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Abstract
Objective: To analyze the values of maximal inspiratory pressure (MIP) and sniff nasal inspiratory pres-
sure (SNIP) and to verify the existence of concordance between the two evaluation methodologies, in sub-
jects with tetraplegia. Materials and methods: Cross-sectional study with 17 tetraplegic men, aged 30.42
+ 7.67 years, who underwent MIP and SNIP evaluation using a respiratory pressure meter. Results: The
MIP and SNIP values obtained showed no difference when compared to each other (88.42 + 29.39 vs. 86.68
+ 25.40 cmH;0, respectively). They were, however, significantly lower compared to the predicted values
(MIP =128.92 + 7.18; SNIP = 114.11 *+ 3.19 cmH,0), with the MIP values presenting correlation (r?> = 0.94;
p < 0.0001) and concordance with those of the SNIP. Conclusions: Both the MIP and SNIP values obtained
were lower than the predicted values, indicating a reduction in inspiratory muscle strength (IMS). Both
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Resumo

techniques showed correlation and concordance, suggesting that MIP can be used as a noninvasive method
for IMS evaluation in this population.

Keywords: Spinal cord diseases. Respiratory function tests. Respiratory muscles. Muscle strength.

Objetivo: Analisar os valores da pressdo inspiratdria mdxima (Pl,4,) e pressdo inspiratdria nasal sniff (Pnsn),
bem como verificar a existéncia de concorddncia entre as duas metodologias de avaliagdo, em sujeitos com tet-
raplegia. Materiais e métodos: Estudo transversal com 17 homens tetraplégicos, idade 30,42 + 7,67 anos, os
quais foram submetidos a avaliagdo da Pl e da Pnsn, por intermédio da manovacuometria. Resultados: Os
valores obtidos da Pl e da Pnsn ndo apresentaram diferenca quando comparados entre si (88,42 + 29,39 vs.
86,68 + 25,40 cmH,0, respectivamente), no entanto, foram significativamente menores em relagdo aos valores
preditos (Pl = 128,92 + 7,18; Pnsn = 114,11 + 3,19 cmH,0), tendo os valores da Pl apresentado correlagcdo
(r? = 0,94; p < 0,0001) e concorddncia com os da Pnsn. Conclusées: Tanto os valores obtidos pela Pl,.., quanto
pela Pnsn mostraram-se inferiores aos preditos, indicando redugdo da forca muscular inspiratéria (FMI). As
duas técnicas apresentaram correlagdo e concorddncia, sugerindo que a Pl pode ser utilizada como um mé-
todo ndo invasivo para avaliagdo da FMI nesta populagdo.

Palavras-chave: Doencas da medula espinhal. Testes de fungdo respiratoria. Misculos respiratorios.

Forga muscular.

Introduction

Subjects with spinal cord injury present serious
alterations in respiratory function due to sensory
and motor impairment below the level of the injury,
these alterations are characterized by paralysis or
respiratory muscle weakness (1, 2). This impairment
can be evidenced by the considerable decrease in
respiratory muscle strength, evaluated by measuring
the maximal respiratory pressures (3, 4). However,
in people with spinal cord injury, the values obtained
from these measurements are questioned, as they are
too variable to be considered as an index of inspira-
tory muscle strength (IMS) (5).

Alterations in ventilatory mechanics and in IMS
may hinder the performance of this maneuver and
thus promote inadequate results (6, 7). Since these
are volitional tests, the measures depend on the
comprehension and cooperation of the subject to
perform maximal voluntary efforts (8, 9), and thus,
underestimated values are set when faults occur in
the comprehension, motivation, and coordination, or
when the patient presents fatigue or discomfort while
performing the maneuvers (7). Aiming to minimize
the difficulties encountered in the measurement of
IMS from the measurement of maximal inspiratory

pressure (MIP), new methods of non-invasive evalu-
ation have been proposed, with the sniff nasal in-
spiratory pressure (SNIP) test being one of these,
which correlates with esophageal pressure, consid-
ered the gold standard for evaluating IMS, in healthy
individuals and patients with musculoskeletal and
neuromuscular diseases (7, 10). In healthy subjects,
SNIP can be used as the maneuver of choice for evalu-
ating IMS, as it reproduces the predicted values (11).
Thus, it was hypothesized that from the evaluation
of SNIP it would be possible to verify the viability of
IMS measurement in tetraplegic people through MIP
measurement, as, in the presence of low MIP values,
SNIP offers a way to differentiate inspiratory muscle
weakness from the difficulty in achieving sustained
continual effort (7).

Considering that the functional evaluation of the
inspiratory muscles is important for determining
the degree of dysfunction of these muscles in people
with spinal cord injury, and given the need to clar-
ify the viability of using MIP for the evaluation of
IMS in this population, this study aimed to evaluate
MIP and SNIP and to verify the existence of correla-
tion and concordance between the values obtained
from the two methodologies in a sample of subjects
with tetraplegia.
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Materials and methods
Design

Cross-sectional study.

Ethical considerations

The present study was approved by the human
research ethics committee of the Institution, under
protocol No. 55/08. The volunteers that agreed to
participate signed the Terms of Free Prior Informed
Consent, according to the criteria of Resolution
196/96 of the National Health Council.

Study group and inclusion criteria

The sample was composed of 17 quadriplegic
male volunteers, with a mean age of 30.42 + 7.67
years. The following inclusion criteria were adopted:
aged between 20 and 40 years, time greater than 12
months since injury, complete spinal cord injury (“A”
classification in the scale of the American Spinal Injury
Association - ASIA), stable clinical condition, non-
smoker, and not presenting acute respiratory compli-
cations or a history of cardiorespiratory diseases. The
exclusion criteria considered were: spinal cord injury
below C8 and inability to comprehend the protocol.

Evaluation protocols

All the volunteers underwent a preliminary evalu-
ation which consisted of obtaining personal, demo-
graphic and anthropometric data.

Pulmonary function

In order to verify the presence of respiratory dis-
turbances and thus characterize the population, the
equations for the prediction of normal values, based
on the equations for healthy subjects were used in
accordance with the Guidelines for the pulmonary
function tests (12). The pulmonary function tests
were performed according to the guidelines of the
American Thoracic Society - ATS (13) for technique,

acceptability and reproducibility, using a spirom-
eter (Easy One™, ndd Medizintechnik AG, Zurich,
Switzerland). The system was calibrated before each
test, according to the manufacturer’s instructions.
Spirometric variables were recorded and expressed
in BTPS conditions (Body temperature and pressure
saturated).

For the performance of the measurements, the
subject rested for 10 minutes prior to the test and
the procedures were carefully explained to him.
The examination was performed with the volun-
teer sitting in his own wheelchair, with the back
and seat fixed, providing a 90° angle of hip flexion,
the head was held in a neutral position and a nose
clip used to prevent air leakage from the nostrils.
The mouthpiece was attached to the mouth of the
subject, avoiding any air leakage. The forced vital
capacity (FVC) maneuver was performed until three
acceptable and two reproducible curves were ob-
tained. During its execution, real-time graphs of
the curves were provided, indicating whether they
met the acceptance criteria proposed by the ATS.
The criteria were adjusted for subjects with spinal
cord injury due to the muscle dysfunction present,
with adjustments to the expiratory time and back-
extrapolated volume being required (14, 15). The
FVC reference values were obtained from the spi-
rometry test, forced expiratory volume in the first
second (FEV,) and the ratio FEV;/FVC.

Maximal inspiratory pressure

MIP values were obtained using a previously cal-
ibrated digital respiratory pressure meter (model
MVD300, GlobalMed, Porto Alegre, Brazil). The mea-
surements were made with the subjects seated in
their own wheelchairs, with their feet supported, and
hips and knees at 90°. To measure MIP, the nostrils
were occluded using a nasal clip. The measurement
was performed during maximal inspiratory effort
initiated from functional residual capacity (7). The
volunteer breathed through a mouthpiece contain-
ing an adapter with a 2 mm opening. At least five,
technically satisfactory, maximal inspiration efforts
were carried out, i.e. without perioral air leakage,
with inhalation maintained for at least 1s, and with
values similar to each other (< 10%), with the highest
value considered for the study (16).
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Sniff nasal inspiratory pressure

The SNIP was measured with the volunteers in the
same position. The measurement was made with one
nostril occluded with a nasal silicone plug, which re-
mained connected to the respiratory pressure meter
by a catheter with an approximate diameter of 1mm
(17). The maneuver consisted of one maximum sniff
performed through the contralateral (free) nostril,
with the mouth closed, from functional residual ca-
pacity. Ten sniff test maneuvers were performed (18),
with an interval of 30 seconds between each one, with
the selection criterion used for an acceptable sniff
being, a gradual pressure increase until reaching the
peak, with a duration of up to 5 seconds (7). All the
values were recorded on individual forms for each
subject and the highest value was used for the data
analysis. The volunteers were evaluated in a random
order according to the methodologies used, and, at
the end of the first examination, rested for 30 minutes
prior to performing the subsequent measurement.
The predicted MIP (16) and SNIP (7) values were
based on equations for healthy subjects.

Statistical analysis

The values were expressed as mean and
standard deviation, and the analysis of the data

distribution was conducted using the Shapiro-Wilk
test. Student’s t-test was used to compare the values
obtained from the two methodologies. To verify the
relationship between the variables, Pearson’s cor-
relation coefficient was used, and for the analysis
of concordance between the methodologies, the
Bland-Altman method (19) was used. A statisti-
cal significance level of a=5% was adopted. The
statistical procedures were performed using the
GraphPad InStat version 3.05 and Medcalc version
11.5.0 applications.

Results

Table 1 presents the study sample characterization.

Table 2 shows the predicted and obtained MIP
and SNIP values, in which no statistically signifi-
cant differences can be observed when comparing
the values obtained for the two study variables.
In the comparison between the predicted and ob-
tained values, regarding both MIP and SNIP, the
obtained values were lower than the predicted
values (p < 0.05).

In the relation analysis between MIP and SNIP,
the results showed positive, statistically signifi-
cant correlation, and concordance between the
values obtained from the two evaluation methods
(Figure 1).

Table 1 - Characteristics of the volunteers studied (n = 17)

Variables Values
Age (years) 30.42 = 7.67
Height (cm) 164.89 + 38.31
Body weight (kg) 81.78 + 34.22
BMI (kg/m2) 22.30 = 3.63
Injury level C4 - C7
Injury duration (months) 84.36 + 49.13
FVC (%) 51.29 = 15.24
FEV; (%) 52.52 + 21.28
FEV4/FVC 100.82 = 19.70

Note: BMI = body mass index; FVC = forced vital capacity; FEV; = forced expiratory volume in first second.

Source: Research data.
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Table 2 - Maximal inspiratory pressure (MIP) and Sniff nasal inspiratory pressure (SNIP) predicted and obtained values

MIP (cmH;0)

SNIP (cmH,0)

Predicted values

Obtained values

128.92 + 718
88.42 + 29.39°

11411 = 319
86.68 + 25.40"

Note: * = p < 0.05: Predicted values vs. Obtained values.
Source: Research data.
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Figure 1 - Graphical representation of the correlation analysis between Maximal inspiratory pressure (MIP) and Sniff nasal
inspiratory pressure (SNIP), in cmH,0, and scatter plot for the difference and mean between and MIP and SNIP

variables of the 17 tetraplegic volunteers studied
Source: Research data.

Discussion

In the present study, to better characterize the vol-
unteers, the spirometric evaluation was performed at
the beginning of the experimental protocol and the
results indicated that the lung function of all partici-
pants was reduced compared to the predicted val-
ues. Changes in lung volumes and capacity are often
caused by a muscle deficit (20), with the degree of
compromise of these muscles dependant on the spi-
nal cord injury level (21). The lack of coordination
in the activation of the respiratory muscles, and the
reduction in the volumes and capacities characterizes
the non-parenchymal restrictive syndrome presented
by this population (22).

The MIP and SNIP values obtained presented no
difference when compared with each other, however,
they were significantly lower compared to the pre-
dicted values, with the MIP values showing corre-
lation and concordance with those of the SNIP. The
maximal inspiratory pressure values below those

predicted can be justified by the spinal cord injury,
depending on the injury level, compromising the re-
spiratory muscles, considering that the main inspi-
ratory muscles have a higher location in the torso
and are innervated by the upper spinal segments,
thus the higher the level of the spinal cord injury, the
greater the compromise to the inspiratory muscles
(23). Another study evaluated the influence of the
level of severity (partial or complete) and the dura-
tion of the spinal cord injury on the pulmonary func-
tion of quadriplegics and paraplegics, demonstrating
that the higher, more severe, and longer duration of
the injury, the worse the results obtained in the pul-
monary function test, with the severity of the injury
the factor of greatest importance in the reduction of
pulmonary function (2).

Despite the difficulties mentioned in the litera-
ture regarding the measurement of MIP in people
with spinal cord injuries, the significant correlation
and concordance between the MIP and SNIP values
obtained in this study are noteworthy since they
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indicate viability for the use of MIP for evaluating
IMS in the study population, considering that in the
presence of low MIP values, SNIP offers a way to
differentiate inspiratory muscle weakness from dif-
ficulty in achieving sustained continual effort (7).
There are publications on the use of SNIP in healthy
subjects (7), neuromuscular disease patients (18,
24, 25) and people with chronic obstructive pul-
monary disease (26), however, studies with spinal
cord injury patients are still scarce. Authors (27)
observed that SNIP correlated positively and statis-
tically significantly with the degree of spinal cord
injury. They highlighted that SNIP proved to be bet-
ter than MIP in discriminating the effect of the spinal
cord injury level on IMS. From the preliminary re-
sults, the authors also concluded that SNIP is a more
accurate measure of inspiratory function than MIP,
which differs from the results of the present study,
in which no difference between the values obtained
through the two methods were found, however, the
comparison between the two studies becomes unvi-
able when considering the methodological differ-
ences between them.

In addition to SNIP allowing the differentiation
between inspiratory muscle weakness and difficulties
in performing the technique, it has other advantages,
especially in individuals with tetraplegia, as SNIP con-
sists of a simpler technique than that performed for
the MIP measurement, with a lower risk of fatigue
due to being a natural, easy and short maneuver,
in which peak pressure needs to be sustained for a
shorter duration (11). Furthermore, the determina-
tion of SNIP is considered a natural and easy proce-
dure, which allows those evaluated to activate the
inspiratory muscles with increased muscle fiber re-
cruitment when compared to MIP, 100% and 61.1%,
respectively, according to a study that evaluated the
amplitude of the peak electromyography activity of
the diaphragm muscle during the performance of the
two methods (28).

Considering that the procedures used to perform
the MIP and SNIP measurements were not equiva-
lent, it is worth highlighting that in the present in-
vestigation care was taken so that the measurements
started from the same lung volume, i.e., functional
residual capacity, thus avoiding the promotion of
differences in the activation of inspiratory muscle
patterns. Regarding the limitations of this study, the
interpretation of the results presented should be
taken into consideration, as predictive equations for

healthy subjects were used, which may overestimate
the difference between the predicted and obtained
values. Another point to consider is the impossibil-
ity of performing a gold standard test (esophageal
pressure) in order to compare the MIP and SNIP
values obtained.

Conclusion

Both the MIP and SNIP values obtained proved
lower than those predicted, indicating a reduction in
IMS. However, despite being reported in the literature
that MIP may not be an adequate technique for the
evaluation of IMS in subjects with spinal cord injury,
in the present study these values presented correla-
tion and concordance with SNIP, which is referred to
as amore accurate measure of inspiratory function in
spinal cord injury patients, suggesting that MIP can
be used as a noninvasive method for the evaluation
of IMS in this population.
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