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Purpose: This study aimed to investigate the effects of END on cardio-respiratory capacity and nasal function,
considering different facial types.

Method: Sixty-three healthy adolescents participated in a randomized protocol in two conditions: with experi-
mental END and with placebo. Maximal oxygen uptake (VOsmax) was estimated and rating of perceived effort
(RPE) after cardio-respiratory testing and peak nasal inspiratory flow (PNIF) were evaluated. To assess the
differences between the use of the END and placebo regarding physiological assessment measures and between
the PNIF, RPE, and VO;max measurements with each of the groups studied, the Student’s t-test for paired
samples was used. To investigate the existence of a statistical difference in the PNIF and VO,max measurements.
and RPE when participants used experimental END between the three facial types, Analysis of Variance (ANOVA)
with one factor (OneWay) was used. The Wilcoxon test was performed for comparisons between two periods in
relation to a variable of interest. All results were considered significant at the 5 % significance level (p < 0.05).
Results: The results demonstrated that the use of END provided significant improvements in VO;mazx, an increase
in PNIF and a reduction in RPE. Participants with a dolicofacial facial profile had a higher VOsmax than the
braquifacial and mesofacial profiles.

Conclusion: We conclude that END is an effective tool to improve cardio-respiratory capacity, reduce RPE and
optimize nasal function in adolescent futsal players.

Introduction oxygen in the alveoli, in addition to providing better respiratory

perception during exercise and a reduction in the perception of dyspnea

The effectiveness of the external nasal dilator (END) has been
recognized in improving respiratory capacity and nasal function in
adolescent athletes.! * Macfarlane and Fong” examined the effectiveness
of END in a randomized manner in adolescent athletes and observed a
significant increase of 2.9 % in aerobic performance. They also reported
an improvement in the subjective sensation of exertion, compared to
placebo. Dinardi et al.’ observed a significant improvement in aerobic
capacity and nasal function in healthy adolescents and those with
allergic rhinitis when using END, compared to placebo. Furthermore, a
significant reduction in nasal resistance was observed in both groups, as
assessed by rhinomanometry. The hypothesis was raised that END may
contribute to increasing minute ventilation (MV), partial pressure of

(ventilatory effort). Such mechanisms favor an increase in the amount of
oxygen available to the respiratory muscles, allowing the athlete to
perform better due to greater efficiency in energy production during
exercise.”® However, all these studies mentioned did not evaluate the
effectiveness of the END according to the facial type of the adolescents.
Griffin et al.” used the END and observed a significant reduction in
perceived exertion, heart rate, ventilation, and oxygen consumption
during submaximal exercise in adults, compared to placebo. They re-
ported that ethnicity may have significantly influenced these results.
Facial anatomy, characterized by variations in bone and muscle struc-
tures, as well as different face types, braquifacial (short and wide),
dolicofacial (long and narrow), and mesofacial (proportional between
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vertical and horizontal diameters), can influence respiratory capacity
and impact the effectiveness of the END. Recently, a systematic review
with meta-analysis evaluated the effectiveness of the END in improving
performance during aerobic exercise and observed that there was no
significant difference between the use and non-use of the device.® The
variables analyzed included maximum oxygen uptake, heart rate, and
rating of perceived effort (RPE). Despite these results and the consoli-
dated understanding of the mechanism of the END, which involves
increasing the area of the nasal valve and, consequently, airflow, there is
still a gap in the literature regarding the application of the device in
different types of exercises, sports modalities, analysis methodologies
and facial shapes.

To date, no studies have been identified that explore the effects of the
END during exercise in relation to different facial types. Thus, the
objective of this study was to investigate the effects of the external nasal
dilator, considering facial types, on the cardio-respiratory capacity and
nasal function of adolescent futsal players.

Methods

Sixty-three healthy, randomly selected adolescents of both sexes
volunteered for this study [32 males and 31 females aged 15 to 17 years
(mean age: 16.0 + 0.8 years; height: 1.74 + 0.11 cm; body mass: 59.7 &
8.5 kg)1, who practiced futsal three times a week and each training
session lasted one hour and thirty minutes. Adolescents with negative
responses to the questions about asthma and allergic rhinitis in the In-
ternational Study on Asthma and Allergies in Childhood (ISAAC) ques-
tionnaire” were included. Individuals with any chronic disease detected
by anamnesis, such as moderate to severe adenoid hypertrophy, verifi-
cation of facial features and oral breathing posture, high-arched palate,
crossbite, bacterial sinusitis diagnosed clinically by detection of puru-
lent nasal secretion, postnasal drip, pain on facial percussion associated
or not with headache and fever, deviated nasal septum, nasal polyps and
active upper airway infection were excluded.The inability to perform
the appropriate maneuver to obtain peak nasal inspiratory flow (PNIF),
the inability to adapt to the END or the absence of the informed consent
form signed by the adolescent and/or the parents or guardian. Likewise,
those who voluntarily withdrew from the study and who did not return
at the second moment to perform the tests were excluded. The risks and
benefits of participation were provided in writing, and informed consent
was obtained prior to data collection. This study received ethical
approval from the necessary institution prior to commencement and
conformed to the Code of Ethics of the World Medical Association
(Declaration of Helsinki). The END used in the study is the one found on
the market in Brazil (ClearPassage®, RJ, Brazil), available in three sizes:
small, medium and large, which may be used by children, adolescents
and adults. The sizes chosen were small and medium, according to each
participant’s need. Application of the END was carried out according to
the manufacturer’s instructions and it was inserted by one of the re-
searchers. Participants were advised not to touch the device, which
should be placed where they cannot see it. It functions in a simple,
painless and non-invasive manner. Each strip has two parallel plastic
bars that gently open the nostrils. The placebo END (Fig. 1) was made
from an adhesive plastic tape without the acrylic strip responsible for
dilating the nostrils. The devices were similar in appearance (size, color
and shape), particularly at the extremities.

This study used a randomized, double-blind, crossover design. All
individuals randomly participated in two situations, one using the Clear
Passage® END and the other using the placebo nasal dilator. The nasal
dorsum of each participant was cleaned with cotton moistened with
alcohol before fixing it to the ENDs of the nostrils. Participants were
instructed not to touch the device.

Cardio-respiratory testing and rating of perceived effort (RPE)

To assess cardio-respiratory capacity, the Léger running test was
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Fig. 1. Placebo END (1) experimental (2).

performed, also known as the 20 m shuttle run aerobic test, on a court or
in a suitable space.'” This test assessed the maximum aerobic capacity of
the participants, in which a free area measuring 20 m in length was
required, delimited between two parallel lines. At the evaluator’s signal,
the participants began the route running together (maximum 10), at a
pace marked by a specific audible “beep” for the test. In the first stage
the speed was 8.5 km/h, with an increase of 0.5 km/h in each of the
following stages. Each stage lasted approximately one minute. Beeps
were emitted at specific intervals for each stage. At each beep, the
participant should have one foot crossing one of the two parallel lines,
that is, leaving one of the lines running towards the other and crossing it
with at least one foot when hearing a beep and returning in the opposite
direction. The exclusion zone (limit) of the test was two meters before
the parallel lines: any participant who was before this zone was warned
by a beep to speed up the run. If the participant could no longer keep up
with the pace, the test was interrupted and ended when he or she could
no longer keep up with the rhythmic pace. The duration depended on
the cardio-respiratory fitness of each participant. The objective of the
test was to estimate VOomax, the intensity of which increases progres-
sively throughout the evaluation, which lasted a maximum of 21 min.
The Borg scale was used to describe the individuals’ perception of

physical effort.'! RPE was measured immediately after the
cardio-respiratory test.
Dolicofacial Mesofacial Braquifacial

Fig. 2. Facial profiles'*



C.H.S. Ferreira et al.
Assessment of facial typology

The participants’ facial type was classified into three categories:
Dolicofacial, Mesofacial, and Braquifacial (Fig. 2).'? The dolicofacial
type has a vertical growth direction greater than the horizontal, a longer
face with a long, oval head. The braquifacial type has a horizontal
growth direction greater than the vertical, a shorter face with a square,
wide head, and, finally, the mesofacial type exhibits proportional
growth between the vertical and horizontal diameters. To determine the
facial type, the guidelines of Godinho et al.'? were followed. The
participant remained seated in a chair, with the head erect, and the
classification was performed using the facial ectoscopy method (obser-
vation) by two independent observers.

Obtaining peak nasal inspiratory flow (PNIF)

Before checking the PNIF, the participant performed the usual nasal
hygiene, lightly blowing their nostrils. Standing, the face mask was
carefully adapted, instructing him to take vigorous nasal inspiration
with his mouth closed from the residual volume until he reached total
lung capacity. The equipment used was the in-check-inspiratory flow
meter (Clement Clarke, Harlow, England). Three measurements were
taken and the one with the highest value was chosen.

Data collection and analysis plan

The assessments were carried out at two different times: the first
involved health status, collection of anthropometric measurements,
obtaining the PNIF and assessment of the facial profile, and the second
time involved cardio-respiratory testing and assessment of RPE. After
consulting the randomization (participants randomly allocated), the
END (experimental or placebo) was applied, three PNIF measurements
were obtained, the cardio-respiratory test was applied and RPE was
assessed immediately after the test performed by independent exam-
iners. In the second time, 48 h later and at the same time as the previous
assessment, the participants who used the experimental END in the first
assessment used the placebo END, and vice-versa. The PNIF was ob-
tained with the experimental or placebo END before the cardio-
respiratory test. The evaluator who placed the END and the partici-
pant were unaware of whether the END used in the first or second time
was the experimental or placebo END. The prescription and assessment
of the tests were performed by another independent observer.

Statistical analysis

Frequency, mean, and standard deviation (SD) were calculated to
describe the sample. To assess the differences between the use of the
END and placebo regarding physiological assessment measures and
between the PNIF, RPE, and VO;max measurements with each of the
groups studied, the Student’s t-test for paired samples was used. The
normality of the distribution of differences between the two measures
evaluated was verified using the Shapiro-Wilk test. To verify whether
the sample was satisfactory for comparison between the measurements
with and without the END, the effect size was considered based on
Cohen’s “d”, calculated with the aim of obtaining the standardized
magnitude of the differences between two observed measurements/
factors of interest. Cohen developed a “d” assessment scheme, with d =
0.20 meaning a small effect, d = 0.50 an intermediate effect, and d =
0.80 a large effect. The Kappa coefficient was used to describe the
agreement of one or more evaluators in the assessment of the type of
face.'® To investigate the existence of a statistical difference in the PNIF
and VOymax measurements. and RPE when participants used experi-
mental END between the three facial types. Analysis of Variance
(ANOVA) with one factor (OneWay) was used. The Wilcoxon test was
performed for comparisons between two periods in relation to a variable
of interest. All results were considered significant at the 5 % significance
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level (p < 0.05). The computer package used was the Statistical Package
for Social Sciences (SPSS) 26.0 for Windows (Statistical Software).

Results

A total of 225 adolescents were initially selected. Of these, 63 met the
inclusion criteria, 32 boys and 31 girls. A total of 162 participants were
excluded. There was good acceptance and tolerability among partici-
pants regarding the use of the external nasal dilator and there were no
complications or dependencies, even due to the study design. Fig. 3
shows the reasons for exclusion and the total number of adolescents
randomized.

Regarding facial type, 20 (31.8 %) adolescents had a dolicofacial
facial type, 22 (34.9 %) had a braquifacial facial type, and 21 (33.3 %)
had a mesofacial facial type.

Table 1 presents the descriptive and comparative means of the
baseline, experimental, and placebo PNIF measurements, as well as the
VOomax and RPE values observed in the 63 adolescents during the
experimental and placebo conditions of END use. The results show that
there was a significant difference (p < 0.05) between the baseline,
experimental, and placebo PNIF measurements. Regarding VOmax, the
results reveal a significant difference (p < 0.05) when the participants
used the experimental END compared to the placebo. Regarding RPE, a
significant difference (p < 0.05) was also observed when the participants
used the experimental END compared to the placebo. The results in
Table 2 present the analysis of the participants grouped by facial profile
(dolicofacial, braquifacial and mesofacial), comparing the PNIF pa-
rameters in the basal, experimental and placebo conditions.

PNIF: peak nasal inspiratory flow, VOymax: maximum oxygen up-
take, RPE: rating of perceived effort. sd: standard deviation. p: proba-
bility of significance of Student’s t-test for paired samples. Cohen’s d:
effect size.

PNIF: peak nasal inspiratory flow, sd: standard deviation. p: proba-
bility of significance of the Student’s t-test for paired samples. Cohen’s d:
effect size. Kappa and 95 % confidence interval (CI): dolicofacial = 0.90,
95 % CI (0.79; 1.00); braquifacial = 0.82, 95 % CI (0.68; 0.95); meso-
facial = 0.83, 95 % CI (0.69; 0.97).

The results in Table 3 shows the analyses and comparisons between
the VOymax and RPE parameters and the three facial types (dolicofacial,
braquifacial and mesofacial).

VOymax: maximum oxygen uptake, RPE: rating of perceived effort.
sd: standard deviation. p: probability of significance of Student’s t-test
for paired samples. Cohen’s d: effect size.

Table 4 revealed a significant difference (p < 0.05) between facial
types in the measurement of VOymax using the experimental END.
Participants with a dolicofacial profile had a significantly higher mean
VOomax (41.6 + 1.9 mL/kg.min™!) compared to the other profiles. In
addition, participants with a braquifacial profile had a significantly
higher mean VO;max (38.4 + 2.4 mL/kg.min™") than participants with a
mesofacial profile (35.2 + 2.7 mL/kg.min™?). On the other hand, the
analysis of the RPE measurements between the three facial types did not
reveal significant differences (p > 0.05).

VOymax: maximum oxygen uptake, RPE: Rating of perceived effort.
sd: standard deviation. p: probability of significance from the Student’s
T test for paired samples. F = Analysis of Variance (ANOVA) with 1
factor. IN2: effect size = multiple comparisons using Bonferroni
correction.

Discussion

The present investigation explored the effects of END, considering
facial types, on the cardio-respiratory capacity and nasal function of
adolescent futsal players. As we hypothesized, the use of experimental
END provided an important improvement in maximum oxygen uptake
(VOomax), in addition to an increase in PNIF values and a reduction in
RPE, verified after the cardio-respiratory test. These results are in line
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| Selected (1=225) | Excluded (n=162)

* They didn’t return for a second moment (n=22)

* Did not bring parental permission (n=19)

|:'> * Inability to perform the apropriate maneuver to obtain the
PNIF and inability to adapty to the END (n=20)

* Voluntarily gave up (n=10)

* Moderade adenoid hypertrophy, high palate or crossbite,
sinusites, deviated septum, nasal polyps or airway infection,
asthma, allergic rhinitis (n=91)

Randomized (n=63)

Fig. 3. Sample selection flowchart.

Table 1 Table 3
. Descriptive and comparative analysis between baseline, experimental and . Descriptive and comparative analysis between the VO;max and RPE mea-
placebo PNIF measurements, experimental and placebo VO,max and experi- surements,experimental and placebo according to the dolicofacial, braquifacial
mental and placebo RPE. and mesofacial profiles.
Variable Mean =+ sd P d de Cohen Facial profile Variable Mean + p dde
sd Cohen
PNIF basal 163.8 + 20.8 - -
PNIF experimental 193.5 +19.2 p < 0.001 2.48 Dolicofacial (n = VO,max 41.6 + p< -
PNIF placebo 176.3 +19.8 p < 0.001 0.84 20) experimental 1.9 0.001
Experimental vs Placebo - p < 0.001 1.33 VO,max placebo 37.7 + - 2.89
VO,max (END experimental) 38.3+35 p < 0.001 - 2.3
VO,max (END placebo) 35.2+ 3.1 - 1.51 RPE experimental 62+17 p< -
RPE (END experimental) 6.0 £ 1.6 p < 0.001 - 0.001
RPE (END experimental) 8.0+1.6 1.44 RPE placebo 82+1.7 - 1.30
Braquifacial VO max 38.4 + p< -
(n=22) experimental 2.4 0.001
VO,max placebo 355+ - 1.20
Table 2 2.3
. Descriptive and comparative analysis between baseline, experimental and RPE experimental 60+15 p< -
placebo PNIF measurements according to the dolicofacial, braquifacial and 0.001
mesofacial profiles. RPE placebo 8.2+1.6 - 1.72
Mesofacial VO,max 35.2 + p< -
Facial profile Variable Mean + sd p d de (n=21) experimental 2.7 0.001
Cohen VO,max placebo 32.7 + - 1.18
Dolicofacial (n = PNIF basal 162.5 + p< - 2.4
20) 16.5 0.001 RPE experimental 57+15 p< -
PNIF experimental 189.0 + . 1.78 0.001
18.6 RPE placebo 7.7 £1.5 - 1.73
PNIF placebo 171.5 = = 0.69
19.5 0.007
Experimental vs - p< 1.35
Placebo 0.001 Table 4 ] ) ) ) o
Braquifacial PNIF basal 167.7 + p< R . Descriptive and comparative analysis between the dolicofacial, braquifacial
(n=22) 25.6 0.001 and mesofacial profiles regarding the VO,max and experimental RPE
PNIF experimental 197.3 + - 2.77 measurements.
21.0 Variable Facial mean + P Additional
PNIF placebo 182.7 + = 0.84 y .
profile sd analysis
20.3 0.001
Experimental vs - p< 0.99 VO max Dolicofacial 41.6 + p < 0.001 Meso < Braqui <
Placebo 0.001 experimental (n=20) 1.9 Dolico
Mesofacial PNIF basal 161.0 + p< - Braquifacial 384 + F(2, 60) = n’=0.55
(n=21) 4.192 0.001 (n=22) 2.4 36.529
PNIF experimental 193.8 + - 3.73 Mesofacial 35.2 + p < 0.001 -
17.7 (n=21) 2.7
PNIF placebo 174.3 + p< 1.04 General 383 +
18.6 0.001 (n=63) 3.5
Experimental vs - p< 1.95 RPE Dolicofacial 6.2 + p=0.614
Placebo 0.001 experimental (n=20) 1.7
Braquifacial 6.0 + F(2, 60) = N’ =0.02
(n=22) 1.5 0.492
with previous studies.'™ However, participants in the dolicofacial type Mesofacial 5.7 +
had a higher mean VOsmax when compared to the other types (bra- g‘: 211) é'g N
quifacial and mesofacial) when using the experimental END. The END (neierez) 16

used in the present study can be used by coaches and health pro-
fessionals if the objective is to improve aerobic exercise performance or
improve nasal function in adolescents.

Nasal function plays a crucial role during exercise, especially for
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athletes. With increasing exercise intensity, there is a rapid increase in
minute ventilation, leading to a transition from nasal to oral breathing,
in order to reduce resistance to air flow.'* Seto-Poon et al.’® observed a
prolongation of nasal breathing during exercise and a reduction in nasal
inspiratory resistance at rest in healthy adults who used the END.

Despite this, no increase in aerobic exercise performance was
observed in trained adult cyclists when using the END or internal nasal
dilator and control.'® We observed in adolescent athletes a significant
improvement in VOomax in the experimental group compared to pla-
cebo. Similarly, Griffin et al.” observed a significant reduction in
perceived effort, heart rate, ventilation and improvement in oxygen
consumption during submaximal exercise in adults, compared to pla-
cebo, results very close to those found by Dinardi et al.? in adolescents.
The different results between the studies may be due to the different
methodologies used, the population analyzed, among other factors. To
date, no similar study has been identified in the literature, which used a
paired, randomized, double-blind, placebo-controlled sample to eval-
uate the effects of END according to facial type. This information
strengthens the concept that data on the topic is incipient, especially in
adolescentes.'”+1®

The bones of the skull (frontal, nasal and maxillary) contribute to the
skeletal structure of the nose.'® Considering the type of nose, Ochi
et al.”% observed that the effects of END are influenced by nasal type,
however the present study is the first to evaluate the effects of END on
VOomax, RPE and nasal function, considering facial types. It was
demonstrated that the dolicofacial type (vertical growth direction
greater than horizontal, longer face with a long, oval head) showed a
significant difference (p < 0.001) in VOzmax when using the END,
compared to the other types (braquifacial and mesofacial). The dolico-
facial typology is associated with more pronounced changes, often
related to respiratory obstruction due to the reduced dimensions of the
upper airways.'? Therefore, it is reasonable to conclude that future
studies and coaches should consider the influence of facial type on the
effect of END on VOsmax. Despite this, RPE did not show a significant
difference between facial types. Despite the benefits of RPE, the limi-
tations and disadvantages of this tool in the context of exercise and
sports science are complex and beyond the scope of this work to be
discussed in depth.?’

We assessed nasal function using the PNIF, a low-cost, simple,
practical instrument with the power to discriminate nasal obstruction in
children, adolescents and adults.?? Recently, PNIF has been used as a
tool to evaluate the effectiveness of nasal dilators in adults and adoles-
cents who practice physical exercises.' >?>?% Similarly, we assessed
nasal flow or patency before physical exercise without END, with END or
placebo in adolescents. The data from this study confirmed that END
promotes an increase in the cross-sectional area of the nasal valve,
resulting in a reduction in nasal resistance. These changes can positively
influence essential physiological functions such as heating, filtration,
humidification and dynamic airflow regulation. Such functions are
especially relevant for both the general population and athletes,
contributing to quality of life, sleep quality and recovery after
'[raining.14

The present study has limitations and strengths that deserve to be
highlighted. The results obtained are specific to the protocols adopted,
therefore, the use of different evaluation methods, populations, brands
of nasal dilators and mechanisms of action (external or internal) can
influence the outcomes, such as performances in aerobic exercise and
improvement in nasal function. In the present study, although a refer-
ence method was used to estimate VOomax, the assessment was per-
formed in the field, and not in the laboratory, where cycle ergometers or
treadmills are typically used. Although laboratory studies are essential
tools for scientific research in sport, the principle of training specificity
highlights that a cycle ergometer does not reproduce, in all variables, the
conditions of the race. For example, in a laboratory environment, there
is no energy expenditure related to maintaining balance while running,
aerodynamic resistance, terrain irregularities or the influence of
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ambient temperature, factors present in field tests. Furthermore, on a
treadmill, the floor moves, while on a track or court the athlete moves on
a fixed surface, which considerably alters muscle mechanics in terms of
coordination, balance and application of forces.

Another point to consider is that direct measurement in the labora-
tory is relatively complex and expensive. For this reason, over time,
several indirect tests have been developed to estimate VOzmax. In the
present study, we used Léger’s indirect field test to estimate partici-
pants’ VO,max,'? where there is a strong correlation (0.92) in the
literature with direct analysis of VO,max.?® Therefore, the results must
be interpreted with caution when extrapolating. We recommend that
future studies investigate the effects of END using different aerobic ca-
pacity assessment protocols, as well as different populations and facial
profiles, including healthy individuals and people with conditions such
as allergic rhinitis. The facial type was assessed using the facial ecto-
scopy method (observation), whose main limitation lies in subjectivity,
as it depends directly on the experience, skill and perception of the
evaluator. This characteristic can result in inconsistent or inaccurate
interpretations, especially in cases where facial features are less evident.
However, we recorded inter-rater agreement rates of 0.90, 0.82 and 0.83
for the dolicofacial, braquifacial and mesofacial types, respectively. If
there was a discrepancy between the evaluators, the study coordinator
would be consulted to allocate the participant to a group. Furthermore,
we adopt strict standardization criteria and pay attention to external
factors, such as posture, lighting and excess weight, to minimize possible
compromises in classification accuracy. To overcome these limitations,
we suggest that future studies combine ectoscopy with complementary
methods, such as radiological examinations or photogrammetry,?® to
increase the objectivity and accuracy of the data. Although our study
presents a different protocol configuration, it offers valuable informa-
tion to enrich this discussion. Thus, coaches and health professionals
interested in improving cardio-respiratory performance and nasal
function may consider using the proposed resource as an effective tool to
achieve these goals.

Conclusion

The present study demonstrated that the use of END resulted in a
significant improvement in VOomax, in addition to an increase in PNIF
values and a reduction in RPE after cardio-respiratory testing in
adolescent futsal players. In particular, participants with a dolicofacial
profile presented higher VO;max averages compared to the other pro-
files (braquifacial and mesofacial) when using the experimental END.
Future studies will be essential to consolidate the effectiveness of END,
considering different facial types and specific populations, including
individuals with chronic diseases such as allergic rhinitis or asthma.
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