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Background: Previous investigations in humans suggest topographical differences in intranasal trigeminal chemosensitivity

with the highest sensitivity in the anterior part. The present study aimed to investigate whether different sites in the human nasal

mucosa react differently to unspecific electrical stimuli.

Methology: Participants were 50 young, healthy volunteers (24 men, 26 women; age 22-38 years). Detection and pain threshold

of electrical trigeminal stimuli were investigated at 5 different sites: anterior septum, posterior septum, inferior turbinate, middle

turbinate and anterior lateral wall.

Results: In healthy subjects, a significantly higher trigeminal sensitivity was found at the anterior parts of the nose compared to

the posterior part. There was a similar distribution pattern of the sensitivity for detection and pain thresholds.

Conclusions: Results suggest that there are consistent topographical differences in the arrangement of trigeminal receptors of

the human nasal cavity; highest somatosensory sensitivity seems to be located in the anterior part. This finding is compatible with

the idea that the trigeminal system acts as a sentinel of the human airways with regard to toxic agents.
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Introduction

Intranasal somatosensory sensitivity is mediated by trigeminal
afferents. Until a short time ago it was assumed that irritants
activate free endings of the trigeminal nerves directly in an un-
specific way. Today specific receptors of the trigeminal system
have been identified, for example the acid-sensitive ionic chan-
nels (ASIC receptors) " and the capsaicin receptor/vanilloid
receptor-1 (TRPV1) @3, They are activated by chemosensory as
well as by thermal stimuli. Trigeminally mediated sensations
include burning, stinging, prickling, sharpness, warmth, and
cooling %2,

The intranasal sensitivity has different functions. First, the
trigeminal system is intimately involved in the perception of

odours because most odours activate both, the olfactory and
the trigeminal nerves ©7), Interactions between olfaction and
the trigeminal system have been shown in many previous
studies. For example, in anosmic subjects the trigeminal sensi-
tivity is also reduced ®9; conversely, loss of trigeminal function
seems also to result in a reduced olfactory function "%. Second,
the intranasal trigeminal system seems to be highly signifi-
cant for the protection of the airways against toxic irritants,
because the nasal mucosa is the first tissue, which has contact
with potentially toxic agents carried by the inhaled airstream.
Intranasal trigeminal activation generates protective reflexes
such as sneezing or apnea to prevent noxious substances from
entering the respiratory system “'12, Third, another important
role is the perception of nasal airflow. For example, menthol
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sensitizes trigeminal receptors like the cold receptor TRPM8
03), providing the feeling of a ‘free nose’ without decongestive
effect. The reason for this impression is an increased sensitivity
for the nasal airflow "4, On the other hand, local anaesthesia
produces a sensation of nasal obstruction without a major ef-
fect on nasal resistance to airflow 119,

Numerous studies indicate that the respiratory mucosa is an
inhomogeneous tissue in terms of the sensitivity to irritants.
Previous works in animals and humans suggest that trigeminal
receptors are not equally spread throughout the nasal cavity.
Different methods for investigations were used, such as histo-
chemical studies "7'®, electrophysiological recordings from the
respiratory epithelium %2V or recordings of cortical event-re-
lated potentials ?? and intensity ratings ?? following stimula-
tion at various areas of the nasal cavity. All of them found the
highest trigeminal sensitivity in the anterior part of the nasal
cavity. Furthermore, Konstantinidis et al., suggest that nasal
anatomy plays a significant role in determining interindividual
differences in the sensitivity to trigeminal stimuli .
Knowledge of the trigeminal sensitivity in the human nasal
mucosa seems to be important in the clinical daily routine. For
example, in surgery it is necessary to preserve mucosa with
high trigeminal function. In patients with the so-called ‘empty
nose syndrome’ %, next to alteration of the airflow inside the
nose, the loss of trigeminal receptors also contributes to the
impression of a ‘congested nose!

The aim of the present study was to investigate the trigeminal
sensitivity at different sites at the human nasal mucosa again,
now in contrast to former studies using unspecific direct
electrical stimuli. Using suprathreshold electrical stimuli all
trigeminal receptors (thermal, tactile, chemosensory etc.) are
activated. Thus, the present work is about results from passive
somatosensory stimulation.

Materials and methods

Study design

Fifty healthy volunteers (24 men, 26 women; age 22 - 38 years)
participated. Participants were given detailed information
about all testing procedures and written informed consent was
provided by all subjects prior to the study. All measurements
were performed according to the Declaration of Helsinki. The
study design was approved by the Ethics Committee of the
University of Dresden Medical School (EK number 88052006).

At first the subjects’ medical history was obtained and nasal
endoscopy was performed by an ENT specialist (MS). After
that olfactory function was screened by means of an odour
identification test, separately for each nostril (‘Sniffin” Sticks’
%) ascertaining normosmia. Here the subjects’ task is to
identify 12 odours presented to either nostril in a randomized
sequence; the sum of correctly identified odours is the score,

which relates to olfactory sensitivity. For screening of the che-
mosensory trigeminal function all participants also underwent
the ‘lateralization test’as previously described ?27; within

this paradigm menthol, ethanol, and cinnamon aldehyde are
presented 20 times each to the left or right nostril with the
subjects indicating which side had been stimulated. Because
lateralization is a function of trigeminal sensitivity the scores
from this screening test relate to trigeminal sensitivity. None of
the subjects reported breathing difficulties, acute nasal aller-
gies, or acute rhinitis; nasal endoscopy revealed no pathology.

Both detection and pain threshold of trigeminal stimuli of

the subjects were investigated with electrical stimuli applied
with a spherical electrode (Figure 1; PowerLab ADInstruments,
Spechbach, Germany). Ascending stimulus intensities begin-
ning at 0.5 mA were used; stimulus intensity was increased

by 0.05 mA until subjects reliably indicated detection of the
stimuli. From then on intensity was increased by 0.1 mA until
participants indicated that the stimulus was painful. The stimu-
lus duration was constant at 0.05 ms. Recordings were perfor-
med at the following five different sites of the nasal mucosa:
anterior septum, posterior septum, inferior turbinate, middle
turbinate, and anterior lateral nasal wall (Figure 1). To keep the
spherical electrode in place, it was attached to clips mounted
on a frame similar to lensless glasses. The position of the elec-
trode’s tip was controlled by nasal endoscopy. The sequence of
measurements at the five different locations was randomized
across all subjects. In an individual subject measurements were
always carried out in the same nostril.

Statistical analyses

Results were analyzed using SPSS vs.17 (SPSS Inc., Chicago,

IL, USA) using analyses of variance for repeated measures.
F-values are presented together with degrees of freedom [in
brackets] followed by the p value). To investigate differences
between stimulation sites t-tests for paired samples were used
(degrees of freedom Bonferroni-corrected). The level of signifi-
cance was set at 0.05.

Results

As ascertained by means of the ‘Sniffin’ Sticks’ screening test all
subjects exhibited normosmia (M = 11.0, SD = 0.8). Similarly,
when screening trigeminal function, using the lateralization
test, subjects showed a normal trigeminal sensitivity (menthol:
M=17.5,SD = 2.1; ethanol: M = 15.2, SD = 2.7; cinnamon alde-
hyde: M =17.1,SD = 3.2).

The detection thresholds for trigeminal stimuli were signifi-
cantly different at the various sites of stimulation of the nasal
mucosa (F [4,232] = 34.9, p < 0.001). Anterior parts of the

nose, namely, the anterior septum, the inferior turbinate and
the anterior lateral nasal wall showed significantly (p < 0.001)
higher trigeminal sensitivity than posterior parts, namely, the
posterior septum and the middle turbinate. In addition, the 3
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Figure 1. Mean values of the detection (left) and pain thresholds (right) of healthy subjects (n = 50) in response to electrical stimuli applied to different

sites at the human nasal mucosa (error bars indicate standard errors of means). The insert top left indicates the location of the five recording sites. The

insert top right is a photo of the stimulation probe.

anterior stimulation sites were not significantly different from
each other; also, the two posterior stimulation sites did not
differ in terms of sensitivity (p = 1.0).

A similar distribution pattern was found for pain thresholds (F
[4,232] = 9.59, p < 0.001); pain thresholds from the 5 sites fol-
lowed the pattern as had been seen with detection thresholds
(see above; p < 0.01) with the only exception that the anterior
septum did not differ significantly from all other stimulation
sites (p > 0.05).

Discussion

Results of the present study suggest that humans exhibit to-
pographical differences in somatosensory sensitivity and that
in this regard the respiratory mucosa is an inhomogeneous tis-
sue. A high sensitivity seems to be present in the anterior part
of the nasal cavity. Importantly, in the present study unspecific
electrical stimuli were used.

The present results are in line with previous research, where
other techniques were utilized. Using cortical event-related
potentials and intensity ratings to mechanical (air puffs) and
chemosensory (CO,) stimuli were investigated by Frasnelli
et al., @ at the anterior and posterior part of the nose. The
authors found the highest chemosensory sensitivity in the

anterior portion, the highest mechanical sensitivity in the back
of the nose. The intensity of the chemosensory irritant was also
strongest at the anterior nasal cavity (but see also ?9).

Differences in the distribution of intranasal trigeminal recep-
tors in humans have also been investigated using an elec-
trophysiological measure of trigeminally induced activation
2021 the negative mucosa potential (NMP). It was found 202"
that the nasal septum is more sensitive to stimulation with
irritants, compared to other locations within the nasal mucosa
like the olfactory cleft and the inferior turbinate or the middle
turbinate and the floor of the nasal cavity. A recent study from
Meusel et al., " also showed topographical differences in the
responsiveness of the nasal mucosa to irritants which supports
the present findings.

Using histochemical methods, Lee et al., investigated regio-
nal differences of the rat’s nasal intraepithelial sensory nerve
fibers. They reported a higher nerve fiber density in anterior
than posterior regions of the nose. Their conclusion was that
this pattern relates to the detection of noxious stimuli @7, In
addition, so-called solitary chemosensory cells (SCCs), which
seem to have a supporting function of the intranasal trigemi-
nal system, were found in the anterior parts of the nose. Here,
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it may also be speculated that this distribution would also
contribute to the relatively high sensitivity in this area (29,

Conclusion
Results from the present study, in line with previous research,

suggest that there are topographical differences in the arran-
gement of the intranasal somatosensory sensitivity with the

Authorship contribution
All authors had full access to all the data in the study and take

responsibility for the integrity of the data and the accuracy of

the data analysis.

highest sensitivity in the anterior part of the nasal cavity. The

most important area for monitoring inhaled air seems to be

the anterior section of the nose, which is compatible with the

idea that the trigeminal system acts as a sentinel of the human

airways.
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