspective paper is to
translate current empirical evidence into the BREATHS
framework to support physical therapists in implementing
inspiratory muscle strength training.

Methodology
In this review article, author commentary is based on
selected articles that have been recently published that

highlight considerations related to the biomechanics of
breathing, assessment of inspiratory muscle strength,
assessment of functional outcomes, and dosage of
treatment interventions for strengthening inspiratory
muscles. The search strategy focused on contemporary
research related to IMT conducted in large groups of
patient populations across a variety of age ranges and
diagnoses. Additionally, articles that exclusively
investigated inspiratory training and not expiratory
muscle training were chosen for the purposes of this
paper. Further, articles that incorporated various outcome
measures that assessed holistic health improvements were
selected to provide the reader with a comprehensive
understanding of the value of strengthening inspiratory
muscles. Finally, guidance for the examination of
inspiratory muscle strength was sought from a scientific
statement provided by the European Respiratory
Society.!3 Commentary within this paper focuses on the
ways physical therapists can integrate the knowledge
related to the examination and treatment of inspiratory
muscles within clinical practice. Authors specifically
identify areas of consideration and cite selected articles
related to each aspect of the BREATHS framework. This
article is not a systematic review or scoping review and
so the authors make no claims that the selection of articles
is free from bias. The authors simply put forward thoughts
for reasonable consideration that can be used in clinical
practice.

The BREATHS Framework

Biomechanics of Breathing

In order to appreciate the importance of inspiratory
muscle strength, clinicians must first consider the
biomechanics involved in breathing. Ventilation or
breathing combines the processes of inspiration and
expiration. Inspiration, or the movement of air into the
lungs, is an active process that requires muscles to contract
to create changes in volume and pressure within the
thorax.!# The muscles engaged in inspiration must contract
with adequate force to enlarge the volume of the thoracic
cavity and lungs. The increased volume created through
contraction of the inspiratory muscles reduces
intrathoracic and intrapulmonary pressures allowing
gases to move from the atmosphere into the lungs.
Additionally, the inspiratory muscles are required to
contract adequately to overcome any resistance in the
airways as well as external gravitational forces, both of
which vary based on body position, and the elastic recoil
forces of the lungs. Alternatively, expiration is primarily
a passive process, driven by the elastic recoil of the lungs.
During passive expiration, the inspiratory muscles relax
and thoracic structures return to their resting position,
reversing the pressure gradient and causing air to flow
out of the lungs.

Two primary muscles of inspiration include the diaphragm
and external intercostals. Additionally, inspiration is also
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supported by contraction of various accessory muscles,
which include any muscle that attaches to the thoracic
spine, sternum, ribs, or shoulder complex. All these muscles
collectively work to increase the volume of the thoracic
cavity. The muscles of inspiration are skeletal muscles and
therefore are susceptible to weakness and dysfunction. In
patients presenting with exercise intolerance, inspiratory
muscle weakness may be a key contributor to dysfunction
of the movement system and the associated symptoms of
dyspnea that the patient experiences during exercise.!4
For this reason, an evaluation of inspiratory muscle
strength along with treatment of inspiratory muscle
weakness are important considerations in  the
management of breathlessness related exercise
intolerance.

Respiratory muscle weakness can be assessed, directly or
indirectly, using a variety of techniques that measure
respiratory pressures, volumes, flow rates, and excursion
of the chest wall or diaphragm. The most commonly
reported and straightforward measurement of
inspiratory muscle strength uses a pressure manometer to
gauge the amount of force generated during maximal-
effort inspiration, referred to as maximal inspiratory
pressure (MIP) and typically expressed in units of
centimetres of water pressure (cm H20).'3 Maximal
inspiratory pressure is a static measurement of global
inspiratory force that reflects the work of all inspiratory
muscles. This measure provides an accurate assessment of
the overall strength of the inspiratory muscles and is
unable to isolate and differentiate strength between

individual respiratory muscles.

When thinking about MIP, clinicians must recognize that
the amount of inspiratory pressure required for normal
quiet breathing represents only a small fraction of MIP.15
In other words, during quiet resting breathing healthy
respiratory muscles work minimally to generate a
pressure that triggers inspiration. This pressure generated
by inspiratory muscle contraction is substantially less than
the MIP. For this reason, healthy respiratory muscles are
highly resistant to fatigue and can sustain a normal minute
ventilation with minimal effort. However, in individuals
with inspiratory muscle weakness, the inspiratory muscles
exert a pressure that is relatively at a higher percentage
of the MIP to facilitate breathing at rest. For this reason,
clinicians will find that the weaker the inspiratory muscles,
the higher the work of breathing and subjective effort.
The work of breathing is compounded further by
conditions where inspiratory muscles must overcome
excessive airway resistance or poor compliance of the
lungs or chest wall. In these situations, inspiratory muscles
are forced to work at even higher proportions of their
maximal force-generating capacity or MIP to facilitate
breathing. Further, inspiratory muscles do not just

contribute to the act of breathing, but are engaged in
functions like speech, coughing, bowel and bladder
control, postural control, and maintaining trunk stability
during movements of the extremities.’®'7 An individual
who is contracting inspiratory muscles at near-maximal
effort to maintain breathing at rest cannot rely on those
same muscles to simultaneously support talking or
maintain posture and balance. It is for this reason that the
assessment and treatment of inspiratory muscle weakness
should be routinely incorporated into clinical practice to
improve overall activity and participation in patients and
clients.

Resources and Available Devices

This section will review devices that are currently
available for the examination of inspiratory muscle
strength and treatment of inspiratory muscle weakness.
Several different types of devices are currently
available on the market. Some devices are designed to
exclusively assess the strength of the inspiratory muscles,
while others allow for an added benefit of strengthening
inspiratory muscles in addition to the examination of
strength. Further, some devices available on the market
are manufactured for use by a single user, while others
can be used by multiple clients within a clinical setting.
Multi-user devices work either in conjunction with an
added filter or require sanitization between users.

Figure 2 illustrates devices that can be used for
assessment of inspiratory muscle strength, treatment of
inspiratory muscle weakness, or both. As indicated in the
figure, the Contec RPM10 and MicroRPM are two multi-
user devices that are primarily used for the assessment of
inspiratory muscle strength. The Contec RPM10 does not
require filters and can be used by multiple users with
appropriate sanitization procedures employed between
users. Alternatively, the MicroRPM inspiratory muscle
strength assessment device is compatible with single use
filters, thereby shortening the time for additional
sanitization between users.

Several devices, as noted in the figure, provide users with
the ability for both assessment and treatment of
inspiratory muscle weakness. The PrO2Fit, and
PowerBreathe KH2 are two devices that can be used in
a clinical setting. These devices can be used by multiple
patients and require disposable filters for each individual
patient that uses the device. Other devices such as the
PowerBreathe K3, K4, and K5 series are devices that
allow for inspiratory muscle strength assessment and
treatment by single patients. Additionally, the PrO2Fit
and all PowerBreathe K series devices are examples of
electronic devices which are relatively more expensive.
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Figure 2: Devices for the Assessment and Treatment of Inspiratory Muscle Weakness

Lastly, certain devices are made exclusively for the care. These devices include Big Breathe, The Breather,
purpose of strengthening inspiratory muscles. Each of PowerBreathe (Classic and Plus), Aspire EMST with the
these devices are for single patient use and can be inspiratory adaptor, and PowerBreathe K1. The Big
utilized by patients and clients across the continuum of Breathe, Breather, PowerBreathe (Classic and Plus) and
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Aspire  EMST with the inspiratory adaptor are all
examples of manual inspiratory muscle trainers. A further
discussion with more specifics on the differences between
manual treatment devices and their clinical utility is
delineated later in the manuscript.

Examination of Inspiratory Muscle Strength
The strength of the inspiratory muscles can be assessed
by using multi-user manometers or single user devices. A
feasible and accurate method for examining the strength
of the inspiratory muscles in clinical practice involves
measurement of the MIP by using a pressure manometer.
Within any clinical setting, clinicians can use a multi-user
device such as the Contec RPM10 or MicroRPM to easily
measure the patient’s MIP. When using either of these
devices, the clinician can obtain an objective value of the
strength of the inspiratory muscles by recording the MIP
during an inspiratory maneuver. This approach is
analogous to a clinician using a handheld dynamometer
to measure the strength of a peripheral skeletal muscle
by recording the force produced during muscle
contraction.

To assess MIP, the subject is instructed to complete a
maximal inspiratory breath through the pressure
manometer by beginning the inspiratory breath from
residual volume or full expiration.!3 Typically, the subject
is first instructed to complete a full exhalation to get to
their residual volume, after which the subject places a
mouthpiece into their mouth and inhales as forcefully and
quickly as possible until they reach full inspiration. The
pressure manometer has an occluded airway, allowing
the device to measure the maximal force the subject
generates during the inspiratory maneuver. It is best
practice to have the subject complete at least three
repetitions of maximal inspiration through the device. The
MIP is determined by averaging the results of three trials,
when there is less than 20% difference in value between
each of the trials.’3 It is not uncommon for subjects to
require an additional 1-2 preliminary ftrials using the
device to enhance their understanding on how to properly
perform the assessment. However, in instances where
patients have significant inspiratory muscle weakness,
additional trials may contribute to poorer performance
that result from muscle fatigue. For this reason, clinicians
must be vigilant in observing for reductions in scores and
provide the patient with adequate rest and recovery
between trials to ensure that the inspiratory muscles are
not fatiguing with each subsequent trial.

The preferred testing protocol for assessment of the MIP
is to have the subject seated in the upright position. It is
important to note that ventilation or breathing, is a three-
dimensional process with a variety of inspiratory muscles
contracting to fulfill a maximal inspiratory maneuver. For
this reason, the subject’s position is important to consider
in inspiratory muscle strength assessment, as the position

of the client will change the impact of gravity on the
different muscles contracting during inspiration'® and
there are times when it might be clinically important to
assess MIP in an alternative position. Additionally, a nose
clip is typically donned to ensure all inspiration occurs
through the mouthpiece and against the occluded airway.
For some patients, a flanged mouthpiece may be easier
to use and can help to prevent air leaks. It is important to
note that testing can be performed with or without a nose
clip and with either a round or flanged mouthpiece,
depending on the subject’s mouth control.’3 The goal for
assessment of the MIP is to ensure that the subject offers
maximal inspiratory effort with all air moving through the
mouth and not the nose.

When working with patients where a pressure manometer
is unavailable, the clinician can seek to determine the
patient’s MIP by using a variety of less expensive single
user respiratory muscle trainers. The PowerBreathe K3,
K4, K5, and PrO2Fit devices allow a single user to
complete a maximal inspiratory breath to assess the MIP
prior to beginning submaximal training with the same
device. In order to approximate the MIP with a single user
inspiratory muscle threshold training device, the subject is
first positioned in sitting. The threshold device should be
initially set at a low resistance setting. The subject is then
instructed to complete a full exhalation to achieve
residual volume, place the mouthpiece of the device into
their mouth and inhale forcefully and quickly until they
reach full inspiration. If the subject is able to obtain full
inspiration with the device at the set resistance, then the
resistance should be increased incrementally and the
process repeated until the subject can no longer generate
a breath against the device. The clinician records the
resistance offered by the device immediately prior to the
point of failure as an estimate of the MIP.

In addition to measuring or estimating MIP, clinicians also

have the ability to predict a patient’s MIP based on

reference equations. These reference equations provide

a prediction of the MIP by using the age, sex, and body

mass index (BMI) of the individual. Lista-Paz et al. has

established the following equations to predict maximal

inspiratory pressure in healthy adults.’®

e MIP (females) = 61.48+0.66*age+1.55%BMI-
0.01*age?; R2adjusted = 0.119

e MIP (males) = 98.60+1.18%age+0.76*BMI-
0.02*age?; R2adjusted = 0.148

Finally, utilization of normative data aids in the clinical
interpretation of the individual’s inspiratory muscle
strength results.

Table 1 represents collective normative data of
inspiratory muscle strength by age alongside established
cutoff values indicating inspiratory muscle weakness that
has been adapted from research documented by
Laveneziana and colleagues in 2019.13
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Table 1: Normative Inspiratory Strength Values and Threshold Values for Inspiratory Muscle Weakness

Age Mean MIP (cmH20) Men Mean MIP (cmH20) Women
< 40 Normative Range 116 - 140 85-10
IM Weakness 63 58
40 — 60 Normative Range 99-118 75-107
IM Weakness 55 50
Normative Range 66 — 101 58 — 83
60-80 IM Weakness 47 43
> 80 Normative Range - -
IM Weakness 42 38

Assessment of Outcomes

A review of the literature related to IMT reveals
widespread benefits of IMT spanning across diverse
patient populations and over a wide range of outcome
measures. As previously mentioned in the methodology
section, this article does not serve as a scoping review or
systematic review and therefore only showcases a small
sampling of the research available on IMT. Table 2
highlights relevant research investigations that have
explored the efficacy of IMT in various populations of
individuals. Notably, the table portrays the dose of IMT
used for each population and the positive effect of the
intervention on various outcome measures for that
population.

Across these different investigations, improvements were
noted in all domains of the World Health Organization’s
International Classification of Functioning Health and
Disability model.20 Within the domain of body structure
and function, improvements were noted in measures of

back pain in patients with chronic low back pain,?! forced

vital capacity test measurements in  several
populations,”22 and blood pressure measurements in
people with elevated blood pressures.23 More
specifically, with reference to improvements in MIP, the
evidence supports the efficacy of IMT in improving MIP
scores in women with stress incontinence,?* college
runners,?> older adults with hypertension,23 adults with
obstructive lung disease,??2  heart failure,26 multiple
sclerosis,®> Parkinson’s disease,® adults with cerebral
palsy’, adults post stroke,?” individuals with spinal cord
injury,22 and adults with cancer.2? Additionally,
improvements including six-minute walk distance,2¢:28:30
peak oxygen uptake results,3! and improved functional
mobility in individuals post stroke?” were noted within the
activity domain. Further, measures of participation
including a variety of quality-of-life measures,243233
depression scores,2431 and stress urinary incontinence
severity in women?4 have been all shown to positively

improve with IMT.

Table 2: Assessment of Outcomes with Inspiratory Muscle Training

Authors Patient Setting

Population

Intervention

Improved Outcomes

Pelvic Health

Women with stress

5 sets of 5 breaths; 3d/wk;

Abidi et al St Ul ity; QOL; TUG;
(2o|2|4)e240| erinqr'y Outpatient .1 2wks; 30% MIP; progressive 6'\:\6\;?1_; I;;\;:':IIZ\IP(;QMEP
incontinence increase to 50% MIP
Athletes
30 breaths; 2x/day; 5d/wk; |800m dist ; Limb blood fl
Chang et al College 800m Outoatient | 4wk reSGO"/s,M)I(I’/ i /W ! ] m. N adnce, |m| th 0 owh
(2020)%25 track ronners utpatient | 4wks; () ; progressing using impedance plethysmography;

by 10% weekly MIP

Ahmadnezhad | Weightlifting
, Yalfani, and | athletes with
Borujeni chronic low back

(2020)2 pain (>6 months)

30 breaths; 2x/day; daily;
Outpatient |8wks; 50% MIP; progressing
5% per week up to 90% MIP

Pain; Transverse abdominus muscle
activation; FVC; FEV1

Cardiopulmonary Conditions

Adults with Covid-

Abodonya et | 19 respiratory Acute/

5 min; 2X/d0y; 5d/wk; 2wks;

QOL; 6MWT; Dyspnea severity

al (2021)32 failure, weaned critical care| 50% MIP index; FVC; FEV1
from MV
Palau et al Individuals with Outoatient 20 mins; 2x/day; daily; 12wks;| QOL, particularly for anxiety and
i
(2022)31 post-covid P 25-30% MIP, adjusted weekly |depression dimensions; peak VO2

© 2025 European Society of Medicine 6



Patient

Authors . Setting Intervention Improved Outcomes
Population
syndrome to maintain MIP
Adults aged 50-
5 sets of 6 breaths; 6d/wk;
Craighead et |79 with Outoatient 6\;:55 §5cy '\:\T: Sro rg;:ive SBP; DBP (slight); BP changes
al (2021)*23 | hypertension (SBP P ) ! ° i Prog sustained 6wks after treatment; MIP
increase to 75% MIP
>120)
Adults with COPD | Outpatient
Charususin et wi'r: i;sWIirq'ror UUIr::nI:rn 20 min; daily; 12wks; 50% Endurance cycling time; Dyspnea at
al (2018)*22 P 4 P 4 MIP; increased load as able isotime on cycle test; FVC; MIP
muscle weakness | rehab

Bosnak-Guclu
et al (2011)2¢

Adults with stable
HFrEF (NYHA Class
Il and )

Outpatient

30 min; daily; 6wks; 40% MIP;
adjusted weekly to maintain
MIP

BBS; 6MWT; Dyspnea (mMRC);
Depression (MADRS); Quadriceps
femoris isometric strength; MIP; MEP

Neurological Conditions

H tal Adults with Long term |3 sets of 15 breaths; daily; MIP; MEP; improvements after 5wks,
uang et a
(2028)5 multiple sclerosis | care 10wks; 30% MIP; adjusted additional improvements after
(EDSS = 6.5) facility weekly to maintain MIP 10wks
Martin-
Adults with 10 sets of 1 min training, 1 mi
Sanchez etal | C W Institution sets ob Tmin fraining, T M- cey,q . pEF. MIP; MEP
cerebral palsy rest; 5d/wk; 8wks; 40% MIP
(2024)7
b ‘ al Adults with chronic 15 min; 2x/day; 5d/wk; 4 or |NEADL; 6MWT; MIP; 8wks was
ogan et a
(20924)27 stroke (= 3 IRF 8wks; 50% MIP; adjusted better for those with weaker MIP at
months) weekly to maintain MIP baseline
Adults with
Pd”k,s W 30 min; 6d/wk; 12wks; 15%
arkinson’s
Inzelberg et al disease (Hoehn Outoatient MIP; increased by 5-10% to Perception of dyspnea; Inspiratory
i i
(2005)¢ viP 60% MIP at 4wk; adjusted muscle endurance; MIP
and Yahr stage |l L
monthly to maintain MIP
and 1ll)
15 min; 5d/wk; 4wks; 40%
S h Adults with
q::me:Sr ree pa:o;:lg'c (T1 IRE MIP; progressed completing 50 | 12MWAT; 6MPT; Dyspnea
U I = . . . ofe
(2020)28 T12; >3 months) breaths without difficulty for 3 |(modified BORG); MIP; MEP
days
Oncology
Oncology patients
Bargi et al s/p allogeneic . ) ) 6MWT; MSWT; Dyspnea (modified
tpatient ; daily; é6wks; 40% MIP
(2016)3 HSTC (>100 days | CUtPatient | 30 min; daily; Swks; 40% BORG); Depression; MIP; MEP
post-transplant)
Dahhal, End ling test; D
nduran n n ; n
Devoogdt, Stable patients Outoatient 30 breaths; 2x/day; daily; 12 ( :: ijeBOOI:z;C)I Rg e:s ! . yspned
utpatien modifie ; Respirator
and Langer with breast cancer P wks; 50% MIP muscle endurance: Mle Y
(2022)*29 !

* training device used was an electronic flow resistive training device

Abbreviations: d/wk — days/week; wks — weeks; MIP — Maximal Inspiratory Pressure; Ul — Urinary Incontinence; QOL —
Quality of Life; TUG — Timed Up and Go; 6MWT — 6 Minute Walk Test; IMST — Incremental Shuttle Walk Test; MEP —
Maximal Expiratory Pressure; m — meter; x/day — times per day; FVC — Forced Vital Capacity; FEV1 — Forced Expiratory

Volume in 1 second; MV — Mechanical Ventilation; min — minutes; VO2 — maximal volume of oxygen; SBP — Systolic Blood
Pressure; DBP — Diastolic Blood Pressure; BP — Blood Pressure; COPD — Chronic Obstructive Lung Disease; HFrEF — Heart
Failure with reduced Ejection Fraction; NYHA — New York Heart Association; mMRC — Modified Medical Research Council
dyspnea scale; MADRS — Montgomery Asberg Depression Rating Scale; EDSS — Expanded Disability Status Scale; PEF —

Peak Expiratory Flow; IRF — Inpatient Rehab Facility; NEADL — Nottingham Extended Activities of Daily Living Index;
12MWAT — 12 Minute Wheelchair Aerobic Test; 6MPT — 6 Minute Push Test; s/p — status post; HSTC — hematopoietic
stem cell transplant; MSWT — Modified Shuttle Walking Test
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Finally, it is noteworthy to mention that clinical practice
guidelines advocate for the use of IMT. The Physical
Therapist Clinical Practice Guideline for the management
of individuals with heart failure provides a strong
recommendation for prescription of IMT for individuals
with stable class Il or Il heart failure with reduced ejection
fraction based on robust, high-quality evidence that IMT
is beneficial for improving inspiratory muscle strength and
endurance, exercise tolerance, and quality of life.34

Training Inspiratory Muscles

The primary objective of IMT is to provide load or
resistance to the muscles of inspiration. This section will
review the types of IMT devices, considerations for
selecting an appropriate device to load the inspiratory
muscles as well as dosing recommendations to help
improve strength of the inspiratory muscles. As previously
discussed, IMT effectively enhances respiratory muscle
strength, and decreases the workload of breathing at rest
which translates into a reduction of symptoms and
improved function and movement.

TYPES OF INSPIRATORY MUSCLE TRAINING DEVICES
There are two categories of manual, handheld devices
used to strengthen inspiratory muscles. The first involves
loading inspiratory muscles based on flow resistance. This
type of resistance is attained by incrementally narrowing
the aperture through which air flows during inspiration,
synonymous to sipping through a straw where more effort
is required when the diameter of the straw is reduced.
Flow resistance inspiratory muscle training devices offer
varying levels of resistance to strengthen the inspiratory
muscles. Unfortunately, the amount of load provided
cannot be objectively measured as it depends on both the
size of the opening and the flow rate of air through the
device. When considering the example previously
mentioned, sipping very slowly through a straw of narrow
diameter triggers relatively less effort than sipping more
rapidly through a straw of equivalent diameter.

Clinicians may be familiar with one specific airflow
resistance device on the market named “The Breather”
manufactured by PN Medical. The device can be
adijusted to provide inspiratory and expiratory resistance
during continuous breathing in a model described by the
manufacturer as complete respiratory muscle training.
The device has six levels of resistance, however the
objective amount of resistance at each level is not
standardized and varies based on flow rate that is
directly impacted by the patient’s inspiratory and
expiratory effort. As an example, resistance at a
particular setting on the Breather ranges from 10-52 cm
H20 at a low flow rate of 30L/min, with a much larger
resistance range of 35-243 cm H20 provided at a higher
flow rate of 60L/min at the same respective resistance
settings.

The second category of inspiratory training devices that
are widely used and extensively investigated are
threshold pressure loading devices. With this device the
patient breathes in through a mouthpiece and a loaded
valve opens to allow airflow only when inspiratory force
is adequate to overcome the set resistance. Threshold
pressure loading devices offer specific and adjustable
resistance that can be increased incrementally at every
setting. Unlike the first category of inspiratory muscle
training devices that load muscles based on flow,
threshold pressure devices do not rely on the individual’s
effort during inspiration and thereby allow the clinician
to precisely measure the amount of resistance at each
setting.

When comparing the two categories of devices, it is
important to note that the threshold pressure devices are
proliferating in the market as they do not rely on a
patent’s inspiratory effort and are able to provide
objective levels of resistance. A study by Dietsch et al.
compared devices with expiratory resistance and
reported that the minimum trigger pressure to generate
a breath through The Breather was less than 6 cm H20,
even at the highest resistance setting.35 This finding
highlights the significant difference in function between
The Breather and threshold pressure devices. Most
research investigating IMT typically uses a handheld
threshold training device, where the patient inspires
through a mouthpiece and a loaded valve opens to allow
airflow only when inspiratory force is adequate to
overcome the set resistance.36 Conversely, research on the
Breather is relatively less and to our knowledge there is
no investigation that compares outcomes of The Breather
versus inspiratory training with threshold resistance. In
light of the benefit of objectively quantifying the
resistance offered with a pressure device along with the
research supporting its efficacy, the subsequent narrative
will focus on training inspiratory muscles using a handheld
threshold pressure device.

Selection of an Inspiratory Muscle Training Device

The first consideration when choosing a certain handheld
threshold pressure device involves choosing a device that
is inclusive of the desired resistance range based on the
client’s MIP. The device needs to offer adequate maximal
resistance that can meet the client’s needs as inspiratory
muscle strength improves. Studies investigating IMT have
incorporated a broad range of training resistance, most
commonly 30-80% MIP, with some specific protocols as
low as 15% MIP and some as high as 90% MIP.

The second consideration is the adjustability of the
handheld device, which encompasses both the number of
discrete resistance settings and the increment of change
when moving from one setting to the next. Devices with a
high number of resistance settings and relatively small
increment of change with each setting are desirable, as
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the client will have multiple options for setting the initial
resistance and can feasibly move between settings to
increase or decrease the resistance as desired. Consider,
for example, a client whose baseline MIP is around 50
cm H20. A device such as the PowerBreathe Classic (Light)
has nine resistance settings but only four options in the
appropriate resistance range: 10, 20, 30 or 40 cm H20,
representing 20%, 40%, 60% or 80% MIP respectively.
Conversely, the Big Breathe V-PEP/EMT, a device that
also has nine discrete settings, provides use of 7 of the 9
settings with resistance between 20 and 85% of MIP. In
this device only the lowest setting and highest setting fall
outside the appropriate resistance for this client, and it is
likely that the highest setting of 46 cm H20 (92% of
baseline MIP) could be used later as the client’s
inspiratory strength improved with training. Another
appropriate choice is the Aspire EMST 75 with inspiratory
adaptor, which can be adjusted to a much greater range
of values. Resistance on this device is set by first rotating
the dial to bring the marker in line with the desired initial
resistance. For our example patient with a MIP of 50 cm
H20, the starting point could be set at 15 cm H20
representing 30% of MIP. Once the marker has been set
close to desired initial resistance, fine adjustments can be
made to the training load where each quarter turn of the
dial clockwise or counterclockwise yields an increase or
decrease in resistance, in increments of 2.5-5 cm H20 (5-
10% MIP for this example).

The final consideration when choosing a device involves
an understanding of the pros and cons of each device
based on the client's unique priorities, including cost,
insurance coverage, design, and various additional
features. The Big Breathe V-PEP/IMT, for example,
combines inspiratory training and vibratory positive
expiratory pressure, a mechanism that aids in mobilizing
secretions from the airways. This device would not
provide adequate resistance for a client with a relatively
higher MIP but could be invaluable for a client whose
needs include inspiratory muscle training at a lower
resistance as well as airway clearance techniques. Other
devices, such as those manufactured by Aspire, can be
used for both inspiratory and expiratory muscle training,
which may be desirable for a client with expiratory
muscle weakness and impairments in speech or
swallowing. The PowerBreathe Plus IMT devices have an
associated mobile application for patients to track their
training and progress over time. This consideration can be
vital in maximizing adherence as empirical evidence
showcases that the benefits of IMT are diminished by
limited adherence to the prescribed intervention.37.38
Device selection should be individualized with the goal of
maximizing consistent use of the chosen device.3? Table 3
delineates the manufacturer specifications and key
characteristics of several commercially available
threshold resistance devices, designed for single-patient
use.

Table 3: Characteristics of Handheld Threshold Inspiratory Muscle Training Devices.

Brand Device Intensity Adjustability
. # of Settings or .
Brand Device Resistance range confinuous Increments of resistance
(em H20) ) . (em H20)
adjustability
Classic IMT Light 10-90 9 10
Classic IMT Medium 10-170 9 20
PowerBreathe Classic IMT Heavy 10-250 9 30
Plus IMT Light* 17-98 11 8-9
Plus IMT Medium* 23-186 11 16-17
Plus IMT Heavy* 29-274 11 24-25
Big Breathe V-PEP /IMT 7-46 9 4-5
(GH Innotek) S-IMT 16-100 9 8-13
IMT Low (Green) 12-93 10 8-12%*
BigBreathe IMT Middle (Blue) 19-174 10 13-20%*
IMT High (Red) 31-251 10 23-29%*
Aspire EMST 75 + |A 0-75 continuous 2.5-5 per quarter turn™*
EMST 150 + IA 24-150 continuous 3.75-7.5 per quarter turn

* indicates that the device can connect to a mobile application

** indicates that resistance increments are smaller at low end of resistance range and larger at high end of resistance

range

DOSING RECOMMENDATIONS

Published treatment protocols for IMT vary widely with
respect to intensity, frequency, duration or repetitions,
and overall length of the intervention. As IMT is a form of
resistance training, it is prudent to follow similar principles
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as those used in resistance training of the peripheral
muscles. In general, the total volume of work needs to be
assessed when attempting to increase or decrease the
dose of intervention. In order to quantify inspiratory
training volume across varying IMT protocols, Palermo et
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al. defined the variable “Work-%" as the total number
of weekly training breaths (repetitions x sets x sessions
per week) multiplied by the resistance (expressed as
%MIP).3% The resulting value is equivalent to the total
number of breaths at 100% resistance or full inspiratory
muscle capacity. Our recommendations for dosing reflect
adaptation of the American College of Sports Medicine
guidelines for peripheral strength training.4 With
guidelines for strengthening peripheral muscles in mind,
complemented by a review of the literature that has
investigated IMT, we propose using Work-% to create
categories of low, moderate, or high inspiratory muscle
training volume.

Our recommended initial dose for IMT prescription is the
moderate training volume category, depicted in Figure 3.
Clinicians and patients can work collaboratively to select
the specific resistance, repetitions, sets, and treatment
frequency alongside resistance dosed at a percentage of
the MIP, that place the patient in a moderate level of IMT.

As an example, all four of the following prescriptions

result in a similar amount of weekly inspiratory work:

e 80% MIP x 5 repetitions x 5 sets x 2 sessions/week
= 40 (equivalent full-capacity breaths per week)

e 50% MIP x 8 repetitions x 3 sets x 3 sessions/week

=45

e 30% MIP x 15 repetitions x 3 sets x 3 sessions/week
= 40.5

e 30% MIP x 10 repetitions x 3 sets x 5 sessions/week
=45

These examples illustrate use of our guidelines to achieve
moderate training volume in a variety of scenarios. A
higher resistance, for example, can allow a client to
reduce repetitions and treatment frequency. This
approach is synonymous to short bouts of higher intensity
aerobic exercise (running) achieving similar total aerobic
exercise volume compared to longer bouts of moderate
aerobic exercise (walking).

High Volume

h'd 3
Reasons to T volume:

Increase 1 or more variables:

Resistance: up to 80-90% MIP volume
Repetitions: 30 breaths or
continuous breathing for time
Sets: up to 5-6
Frequency: up to twice daily

» Client shows inspiratory
strength improvement
+ Client can tolerate higher

» Goal is for athletic
performance

+ Goal is to gain strength
rapidly

START: Moderate Volume

Resistance: 50-60% MIP
Older adults/untrained: 30-50% MIP
Athletes/trained: 60-80% MIP
RPE range: 12-14

Repetitions: 8-12
Older adults/untrained: 15-25
Athletes/trained: 5-6
Sets: 3-5

Frequency: 2-5x/week

Reassess and Modify

Reassess MIP at least once every 2
weeks and adjust device settings to
maintain or increase resistance as
desired

Low Volume

Yl N\
Reasons to l volume:
« RPE is too high

\

Decrease 1 or more variables:

Resistance: 15-30% MIP condition
Repetitions: 5-6 « Goal is maintenance of
Sets: 2-3 strength
Frequency: 2-3x/week » Goal of IMT is for long-

» Client cannot tolerate
current training volume
» Decline in hea

term overall health

Figure 3: Dosing Recommendations for Inspiratory Muscle Training

Figure 3 also provides considerations for titrating
intensity to a higher or lower training volume. Lowering
training volume may be necessary in scenarios where the
load is inappropriately high. Conditions when training
volume needs to be reduced include clients that have
experienced a decline in overall health or an
exacerbation of a chronic health condition, or when the

clinicion observes that the client is unable to tolerate the
training as prescribed. Signs and symptoms of intolerance
could include excessive use of the accessory muscles of
breathing, moderate to severe dyspnea that does not
resolve within a few minutes after stopping exercise, a
rating of perceived exertion much higher than expected
for a given exercise intensity, or symptoms of dizziness or
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lightheadedness. Training can be titrated to a lower
volume by decreasing one or more of the variables
included in Work-%, as appropriate for the patient. The
ranges shown in figure 3 represent the lowest values for
resistance, repetitions, sets and frequency that have been
reported in various IMT protocols. It is important to note
that each variable does not need to be reduced, but
rather adjusted in a way that ensures the overall volume
represented as Work-% is reduced.

Alternatively, there are indications to increase the volume
of inspiratory training. A client who engages in IMT,
tolerates the treatment well, and finds improvement may
wish to increase the weekly training load with
progressively greater resistance. For athletes seeking
performance enhancement, Shei and colleagues suggest
that the training principle of periodization, where
purposeful variation of training load during defined time
periods could be applied to IMT, just as periodization is
used with other types of exercise interventions.4! High-
volume IMT with moderate to high resistance and a
frequency of up to twice daily has been shown to benefit
individuals who are recovering after an abrupt change in
inspiratory muscle strength due to a variety of medical
conditions such as cardiothoracic surgery or acute
respiratory failure.#4243 In each of these patient
populations, utilizing a higher volume of training was
shown to achieve more rapid gains in inspiratory muscle
strength over a shorter time period.

Finally, re-assessment is an integral component of dosing
IMT. The strength of inspiratory muscles can change as
quickly as two weeks after initiating IMT.43 For this
reason, we recommend re-assessment of MIP at least
once every two weeks, to ensure that resistance can be
adjusted appropriately to provide the necessary intensity
as the client improves.

ALTERNATIVE APPROACHES

While the best evidence supports the use of an
inspiratory muscle training device, not all clinicians may
have access to these devices. For clinicians or patients
who are unable to access an inspiratory muscle trainer,
there may be value for achieving benefits of IMT with
alternative methods of loading the respiratory muscles.

The full scope of the options for inspiratory muscle
training without a device is beyond the scope of this
paper. Nevertheless, some examples include the use of
weighted diaphragmatic breathing in supine or resisted
chest expansion with a TheraBand in any position to add
load on the muscles of respiration. Alternatively, a
weighted vest can also add increased load to the
respiratory muscles. It may be valuable to note that a
weighted vest has the potential to not only load the
inspiratory muscles but also increase cardiovascular
intensity. In all these examples, it is important to be
mindful that these alternative methods do not allow the
clinician to objectively quantify the load provided to the
inspiratory muscle.

Holistic Health Optimization

Physical therapists are challenged to move beyond
disease-specific interventions for isolated conditions and
consider utilizing interventions that are likely to improve
holistic health and wellbeing in their patients and clients.
Furthermore, physical therapists treat increasingly
complex patients who present with impairments in
multiple interconnected facets of the movement system.
The American Geriatric Society defines multicomplexity
as the intricate and interconnected health challenges
often faced by older adults.44 Older adults are not only
faced with their primary medical condition but also the
combined and interactive effects of multiple other chronic
diseases, functional limitations, and possible cognitive
impairments. One such holistic intervention is IMT, which
has shown to be beneficial in improving outcomes for a
variety of patient populations.21.223041.43  Figure 4
depicts the holistic impact of IMT. At the center, IMT
contributes to core strength and stability. Strengthening
inspiratory muscles not only assists with breathing but also
plays key roles in postural control, maintaining trunk
stability, improving speech, and bladder control.24 Figure
4 showcases the benefits of IMT across several
populations, from athletes to older adults, individuals with
post-covid syndrome, persons living with chronic
conditions including heart failure, obstructive lung
disease, neurodegenerative disorders, as well as
improving outcomes in people with urinary incontinence
and low back pain.

© 2025 European Society of Medicine 1
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Figure 4: Holistic Impact of Inspiratory Muscle Training

In addition to improving outcomes in people with various
health conditions, IMT has also been shown to have
significant impact on health promotion, wellness, and
endurance. For example, just 20-25 minutes per week for
at least six weeks of properly dosed IMT has been shown
to be as effective for lowering both systolic and diastolic
blood pressure as pharmaceutical management.23 |t is
worthy to note that this benefit of blood pressure
reduction with IMT is larger than the benefit seen with
lifestyle interventions of exercise and dietary changes
and requires a lower overall time commitment. Further,
IMT in athletes has been shown to improve peak oxygen
uptake and overall exercise capacity.454¢ This evidence
demonstrates that IMT is an intervention that is easy to
use and has the potential to positively impact overall
health and wellness across all populations and throughout
the aging process.

Safety Considerations

Inspiratory muscle training has been shown to be safe in
a variety of patient populations and settings, including
patients with critical illness.4”-4? Nevertheless, it is prudent
to consider situations that could be affected by the
changes in force and pressure throughout the upper
airways, thorax and abdomen during IMT. A review of
the literature depicts a variety of precautions but no strict
contraindications for wusing IMT in clinical practice.
Following review of the literature, we recommend that
clinicians carefully consider the appropriateness,
expected benefits and potential risks of IMT for
individuals with the following conditions: spontaneous
pneumothorax; burst eardrum or other middle ear
pathologies; large bullae in the lungs; severe
osteoporosis with history of rib fractures; upper airway
mass/stenosis; heart failure with significantly elevated
left ventricular end diastolic pressure; hemodynamic
instability; epistaxis; recent trauma to the mouth or face;

?2; Multiple
B9 Sclerosis

® Low Back
—7' Pain

Urinary
AT /s Incontinence

unmanaged chronic cardiopulmonary conditions; and
recent surgery to the abdomen, lungs, esophagus, head
or neck.5051 Further, it may be prudent to recommend
clients who are experiencing an acute cold, sinusitis or
respiratory tract infection pause their inspiratory training
program until the condition has resolved. Additionally, it
is imperative to routinely assess each client’s response to
inspiratory training and modify or terminate the
intervention when necessary. Clinicians must be
particularly alert for worsening signs and symptoms of
heart failure, oxygen desaturation, and declining
performance of the inspiratory muscles, both during and
after training.5° In order to maximize safety and
efficacy, individuals should first perform IMT under the
supervision of a skilled clinician and should not perform
unsupervised IMT until they have received education on
expected and unexpected responses to the intervention.
Lastly, patients need to be educated on reviewing
manufacturer recommendations for cleaning and
sanitizing the devices to reduce the possibility of
infections.

Conclusion

This perspective paper guides physical therapists on
explicit ways to apply and integrate the evidence on IMT
into daily patient care. Through discussion of the
underpinnings of each aspect of the BREATHS framework
and its application to practice, clinicians can appreciate
the power of IMT in maximizing overall health and
wellness. Our hope is that this novel BREATHS paradigm
will challenge clinicians to think beyond routine treatment
and be inspired to incorporate inspiratory muscle training
in the holistic management of patients across the
continuum of care.

Conflict of Interest: None declared
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