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Purpose: The purpose of this study was to analyze the relationship between
the degree of high jugular bulb (HIJB) and mastoid pneumatization using high-
resolution computed tomography (HRCT).

Methods: Between April 2019 and June 2022, HRCT of the temporal bone was
retrospectively analyzed in 1,025 patients. By excluding the other coexistent
pathologies, 113 patients with HIBs were recruited for the study. The degree of
the HIBs were defined as follows: Grade |, JB situated between inferior annulus
of tympanic membrane and cochlear basal turn (CBT). Grade I, JB situated
between CBT and lateral semicircular canal (LSC). Grade lll, JB situated above
LSC. The volume of mastoid pneumatization was based on HRCT images using
a 3D reconstruction.

Results: There were 32 male and 81 female subjects (mean age, 41.2 + 14.0 years;
age range, 18—-80years). The male group included 16 Grade |, 28 Grade Il and 6
Group Il HIB subjects. The female group included 38 Grade |, 62 Grade Il and
31 Group Il HIB cases. In the different groups of HIB, the mastoid cell volume
differences were also not statistically significant (p = 0.165). In the classification,
Grade Il was most common (90/181, 49.7%).

Conclusion: This study found no correlation between mastoid air cell volume
and HJB, suggesting that HIB may not affect the mastoid air cell development
and disease occurrence. These data must be considered exploratory, requiring
more extensive cross-sectional studies.

KEYWORDS

high jugular bulb, mastoid pneumatization, high resolution computed tomography,
temporal bone, 3D

Introduction

The mastoid pneumatization is thought to play an important role in middle ear physiology.
It acts as an air reservoir and pressure regulator, protecting the delicate inner ear structure
from changes in ambient temperature and air pressure (1). Various studies have aimed to
investigate the correlation between middle ear disease and the mastoid air cell system.
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Hypopneumatized mastoid system has been shown to be a risk factor
for the development of various middle ear diseases (2). To our best
knowledge, high jugular bulb (HJB) is a congenital variant that has
been shown to affect middle and inner ear structures. An abnormal
jugular bulb (JB) can even erode into the facial nerve, vestibular
aqueduct, posterior semicircular canal and cause corresponding
clinical symptoms, such as pulsatile tinnitus, conductive hearing loss,
or vertigo (3-5). As previously reported, pneumatization of the
mastoid is one of several factors that have been hypothesized to
influence the variabilities and variations of these vessels (6). While,
there is still a controversy on the relationship between the degree of
JB and the degree of mastoid pneumatization. Graham (7) and
Aladeyelu et al. (6) proposed that the height and shape of the JB were
related to pneumatization of the temporal bone. However, Orr and
Tod (8) and Dai et al. (9) showed that JB position and shape were
unrelated to the mastoid pneumatization. Few literatures have
quantitatively analyzed the morphological and positional relationship
between the degree of HJB and mastoid pneumatization. The purpose
of this study was to elucidate the role of HJB in the total volume of the
mastoid air cell system, provide more detailed information, and
provide a reference for surgical intervention and disease prevention.

The mastoid ventilation system is one of the most significant
aeration systems in the body (10). The mastoid air cell system is fully
developed at approximately 15 years old for males and 10 years old for
female (11). The mastoid air cell system acts as an air reservoir for the
middle ear, but the physiologic functions of the mastoid air cell system
is poorly understood. One hypothesis is that the degree of mastoid
pneumatization is hereditary (11). Another hypothesis is that the
condition of the middle ear cavity affects the degree of mastoid
pneumatization (12). Factors such as chronic otitis media, age, race,
genetic factors, and environmental conditions are considered to be the
main factors in the development of the mastoid air cell system. The
development and general characteristics of mastoid air cell system are
well documented in the literature (11). The pneumatization of the
mastoid region may be divided into three parts: sclerotic, diploic and
pneumatic mastoid. When the mastoid process lacked with air cells
was called sclerotic mastoid. Diploic mastoid was less dense than
sclerotic ones due to the presence of marrow spaces. Pneumatization
refers to the process by which mastoid air cells develop within the
mastoid process. In this study, three-dimensional volume was used to
quantify the degree of mastoid pneumatization which may be closer
to the real situation.

In general, the vascularity of the temporal bone varies greatly
among individuals and between right and left ears (13). As reported,
the HJBs are not rare in population (4). This developmental temporal
bone abnormality affects the function of the middle ear and inner ear,
and may be part of the pathophysiology of the ear. At the same time,
the exact mechanism and factors affecting the pneumatization of
mastoid cells are discussed. Both HJB and mastoid pneumatization
can affect the development of the inner and middle ear. Therefore,
examining the correlation between these two aspects has positive
implications for a better understanding of developmental processes
and associated disease progression. Few literatures have quantitatively
analyzed the morphological and positional relationship between the
degree of HJB and mastoid pneumatization. Based on the digital
HRCT images of temporal bone, the present study was undertaken to
HJB and the

examine the relationship between the

mastoid pneumatization.
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Methods
Subjects

Between April 2019 and June 2022, temporal bone high-
resolution computed tomography (HRCT) of 1,025 patients were
retrospectively analyzed. One hundred thirteen consecutive patients
(32 male and 81 female subjects; mean age, 41.2 + 14.0 years; range,
18-80years) with HJBs were included in the study. Nine hundred
twelve subjects with additional coexistent pathologies such as nasal
polyps,
tympanosclerosis, atelectasis, otitis media, nasopharyngeal lesions

septal  deviation, nasal rhinosinusitis, tumors,
and previous surgery were excluded. All HRCT scans were obtained
at 120.0kV, 440 mA, and the slice thickness was at least 0.5 mm. The
axial cuts were obtained parallel to the orbito-meatal baseline and

viewed in the standard settings.

Analysis of preoperative HRCT scans

Image J' and 3D Slicer imaging software (version 4.10.2, Boston,
United States) were used to review and identify HRCT images. The
three adjacent structures, the inferior annulus of tympanic
membrane, the cochlear basal turn (CBT) and the lateral
semicircular canal (LSC) were used as classification criteria because
they were easily visible. The HJBs were then divided into the
following three groups: Grade I, JB situated between inferior annulus
of tympanic membrane and CBT. Grade II, ]B was between CBT and
LSC. Grade III, JB was above LSC (Figure 1). Radiological
measurements were performed independently blinded by two senior
radiologists and any differences in opinions were resolved by
consensus. The grading standard was selected from previous
literature as proposed by Woo et al. (14). In this study, a Hounsfield
unit (HU) segmentation threshold from —1,024 to —200 was used to
represent the area of the mastoid air cells (15). By summing all
volumes of each slice, the total volumes of mastoid pneumatization
were automatically calculated by 3D reconstruction expressed in
cubic centimeters (Figure 2). It was also important to note that the
area measured in the present study did not include the tympanic
cavity or the portion of the petrous apex.

Statistical analysis

All results were statistically analyzed using SPSS for Windows 26.0
(Chicago, IL, United States) and p <0.05 was considered significant.
Parameters were expressed as mean + standard deviation. Differences
between HJB groups and mastoid air cell volumes were assessed using
one-way analysis of variance (ANOVA) and the post hoc Bonferroni
test. Pearson correlation coefficients were calculated to evaluate the
association between the degree of HJBs and mastoid pneumatization.
The qualitative incidence of mastoid pneumatization in patients with
the severity of HJBs were performed using the Pearson chi-square test.

1 http://rsbweb.nih.gov/ij/
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FIGURE 1

Three different degree of HIB. Grade I: JB situated between inferior annulus of TM and CBT (A). Grade II: JB was between CBT and LSC (B). Grade llI:
JB was above LSC (C). Jugular bulb (JB, asterisk), tympanic membrane (TM, white arrow), cochlear basal turn (CBT, black arrow), lateral semicircular
canal (LSC, triangle). The corresponding 3D reconstruction of three different degree of HIB are below the respective plane images.

FIGURE 2

Three-dimensional reconstruction of different positions of mastoid air cells. (A) horizontal plane, (B) sagittal plane, (C) coronal plane.

Results

A total of 113 patients consisting of 102 right-sided and 79 left-
sided HJBs were included in the study. It consisted of bilateral HJBs
(68 ears) and unilateral HJB (45 ears; left:34, right:11). There were
32 male and 81 female patients whose average age was
41.2+14.0years, ranging from 18 to 80years. The male group
included 16 Grade I, 28 Grade IT and 6 Group III HJB subjects. The

Frontiers in Neurology

female group included 38 Grade I, 62 Grade II and 31 Group III
HJB cases (Table 1).

There was no significant difference in mastoid air cell volumes
between different sides (p=0.654), but the volume was smaller in
female (3.83+2.03 cm’) than male group (5.87+3.01cm’, p<0.001),
which consistent with previous reports (16, 17). The mastoid air cell
volumes of Grade I, II, and III were 4.46+2.62cm?, 4.70+2.49 cm?,
and 3.59+2.15cm’, respectively. There was no significantly correlation
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TABLE 1 Comparison of the mastoid air cell volume with different degree
of high jugular bulb in two sexes.

Male Female Volume
No HJB 14 6.54+2.93 31 347+1.90 | 4.43+266
I 16 5.08+3.24 38 4194231 | 4.46+262
i 28 5.95+3.05 62 4144197 | 4704249
111 6 6.10+2.66 31 311+1.70 | 3.59+2.15
p-value 0.617 0.055 0.165

between HJBs and mastoid air cell volume in all the patients
(R*=0.004, p=0.165, Table 1 and Figure 3). While the same result was
found in the unilateral HJB population, no significantly difference in
mastoid air cell volumes between the HJB and normal side was found
(p=0.736).

In both ears, Grade II was most common. As in other studies,
we also found a predilection for the right ear, this is thought to result
from the asymmetry of the embryonic vena cava (18). Of the 79 left HJB
cases, 30 were in Grade I (30/79, 38.0%), 36 in Grade II (36/79, 45.6%),
and 13 in Grade IIT (13/79, 16.4%). Of the 102 right HJB cases, 24 were
in Grade I (24/102, 23.5%), 54 in Grade II (54/102, 53.0%), and 24 in
Grade III (24/102, 23.5%). Of the total 181 HJB cases, 54 were in Grade
1(54/181, 29.8%), 90 in Grade II (90/181, 49.7%), and 37 in Grade III
(37/181, 20.5%; Table 2). The chi-square test result shows that HJBs were
more biased to the right side (56.4% vs. 43.6%, p <0.001).

Discussion

The junction of the sigmoid sinus and the internal jugular vein is
called the JB. The sigmoid sinus joins the jugular vein at the JB. Itis a
slightly enlarged segment of the internal jugular vein that locates within
a circular cavity of bony jugular foramen just below the posterior part
of the middle ear floor. The JB is a dynamic structure that is not stable
until adulthood (19). A common vascular variant of JB is HJB. It is often
defined as the dome of the JB above the inferior bony annulus, the
inferior edge of the internal acoustic meatus (IAM) or the basal turn of
the cochlea. HJB is often discovered as an asymptomatic detection.
Pulsatile venous tinnitus, vertigo, vestibular dysfunction and hearing
disorders can be observed in patients with a HJB (20-24).

Vestibular dysfunction is usually associated with damage to the
internal auditory canal, endolymphatic duct or posterior semicircular
canals (4, 22). Abnormalities of the vestibular aqueduct (VA) and the
JB have been suggested as factors of eroding into inner ear structures.
The jugular bulb related vestibular aqueduct dehiscence is the most
common JB-related inner ear dehiscence, which has been associated
with Meniere disease or endolymphatic hydrops. It can be postulated
that the interruption of VA may occur when the HJB reaches to a
sufficient height, such as above the lower edge of the IAC, which
pathological feature of VA related HJB (25, 26). Conductive hearing
loss is caused by the JB touching the tympanic membrane or extending
to a small portion of the ossicular chain and round window. A HJB is
susceptible to surgical procedures such as myringotomy or other
interventions (7, 20, 27-29). Especially in the case of lateral skull base
surgery, the surgeon must be able to handle it as it can obstruct a clear
operative view. Physicians should pay attention to the variation of HJB
to avoid complications from unexpected massive bleeding.
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FIGURE 3
The scatter plot shows the variation of mastoid pneumatization
volume in different groups. MPV, mastoid pneumatization volume.

TABLE 2 Comparison of the mastoid volume with different degree of
high jugular bulb in two sides.

Left Right Number
No HJB 34 4.17£2.15 11 523+3.85 45
I 30 4.54+2.78 24 4.36+2.47 54
I 36 4.89+2.61 54 4.58+2.42 90
111 13 4.06+2.80 24 3.34+1.72 37
p-value 0.620 0.127

The relationship between HJB and temporal bone pneumatization
has been controversial. Graham MD (22) proposed that the height and
shape of the JB are related to pneumatization of the temporal bone
based on histopathologic specimens. Similarly, this hypothesis was
also supported by Wadin et al. (30) and Kennedy et al. (31). They
report that HJB occurs mainly in low-grade mastoid bone
pneumatization. However, Orr et al. (8) showed the opposite
conclusion that JB position and shape had nothing to do with temporal
bone pneumatization. The research method used to elucidate the
correlation in this study differs from that of previous researchers, as
we used an innovative approach to investigate quantitative differences
in air cell volumes in mastoid of different HJB type. As a result, no
significant difference of mastoid air cell volume between the severe
HJB group and the mild HJB group was observed. This result is also
consistent with the study of Orr JB.

Our study found that there was no correlation between the
severity of HJBs and the mastoid pneumatization in patients. In the
selected HJB group, the mastoid air cell volume was smaller in the
female group, suggesting that they may be prone to chronic otitis
media. According to the genetic theory, Minimal pneumatization of
the temporal bone is characteristic of otitis media (32, 33). In the
selected HJB group, the mastoid air cell volume was smaller in the
female group, which consistented with previous reports (16, 17). As a
non-invasive imaging examination, the significance of HRCT can
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be extended to multi-center cross-sectional studies with large samples,
greatly improving its reliability. Future investigations will require a
larger number of radiological imagings.

Conclusion

In this study, we state a developmental relationship between HJB and
mastoid air cells. No developmental relationship between the mastoid
pneumatization and the degree of the HJBs was observed. In addition,
HJB mostly occurs on the right side. Atilla et al. (21), Aksoy et al. (34)
and Wang et al. (35) measured previously that the HJB was asymmetric
and right-sided dominant in normal conditions, which was consistent
with our findings. This was thought to be caused by asymmetry of the
embryonic vena cava (19). Further studies, preferably repeated in larger
statistical populations, may be needed to clarify the above findings.
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