LITERATURE REVIEW
J Neurosurg Pediatr 24:622–631, 2019

A review of the management of single-suture
craniosynostosis, past, present, and future
JNSPG 75th Anniversary Invited Review Article
Mark R. Proctor, MD,1 and John G. Meara, MD, DMD, MBA2
Departments of 1Neurosurgery and 2Plastic and Oral Surgery, Boston Children’s Hospital, Boston, Massachusetts

BACKGROUND Craniosynostosis is a condition in which 2 or more of the skull bones fuse prematurely. The spectrum
of the disorder most commonly involves the closure of a single suture in the skull, but it can also involve syndromic diagnoses in which multiple skull bones and/or bones outside of the cranium are affected. Craniosynostosis can result in
cosmetic deformity as well as potential limitations in brain growth and development, and the neurocognitive impact of the
condition is just starting to be studied more thoroughly. Our knowledge regarding the genetics of this condition has also
evolved substantially. In this review, the authors explore the medical and surgical advancements in understanding and
treating this condition over the past century, with a focus on how the diagnosis and treatment have evolved.
METHODS In this review article, the authors, who are the leaders of a craniofacial team at a major academic pediatric
hospital, focus on single-suture craniosynostosis (SSC) affecting the 6 major cranial sutures and discuss the evolution of
the treatment of SSC from its early history in modern medicine through the current state of the art and future trends. This
discussion is based on the authors’ broad experience and a comprehensive review of the literature.
SUMMARY The management of SSC has evolved substantially over the past 100 years. There have been major advances in technology and medical knowledge that have allowed for safer treatment of this condition through the use of
newer techniques and technologies in the fields of surgery, anesthesia, and critical care. The use of less invasive surgical techniques along with other innovations has led to improved outcomes in SSC patients. The future of SSC treatment
will likely be guided by elucidation of the causes of neurocognitive delay in these children and assessment of how the
timing and type of surgery can mitigate adverse outcomes.
https://thejns.org/doi/abs/10.3171/2019.7.PEDS18585
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T

he human skull is similar to other mammalian
skulls; however, it has been adapted for certain
unique characteristics of our species. These adaptations include our large brains, which could not fit through
the pelvis if allowed to grow to full maturity, and our upright posture, which causes the weight of the human fetus
to rest on the female pelvic outlet rather than the abdominal wall. As such, in humans, unlike other mammalian
species, gestational pregnancy ends well before significant
brain maturity has been achieved. As a result, much of
our brain growth occurs over the first 1 to 2 years of life,
corresponding to our ability to ambulate, obtain language
skills, and otherwise develop into the unique creatures we

are, during our early formative years. It is this complete
dependency on others early in life that has led to the socialization of the human species as we know it.

Embryology and Genetics Review

The calvarial vault of the human skull forms as a result of a complex set of processes. The regions of the skull
above the mendosal suture, at the midpoint of the occipital
bone, are formed by membranous bone formation, a process unique to the skull.40 Below this region, endochondral
bone formation is the primary process.27
The cranial sutures work as the junctions of the mem-
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FIG. 1. A: Lateral view of membranous formation of the skull early in gestation. Note the mendosal suture, in the midportion of the
occipital bone, which represents the embryological divide between membranous bone formation above and endochondral skull
growth below. In most individuals the mendosal suture is fused by full gestation. B: Similar view at full gestation showing normal
lateral skull anatomy. Copyright Mark Proctor. Used with permission.

branous plates and serve as the growth centers of the
skull.34 As the brain increases in volume, the plates are
pushed apart, and new bone is rapidly generated by the
sutures.46 Membranous bone formation is regulated by a
complex set of genetic processes, with the common mechanism for craniosynostosis involving upregulated osteoblastic activity and downregulated osteoclastic activity
and leading to overgrowth and fusion of the bone at the
cranial sutures during gestation at a point when apoptosis
should have occurred.27
Craniosynostosis is a condition that affects the membranous portions of the skull, causing premature fusion
of one or multiple cranial sutures. The base of the skull,
under the embryological dividing line called the mendosal
suture, can also be affected by abnormal growth, such as
in achondroplasia and other types of skeletal dysplasia, but
this process is distinct from synostosis.20 In this review,
we focus on single-suture craniosynostosis (SSC) affecting the 6 major cranial sutures (Fig. 1). Craniosynostosis
occurs on average in 1 child out of 2500 live births.50 As
previously discussed, it appears that the abnormal closure
of the suture is a consequence of a genetic predisposition,
although other theories have been espoused.20,40,41

Growth Patterns of the Skull

An overly simplistic but useful way of imagining head
growth is to think about the skull as a balloon, being inflated by the brain, which would be analogous to the air
within a balloon. As the brain grows, it pushes the bones
apart in a typical oblong fashion, and this happens in such
a way that the growth of the brain and its contents is exactly matched by new bone growth at the sutures.46 Any condition that leads to overgrowth of the brain, for instance,
hydrocephalus, causes a disruption of this homeostasis. In
this condition, the bone growth cannot keep pace with the
brain growth, and the sutures are splayed. Similarly, undergrowth of the brain, for instance, secondary to a perinatal stroke, can cause the loss of outward growth of the
brain and lead to a subsequent fusion of the bone plates
(usually referred to as secondary craniosynostosis).

Primary craniosynostosis is the pathologic fusion of
one or more cranial sutures in such a fashion that the brain
growth is limited at some sutures and overcompensated
for at the other cranial sutures. In 1851, Virchow stated
that normal skull growth is perpendicular to the sutures,
and pathological growth in the setting of synostosis occurs
parallel to the fused suture.48 While this theory is overly
simplistic mechanistically, it is a useful way to understand
and predict the dysmorphology associated with craniosynostosis. In another theory, espoused by Moss, the primary
etiology is attributed to abnormal development of the cranial base that leads to a secondary effect on the corresponding suture through the dural attachment, an elegant
concept but one that does not completely reflect the morphological outcomes.42 Common deformities associated
with craniosynostosis are outlined in Fig. 2.

Rationale for Treatment

SSC is almost never a life-threatening condition. It is
likely that many children could live a relatively normal life
without any intervention. The rationale for treatment falls
into 2 categories: correction and prevention of cosmetic
deformity and prevention of abnormal brain development.
Cosmetic Deformity
Since most children with SSC present with cosmetic
deformity, it is clear that there is a significant concern to
the family and the patient’s medical providers. For many
of these patients, if the condition is left untreated, the deformity will be noticeable as they get older and could be
a source of psychological concern for the patient and family. Generally speaking, the deformity noticed at birth will
progress through the rapid growth of the brain, during the
first 6 to 9 months of life. There is a misconception that
the deformity continues to worsen over the course of a lifetime. In fact, since the head is approximately 25% of the
body mass in infancy, the deformity tends to be relatively
more noticeable during this period, whereas in adulthood,
when the head is approximately 9% to 10% of the body
mass, the same cosmetic deformity is less noticeable.25
J Neurosurg Pediatr Volume 24 • December 2019
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FIG. 2. Bird’s-eye view of normal skull anatomy and the 4 major forms of SSC. Copyright Mark Proctor. Used with permission.

This is not a rationale to avoid surgery, but for families
who are undecided about the intervention and concerned
about worsening cosmetic appearance, they can be reassured that the cranial dysmorphology does not progress in
adulthood and may become relatively less apparent.1
Brain Development
Brain and cognitive development and executive functions in the setting of craniosynostosis are much less well
understood than the cosmetic issues and represent important areas for future research in craniofacial surgery. Increasingly, routine neurodevelopmental testing is recommended to screen patients with SSC.33,59,62 Early cognitive
research has shown that compared with unaffected controls, patients with isolated SSC had lower scores on the
Bayley Scale of Infant Development II (BSID II) and on
the mental and psychomotor developmental indices (MDI
and PDI). In SSC patients, MDI scores were two-thirds of
a standard deviation below average, and PDI scores were
approximately one-third of a standard deviation below the
normative mean.62
Several studies have been performed to investigate increased reports of cognitive impairment in SSC, and their
results suggest that the occurrence of cognitive impairment is directly related to cranial deformity.59 Among all
the types of SSC, patients with metopic synostosis experience the highest percentage of neurodevelopmental issues.5,45,58–60 Many patients with unilateral coronal synostosis have been reported to experience problems with
intelligence, speech, learning, and behavior.8,59 Additionally, there is a significant lack of clarity about whether or
not the age at surgery and the type of surgery have an
effect on the neurocognitive outcomes. The literature has
many conflicting results on this point, and it is likely that
624

over the upcoming decades there will be better understanding of the effects of timing of surgery on SSC treatment.4,53,59,61,62

Treatment

The singular challenge for craniofacial surgeons is
that synostosis repair, even for a single suture, can be a
large operation in a very small child. There are constant
attempts to minimize the invasiveness of the techniques,
determine the optimal age of surgery, and optimize the
use of anesthetics and blood conservation techniques. As
such, the treatment of craniosynostosis has gone through
interesting cycles over time. In the early history of SSC
treatment, the operations focused on removing the fused
suture, without major surgical reconstruction. Due to inadequate early results, the surgical approach evolved into
a much more major operation, generally referred to as cranial vault reconstruction. Over the past 2 decades, there
have been new technological advances that have changed
the way we are able to treat this condition. These include
minimally invasive surgical releases of the fused sutures
followed by adjuvant therapy; refinements to cranial vault
reconstruction and the use of new fixation devices; new
techniques to expand the bones, such as distraction devices and springs; and the application of virtual planning
protocols.
Historical Perspective
Since the first description of a surgical correction of
craniosynostosis by Lane in 1892, various techniques have
fallen in and out of favor.10,31 Initially, high rates of mortality caused surgeons to abandon the procedure altogether.10
However, surgical treatment gradually resurfaced, mostly
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in the form of strip craniectomy and removal of the affected suture.10,19 The rate of blood transfusion was very high,
but the patients tended to fare well with the operation.
However, surgeons found that this approach frequently
resulted in reclosure of the suture, inadequate correction,
and unacceptable cosmetic results.10
Evolution of Modern Treatments
Through advancements in diagnostic capabilities, improvements in surgical techniques, and improved anesthetic techniques, the surgical management of craniosynostosis reemerged in the mid-20th century.10 Most of these
surgeries were open strip craniectomies, with various incisions that gave access to the fused suture, direct excision
of the fusion, and no adjuvant treatment.10 In the last quarter of the 20th century, craniofacial surgery emerged as a
distinct specialty. A field that had been dominated only by
neurosurgeons evolved into a field where neurosurgeons
began to work hand in hand with plastic and craniofacial
surgeons, oral maxillofacial surgeons, and anesthesiologists. Societies such as the International Society for Craniofacial Surgery emerged, along with multidisciplinary
clinics and teams that included neurosurgeons, plastic surgeons, and oral maxillofacial and dental surgeons, as well
as practitioners in other clinical specialties such as speech
pathology and neuropsychology.72
The French craniofacial surgeon Paul Tessier is widely
considered to be the father of modern craniofacial surgery.
He expanded the scope of surgical intervention to include
cranio-orbital and craniomaxillofacial reconstruction and
brought a more reliable and reproducible approach which
was quickly popularized and became the standard of
care.10,66 These operations evolved from a simple release
of the affected suture to combined procedures where neurosurgeons would remove the affected bone plates, which
would be reconstructed and reapplied in a normal orientation by plastic surgeons. In the early days, these lengthy
operations were associated with prolonged stays in the
intensive care unit, high rates of blood transfusion, and
high rates of complications. Over time, refinements made
to these operations through the use of new technologies,
such as titanium and, subsequently, absorbable plating
systems to provide rigid bony fixation, made them much
safer, with fewer complications and improved outcomes.
These procedures are now widely accepted operations and
are performed at all major craniofacial centers. However,
over time it has become clear that these operations are not
perfect. Even with these major operations and with results
at the completion of surgery that appear normal, regression or relapse requiring reoperation often occurs due to
the need for treatment of the underlying genetic basis of
the condition and the lack of control of future growth after
removal of large sections of the cranial bones.64
As a result of the discoveries over time of the fallibilities of the major operations, several groups began to apply
new technologies to the treatment strategies in an attempt
to minimize the risks and improve the outcomes. In the
1990s, Drs. Barone and Jimenez described their experience with an innovative technique combining the technology of minimally invasive endoscopic surgery with
postoperative orthotic therapy.7,26,52 The endoscope was

used to perform the traditional strip craniectomy by using
small incisions with minimal blood loss.52 Additionally,
this allowed for minimal tissue disruption, and the bone
generating dura and periosteum were almost untouched.
Postoperatively, the orthosis helped to direct skull growth
in the desired direction.52 The directed growth of the brain
and the skull prevented the rapid refusion of the sutures
that had been seen in the past.26,51,52,72
The work with endoscopic surgery by this pioneering
group was the platform from which many other advanced
technologies emerged. As it became clear that suture release could be a successful technique as long as refusion of
the sutures was avoided, other technologies were applied
to mitigate the need for postoperative helmet use.10 Several groups used intracranial springs as the engine to push
apart the bones and avoid refusion before the correction
occurred.10,15,76 Other groups implanted distractor devices
to push the bones apart in a more controlled fashion, with
the distractor exiting the skull requiring subsequent daily
turning for 1–2 months to activate the device and separate the 2 bony segments.10,65,75 Compared to the use of the
helmet, the distraction osteogenesis technique involves a
subsequent operation to remove the devices. Therefore, the
use of distraction devices or springs has led to the evolution
of the treatment of SCC into a staged surgical approach.
Neurosurgeons at modern craniofacial centers must be
familiar with all of these techniques. Realistically speaking, there is no single technique that is ideal for every patient. The appropriate age at the time of surgery for endoscopic approaches is 3–4 months, but for the open cranial
vault procedures it can pushed to 6–12 months.2,7,9,51,52 The
appropriate technique will be dictated by the age of the
patients at time of presentation; the availability of the adjuvant therapy, such as helmets, springs, and distractors;
the capabilities of a multidisciplinary team to handle such
conditions; and family and surgeon preference.
The evolution of these techniques for the 4 forms of
SSC are specifically discussed in the next sections.

Sagittal Synostosis

Sagittal synostosis is the most common form of craniosynostosis. It results in scaphocephaly or dolichocephaly
and accounts for 40% to 60% of all nonsyndromic craniosynostosis patients.23,29 With respect to sex, male patients
outnumber females 4 to 1.21,47 Recently, advancements in
the field of molecular genetics have led to the elucidation
by researchers of some of the genetic causes for sagittal
synostosis, which may one day yield explanations for its
frequency and sex predisposition.28,30,67,68
Treatment of sagittal synostosis has undergone a cycle
from open wide-vertex suturectomy to the many described
techniques for cranial vault reconstruction to minimally
invasive endoscopic approaches with the use of helmets,
springs, and distractors (Fig. 3).

Metopic Synostosis

The metopic suture separates the 2 frontal bones
and is normally the first suture to close, starting as early as 3 months, and to fuse completely, by the age of 8
months.69,70,73 Metopic synostosis accounts for 10% to 15%
J Neurosurg Pediatr Volume 24 • December 2019
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FIG. 3. Major treatment options for sagittal synostosis correction (yellow lines represent incisions). A: Endoscopic strip craniectomy. This form of treatment is generally followed by adjuvant helmet therapy for 6–9 months. B: Craniectomy and spring placement.
The springs drive the bones apart and must be surgically removed after 3–4 months. C: Wide-vertex craniotomy along with barrel
stave osteotomies. D: Release followed by placement of distractor devices. These are gradually expanded over 6–12 weeks to
drive lateral growth, and then the distractors must be surgically removed. E: Bony cuts for cranial vault reconstruction, an operation which has many variations. F: Laser scans used to make cranial helmets. Results before and after endoscopic release and
helmet treatment are shown. Copyright Mark Proctor. Used with permission.

of children with craniosynostosis.29,78 It results in a trigonocephalic head shape.69 Di Rocco et al. reported an increase of 420% in the incidence of metopic craniosynostosis over a period of 20 years.16,17,57,69 However, it is difficult
to understand the rationale for the substantial increase in
this condition. Some experts feel that the increase in the
incidence of metopic craniosynostosis represents a change
in the diagnostic criteria leading to higher rates of surgery.
As the need for more objective criteria to diagnose trigonocephaly has increased, some authors have advocated
more objective criteria for the use of surgical treatment,
such as measurement of the interfrontal angle, which can
be directly measured from a scan, and for which the operative threshold is 118° (Fig. 4).3 If the angle exceeds 118°,
in many cases, this value can be considered as a normal
variant for the interfrontal angle.
Treatment options for metopic synostosis include either
open cranial vault reconstruction or minimally invasive
endoscopic strip craniectomy followed by helmet therapy.
Both techniques have similar esthetic results (Fig. 5).43

Unilateral Coronal Synostosis

Unilateral coronal synostosis (UCS) is the second most

626

common form of craniosynostosis, accounting for 20% to
35% of nonsyndromic craniosynostosis patients.29 There
is also a sex predilection, as female patients outnumber
males 3 to 2.21,47 Unlike sagittal and metopic synostosis,
UCS can lead to significant deformity by altering the
regular growth of the adjacent cranial bones.6,35,36 These
effects on the skull base and the sphenoid bone lead to
a pathognomonic finding, known as the “harlequin” sign,
on a plain anteroposterior (AP) skull radiograph. The deformity includes frontal plagiocephaly with retrusion of
the forehead and the superior orbital rim on the affected
side and frontal bossing on the contralateral forehead and
lateral orbital rim. Nasal deformity with deviation of the
bony nasal dorsum to the affected side and orbital asymmetry are also hallmarks of UCS.6,11 Ocular manifestations include aniso-astigmatism, ocular torticollis, and
amblyopia.6 Strabismus is also common in patients with
UCS, with rates of 39% to 91%.13,32,56
The primary treatment options for UCS include endoscopic surgery followed by helmet therapy and release
operations along with springs or distractors and frontoorbital advancement procedures. Interestingly, early operation seems to increase beneficial outcomes for correction
of orbital dysmorphology, ocular abnormalities, and facial
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FIG. 4. CT scan demonstrating the interfrontal angle, an accurate and
objective way of measuring the degree of trigonocephaly. Generally an
angle < 118° would be considered an indication for surgical correction.

asymmetry.52,63 This is likely due to the early intervention
and the fact that the periorbita is not detached from the
bone, so that as the improvement in the bone is achieved
the orbital muscles are stretched (Fig. 5).37,38,52

Unilateral Lambdoid Synostosis

Unilateral lambdoid synostosis is a rare form of craniosynostosis, accounting for 1% to 5% of the craniosynostosis population.54 The biggest dilemma here is diagnostic,
as this form of syntosis should be distinguished from deformational posterior plagiocephaly caused by prolonged
external pressure on the normal skull.54 Distinguishing
phenotypic features include ipsilateral shifting of the ear
inferiorly and posteriorly, ipsilateral occipito-mastoid
bulge, and compensatory contralateral parietal and frontal
bossing leading to a trapezoid head shape, with the constellation of findings referred to as a “windswept” appearance (Fig. 6).24,54 The use of open and endoscopic techniques has been described for correction.

FIG. 6. 3D CT scan revealing the major deformities in lambdoid synostosis seen from the anterior (A) and posterior (B) views. Note the ipsilateral flattening and mastoid bulge along with the contralateral “windswept”
appearance of the skull.

Future Trends

It is clear that surgeons will continue to refine techniques to maximize cosmetic outcomes and minimize
surgical trauma in patients undergoing treatment for SSC.
Although there is always room for improvement in esthetic
outcomes, many craniofacial surgeons believe that the outcomes are now at the point where the optimization of brain
development in patients with SSC should be the principal
focus in the upcoming decades. There are several factors
that may affect neurocognitive optimization, and these
sometimes align and sometimes compete with anesthetic
and cosmetic concerns.
Anesthetic Considerations
The timing of surgical intervention relative to anesthetic safety is controversial. Advantages of early surgical
intervention include increased malleability of the softer
bone, earlier release of potential pressure on the brain,
and the benefit of the rapid brain growth very early in life
in promoting growth of the cranial vault. However, early
intervention entails the performance of the operation and

FIG. 5. Correction of metopic synostosis and unilateral coronal synostosis (UCS) (yellow lines represent incisions). A and B: Bony
removal for endoscopic treatment. C: Fronto-orbital advancement operation, which would be the same corrective procedure for
either deformity. Copyright Mark Proctor. Used with permission.
J Neurosurg Pediatr Volume 24 • December 2019

627

Unauthenticated | Downloaded 01/08/23 12:54 PM UTC

Proctor and Meara

FIG. 7. The case of a complex encephalocele for which 3D models and computer simulations were used to assist in surgical planning. A: Planning CT, showing a sagittal view with the complex encephalocele emanating from the vertex. B: 3D model created for
surgical planning. Several models were made to practice the bone cuts that were performed at surgery. C: A computer was used
to calculate the increase in intracranial volume necessary to replace all of the brain back within the skull, and which bone cuts
would be needed to achieve these volume increases. The planned procedure was then successfully accomplished at surgery.

anesthesia exposure in a smaller child at a vulnerable point
in neurodevelopment, with increased risk of blood loss and
concerns for the neurodevelopmental impact from anesthesia.18 Comparing endoscopic techniques with cranial
vault reconstruction, there is a balance of a short anesthesia duration at 3–4 months of age for the former versus a
longer anesthesia duration in a child 6–12 months of age.18
The optimal timing relative to the risk of anesthesia remains unclear, although current data for children younger
than 1 year lean toward reducing the total time under anesthesia and the number of exposures to general anesthesia.18
In a randomized clinical trial that focused on the timing of
surgery in children and the related potential neurotoxicity,
the neurocognitive impact of a 1-hour general anesthetic
on infants younger than 6 months was investigated.14 No
decrement in neurocognitive functions was found 2 or 5
years later in the young patients who underwent this surgery.14,39 These study outcomes may reassure surgeons
and families that a brief period of anesthesia in young infants does not impact cognitive outcomes. Another study
reported that exposure of children to general anesthesia
before the age of 3 years is not associated with lower IQ.71
Additionally, single exposures are less associated with
neuropsychological deficits, whereas multiple exposures
are associated with a modest decrease in processing speed
and fine-motor coordination.71,77 Parents also reported that
children multiply exposed to anesthesia have more difficulties with behavior and reading. Based on these findings, we would predict that in the first year of life infants
undergoing a shorter-duration endoscopic approach with
a single anesthesia exposure would be less vulnerable to
neurocognitive decline than those undergoing longer and
more extensive cranial vault reconstruction or techniques
that require a second anesthetic.
The improvement in anesthetic techniques is beyond
the scope of this review; however, there have been ma628

jor advances, particularly related to blood conservation
techniques. The use of antifibrinolytic agents such as
tranexamic acid has become prevalent in craniofacial surgery, as well as the progressive use of cell saver, induced
hypotension, preoperative erythropoietin (EPO), and improved surgical techniques in order to minimize blood
loss.22,49,74
Follow-Up Considerations
It is absolutely clear that children with SSC remain at
risk for problems with brain growth and development at
least through the first several years of life. Although it is
widely believed that cranial sutures fuse at 1 to 2 years of
life, they are in fact anatomically open until the completion of all skeletal growth at the completion of puberty.
This misconception regarding the age of suture fusion
comes from the fact that the majority of intracranial
growth is completed by 2 to 3 years of age, but physicians
must understand that some brain growth continues for several more years.25 Therefore, patients with SSC must be
followed by a multidisciplinary craniofacial clinic until at
least 6 years of age.72
Minimizing Surgical Trauma
All surgical disciplines have attempted to minimize
surgical trauma through the evolution of both surgical and
anesthetic techniques. One exciting technological innovation that has become more prevalent in the field of craniofacial surgery is the use of virtual surgical planning.
Many centers now use either virtual or actual 3D printed
models to visualize and plan the operation for correction
of complex deformities (Fig. 7). Although less meaningful
for SSC patients, who tend to have stereotypic deformities
with which craniofacial surgeons are quite experienced,
this technology is invaluable for patients with rare defor-
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mities. In addition, the utility of these new methods in
training the next generation of craniofacial surgeons has
significant potential.12,44,55

9.

Genetics
The genetic pathophysiology of synostosis is becoming
increasingly well understood.68 There may come a time
when nonsurgical treatment options will be available that
are based on a more comprehensive understanding of the
genetic etiopathogenesis of craniosynostosis. However,
since the condition is in many ways mechanical and the
cosmetic outcomes are already determined at the time of
birth, genetic manipulations at that point may be too little
too late to correct the deformity.

11.

Conclusions

13.

The field of craniofacial surgery has gone through exciting advances in the past century. We have seen it go
from a single technique that was abandoned due to poor
surgical indications and high mortality rates to a refined
technique that enables us to correct the skull at all ages
using a combination of minimally invasive techniques and
cranial vault reconstruction operations. The future will be
guided by a trend toward minimizing surgical trauma and
maximizing neurocognitive outcomes, while preserving
excellent cosmetic correction. New technologies such as
improved devices for bone fixation and expansion, along
with 3D and virtual planning, will contribute to the continued evolution of this field of neurosurgery, and as we gain
increasing knowledge of the genetics underlying craniosyntosis, there may come a time when its treatment is no
longer a surgical discipline.
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