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Abstract

Like any organ in children, the ear has particular anatomical features that are
well shown in imaging. The petrous bone computed tomography (CT) is a
valuable tool for diagnosing ear pathologies and evaluating surgical possibili-
ties. In children, the ear has the peculiarity of having the morphology and size
of adults, and the only difference resides in the components of the middle and
inner ear related to the growth of the temporal bone and the state of ossifica-
tion which are progressive with age. Some aspects of growth can simulate pa-
thology and must be known. The pneumatisation of the temporal bone occurs
gradually after birth and in several outbreaks until adulthood. The external
auditory canal, the internal auditory meatus and the petromastoid canal pro-
gressively reach the adult aspect because of the growth of the petrous bone.
This work aims to highlight the particularities of the petrous bone CT in pe-
diatrics, since it has become widely used in the exploration of malformations,
trauma, infectious complications of the ear and in the assessment of deaf-

ness.
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1. Introduction

Like any organ in children, the ear has some special anatomical features that are
well translated in imaging. The petrous bone CT is a valuable tool, allowing a
diagnosis approach of ear pathologies and the evaluation of surgical possibilities,
but it is also known for its complexity. In children, the ear has the particularity
of having the morphology and size of adults, and the only difference resides in
the components of the middle and inner ear related to the growth of the tem-

poral bone and the state of ossification which are progressive with age. Some as-
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pects of growth can simulate pathology and must be therefore well known by ra-

diologists [1].

2. Material and Method

We retrospectively reviewed all petrous bone CT's performed in children during
one year (from January 2017 to December 2017) regardless the indication. Then,
a global review of the literature was conducted on Pubmed and Clinical Key us-
ing the following keywords in both French and English: temporal bone, child,
radioanatomy of the petrous bone, ear development. Articles were selected based

on relevance, date of publication, and access opportunities.

3. Results

During this period, we collected and reviewed 61 petrous bone’s CT performed
on children (32 females and 29 males). The age varied between 47 days and 14
years. Main channels and sutures of the temporal bone and the different stages
of the pneumaticization of tympano-mastoid cavities were recognized in all cas-
es, the pericochlear hypodensities were found in 2 cases and no case of a central

hypodensity of the ossicles of the middle ear was observed.

4. Discussion
4.1. Main Channels and Sutures of the Temporal Bone

The anatomy of the pediatric skull is challenging, and the stages of its evolution
are not easily recalled by radiologists. This complexity stems from the variable
nature and changing appearances of sutures over the normal developmental pe-
riod. The distinction between normal sutural anatomy and fractures is critical,
not only when known traumatic events alert the radiologist to potential injury,
but also in cases of nonaccidental head injury, which carries a significant overall
mortality rate of 20% and leaves 34% of survivors with severe disability. In these
patients, in whom trauma may not be suspected initially, delayed diagnosis fur-
ther worsens prognosis [2].

Many channels and sutures are situated on the temporal bone and must be

distinguished from fractures if trauma context, among which we site:

4.1.1. Squamosal Suture

The squamosal suture is composed of the temporosquamosal (Figure 1) and
sphenosquamosal (Figure 2) sutures. Historically, these two sutures have occa-
sionally been referred to as separate structures, although they are more typically
viewed as two distinct aspects of a single suture. The temporosquamosal suture
can be difficult to visualize along its entirety because its usual orientation may be
in the axial plane. The temporosquamosal suture arches posteriorly from the
pterion (where the frontal, parietal, temporal, and sphenoid bones meet) and
connects the squama of the temporal bone with the lower border of the parietal
bone. It is continuous posteriorly with the short and nearly horizontal parieto-

mastoid suture, which unites the mastoid process of the temporal bone
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Figure 2. The sphenosquamosal suture.

with the region of the mastoid angle of the parietal bone. The sphenosquamosal
suture, which courses inferiorly from the pterion and separates the sphenoid
bone from the squama of the temporal bone, is often mistaken for a skull base

fracture because of its location [2].

4.1.2. Occipitomastoid Suture (Figure 3)

The occipitomastoid suture extends between the occipital bone and mastoid
process of the temporal bone. This suture is a continuation of the lambdoid su-
ture and extends inferiorly to the base of the skull. Not infrequently, the occipi-
tomastoid suture may be mistaken for a skull base fracture, particularly if axial
images demonstrate obliquity to the true axial plane so that symmetric visualiza-
tion of the contralateral suture is hampered. Knowledge of the superior continu-
ation of the occipitomastoid suture, along with the presence of a second symme-
tric occipitomastoid suture at the base of the skull, are helpful in differentiating

this developmental suture from a fracture [2].

4.1.3. Skull Base Sutures

The skull base is a difficult area to assess because, at birth, its anterior aspect is
largely cartilaginous. Ossification begins in the roof of the ethmoidal labyrinth
laterally and spreads toward the midline. By 6 months of age, 50% of the anterior

skull base is completely ossified. This percentage steadily increases, and, by 24
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Figure 3. The occipitomastoid suture.

months, 84% of the anterior skull base is completely ossified. The skull base con-
sists of a number of sutures and synchondroses. The sutures include the inno-
minate (or intraoccipital), lambdoid, occipitomastoid, parietomastoid, and
temporosphenoidal sutures. Symmetry and the knowledge of the anatomic ap-
pearances of the basal sutures are important for avoiding misdiagnosis. The in-
nominate suture closes by 4 years of age and can be mistaken for a skull base
fracture in young children. In this context, the use of re-formatted images ob-
tained oblique to the true axial plane can be beneficial [2].

4.1.4. The Cochlear Acqueduc (Figure 4)
The cochlear aqueduct is a bony channel which contains the fibrous periotic
duct and connects the peri-lymphatic space of the basal turn of the cochlea with
the subarachnoid space of the posterior cranial cavity [3].

The Petro-Tympanic Fissure (Figure 5), the Morganicanal and the Ven-
ous Channel Emissary (Figure 6) [1].

4.2. Peri Cochlear Hypodensities

From birth up to 4 - 5 years, some peri cochlear hypodensity can persist signifi-
cantly and may simulate otosclerosis (very rare in children) or osteogenesisim-
perfecta. It is due to a delayed ossification of the endochondral layer of the otic
capsule [4].

Hypoattenuated foci in the otic capsule are routinely depicted with
high-resolution CT of the temporal bone in children and have been attributed to
either incompletely mineralized bone or cartilage. Controversy exists in ra-
dio-logic literature concerning this terminology, because only a few studies have

established direct correlation between histology and imaging of the otic capsule [5].

4.2.1. Hypodensity in the Region of Fissula ante Fenestram (Figure 7)
The fissula ante fenestram is probably the most common hypoattenuated focus

of the otic capsule. The hypodensity is seen in front of the oval window, linear,
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Figure 6. The venous channel emissary.

DOI: 10.4236/ami.2018.82002 19 Advances in Molecular Imaging


https://doi.org/10.4236/ami.2018.82002

D. Basraoui et al.

Figure 7. Hypodensity in the region of fissula ante
fenestram in a 3 years old child.

parallel to the curve of the cochleain a coronal plane [4]. It is due to a normal
presence of fibrocartilage in the area of the fissula ante fenestram, whereas the

middle otic layer mainly consisted of cancellous bone [5].

4.2.2. Focal Hypodensity of the Petrous Apex

It connects the middle layer of the capsule to the petro-occipital fissure while the
petrous apex is not yet developed. It is systematically associated with other hy-
podensities of the medium capsule. The hypoattenuated focus elongates pro-
gressively during its growth. But it still not possible to precise the specific
process and ossification centers involved in the growth of the petrous apex.
However, the particular location of this hypoattenuated focus, its sequential
modifications, and the presence of a cartilaginous cap in its medial aspect sug-
gest that it could be involved in the growth process of the petrous apex. The hy-
poattenuated focus incidentally observed in children and young adults was re-
stricted to the immediate vicinity of the middle otic layer and could, therefore,

represent a remnant from the development of the petrous apex [5].

4.2.3. Cochlear Cleft

It corresponds to a small nonosseous space in the otic capsule. On CT, it appears
as a linear slot, parallel to the basal turn of the cochlea, located in the middle
part of the otic capsule, close to the fissula ante fenestram. It is probable that this
cleft is a space between the endosteal and outer periosteal layers of the otic cap-
sule or that it is closely related to the fissula ante fenestram. The cochlear cleft is

seen less often with advancing age [6].

4.3. The Ossicles of the Middle Ear

The ossicles reach their final size at birth but can present a central hypodensity
corresponding to the hematopoietic marrow until the age of 25 months [5]. It

seems that the bone marrow space disappeared somewhat earlier in the malleus
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than in the incus. Although the clinical significance of postnatal residual bone
marrow within the ossicles is not known, it possibly plays a role as a

blood-forming organ in early infancy [7].

4.4. Pneumaticization of Tympano-Mastoid Cavities (Figure 8)

There is no agreement as to when pneumatization occurs. Some claim that
pneumatized cells can be seen at 24 weeks of gestation, while others state that
they are present at birth. Microscopically, an air cell is lined by a single flat layer
of epithelium separated from bone by subepithelial connective tissue. The epi-
thelium and connective tissue constitute the mucous membrane of the air cell.
According to Wittmaack, the activity of this subepithelial layer is largely respon-
sible for air-cell formation. Radiographically (and macroscopically) air cells are
not visible until after birth. The development of air cells is preceded by the for-
mation of bone cavities, a normal physiologic process related to penosteal activ-
ity. The bone cavities contain primitive bone marrow, which dedifferentiates in-
to a loose mesenchymal connective tissue. After the epithelial mucous mem-
brane has invaginated, it in turn undergoes atrophy, leaving a thin residual lin-
ing membrane attached to the periosteum. “Recession” of the lining membrane
and subepithelial bone resorption then further enlarge air cells, but apparently
only in the presence of air [8].

The development of complete adult pneumatization can be divided into three
stages: the infantile, from birth to 2 years of age; the transitional, from 2 to 5
years; and thereafter the adult [8]. At birth, the middle ear is more or less venti-
lated but the antrum is not very visible [1]. In the infantile stage, air cells begin
to appear and are readily visible by 2 years. In the transitional stage, the squa-
momastoid undergoes gradual enlargement, with migration of air cells toward

the periphery. Once the adult stage is attained, pneumatization ceases [8].

47 days 1 year 3 year 5 year

10 year 11 year 13 year

Figure 8. Pneumaticization of tympano-mastoid cavities.
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(b)

Figure 9. Internal auditory meatus in a 14 year old child (a) and a 3 years old child (b).

Figure 10. External auditory meatus in a 7
days old newborn.

(a) (b)

Figure 11. External auditory meatus in a 3 year old child (A: axial, B: coronal).

4.5, The Petro-Mastoid Canal

The petro-mastoid canal is a vestige of the fossa sub arcuata. It connects the
posterior fossa and the antrum, passing through the arch formed by the upper
semicircular canal and contains a meningeal fold and the subarcuata artery and
vein. It appears very wide at birth and gradually fills up during the first year of
life due to the growth of the petrous bone [9].
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(®)

Figure 12. External auditory meatus in a 14 years old child ((a): axial, (b): coronal).

4.6. Internal Auditory Meatus (Figure 9)

The internal auditory meatus is short at birth but lengthens during the first 10
years, more significantly the first year. The diameter of its bottom hardly
changes after birth, whereas it can widen discreetly near the porus.

The canal of the cochlear nerve has its definitive size at birth, however, a small

diameter is significantly correlated with congenital perception deafness [9].

4.7. External Auditory Canal

The external auditory canal is narrow at birth, ossifying gradually [1] (Figures
10-12).

5. Conclusion

The petrous bone is a precious tool used widely in pediatrics. This justifies the
valorization of an enlightened reading that cannot happen without the perfect

knowledge of normal radioanatomy.
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