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ABSTRACT

Craniosynostosis is a developmental craniofacial anomaly, resulting in impairment of brain development and abnormally shaped skull. The
main cause of craniosynostosis is premature closure of one or more cranial sutures. It usually occurs as an isolated condition, but may also be
associated with other malformations as part of complex syndromes. When left untreated, craniosynostosis can cause serious complications,
such as developmental delay, facial abnormality, sensory, respiratory and neurological dysfunction, anomalies affecting the eye, and psychologi-

cal disturbances. Thus, early diagnosis, expert surgical techniques, postoperative care, and adequate follow-up are of vital importance in treating

Craniosynostosis.
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INTRODUCTION

During the embryonic development, the cranial vault
develops from the mesenchymal tissue. It is first arranged as
a capsular membrane around developing brain. Gradually,
the outer mesenchymal layer is formed through the process
of intramembranous ossification [1-5]. This intramembranous
bone growth depends mainly on the direction of the forces
that are defined by the growth of the brain. In the develop-
mental period, the brain is surrounded by dural fibers, which
are closely related and strongly attached to the sutural system.
Calvarial sutures are formed during the embryonic develop-
ment at the sites of approximation of the membranous bones
and later represent the major sites of bone expansion. This pro-
cess is a combination of i) deposition of osteoid at the sutural
margins, ii) surface apposition and resorption (remodeling) of
the bone, and iii) centrifugal displacement by the expanding
brain [4-10].

The fusion of the sutures is mainly regulated by the dura
mater, which interacts with the overlying tissues of the cranial
vault. The dura mater provides many important regulators of

growth, such as intercellular signals (for example, signaling
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mediated by fibroblast growth factor [FGF] and transforming
growth factor beta [TGF-{3] have been suggested to be vital
in this process), mechanical signals, and cells which undergo
transformation and migrate to the sutures. This complex sig-
naling cascade can be disrupted by a large number of genetic
mutations, leading to an abnormal development of the cranial
sutures [9-14]. Finally, this may result in a premature fusion of
one or more sutures, which is called craniosynostosis [5,8].

CRANIOSYNOSTOSIS

A craniosynostosis is a developmental anomaly which
occurs as a consequence of abnormal and non-physiologi-
cal sutural fusion. In a newborn, the membranous bones of
the cranial vault are separated by the intervening sutures.
Such arrangement enables the infants skull to pass more
easily through the birth canal and allows the compensatory
growth of skull during the brain growth. When one or more
sutures are prematurely closed, the compensatory growth
starts perpendicular to the patent sutures since the brain still
grows and expands in the direction of lower resistance. The
result is an abnormally shaped skull and also, in more severe
cases, increased intracranial pressure (ICP), as well as sensory,
respiratory and neurological dysfunctions [1,8,9,15,16]. The
prevalence of craniosynostosis is 1 in 2100-2500 births [17,18].
According to different studies, the cumulative prevalence
of craniosynostoses has risen significantly with no obvious
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cause [19]. Both environmental factors (e.g., intrauterine fetal
head constraint, abnormal position, oligohydramnios, prena-
tal exposures to teratogens, maternal smoking, and antiepi-
leptic drugs such as valproic acid and phenytoin) and genes
(single gene mutations, chromosome abnormalities, and
polygenic background) may all be predisposing factors for
the disease. Genetic causes account for approximately 20% of
all craniosynostoses and are associated with many complica-
tions. Most of the genes linked to craniosynostosis are inher-
ited in an autosomal dominant manner. However, in about
50% of the cases, new mutations may also occur [15,20-23].
Craniosynostoses are classified according to the sutures and
the frequencies of these different types of craniosynostoses are
as follows: Sagittal (=60%), coronal (~25%), metopic (~15%), and
lambdoid (=2%) [1,24,25].

CLASSIFICATION OF
CRANIOSYNOSTOSES

Different classifications of craniosynostosis are used
depending on the underlying mechanism, presence of other
disorders, or number of fused sutures. For instance, if a cranio-
synostosis develops due to a primary defect of the ossification
processitis called primary craniosynostosis. On the other hand,
secondary craniosynostosis is the result of known systemic
diseases with hematologic or metabolic dysfunction, such as
rickets and hypothyroidism. Secondary craniosynostosis can
also develop in newborns with microcephaly due to a failure
of brain growth or following shunt placement in children with
hydrocephalus. Furthermore, craniosynostosis can be classi-
fied into syndromic, e.g, as part of Apert, Crouzon, or Pfeiffer
syndrome, and more commonly encountered, non-syndromic
craniosynostosis, where it develops as an isolated disorder.
Simple craniosynostosis is a term used when only one suture
fuses prematurely, while complex craniosynostosis is used to
describe a premature fusion of multiple sutures [8,26-30].

DIAGNOSTICS

The diagnosis of a typical craniosynostosis is usually clinical
and it is commonly diagnosed in the first year of life. The clin-
ical assessment determines the following: i) whether a cranio-
synostosis is present, ii) whether there are additional features
suggesting an associated syndrome, and iii) whether urgent or
elective management is required [15,31]. At first, a careful med-
ical history is obtained. To determine the etiology of cranio-
synostosis, the focus is on the family history of unusual head
shapes, prenatal exposure to teratogens (e.g., valproic acid), and
evidence of intrauterine constraint due to multiple pregnancy,
primiparity, abnormal fetal position, or oligohydramnios. The
history also includes possible complications of pregnancy, as

well as the evidence of achieved milestones during early life.
The clinical examination is an important part where typical
signs are looked for, especially possible congenital anomalies
(e.g, a broad, radially deviated thumb in Pfeiffer syndrome or
syndactyly in Apert syndrome), dysmorphic features of the face
(hyper or hypotelorism, hypoplasia of midface, asymmetry, the
position, shape and size of the ears), the skull shape from all
directions, and the measurement of the head circumference for
calculating the cephalic index (the ratio of maximum breadth
to maximum length of the skull). Any sutural ridging, prom-
inent blood vessels on the scalp, and the size, shape and ten-
sion of the fontanels should also be assessed. For evaluating
ICP, ophthalmological examination is of great importance. In
cases with increased ICP, papilledema is present [32].When
assessing the functional consequences of the condition, the
most important clinical information includes possible airway
obstruction, feeding difficulties, eye protection, and signs of
increased ICP. Although, the diagnosis of craniosynostoses
in typical cases can be made after clinical evaluation, many
surgeons also confirm the diagnosis radiologically, especially
when a surgical treatment is planned [15,33].

The computed tomography (CT) with three-dimensional
(3D) reconstruction is considered the most complete and
accurate imaging to diagnose craniosynostosis [34]. With this
method, all sutures can be assessed for patency. In addition, the
CT scanning allows evaluating the brain for possible structural
abnormalities (e.g. ventriculomegaly, agenesis of the corpus cal-
losum, and craniocerebral asymmetry). However, because of the
radiation risk, this method should be indicated carefully [15,35].

In comparison to CT, plain radiography is less accurate in
visualizing the cranial sutures. It is nevertheless a cost-effec-
tive method in infants with a low risk of craniosynostosis. One
of its benefits is that general anesthesia is not required [33].

The magnetic resonance imaging (MRI) is an excellent
technique for the evaluation of brain, albeit less accurate in
visualizing the cranial sutures compared to CT. Generally,
MRI is reserved for patients in which CT reveals cerebral
anomalies [15,33]. Furthermore, it is an important imaging
modality in combination with ultrasound (US) examination,
especially in infants with suspected intracranial anomalies and
associated complications of craniosynostosis (i.e., syndromic
craniosynostoses). Recently, a novel MRI technique has been
described, namely gradient- and spin-echo (GRASE) imag-
ing. GRASE imaging can identify the cranial sutures similarly
to other 2D imaging modalities. This type of MRI technique
minimizes the soft tissue contrast and enhances the bone-
soft tissue boundaries. It can therefore reveal normal cranial
sutures as hyperintense signal distinguished from the signal
void of the cranial bones [36].

US examination is a fast, low-cost, radiation-free method
that requires no sedation. However, it is applicable only in cases
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with open fontanelles. Standard ultrasonography of the calvar-
ial sutures, in the absence of other craniofacial malformations,
may be a feasible method for diagnosing simple, non-syndromic
craniosynostosis in utero [37]. An important advantage of ultra-
sonography is the possibility to visualize and follow-up the cra-
nial sutures on every examination, to obtain the best scan for
measuring the skull and one or more prematurely fused sutures.
In the experienced hands, US may be as reliable as CT [38]. The
diagnosis is possible after the first trimester [39].

When a syndromic craniosynostosis is suspected, genetic
testing is usually performed. Based on some results, genetic
testing of FGF receptor genes (FGER3 and FGFR2) is advised.
It is recommended to all patients presenting with coronal or
multisuture synostosis, since these two types are often genet-
ically determined [15,21]; the FGER2 and FGFR3 as well as the
genes for transcription factors (i.e., TWIST and MSX2) are the
most frequently mutated genes in these disorders [5,6,8,21].
During the last decades, the understanding of molecular and
genetic pathways associated with common forms of cranio-
synostosis has been increased. To date, mutations in 57 genes
have been identified as an underlying cause of craniosynos-
tosis. These genes and transcription factors are fundamental
in the skull morphogenesis and, among others, include the
FGFR genes, TWIST, MSX2, bone morphogenetic protein
(BMP) genes, TGFB2, ERF of ETS transcription factor family,
RUNX2, EFNB1, FAM20C, and LMX1B gene [40-43].

TYPICAL FEATURES OF VARIOUS
TYPES OF CRANIOSYNOSTOSES

The typical features of various types of craniosynostoses
are briefly described below (Table 1 and Figure 1).

Scaphocephaly

In this type of synostosis, there is a premature fusion of the
sagittal suture. It is commonly observed in premature infants.
The head is typically elongated in the anterior-posterior direc-
tion and shortened in the bilateral direction. In some children,
frontal bossing is present and the ridging of the sagittal suture
is palpable. Boys are more frequently aftected than girls, with a
ratio of 3.5:1 [31,35,44,45].

Anterior plagiocephaly

Anterior plagiocephaly results from a premature fusion of
the coronal suture. On the affected side, the forehead is flat-
tened because of arrested growth, and higher supraorbital
margins form a characteristic sign on radiographs, known
as the Harlequin sign. On the opposite side, the forehead is
pushed forward. Additional findings include flat cheeks on
the side of synostosis and nasal septum deviation towards the

TABLE 1. Clinical features of various types of craniosynostoses

Type of

. . Typical characteristics
Ccraniosynostosis

- Premature fusion of the sagittal suture

- Elongated head in the anterior-posterior and
shortened in the bilateral direction

- Frontal bossing is present

- Boys more frequently affected (3.5:1)

Scaphocephaly

- Premature fusion of the coronal suture
- Forehead flattened on the affected side
- High supraorbital margins (Harlequin sign)
- Forehead pushed forward on the
unaffected side
- Nasal septum deviation towards the normal side
- More common in girls (2:1)

Anterior
plagiocephaly

- Unilateral lambdoid synostosis

- Frontal and occipital bossing

- Ipsilateral ear and mastoid displaced downward

- Head shape from above may resemble a trapezoid

Posterior
plagiocephaly

- Ipsilateral ear and forehead displaced anteriorly

- Parallelogram shape of the head

- Ipsilateral occipital flattening accompanied by
contralateral occipital bossing

- Male to female ratio 3:1

Positional
plagiocephaly

- Premature fusion of the metopic suture

- Occipital part is broad, forehead is narrow and
pointed

- Triangular shape of the head

- Hypotelorism

Trigonocephaly

- Bilateral coronal synostosis

- Short skull

- Forehead and occipital part flattened

- Frontal bone prominent and elongated in vertical
direction

- Hypertelorism

- Harlequin malformation of the orbits

Brachycephaly

normal side. It is more common in girls than in boys (ratio 2:1).
In the case when bicoronal fusion closes prematurely, the
condition is called brachycephaly. Here, the head is typically
shorter and wider [18,31,35,44-46].

Posterior plagiocephaly

Posterior plagiocephaly is a unilateral lambdoid synostosis.
Frontal and occipital bossing can develop contralateral to the
affected side. The ipsilateral ear and mastoid can be displaced
downward. In the majority of cases, the ear is also displaced in
the anteroposterior direction. Clinically, the shape of the head
from above can resemble a trapezoid [16,47,48].

Positional plagiocephaly

Itis essential yet sometimes difficult to distinguish between
synostotic and positional plagiocephaly, which is more com-
mon. The latter is caused by repeated pressure to the same
area before or after birth. The ipsilateral ear and forehead are
usually displaced anteriorly, giving the head a parallelogram
shape. The ipsilateral occipital flattening can be accompanied
by a contralateral occipital bossing. The male-to-female ratio
is 3:1. The effects of the positional plagiocephaly are primarily
cosmetic and do not require surgical intervention [16,48].
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FIGURE 1. Various deformations of the skull, associated with single-suture synostoses

The number of infants with this type of plagiocephaly has
risen over the past several years, which has been associated
with the “back to sleep” campaign to reduce the incidence of
sudden infant death syndrome (SIDS). The presence of torti-
collis, prematurity, and gross motor delay can also predispose

an infant to positional plagiocephaly [16,44,48,49].

Trigonocephaly

Trigonocephaly results from a premature fusion of the
metopic suture. The back of the head is broad and the fore-
head is narrow and pointed. When viewed from above, the
forehead has a triangular shape. The orbits are abnormally

close together (hypotelorism) [16,31,35].

Brachycephaly

Brachycephaly is a bilateral coronal synostosis. As a result
of the fused coronal suture, the skullis short. The forehead and
occipital part are flattened and the frontal bone is prominent
and elongated in a vertical direction. The orbits are abnormally
separated (hypertelorism) and the Harlequin malformation of

the orbits is seen on radiographs [33].

INFLUENCE ON CHILD
DEVELOPMENT

Craniosynostosis, especially the syndromic type, is

often associated with a higher risk of impaired cognitive

development. This is due to restricted growth of the brain and
a secondary deformation of the brain tissue caused by over-
grown sutures and increased ICP. Many studies have exam-
ined the neurological status of children with craniosynostoses.
Recently, a longitudinal study was launched, testing children at
the start of their schooling. The study followed the neuropsy-
chological development of 182 children with a simple form of
craniosynostosis and of a control group, from early childhood
to school age [50]. The results showed that, on average, chil-
dren with a simple form of craniosynostosis exhibited a mild
cognitive and academic deficit [50,51].

The developmental gap varies depending on the subtype
of craniosynostosis. Children with metopic, unicoronal, or
lambdoid synostosis have a higher likelihood of learning dis-
abilities in comparison to children with sagittal synostosis. The
highest variations have been found in the intelligence quotient
and in computer skills. On the other hand, speech and read-
ing were not significantly affected. In 58% of children, learning
difficulties were not detected. Understanding the cognitive
development of a child helps in determining the potential risk
for developmental gap. With prompt identification and sup-
port programs, the cognitive and academic deficit may be pre-
vented or at least considerably reduced [35,50,51].

TREATMENT AND COMPLICATIONS

Similarly to the underlying causes and clinical char-

acteristics, the treatment of craniosynostoses is also very
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heterogeneous. Most of the uncomplicated, non-syndromic
forms may be treated electively. On the other hand, some
cases of the syndromic forms require urgent interventions. In
severe cases, the focus is on maintaining the airway and nutri-
tional support, eye protection and normal ICP [1s].

The most important factors in determining the extent of
surgery and surgical modality are the patient age and presenta-
tion [52]. Although the surgical treatment of craniosynostoses
is most commonly used, the conservative approach may be
adopted first, especially in patients with positional plagioceph-
aly and in cases in which unilateral synostosis is not very pro-
nounced. Normally, the positional plagiocephaly may not require
atreatment, although remodeling helmets are beneficial in some
severe deformities. In addition, a minimally invasive approach,
especially endoscopic suturectomy, may be used in some cases
to correct the positional deformities surgically. The remodeling
helmets can be used for very young patients (i.e, younger than
6 months) alone or in combination with suturectomy [52-54].

The main objectives are to achieve a normal brain develop-
ment by providing sufficient space within the skull and a cos-
metically acceptable appearance [16,31,35]. The optimal period
for the operation remains a subject of debate and is considered
to be between 6 and 12 months of age in the case when no
signs of increased ICP are present [55]. In addition, this time
period represents the most active phase of the brain and head
development and is thus optimal for a surgical correction of
the head shape and re-ossification of bone defects [56].

According to the clinical criteria and surgical capabilities,
an open craniotomy and reconstruction or an endoscopic pro-
cedure are considered. After the operation, additional correc-
tions with the helmets may be required and this usually lasts
from 4 to 6 months. Both open surgery and endoscopy have

advantages and disadvantages. The endoscopic intervention is
more appropriate until the age of 6 months. In that period, the
cranial bones are still sufficiently flexible and can be manipu-
lated by the endoscope. After 6 months, open surgery is pre-
ferred due to the stiffness of the bones. The advantage of endo-
scopic intervention is a shorter duration of surgery, less blood
loss, and faster postoperative recovery. However, frequently,
it should be combined with a postoperative use of a remod-
eling helmet and is suitable only for very young children.
After 6 month of age, this technique is usually not eftective.
The upper limit is about 5-6 months of age and open surgery
should be employed thereafter [52-54], because open surgery
is more suitable for children older than 6 months as well as
for those with complex or syndromic synostosis (Figure 2).
Moreover, this approach still provides better possibilities of
wide remodeling of the cranial vault and skull base [35,57].

The complications of surgical treatment include postop-
erative hyperthermia as the most common complication, next
infections such as meningitis, subgaleal and subcutaneous hema-
toma, rupture of the dura mater, cerebrospinal fluid leakage, and
blood loss. Several complications may occur in patients in which
a reoperation is needed (Table 2). In general, the complications
vary depending on the type of surgery. The endoscopically sup-
ported removal of cranial sutures is the intervention with min-
imal complications even though it does not allow a complete
remodeling [58]. The mortality and morbidity rate is 0.1% and
may reach up to 50% in the case of severe blood loss [59].

After surgery, the treatment is not completed. It is nec-
essary to follow up the patients regularly and to control the
growth and circumference of the head, observe possible symp-
toms of increased ICP and other potential complications. Only
through regular follow-ups it is possible to detect prematurely

FIGURE 2. The surgical reconstruction of anterior plagiocephaly. During the operation, the child is placed in a supine position. A coronal
skin incision is performed and after the periosteal dissection, the fused right coronal suture is recognized. The bone flap is removed and
an extensive remodeling of the orbital bone and forehead follows (A). The final appearance of the skull after the completed surgical
reconstruction, filling of bone defects, and their connection with resorbable plates (B).
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TABLE 2. Possible complications of surgical treatment in
Craniosynostoses

Complications of surgery

Wound infection

Intraoperative bleeding

Postoperative hematoma (subgaleal, subdural)
Intraoperative/postoperative hyperthermia
Dural tear

Cerebrospinal fluid leak

Meningitis

Postoperative mortality: 2.6%

Postoperative morbidity: 12%

fusing cranial sutures in time and offer the child a reoperation;
nevertheless, this is still performed only rarely [33].

CONCLUSION

Craniosynostosis is a rare craniofacial anomaly which may
lead to various complications, deformations, and neurological
impairment during the childs development. Early identifica-
tion and appropriate treatment are therefore vital. The aim of
the surgical treatment is to enable the normal brain develop-
ment and to achieve an acceptable cosmetic effect.
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