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Abstract

Purpose: Vidian neurectomy is a surgical procedure applied to different pathological conditions, including
chronic rhinitis and sphenopalatine neuralgia. The choice of the correct surgical approach depends upon the
possible protrusion of Vidian nerve into the sphenoid sinuses.

The present study analyses the possible relationship between protrusion of Vidian nerve and volume of sphenoid
sinuses.

Methods: In total, 320 maxillofacial CT-scans were retrospectively assessed. Subjects equally divided among
males and females (age range 18-94 years) were divided into three groups according to the profile of Vidian
nerve protrusion; type 1: Vidian nerve inside the sphenoid corpus; type 2: partially protruding into the sphenoid
sinus; type 3: entirely protruding into the sphenoid sinus through a stalk. Volume of sphenoid sinuses was
extracted through ITK-SNAP free software and automatically calculated.

Possible statistically significant differences in prevalence of the three types between males and females were
assessed through Chi-squared test (p<0.05). Differences in volume of sphenoid sinuses in subjects included
within the three types were assessed through one-way ANOVA test (p<<0.05), separately for males and females.
Results: Type 2 was the most prevalent (46.6%), followed by type 1 (38.8%) and type 3 (14.7%), without
significant differences according to sex (p>0.05). Volume significantly increased passing from type 1 to type 3
both in males (p<0.01) and in females (p<0.01).

Conclusions: The results prove the existence of a strict relationship between sphenoid sinuses pneumatization
and protrusion of the Vidian canal and give a contribution to the knowledge of this important anatomical variant

in endoscopic surgery.
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Introduction

The Vidian nerve is formed by the confluence of the deep petrosal nerve, originating from the sympathetic
carotid plexus, and the greater petrosal nerve, a parasympathetic branch of the facial nerve [15]. It runs through
the pterygoid canal up to the pterygopalatine fossa where its parasympathetic part synapses in the
pterygopalatine ganglion. Postganglionic branches provide innervation to the lacrimal gland and to nasal and
palatal mucosa [15]. In consideration of its functions, the Vidian nerve is the target of several surgical
procedures of neurectomy, usually applied to chronic rhinitis, sphenopalatine neuralgia and “crocodile tears”
syndrome [6,12,16,22].

Chronic rhinitis is usually characterized by clear rhinorrhea, nasal obstruction, postnasal drip and sneezing;
patients who do not see improvements through pharmacological therapy are usually treated through Vidian
neurectomy [12,22]. Sphenopalatine neuralgia involves sphenopalatine ganglion and leads to unilateral
headache, usually localized in the retroorbital region and eye [6]. “Crocodile tears” syndrome occurs in rare
cases of facial nerve lesions followed by misdirected regeneration between salivatory axons directed to chorda
tympani and preganglionic fibres to sphenopalatine ganglion [16].

In all the previously mentioned cases, Vidian neurectomy represents a valid treatment: various approaches have
been suggested, being the transnasal one the most frequent [27]. In this way, the Vidian canal can be reached
through two different routes: the sphenoid sinuses [10] or the pterygopalatine fossa through a transmaxillary
approach [7,8]. The two routes provide different advantages and disadvantages, but their choice is strictly linked
to anatomical characteristics of the Vidian canal.

The Vidian canal runs from the anterior edge of the foramen lacerum anteriorly through the sphenoid corpus and
the medial pterygoid plate to the posterior wall of the pterygopalatine fossa [3]. However, the position of the
Vidian canal depends upon the pneumatization of sphenoid sinuses: when they are wide, the Vidian nerve may
protrude into the sphenoid sinuses, partially (on the floor of the sphenoid sinuses, separated by a thin bone layer)
or completely [22]. In these cases, transsphenoidal approach represents the most adequate one, as it allows
surgeons to reach the Vidian nerve directly or to easily identify its position. In case where the Vidian nerve does
not protrude into the sphenoid sinuses, an anterograde transmaxillary approach through the pterygopalatine fossa
at the exit of the Vidian canal is suggested; however, this type of intervention is more difficult to perform and

brings about a higher risk of damaging the sphenopalatine artery with consequent bleeding [7,8]. Therefore, the



prevalence and characteristics of Vidian canal protrusion into the sphenoid sinuses are of special interest in these
surgical practices.

With time, several articles have analysed the prevalence of this anatomical variant in their respective populations
[1,3,9,10,13-15,20,21,24,25]. However, no study has focused on the possible relationship between Vidian nerve
protrusion and volume of sphenoid sinuses so far.

This study aims at filling this gap, analysing the volume of sphenoid sinuses in different profiles of Vidian canal

protrusion. The results will improve the knowledge of this anatomical variant.

Materials and methods

From a hospital CT-scan database 320 patients (equally divided among males and females) were retrospectively
assessed. Age of males and females was 50.2+19.3 years and 52.5+20.8 years, respectively (age range: 18-94
years. The study used maxillofacial CT-scans performed through a second generation dual-source scanner,
Somatom Definition Flash (Siemens, Forchheim, Germany), with the following parameters of acquisition: kV:
120, mAs: 320, collimation: 40 x 0.6 mm, tube rotation: 1 sec; reconstruction thickness: 3 mm; reconstruction
filters: H21s smooth for soft tissues and H60 sharp for bone. CT-scans were requested for screening of cranial
fractures in trauma (57.3%), sinusitis (20.0%), neurological symptoms (12.7%) and nasal polyps (10.0%).
Patients affected by traumatic injuries and pathologies involving the sphenoid sinuses, and congenital or
acquired cranial deformation were excluded from the study.

All the images were anonymized: the study follows local and international laws and guidelines (Helsinki
Declaration). The study was approved by the local ethical committee (7331/2019).

CT-scans were then analysed to verify the possible protrusion of Vidian nerve into the sphenoid sinuses: in
detail, each subject was classified according to Yeh and Wu [25] as follows: type 1, Vidian nerve inside the
sphenoid corpus; type 2, Vidian nerve partially protruding into the sphenoid sinus (Vidian nerve beneath the
floor of the sphenoid sinus and protruding into the sphenoid sinuses); type 3, Vidian nerve entirely protruding
into the sphenoid sinus through a stalk (Fig. 1).

The 3D model of sphenoid sinuses was obtained from each CT-scan through ITK-SNAP free software (Fig. 2)
according to a semi-automatic approach already described and validated in previous publications [5,26]. Volume

of both sphenoid sinuses in cm® was automatically extracted through VAM® software (Vectra Analysis Module,



version 2.8.3, Canfield Scientific®, Inc.). Prevalence of different types, and average volume of sphenoid sinuses
of subjects included in each type, were calculated, both in males and females.

Possible statistically significant sex differences in age and prevalence of the three types were respectively
assessed through Student’s t and Chi-squared tests (p<0.05). Differences in volume of sphenoid sinuses in
subjects included within the three types were assessed through one-way ANOVA test (p<0.05), separately for
males and females. Post-hoc test was performed through Tukey HSD test (p<0.05). All the statistical analyses

were performed through SPSS® software.

Results

No statistically significant age difference was observed according to sex (Student’s t-test, p>0.05).

Overall results are exposed in Table 1. Distribution of different variants of Vidian nerve protrusion was similar
in both sexes: type 2 was the most prevalent (46.6%), followed by type 1 (38.8%). Type 3 was the rarest
(14.7%). No statistically significant differences in prevalence of each protrusion type were found according to
sex (Chi-square: 3.71; p=0.156). The pattern of protrusion of Vidian canal was always the same on both the
sides.

Volume of sphenoid sinuses was significantly different among the three types both in males (F: 36.04; p<0.0001)
and in females (F: 50.48; p<0.0001). In detail it significantly increased passing from type 1 to type 3 both in

males (p<0.01) and in females (p<0.01).

Discussion

Morphology and size of sphenoid sinuses represent crucial information in endoscopic surgery when a
transsphenoidal route is considered [2]. Sphenoid sinuses develop as an invagination of nasal mucosa within the
bone between the third and fourth fetal month, and progressively increase their size up to adolescence, when they
reach the final morphology [2]. The possible widening of air spaces may lead to a close relationship with several

sensitive structures, including the internal carotid artery, the optic nerve and the Vidian nerve [2]. Therefore,



anatomical studies focusing on sphenoid sinuses are becoming more and more important for a correct surgical
planning [18].

Vidian neurectomy represents a surgical procedure applied with success to different pathological conditions,
thanks to the improvement of endoscopic procedures [6,12,16]: two different approaches are available for Vidian
neurectomy, the transmaxillary and the transsphenoidal one. The former one usually passes through the lateral
wall of the nasal cavity omolaterally by removing the middle turbinate, and reaches the pterygopalatine fossa
through the posterior wall of the maxillary sinus; it provides the shortest path to reach the Vidian nerve, but is
affected by possible impairments of nasal cavity heating and humidification for the excision of the middle
turbinate [17,18,19,23,26]. The transsphenoidal approach does not request the ligation of the sphenopalatine
artery and is affected by a lower risk of damaging the pterygopalatine ganglion, as it usually does not reach the
pterygopalatine fossa; however, the choice of the transsphenoidal approach is dependent upon the type of Vidian
nerve exposure into the sphenoid sinuses [21] (Table 2). In detail, the presence of a Vidian canal embedded
within the sphenoid floor leads to the choice of a transmaxillary approach through the pterygopalatine fossa,
more difficult and affected by a higher risk of bleeding [7,8].

Literature justified the intimate relationships of vascular and neurological structures with sphenoid sinuses as
caused by the expansion of air cavities around them during the development [4,11]. However, at our knowledge,
no study has analysed the relationship between Vidian nerve protrusion and volume of sphenoid sinuses. Only
Kazkayasi et al. verified that frequency of Vidian nerve protrusion increases with size of pterygoid
pneumatisation [9]. However, the correlation between the sphenoid total volume and prevalence of each type of
Vidian nerve protrusion remains to be ascertained.

The present study aimed at filling this gap, comparing the volume of CT reconstructed sphenoid sinuses in
different types of Vidian nerve protrusion. Results show that Vidian nerve protrusion is strictly dependent upon
the pneumatisation of sphenoid sinuses, and that volume in each type is significantly different from that found in
the other groups. Therefore, we can conclude that different degrees of Vidian nerve exposition inside the
sphenoid sinuses may be caused by the progressive increase in volume of air cavities, as also hypothesized by
literature [4]. The present results may also be useful for the planning of endoscopic procedures, as they provide
the volume standards for each type of protrusion: accordingly, the sphenoid sinus volume represents an
important variable for the choice of the type of surgical procedure to apply, with the prediction of possible risks

which may be encountered.



The prevalence of each type of protrusion in the Italian population was given, as well. Surprisingly, in literature
several studies give the prevalence of Vidian canal protrusion on CT-scans [1,3,9,10,13-15,20,21,24,25], but
none of them explores its possible relationship with sphenoid sinus volume. The comparison of the present data
with existing literature shows that type 3 (complete protrusion of Vidian nerve through a stalk) is always
reported as the rarest one, although with different percentages (Table 3). On the other side, prevalence of type 1
or type 2 varies among different populations, sometimes within the same country [1,24]. This limited
comparison shows that ethnic variability is a key factor in influencing this anatomical variant.

This study is affected by the limits that it focuses only on the relation between protrusion of Vidian nerve and
volume of sphenoid sinuses: however, protrusion of Vidian nerve is not sufficient for the choice of a
transsphenoidal approach. For example, a lateral position of the Vidian nerve in relation with the posterior end of

the middle turbinate represents another factor to consider in the choice of the surgical approach [21].

Conclusion

In conclusion, this article provides novel data concerning the anatomical variants of Vidian canal: results may be

useful in endoscopic surgery and for a correct choice and planning of surgical approach.
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Legend to figures

Fig. 1: example of different types of Vidian nerve protrusion according to Yeh and Wu [22]: a) type 1: Vidian
nerve inside the sphenoid corpus; b) type 2, Vidian nerve partially protruding into the sphenoid sinus; c) type 3:
Vidian nerve entirely protruding into the sphenoid sinus through a stalk

Fig. 2: segmented 3D model of sphenoid sinuses through ITK-SNAP software [23]: A: anterior; P: posterior; R:

right; L: left

Figure 1

Figure 2
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Males Females

Prevalence (%) 43.1 344
Type 1 Mean 7.4 5.6
Volume (cm?)
SD 43 2.3
Prevalence (%) 41.3 51.9
Type 2 Mean  10.7 9.2
Volume (cm?)
SD 3.6 2.8
Prevalence (%) 15.6 13.8
Type 3 Mean 15.1 11.2
Volume (cm?)
SD 4.2 2.3

Table 1: prevalence of different types of Vidian canal protrusion, mean volume and standard deviation (SD) of

sphenoid sinuses in males and females.

Authors Population Ne of Type 1 Type 2 Type 3
subjects (%) (%) (%)

Acar et al. [1] Turkish 250 55.6 34.8 9.6

Mohebbi et al. [14] Iranian 100 24.0 48.0 28.0

Omami et al. [15] Libyan 300 38.3 39.6 22.0

Yazar et al. [24] Turkish 150 36.0 54.0 10.0

Present study Italian 320 38.8 46.6 14.7

Table 2: prevalence of Vidian canal protrusion according to different authors and populations: type 1: no

protrusion; type 2: partial protrusion; type 3: complete protrusion.
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Advantages

Disadvantages

-extradural approach (reduced risk of infections and

cerebrospinal fluid leakage)

-possible risk of impairment of nasal cavity heating and

humidification (due to the removal of the middle

Transmacxillary turbinate)
-shortest path to reach pterygopalatine fossa and the
approach -requests familiarity with anatomy and possible
Vidian nerve
variants of the cranium
-narrow surgical field
-extradural approach (reduced risk of infections and
-the type of procedure depends upon the anatomical
cerebrospinal fluid leakage)
characteristics of the pterygoid canal
Transsphenoidal | -no need for sphenopalatine artery ligation
-risk of incomplete resection due to accidental
approach -less risk of violation of the pterygopalatine

ganglion

-highly precise nerve cut in Vidian neurectomy

cauterization

-requests high surgical skills

Table 3: advantages and disadvantages of the transmaxillary and transsphenoidal approaches to the Vidian

neurectomy
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