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Abstract

Background: Maximum Inspiratory Pressure (MIP) measures inspiratory force generated by respiratory muscles.
MIP is measured with a non-invasive pressure transducer device which has a mouthpiece, pressure gauge, and
dial showing readings. Respiratory muscle weakness is a common sign depicted in conditions like neuromuscular
disorders, cardiovascular disease, and other respiratory pathologies which affect the individual’s lung volume and
capacity. The devices available in the market to measure the MIP are costly. Aim: This study was undertaken to find
out inter-rater and intra-rater reliability and validity of the therapist made an instrument in rural set up to measure
maximum inspiratory pressure (DMIPD). Method: This cross-sectional study was carried out in 40 normal healthy
individuals without lung diseases were recruited as per inclusion criteria. MIP values were noted by two raters using
the DMIPD and were then compared between two rater values to that of the gold standard values. Validity and
reliability were calculated using interclass correlation coefficients (ICC) and p-value. Result: Statistical analysis for
inter-rater reliability by Kappa using SPSS 1.000 showing almost perfect agreement as per Kappa interpretation also
for intra-rater analysis an ICC value of 0.96 depicting excellent validity and Cronbach alpha value of 0.97 thereby
proving it to have excellent reliability. Conclusion: We conclude that DMIPD has excellent reliability and validity.
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Introduction

M

aximum Inspiratory Pressure (MIP) is the
most widely used non-invasive method of
diagnosing inspiratory muscle weakness
[1]. MIP is a valid and reliable method, as proven by
many studies for the measurement of respiratory
muscle strength. MIP measurements were taken
from Residual Volume (RV) or Functional Residual
Capacity (FRC) [1-4]. MIP instrument is portable
and easy to administer in all ages and gender.
The main advantage of this method is that it

can be used in any patient who can understand
and follow the command. In order to understand
the severity of strength impairment in patients
with chronic pulmonary diseases along with
many different conditions like chronic kidney
disease (CKD), Heart failure, Cerebrovascular
accident patients (CVA), MIP device can be used
for assessment of MIP without any harm to
the patient [4-7]. MIP reflects not only the level
of functioning of the lungs but also the elastic
recoiling property of the lungs and chest wall as
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well [8]. In the market the established devices
which are available like MICRORPM respiratory
muscle testing device is cost around $1,263 [9]..
As the tools are not cost-efficient, we designed a
therapist made cost-efficient MIP device (DMIPD).
To ensure that the device we created generates
accurate results as that of the available standard
device, the aim of the study was to find out the
validity and reliability of this device.

shown in figure two. The therapists were blinded
for readings. The readings from two raters then
compared between two rater values to that of the
gold standard values. Validity and reliability were
measured using interclass correlation coefficients
(ICC) and p-value.
Study Flow Chart:
Screened as per
inclusion criteria (n=50)

Material And Methodology
Ethics approval: Ethical approval was obtained
from the institutional ethical committee of our
institute
Inclusion criteria: Participants are between the
age group of 20-60 years. Participants who selfreported as healthy individuals without known
lung disease and gave written informed consent
for the study with the willingness to participate
were recruited for the study.
Exclusion criteria: Participants with chronic
diagnosed respiratory or cardiovascular diseases,
neurological
diseases,
and
psychological
problems, unable to understand instructions,
and those who were unable to complete the test
were excluded from the study.
Sample size: Fifty participants selected from
the community for participation in the study, a
total of 10 participants, could not complete the
study, the reason being five participants unable
to understand, and while five were unable to
complete the test.
Sampling method: Recruited using purposive
sampling
Methodology: Participants were instructed in a
quiet room for a better understanding of the testing
procedure. The participants were in an upright
sitting position on a chair with back support and
foot resting on the ground, as shown in figure
one. The procedure for performing the test was
demonstrated by the therapist to all participants
in the language best understood by them. The
participants were asked to take a deep breath
through the mouthpiece and hold for 1 sec. Three
readings were taken with a 5min interval between
each reading. MIP values were noted twice each
by two raters using the self-made cost-effective
hand-held vacuum manometer instrument
(DMIPD) with an interval of 5min between each
measurement. The same procedure was repeated
on the second day with the second therapist
after an interval of 24hr from the first reading
was taken. The DMIPD consists of a vacuum
manometer with a flexible tube attached to the
mouthpiece. The manometer consisted of an
83cm long connecting tube between the analogue
dial and 5cm stainless steel mouthpiece, as
Int. j. clin. biomed. res. 2020;6(3):13-17.

Excluded unable to
understand procedure and
complete test (n=10)
Participants included
(n=40)

Maximum
inspiratory
pressure measured by both
raters (n=40)

Data statistically
analysed (n=40)

Statistical analysis: Analysis was done with
SPSS software for inter-rater reliability by Kappa
method, Chronbach’s Alpha values were obtained
for reliability; Intra-rater analysis was done by
using ICC value. Kappa result is interpreted as
follows: values ≤ 0 as indicating no agreement
and 0.01–0.20 as none to slight, 0.21–0.40
as fair, 0.41– 0.60 as moderate, 0.61–0.80 as
substantial, and 0.81–1.00 as almost perfect
agreement. In the present study, the significance
level was set at 0.005. Statistical analysis shows
for inter-rater reliability by Kappa using SPSS
1.000 showing almost perfect agreement as per
Kappa interpretation [10,11].

Results
Table 1 summarizes the Intra-rater analysis of the
ICC value of 0.96 depicting excellent validity and
Cronbach alpha value of 0.97; thereby proving
the DMIPD to have excellent reliability.
Table 1: Reliability statistics
Chronbach’s
Alpha

Chronbach’s
Alpha Based on
standardized items

Number
of items

.971

.973

4

Table 2. summarizes the analysis of ICC value;
we found ICC 0.986 and p-value 0.000, which is
significant.
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Table 2. Interclass correlation coefficient
Interclass

95% confidence interval

value

df1

df2

Sig

correlationb

Lower bound

Upper bound

Single measures

.885a

.820

.931

34.194

39

117

.000

Average measures

.968

.948

.982

34.194

39

117

.000

c

Note: Two-way effects model where people’s effects are random and measure effects are fixed. aThe
estimator is the same, whether the interaction effects is present or not. bType A interclass correlation
coefficients using an absolute agreement definition. cThis estimate is computed assuming the
interaction effect is absent because it is not estimable otherwise.

Fig 1. ICC for Rater 1

Fig 3. Intra Rater Reliability

Discussion

Fig 2. ICC for Rater 2
Figure 1 shows all values assessed by Rater One are close to
each other hence showing more excellent ICC.
Figure 2 shows all values assessed by Rater. Two are close to
each other hence showing more excellent ICC.
Figure 3 shows all values assessed by both the Raters for
Intra Rater Reliability are near to each other, establishing
excellent rater reliability.

Int. j. clin. biomed. res. 2020;6(3):13-17.

This study was aimed at evaluating Interrater, Intra-rater reliability, and Validity of
DMIPD for measuring the Maximum Inspiratory
Pressure (MIP). MIP is the easiest, reliable, noninvasive, simple way to measure the strength
of respiratory muscle from which the therapist
or clinician gets an idea about the affection of
pulmonary functions [12]. For Inter and Intrarater reliability, the MIP readings were taken
and compared with standard values [13-16].
ICC values were also analyzed for the validity
of the instrument. As per interpretation of ICC
value done by Koo TK et al. in a study titled “A
guideline of selecting and reporting interclass
correlation coefficients for reliability research,”
an ICC value higher than 0.90 indicate excellent
reliability [17]. DMIPD measures the maximal
inspiratory pressure in a similar way; the
established MIP device measures the maximum
inspiratory pressure. These findings are verified
with statistical analysis of the data. In a study
done by Torres-Castro R et al. on an agreement
between clinical and nonclinical digital
manometer for assessing maximal respiratory
pressures in healthy subjects, mentions that in
most low and middle-income countries, electronic
transducer or digital manometers are not widely
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used because the cost is a major limiting factor
for the use of digital devices in many regions
[18]. He further analyzed industrial nonclinical
manometer with commercial clinically-validated
manometer to determine the degree of agreement
between two hand-held digital manometers and
concluded that nonclinical digital manometers
could accurately measure maximal respiratory
pressure, as demonstrated in healthy individuals
with a parallel measurement approach.
As evidence suggests, industrial instruments
can be used for clinical diagnosis as they can
be readily available at low cost. Instruments
can be validated to minimize errors during
assessments, and reliability should be assessed
for internal consistency to ensure the accuracy
of readings [19]. Clinical devices available for
diagnosis are expensive, and the use of these
devices depends on the availability and the cost
of the instruments. We can use industrial devices
which are cost-efficient and can be validated for
medical diagnostic purpose. The DMIPD made
with a hand-held portable Vacuum manometer
is calibrated as per industrial standards and
has readings displayed in mmHg, which is costeffective (Rs.400/- INR). This MIP device is a
good measure of Maximum inspiratory pressure,
but its measurement also depends on the
understanding of the individual and skills of the
therapist or clinician to carry out the test. The
efficacy of the test totally depends on the skills of
the therapist to administer the test, knowledge,
and understanding of the subject/patient about
the test. In the present study, data analyzed for
rater reliability and validity has found that the
device has excellent reliability and validity; it is
cost-effective and can be used in any setup.

Conclusion
The hand-held portable DMIPD device has
excellent reliability and validity. It is costeffective can be used in any community setup
to measure the Maximum Inspiratory Pressure.
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