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Abstract

Study aim: POWERbDreathe® S-Index Test is an accessible and functional evaluation of inspiratory muscle strength. The main
purpose of this study is to present guidelines that allow to successfully apply the test in sports settings with high accuracy,
robustness, and repeatability.

Material and methods: Review of available literature and professional guidelines regarding traditional spirometry testing and
POWERbreathe® trainers’ application was performed. The obtained information was summarized, analyzed, and interpreted to
create POWERDreathe® S-Index Test guidelines and recommendations for practitioners. POWERbreathe® K4 and K5 (POW-
ERbreathe International Ltd., Southam, UK) devices paired with Breathe-Link Live Feedback Software (POWERDbreathe Inter-
national Ltd., Southam, UK) were considered during the analysis and guidelines creation.

Results: We recommend performing POWERbreathe® S-Index Test with 8 forceful and dynamic inspiratory maneuvers from
residual volume to full inspiratory capacity, divided into 2—3 series of 2—3 maneuvers, in a standing position, after respiratory
warm-up.

Conclusion: POWERDbreathe® S-Index Test may be a useful tool to measure functional inspiratory muscle strength in athletes.
When performed with the presented guidelines, it can be successfully applied in sports settings with high accuracy, robustness,
and repeatability.
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Introduction

In the last few decades, a significant amount of evi-
dence indicating the importance of inspiratory strength and
fatigue resistance in athletic performance has emerged.
Systematic literature reviews have found that respiratory
muscle training (RMT) can improve endurance perform-
ance and pulmonary function [3, 4].

In order to tailor the training program to their indi-
vidual needs and abilities, it is recommended to evaluate
an athlete’s inspiratory muscle strength and endurance, as
well as their pulmonary function, prior to considering the
introduction of RMT protocol. Maximal Inspiratory Pres-
sure (MIP) is a widely used traditional spirometry measure
of inspiratory muscle strength. However, in many coun-
tries, spirometry testing is considered a medical examina-
tion and is subject to specific regulations that restrict it to
specialized medical professionals only. Moreover, MIP is
based on static effort and may be considered an isometric

measure. Therefore, to evaluate the maximum inspiratory
pressure in a sports settings we recommend S-Index Test,
which is a recently introduced tool developed by POWER-
breathe® (POWERbreathe International Ltd., Southam,
UK). S-Index Test is based on maximum, forceful inspira-
tions performed from residual volume to full inspiratory
capacity. Since S-Index Test uses dynamic maneuvers,
therefore we speculate that it may be a more specific and
functional assessment in athletes than traditional static
spirometry measures. Moreover, it can be performed with
mobile, handheld devices, and to our knowledge there are
no formal restrictions regarding practitioners’ qualifica-
tions. S-Index Test performed with POWERbreathe® de-
vices has been appropriately validated [1, 5, 7]. Test-to-
test and day-to-day reliability has been found excellent [7]
and it allows to evaluate the inspiratory strength in both
healthy individuals and patients [1, 5].

The traditional spirometry examination follows estab-
lished guidelines developed by expert groups, enabling
consistentand comparable results. While POWERbreathe®
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offers basic instructions on how to conduct an S-Index
Test, there are currently no comprehensive and detailed
guidelines that address the testing methodology. There-
fore, based on available literature and vast practical expe-
rience we propose the following approach to performing
S-Index Tests. The rationale behind described choices is
provided.

Equipment and conditions

Many POWERbDreathe® devices are equipped with
testing options, however as of today only POWER-
breathe® K4 and POWERbreathe® K5 devices allow to
perform S-Index Test with Breathe-Link Live Feedback
Software. The software allows to perform multiple breath-
ing maneuvers in one session and observe breathing char-
acteristics in real-time on a computer or tablet screen, due
to the 500 Hz frequency of pressure and flow processing.
Therefore we recommend POWERbreathe® K-series de-
vices with paired software, connected to a computer or
tablet screen as standard test setting. The subject should be
able to see the screen and observe ongoing breathing per-
formance during warm-up and proper test, which allows
to adjustment of breathing characteristics to maximize the
test result. A default load of 3 cmH, 0O, preset by the manu-
facturer, should be used. S-Index is measured with £3%
accuracy and displayed in 0-240 cmH,O range.

BREATHELINK

Both high and low temperatures are associated with
decrements in pulmonary function [2, 6], therefore we
recommend performing S-Index Test in moderate ambient
conditions (10-25 °C, 30—60% humidity) to compare with
reference values. However, if S-Index Test is performed in
the field, we emphasize the need for repeatable conditions
to compare athletes’ previous and current results. POW-
ERbreathe® K-series devices operate accurately in tem-
peratures from 5 to 40°C.

Detailed procedure

The first stage of the procedure is to present a general de-
scription of S-Index Test to the subject. At this stage, there is
no need to provide a detailed explanation. The subject should
be clearly informed about precautions and contraindications
before beginning the respiratory muscles warm-up.

Respiratory muscles warm-up may enhance pulmonary
function [8] and attenuate the ‘learning effect’ of repeated
measurements [10]. Consequently, to accurately deter-
mine the maximum S-Index values, it is recommended to
include the warm-up. We suggest allowing the subject to
perform 10 easy to moderate voluntary breaths with the
testing device for both warming-up and familiarising with
the evaluation setting.

During repeated, forced, high-intensity respiratory
maneuvers some subjects may feel a slight headache or
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Figure 1. Real-time visualization of breathing characteristics provided by Breathe-Link Live Feedback Software, version

1.10f, during S-Index Test
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Timeline & Stages of S-Index Test
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Figure 2. Timeline and Stages of S-Index Test. Adapted from Biorender Template, by BioRender.com (2023). Retrieved from

https://app.biorender.com/biorender-templates

dizziness, associated with acute changes in blood’s pH
balance, as well as carbon dioxide and oxygen levels.
Therefore, to avoid aggregating numerous maneuvers we
suggest taking a 2—3 minute break between respiratory
warm-up and the S-Index Test. A detailed explanation of
the test should be provided during this time.

According to the literature, achieving the highest and
most dependable S-Index results requires a minimum of
8 inspiratory maneuvers [9]. We recommend perform-
ing the test with a total of 8 maneuvers, divided into 2—3
series of 2—3 inspiratory maneuvers. All the maneuvers
should be performed forcefully and dynamically, from
residual volume to full inspiratory capacity. Verbal en-
couragement should be provided by the practitioner. The
encouragement should address exhalation to achieve the
residual volume before starting the inspiratory maneu-
ver, and the inspiratory maneuver itself. Exemplary com-
mends might include phrases such as “exhale”, “breath
out” or “out” for the exhalation and “inhale”, “go” or
“come on” for the inspiratory maneuver. The single high-
est cmH,O value obtained during 8 maneuvers is the S-
Index Test result.

We recommend performing S-Index Testing in a neu-
tral standing position, which helps in providing repeatable
conditions in different locations. Body weight should be
evenly distributed on both limbs. Upper-body movements
associated with natural breathing mechanics are allowed.
A nose clip should be used, to eliminate any airflow not
going through the testing device. In matters not described
above, the manufacturer’s recommendations should be
followed.

Conclusions

POWERbreathe® S-Index Test may be a useful tool to
measure functional inspiratory muscle strength in athletes.
When performed with the aforementioned guidelines, it
can be successfully applied in sports settings with high ac-
curacy, robustness, and repeatability.
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