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ABSTRACT

AIM: To compare the right and left sides and the endo–exocranial orifices of the jugular foramen (JF) considering the vascular 
compartment (VC) and the neural compartment (NC).   
MATERIAL and METHODS: A total of 20 human dry skulls belonging to the inventory of Medical Faculty, Department of Anatomy, 
were included in this study. Numerical values were obtained using direct anatomical and also computed tomography measurements.
RESULTS: The endocranial and exocranial VC occupied wider areas on the right side than on the left side (p<0.05). However, 
there was no statistically significant difference between the surface area of the endocranial and exocranial NC in terms of the sides 
(p>0.05). The length of the endocranial VC was greater on the right than on the left side. The right exocranial VC was wider than 
the left exocranial VC. However, the widths and lengths of the endocranial and exocranial NC showed no statistically significant 
difference between the sides (p>0.05). 
CONCLUSION: The right-sided dominance of JF observed in this study was attributed to the length of endocranial VC and the 
width of exocranial VC.
KEYWORDS: Vascular compartment, Neural compartment, Jugular foramen, Sigmoid sinus
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foraminal region is the transition zone for the tympanic 
branch (Jacobson’s nerve) of the glossopharyngeal nerve 
and the auricular branch (Arnold’s nerve) of the vagus nerve 
(6,9). In addition to its complex and important neurovascular 
architecture, the size of JF is important for otosurgeons, 
neurosurgeons, and radiologists to avoid iatrogenic injury 
during surgical approaches within the complex structure of 
the skull base (11-19). Since the dimensional anomalies of 

█   INTRODUCTION

The jugular foramen (JF), which transmits the inferior 
petrosal sinus, the jugular vein, the posterior meningeal 
artery, and the glossopharyngeal, vagus, and spinal 

accessory nerves, is a depression between the occipital 
bone and the petrous pyramid of the temporal bone. It is 
divided into the vascular compartment (VC) and the neural 
compartment (NC) via a fibrous or bony septum (6,9). This 
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the JF may be associated with tumors (e.g., paragangliomas, 
meningiomas, and neural sheath tumors) (26), and congenital 
malformations (e.g., Crouzon, Apert, and Muenke syndromes) 
(7,10), its size is increasingly being considered as an important 
area of research interest (1-3,8,11-19,21-25). Furthermore, 
dimensional differences of JF, such as the length, width, and 
area, are also examined in terms of demographic data such as 
gender, side, race, and region (1-3,12,19,27).

Although there are plenty of numerical data on the size of 
JF in the literature (1-3,11-19,21-25), the existing inventory 
conducted on the morphometric assessment of the dimension 
of VC and NC, including their areas, lengths, and widths, 
appears to be limited (9). Therefore, the primary aim of the 
present study was to examine the size of VC and NC both 
exocranially and endocranially.

█   MATERIAL and METHODS
A total of 20 dry skulls with no deformities were included 
in this study, which was performed at the Department of 
Anatomy, Mersin University School of Medicine. The following 
parameters were measured (Figures 1, 2):

·	 The lengths and widths (the top level, the lowest level, and 
the most narrow level) of the sigmoid sinus

·	 The total surface area, length, and width of the endocranial 
and exocranial JF 

·	 The surface area, length, and width of the endocranial and 
exocranial VC and NC

Length and width measurements were conducted using a 
digital caliper (MARCAL 16 ER, Mahr, Gottingen, Germany) 
(0.01 mm precision). Direct anatomical measurements (DAM) 

Figure 2: a) The length of the 
exocranial VC, b) the width of the 
exocranial VC, c) the length of the 
exocranial NC, and d) the width of 
the exocranial NC.

Figure 1: a) Widths of the top level of the sigmoid sinus (SS), b) widths of the most narrow level of the SS, c) widths of the lowest level 
of the SS, d) the length of the endocranial VC, e) the length of the endocranial NC, f) the width of the endocranial VC, and g) the width 
of the endocranial NC.
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were performed by the same researcher (GK). Under the same 
position with a millimeter scale, the VC and NC of JF were 
captured (LG), and then their surface areas were calculated 
using a digital image analysis program (Rasband WS, ImageJ, 
U. S. National Institutes of Health, Bethesda, MD, https://
imagej.nih.gov/ij/, 1997–2018). In the axial, coronal, and 
sagittal planes using 0.5-mm-thin sections skull algorithm, 
the raw data were reformatted and then three-dimensional 
images were created at the workstation (Vitrae 2). A senior 
radiologist (EK) evaluated the computed tomography (CT) 
data obtained from a 64-slice scanner (Aquillion 64, Toshiba 
Medical Systems Tokyo, Japan).

Statistical Analysis

Normality of the data sets was assessed using the Shapiro–
Wilk test. Variance homogeneity was evaluated using the 
Levene test. Comparisons between the sides (right and left) 
or between different measurement techniques (DAM and 
CT) were performed using the paired sample t-test. The 
correlations between the surface area, length, and width 
of the  endocranial and exocranial VC and NC in DAM and 
CT were evaluated using the Pearson correlation coefficient 
test. The paired sample t-test was also used for comparisons 
among the surface area, length, and width of the endocranial 
and exocranial JF, VC, and NC. This test was further used to 
compare the width of the sigmoid sinus and the endocranial 
VC. ANOVA with repeated measures and Bonferroni tests 
were applied for comparisons of the three widths of the 
sigmoid sinus. The threshold for statistical significance was 
set as p<0.05. An interactive biostatistics software was used 
(www.e-picos.com, NewYork, NY) for the statistical analysis.

█   RESULTS
The mean and standard deviation values of the parameters 
obtained from CT and DAM are presented in Tables I and II. 
The correlations between the surface area, length, and width 
of the endocranial and exocranial VC and NC are shown in 
Tables III and IV. The outcomes of our study are described as 
follows:
	 The lowest width of the sigmoid sinus in DAM and CT was 

wider on the right side than on the left side (Table I).
	 The length of the endocranial VC in DAM and CT was 

greater on the right side than on the left side (Table II). The 
right exocranial VC was wider than the left exocranial VC 
(Table II).

	 The endocranial and exocranial VC in DAM and CT had 
wider areas on the right side than on the left side. However, 
there was no statistically significant difference between 
the surface areas of the endocranial and exocranial NC in 
DAM and CT in terms of the sides.

	 In DAM, positive correlations were found between the 
length and width of the endocranial VC (p<0.001, r=0.532), 
between the width of the endocranial and exocranial 
VC (p=0.003, r=0.462), and between the length of the 
endocranial and exocranial NC (p=0.01, r=0.387) (Table 
III). Furthermore, positive correlations were found between Ta
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both the surface areas of the endocranial VC and NC 
(p<0.001, r=0.526) and the surface areas of the exocranial 
VC and NC (p=0.008, r=0.414) (Table IV).

	 In CT, positive correlations were found between the length 
and width of the endocranial VC (p=0.017, r=0.377), 
between the width of the endocranial VC and the length 
of the exocranial VC (p=0.012, r=0.393), and between the 
length and width of the exocranial VC (p=0.018, r=0.374) 
(Table III). Positive correlations were also observed 
between the surface areas of the endocranial VC and NC 
(p=0.037, r=0.331) and between the surface areas of the 
endocranial and exocranial VC (p=0.010, r=0.400) (Table 
IV).

	 The exocranial VC was wider and longer than the 
endocranial VC in DAM and CT (p<0.001). The exocranial 
NC was partly wider than the endocranial NC (p=0.03); 
however, there was no statistically significant difference 
between their lengths (p=0.058). In CT, the length and 
width of the endocranial and exocranial NC showed no 
statistically significant difference (p>0.05) (Table V).

	 In DAM, there was no significant difference between the 
length and width of the exocranial VC (p>0.05), but the 
CT data revealed that the length of the exocranial NC 
was greater than its width. The exocranial VC was wider 
and longer than the exocranial NC in both DAM and CT 
(p<0.001) (Table V).

	 In DAM and CT, no difference was found between the length 
and width of the endocranial VC. However, the length of 
the endocranial NC in both DAM and CT was greater than 
its width (p<0.001). The length of the endocranial VC and 
NC in DAM showed no statistically significant variation 
(p=0.342), but the CT findings demonstrated that the 
endocranial VC was longer than the endocranial NC. The 
endocranial VC was also wider than the endocranial NC in 
both DAM and CT (p<0.001) (Table V).

	 The endocranial and exocranial VC in DAM and CT 
showed a wider area than NC (p<0.001). The surface area 
of the exocranial VC in DAM and CT was larger than that 
of endocranial VC. However, no statistically significant 
difference was found between their surface areas of NC in 
both DAM and CT (p=0.753) (Table V).

	 The right endocranial VC was longer in 70%, the left 
endocranial VC was longer in 20%, and it was equal on 
both sides in 10%, whereas it was wider in 45%, the left 
endocranial VC was wider in 20%, and it was equal on 
each side in 35%. In addition, it had a larger area in 80%, 
and the left endocranial VC was larger in 20%.

	 The right endocranial NC was longer in 35%, the left 
endocranial NC was longer in 30%, and it was equal on 
both sides in 35%, whereas the right endocranial NC was 
wider in 15%, the left endocranial NC was wider in 40%, 
and it was equal on each side in 45%. In addition, on the 
right side, it had a larger area in 50%; the left endocranial 
NC was larger in 40%, and it was equal on each side in 
10%.Ta
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wider in 50%, the left exocranial NC was wider in 40%, 
and it was equal on each side in 10%. In addition, the right 
exocranial NC had a larger area in 45%, the left exocranial 
NC was larger in 35%, and it was equal on each side in 
20%.

	 There was no statistical difference between the width of 
the lowest level of the sigmoid sinus and the width of the 
endocranial VC (p=0.442).

	 The endocranial VC was wider than the most narrow level 
of the sigmoid sinus (p=0.001).

	 The right exocranial VC was longer in 50%, the left 
exocranial VC was longer in 30%, and it was equal on both 
sides in 20%, whereas the right exocranial VC was wider 
in 65% and the left exocranial VC was wider in 35%. In 
addition, the right exocranial VC had a larger area in 65%, 
the left exocranial VC was larger in 25%, and it was equal 
on each side in 10%.

	 The right exocranial NC was longer in 25%, the left 
exocranial NC was longer in 40%, and it was equal on 
both sides in 35%, whereas the right exocranial NC was 

Table III: The Correlations Between the Length and width of Endocranial (Endo) and Exocranial (exo) VC and NC

DAM CT

Endo Exo Endo Exo

VCw NCl NCw VCl VCw NCl NCw VCw NCl NCw VCl VCw NCl NCw

Endo VCl 0.532** −0.144 −0.216 0.223 0.210 −0.237 0.016 0.377* 0.167 0.233 0.282 0.274 0.304 −0.056

<0.001 0.376 0.180 0.166 0.193 0.141 0.920 0.017 0.302 0.148 0.065 0.087 0.050 0.731

VCw 1 −0.114 0.105 0.161 0.462** −0.303 0.242 1 −0.010 0.308 0.393* 0.195 0.197 0.310

0.485 0.519 0.321 0.003 0.056 0.132   0.949 0.056 0.012 0.227 0.224 0.053

NCl 1 0.300 −0.102 −0.015 0.387* −0.008   1 0.243 0.148 0.050 −0.093 −0.227

0.060 0.532 0.928 0.014 0.959     0.132 0.362 0.760 0.568 0.159

NCw 1 −0.058 0.118 0.232 0.274     1 0.166 −0.007 0.235 -0.007

0.723 0.470 0.150 0.088       0.305 0.968 0.145 0.966

Exo VCl 1 0.099 −0.150 0.212       1 0.374* 0.198 −0.046

0.543 0.357 0.188         0.018 0.222 0.777

VCw 1 −0.177 0.184         1 0.098 0.078

0.275 0.256           0.547 0.631

NCl 1 −0.022           1 −0.045

0.895             0.784
w: Width, l: Length, *. Correlation is significant at the 0.05 level, **. Correlation is significant at the 0.01 level.

Table IV: The Correlations Between the Surface Areas of Endocranial and Exocranial VC and NC

DAM CT

Endocranial Exocranial Endocranial Exocranial

NCsa VCsa NCsa NCsa VCsa NCsa

Endocranial VCsa 0.526** 0.187 -0.146 0.331* 0.400* 0.283

<0.001 0.248 0.370 0.037 0.010 0.077

NCsa 1 0.302 0.143 1 0.139 −0.072

0.058 0.379 0.393 0.661

Exocranial VCsa 1 0.414** 1 0.065

0.008 0.689
sa: Surface area, **. Correlation is significant at the 0.01 level.
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Table V: The Comparison of Endocranial and Exocranial VC and NC

DAM CT

Parameters p Parameters p

Endo VCl Endo VCw 0.068 Endo VCl Endo VCw 0.052

Endo NCl Endo NCw <0.001 Endo NCl Endo NCw <0.001

Endo VCl Endo NCl 0.342 Endo VCl Endo NCl <0.001

Endo VCw Endo NCw <0.001 Endo VCw Endo NCw <0.001

Exo VCl Exo NCl <0.001 Exo VCl Exo NCl <0.001

Exo VCw Exo NCw <0.001 Exo VCw Exo NCw <0.001

Exo VCl Exo VCw 0.440 Exo VCl Exo VCw 0.181

Exo NCl Exo NCw 0.846 Exo NCl Exo NCw <0.001

Endo VCl Exo VCl <0.001 Endo VCl Exo VCl <0.001

Endo VCw Exo VCw <0.001 Endo VCw Exo VCw <0.001

Endo NCl Exo NCl 0.058 Endo NCl Exo NCl 0.454

Endo NCw Exo NCw 0.031 Endo NCw Exo NCw 0.145

Endo VCsa Endo NCsa <0.001 Endo VCsa Endo NCsa <0.001

Exo VCsa Exo NCsa <0.001 Exo VCsa Exo NCsa <0.001

Endo VCsa Exo VCsa 0.009 Endo VCsa Exo VCsa <0.001

Endo NCsa Exo NCsa 0.753 Endo NCsa Exo NCsa 0.154
w: Width, l: Length, sa: Surface area, endo: Endocranial, exo: Exocranial.

Table VI: The Comparison of the Data Belonging to JF with Previous Studies

Studies Region N of 
Skulls Side Part

JF diameters Size of JF (%)
Length (ML) 

(mm)
Width (AP) 

(mm) Area (mm2) R>L L>R R = L

Abhilasha et al. 
(1) India 50 R - 17.19 ± 3.66 6.68 ± 1.99 382.22 ± 179.18 65 25 10

L 15.47 ± 3.25 5.78 ± 2.07 292.47 ± 147.14
Ahmed et al. (3) India 100 R Exo 14.66 (9–16) 9.88 (6–13.5) 99.18 - - -

L 14.39 (8.5–14) 7.47 (5–10) 65.93
Das et al. (8) India 114 R Endo 13.25 ± 1.56 7.07 ± 1.29 - - - -

L 12.26 ± 1.33 5.51 ± 2.25 -
R Exo 13.72 ± 2.70 9.37 ± 2.61 - - - -
L 13.07 ± 2.09 6.88 ± 1.72 -

Di Chiro et al. (9) USA 129 R Exo 16.6 (8–25) 10.7 (5–15) - 62.02 32.55 5.43
L 16.2 (6–21) 9 (4–16) -

70 R Endo 14.5 (7–20) 8.2 (5–14) - 55.72 37.14 7.14
L 14.1 (6–19) 7.7 (4–13) -

Gupta et al. (11) India 50 R Exo 16.52 ± 2.03 11.22 ± 2.47 187.34 ± 55.62 - - -
L 16.02 ± 2.20 9.52 ± 1.55 153.20 ± 35.80

Hatiboğlu and 
Anıl (12) Turkey 300 - - - - - 61.6 26 12.4
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The anomalies of JF, including enlargement, stenosis, and 
hypoplasia, may be associated with plasmacytoma, Apert 
syndrome, meningioma, Crouzon syndrome, schwanno-
ma, Muenke syndrome, achondroplasia, Saethre-Chotzen 
syndrome, multiple sclerosis, and glomus jugulare tumors 
(5,6,10,20,26). For instance, Calandrelli et al. reported that 
the mean area (range, 32.07–55.30 mm2) of JF belonging to 

█   DISCUSSION
The results of this study contribute to the knowledge in the 
literature on the numerical values of VC and NC, including 
their areas, lengths, and widths from the endocranial to the 
exocranial orifices with a dynamic perspective aiming to 
emphasize its three-dimensional characteristic as a canal 
rather than as a foramen.

Studies Region N of 
Skulls Side Part

JF diameters Size of JF (%)
Length (ML) 

(mm)
Width (AP) 

(mm) Area (mm2) R>L L>R R = L

Hossain et al. 
(13) Bangladesh 55 - - - - - 58.18 21.82 20

Hussain Saheb 
et al. (14) India 125 R - 23.62 ± 2.29 7.83 ± 1.36 584.36 ± 131.28 64.8 24.8 10.4

L 22.86 ± 3.13 6.83 ± 1.63 493.30 ± 145.51
Idowu (15) Nigeria 20 R - 13.90 ± 1.48 10.22 ± 2.67 437.49 ± 114.29 55 25 20

L 14.11 ± 3.13 9.57 ± 1.84 419.48 ± 106.52
Ishwarkumar et 
al. (16) South Africa 73 R Exo 12.89 6.43 - - -

L 12.12 5.39 -
R Endo 11.47 4.76 -
L 10.92 4.05 -

Jain and 
Kushwah (17) India 250 R Exo 15.67 ± 2.28 9.32 ± 2.04 - 70 22 8

L 14.85 ± 2.89 7.34 ± 2.04 -
Kumar et al. (18) India 68 R Exo 13.6 (12–16.2) 10.6 - 64.7 19.1 16.1

L 13.9 (11.9–16.5) 9.2 -
Patel and Mehta 

(21) India 100 R Exo 12.17 (4.5–16.5) 7.9 (3–12.5) - 75 23 2

L 11 (5–16) 6.2 (3–12.5) -
Pereira et al. (22) Brazil 111 R Exo 15.82 ± 2.67 9.21 ± 1.95 - - - -

L 15.86 ± 2.64 8.65 ± 1.57 -
Sturrock (23) Scotland 156 - - - - - 68.6 23.1 8.3
Vlajković et al. 
(25) Serbia 30 R Endo 14.21 ± 4.58 7.78 ± 2.85 - - - -

L 13.24 ± 4.01 6.42 ± 1.96 -
The present 
study (DAM) Turkey 20 R Endo 14.85 ± 2.22 8.20 ± 1.39 90.57 ± 13.10 70 20 10

L 13.73 ± 1.90 7.37 ± 1.31 79.05 ± 13.18
R Exo 15.32 ± 1.69 10.20 ± 2.05 96.60 ± 17.41
L 15.87 ± 1.98 8.68 ± 1.72 86.65 ± 14.53

The present 
study (CT) 20 R Endo 18.53 ± 2.20 8.46 ± 1.46 104.08 ± 19.83 70 20 10

L 16.37 ± 2.59 7.94 ± 1.99 88.01 ± 33.64
R Exo 18.64 ± 2.62 10.59 ± 2.02 125.54 ± 30.43
L 17.79 ± 3.14 9.32 ± 1.79 108.81 ± 31.13

R: Right, L: Left, endo: Endocranial, exo: Exocranial.

Table VI: Cont.
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reason that triggers this difference in its area is the technique 
used in the measurements, such as Radinsky formula, Teixeria 
formula, or automatic field setting of software (27). As shown 
in Table VI, there are plenty of numerical data on the total size 
of JF in the literature (1-3,11-19,21-25). However, existing 
inventory placed on the quantitative analysis of the size of VC 
and NC appears to be limited (9). Di Chiro et al. measured the 
endocranial (at a mean 5 mm for the right side and 4.7 mm 
for the left side) and exocranial (at a mean 5 mm for the right 
side and 5.1 mm for the left side) NC width (9). They described 
that the side predominance stems from the size variations of 
VC (9). Similar to their study, our findings suggested that both 
endocranial and exocranial JF size differences stem from the 
dimension and shape of VC.

On the other hand, our findings related to the side 
predominance are compatible with those of previous studies, 
wherein right > left (range, 55%–75%), right < left (range, 
19.10%–37.14%), and right = left (range, 2%–20 %) were 
provided (1,9,12-15,17-19,23). There are several theories 
about why the right side is dominant. In the study of Adams 
et al. (2), the number of patients of right > left (180 patients), 
right < left (63 patients), and right = left (33 patients) for the 
right-handed (276 patients) and the number of patients of right 
> left (11 patients), right < left (16 patients), and right = left 
(4 patients) for the left-handed (31 patients) were presented. 
They suggested that the jugular foramen dominance was 
significantly associated with the hand preference. This was 
assumed to be due to excessive muscle development on the 
dominant side, which triggered an increase in the pressure of 
the ipsilateral venous system (2). Another reason may stem 
from the variations of venous outflow such as the superior 
sagittal sinus, which typically drains into the right transverse 
sinus (12). The reason for the side predominance may be due 
to the diameter variations of the sigmoid sinus, the internal 
jugular vein, and the brachiocephalic vein (6,9,12,27). In the 
present study, compatible with previous studies (8), the right 
sigmoid sinus was found to be wider than the left sigmoid 
sinus.

Limitations

Although the statistical results show a significant p value, 
small sample size is the limitation of this study. 

█   CONCLUSION
The right JF was found to be dominant due to the size of the 
endocranial and exocranial VC. A statistical difference was 
found between the data obtained from CT and DAM. Therefore, 
precise radiological assessment of the JF by an experienced 
neuroradiologist coinciding with the best scanline angle to 
the DAM has to be further investigated to standardize the 
scanning technique for successful surgeries of the skull base.
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13 children with achondroplasia was smaller than that in the 
control group (range, 53.46–97.07 mm2) (5). In addition, Pap-
ini et al. evaluated 53 patients with multiple sclerosis (mean 
age, 45 ± 9 years) and a number/age/gender-matched control 
group without multiple sclerosis (20). They found that the 
mean diameters of the right (6.3 ± 1.6 mm) and left (5.6 ± 1.3 
mm) JF in patients with multiple sclerosis were 10% (p=0.020) 
and 7% (p=0.089) smaller than the right (7 ± 1.4 mm) and left 
(6 ± 1.3 mm) JF diameters of the control group, respectively. 
Furthermore, Florisson et al. observed that the diameter of JF 
in patients with syndromic craniosynostosis diagnosed with 
Apert, Crouzon/Pfeiffer, Muenke, and Saethre-Chotzen syn-
dromes was significantly smaller than that in patients without 
syndromic craniosynostosis (10). Considering the difference 
in the dimensions of JF in patients with severe malformations 
as reported in previous studies (5,10,20), we believe that a 
comprehensive radioanatomical perspective incorporating 
the numerical properties of JF can provide more insights to 
neurootologists and neurosurgeons during jugular foramen 
approaches. Moreover, the comparison of data between 
radiological and anatomical measurements was examined in 
detail in this study, and statistical differences were detected 
between the measurments obtained from CT and DAM.

The literature primarily consists of either radiological or 
anatomical measurements. There is a dearth of investigation 
performing a comparison between CT and DAM planned 
to assess the actual dimensions of an anatomical area or 
structure. Berlis et al. suggested choosing the best scanning 
position that is appropriate to the manual anatomical 
measurement plane for the most compatible results (4). Our 
findings may reveal that the statistical difference between 
CT and DAM is attributed to the imprecise scanline angle 
of the radiological assessment compared with the view of 
anatomical measurement. Therefore, dry skull and cadaver 
anatomical measurements must be used as an opportunity to 
choose the best scanning angle coinciding with the assessed 
anatomical structure. The JF, whose unique position lacking 
to fit completely to any of the radiological views, including 
sagittal, coronal, and axial planes perpendicularly, has to be 
approached with an appropriate angle of scanning.

Considering the current literature, a plexus of the existing 
reports related to the size of JF is summarized in Table VI. The 
numerical values obtained in this study are compatible with 
the range of data reported in the previous studies wherein the 
widths (range, 3–19 mm) and lengths (range, 4.5–29.3 mm) 
of the right JF and the widths (range, 3–-16 mm) and lengths 
(range, 5–27.4 mm) of the left JF were presented (1-3,9,11-
19,21-25). However, it is observed that the numerical data 
related to the right (range, 99.18–913.63 mm2) and left (range, 
68.93–825.53 mm2) areas of JF reported in the literature are 
distributed over a wide range (1,2,11,14,15). The reason why 
the numerical data related to the areas of JF are so different can 
be due to the measurement techniques and the demographic 
data such as the region, race, and sex (3,14,15). However, as 
the data reported in the studies on the width and length of 
JF appear to be more consistent, we believe that the primary 
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