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Abstract

Respiratory muscle strength is an essential part of respiratory system evaluation as the process of ventilation
eventually depends on the muscles of respiration. Aging reduces the muscle mass commonly referred to as
‘sarcopenia’. Thus, the middle-aged population goes under a sequential change of thoracic cages that affects the
respiratory system. There are various tools available for assessment of the strength of these respiratory muscles.
However, the feasibility of applying these tools is limited by their availability in various clinical settings, which poses a
significant drawback when assessing their effectiveness. The reference equations on the other hand which address
this issue are available to assess the respiratory muscle strength (RMS) using the maximal mouth pressures as
maximum inspiratory pressure (MIP) and maximum expiratory pressure (MEP). The MIP and MEP are calculated on
the basis of individual’s age, height and weight. The present study thus applied the available equation to assess the
RMS which included 200 volunteers (100 males and 100 female) with mean age was of 56.67+ 6.89 and 58.45+ 6.85
for males and females with the average height was of 167.18 + 3.99 and 159.3 + 2.74 with the weight of 69.14 * 3.37
and 60.30 * 4.08 respectively. The BMI of the study cohort was 24.26+0.70 kg/m2. The mean MIP for males is 93.63 *
4.84 and mean MEP is 84.84 + 4.78 while in females the mean MIP was 69.84 + 2.85 and mean MEP was 63.46 * 2.86.
The equations can further be utilized for identifying individual’s cut off respiratory pressure for evaluating
respiratory muscle weakness. It can significantly be of much importance while diagnosing neurologically affected
patients for their RMS as it gives an individual’s limit for inspiratory as well as expiratory muscle strength.
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Introduction

Respiratory muscle strength remains an essential
part of respiratory system evaluation as the
process of ventilation fundamentally relies on the
muscles of respiration. When the respiratory
muscles become weak the process of ventilation is
adversely affected. This weakness of muscles can
be multifactorial where the leading cause is aging.
Ageing leads to decrease in the muscle mass
which is commonly termed as ‘sarcopenia’ (1).
Particularly when this occurs for the muscles of
respiratory system, it is known as ‘respiratory
sarcopenia’. This condition can lead to a cascade
of events. Such as increased work of breathing
followed by difficulty in breathing and can
progress to respiratory failure (2). This highlights
the importance of the evaluation of respiratory
muscle strength which is often overlooked
compared to any other muscles. The focus while
evaluating the respiratory system is always on the
functions rather than the strength of the muscles.

However, in particular disorders like COPD,
MND’S, other neurological and respiratory
diseases diagnosing the reduced functional
capacity of the lungs is essential, but identifying
the underlying cause is also equally important.
This could stem from muscular weakness or
abnormalities in the thoracic cage, both of which
can significantly impact respiratory function. (3-
5). The evaluation of respiratory system includes
variety of invasive and some non-invasive tests
which includes pulmonary functions: FEV1, Peak
Flow Rates, Voluntary Cough Ability, Maximum
inspiratory  pressure, expiratory
pressures, Sniff pressures, Trans diaphragmatic
pressures, Breath hold time, etc. Maximal mouth

maximum

pressures are an essential indicator for changes in
the pulmonary functions and mechanics. The most
widely used methods of evaluation of pulmonary
functions are the PFT’s where the reduction in
lung volumes, altered flow rates are all even
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dependent upon the changes in the thoracic
pressure generated by the muscles of respiration
which is mostly neglected in routine evaluation.
Though it is an important OPD assessing tool for
prescribing exercises to the patient having age
related disease like cardiac or neurological
involvement as well as the bedside assessment
procedure for the patients in the ICU before
weaning them from ventilators. The patients with
dyspnoea, failure of the respiratory system,
neurological affections like cerebrovascular
accident, GBS, TBI, SCI and others have altered
strength of the respiratory muscle (6). MIP
(maximal inspiratory pressure); is for measuring
the inspiratory muscle strength as it is measured
when the individual actively draws in air starting
from the MEP
(maximum expiratory pressure) is the phase that
starts from the inspiratory capacity of the patient
and continues towards the total lung capacity.
Here, MIP is dependent on the negative thoracic
pressure generated while the MEP is comparable
to the elastic recoil of the alveoli followed by the
force generated by the expiratory muscles too (7).
The measurement of RMS depend upon multiple
factors such as proper positioning of the patients
as well as the measuring device, the second
important factor
assessing which is multifactorial such as the
perception of the procedure, the motivation while
performing and the most important aspect is the

residual volume. Likewise

is the performance while

accuracy and reliability of the device used for the
assessment of the respiratory muscle strength (8).
Several standardized tools are available for
assessing respiratory strength,
particularly measured through maximal mouth
pressures during both inspiratory and expiratory

muscle

phase. The Micro RPM digital device, widely used
for this purpose, offers accurate measurements
but is often prohibitively expensive. As a result,
many researchers have developed cost-effective
and easily accessible diagnostic tools using
manometers. However, these alternatives remain
relatively unknown to clinicians, and as a result,
the diagnosis of respiratory muscle strength
continues to be neglected, despite its critical
importance in patient care. These tests of
respiratory muscle strength are instrument based
and can be subjected to errors which could be due
to machine or manual faults. It can-even be due to
faulty techniques of measurement. Thus, there is
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an alternative to assess this strength of
respiratory muscles which are based on the
characteristics of an individual such as age, height,
weight, etc. Which is a non-instrumental
approach eliminating the possibilities of errors.
These equations are applicable worldwide with a
minimal difference in the characteristics included
for evaluation of the strength for instance; some
studies in Korean population where equation was
proposed to strength
included the handgrip strength of an individual as
a parameter besides height and weight (9, 10).
Every country has variability in the equations as
well as respiratory muscle strength of their
population (11, 12). There are studies suggesting
of various equations to measure this strength of
respiratory muscles which have variability.
Similarly, an equation was even specifically
proposed for calculating the maximum
inspiratory pressure (MIP) and maximum
expiratory pressure (MEP) in Indian population
(11). This respiratory muscle strength in terms of
maximal respiratory pressures often remains
undiagnosed due to lack of knowledge of its
diagnostic tools. Universally as the literature
suggests there are many (over more than fifty)
reference equations proposed to identify the
respiratory muscle strength. The impact of the
equation used in assessing the strength of
respiratory muscles plays a major role as the
differences in prevalence of the weakness of these

measure respiratory

muscles ranges somewhere between 33-67
percentages (13). The present study thus aimed to
assess applicability of the equation for evaluation
of the respiratory muscle strength in one of the
cities of India; so as to identify the usefulness of
the equation proposed to diagnose the respiratory
muscle weakness and propose an alternative tool
while diagnosing the respiratory muscle strength

in middle aged population.

Methodology
Study Design

This observational study was conducted post
obtaining ethical clearance from the institutional
ethics committee. The study was then registered
with the CTRI with no: CTRI/2024/01/061911. A
written as well as an informed consent was
obtained from all participants while they were
thoroughly informed about the use of their
personal characteristics to identify the strength of
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respiratory muscles. An importance of measuring
the maximal respiratory pressures was explained
to all the volunteers. The study was conducted
from February 2024 till April 2024.
Participants

The participants who were healthy and were
undiagnosed with any disease or underlying
pathological condition, and even not receiving any
treatment were enrolled for evaluation. The
participants were all non-smokers. The subjects
with any neurological, respiratory, thoracic
abnormalities, acute cold or flu symptoms, the
ones who demonstrated unwillingness, were all
excluded from the study. The study cohort
consisted of 200 participants, which were further
divided into two groups separating males and
females where each group consisted of 100
participants. All the volunteers were middle aged
between 45-65 years. The personal details were
assessed like age, weight and height for BMI
calculation. A detailed history was
pertaining to personal and medical conditions
through a written questionnaire.
Anthropometric Measurement

The weight was measured wearing light clothes
on the weighing scale and the height was
evaluated barefoot with a wall fixed stadiometer.
The BMI was calculated in kg/m? to include only
the subjects who were with normal BMI.
Material Applicability

The maximal respiratory pressures were then
evaluated in males and females separately using
the equation (13). For males, MIP was measured

taken

using the following equation, MIP: 139.06 -Age
Table 1: Demographic Details of Volunteers
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(0.694) - Height (0.115) + Weight (0.190).
Similarly, MEP was measured using the following:
MEP: 170.59 - Age (0.627) - Height (0.443) +
Weight (0.345). Females were evaluated for MIP
with the formula as follows: MIP: 108.267- Age
(0.406) - Height (0.191) + Weight (0.261).
Likewise for measuring MEP the equation applied
was MEP: 57.310 - Age (0.394) + Height (0.095) +
Weight (0.233). For Dbetter
measurements were recalculated by a second
therapist who was blinded to the previous results.
Further, we used SPSS 20 (SPSS, Inc., Chicago, IL,
USA) for the statistical analysis. All data was
expressed as mean * standard deviation.

results the

Results

The total of 200 volunteers (100 males and 100
female) were evaluated. The mean age was 56.67+
6.89 years for males and 58.45+ 6.85 years for
females. The average height of the males was
167.18 £ 3.99 and that of the females was 159.3 =
2.74, measured in centimetres. The mean weight
of the males was 69.14 * 3.37 kg and 60.30 * 4.08
kgs for the females. The mean BMI of the study
cohort was 24.26+0.70 kg/m? (Table 1). The mean
maximal inspiratory pressure for males is 93.63 +
4.84 and maximal expiratory pressure is 84.84 *
4.78 while the maximal inspiratory and expiratory
pressures in females were 69.84 * 2. 85 and 63.46
+ 2.86 respectively. (Table 2). The present study
identified a negative correlation between age; the
most influential variable in the respiratory muscle
strength evaluation equation, and maximal
respiratory pressures (MIP and MEP) (TABLE 3).

N Mean Standard Deviation
AGE Males 100 56.67 6.89
(years) Females 100 58.45 6.85
HEIGHT (centimetres) Males 100 167.18 3.99
Females 100 159.3 2.74
WEIGHT Males 100 69.14 3.37
(kilograms) Females 100 60.30 4.08
Body Mass Index (BMI) Males 100 24.76 1.44
(kg/m?) Females 100 23.76 1.57
Table 2: Maximal Respiratory Pressures
N Mean Inspiratory Mean Expiratory Pressure
Pressure (MIP) (MEP)
Males 100 93.63 + 4.84 84.84 + 4.78
Females 100 69.84 £ 2.85 63.46 + 2.86

MIP and MEP are expressed as cmH,0
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Table 3: Correlation of Age and Respiratory Pressure
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MIP MEP
Pearson’s correlation -.350™ -.354"
Sign. (2-tailed) 0.000 0.000
AGE N 200 200
Discussion in the present study was 69.84 while it was 73.92

There is various research conducted on proposing
equation to identify the respiratory muscle
strength (10-14). This study represents the first
application of the equation to measure the
maximal respiratory pressures to identify the
respiratory muscle strength in middle aged males
and females where the weakness of respiratory
muscles can lead to comorbidities. The studies
that proposed the reference equations
evaluation of these maximal respiratory pressures
were all dependent primarily on the age of the
subject. This is observed in the present study too
which shows a negative correlation of age and the
maximal pressure. This could be due to the
change in the muscle mass as age advance which
is initially referred to as sarcopenia. The maximal
respiratory pressures are observed to be low as
age advances which were even assessed by Maciel
M et al, and colleagues in their study (15). Age
which is the most dependent as well as the
influencer variable shows a negative correlation
with MIP and MEP. This possibly could be due to
with
increasing age in men, with muscle mass often
converting to fat mass. However, in females,
overall strength may not be solely influenced by
age (16, 17). The second major dependent factor
influencing maximal respiratory pressure was the

for

muscle mass and strength decrease

BMI. Some studies found a correlation between
BMI and MIP as well as with MEP (12). While the
studies conducted in India showed the higher
correlation of maximal respiratory pressures
directly with the height and weight parameters
(13). It is known that the weight has a direct effect
on the diaphragm which could reduce
efficiency leading to reduce respiratory functions.
Various studies have shown variability in the
outcomes depending upon the region studied.
Thus, our study followed the equation which was

its

region specific and dependent on age, height and
weight of an individual. The results were similar
consistent to those published in the literature.
MIP in the present study for males was 93.63
compared to 96.16 in the literature and MEP was
84.84 while reported was 88.9. For females, MIP
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in the published literature and MEP was 63.46
compared to 66.67 published in the literature
(18). Our present study indicated
maximal respiratory pressures which could be
due to the difference in individual’s personal
characteristics. Thus, the equation can be
effectively used to identify the respiratory muscle
weakness considering these factors.

reduced

Conclusion

The equation used in the present study to
evaluate the maximal respiratory pressure is a
reliable tool for diagnosing respiratory muscle
strength of an individual. The equation can
further be used for identifying individual’s cut off
respiratory pressure for evaluation of respiratory
muscle weakness. This equation can be valuable
and of much significance while diagnosing
neurologically affected patients for their
respiratory muscle strength as it gives an
individual’s cut-off limit for inspiratory as well as
expiratory muscle strength.

Future Recommendation

This equation can be applied to other age-groups
to identify their respiratory muscle strength and
even to various geographical locations. The effect
of physical activity level should also be observed
while evaluating the respiratory muscle strength.
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