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ABSTRACT: The nasal cavity volume and the temperature of the nasal mucosa are
considered to be the most important predictors of nasal conditioning. The aim of this
study was to assess the relationship between the intranasal degree of water vapour
saturation of inhaled air and nasal patency.
Intranasal humidity values at different locations within the nasal cavity of 15 healthy

subjects were compared to nasal airway resistance detected by active anterior
rhinomanometry (AAR). Repeated measurements were carried out during one day to
obtain varying nasal cavity volumes due to the nasal cycle. The end-inspiratory
humidity data were obtained with a miniaturised capacitive humidity sensor at defined
detection sites within the anterior nasal segment without interruption of nasal breathing.
Measurements were carried out at four different times during one day.
The degree of water vapour saturation did not correlate with the values of the AAR at

any intranasal detection site and time of detection during one day.
The study supports the view that there is no correlation between the degree of water

vapour saturation within the anterior nasal segment and the nasal resistance during the
nasal cycle over the day. Although nasal patency varies because of the nasal cycle, the
changes of nasal cavity volume due to the nasal cycle do not seem to influence the degree
of water vapour saturation of the inspiratory air.
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The blood temperature distribution along the
airway walls reflecting the nasal mucosal temperature
and the nasal cavity volume are considered to be the
two most important parameters of the human air
conditioning process as described by HANNA and
SCHERER [1] in a theoretical model. Both of these
parameters determine the local heat and water
exchange in the respiratory system.

The parameter "nasal cavity volume" changes
periodically over the day during the so-called nasal
cycle. The nasal cycle was first described by KAYSER

[2]. Spontaneous changes of unilateral nasal airflow in
man are a physiological phenomenon where each side
of the nose alternates reciprocally through phases of
congestion and decongestion over the day with period
lengths ranging from y1–5 h [3]. Yet, the under-
standing of this phenomenon and its description in
the literature is still very confusing [4].

The nasal cycle is produced by alterations in
autonomic tone of the nasal vasculature and asym-
metries in left and right cerebral electroencephalo-
graphic activity. The pacemaker for the nasal cycle is
believed to be located within the suprachiasmatic
nucleus of the hypothalamus [3, 5]. Additionally, a
complex interaction of different neurotransmitters
(e.g. noradrenaline, acetylcholine, neuropeptide Y,
vasoactive intestinal peptide, peptide histidine leucine,
substance P and calcitonin gene-related peptide) seem
to be involved [6].

The nasal cycle has been demonstrated using several
techniques, including anterior rhinoscopy, rhinoma-
nometry, acoustic rhinometry, rhinostereometry and
magnetic resonance imaging [7–9].

The physiological importance and effect of the
nasal cycle is still unclear. It does seem to have an
effect on mucociliary clearance, nasal inflammatory
response and respiratory defence [10–12]. In the litera-
ture, the correlation between the objective measure-
ments of nasal airway resistance, including magnetic
resonance imaging and subjective assessment of nasal
patency is usually regarded as poor [13, 14].

Although humidification of air is one of the most
important functions of the nose, data about intranasal
humidity and nasal airway resistance during the nasal
cycle over the day is still missing.

The aim of the present study was to examine a
possible relationship between the intranasal degree
of saturation within the anterior nasal segment and
nasal airway resistance over one day in healthy
subjects. For this purpose, repeated measurements
of intranasal humidity and airway resistance reflect-
ing changes of the nasal cavity volume due to the
nasal cycle were compared.

Material and methods

The study was performed after receiving approval
of the local ethical committee. All experimental
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procedures were explained in full detail to the study
participants, who provided written informed consent.

Study subjects

Altogether, 15 healthy subjects with normal nasal
anatomy were included into the study (seven males
and eight females) with an average age of 30 yrs
(range, 25–42 yrs).

The study participants had no nasal complaints or
history of nasal disease and no allergy. All subjects
underwent an otorhinolaryngological examination
including anterior rhinoscopy and endoscopy of the
nasal cavity.

Humidity recording and active anterior rhinomanometry

For detection of the degree of saturation (relative
humidity) of inhaled air a capacitive thin-film humi-
dity sensor (Humichip 17204 HM; Vaisala, Vantaa,
Finland) was used. The capacitance of the sensor9s
polymer film changes sensitively with the absorption
of water and is a measure of relative humidity [15].

The humidity sensor was incorporated in an acry-
lic glass cube and connected to a suction system.
Respiratory air was transported to the humidity
sensor by means of a silicon suction probe with an
outer diameter of 2.5 mm and an inner diameter of
1.5 mm. The temperature of the interior wall of the
silicon suction probe was 37uC (body temperature).
The authors did not observe a condensation of water
because of the short length of the suction probe as
demonstrated in several previous investigations. The
volume of air sampled through the suction tube came
to 17 mL?s-1. Thus relative humidity between 0–100%
could be measured. In high-velocity air it tookv2 s
to reach 90% of the steady-state.

All participants had to adapt to the laboratory
environment with a room temperature of 25¡1uC
and relative humidity of 30¡4% for 30 min while
breathing quietly through the nose in an upright
position. Active anterior rhinomanometry (AAR)
(Rhinomanometer 300; Atmos, Lenzkirch, Germany;
transnasal reference pressure, 150 Pa) was performed
on both sides.

Humidity recordings were then carried out, placing
the suction probe consecutively at the level of the
nasal valve area, close to the head of the inferior
turbinate and at the level of the anterior turbinate
area, close to the head of the middle turbinate in the
centre of the air stream, by means of a nasal speculum
and a headlight (fig. 1). Nasal endoscopy was then
performed in the same nostril in which the sensor
was inserted in order to check its correct position.
For this reason the nasal endoscope was only tem-
porarily inserted into the nasal entrance before each
measurement without touching or irritating the nasal
mucosa, as the suction probe was only inserted into
the anterior nasal segment. Both nasal cavities were
measured one after the other, always starting with the
right side. Humidity in the air stream at each site of
the nasal cavity was continuously recorded during
quiet breathing for 1 min without interruption of

physiological nasal breathing. The head of the patient
was fixed on a head holder. In all subjects, rhinoma-
nometry and humidity measurements were con-
currently performed at 08:00, 11:00, 14:00 and 16:00 h.

Registration of the respiratory cycle

The phase of inspiration and expiration during the
respiratory cycle was continuously detected using a
stress sensitive belt around the thorax of each subject
(MAP, Martinsried, Germany). The signal of the
sensor, integrated in the belt, was amplified and
continuously recorded.

Data processing and analysis

The humidity data were amplified and transferred
to a computer via an analogue to digital card. Con-
tinuous registration using the computer program Turbo
Lab (Bressner Technology, Munich, Germany) was
achieved. Respiratory cycles of 1 min at each detec-
tion site were analysed. The mean end-inspiratory
humidity of one respiratory cycle was calculated when
>5 repeated inspiration and expiration manoeuvres
following each other showed a deviation of end-
inspiratory temperature valuesv3%. When the devia-
tion was higher, measurements were repeated after an
interval of 5 min.

Statistical analysis

The Spearman signed rank test was used to com-
pare humidity results to rhinomanometrical values.
The nonparametric Wilcoxon signed rank test was
used for comparison of the values of the right and
left nasal cavity. The null hypothesis (no difference
between the values of the right and left side) was to
be rejected at the alpha=0.05 significance level.

Results

There were no individual or technical problems in
inserting the suction probe into the nasal cavity.
Endoscopic control and mucosal adaptation prior to
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Fig. 1. – Intranasal detection sites (arrows). The suction probe was
inserted through the nostril to the desired position in the centre of
the air stream under endoscopic control. Both nasal cavities were
measured one after the other, always starting with the right side.
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measurements were sufficient to avoid influences like
mucosal irritation by the suction probe.

Correlation between end-inspiratory degree of
saturation and rhinomanometry

The median inspiratory flow rates (cm3?s-1) at a
transnasal pressure of 150 Pa, of the right side, over
the day (4 measurements; 08:00, 11:00, 14:00 and
16:00 h) were 228.0 (range, 20.0–728.0) and of the
left side 116.0 (range, 30.0–772.0). The median bila-
teral inspiratory flow rate was 371.0 (range, 60.0–
978.0) (table 1). All of the subjects exhibited a nasal
cycle. There was no significant difference in the degree
of saturation between the right and the left nasal
cavity at both detection sites during the four mea-
surements (pw0.05).

The median end-inspiratory degree of saturation at
the level of the nasal valve area of both sides over the
day was 90.1 (range, 52.8–98.0). At the level of the
anterior turbinate area the median end-inspiratory
degree of saturation of both sides over the day was
89.9 (range, 59.1–98.7.0) (table 1).

There was no statistically significant correlation
between the end-inspiratory degree of saturation
and nasal airway resistance neither in the nasal valve
area (r=-0.10) nor in the anterior turbinate area
(r=-0.12) in all subjects.

Discussion

The nasal cycle is a physiological fluctuation of
nasal patency due to periodic phases of congestion
and decongestion of the nasal mucosa on both the
right and left nasal conchae over a period of several
hours [7]. Around 80% of the healthy population
show a regular cycle [4].

ECCLES [11, 16] reported that the nasal cycle
may have a special role in respiratory defence by
alternation of air conditioning between the nasal
passages, generation of plasma exudates, which
physically cleanses the epithelium and provides a
source of antibodies and inflammatory mediators,
and maintaining the patency of the airway during
the inflammatory response to infection. SOANE et al.

[10] demonstrated that the nasal cycle also has a
noticeable effect on the nasal mucociliary clearance.

Although many physiological properties of the
nose alternate with the nasal cycle and nasal airway
resistance, whether this has any effect on the degree of
intranasal saturation of inhaled air with water vapour
is less clear. Additionally, the relationship between
objective measurements of nasal airway resistance and
personal estimation of nasal patency is frequently con-
sidered to be poor. Data about intranasal humidity at
defined intranasal detection sites and varying nasal
airway resistance due to the nasal cycle at different
times over the day is still absent.

The nasal cavity volume and the temperature of
the nasal mucosa are considered to be the most
important predictive factors of nasal conditioning as
described by HANNA and SCHERER [1] in a theoretical
computer model.

Fluctuations of the nasal airway resistance because
of the nasal cycle also reflect changes of the nasal
cavity volume. For this reason, rhinomanometrical
measurements seem to be suitable for the registration
of the effects of the nasal cavity volume on the
intranasal degree of saturation. Therefore this study
was designed to investigate in vivo the relationship
between the degree of intranasal saturation of inhaled
air with water vapour and nasal airway resistance.

A miniaturised humidity sensor was used for
intranasal measurements of the degree of saturation.
The suction probe of the sensor allowed humidity
recording at defined intranasal sites in the anterior
segment in the centre of the air stream without
interruption of nasal breathing. Numerous previous
studies showed that the humidity sensor used is suit-
able for in vivo measurements in the human nasal
cavity at defined detection sites [17–19]. Nasal resis-
tance was measured using AAR.

In several investigations, a relative humidity of
y90–100% in the nasopharynx could be observed [20,
21]. These values are similar to the authors previous
observations.

In these studies neither humidity nor temperature
measurements in the anterior segment of the nose,
nor separation of values at end of inspiration and
expiration were performed. ROUADI et al. [20] per-
formed measurements in the nasopharynx during
nasal breathing through only one nostril because the
other nasal cavity was closed by the detection equip-
ment. The particular features of the experimental set-
up in the current study are that the authors were able
to measure relative humidity at defined intranasal
detection sites, without interruption of physiological
nasal breathing, without blocking one side of the nose
and with registration of the respiratory cycle.

The intranasal humidity values depend on the exact
intranasal detection site and the time of detection
within the respiratory cycle. Several previous measure-
ments of relative humidity at different sites within the
nasal cavity showed that in particular, the anterior
nasal segment including the nasal valve area seems to
be a main area of humidification of inspired air [19].
Therefore, the authors decided to present the humid-
ity values of the anterior nasal segment.

The end-inspiratory degree of saturation was not

Table 1. – Median end-inspiratory degree of water vapour
saturation within the nasal valve area (NVA) and the
anterior turbinate area (ATA) and the median inspiratory
flow rates at a transnasal pressure of 150 Pa of the right
and the left side over the day

Time Saturation Flow rates at
150 Pa cm3?s-1

NVA ATA Right Left

Right Left Right Left

08:00 93.2 91.6 94.1 90.4 246 138
11:00 89.1 88.2 88.3 85.6 231 168
14:00 82.4 82.7 87.0 81.9 286 165
16:00 81.8 83.8 84.9 82.3 224 190

Data are presented as % unless otherwise stated. n=15.
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found to correlate with the values of the AAR at any
intranasal detection site in the anterior segment and
time of detection during the nasal cycle over one day.
No comparable data in the literature concerning the
influence of the nasal cycle and nasal airway resistance
on the intranasal humidity could be found.

There were no significant differences in the values
of relative humidity and temperature between the
right and the left nasal cavity in previous studies,
indicating that the state of mucosal swelling alone is
not responsible for air conditioning [17, 18, 22]. In
addition, AKERLUND and BENDE [23] did not find a
correlation between the nasal mucosal temperature
and nasal airway resistance due to mucosal swelling.
Widening of the nasal cavity by mucosal decongestion
also did not lead to significant changes of the
intranasal humidity profile, temperature profile and
particle deposition after topical application of the
vasoconstrictor xylometazoline [24, 25].

It is probable that the changes in the airflow pattern
(velocity, flow, turbulences) during the nasal cycle lead
to different contact times of the inhaled and exhaled
air with the surrounding nasal mucosa. Thus, possible
changes in the air conditioning and cleansing of the
inhaled air due to mucosal congestion and deconges-
tion during the nasal cycle might be compensated.

These results are slightly contradictory to the theo-
retical hypothesis of HANNA and SCHERER [1]. This
contrast may be due to the negligence of changes in
the airflow pattern. Further studies are needed and
will be performed by the authors working group to
investigate the influence of the nasal cavity volume
and nasal mucosal temperature on nasal air condition-
ing. Therefore, in a second step, simultaneous measure-
ments of the nasal mucosal temperature, intranasal
airflow humidity and temperature will be performed
additionally to AAR, as well as acoustic rhinometry
for measurement of the nasal cavity volume.

Conclusion

The present study supports the view that there is no
significant correlation between the degree of water
vapour saturation and the nasal resistance during
the nasal cycle reflecting changes in the nasal cavity
volume over the day. Although nasal patency varies
during the nasal cycle, mucosal congestion and decon-
gestion do not seem to influence the end-inspiratory
degree of saturation in the anterior nasal segment
measurable in the experimental set-up of this study.
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