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ORIGINAL ARTICLE 

Concurrent Validity of the Static and Dynamic 
Measures of Inspiratory Muscle Strength: 
Comparison between Maximal Inspiratory Pressure 
and S-Index
Guilherme de Souza Areias1,2, MD; Luan Rodrigues Santiago1,2, MD; Daniel Sobral Teixeira1,2, MD; Michel Silva 
Reis1,2,3, PhD

Abstract

Objective: To verify the concurrent validity between the 
inspiratory muscle strength (IMS) values obtained in static (maximal 
inspiratory pressure [MIP]) and dynamic (S-Index) assessments.

Methods: Healthy individuals were submitted to two periods 
of evaluation: i) MIP, static maneuver to obtain IMS, determined 
by the Mueller’s maneuver from residual volume (RV) until total 
lung capacity (TLC); ii) and S-Index, inspiration against open airway 
starting from RV until TLC. Both measures were performed by the 
same evaluator and the subjects received the same instructions. 
Isolated maneuvers with differences < 10% were considered as 
reproducible measures.

Results: Data from 45 subjects (21 males) were analyzed 
and that showed statistical difference between MIP and S-Index 

values (133.5 ± 33.3 and 125.6 ± 32.2 in cmH2O, respectively), with 
P=0.014. Linear regression showed r2=0.54 and S-Index prediction 
formula = 39.8+(0.75×MIP). Pearson’s correlation demonstrated 
a strong and significant association between the measures with 
r=0.74. The measurements showed good concordance evidenced 
by the Bland-Altman test.

Conclusion: S-Index and MIP do not present similar values 
since they are evaluations of different events of the muscular 
contraction. However, they have a strong correlation and good 
agreement, which indicate that both are able to evaluate the IMS 
of healthy individuals.
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INTRODUCTION

S-Index is a non-invasive, resistance-free, and easy-to-apply 
measure for dynamically assessing the inspiratory muscle 
strength (IMS)[1]. In theory, the S-Index is able to support the 
inspiratory muscle training (IMT) and is becoming popular due 

Abbreviations, acronyms & symbols

BMI
IMS
IMT
IPAQ
MIP
RV
TLC

 = Body mass index
 = Inspiratory muscle strength
 = Inspiratory muscle training
 = International Physical Activity Questionnaire
 = Maximal inspiratory pressure
 = Residual volume
 = Total lung capacity

to its easy applicability and low cost, since the same device is 
able to provide IMS and inspiratory muscle resistance evaluation, 
in addition to the IMT. Besides that, comparing to the maximal 
inspiratory pressure (MIP), a better adaptation of individuals to 
the evaluation was reported, since a more functional maneuver 
is performed, mimicking the physiological contraction of the 
inspiratory muscles[2,3].

MIP is a parameter obtained through manovacuometry and 
is commonly used in clinical practice to assess general respiratory 
muscle function in a static manner. Manovacuometry is widely 
described in the literature as a maneuver that requires the 
evaluated individual to perform a maximal contraction, starting 
from the residual volume (RV) until a total lung capacity, in order 
to generate great isometric effort of the inspiratory musculature. 
Alternatively, S-Index evaluates the specific muscle function, in a 
dynamic way, through the flow generated in the open system[4,5].
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In this sense, given the particularities of biomechanics and 
muscular architecture innervation of the diaphragmatic muscles, 
the following questions can be raised: Do IMS static measures 
adequately characterize the ability of the inspiratory muscles to 
generate force even though they do not mimic the physiological 
diaphragmatic incursion? Are static assessments similar to 
dynamic inspiratory muscle assessments?

The hypothesis of this study is that the dynamic measurement 
of the IMS, obtained through S-Index, is valid as an alternative 
tool to MIP. In this scenario, the objective of this study was to 
verify the concurrent validity between the IMS values obtained 
through static (MIP) and dynamic (S-Index) assessments.

METHODS

Study Design

This is a prospective, cross-sectional, and randomized study.

Subjects

Healthy individuals, of both genders, and aged between 
18 and 40 years were recruited. Individuals with a history of 
smoking, drug use, cardiovascular diseases (such as systemic 
arterial hypertension, heart failure, electrical conduction disorder, 
among others), respiratory disease (obstructive or restrictive 
impairment), and muscular (myopathy), neurological, metabolic 
(diabetes mellitus), or immune disorders were excluded. 
Individuals who did not adapt to any of the devices during the 
period of familiarization or who presented inspiratory muscle 
weakness according to the prediction formulas proposed by 
Neder et al.[4] (1999) of MIP were also excluded. The Research 
Ethics Committee of the Hospital Universitário Clementino 
Fraga Filho of the Universidade Federal do Rio de Janeiro (CAAE 
43656115.8.0000.5257/2015) approved this study. The volunteers 
signed an informed consent form to participate in the research.

Screening

At first, the subjects were submitted to anamnesis and physical 
examination, in order to investigate their history of previous diseases 
as well as their lifestyle. A detailed evaluation was applied, in which 
the personal data, anthropometrics, and vital signs were collected. 
The short form of the International Physical Activity Questionnaire 
(IPAQ) was used in order to stratify the level of physical activity into 
very active, active, irregularly active, and inactive[6].

Inspiratory Muscle Strength Assessment

IMS evaluation was always performed by the same evaluator, 
with the volunteer at rest and in the sitting position. The order 
of the devices was randomized to all subjects using an opaque 
envelope. In both tests, volunteers were instructed not to 
perform compensatory head and trunk movements that could 
cause bias in the assessment.

Familiarization

Initially, the volunteers were submitted to a warm-up and 
familiarization stage with the devices and maneuvers to be 

performed[7]. Between each of the maneuvers performed, a period 
of 30 seconds was given respecting the rest of the diaphragmatic 
muscles to avoid bias in subsequent maneuvers[8,9]. For proper 
performance of each test and consequent learning, the volunteer 
should be in a sitting position with his back resting on the chair, 
avoiding head and trunk movements. The instructions for each 
device were followed in the IMS test in order to simulate the effort 
and the actual maneuver to be performed. To qualify the period of 
familiarization, the following criterion was considered: evaluation 
of the trained physiotherapist, observing if the individual was 
able to follow the previously established guidelines and if the 
volunteer was able to adapt to the linear inspiratory electronic 
resistor and the isometric inspiratory vacuum deformation resistor. 
A maximum period of 15 minutes for each method was tolerated 
for this learning. In case of a non-successful familiarization, the 
volunteer was excluded from the research.

S-Index

A nasal clip and a linear inspiratory resistor (PowerBreatheK5, 
IMT Technologies Ltd., Birmingham, UK) were adapted to allow 
measurement of the S-Index. The measurement was determined 
after maximal inspiratory effort from the RV against the buccal 
properly connected to the voluntary, having a strong verbal 
stimulus provided by the evaluator. Intervals of 30 seconds 
between each maximal effort were respected in order to avoid 
fatigue of the musculature involved[9]. The S-Index was considered 
the highest point of the pressure x time graph (peak pressure), 
obtained with Breathe Link 1.1 software, with reproducible value 
(difference < 10%) between three isolated efforts.

Maximal Inspiratory Pressure

A nasal clip and an isometric inspiratory with 
manovacuometer device (MVD 300, GlobalMed, Porto Alegre, 
Brazil) were adapted to allow the measurement of MIP. This was 
determined after maximal inspiratory effort from RV against the 
buccal properly connected to the volunteer, having a strong 
verbal stimulus granted by the evaluator. MIP was the highest 
reproducible value (maintained for at least one second – plateau 
pressure – and with a difference of < 10% between three isolated 
efforts). Intervals of 30 seconds between each maximal effort 
were respected to avoid fatigue of the involved musculature[9]. 
The values of prediction and normality were based on the 
regression equation proposed by Neder et al.[4] (1999) for the 
Brazilian population and values of static pressure < 70% of the 
predicted were considered inspiratory muscle weakness.

Statistical Analysis

Initially, the sample calculation was performed based on the 
article by Minahan et al.[1]. Thus, for a power of 80%, with size 5 
effect, and 5% alpha, it was determined a need of 34 individuals 
(GPower 3.0.1.0 for Windows). Additionally, the Shapiro-Wilk test 
was performed to verify the data distribution and the Levene’s 
test was performed to assess the homogeneity of variances. 
Then, the paired t-test was applied to compare the values 
of S-Index and MIP. The Pearson’s correlation and the Bland-
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IPAQ. None of the individuals had inspiratory muscle weakness, 
as shown in Table 1.

In the comparison between S-Index and MIP, a significant 
difference was observed (133.5 ± 33.3 and 125.6 ± 32.2 in 
cmH2O, respectively), with P=0.014. Pearson’s correlation showed 
a strong association between MIP and S-Index measurements with 
r=0.74 and P<0.0001. In addition, the linear regression analysis 
showed an r2=0.54 and the prediction equation: S-Index = 39.8 + 
(0.75 x MIP) (Figure 1).

Bland-Altman’s agreement analysis revealed that MIP and 
S-Index values showed a symmetric distribution around the midline, 
confirming the good agreement of S-Index with MIP (Figure 2).

Altman tests were performed with a 95% confidence interval 
to evaluate the agreement between the methods. In addition, 
a linear regression was applied aiming to establish a prediction 
formula for the S-Index from the MIP for this population. The 
analyses were performed with Sigmaplot Software 12.0, with an 
established significance level of P<0.05.

RESULTS

Forty-nine young and eutrophic individuals were recruited, 
and four of them were excluded during the familiarization 
process. Most subjects presented an active lifestyle according to 

Fig. 1 – Pearson's correlation and determination coefficient 
between maximal inspiratory pressure (MIP) and S-Index: r=0.74 
with P<0.001.

Table 1. Demographics and anthropometric level of physical activity and inspiratory muscle strength data.

Characteristic (n= 45) Males (n=21) Females (n=24)

Age (y) 21.86±2.59 22.08±2.95

Weight (kg) 73.71±11.55 57.25±8.98

Height (m) 1.76±0.08 1.63±0.06

BMI (kg/m2) 23.67±3.51 21.45±3.02

IPAQ, very active (%) 52.3 29.2

IPAQ, active (%) 38.1 41.6

IPAQ, irregulary active (%) 3.6 20.8

IPAQ, inactive (%) 0 8.4

Predicted MIP (cmH2O) 137.81±2.08 99.58±1.44

MIP (cmH2O) 146.33±22.52 111.42±25.31

S-Index (cmH2O) 159±20.11 115.29±21.27

Data expressed as mean ± standard deviation or percentages. 
(kg)=kilograms; (kg/m²)=kilograms per square meters; (m)=meters; (y)=years. BMI=body mass index; IPAQ=International Physical 
Activity Questionnaire; MIP=Maximal inspiratory pressure

Fig. 2 – Bland-Altman concordance for maximal inspiratory 
pressure (MIP) and S-Index values.
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importance of more robust methods for comparing measures of 
MIP and S-Index, as applied by our study.

An important discussion about muscle physiology and 
biomechanics concerns the generality and specificity of 
strength assessments. The generalist line believes in a general 
force component where any assessment of force, whether 
it is isometric, isotonic, or isokinetic, would be able to reflect 
the strength of more and less strong individuals according to 
Hortobagyi, Lachance, and Katch, 1987, apud, Baker, Wilson, and 
Carlyon, 1994[12]. However, if there is a general force component, 
different methods of evaluation, velocities, and modes of muscle 
contraction should not be considered, since any method of force 
evaluation would be able to stratify it. However, another line 
looks for specific strength assessments where dynamic strength 
evaluation would be able to elucidate only dynamic and 
functional muscle capacities and isometric strength assessments 
would be predictors of just isometric muscle capacities[12].

There are studies for different muscle groups demonstrating 
that static evaluations are not able to predict functional 
muscular capacities. Feeler, James, and Schapmire (2010)[13] 
evaluated the elevation of legs, arms, and back of non-sedentary 
workers and the static evaluation test was not able to accurately 
reflect the dynamic lifting functions. Murphy and Wilson (1996)
[14] performed static elbow flexion tests at different angles 
(90° and 120°) with electromyography data from triceps and 
pectoralis major of healthy men and compared with the specific 
function of throwing a medicinal ball. The authors observed 
poor correlations at both flexion angles when compared to 
functional activity. The electromyographic data also indicated 
that there were differences in the neural recruitment of fibers 
between the activities, which raises the hypothesis of activation 
of different muscle motor units, making it impossible to static 
tests to evaluate the function of the muscles of the upper limbs. 
Thomas et al.[15] (2015) evaluated the vertical jump of young male 
athletes. Using a force platform, they obtained power and peak 
force variables, isometric force peak, and isometric mean peak 
and those were compared with the height obtained in the test. 
There was no correlation between isometric scores and jump 
height since stronger athletes did not jump higher than the 
weaker athlete did.

Another point to be emphasized is the hemodynamic 
repercussion that the Mueller’s maneuver can generate on the 
cardiovascular system. For some special groups, this may have 
a higher associated risk. Scharf et al.[16] (1987) demonstrated 
that there is left ventricular akinesia in individuals with coronary 
artery disease or previously infarcted during multiple forced 
inspirations against an occluded airway. Sampol et al.[17] (2003) 
observed that high intrathoracic negative pressures generate 
increased sympathetic activity by increasing the incidence of 
aortic dissection in individuals with obstructive sleep apnea 
and Marfan syndrome. Also, some studies showed the need 
to perform a previous familiarization because MIP maneuver is 
volitional and not very intuitive[7,18,20,21]. Thus, in addition to the 
evaluation rate plus the familiarization, it can be inferred an 
increase in cardiovascular risk for the use of the MIP maneuver 
in these populations, which would be minimized through IMS 
evaluation in a dynamic way.

DISCUSSION

The main findings of this study indicated that the values 
obtained from S-Index and MIP are significantly different. 
However, a strong Pearson’s correlation and a Bland-Altman’s 
analysis revealed good agreement between the methods. This 
study was pioneer in comparing the measures of MIP with 
S-Index using a robust method, and that problematizes questions 
that associate the specificity of inspiratory muscle function to 
the type of contraction performed (static and dynamic) in each 
evaluation method.

Therefore, a homogeneous sample of apparently healthy 
subjects was selected. This may have minimized confounding 
factors that could interfere with measured variables, such as 
muscle or lung function. Then, a familiarization period was allowed 
considering the learning effect for both static and dynamic 
evaluations. Finally, in order to guarantee the reproducibility of 
the measurements, the instructions and maneuvers were guided 
by the same verbal command and evaluator and executed in the 
same position (sitting).

Inadvertently, the S-Index has been confused with MIP to 
evaluate IMS. In this sense, Lee et al.[2] (2016) revealed a high 
correlation coefficient of IMS intra- and inter-rater (0.986 and 
0.984, respectively) in their study. They used the PowerBreathe 
K5 device to obtain those results; however, this device evaluates 
muscle strength at flow with an evaluation of the dynamic 
muscle contraction. Thus, the authors could not infer that the 
values obtained were MIP, as described in their study. The same 
error was observed in the study by Salazar-Martinez et al.[3] (2017), 
who also evaluated IMS dynamically through the PowerBreathe 
K3 device, where they aimed to observe the influence of IMT 
on ventilatory efficiency and impact during cycling activity 
in normoxia and hypoxia. The authors also assumed that the 
dynamic measure of force was MIP.

Although MIP is a tool established in the IMS benchmarking 
literature, the technical characteristics of its implementation do 
not reflect the measure obtained by S-Index. This is because 
MIP is obtained through the manovacuometer, a device that 
calculates IMS based on a plateau of negative pressure obtained 
through the Mueller’s maneuver and affects the individual’s 
ability to perform a static forced inspiration against an occluded 
pathway[4,10,11]. The S-Index analysis takes place through the flow, 
where the individual performs a dynamic, rapid deep inspiration 
against a linear load resistor that converts the flow data into 
pressure. Because the method of obtaining blood pressure 
values is appropriate in each device and the lack of previous 
validation studies, it would not be possible to infer the similarity 
between the measures that allowed S-Index to be analyzed 
and called MIP. Nor are studies validating S-Index as a measure 
capable of reliably analyze IMS, which was demonstrated in our 
study in a pioneering way.

Minahan et al.[1] (2015) demonstrated similar results to our 
study when they proposed S-Index as a valid IMS assessment. 
However, the results of these authors are not compatible with our 
study once they found a poor correlation between the devices 
(r=-0.35). In this aspect, there are methodological considerations 
such as i) the familiarization with the devices and the maneuver 
is unclear; ii) low number of individuals. This corroborates the 
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In this context, a hypothesis was raised that for optimal 
evaluation of muscle function, dynamic assessments of strength 
should be prioritized, which raises the question: Is the static 
contraction obtained through MIP able to support the workload 
of IMT? Reflecting on the question, it is objected that a static 
contraction may not adequately categorize dynamic training 
since currently the most usual way to perform IMT is through 
dynamic load-contractions with linear load[19,22]. Based on the 
results of this study, there is a difference between the values of 
static and dynamic contractions, and this differentiation may 
be related to the generality presented by MIP when evaluating 
IMS that contrasts with the S-Index specificity for the same 
task[12]. The strong correlation and concordance between 
these evaluations suggest that both measures are used to 
evaluate IMS in a complementary way. However, there is not 
yet enough data to corroborate the S-Index as a predictor of 
morbidity of any pathology, nor that it is an index able to predict 
muscle weakness, as occurs with MIP. Finally, it is noteworthy 
that, although the evaluation of muscle strength through 
manovacuometry is widespread, S-Index has been obtained in 
the same device capable of being applied for IMS. This has to do 
with good practices associated with therapeutic management 
since it makes cost-effectiveness feasible.

Methodological Considerations

Due to the different methods of collection for each evaluation, 
some individuals were unable to reach their MIP values in one of 
the evaluations. This occurred because of the inability of some 
individuals to inhale against resistance (MIP) or in absence of it 
(S-Index). Those individuals were subsequently excluded during 
the period of familiarization.

CONCLUSION

The results of this study promote the S-Index as a tool 
capable of evaluating IMS of healthy individuals. Therefore, when 
assessed by S-Index, this measure could be more specific for 
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evaluating respiratory muscle strength and, consequently, more 
appropriate for the prescription of IMT.

ACKNOWLEDGMENTS

We thank our colleagues from the Grupo de Pesquisa em 
Avaliação e Reabilitação Cardiorrespiratória – GECARE.

REFERENCES

1. Minahan C, Sheehan B, Doutreband R, Kirkwood T, Reeves D, Cross T. 
Repeated-sprint cycling does not induce respiratory muscle fatigue 
in active adults: measurements from the powerbreathe inspiratory 
muscle trainer. J Sports Sci Med. 2015;14(1):233-8. 

2. Lee KB, Kim MK, Jeong JR, Lee WH. Reliability of an electronic inspiratory 
loading device for assessing pulmonary function in post-stroke patients. 
Med Sci Monit. 2016;22:191-6. doi:10.12659/msm.895573.

3. Salazar-Martínez E, Gatterer H, Burtscher M, Naranjo Orellana J, Santalla 
A. Influence of inspiratory muscle training on ventilatory efficiency and 
cycling performance in normoxia and hypoxia. Front Physiol. 2017;8:133. 
doi:10.3389/fphys.2017.00133.

4. Neder JA, Andreoni S, Lerario MC, Nery LE. Reference values for 
lung function tests. II. Maximal respiratory pressures and voluntary 
ventilation. Braz J Med Biol Res. 1999;32(6):719-27. doi:10.1590/s0100-
879x1999000600007.

5. Sclauser Pessoa IM, Franco Parreira V, Fregonezi GA, Sheel AW, Chung F, 
Reid WD. Reference values for maximal inspiratory pressure: a systematic 

review. Can Respir J. 2014;21(1):43-50. doi:10.1155/2014/982374.
6. Matsudo S, Araujo T, Matsudo V, Andrade D, Andrade E, Oliveira LC, 

et al. [International physical activity questionnaire (lPAQ): study of 
validity and reliability in Brazil]. Rev Bras Ativ Fis Saude. 2001;6(2):5-18. 
doi:10.12820/rbafs.v.6n2p5-18. Portuguese.

7. Volianitis S, McConnell AK, Jones DA. Assessment of maximum 
inspiratory pressure prior submaximal respiratory muscle activity 
(‘warm-up’) enhances maximum inspiratory activity and attenuates the 
learning effect of repeated measurement. Respiration. 2001;68(1):22-7. 
doi:10.1159/000050458.

8. McKenzie DK, Gandevia SC. Recovery from fatigue of human 
diaphragm and limb muscles. Respiration Physiology. 1991;84(1):49-
60. doi:10.1016/0034-5687(91)90018-e.

9. Romer LM, McConnell AK. Inter-test reliability for non-invasive measures 
of respiratory muscle function in healthy humans. Eur J Appl Physiol. 
2004;91(2-3):167-76. doi:10.1007/s00421-003-0984-2.

10. Souza RB. Pressões respiratórias estáticas máximas. J Pneumol. 
2002;28(Supl 3):S155-65.



464
Brazilian Journal of Cardiovascular Surgery 

Areias GS, et al. - Comparison Between MIP and S-Index Braz J Cardiovasc Surg 2020;35(4):459-64

11. Costa D, Gonçalves HA, de Lima LP, Ike D, Cancelliero KM, de Lima 
Montebelo MI. Novos valores de referência para pressões respiratórias 
máximas na população brasileira. J Bras Pneumol. 2010;36(5):306-12.

12. Baker D, Wilson G, Carlyon B. Generality versus specificity: a comparison 
of dynamic and isometric measures of strength and speed-strength. Eur 
J Appl Physiol Occup Physiol. 1994;68(4):350-5. doi:10.1007/bf00571456.

13. Feeler L, James JD, Schapmire DW. Isometric strength assessment, part 
I: static testing does not accurately predict dynamic lifting capacity. 
Work. 2010;37(3):301-8. doi:10.3233/WOR-2010-1082.

14. Murphy AJ, Wilson GJ. Poor correlations between isometric tests and 
dynamic performance: relationship to muscle activation. Eur J Appl 
Physiol Occup Physiol. 1996;73(3-4):353-7. doi:10.1007/bf02425498.

15. Thomas C, Jones PA, Rothwell J, Chiang CY, Comfort P. An investigation 
into the relationship between maximum isometric strength and 
vertical jump performance. J Strength Cond Res. 2015;29(8):2176-85. 
doi:10.1519/JSC.0000000000000866.

16. Scharf SM, Woods BO, Brown R, Parisi A, Miller MM, Tow DE. Effects of 
the Mueller maneuver on global and regional left ventricular function 
in angina pectoris with or without previous myocardial infarction. 
Am J Cardiol. 1987;59(15):1305-9. doi:10.1016/0002-9149(87)90909-x.

17. Sampol G, Romero O, Salas A, Tovar JL, Lloberes P, Sagalés T, et al. 
Obstructive sleep apnea and thoracic aorta dissection. Am J Respir 
Crit Care Med. 2003;168(12):1528-31. doi:10.1164/rccm.200304-566OC.

18. Aldrich TK, Spiro P. Maximal inspiratory pressure: does reproducibility 
indicate full effort? Thorax. 1995;50(1):40-3. doi:10.1136/thx.50.1.40.

19. McConnell AK, Romer LM. Respiratory muscle training in healthy 
humans: resolving the controversy. Int J Sports Med. 2004;25(4):284-
93. doi:10.1055/s-2004-815827.

20. Lomax M, McConnell AK. Influence of prior activity (warm-up) and 
inspiratory muscle training upon between- and within-day reliability of 
maximal inspiratory pressure measurement. Respiration. 2009;78(2):197-
202. doi:10.1159/000211229.

21. Arend M, Kivastik J, Mäestu J. Maximal inspiratory pressure is influenced 
by intensity of the warm-up protocol. Respir Physiol Neurobiol. 
2016;230:11-55. 

22. Menezes KKP, Nascimento LR, Polese JC, Ada L, Teixeira-Salmela LF. Effect 
of high-intensity home based respiratory muscle training on strength 
of respiratory muscles following a stroke: a protocol for a randomized 
controlled trial. Braz J Phys Ther. 2017;21(5):372-7. doi:10.1016/j.
bjpt.2017.06.017.

This is an open-access article distributed under the terms of the Creative Commons Attribution License.


