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SUMMARY: The objective of this study was to determine the occurrence of anatomical variants in the exocranial surface of the
jugular foramen, specifically, the presence of single or double and complete or incomplete septation. A cross-sectional stuahpmi
was performed using 96 Brazilian dry human skulls (53 male and 43 female). One examiner determined the number (single or double
and type (i.e. complete or incomplete) of osseous septation at the outer surface of jugular foramens. Data went thizalg@mnatgsist
on GraphPad Prism 6.01. Our results shown that Male individuals where more likely to present normal jugular foramens (male =
71.69%, female = 34.88%; p = 0.003). However, one incomplete septation occurred more often on the right side of female (ddividu
incomplete septation, male = 16.98%; 1 incomplete septation, female = 34.88%; p = 0.044). Similarly, one complete septation (i.
presence of two fully divided jugular compartments) also occurred more often on the right side of female individuals (& complet
septation, male = 9.43%; 1 complete septation, female = 25.58%; p = 0.038). Anatomical variants of the jugular foramgrsirgjardin
or double complete or incomplete septations were more likely to be found on the right side of female individuals, wheseraksd pr
a higher rate of jugular foramens with any type of septation than regular non-altered jugular foramens.
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INTRODUCTION

The jugular foramen (JF) is an opening located at tteggmoid sinus is located at the larger one (sigmoid
skull base that provides passage for important neurovascutampartment/larger venous compartment), the inferior
structures from the cranium cavity to the upper neck regiopetrosal sinus occupies the smaller one (petrosal
into the carotid space. The sigmoid sinus passes through degnpartment/smaller venous compartment), and cranial
posterolateral portion of the JF, whereas it continues as tierves IX to Xl are situated in the neural compartment, of
internal jugular vein, which receives the inferior petrosahtermediate proportions and in between the other two
sinus after its passage through the anteromedial portion(éfimmalaet al, 2005; Liuet al, 2009).
the JF. In addition, cranial nerves IX, X, and XI are
transmitted through the JF in an intermediate position, The normal and altered anatomy of the jugular fora-
between the inferior petrosal sinus and the internal jugularen is clinically important in neurosurgeries, neuroimaging,
vein (Ayeniet al, 1995; Griessenauet al., 2016). and pathologies associated to the internal jugular vein and

to the glossopharyngeal, vagus, and accessory cranial nerves.

Authors have been describing a division of the JFFhis knowledge may help the clinician into interpreting
into three compartments, which may be partially or fullymaging exams, in providing accurate diagnosis and
divided by one or two bone septa in up to 45% of casgsognosis, as well as in performing surgical procedures with
(Vlajkovic et al, 2010). Of these three compartments, the higher precision (Liet al; Wanet al, 2012).
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Despite existing published results regarding the Jetatistical analysis.Studied outcomes were reported in
and its anatomical variants about number and presenceabkolute values and as percentages. Data were allocated at
septations in male and female individuals, scientific literatupgre-stablished sheets and organized on Microsoft Excel.
lacks a complete study that singly provides data from &tatistical analysis was performed on GraphPad Prism 6.01
outcomes that are often analyzed individually in differeriSan Diego, CA, USA), in which the Chi-Square Test was
papers (Vlajkovicet al; Skrsatzet al, 2016; Alabiet al, used to compare the occurrence of studied structures between
2018). right and left sides of individuals from the same sex, and

between the same side (i.e. right versus right and left versus

Hence, the aim of the present study was to determifedt) of individuals from different sexes. The present study
the occurrence of anatomical variants in the exocranisét its confidence level at 95% and its significance level at
surface of the jugular foramen, specifically, the presence 5% (0.05).
single or double and complete or incomplete septation.

RESULTS
MATERIAL AND METHOD

Comparison between different sides of individuals from
Ethical considerations. This study was approved by thethe same sexThis analysis showed no statistically
institutional ethics committee (Piracicaba Dental Schoadignificant differences for all comparisons (p>0.05).
University of Campinas, Brazil - Protocol: However, looking at the individual values, one can see that
13197519.8.0000.5418). anatomical variants of the JF occurred in both sides of female
individuals more often (65.12% on the right side and 51.17%
Study design and SampleA cross-sectional ex vivo on the left side) than what is considered normal (JF with no
anatomical study was performed using 96 Brazilian drgeptation on the right and left sides, respectively = 34.88%
human skulls (Department of Morphology, Anatomyand 48.83%). On the other hand, male individuals presented
division, Piracicaba Dental School, University of CampinagdF with no anatomical variants in most cases (71.69% on
Brazil). Sample size calculation was performed after Alalthe right side and 64.15% on the left side).
et al stablished the occurrence of anatomical variations of
jugular foramens in 36.6% of dry human skulls. Among the types of septation, in both sexes,
incomplete septations occurred more often than complete
Skulls were considered eligible if pertained to adukeptations and, between them, a single septation (complete
individuals (18-80 years old) from both male and femaler incomplete) occurred more often than double septation.
sexes, whereas there was no distinction of ancestralism. Tffeese data are summarized on Table .
following were excluded: skulls from non-adult individuals;
skulls from a different species other than Homo sapienSpmparison between the same side of individuals from
skulls with injuries to the anatomical structures of interestlifferent sexes.This analysis revealed statistically
and hemi skulls. significant differences (p<0.05) for comparisons involving
the right side of male versus female individuals.
Outcomes.One examiner (O.B.O.N., with four years of
experience in anatomical studies) performed visual Male individuals where more likely to present nor-
inspections in order to determine the number (single oral JF, with no septation, on their right side than female
double) and type (i.e. complete or incomplete) of osseoinlividuals (male = 71.69%, female = 34.88%; p = 0.003).
septation at the outer surface of jugular foramens. These
outcomes were only examined at the outer surface (i.e.the  Nevertheless, one incomplete septation occurred
exocranial aspect) of the skull base. The occurrence mbre often on the right side of female than in male
incomplete bone septa was considered present if thiegividuals (1 incomplete septation, male = 16.98%; 1
emerged from the margins of the exocranial aspect of tiileomplete septation, female = 34.88%; p = 0.044). Similarly,
jugular foramen and did not fully divide it into two or threeone complete septation (i.e. the presence of two fully divided
compartments. On the other hand, the occurrence of cojuigular compartments) also occurred more often on the right
plete bone septa was considered present if they emerget of female than in male individuals (1 complete septation,
from the margins of the exocranial aspect of the jugulanale = 9.43%; 1 complete septation, female = 25.58%; p =
foramen and fully divided it into two or three0.038). Figures 1 and 2 show, respectively, cases of comple-
compartments. te and incomplete septation of jugular foramens.
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Table I: Occurrences of jugular foramens (JF) with no septation and with single or double complete or incomplete septalipn in 9
skulls of Brazilian individuals.

Male (N =53) Female (N =43) All (N=96)
Right Left p-value Right Left p- Right Left p-value
N % N % N % N % value N % N %
0BY 38 71.69% 34 64.15% 0.40 15 34.88% 21 48.83% 0.18 53 5521% 55 57.29% 0.70
1JF
11BY 9 16.98% 13 24.52% 0.33 15 34.88% 12 27.90% 0.48 24 2500% 25 26.04% 0.86
213C
21BY 0 0 0 o - 1 2.32% 2 4.65% 0.55 1 1.04% 2 2.08% 0.56
31JC
1CBY 5 9.43% 5 9.43% 1.00 11 25.58% 8 18.60% 043 16 16.66% 13 13.54% 0.54
2CJC
2CBY 1 1.88% 1 1.88% 1.00 1 2.32% 0 0 0.31 2 2.08% 1 1.04% 0.56
3CJXC
Total 53 100% 53 100% - 43 100% 43 100%  ------- 96 100% 96 100%  -------

Analysis was performed by comparing right versus left sides in individuals from the same sex. BS = bone septum; IBS =ihoamphgitum; 1JC;
incomplete jugular compartment; CBS = complete bone septum; CJC = complete jugular compartment.

Fig. 1. Inferior view of skull base showing: a) two fully divided jugular compartments (1 and 2) separated by one complete bone
septum (arrow); b) three fully divided jugular compartments (1, 2, and 3) separated by two complete bone septa (arrow). CC =
carotid canal; OC = occipital condyle; SP = styloid process.

Fig. 2. Inferior view of skull base showing: a) one incomplete bone septum arousing from the margins of the jugular foramen
(arrow); b) two incomplete bone septa arousing from the margins of the jugular foramen (arrow). One can see that incamplete bon
septa do not fully divide one jugular foramen into two or three compartments; however, it helps to delineate where thesatsnpartm
can be found. CC = carotid canal; OC = occipital condyle; SP = styloid process.
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Table II. Comparison of anatomical variants of the jugular foramen (JF) between the same side of individuals from diéfierent sex

Male (N =53) Female (N =43) Male (N =53) Femd e (N =43)
Right Right p- Left Left p-
N % N % vaue N % N % value
0BS/1JF 38 71.69% 15 34.88% 0.003* 34 64.15% 21 48.83% 0.13
11BS/21JC 9 16.98% 15 34.88% 0.044* 13 24.52% 12 27.9% 0.70
21BS/31JC 0 0 1 2.32% 0.26 0 0 2 4.65% 0.11
1CBS2CXC 5 9.43% 11 25.58% 0.038* 5 9.4% 8 18.60% 0.19
2CBS/3 CXC 1 1.88% 1 2.32% 0.88 1 1.88% 0 0 0.36
Taal 53 100% 43 100% - 53 100% 43 100% -

BS = bone septum; IBS = incomplete bone septum; IJC; incomplete jugular compartment; CBS = complete bone septum; CJC jugudanplete
compartment; * = indicates a statistically significant value.

DISCUSSION

The present study stablished the occurrences of The jugular foramen is established, approximately,
jugular foramens (JF) with no septation and with single @t 51 days post-ovulation by the union of the otic capsule
double complete or incomplete septation in 96 dry skulend the basioccipital plate and is directly related to the
from adult male and female Brazilian individuals. development of neurovascular structures that pass through

it, especially the cranial nerves IX, X, and XI (Padget, 1956;

Two types of analysis were performed: 1) compariso®’Rahilly & Miiller, 1984). This explains why anatomical
between different sides of individuals from the same sesariants of this foramen, such as the ones found in our study,
(Table 1); and 2) comparison between the same side mfay occur.
individuals from different sexes (Table 1l). Considering both
analyses altogether, one can see that the likelihood to find  The present study presents clinical applicability as it
septations on the JF was higher in female that in madelds data to the scientific literature regarding the anatomical
individuals and that the right side presents a higher rate@fplanation behind the morphology of double or triple
anatomical variants than the left side. This may be alumbbell-shaped jugular foramen schwannomas (&fan
indication that female individuals are more likely to preseral.). In addition, it also suggests that female individuals might
septation on the JF and therefore are more likely to hake more affected by these pathologies than male individuals
pathologies associated this alteration in normal anatorapd that the right jugular foramen might be more affected
(Wanet al; Kanoet al, 2018). than the left one. Moreover, these data may also be used by

clinicians to interpret more accurately imaging exams.

Table 1ll compares the results from our study with
previous studies. Itis quite clear that, despite existing literature
on this topic, the present study stands out for providing, in a
single study, all possible data regarding the occurrence of sin-Anatomical variants of the jugular foramen regarding sin-
gle or double and partial or full septation of jugular foramengle or double and complete or incomplete septation were
which is fragmented in various publications (Vlajkogtal;, more likely to be found on the right side of female
Pereiraet al, 2010; Alabiet al). individuals.

Therefore, the present paper concludes the following:

Table Ill. Occurrences of single or double complete or incomplete septations of the jugular foramen in previous papées Eedenttstudy. IBS =
incomplete bone septum; 1JC; incomplete jugular compartment; CBS = complete bone septum; CJC = complete jugular compamormegdRed.

Study Y ear Population N Septation

1I1BS21JC 21BS31JC 1CBS/2CJC 2CBS/3CXC

Right Left Right Left Right Left Right Left

Vlajkovic et al. 2010 Serbian 50 NR NR NR NR 55% 60% 45% 40%

Pereiraetal. 2010 Southern 111 0.9% 0.9% NR NR 0.9% 0.9% NR NR

Brazilian

Chauhan et al. 2011 Indian 50 NR NR NR NR 6% 8% NR NR

Das etal. 2016 Indian 114 3.5% 11.4% 0% 0% 0% 7% 0% 0%

Alabi etal. 2018 Nigerian 93 30.1% 36.6% NR NR 30.1% 23.7% NR NR
Presert study Brazilian 96 25.00% 26.04% 1.04% 2.08% 16.66% 1354%  2.08% 1.04%
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2.Female individuals presented a higher rate of jugul&riessenauer, C. J.; McGrew, B.; Matusz, P.; De Caro, R.; Loukas, M. &

foramens with any type of septation than regular non-altered TUPPs: R. S. Surgical approaches to the jugular foramen: a
ytyp P 9 comprehensive review. Neurol. Surg. B Skull Base, 772850-4, 2016.

jugular foramens. He, J.; Wan, J.; Zhao, B.; Cai, H.; Wu, Y.; Li, X.; Qian, H. & Meng, X.
Dumbbell-shaped jugular foramen tumors extending to the neck:
3.Single complete or incomplete septations of the jugular surgical considerations based on imaging findiMgsrid Neurosurg.,

10414-23, 2017.
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ROSSI, A. C.: MONTE-BISPO: R. F.: SOUSA-RODRIGUES, Linn, J.; Peters, F.; Morlgg!, B, Naldlch, T.P; Bruckmgnn, H. & Yousry, I.
C.F.; OLAVE, E. & FREIRE, A. R. Presencia de septos comple- The jugular foramen: imaging strategy and detailed anatomy at 3T.

- ! AJINR Am. J. Neuroradiol., 30¢B}%-41, 2009.
tos o incompletos en foramenes yugulares humamosJ.  oRanilly, R. & Miller, F. The early development of the hypoglossal nerve

Morphol., 39(1)45-49, 2021. and occipital somites in staged human embryss. J. Anat.,
169(3)237-57, 1984.

RESUMEN: EI objetivo de la presente investigacién fuePadget, D. H. The cranial venous system in man in reference to development,
determinar la presencia de variaciones anatomicas en la superficieadult configuration, and relation to the arterfas. J. Anat., 98(3307-
exocraneal del foramen yugular, especificamente, la presencia de>d, 1956.
septos Gnicos o dobles, completos o incompletos. El estudio fu@®"® G- A- M.; Lopes, P. T. C.; Santos, A. M. P. V. & Krebs, W. D. J.

. ) . . Morphometric aspects of the jugular foramen in dry skulls of adult
realizado en 96 craneos secos (53 masculinos y 43 femeninos) dqndifiduals in Sourihem Brazil JMgorphol Sci 27(133_%/ 2010

individuos Brasilefios. Se determinaron septos 6seos completogip,at 3.; Mroz, I.; Spulber, A. & Walocha, J. Morphology, topography
incompletos y nimero de ellos. Los resultados obtenidos fueron ang clinical significance of the jugular foraméfulia Med. Crac.,

tratados estadisticamente con el programa GraphPad Prism 6.0156(1)71-80, 2016.

Los sujetos de sexo masculino fueron mas propensos a preseftarmala, R. P.; Coscarella, E. & Morcos, J. J. Surgical Anatomy of the
foramenes yugulares normales (sexo masculino: 71,69%; sexo fe-Jugular ForamerDper. Tech. Neurosurg.; 85, 2005. _
menino: 34,88%, p= 0,003). Sin embargo, se observaron sede@ikOV'C' S.; Vasovic, L.; Dakovic-Bjelakovic, M.; Stankovic, S.; Popovic,
incompletos con mayor frecuencia en el lado derecho y en el sexo?: & Cukuranovic, R. Human bony jugular foramen: some additional

. . . morphological and morphometric featureded. Sci. Monit.,
: 0" : 0,
femenino (sexo masculino: 16,98%; sexo femenino: 34,88%, 16(5)BR140-6, 2010.

p=0,044). Adicionalmente, una septacion completa (presenciagn 3. H.: wu, Y. H.; Li, Z. J.; Li, X. J.; Qian, H. P.; Meng, X. L. & Xu, Z.
dos compartimientos yugulares, divididos completamente), se pre- . Triple dumbbell-shaped jugular foramen schwannondas.
sentaron mas frecuentemente en el lado derecho de individuos fecranjomaxillofac. Surg., 40(954-61, 2012.

meninos (sexo masculino: 9,43%; sexo femenino: 25,58%, p=

0,038). Las variantes anatémicas del foramen yugular, en relacién

a septos simples o dobles, completos o incompletos, se enco S‘Fresponding author:

ron con mayor frecuencia en el lado derecho de las mujeres, $ivo Barbosa de Oliveira Neto

que presentaron un alto rango de fordmenes yugulares con alﬁ]tgS

! A Bitute of Health and Biological Sciences
tipo de septos respecto a los foramenes yugulares regulares ne-&lieral University of Alagoas
terados.

Av. Lourival Melo Mota

) . ) Tabuleiro do Martins
PALABRAS CLAVE: Anatomia; Foramen yugular; Macei6, Alagoas

Septos; Compartimientos. BRAZIL

REFERENCES Email: olavobarbosa91@gmail.com

Alabi, A. S.; Ekundayo, A. S.; Oyewopo, A. O.; Kareem, S. B.; Amedu, NReceived: 21-09-2020
O.; Lewu, F. S.; Akintunde, K. A. & Opayemi, R. S. MorphometricAccepted: 18-10-2020
study of the jugular foramen and sexual dimorphism using dried skull
obtained in two Nigerian StateRes. J. Health Sci., 6(482-8, 2018.

Ayeni, S. A.; Ohata, K.; Tanaka, K. & Hakuba, A. The microsurgical
anatomy of the jugular forameh. Neurosurg., 83(5903-9, 1995.

Chauhan, K.; Lalwani, R.; Nigami, G. L. & Krishnamurthy, A. Morfometria
del foramen yugular en craneos humanos secos del sur de |&Riendia.

Argent. Anat. Online, 2(335-8, 2011.

Das, S. S.; Saluja, S. & Vasudeva, N. Complete morphometric analysis of
jugular foramen and its clinical implicatiords.Craniovertebr. Junction
Spine, 7(4R57-64, 2016.

49



