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Objectives: The ability to effectively breathe through the nose is an important component of physical
exercise. The goal of this study is to evaluate the effect of the external nasal dilator (END) on healthy
adolescent athletes and those with allergic rhinitis.

Methods: Clinical trial, double-blind, crossover, in which we evaluated healthy adolescent athletes with
allergic rhinitis, using experimental and placebo ENDs, submitted to a maximum cardio-respiratory test
in randomized order. Predicted values for peak nasal inspiratory flow (PNIF%) and nasal resistance (NR)
were obtained, and the rating of perceived exertion (RPE) was also assessed after the race test.

External nasal dilator Results: 65 adolescents participated in the study, 30 of whom had allergic rhinitis. The use of experi-
Nasal patency mental ENDs demonstrated a statistically significant improvement in peak nasal inspiratory flow values
PNIF (predicted %), nasal resistance, maximal oxygen uptake value (VO,Max.) and rating of perceived exertion,
Aerobic power both in the healthy group and the one with allergic rhinitis.

Nasal resistance Conclusion: Results suggested that END reduces nasal resistance, improves maximal oxygen uptake and
rating of perceived exertion after a maximum cardio-respiratory test on healthy adolescents and those

Keywords:

with allergic rhinitis.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

In recent decades, the prevalence of allergic diseases has
increased worldwide, affecting approximately 30% of the population
[1,2]. Allergic rhinitis is common in elite athletes and leaving it un-
treated can negatively impact recovery and performance [3—6].
Identifying allergic rhinitis in adolescent athletes is a challenge for
coaches.

Of The World Anti-Doping Agency (WADA) [7], emphasizes two
principles that must be taken into consideration when prescribing
medicine for the treatment of allergic rhinitis in athletes: the pre-
scribed medicine must not be prohibited in competition (on the
doping list) and cannot have an adverse effect on sporting perfor-
mance. Therefore, nasal dilators can be used as an alternative
method of improving or maintaining sporting performance.

Horizontally fixed to the nasal cartilage, the external nasal dilator
(END) consists of a narrow strip of adhesive tape with two parallel
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layers of plastic, going from one nasal wing to the other and acting
as a spring. The purpose of these strips is to prevent the collapse of
the nasal valve during breathing and reduce air passage resistance
[8]. At present, evidence of improvement in the performance of
adolescent athletes who used the END is limited [9,10]. A review [ 11]
carried out recently found that many studies have shown the END
increases the area of the nasal valve's transverse section, reduces
nasal resistance and inspiratory transnasal pressure, and stabilizes
the lateral nasal vestibule, preventing its collapse during final
inspiration. On the other hand theres is a lack of studies that eval-
uated the effectiveness of the END in improving the sporting per-
formance of adolescent athletes with allergic rhinitis. The studies
carried out so far were on healthy adolescent athletes [9,10].

Some authors suggest that the END could lead to an improve-
ment in peak inspiratory nasal flow rate [12], increased minute
ventilation (MV), an increase in the partial pressure of oxygen in the
alveoli, improved respiratory perception during exercise and a
reduction in the perception of dyspnea (ventilatory exertion)
[13,14]. These mechanisms create the conditions for an increase in
the quantity of oxygen released to the respiratory muscles, enabling
the athlete a better performance, due to the advantage in the pro-
duction of energy during exercise. These effects may also facilitate
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breathing and are beneficial to patients with nasal congestion.

Several studies showed that the END was not effective during
exercise for healthy adult populations [13—16]. It is possible that
END would be useful for people with nasal congestion in the region
of the nasal valve, a common characteristic among individuals with
rhinitis.

The main objective of this study was to determine the effect of
the external nasal dilator on nasal resistance and in the physical
exercise of healthy athletes and those with allergic rhinitis.

2. Methods
2.1. Local design and period of study

A double-blind, crossover clinical trial, performed in the Santa
Tereza Cachoeirinha Sports College, in Belo Horizonte-Brazil, in
December of 2015 and April of 2016.

The convenience sample was composed of 35 healthy male
adolescent athletes and 30 male athletes with persistent allergic
rhinitis defined according to Allergic Rhinitis and its Impact on
Asthma (ARIA) [2] initiative, consecutively chosen, aged between 12
and 15 years old, who practice football for 1 h and 30 min, three
times per week.

2.2. Definition and classification of persistent allergic rhinitis

Persistent allergic rhinitis was classified through the presence of
nasal pruritus, itchiness of the oropharynx, eye itch, serous or sero-
mucous rhinorrhea, sneezing and nasal congestion, in isolation or
association, for more than four days in the week and more than four
consecutive weeks [2]. To evaluate rhinitis severity, we used a clinical
score adapted from other researchers [ 17], which ranged from zero to
18 points. Each of these signs/symptoms received zero to three
points, according to the intensity. Therefore, zero signified the
absence of the symptom; 1 point indicated a slight symptom, which
was tolerable and did not interfere with sleep or daily activities; 2
points indicated a more significant impact, which was bothersome
and interfered with activities that demanded heightened concen-
tration, while not upsetting the patient's routine; finally, 3 points
signified a high intensity, which greatly interfered with the patient
and his family, and was difficult to tolerate, compromising sleep and
daily activities. Adding up the scores allowed us to classify the in-
tensity of the allergic rhinitis as light, moderate and severe where the
result was 0—6, 7 to 12 and 13 to 18 points, respectively.

2.3. Inclusion and exclusion criteria

Healthy adolescents with negative response in the International
Study on Asthma and Allergies in Childhood (ISAAC) [18] question-
naire, in relation to questions on asthma and allergic rhinitis, were
included. Those with positive response in the ISAAC questionnaire
for sneezing, coryza (runny nose) or nasal obstruction symptoms in
the last 12 months were included in the allergic rhinitis group. An
inability to carry out the correct maneuver to obtain peak nasal
inspiratory flow (PNIF), using rhinomanometry; not being able to fit
the END; not presenting the informed consent agreement signed by
the parents or guardian, non-completion of the Léger race test [19]
or aerobic race test to a 20 m point and back, and failure to attend
the second part of the test were the criteria for exclusion. Adoles-
cents with any of the following were also excluded: moderate to
severe adenoid hypertrophy; with bacterial sinusitis clinically diag-
nosed by the presence of purulent nasal discharge, postnasal drip,
facial pain on percussion associated, or not, to headache and fever;
nasal septum deviation, nasal polyps, any respiratory tract infection
in activity on admission; and underlying illnesses of any nature.

3. Material, equipment and data collection procedures
3.1. Anthropometry

To collect anthropometric data, the variables of body weight
(kg) and height (m) were used. Weight was measured on a Plenna®
(Sao Paulo, SP, Brazil) digital weighing scale, with precision of 100 g
and capacity of 150 kg. Height was measured using a measuring
tape against a straight wall, with a precision scale of 0.1 cm. The
body mass index (BMI) was calculated based on the equation: body
weight (kg)/height? (m).

3.2. Cardio-respiratory test

To evaluate cardio-respiratory capacity, we used the Léger race
test [19] or aerobic race test to a 20 m point and back, in an
appropriate court or space. The test assessed the maximum aerobic
capacity of the participants, and was performed in an open area
where 20 m was measured out between two parallel lines. On the
evaluator's mark, participants began running together (maximum
of 10 people), at a pace determined by a CD specially recorded for
this test. In the first stage, the speed was 8.5 km/h, which corre-
sponds to a brisk walk, and was progressively speeded up by
0.5 km/h in each of the following stages. Each stage lasted
approximately 1 min. Each stage had a duration of approximately
1 min. The CD made “beeps” at specific intervals in each stage. At
each beep, the participant had to be crossing one of the two parallel
lines with his foot, that is, starting out from one of the lines in the
direction of the other, crossing it with at least one foot on hearing
the beep and returning in the opposite direction.

The distance of 2 m before the parallel lines is the exclusion area
(cutoff limit) of the test, that is, any participant who was yet to
reach this section when the beep sounded was warned to accel-
erate his pace. But if the participant could no longer keep up the
pace, he was excluded from the test, since the test finishes when
the participant can no longer keep up with the pace set by the CD.
The duration of the test depended on the cardio-respiratory per-
formance of each participant. The goal of the test was to measure
the V0,Max, which is less intense at the start, becoming more
intense at the end, in a total of up to 21 min. The maximal oxygen
uptake value was calculated using the following formula:

Y = 31.025 + (3.238 x A) — (3.248 x B) + (0.1536 x AB)

Whereas:

Y = VO, in mL/kg/min;
A = speed in km/h (in the stage achieved);
B = age in years.

3.3. Obtaining PNIF

Before verification of PNIF, the participant performed habitual
nasal hygiene, lightly blowing the nostrils. In a standing position,
the participant was carefully fitted with the facial mask. He was
then instructed to carry out vigorous nasal inhalation, from the
residual volume, with a closed mouth until total lung capacity was
reached. The equipment used was the In-check-inspiratory flow
meter (Clement Clarke, Harlow, England), illustrated in Fig. 1.

Three measurements were taken and the highest result was
chosen. Based on the absolute values, the predicted values were
obtained according to the reference curves proposed by Ibiapina
et al. [20].
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Fig. 1. Peak nasal inspiratory flow meter (PNIF).

3.4. Nasal resistance (NR)

Nasal airflow resistance was measured through anterior rhino-
manometry at transnasal pressure of 150 Pa, using Rhinoman-
ometer: PDD-301/r (Piston Medical, Budapest, Hungary), whose
characteristics meet the specifications and requisites of the ATS/
ERS Task Force: Standardization of lung function testing [21].

Anterior rhinomanometry records nasal airflow in cubic centi-
meters per second with reference to transnasal pressure and is
expressed as the difference between the atmospheric pressure and
the relative pressure in the nasopharynx. Nasal airflow resistance is
calculated by dividing the transnasal pressure by the flow [22].
Measurements were carried out according to the manufacturer's
instructions and device's calibration was done before each
measurement.

3.5. Rating of perceived exertion (RPE)

The rating of perceived exertion rate was measured immediately
after the cardio-respiratory test using the Borg [23] scale, which
was developed to describe individuals' perception of physical
exertion in a wide range of exercise types.

3.6. External nasal dilator (END)

The END used in the study is the ClearPassage®, RJ, Brazil,
available in three sizes: small, medium and large, which may be
used by children, adolescents and adults (Fig. 2). The sizes used
were small and medium, according to the each participant's need.

The nasal dorsum of each participant was cleaned with cotton
moistened in alcohol, before the dilator was fitted to each side of
the nostrils. Application of the END was carried out according to the
manufacturer's instructions and it was inserted by one of the re-
searchers, who did not performed participants evaluation before
and after exercise. Participants were advised not to touch the de-
vice, which should be placed where they cannot see it.

3.7. Placebo external nasal dilator (END)

The placebo END was made from an adhesive plastic tape
without the acrylic strip responsible for dilating the nostrils. The
devices were similar in appearance (color, weight and shape) with
the original one (Fig. 3).

3.8. Data collection protocol

The 65 volunteers participated randomly in two trial situations,
one using the dilator and the other using the placebo. Data
collection relating to state of health and anthropometry was per-
formed before any activity. Evaluations took place at two distinct
situations: the first involved the collection of anthropometric
measurements, obtaining the PNIF and rhinomanometry. After
randomization, the END (experimental or placebo) was applied,
obtaining the PNIF and rhinomanometry, and we applied the
cardio-respiratory test and rating of perceived exertion assessment
immediately after the cardio-respiratory test carried out by inde-
pendent examiners. The second part was two weeks later and at the
same time of the day as the previous evaluation. Participants who
had used the experimental END in the first evaluation used the
placebo END in the second evaluation, and vice-versa. Before the
exercise, PNIF and rhinomanometry with the experimental or pla-
cebo END was obtained, while rating of perceived exertion was
assessed immediately after the cardio-respiratory test. Collections
were not carried out on the same day because physical exertion
compromised performance on the cardio-respiratory test. Partici-
pants did not know if the END was placebo or experimental and as
soon as the race test was finished, the rating of perceived exertion
(RPE) was evaluated and then the END of the participants was
withdrawn.

3.9. Statistical analysis

Analysis of variance (ANOVA) based on a model of repeated
measurements was used to analyze the effects between the groups
(healthy and with rhinitis) and treatment (basal, placebo and

Fig. 2. External nasal dilator used in the study.

Fig. 3. Placebo external nasal dilator used in the study.
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experimental) on the PNIF%, NR, RPE and VO;Max, with signifi-
cance set at p < 0.05. The post hoc LSD test was used to evaluate the
differences found in relation to each of the significance factors. To
verify the normality of residuals and constant variances we used
the Kolmogorov-Smirnov test and Levene test, respectively. With
aim of comparing two independent groups, the Student t-test was
adopted for independent samples.

3.10. Ethical aspects

The protocol and informed consent agreement were approved
by the Research Ethics Committee of the Federal University of
Minas Gerais (UFMG).

4. Results

In total, 65 adolescents were selected, 35 were from the healthy
group (H) and 30 from the rhinitis group (R).

Table 1 describes and compares the characteristics of the sam-
ple. Data show that there is no significant difference between the H
and R groups in relation to age, body mass and height. Results are
described as mean + standard-deviation of the measurements for
PNIF%, nasal resistance (NR), rating of perceived exertion (RPE) and
VO;Max (Table 2).

4.1. Peak nasal inspiratory flow percentage (PNIF%)

There was a statistically significant difference (p < 0.05) be-
tween the groups in the basal and placebo condition. When
analyzed in the original END condition, the R group equaled the
H group, that is, the END increased the PNIF% values in both
groups (Fig. 4). The R group did not show a significant difference
in the basal condition, compared to the placebo. However, these
two conditions demonstrated significantly lower measurements,

Table 1
Descriptive and comparative measurements between the healthy group (H) and
rhinitis group (R) in relation to age, body mass and height (n = 65; S = 35 and
R =30).

Variable Group Mean SD* Mean CI” (95%) p
Age Rhinitis 133 1.0 (13.0; 13.7) 0.096
Healthy 13.8 1.1 (13.4; 14.1)

Body mass Rhinitis 53.6 7.2 (50.9; 56.3) 0.930
Healthy 534 11.1 (49.6; 57.2)

Height Rhinitis 1.61 0.07 (1.58; 1.64) 0.457
Healthy 1.63 0.10 (1.59; 1.66)

2 Standard Deviation.
b Confidence Interval.

Table 2
Mean + standard deviation of measurements for PNIF%, nasal resistance, VO,Max.
and rating of perceived exertion (n = 65).

Variable Rhinitis group (n = 30)  Healthy group (n = 35)
PNIF% Basal 72.2 +18.8 88.0 + 239
Placebo 70.8 + 16.1 813 +214
Experimental 92.9 + 20.9 99.1 + 225
NR Basal 0.24 + 0.09 0.17 + 0.06
Placebo 0.23 +0.08 0.17 + 0.06
Experimental  0.19 + 0.06 0.14 + 0.05
VO,Max  Placebo 332 +57 34.0 + 9.2
Experimental 34.8 +5.8 36.1 £9.1
RPE Placebo 80+12 75+12
Experimental 7.5 + 0.6 72+10

Peak nasal inspiratory flow %, nasal resistance, maximal oxygen uptake, rating of
perceived exertion.

compared to the original END. The H group had significantly lower
measurements when the placebo was used, compared to the basal
and original END, respectively. In the basal condition, measure-
ments of the participants were significantly lower, compared to the
original END.

4.2. Nasal resistance (NR)

The R group showed significantly higher NR when compared to
the H group in the three conditions analyzed. There was no sig-
nificant difference between the basal and placebo conditions in
both groups, but there was a significant difference when compared
to the original END (Fig. 5).

4.3. Rating of perceived exertion (RPE)

There was no statistically significant difference when the groups
were compared. However, the difference was significant when the
participants used the original END compared to the placebo,
regardless of the group analyzed (Fig. 6).

4.4. Maximal oxygen uptake (VO,Max.)

There was no statistically significant difference in relation to the
groups. Participants who used the placebo END demonstrated
significantly lower means, compared to the original END, as shown
on Fig. 7.

5. Discussion

The main objective of this study was to evaluate the effect of the
external nasal dilator (END) on PNIF, nasal resistance and aerobic
capacity in healthy adolescent athletes and those with allergic
rhinitis. Data show that the use of the END significantly increased
PNIF, reduced nasal resistance and improved aerobic capacity in the
sample analyzed, both for the adolescents with rhinitis and the
healthy ones.

This study is the first to evaluate the effect of the END on nasal
airflow and physical exercise in adolescent athletes with allergic
rhinitis, which therefore makes it difficult to compare it with data
from other studies. It is not known if these data may be extrapo-
lated for other adolescents or adults, since a series of factors could
possibly interfere in these results.

The purpose of the END is to temporarily facilitate inspiratory
respiration, reducing transnasal resistance, and improving inspi-
ratory airflow in healthy individuals and those with nasal conges-
tion [24]. In a recent systematic review [25], 33 brands of nasal
dilator were found for sale on the market. Of these, five are
“external” and only six were assessed for their effectiveness on
nasal airflow. Authors concluded there are few studies proving the
efficacy of these dilators. However, studies evaluating both healthy
children and adolescents and those with allergic rhinitis are
limited, particularly adolescent athletes.

A previous study [9] assessed the effect of the END on 54 healthy
adolescents, with an improvement noted in PNIF, VO,Max and
subjective perception of dyspnea. These findings are similar to
those of the present study, but the current one included adoles-
cents with allergic rhinitis and an evaluation of nasal resistance
using anterior rhinomanometry, the best objective assessment of
nasal resistance, according to international consensus [22]. The
procedures to evaluate PNIF were the same used in this study, but
based on the absolute values we obtained the predicted values
according to reference curves proposed by Ibiapina et al. [20].
Moreover, the cardio-respiratory test and subjective evaluation
were different.
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Recently, the effect of the END on 56 children aged between 6
and 12 years old [26] was analyzed. Of these, 30 were healthy and
26 demonstrated nasal congestion associated with allergic rhinitis.
As an objection evaluation, the authors assessed PNIF, similar to
this study. When they used the END on healthy children, they
detected a significant increase in the two positions evaluated
(seated and supine) and in children with nasal congestion, in the
seated position only, compared to the basal. These inferences are
similar to those of our study, which added important aspects: a)
adolescents were assessed while standing upright and the pre-
dicted PNIF was used, that is, based on the absolute values we
obtained the predicted values according to reference curves pro-
posed by Ibiapina et al. [20]; b) the placebo END was used.

Johnson et al. [27] studied the effect of two ENDs (The Kids strip
and Regular strip) on 39 children aged between 5 and 12 years old,
with nasal congestion associated with allergic rhinitis. The hy-
pothesis was that children between 5 and 8 years old would feel
more comfortable with “The Kids strip” because of their smaller
noses, while the children between 9 and 12 years old would use the
“Regular strip”. This theory was confirmed with a subjective
assessment. Researchers used PNIF as objective evaluation. In the
basal condition, PNIF was higher in the seated position, compared
to when lying down. There was no significant difference in the two
positions with the ENDs.

Based on the assumption that there is a high prevalence of
allergic diseases in the world [1,2] and in Brazil [28], the current
study also evaluated adolescents with this condition. Our findings
suggest that the END could be useful for people with nasal
congestion, a common characteristic in patients with rhinitis.

Corroborating the findings of Macfarlane et al. [10] and Dinardi
et al. [9] on healthy adolescents, the results found in the present
study indicated that the END had a positive effect on the cardio-
respiratory test, evaluated from a field test. This data was consis-
tent with expectations, since one of this study's hypotheses is that
END improves nasal patency, reduces resistance, leading to an in-
crease in ventilation during exercise, making larger quantities of
oxygen available for the respiratory muscles, enabling the athlete to
a better recovering and exercise performance. Other researchers
reinforce these hypotheses [10,13,14,29] that seems to be valid only
during nasal respiration [30], unlike the current investigation, in
which breathing was oronasal.

These data are conflicting in the literature, since in the adult
population various studies [13—15] did not show an improvement
in the aerobic capacity of participants, even while demonstrating
an increase in nasal airflow. Another study [29] on healthy adult
athletes, showed an increase in the area of the nasal valve's
transverse section, a significant drop in parameters such as
VO,Max, heart rate, RPE and VE using the END in submaximal
aerobic exercise of low intensity on ergometric bicycle.

Although ideally, objective evaluation methods that enable for
simultaneous measuring of oxygen uptake, ventilatory parameters
and heart rate could be used, we chose to analyze aerobic capacity
through field test. This represents one of the limitations of this
study. However, the test used is simple, low cost and scientifically
valid [19].

In the present study, RPE was measured immediately after the
cardio-respiratory test, according to guidelines established by
Borg's [23] scale which was developed to assess individuals'
perception of exertion in a broad variety of exercise types. Similarly
to our findings, two studies reported positive effects in subjective
perception of dyspnea and exertion, respectively, in healthy
adolescent athletes using the END [9,10].

Regarding the validity of RPE as a reliable method to determine
the stress of training Manoel et al. [31] evaluated thirteen healthy
adolescent athletes. There was a correlation noted between heart

rate and RPE in the progressive maximal aerobic test continuous
and staggered speed and resistance training and other types of
training. The authors conclude that the RPE is a simple, low cost,
valid and reliable method to evaluate the stress of training on
adolescent athletes, particularly in aerobic exercises [31].

Another limitation of our study was the absence of a classifi-
cation relating to the ethnicity of the studied population. One of the
characteristic features of the ethnic composition of the Brazilian
population is the wide variety of types, which makes precisely
defining it a difficult task.

In healthy adults, there was a significant difference between the
area of the nasal valve's transverse section in whites and blacks
(p = 0.002 e p = 0.001, respectively), with and without the END
[29]. The mean increase in area for whites (0.36 cm?) was signifi-
cantly higher in comparison with blacks (0.20 cm?). This may justify
our results, considering the greater prevalence of whites, for whom
the effect of the END could be more evident.

6. Conclusion

A significant increase in nasal airflow was reported in healthy
adolescent athletes and those with allergic rhinitis when using the
external nasal dilator. This increase seems to influence aerobic
exercise parameters, having a positive effect on VO,Max and an
improvement in rating of perceived exertion, evaluated in field test.
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