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ABSTRACT

Background

Scaphocephaly is usually defined as the deformation of the skull resulting from the premature fusion
of the sagittal suture. It is the most common type of craniosynostosis, and can be easily recognized
on simple clinical examination. Its pathophysiology is easy to understand and to confirm on
neuroradiological examination. In contrast, surgical indications are still somewhat controversial, the
dispute mainly concerning therapeutic versus esthetic objectives. In recent years, however, several
studies have challenged these basic and relatively simplistic interpretations of the pathophysiology of
the condition.

Materials and methods

To assess the heterogeneity of scaphocephaly, we reviewed cases of scaphocephaly operated on at
the Hoépital Femme Mere Enfant, Lyon University Hospital, France during a 10-year period (2008-
2017) and performed a review of the literature on scaphocephaly and sagittal suture closure.

Results

During the 10-year period, 401 children were operated on for a scaphocephaly at the Hopital Femme
Mere Enfant, Lyon University Hospital. Mean age at surgery was 1.14 years, for a median 0.7 years
(range, 4 months to 8. 5 years). Several subtypes could be distinguished according to morphology,
intracranial findings on imaging, patient age, and etiology associated to the sagittal synostosis. Two
main surgical techniques were used to correct the malformation, depending on patient age, type of
deformation and the surgeon's preference: cranial vault remodeling with occipital pole widening,
with the patient in a prone position, and parietal enlargement with or without forehead remodeling,
in dorsal decubitus.

Conclusions: The complexity and heterogeneous nature of sagittal synostoses depend on different
pathogenic mechanisms leading to and interfering with the skull abnormalities: abnormalities of CSF
dynamics, possibly associated with systemic alterations, accounting for the varied postoperative
morphological and functional course, in terms of cognitive impairment and late complications
(notably intra-cranial pressure elevation). However, the real impact of such heterogeneous clinical
presentations on surgical indications and surgical results remains to be elucidated.
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Introduction

Scaphocephaly, defined as the deformation of the skull following premature fusion of the sagittal
suture, is the most common type of craniosynostosis encountered in clinical practice. It is easily
recognized on simple clinical findings of elongated narrowed skull, frequent palpable ridge along the
fused sagittal suture, radiologically confirmed by evidence of early closure of the sagittal suture. To
re-open the early-fused suture to allow the skull to expand and accommodate the growing brain is
the rationale of surgical indication in most cases, with opinions differing as to whether the real goal is
cosmetic improvement or to protect the brain from the effects of impaired volumetric growth and
altered cerebrospinal fluid (CSF) dynamics. Relatively unpredictable outcomes in terms of
morphological correction, cognitive function, immediate or late synostotic recurrence, and late
increases in intracranial pressure have been widely reported. These were mainly attributed to poor
and/or unduly delayed surgical treatment or inadequate postoperative surveillance rather than to
limited knowledge of pathophysiology, limitations in diagnosis, or failure to consider co-existing
factors impacting surgical outcome. Consequently, correct management, timing and technical
modalities remain the subject of enduring discussion, and no definitive guidelines for management
have been established (29). Surprisingly, scant consideration has been paid to the possibility that
sagittal craniosynostosis is not a single pathogenic entity: different anatomical and functional
abnormalities may be overlooked in traditional diagnosis based merely on clinical semiology and
radiological findings, but may make sagittal craniosynostosis a heterogeneous pathology that
remains to be elucidated by pediatricians, geneticists, anatomists, neurologists, radiologists and
pediatric neurosurgeons.

Patients and methods

To assess the heterogeneity of scaphocephaly, we performed a retrospective analysis of the cases
operated on at the Hopital Femme Mere Enfant, Lyon University Hospital (France) during a 10-year
period from 2008 to 2017, and a review of the literature using the databases PubMed and Medline,
with “scaphocephaly” and “sagittal suture closure” as keywords. The search was limited to reports
published in English between January 2006 and January 2019, and focused on 4 main topics:
epidemiology, morphology, genetics, outcome and neurodevelopmental disorders. The references
included in the reports were also manually searched to find further references and reported studies
not identified on our initial search strategy. Case reports were excluded.

Results

During the 10-year study period, 401 children were operated on for scaphocephaly in our center.
Mean age at surgery was 1.14 years, for a median 0.7 years (range, 4 months to 8.5 years). All
children underwent preoperative imaging by head CT or brain MRI.

Two main surgical techniques were used to correct the malformation, depending on the age of the
patient, the type of deformation and surgeon's preference: cranial vault remodeling with parieto-
occipital pole widening, with the patient in prone position, or parietal enlargement with or without
forehead remodeling, with the patient in dorsal decubitus.



Several subtypes of scaphocephaly could be distinguished, according to morphology, intracranial
imaging findings, patient age, and etiology associated to the sagittal synostosis. Postoperative results
were also heterogeneous in terms of cognitive outcome and school performance.

Heterogeneity in morphology

As expected, different morphological subtypes were found, depending on the segment of the sagittal
suture mainly involved in the pathological fusion process (Fig 1). While typical dolichocephaly was
seen in infants with complete fusion of the sagittal suture, those with partial closure showed all the
deformations described in literature, with specific terminology: leptocephaly, from premature fusion
of the anterior third, resulting in equal narrowing of the head; bathrocephaly, from premature fusion
of the anterior and middle thirds, with an occipital bulge; clinocephaly, from premature fusion of the
middle third alone, with a retrocoronal depression; and sphenocephaly, which was the most
common subtype, resulting from premature fusion of the middle and posterior middle thirds, with
characteristic prominence of the bregma and forehead width exceeding the interparietal diameter.
These various patterns have been previously described (51) and related to the origin and degree
(partial or complete) of the suture fusion. The common frontal and/or occipital bossing associated
with sagittal craniosynostosis is now considered as a compensatory phenomenon for restricted
lateral growth, and may accentuate the clinical presentation of the deformity. Consequently, the
heterogeneous subtypes are not merely related to the pathological suture but also to the
pathophysiological processes compensating for the altered intracranial volume. These complex inter-
relations may obviously also impact surgical outcome, sometimes continuing to exert an effect in
case of poor or delayed surgical correction. This also suggests that clinical evaluation based merely
on cranial morphology is inadequate, as associated anomalies of the facial skeleton should also be
taken into account (Figs 2 and 3).

Class 1l malocclusion is more common in scaphocephalic children than controls. Differences in
nasofrontal angle are also found. However, the skull base is generally unaffected (19, 26, 28, 33).

Heterogeneity in intracranial findings

As expected, CT and MRI showed different morphological patterns in the subarachnoid spaces of
infants with sagittal synostosis, ranging from apparently normal to a characteristic pooling of CSF at
the frontal poles, often associated with enlargement of the interhemispheric fissure and dilation of
the lateral ventricles (Fig.2), which was quite common, being detected up to two-thirds of cases.

Two main mechanisms have been proposed to explain these CSF disorders: passive accumulation of
CSF secondary to compensatory morphological increases in forehead volume or, conversely,
accumulation secondary to abnormal resorption. According to this second interpretation, the
forehead deformation is induced by the focal accumulation of CSF. In favor of this hypothesis, CSF
collections seem to occur more often when the bony ridge of the fused suture surrounds the sagittal
sinus in a complete or partial groove (so-called Omega sign) than in case of a flat bony interparietal
connection (46). Impaired CSF absorption was previously reported in infants with sagittal
craniosynostosis, using the subarachnoid injection test (7, 11). Surgical decompression of the sagittal



sinus seems to improve the CSF dynamics, reducing pericerebral CSF collections on postoperative
imaging.

Heterogeneity in age

Scaphocephaly can be found at any age. Antenatal diagnosis of scaphocephaly is also, but rarely,
possible. During antenatal life, head measurements in scaphocephaly remain within normal limits in
most fetuses, although abnormally short biparietal diameter and elongated fronto-occipital distance
are observed in some instances. It is only at birth that the deformation and the bony ridge are clearly
seen in the great majority of cases. Unlike other types of synostosis, some adults also show
malformation, casting further doubt on the necessity for surgical correction if the esthetic blemish is
accepted. However, in surgical series, older children tend to be symptomatic. In the present series,
for instance, the older children presented a metabolic form of scaphocephaly, with signs and
symptoms of chronic intracranial pressure (ICP) elevation.

Heterogeneity in etiology

Despite the large number of papers dealing with scaphocephaly, the actual etiopathogenesis of
isolated scaphocephaly remains obscure. In recent years, an increasing number of genes affecting
growth of the sagittal suture have been identified. Genes known to be involved in sagittal fusion
include FGFR1-3, TWIST 1, RAB23, BMP, EFNB1 and PHEX, confirming the heterogeneity of the
condition at a molecular level. (8, 40, 52). Obviously these recent findings could not be used in all of
the cases in the present series, as genetic investigation has been performed routinely in children with
scaphocephaly only in recent years.

Nevertheless, it emerged that the subgroup of patients with sagittal fusion due to underlying
metabolic disease often presented an associated Chiari type 1 malformation.

The metabolic disease is sometimes already known at the diagnosis of craniosynostosis. This was the
case, for instance, of one of our patients who was operated on at the age of 8.5 years. In other cases,
the synostosis is recognized first, and its characteristics may lead to further diagnostic tests to rule
out a metabolic disease. In coming years, systematic genetic screening for gene anomalies is likely to
provide early diagnosis of the underlying condition, improving patient identification and
management of the patient.

Discussion

Premature fusion of the sagittal suture can be due to a large spectrum of etiologies, although in most
cases no clear cause is found. Similarly the consequences for the patient can be extremely
heterogeneous. Several subtypes of scaphocephaly can be distinguished according to morphology,
intracranial imaging findings, patient age, and the etiology associated with the sagittal synostosis.
Postoperative results are also heterogeneous in terms of school performance and cognitive function.



Heterogeneity of consequences

Premature sagittal fusion is classically associated with two types of issues: esthetic blemish; and
functional risk of ICP elevation, visual disturbance and neurocognitive sequelae.

e Deformation

There are several morphological subtypes (Fig.1), with different modalities of intracranial volume
progression over time. In the first months of life, intracranial volume may remain within normal
limits, but older scaphocephalic children have been reported to present increased volume (21, 35,
36). However, according to Seeberger et al., the intracranial volume in lower than in age-matched
controls between 3 and 10 months of age, especially in boys (41). These figures show how the
natural history of the condition is only partially known and might be more complex than usually
thought. As well as these intracranial volumetric modifications, the skull deformity may also impact
brain shape (1). The brain in scaphocephalic patients is not only longer than in controls but presents
specific deformations, mostly in the occipital lobes, in the thalamus and in the shape of the lateral
ventricles. The frontal region undergoes transverse widening. The hindbrain is also affected, with a
posterior shift compared to controls.

e Raised intracranial pressure

The spectrum of ICP alterations in scaphocephalic children is extremely wide. ICP was recorded in
142 patients with scaphocephaly at a mean age of 1 year by Arnaud et al. (4), and ranged from 3 to
25 mm Hg. However, systematic ICP monitoring is seldom used nowadays. ICP elevation is usually
diagnosed clinically, possibly with indirect radiological signs (Fig.3).

¢ Visual Function

Compared to other single suture synostoses, visual impairment is rare in scaphocephaly.
Nevertheless, behavioral changes are common, affecting the ability to fix and follow, with distorted
fixation shift in more than 70% of cases (39). In case of scaphocephaly with raised ICP, decreased
visual activity and papilledema on fundoscopy can be observed. Prevalence of papilledema has been
estimated at around 10% (17).

¢ Neurocognitive development

Full-scale 1Q of patients with sagittal synostosis is usually within normal limits (44). Interestingly,
some studies reported an increasing number of children with upper average or high full-scale 1Q in
isolated sagittal synostosis (5, 43).

However, other studies found that children with untreated scaphocephaly may have poorer
performance than controls, while still within the normal range. In particular, infants may show motor



and/or mental development within the normal range but, when tested, the distribution of the scores
is lower than expected (10).

According to some authors, children with scaphocephaly run a significantly higher risk of poor
neurobehavioral outcome. In particular, the incidence of learning disabilities in children with
scaphocephaly is relatively high (30, 45). Magge et al. reported that 50% of children with non-
syndromic sagittal suture synostosis had reading and/or learning disabilities when tested between 6
and 16 years of age, despite falling within the normal range for intelligence (30).

Other authors found significantly poorer gross locomotor function than in normal controls (6)
associated with discrepancies in 1Q results, with verbal 1Q significantly better than performance 1Q
(5). In another study, children operated on for sagittal synostosis showed a significantly higher
perceptual reasoning 1Q, but also significantly lower working-memory and processing-speed Qs than
normal (24).

IQ correlated with ICP according to Arnaud et al., who found that mental outcome was poorer in
children with high ICP (4) (16% vs 6% mental retardation; but p=0.17); although non-significant, the
authors considered this to show an important trend. The association between ICP and 1Q or DQ,
however, has been questioned by other authors (18).

Several pathophysiological factors, alone or in combination, have been suggested to explain cognitive
alterations associated with premature loss of the sagittal suture:

1. elevated ICP (38);
2. cerebral distortion secondary to abnormal skull shape (45);
3. primary brain malformation resulting in synostosis and neurodevelopmental difficulties (37, 45);

4. venous sinus compression and altered outflow (31, 46).

Heterogeneity in surgical procedures, with heterogeneous results

Two main goals for surgical treatment of sagittal synostosis are: 1) to prevent any functional cerebral
damage (or to cure, in case of papilledema or raised ICP); and 2) to correct the esthetic blemish.
These goals can be achieved by i) increasing skull volume in the affected regions, ii) reorienting the
abnormal growth vectors, iii) restoring CSF dynamics, and iv) improving the esthetic aspect. Several
surgical techniques have been described, but not all fulfill all these objectives.

Despite several decades of research, no single “gold standard” surgical procedure has shown
superiority in the management of children with scaphocephaly (29).

Several types of procedure were proposed, named for the design of the osteotomies: Pi procedure, T
Procedure, Y procedure, and also reverse Pi, reverse T, reverse Y and double Pi, double T, double H,
anterior circle, double rectangle — going progressively to more and more extensive procedures such
as whole cranial vault remodeling and expanding cranioplasty, aiming to achieve long-term
correction of the deformity (14, 15, 22, 25, 32). However, in recent years, different centers have
proposed different techniques to reduce the morbidity of surgical correction of scaphocephaly, by



using multiple small skin incisions (12), endoscopy (23) or different types of hardware (mainly springs
or internal distractors) (2, 27, 48). Thus, the several surgical techniques nowadays available can be
divided into two main categories: linear craniectomy with or without hardware (intraosseous springs
or distractors, or postoperative helmet), and wide active reconstruction of the vault.

The advantages and limitations of the different techniques have been analyzed by the respective
authors, mostly on surgical criteria (estimated blood loss, transfusion rates, duration of surgery and
of hospital stay); long-term results were rarely reported, and limited to progression of the cranial
index, which is in any case only a very partial indicator of skull morphology. Thus, despite a relatively
large number of series, data to draw definitive conclusions on the efficacy of the various techniques
are still lacking.

The actual impact of the surgical procedure on long-term functional outcome is still unknown,
although these surgeries have been performed for several decades. Analyses in the literature are
contradictory. Many of the existing studies on sagittal synostosis show major limitations, preventing
any real conclusion being drawn. Studies often compared different types of population, different
degrees of severity, different ages (at time of surgery or at the time of the outcome analysis), and
different surgical techniques. All of these factors, and especially age at surgery, type of surgery,
anesthesia technique and operative time, are liable to influence overall outcome (20).

Bearing these limitations in mind, however, most studies agree that children with sagittal synostosis
may present long-term functional sequelae, mostly affecting language. Language impairment was
reported by Virtanen et al. in 18 school-age children operated on by strip craniectomy before 30
weeks of age (49). Speech and/or language impairment was also found by Shipster et al., in 28 out of
76 children (43).

Conversely, preoperative gross locomotor function deficits tend to resolve after surgery, and the
improvement continues with time (6).

Age at surgery plays a role. Several studies showed that functional results were better in children
operated on in the first year or even first semester of life, compared to those operated on later (43)
However, these results might be biased by the very reasons for late surgical correction: poor health
status, or late referral. Not uncommonly, children are referred after a late diagnosis of sagittal suture
closure following brain imaging performed for pre-existing functional problems.

Hashim and colleagues compared the long-term neuropsychological outcome in children operated on
for sagittal synostosis, according to age at surgery and to type of procedure (extended strip
craniectomy versus whole vault cranioplasty). Seventy patients, aged 5.75 to 24.42 years (mean,
10.04 years) underwent neuropsychological testing. The worst outcomes were in patients who had
undergone surgery at ages older than 12 months. In the group of children operated before 6 months
of age, extended strip craniectomy was associated with poorer performance than whole vault
cranioplasty on full-scale 1Q, verbal 1Q, word reading and reading comprehension, suggesting that the
type of procedure has a major impact on outcome (20).

As several studies reported that functional results differed according to type of surgery and age at
surgery, it may be accepted that surgical correction of craniosynostosis has functional impact and not
only esthetic impact.



Esthetically, results are also relatively heterogeneous according to degree of initial deformation, age
at surgery and technique used. Usually, surgery is more likely to correct the transverse than the
anteroposterior diameter (9). However, cranial index is generally improved.

Though cosmetic results are usually based on subjective scoring and should be considered with due
caution, most series overall cosmetic results were excellent or good. Nevertheless, a minority of
patients show poor results, and a second procedure may be needed.

Surgical technique plays a role in morphological outcome. Comparing extended strip craniectomy to
subtotal calvarectomy, Panchal et al. found significantly greater improvement in cranial index 1 year
after subtotal calvarectomy. However, long-term comparisons are needed for any conclusion to be
drawn on the efficacy of the different techniques (34).

Heterogeneity in recurrence

Independently of surgical technique, one of the main reasons for poor long-term results is the
inherent risk of recurrence. In a series of 79 children undergoing early extended strip craniectomy
reported by van Veelen et al., 4 patients had to be reoperated on because of raised ICP (47). In
Collmann et al.’s experience of 181 children operated on for scaphocephaly, 11 needed a second
surgery for recurrence, and in 6 of these cases raised ICP was detected during follow-up. Notably,
some of these patients were diagnosed with a syndromic form at the time of recurrence. This
observation highlights, on the one hand the fact that an underlying syndrome may be missed when
the child is very young, and on the other hand that there is also a risk of raised intracranial pressure
and papilledema in surgically treated isolated sagittal synostosis (9).

Other studies confirmed this risk of secondary raised ICP, showing that secondary synostosis of
previously patent sutures may occur. Postoperative loss of the coronal sutures is observed in 10% of
children after craniectomy not involving the coronal sutures, with 1% of children without any overt
underlying syndrome requiring surgical decompression overall (3). Loss of coronal sutures and
lambdoid sutures is also extremely common after whole vault cranioplasty (40% and 75%,
respectively in Seruya et al.’s report (42)). However, secondary loss of the coronal sutures can also be
seen in non-operated scaphocephalic children (3).

Conclusion

Scaphocephaly is the commonest form of synostosis (13, 16), but etiology, natural history and
optimal management remain unknown. Prolonged follow-up is essential after scaphocephaly
correction for several reasons. Functionally, at school age the child might experience learning
difficulties requiring specific management. Secondly, depending on surgical technique and age at
surgery, skull re-ossification may be incomplete, leaving large bone defects requiring corrective
surgery. Thirdly, raised intracranial pressure may occur despite early treatment. The risk of further
rises in ICP during follow-up increases if other sutures, and especially the coronal sutures, close (3,



50). Further studies are needed to better define sagittal synostosis and its variants, the underlying
pathophysiology and optimal treatment.
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LEGENDS FOR FIGURES

Fig. 1. Morphological appearance of children with isolated loss of the sagittal suture. Note
heterogeneity of shapes.

Fig.2 Axial CT scans and 3D reconstructions in a 6-month-old (top) and 9-month-old boy (bottom)
with scaphocephaly. Note heterogeneity in the morphology of the skull and CSF spaces.

Fig 3. 3D CT of the skull and brain MRI of a 7-year-old girl with clinical signs and symptoms of
raised ICP and papilledema on fundoscopy. Note the digitiform impressions and the descent of
cerebellar tonsils on sagittal MRI.














