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Abstract The aim of the present work was to analyse the
alterations of rhino-sinusal physiology in 106 professional
athletes (swimmers, skiers, boxers and runners) using ob-
jective rhinological methods. Every athlete underwent an
accurate anamnesis, a complete objective ORL evalua-
tion, an active anterior rhinomanometry, an acoustic rhi-
nometry and an evaluation of mucociliary transport time
(MCTt). Skiers were also submitted to a nasal deconges-
tion test (NDT). In swimmers, the mean MCTt was 27.4±
4.97 min (normal value: 13±3 min; P<0.0001). The aver-
age MCTt for the skier group was 19.58±1.92 min (P<
0.0001); the mean value of total basal nasal resistance was
0.37±0.05 Pa/ml per s (normal value =0.25 Pa/ml per s;
P<0.001). After NDT, total nasal resistance was 0.18±
0.02 Pa/ml per s. In the group of boxers, the total mean
nasal resistance was 0.64±0.05 Pa/ml per s (P<0.001); the
mean cross-sectional area at the nasal valve level was
0.57±0.04 cm2 (normal value =0.55±0.05 cm2) and at the
inferior turbinate level 0.83±0.05 cm2 (normal value =0.4±
0.04 cm2; P<0.001); the TMC average time was 27.35±
2.21 min (P<0.0001). Finally, for the runners, the mean
MCT time was 20.56±2.35 min (P<0.001). Knowing the
alterations of the physiological nasal respiration is of ex-
treme importance to develop a correct and timely thera-
peutic approach to be able to restore rhino-sinusal home-
ostasis. Athletes, in fact, need the earliest therapeutic aid
in order to avoid the interference of prolonged rhino-si-
nusal alterations with their performance and also to avoid
a more serious clinical situation concerning the inferior
airways.
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Introduction

By now, it is universally acknowledged that the only ac-
tual physiological respiration is the nasal one. In fact, the
role played by the nose is to provide the inferior nasal air-
ways with an adequate quantitative and qualitative area
supply by means of ventilation, conditioning and defen-
sive functions. Thus, it allows gaseous pulmonary ex-
changes. If this assertion is true in for the ordinary popu-
lation, it becomes even more significant in regard to ath-
letes, whose performances are guaranteed by the regular
explication of the physiological nasal functions in propor-
tion to their physical efforts. Physiopathologic alterations
of the rhino-sinusal district of an athlete change in relation
to the sport played. Specifically, in this context, alter-
ations may have a traumatic, vasculomotor or irritative
origin or may have all these origins at the same time. As an
example, the airway mucosa of a swimmer, who breathes
water-steam, is exposed to the irritating effect of chlorine
[1] that causes phlogosis and sub-oedema of mucous mem-
brane [2]. Further components of swimming pool waters
are chloramines, chloroform, formaldehyde, acetaldehyde
and halogenate hydrocarbons [3]. These components are
highly volatile, so they pass easily to the aerosol state, and
this, together with the peculiarities in terms of pH, tem-
perature and saline composition of swimming pool water,
implies the typical clinical picture of nasal obstruction,
sneezing and nasal serosa secretion [4], the latter preva-
lently caused by the alteration of muco-ciliary transport.

Contrarily, the low temperatures to which a skier is ex-
posed play a fundamental role in stimulating a series of
parasympathetic reflexes. In the first stage, these reflexes
lead to watery nasal secretion, while in the subsequent
stage to a district congestion, which is caused by vasum
dilatation of the nasal turbinates [5]. From a clinical point
of view, this chain of processes represents the typical
symptomatological picture of the so-called “skier’s nose”,
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which is characterised alternatively by watery rhinorrhoea
and nasal obstruction. In general, these symptoms develop
after 10 min of exposition to low temperatures and disap-
pear with similar latency after the exposure.

It is also known that nasal trauma, from which osseo-
cartilaginous fractures may derive, are the principal re-
sponsible for boxers’ rhinosinusal homeostasis (boxer’s
nose) [6]. These anatomical alterations imply the increase
of nasal resistance values. This fact, associated with the
frequent use of local haemostatic medicine, causes a lack
in balance of the physiological mechanisms of the nasal
mucosa.

Finally, with regards to runners’ activities, we know that
during physical exercise, nasal resistance decreases sig-
nificantly because of the adrenergic decongestion of the
inferior turbinates [7]. This phenomenon appears immedi-
ately after starting sportive activity and reaches its peak
after about half an hour, then returns to its normal level
25–30 min after one stops running [8]. In the long term for
some subjects, this cyclical repetition of turbinate conges-
tion-decongestion may cause serious alterations of the home-
ostasis of physiological nasal respiration.

In the light of the above considerations, to the extent of
preventing the onset of pathologies of the superior air-
ways that are linked with or are the cause of more serious
diseases of the inferior airways (rhinobronchial syndrome,
asthma, etc.) [9, 10], an early and rigorous diagnostic ap-
proach is essential, also in cases of minimal rhino-sinusal
district alterations.

The aim of this work is to analyse, using objective rhi-
nological methods, the alterations of rhino-sinusal physi-
ology, observed with regard to four different types of pro-
fessional athletes, whom we follow for a sufficiently long
period.

Materials and methods

For the present study, we enrolled 106 professional athletes (swim-
mers, skiers, boxers and runners). Specifically, 35 were swimmers,
26 males and 9 females, with an age range of 18 to 35 years (aver-
age: 24 years). Twenty-four subjects, 17 males and 7 females, com-
posed the skiers’ group, with an age range of 20 to 36 years (aver-
age: 28 years). The sample of boxers was formed by 17 subjects,
all males, whose age range was between 22 and 37 years (average:
29 years). The last group was formed by 30 athletes (19 males and
11 females), chosen among competitive runners who specialised in
middle distances (1,500–5,000 m), their ages ranging between 18
and 36 years (average: 30 years).

Every athlete was submitted to an accurate anamnesis and a
complete objective ORL evaluation (eventually integrated with an
endoscopy of the rhino-sinusal district), to an active anterior rhi-
nomanometry (AAR), which was executed using the computerised
Menfis Rhino System, and to an acoustic rhinometry (AR), which
was performed by using the rhino-meter Stimotron Rhinolack
1000.

In addition, we evaluated every athlete’s nasal mucociliary trans-
port through the determination of the time occurred with a coloured
marker (vegetal charcoal and saccharin at 3%), which was placed
on the inferior turbinate head to reach the oropharynx [11].

Finally, the skiers were submitted to a nasal decongestion test
(DNT) so that after the intranasal nebulisation of a vasoconstrictor
(two puffs per naris, repeated twice, at 5-min intervals), we re-
peated RAA and RA tests.

The statistical analysis of the experimental data was made us-
ing the Student’s t-test.

Results

Tables 1, 2, 3, 4, and 5 summarize the most significant data
among those we collected from the four groups of ath-
letes. Specifically, there was only one rhinologic parameter,
pertaining to the group of swimmers, which exceeded the
normal range of the adult population: it was the MCT time.
In fact, the average MCTt that we calculated in this group
is equal to 27.4±4.97 min, while the common average
value of the ordinary population is 13±3 min (P<0.0001).
In addition, ten of the observed data went over the bound-
ary value by 30 min (Table 1).

The average MCTt for the skiers’ group was equal to
19.58±1.92 min (versus 13±3 min for the general popula-
tion; P<0.0001). Instead, the mean value of the total basal
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Table 1 Mucociliary transport
time in 35 swimmers Swimmer Mucociliary 

no. transport time
(min)

1 25
2 23
3 21
4 30
5 33
6 24
7 25
8 40
9 28

10 22
11 31
12 35
13 30
14 24
15 27
16 22
17 22
18 33
19 28
20 26
21 21
22 32
23 24
24 31
25 30
26 25
27 33
28 22
29 28
30 31
31 21
32 27
33 30
34 24
35 31
Mean ± SD 27.4±4.94



nasal resistance was 0.37±0.05 Pa/ml per s (normal value
=0.25 Pa/ml per s; P<0.001).

Finally, the mean value of cross-sectional areas at the
nasal valve level and of the inferior turbinate at basal con-
ditions were, respectively, 0.75±0.02 cm2 (normal value
=0.55±0.05 cm2) and 0.96±0.02 cm2 (normal value =0.48±
0.04 cm2; P<0.001; Table 2).

After NDT, total nasal resistance was 0.18±0.02 Pa/ml
per s; on the other hand, the areas of the sections at the
nasal valve level and of the inferior turbinate were 0.75±
0.02 cm2, but those of the inferior turbinate were 1.44±
0.04 cm2 (Table 3), thus indicating a positive statistical
significance for this test (P<0.001).

In the boxers’ group, the total mean nasal resistance
was 0.64±0.05 Pa/ml per s (normal value =0.25 Pa/ml per
s; P<0.001). The values of the areas of traverses sections
for the nasal valve were 0.57±0.04 cm2 (normal value =0.55±
0.05 cm2) and for the inferior turbinate 0.83±0.05 cm2

(normal value =0.4±0.04 cm2; P<0.001). Finally, the TMC
average time was 27.35±2.21 min (normal value: 13±3 min;
P<0.0001; Table 4).

Finally, in regards to the runners’ group (specialised in
middle distances), the mean value of the MCT times, com-
pared with the normal level of rhinomanometric and acous-
tic rhinometric values, was equal to 20.56±2.35 min (versus
13±3 min of the general population; P<0.001; Table 5).
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Table 2 Nasal resistance, nasal areas and mucociliary transport
time in 24 skiers. Basal values

Skier no. Total nasal Nasal Areas MCTt
resistance

Nasal Middle

(Min)(Pa/ml per s)
valve turbinate
(cm2) (cm2)

1 0.38 0.75 0.98 18
2 0.35 0.77 0.94 20
3 0.50 0.74 0.99 17
4 0.44 0.72 1.01 21
5 0.31 0.77 0.97 23
6 0.35 0.78 0.95 18
7 0.39 0.70 0.96 17
8 0.37 0.80 0.99 22
9 0.36 0.75 0.98 21

10 0.40 0.76 0.96 20
11 0.34 0.73 0.97 19
12 0.35 0.73 0.95 19
13 0.38 0.75 0.99 23
14 0.36 0.77 0.96 18
15 0.39 0.78 0.98 20
16 0.35 0.73 0.94 19
17 0.31 0.74 0.97 18
18 0.4 0.77 0.95 19
19 0.37 0.75 1 21
20 0.39 0.73 0.97 16
21 0.37 0.79 0.98 22
22 0.38 0.71 0.94 18
23 0.35 0.77 0.96 21
24 0.37 0.76 0.95 20
Mean ± SD 0.37±0.05 0.75±0.02 0.96±0.02 19.58±1.92

Table 3 Nasal resistance and nasal areas in 24 skiers after pharma-
cological decongestion

Skier no. Total nasal Nasal Areas
resistance

Nasal Middle

(Pa/ml per s)
valve turbinate
(cm2) (cm2)

1 0.21 0.75 1.48
2 0.15 0.77 1.35
3 0.20 0.74 1.44
4 0.22 0.72 1.50
5 0.24 0.77 1.40
6 0.15 0.78 1.46
7 0.18 0.70 1.44
8 0.17 0.80 1.48
9 0.16 0.75 1.52

10 0.20 0.76 1.45
11 0.18 0.73 1.47
12 0.17 0.73 1.50
13 0.16 0.75 1.44
14 0.19 0.77 1.49
15 0.21 0.78 1.41
16 0.17 0.73 1.47
17 0.20 0.74 1.50
18 0.18 0.77 1.39
19 0.16 0.75 1.40
20 0.15 0.73 1.46
21 0.22 0.79 1.43
22 0.19 0.71 1.48
23 0.18 0.77 1.41
24 0.21 0.76 1.39
Mean ± SD 0.18±0.02 0.75±0.02 1.44±0.04

Table 4 Nasal resistance, nasal areas and mucociliary transport
time in 17 boxers

Boxers Total nasal Nasal Areas MCTt
no. resistance

Nasal Middle

(Min)(Pa/ml per s)
valve turbinate
(cm2) (cm2)

1 0.68 0.55 0.90 28
2 0.69 0.61 0.86 26
3 0.58 0.54 0.89 25
4 0.64 0.63 0.82 31
5 0.62 0.57 0.79 27
6 0.59 0.58 0.85 29
7 0.69 0.52 0.76 25
8 0.59 0.62 0.88 29
9 0.61 0.59 0.81 25

10 0.59 0.51 0.84 27
11 0.69 0.60 0.77 30
12 0.68 0.59 0.81 29
13 0.63 0.61 0.84 27
14 0.65 0.58 0.89 23
15 0.67 0.56 0.78 26
16 0.66 0.61 0.80 30
17 0.64 0.57 0.86 28
Mean ± SD 0.64±0.05 0.57±0.04 0.83±0.05 27.35±2.21



Discussion

On the basis of the critical analysis derived from the re-
sults of this research, it is our opinion that there are sev-
eral interesting elements to elucidate. Namely, the MCTt
value of the 35 swimmers increased constantly, reaching
values that exceeded 30 min in ten athletes. This chronic
alteration of MCT predisposes swimmers to the onset of
serious pathologies such as rhino-sinusitis, rhino-otitis
and asthma. In addition, divers may be subject to baro-
traumatic rhino-sinusitis, which is caused by the continu-
ous and sudden pressure modifications in the rhino-sinusal
area.

Concerning the sample of skiers, all of the parameters
for objective nasal functionality differed in relation to
each tested athlete (P<0.001). In particular, the MCT time
increased significantly (P<0.0001). Nevertheless, nasal
resistance and cross-sectional areas returned to the normal
value range after pharmacological nasal decongestion
(NDT). NDT is a test whose specific aim is to distinguish
between functional nasal stenosis (which probably can be
solved by medical therapy) and mechanical obstructions

(which need a surgical approach). NDT positivity, in rela-
tion to every skier in the sample, quite unquestionably
suggests that these athletes’ type of rhinopathy has a va-
somotor origin and is characterised by rhinorrhoeaea and
nasal congestion. In addition, prolonged exposure to cold
may affect oral respiration and aria, the air being neither
warmed nor humidified when it arrives in the inferior air-
ways, causing broncho-constriction and thus compromis-
ing athletic performance.

The serious anatomic nasal alterations of boxers are re-
sponsible for the significant increase of nasal resistance
(P<0.001) and reduction of traverse nasal sections. This
alteration of physiologic nasal dynamics implies that it is
not possible to maintain the balance between nasal and
pulmonary respiratory function under stress, and this, ob-
viously, causes diminished athletic performance.

As regards slack facial textures (cutis and mucosa), the
damn may be caused by repeated traumatism and contin-
uous haemostasis [12]. Permanent deformation of the
nasal pyramid, together with an altered trophism of the
mucosa, modifies athletic performance because of the aer-
ial flow reduction of nasal cavities and exposes the athlete
to phlogistic pathologies that are principally linked to mu-
cociliary dysfunction with post-traumatic oedema (in fact,
TMC time increased for each patient in our study) and to
glandular hypersecretion and rhinorrhoea.

It is now known that during physical activity, especially
if the latter is protracted, nasal resistance significantly de-
creases as a consequence of inferior turbinate congestion;
this depends on the capacitance vasum constriction be-
cause of the release of adrenergic mediator [13]. The per-
sistence of these alterations may cause hypohydration and
dryness of rhinosinusal mucosa, thickening of secretion
followed by the alteration of mucociliary transport mech-
anisms and, as a rebound effect, an increase in nasal se-
cretions.

The last effect to be discussed is the clinical situation
known as “athlete’s nose”, which predisposes the subjects
to the development of rhinosinusal infections and to re-
current epistaxis. In this context, the results obtained by
this last sample of athletes are extremely interesting. In fact,
the TMC time of the 30 competitive runners, specialised
in middle distances, increased steadily at an average value
of 20.56±2.35 minutes; this datum is a further clinical
confirmation of the physiopathologic mechanisms men-
tioned above.

Knowing the alterations of the physiological nasal res-
piration that can arise in athletes and especially in profes-
sional competitors, it is of extreme importance to develop
a correct and timely therapeutic approach in order to re-
store rhino-sinusal homeostasis. This group of patients, in
fact, needs the earliest therapeutic aid in order to avoid the
interference of prolonged rhinosinusal alterations with
their athletic performance and also to avoid the develop-
ment of a more serious clinical situation concerning the
inferior airways [14, 15].

On the bases of our results, it follows that the therapies
should vary with the situation: sometimes, a medical ap-
proach is necessary, while at other times, a surgical one.
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Table 5 Mucociliary transport
time in 30 runners Runner Mucociliary 

no. transport time 
(min)

1 18
2 23
3 17
4 18
5 22
6 20
7 23
8 21
9 20

10 22
11 19
12 17
13 20
14 19
15 21
16 22
17 23
18 20
19 19
20 18
21 21
22 26
23 24
24 18
25 25
26 19
27 18
28 21
29 20
30 23
Mean ± SD 20.56±2.35
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The approach depends also on the age of the patient and
his or her athletic plans for the future. For example, if the
patient is still engaged in athletic competition, the surgery
has the goal to revive nasal patency in the best way possi-
ble, even to the detriment of other aspects, for example
the aesthetic one. However, for subjects who plan to end
their athletic career, the surgerical approach may replace
the nasal septum to the extent that it can also restore nasal
aesthetics. Therefore, we can affirm that if an early diag-
nostic intervention and a rigorous therapeutic approach
are essential for the ordinary population, they became an
indispensable need for the specific subjects of our sample.
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