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Abstract 
 

      Craniosynostosisis a defect of the skull caused by premature fusion of one or more cranial 
sutures. It may be isolated finding or part of a syndrome and affects 1 in every 2,500 live births. 
Usually multiple sutures are involved and correspond in at least 20% of the cases. Syndromic 
craniosynostosis can be associated with various dysmorphic features involving the face, skeleton 
and nervous system. More than 180 syndromes have been reported with craniosynostosis.  
       The aim of this review is to present the clinical and genetic characteristics of the most common 
types of syndromiccraniosynostosis. 
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 Introduction 

 
 Abnormal skull shapes were described by 
both Hippocrates and Galen. In 1851, Virchow 
was the first to associate these alterations to 
premature fusion of cranial sutures.1 

Craniosynostosis is a congenital skeletal 
disorder caused by the premature fusion of one 
or more cranial sutures,2-4 causing restriction in 
skull and skull base growth which produced 
shape deformities with associated midface 
hypoplasia, facial asymmetry and 
dysmorphisms.3,5 This condition is divided into 
syndromic and non-syndromic forms, depending 
on the presence or absence of other associated 
findings.2  

Patients with syndromic craniosynostosis 
can have an increased risk of increased 
intracranial pressure, ventricular expansion, 
hydrocephalus, expanded subarachnoid space, 
cerebellar tonsillar herniation, visual impairment, 
deafness and cognitive deficits compared with 
patients with sporadic single suture 
synostoses.3,5  

The clinical diagnosis of thesyndromic 
craniosynostosisis based on physical and 
radiological findings for craniofacial and 
limb/digital features, as well as other infrequent 
associations.2 The prevalence is estimated to be 
1 in every 2,500 live births, and a non-syndromic 
form accounts for more than half of the cases.2,6  

On the other hand, there are greater than 180 
syndromes associated with craniosynostosis,3 
some of them shown in (Table 1). 

Craniosynostosis can occur primarily and 
secondarily. The primary form is due to 
premature fusion of one or more of the sutures in 
a developmental error during embryogenesis 
whereas secondary craniosynostosis is due to 
mechanical causes such as intrauterine 
compression of the fetal skull, the effect of 
teratogens and metabolic causes.5 The sagittal 
suture is the most commonly affected (40–55%), 
followed by the coronal (20–25%), metopic (5–
15%), and lambdoid (<5%) sutures.6 

 

 
Table 1. Common forms of syndromic 
craniosynostosis.2
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Apert syndrome (OMIM #101200) was 
first reported by Wheaton in 1894,7 and the 
French paediatrician, Eugene Apert, who 
published a series of nine cases in 1906, in a 
condition that named acrocephalosyndactyly.1,8 

This syndrome is caused by a genetic mutation in 
the fibroblast growth factor receptor 2 gene 
(FGFR2). It is characterized by acrocephaly due 
to premature fusion of the bilateral coronal suture 
with various other sutures usually involved and 
severe syndactily in both hands and feet. 
Syndactily is a characteristic feature of Apert 
syndrome that permits distinction from the other 
FGFR2-related syndromes,6,8 which also includes 
Pfeiffer, Crouzon, Beare–Stevenson, and 
Jackson–Weiss syndromes.10 Also is 
characterized by wide and flatened forehead, flat 
occiputus, midface hypoplasia with narrow 
pharynx can result in airway compromise, 
proptosis, ocular hypertelorism, low set ears, 
symphalangism, radio-humeral fusion and 
varying degrees of neurocognitive impairment 
requiring special education. Up to 75% of 
patients also have an associated cleft palate or 
bifid uvula, also orthodontic and other dental 
problems.6,8 

Apert syndrome is an infrequent disorder, 
with prevalence of 1 in 65,000 live births.1,8 

Although presents an autosomal dominant 
inheritance pattern, most cases are sporadic, 
with equal numbers of affected males and 
females, and accounts for about 4.5% of all 
cases of craniosynostosis.9 Approximately 98% 
of all cases are due to gain-of-function FGFR2.6 

This gene encodes a belongs to a family of four 
fibroblast growth factor receptors, which contain 
an extracellular ligand-binding domain, a 
transmembrane domain, and an intracellular 
domain with tyrosine kinase activity.10 Genetic 
mutations discovered in 1995 by Wilkie et al. 
identified two adjacentmissense mutations 
located in the linker between the IgII and IgIII 
domains, either p.Ser252Trp (66%) or 
p.Pro253Arg (32%) in the highly conserved 
region linking Ig-like domains II and III of 
FGFR2.6,8,10 

The p.Pro253Arg mutation is associated 
with more severe syndactily when compared 
withp.Ser252Trp which is strongly associated 
with cleft palate. These mutations lead to loss of 
ligand specificity of receptor, causing 
abnormalities in extracellular matrix composition 
and premature calvarial ossification.7 Another 

distinct pathological basis has also been 
identified, signaling through keratinocyte growth-
factor receptor has been shown to be responsible 
for syndactily in this entity.10  

Subsequently, has identified two other de 
novo insertion mutations in FGFR2. These four 
mutations transmitted in the paternal 
chromosome, thus the theory of advanced 
paternal age being a risk factor.1,7 The significant 
phenotypic variability observed in Apert 
syndrome is thought to be due to genetic and 
environmental factors.1 Carries a high mortality 
rate, about 10% especially during early infancy 
and surviving infants need multidisciplinary 
medical and surgical care.9  

Crouzon syndrome (OMIM #123500) is 
the most frequent syndromic craniosynostosis 
occurring without syndactyly. It was first 
described by a French neurologist, Louis 
Edouard Octave Crouzon, in a mother and 
daughter in 1912.11-15 Half of the cases of this 
congenital condition are sporadic, and the other 
half have an autosomal dominant inheritance 
pattern with complete penetrance and variable 
expression. There’s no racial or gender 
predilection.15 

Crouzon syndrome has abnormalities of 
branchial arch formation with the triad of skull, 
face, and eye abnormalities.15 It is characterized 
by synostosis of coronal, (but often pan-
synostosis) that can produce brachycephaly, 
scaphocephaly, trigonocephaly and in severe 
disease, cloverleaf skull deformity. Typical 
symptoms are ocular proptosisdue to shallow 
orbits, other ocular anomalies include 
hypertelorism, strabismus, ametropia, 
hypermetropia, reduced monocular visual acuity 
and blindness, midface hypoplasia, parrot-
beaked nose, and oral manifestations as 
underdeveloped maxilla, relative mandibular 
prognathism,short upper lip,11-13,15 ectopic 
eruption, crowding of maxillary and mandibular 
teeth along with class III malocclusion.11,12,14 It 
may also present conductive hearing impairment 
and stenosis or atresia of the auditory canals.15 

Subtle anomalies of other structures, including 
the limbs and vertebrae also have been 
described.14 The incidence of increased 
intracranial pressure in untreated cases of 
Crouzon syndrome has been reported as 62.5%. 
Possible consequences include visual loss that 
can extend to blindness as well as impaired 
neuro-cognitive development.14 Moreover; the 
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proptotic eye is vulnerable to traumatic injury, 
corneal abrasion, and exposure keratitis.13 

Prevalence of this condition is 1 in 60,000 
live births. Is associated with mutations in exons 
IIIA and IIIC in FGFR2 gene in 95% of 
cases.12,15,16 In contrast to Apert syndrome, the 
spectrum of FGFR2 mutations that cause 
Crouzon syndrome is broader.8 

Crouzon syndrome with acanthosis 
nigricans is also called Crouzon-dermo-skeletal 
syndrome (OMIM #612247) represents a 
clinically and genetically distinct entity with an 
autosomal dominant inheritance pattern, with 
variable expressivity and a female predominance 
of 2.4:1,16 and the severity is the same in affected 
males and females.17 It Affects 1 in 25,000 live 
births,18 accounting for 1% to 2% of all 
craniosynostosis syndromes,16,17 and all 
ethnicities are affected.17 These include choanal 
atresia and/or stenosis and hydrocephalus often 
with a Chiari I malformation. It is due to a 
characteristic mutation in the fibroblast growth 
factor receptor 3 gene (FGFR3), a change in a 
GCG sequence by a GAG sequence in 
nucleotide 1172.16 The Ala391Glu mutation in the 
transmembrane domain of FGFR3.17,18 The 
mutation is supposed to activate constitutively 
the tyrosine kinase activity of the receptor 
independently from its ligands.17 

Pfeiffer syndrome (OMIM #101600) is a 
rare autosomal dominant entity resulting from 
heterozygous mutations in the fibroblast growth 
factor receptors types 1 (FGFR-1) and FGFR-2 
mutations.19-21 It was first described in 1964, and 
has an estimated incidence of 1 in 100,000 live 
births.6,19,22,23 It is characterized by bicoronal 
craniosynostosis, prominent forehead, midface 
hypoplasia with shallow orbits, hypertelorism, 
convex nasal ridge, depressed nasal bridge, 
broad and deviated thumbs and great toes, 
brachydactyly and a variable degree of syndactily 
in hands and feet can be accompanied in some 
patients.6,19,22,24-26 Other manifestations including 
delayed neuropsychological development, 
hydrocephalus, Chiari malformation, choanal 
stenosis, visceral anomalies and ankylosed 
elbows.6,21,26 

Differentiation between Pfeiffer syndrome 
and Crouzon syndrome rely on the presence or 
absence of hands and feet anomalies.6 

It Is divided into three subtypes according 
to the clinical severity and prognostic significance 
(Table 2), described by Cohen in 1993.2,19,26 It 

was suggested that FGFR1 mutations often 
result in less severe craniofacial involvement.24 A 
specific mutation, p.Pro252Arg, in the FGFR1 
gene can be identified in Pfeiffer syndrome type 
1.27 However, The majority of cases are caused 
by gain of function mutations in a wide spectrum 
of mutations in FGFR2.24 

 

 
Table 2. Classification of Pfeiffer syndrome.6,23 

 

Jackson-Weiss syndrome (OMIM 
#123150) is an autosomal dominant disorder with 
high penetrance and variable expressivity due to 
mutations in the FGFR1 and FGFR2 genes. The 
features are similar to Pfeiffer syndrome except 
that the thumbs are typically normal.3 

Muenke syndrome (OMIM #602849) is an 
autosomal dominant disorder with reduced 
penetrance and variable expressivity, 
characterized by unilateral or bilateral coronal 
synostosis, midface hypoplasia, palpebral ptosis, 
downslanting palpebral fissures, high and/or 
arched palate, sensorineural hearing loss, 
developmental delay, seizures and abnormalities 
of the hands and feet such as brachydactyly and 
clinodactyly and radiographic changes such as 
cone-shaped epiphyses, thimble-like phalanges, 
carpal and tarsal fusions, broad thumbs and 
halluces.28-32 

It was described by Maximilian Muenke in 
1997 and is caused by a heterozygous missense 
and gain-of-function mutations c.749C>G 
p.Pro250Arg in the FGFR3 gene.29 This is one of 
the most common transversions in humans with 
an estimated mutation rate of 8 x 10-6.28,30 The 
majority of patients arise as novo mutational 
events and it has been associated with advanced 
paternal age.28 Constitutes the most common 
syndromic form of craniosynostosis, with an 
estimated incidence of 1 in 30,000 live births,28-31 

and represents 8 % of all patients with 
craniosynostosis.30,31  

Equal representation in the two sexes, 
however, sex-related expressivity is more severe 
phenotype observed in females.28 
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Saethre-Chotzen syndrome (OMIM 
#101400) acrocephalosyndactyly type III,33 is an 
autosomal dominant entity with high penetrance 
and variable expressivity.34 Characterized by 
unilateral or bilateral coronal synostosis and 
simple in complete syndactyly of the index and 
middle fingers, the third and fourth toes as well 
as broad/duplicated/laterally deviated of the 
hallux.35  

Typically in ear has a small pinna with 
prominent superior crus.34 In addition to the 
turribrachycephaly, a low frontal hairline may be 
appreciated, facial asymmetry, strabismus, 
palpebral ptosis, downward slanting palpebral 
fissures, depressed nasal bridge, narrow and/or 
cleft palate, bifid uvula and congenital heart 
malformations.34-36 

It was first described in 1931 bySaethre 
and Chotzen a Norwegian neurology and 
psychiatry and German psychiatrist, 
respectively.33,34,37 It has an estimated incidence 
of 1 in 25,000 to 50,000 live births.34 Loss of 
TWIST1 function is thought to be responsible for 
the premature suture fusion.35 The molecular 
diagnosis has allowed acknowledging the great 
interfamilial and intrafamilial variability of the 
clinical phenotype associated with > 100 
mutations that involving intragenic mutations, 
micro deletions, or translocations within the 
already mentioned TWIST1gene.37 

Carpenter syndrome (OMIM # 201000) 
acrocephalo polysyndactyly type II, is a rare 
autosomal recessive with marked intrafamilial 
variability.38 It was first described in 1909 by 
George Carpenter,3,39 andhas an incidence of 1 
in a million live births.40 This pleiotropic disorder 
is characterized by sagittal, lambdoid, and 
coronal synostosis (acrocephaly), unusual facies, 
midfacial hypoplasia,3,39 flat nasal bridge, broad 
cheeks, malformed and unevenly set ears, and 
late eruption of small and widely spaced teeth.40 

Other features include brachydactyly, broad or 
bifid thumbs, absent or small middle phalanges, 
postaxial polysyndactyly of the hands and 
preaxial polysyndactyly in the toes. In addition to 
increased birth weight, later obesity, congenital 
heart defect, umbilical hernia, cryptorchidism or 
hypoplastic testes, talipes, bowed femora and 
tibiae, intellectual disability, and central nervous 
system malformations.38-42 

Is caused by mutations in the RAB23 
gene, which encodes a small GT Pase of the Ras 
super family which that regulates vesicular 

transport and acts as an essential negative 
regulator of the Sonic hedgehog signaling 
pathway.39,41 No genotype-phenotype correlations 
are so far reported.42 

 
 Conclusions 
 

The different clinical findings and the 
molecular studies can guide the differential 
diagnosis of different types of syndromic 
craniosynostosis. This review emphasizes the 
need of an integrated medical and surgical 
approach and providing an adequate genetic 
counseling. 
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