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ABSTRACT: A congenital disorder in which one or more of the cranial
sutures fuse prematurely is known as cranial synostosis. Cranial sutures
are articulations between membranous bone plates that, once created, act
as the cranial vault’s main growth centers, allowing the brain and cranial
vault to expand and grow at the same time. When imaging individuals

with craniosynostosis, the MRI protocol with the BB-MRI appears to be a
highly promising alternative to CT. This procedure addresses all key areas of
preoperative planning in complicated syndromic situations and allows for a
safe follow.
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INTRODUCTION

Craniosynostosis is a congenital disease in which one or more of the
cranial sutures fuse prematurely. Cranial sutures are the articulations
between the plates of membranous bone that once developed, serve as
the cranial vault’s principal development centers, allowing the brain and
cranial vault to expand and grow at the same time. In relation to which
and how many sutures are implicated, early pathologic fusion of cranial
sutures generates distinctive skull abnormalities, facial asymmetry, and brain
development damage [1].

Craniosynostosis is divided into non-syndromic forms, the predominant
form, and syndromic forms, based on whether it occurs as a primary disorder
or as a result of various underlying causes (such as metabolic, hematological,
or teratogenic factors) [2-4]. The sagittal suture is the most often afflicted
non-syndromic suture (40%-60% of instances), and the most prevalent
syndromes with craniosynostosis are Apert syndrome, pfeiffer syndrome, and
crouzon syndrome [5]. Syndromic craniosynostosis is frequently linked to a
variety of central nervous system defects, such as Chiari malformation and
polymicrogyria [6, 7].

Physical examination and medical imaging are used to diagnose
craniosynostosis. Radiology facilitates diagnosis, pre-operative planning, and
post-operative follow-up in situations with compound synostosis, syndromic
forms, and when a surgical treatment is planned [8, 9].

In newborns, radiological imaging is difficult because many procedures
employ ionizing radiations, which are seen as dangerous and avoided, and
there is often a requirement for sedation/anesthesia, which increases the
likelihood of adverse consequences in this vulnerable group of patients.

In some complex, syndromic, or difficult cases of craniosynostosis,
Computed Tomography (CT) scans are unavoidable [10, 11]. Magnetic
Resonance Imaging (MRI) is becoming increasingly popular among all of the
various radiological technologies accessible today. In reality, MRI avoids the
use of ionizing radiations and the possibility of late radiation effects associated
with CT, while yet providing many diagnostic benefits. The introduction of
MRI offered up new options for researching brain abnormalities related
with craniosynostoses such hydrocephalus or tonsillar herniation, as well as
detecting and separating cranial bones from cranial sutures, due to technical
advancement [12].

MRI was once thought to be a supplementary technique for studying
cerebral and craniofacial soft tissue anomalies in craniosynostosis; however,
one of the more common and concerning brain anomalies associated with
craniosynostosis is the presence of concomitant Dural venous abnormalities,
which can be caused by abnormal Dural sinus maturation, venous
hypertension, or veno-occlusive disease [13,14]. In these individuals, an MRI
venogram can be used to determine the position, shape, and size of the

venous sinuses, as well as offer useful information to the surgeon.

Cotton et al. published one of the first articles on MRI and suture analysis
in 2005 which looked at the emergence of cranial sutures and craniometric
points in an adult population [15]. Sutures revealed as regions of signal
vacuum in their imaging procedure. Later, Eley et al. looked into the possible
role of MRI in sutures, applying their findings to a pediatric population
looking at suture patency [16]. Their imaging protocol included axial T1w,
axial T2w, Coronal Fluid-Attenuated Inversion Recovery (FLAIR), Axial
Short Tau Inversion Recovery (STIR), and sagittal T1; patent sutures were
identified in the axial T2w images by a signal void, which can also be seen
in other structures like blood vessels. The need for a specific sequence to
provide more detailed information about sutures prompted the same group
of authors to create a new sequence, the so-called “Black Bone” MRI (BB
MRI), in which contrast between soft tissue and bones is significantly
improved; BBMRI allowed visualization of the calvarian bone, sutures, and
the craniofacial skeleton [17].

3D volume acquisition, short TE, short TR, and low flip angle are the
technical aspects of this sequence. As a result, imaging acquisition periods
are minimal, with craniofacial skeleton axial pictures taking an average of
4 minutes. In post-processing, the coronal and sagittal planes are obtained.
The cranial sutures emerge as regions of elevated signal intensity on BB-MRI,
clearly delineated from the surrounding bone ipointensity. The patent in
infants with pathological suture premature fusion sutures continues to have
higher signal intensity, but this trait is missing at the synostosis location.

Recently, black-bone imaging has been utilized to create 3D pictures and
reconstructions that are extremely valuable to neurosurgeons when planning
surgery [18]. Suchyta et al. have showed that this MRI sequence may be
used to generate virtual surgical planning for calvarial vault repair [19].
Differentiating between posterior synostotic plagiocephaly and positional
plagiocephaly may also be done by BB MRI [20]. The most important
drawback of this method is its inherent difficulty in analyzing places where
there is an air-bone interaction, such as the paranasal sinuses or the mastoid
region.

DISCUSSION

CT scans give information regarding skeletal phenotype, with high suture
resolution and evaluation of skull abnormalities, but they are less useful
for brain research. On the other hand, MRI is the preferred method for
examining brain anatomy and changes, as well as any associated brain
diseases such as intracranial herniation or hydrocephalus, venoocclusive
disease, and extra cranial involvement, though it plays only a minor role in
the evaluation of bone and sutures.

Children with craniosynostosis require a thorough examination of the
skull and sutures, as well as the brain parenchyma, with an emphasis on any
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potential CNS defects that are often present in these individuals.

Because the use of ionizing radiation in children is dangerous, alternative
radiological instruments are frequently used to assess pediatric diseases. In
craniosynostosis, MRI with a special research protocol, including an inventive
and intriguing Black-Bone sequence, allows for the study of the brain and the
sutures and bones, as well as 3D reconstructions and all the information the
surgeon need. Furthermore, it enables a radiation-free follow-up, preventing
continuous ionizing radiation exposure over time.

CONCLUSION

When imaging individuals with craniosynostosis, the MRI protocol
with the BB-MRI appears to be a highly promising alternative to CT. This
procedure addresses all key areas of pre-operative planning in complicated
syndromic situations and allows for a safe follow-up.
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