Surgical and Radiologic Anatomy (2023) 45:457-460
https://doi.org/10.1007/500276-023-03101-2

ORIGINAL ARTICLE

=

Check for
updates

The clinical significance of the human vomeronasal organ

Tjasse D. Bruintjes'? - Ronald L. A. W. Bleys3

Received: 6 October 2022 / Accepted: 2 February 2023 / Published online: 9 February 2023

© The Author(s) 2023

Abstract

Objective To find out whether the vomeronasal organ (VNO) can be identified in the nose as a mucosal pit in the anterior
nasal septum, to elucidate its function in man and to determine whether it is important to preserve the VNO during septal

surgery.
Methods Literature review.

Results and conclusion The VNO is histologically present in almost all humans, but a macroscopically visible septal pit
does not necessarily correspond with the actual VNO. The human VNO is probably a vestigial organ with a non-operational
sensory function. It is not necessary to take particular care not to damage the VNO during septal surgery.
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Introduction

In the human nose, a septal pit may be identifiable with
the naked eye as a depression in the antero-inferior region
of the nasal septum, approximately 2 cm from the nostril
(Fig. 1). It may be present on one or both sides of the nasal
septum. A septal mucosal pit is actually a common finding,
although studies regarding its presence show variable results
[7,9, 12, 14, 15]. Apart from the difference in occurrence
rate, the size and shape of the septal pit exhibit considerable
variability.

We were curious to know whether such a septal pit cor-
responds to the opening of the vomeronasal organ (VNO or
Jacobson’s organ). The VNO is an accessory olfactory sense
organ inside the nose of most amphibia, reptiles and mam-
mals which detects specific chemical compounds, including
pheromones [8]. It helps in the process of communicating
chemical messages, such as readiness for sexual activity, it
helps snakes hunt and track prey, it may also be involved in
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detecting chemical signals related to aggression. There has
been a long-standing debate on the presence and functional-
ity of the VNO in adult humans. If the VNO is a functional
organ in humans it would be important to preserve the organ
during nasal surgery [5, 6]. In fact, damage may occur quite
easily in the presence of a mucosal tear or electrocoagulation
of the mucosa of the septum to control bleeding. Foltan &
Sedy went as far as to hypothesize that damage to the VNO
during orthognatic surgery may lead to VNO function loss
affecting the patient’s social life in terms of selecting mates
and relations [4].

The aim of our literature study was to find out whether the
vomeronasal organ can be identified in the nose as a septal
mucosal pit, to elucidate the function of the VNO in man,
and to find out whether it is important to take care not to
damage the VNO during septoplasty.

History

The first depiction of the VNO dates from 1703 [2]. The
Dutch anatomist Frederik Ruysch was the first to notice
the structure in the nose of a cadaver of a 2-year-old boy.
However, Ruysch did not give a name to the organ. More
than a century later the Danish anatomist Ludwig Jacob-
son described the organ in detail in some mammals. He
was unable to find it in humans and therefore speculated
about the VNO being atrophic in humans. Kolliker, in the
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Fig. 1 Anterior rhinoscopy (with microscope) showing a clearly vis-
ible septal pit on the right side of the anterior nasal septum

late nineteenth century, detailed the position of the vome-
ronasal organ in human embryos as well as adults. In fact,
he was the first to provide a histological description of the
VNO, he coined the term ‘Jacobson’s organ’ to the VNO and
noted the homology with the VNO in other animals. He also
described and named the small cartilages below the VNO as
Jacobson’s (or paraseptal) cartilages. Bhatnagar and Smith
published an overview of the history of the VNO with an
English translation of Kolliker’s detailed monograph from
1877 [2].

Description

A septal pit may contain the opening leading to the VNO, an
epithelial, tubular-shaped invagination of the septal mucosa.
However, Bhatnagar and Smith observed that the true open-
ing to the VNO is usually microscopic and that a grossly
visible septal pit does not always correspond with the actual
VNO, but more likely corresponds with the nasopalatine
fossa or recess. These structures are related to the incisive
canal and located just above the nasal floor, inferior to the
opening of the VNO. Bhatnagar and Smith state that more
superiorly observed septal mucosal pits may also be unre-
lated to the opening of the VNO and that only serial section
histology can positively identify the true VNO and its open-
ing [1, 3, 13].

Histologic studies reveal that the VNO is present in
most, if not all, adult humans [1, 3, 7, 12—14]. It is a small
duct of variable length (2-10 mm) underneath the septal
mucosa within the perichondrium, which terminates pos-
teriorly in a small pouch. Both duct and pouch are covered
with a pseudostratified columnar epithelium with numer-
ous glands (Figs. 2, 3). Whilst neurons are present in the
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Fig.2 A Coronal section of the nose (Mallory-Cason staining, xX?2)
showing bilateral septal mucosal pit (1), cartilaginous septum (2),
premaxilla (3). B High magnification detail of A, showing the open-
ing of the VNO with posterior lip (1) and beginning of the vomerona-
sal duct (2)

Fig.3 High magnification of nasal septum, showing the VNO (3)
lined with a pseudostratified columnar epithelium within the peri-
chondrium of the septal cartilage. Figures 2 and 3 are from the Dept.
of Anatomy, University Medical Centre Utrecht, and reprinted from:
Huizing, EH, De Groot, JAM. Functional Reconstructive Nasal Sur-
gery. 2nd ed. Stuttgart: Thieme, 2015
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fetal human VNO various studies have failed to identify
neurons or nerve bundles in the adult human VNO [7, 17].
In accordance with light microscope observations, elec-
tron microscopy studies report three cell types, includ-
ing basal, and dark and light columnar cells displaying
microvilli on the apical surface [12, 14]. The VNO epi-
thelium in humans is quite different from that of the VNO
in other species and from that of olfactory or respiratory
epithelium in humans [12, 14]. In two histologic studies,
the VNO was removed during septoplasty after having
received informed consent. Unfortunately, in both stud-
ies the patients were not asked about mood or behavioral
changes after the procedure [6, 12].

Function

Whether the vomeronasal organ plays a part in receiving
olfactory signals in man has been much debated [10, 16].
The main claim for the functionality of the human VNO
comes from the work of Monti-Bloch and colleagues
[11]. In humans, they recorded an electrophysiological
response after administering putative human pheromones
to the VNO region, whilst there was no response when
these chemicals were placed in the nasal respiratory
mucosa, indicating a selectivity of the VNO. The main
arguments against the functionality of the VNO in humans
come from anatomical and molecular genetic studies [10,
16]. First and foremost, the VNO in the adult human lacks
neurons and nerve fibers. Second, humans are devoid of
an accessory olfactory bulb that receives information
from the vomeronasal receptor cells, and third, the genes
coding for vomeronasal receptor proteins and the specific
ionic channels involved in the transduction process identi-
fied in species with a functional VNO have mutated and
are non-functional. It appears that although the vomero-
nasal organ is found in the vast majority of human adults,
it probably has no function in chemoreception. This does
not rule out pheromonal communication in humans,
because other sensory systems, such as the olfactory
organ, may be involved in pheromone detection. Remark-
able pheromone-triggered phenomena in humans, such as
the synchronization of the menstrual cycle in women liv-
ing together, probably follow the main olfactory pathway
[16]. Recently, an endocrine function of the VNO has
been suggested. The presence of morphological connec-
tions of the VNO cells with the underlying capillaries,
along with the expression of calcium-binding protein in
part of these cells, may indicate endocrine activity [17].
Bhatnagar and Smith suggest that the human VNO func-
tions as a duct for anterior nasal septal glands [1].

Conclusion

Although the VNO is histologically present in almost all
humans, a macroscopically visible septal pit does not neces-
sarily correspond with the actual VNO. The human VNO is
probably a vestigial organ with a non-operational sensory
function. It is not necessary to take particular care not to
damage the VNO during septal surgery.

Acknowledgements We thank Dr. E.H. Huizing, Professor Emeritus,
for giving permission to use Figs. 2 and 3 (from: Huizing, EH, De
Groot, JAM. Functional Reconstructive Nasal Surgery. 2nd ed. Stutt-
gart: Thieme, 2015).

Author contributions TB and RB designed the study, TB performed
the literature search and analysis, RB contributed to the interpretation
of the results, TB wrote the manuscript in consultation with RB.

Funding This research received no specific grant from any funding
agency, commercial or not-for-profit sectors.

Availability of data and material Not applicable.

Declarations
Conflict of interest The authors have no conflict of interest to declare.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Bhatnagar KP, Smith TD (2001) The human vomeronasal organ.
III. Postnatal development from infancy to the ninth decade. J
Anat 199:289-302. https://doi.org/10.1046/j.1469-7580.2001.
19930289.x

2. Bhatnagar KP, Smith TD (2003) The human vomeronasal organ.
V. An interpretation of its discovery by Ruysch, Jacobson, or Kol-
liker, with an English translation of Kolliker (1877). Anat Rec
270:4-15. https://doi.org/10.1002/ar.b.10001

3. Bhatnagar KP, Smith TD, Winstead W (2002) The human vome-
ronasal organ: Part IV. Incidence, topography, endoscopy, and
ultra- structure of the nasopalatine recess, nasopalatine fossa, and
vomeronasal organ. Am J Rhinol 16:343-350

4. Foltan R, Sedy J (2009) Behavioral changes of patients after
orthognathic surgery develop on the basis of the loss of vomero-
nasal organ: a hypothesis. Head Face Med 5:5. https://doi.org/10.
1186/1746-160X-5-5

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1046/j.1469-7580.2001.19930289.x
https://doi.org/10.1046/j.1469-7580.2001.19930289.x
https://doi.org/10.1002/ar.b.10001
https://doi.org/10.1186/1746-160X-5-5
https://doi.org/10.1186/1746-160X-5-5

460 Surgical and Radiologic Anatomy (2023) 45:457-460
5. Garcia-Velasco J, Garcia-Casas S (1995) Nose surgery and the 13. Smith TD, Buttery TA, Bhatnagar KP, Burrows AM, Mooney MP,
vomeronasal organ. Aesthetic Plast Surg 19:451-454. https://doi. Siegel MI (2001) Anatomical position of the vomeronasal organ
org/10.1007/BF00453879 in postnatal humans. Ann Anat 183:475-479. https://doi.org/10.
6. Jahnke V, Merker H (2000) Electron microscopic and functional 1016/50940-9602(01)80209-0
aspects of the human vomeronasal organ. Am J Rhinol 14:63-67. 14. Stensaas LJ, Lavker RM, Monti-Bloch L, Grosser BI, Berliner D
https://doi.org/10.2500/105065800781602957 (1991) Ultrastructure of the human vomeronasal organ. J Steroid
7. Johnson A, Josephson R, Hawke M (1985) Clinical and histo- Biochem Molec Biol 39:553-560. https://doi.org/10.1016/0960-
logical evidence for the presence of the vomeronasal (Jacobson’s) 0760(91)90252-z
organ in adult humans. J Otolaryngol 14: 71-79.85) 71-79. 15. Stoyanov G, Moneva K, Sapundzhiev N, Tonchev AB (2016)
8. Keverne EB (1999) The vomeronasal organ. Science 286:716— The vomeronasal organ—incidence in a Bulgarian population. J
720. https://doi.org/10.1126/science.286.5440.716 Laryngol Otol 130:344-347. https://doi.org/10.1017/S002221511
9. Knecht M, Kiihnau D, Hiittenbrink KB, Witt M, Hummel T (2001) 6000189
Frequency and localization of the putative vomeronasal organ in 16. Trotier D (2011) Vomeronasal organ and human pheromones. Eur
humans in relation to age and gender. Laryngoscope 111(3):448— Ann Otorhinolaryngol Head Neck Dis 128:184-190. https://doi.
452. https://doi.org/10.1097/00005537-200103000-00013 org/10.1016/j.anorl.2010.11.008
10. Meredith M (2001) Human vomeronasal organ function: a critical 17. Wessels Q, Hoogland PV, Vorster W (2014) Anatomical evidence
review of best and worst cases. Chem Senses 26:433-445. https:// for an endocrine activity of the vomeronasal organ in humans.
doi.org/10.1093/chemse/26.4.433 Clin Anat 27:856-860. https://doi.org/10.1002/ca.22382
11. Monti-Bloch L, Grosser BI (1991) Effect of putative pheromones
on the electrical activity of the human vomeronasal organ and Publisher's Note Springer Nature remains neutral with regard to
olfactory epithelium. J Steroid Biochem Molec Biol 39:573-582. jurisdictional claims in published maps and institutional affiliations.
https://doi.org/10.1016/0960-0760(91)90255-4
12. Moran DT, Jafek BW, Rowley JC (1991) The vomeronasal (Jacob-

son’s) organ in man: ultrastructure and frequency of occurrence. J
Steroid Biochem Molec Biol 39:545-552. https://doi.org/10.1016/
0960-0760(91)90251-y

@ Springer


https://doi.org/10.1007/BF00453879
https://doi.org/10.1007/BF00453879
https://doi.org/10.2500/105065800781602957
https://doi.org/10.1126/science.286.5440.716
https://doi.org/10.1097/00005537-200103000-00013
https://doi.org/10.1093/chemse/26.4.433
https://doi.org/10.1093/chemse/26.4.433
https://doi.org/10.1016/0960-0760(91)90255-4
https://doi.org/10.1016/0960-0760(91)90251-y
https://doi.org/10.1016/0960-0760(91)90251-y
https://doi.org/10.1016/S0940-9602(01)80209-0
https://doi.org/10.1016/S0940-9602(01)80209-0
https://doi.org/10.1016/0960-0760(91)90252-z
https://doi.org/10.1016/0960-0760(91)90252-z
https://doi.org/10.1017/S0022215116000189
https://doi.org/10.1017/S0022215116000189
https://doi.org/10.1016/j.anorl.2010.11.008
https://doi.org/10.1016/j.anorl.2010.11.008
https://doi.org/10.1002/ca.22382

	The clinical significance of the human vomeronasal organ
	Abstract
	Objective 
	Methods 
	Results and conclusion 

	Introduction
	History
	Description
	Function
	Conclusion
	Acknowledgements 
	References




