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Introduction

Children born with craniofacial anomalies exhibit 
multiple and complex problems when performing different 
physiologic functions, such as early feeding, hearing, 
and speech. Additionally, these conditions are strongly 
associated with dentofacial/occlusal abnormalities and 
can interfere in the psychosocial adjustment process [1]. 
Craniosynostosis (CS) refers to the premature fusion in 
the perinatal stage of one or multiple skull sutures, also 
denominated synostoses (sagittal, metopic, uni- and 
bi- lateral coronal, and lamboidal), which are commonly 
accom-panied by facial, trunk, and limb deformities 
[2-4]. This condition may occur either in an isolated 
way – representing about 85% of cases and called 
Non- Syndromic Craniosynostosis (NSCS) – or associated 
with more than 150 different structural malformations 
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or syndromes (known as syndromic craniosynostoses) 
[5]. Some commonly cited CS syndromes include 
Apert, Crouzon, Pfeiffer, Muenke, Saethre-Chotzen, and 
Antley-Bixter [6-7].

CS was first described by the German Surgeon Samuel 
Thomas von Soemme-rring in 1791 [8]. In 1851, Virchow 
coined the term “craniosynostosis” and hypot-hesized 
that the phenomenon was the consequence of cretinism 
or meningeal in-flammation, while Moss (1959) thought 
that the cranial base was the source of the condition 
[9-10]. The incidence of CS has been estimated at 1 per 
2,000-2,500 live newborns, thus comprising the second 
most common craniofacial disorder after orofacial clefts 
[4,11,12]. However, some of the malformations result in 
fetal death [13]. Approximately 80% of cases belong to 
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the NSCS group [7]. CS occurs more commonly overall in 
boys than in girls [4]. There is no predilection for a specific 
geographic region, ethnic group, or socioeconomic status 
[11]. Diagnosis of CS in infants is based on the ob- 
servation of an abnormal head shape, together clinical 
and image (x-ray and three-dimensional [3D] Computed 
Tomography [CT] scan-ning) assessments, together 
with 3D soft and bone tissue reconstructions [12-14]. 
Treatment of this disorder is mainly surgical, consisting 
of the excision of fused sutures prior to 12 months of age.

In this context, it is important for Pediatric neurosurgion 
to be familiarized with the nuances of CS and to know its 
main clinical presentations. Thus, the main purposes of 
the present article were to carry out a scoping review of 
the most relevant litera-ture on CS and to discuss the most 
important findings collected during this process.

Materials and Methods

The present scoping review was carried out in 
accordance with guidelines for reporting the scoping 
review [15-17]. This framework includes five steps 
as follows: (I) designing the research question; (II) 
identifying relevant studies through a search of the 
literature; (III) study selection; (IV) data extraction and 
charting, and (V) collating, summarizing, and reporting 
the results.

Research question
A research question was structured based on the PICO 

format (Patient/Intervention/Comparison/Outcome) to 
scope the extent of research available on the clinical topic 
(NSCS) during the search process.

Results

We identified 107 references of potentially relevant 
articles. Follo-wing duplicate removal (n = 5), 102 articles 
were detail-screened, and 25 of them were selected for 
full-text review. Of these, 14 studies published between 
1997 and 2020 were finally included in the present scoping 
review. The whole selection pro-cess is described in the 
flow diagram of Figure 1. Additionally, Table 1, 1 continue, 
1-1 continue presents the general characteristics of the 
studies included in this scoping review. The majority of 
the articles were narrative reviews/guidelines; only three 
publications were original investigations, including one 
retrospective cohort study [8], one case-control study 
[5], and one descriptive/exploratory study [3]. Only one 
study [16] mentions in detail the main oral features/dental 
manifestations reported in pediatric patients with NSCS. 
After exploring the final selection of studies, a large 
amount of relevant clinical information was condensed. 
The main findings deriving from this process are enlisted 
in the Discussion section.

Figure 1. PRISMA Flow Diagram of Literature Search.
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cranial bones. Sutures allow for physiolo-gical skull 
expansion and also for transitory transvaginal (or birth 
canal) head com-pression, during birth [3,12]. Under 
normal circumstances, the sutures and fon-tanelles close 
at different times during life: from the age of 3 months of 
age until the third decade of life and even beyond [18]. 
However, and as a consequence of premature fusion of 
the calvarial suture, skull growth is restricted parallel 
to the af-fected suture; in addition, the growing brain 
beneath the suture is limited as well, due to the inability of 
the involved sutures to accommodate this structure [7]. 
In other words, distortion of the skull shape is primarily 
due to a combination of lack of growth perpendicular 
to the fused suture, and compensatory overgrowth at 
the non-fused sutures [14]. These conditions lead to 
compensatory brain expansion into regions of the cranial 
vault that are not affected by CS, causing a cranial 
pro-gressive deformity [4,12]. Thus, there are different 
types of NSCS-characteristic dysmorphic head shapes 
with specific clinical findings, depending on the number of 
sutures fused and the involved regions [3,12]. 

II. Single suture synostosis most frequently affects 
the sagittal suture, followed by the coronal, metopic, and 
lamboid sutures [14,18].

The pathogenesis of CS is unclear, complex, 

Discussion

After reviewing the main findings of the present 
scoping review, three relevant cli-nical topics regarding 
NSCS were considered of greatest interest in terms 
of the Pediatric Neurosurgery practice: (I) normal 
cranial development and pathogenesis of NCSC; (II) 
clinical evaluation of NCSC; (III) treatment of NSCS 
and postsurgi-cal follow-up, and (IV) additional 
considerations. The following discussion will be focused 
on the following four matters.

I. Normal cranial development, clinical manifestations, 
and pathogenesis of NCSC. During normal human 
body and head development, cranial growth achieves 
approximately 80% of the adult size at birth and its 
definitive size between 2.5 and 3 years of age. In the fetal 
or newborn skull, the flat bones are separated by four 
fontanelles and six major cranial sutures that participate 
in this process [4,18]. The paired frontal and parietal 
bones are separated at the midline by the metopic and 
sagittal sutures, respectively, the frontal and parietal bones 
are separated by the coronal sutures, and the parietal 
bones are separated from the single occipital bone by 
the lamboid sutures [14]. Each suture is composed by 
a dense fibrous connection that separates the individual 

Authors, year -country Study design: Topic Main findings

Williams et al. 
1999 -USA- [10]

Literature review: Brief description of the characteristic 
deformities produced by non- syndromic cranio-synostosis.

CS is defined as the premature conversion of the dynamic region 
of growth and resorption between two contiguous cranial bones 

into a static region of bony union or suture.

Ghali et al. 
2002 -USA- [19]

Literature review: Functional considerations, diagnosis, 
classification, and principles of NSCS management.

In addition to useful general information on NSCS, this article 
provides some profusely illustrated and representative clinical 

cases of patients surgically treated and followed-up.

Kabbani et al. 
2004 -USA- [18]

Literature review: Development, etiology of CS, diagnosis, 
classification, clinical and radiographic evaluation, 

complications, and management.

Some cases of deformational plagiocephaly (in which one side is 
more developed in the front and the other side is more developed

 in the rear) can be corrected with skull-molding helmets.
Plain radiography is sufficient to diagnose single- suture CS.

Johnson & Wilkie, 
2011 -UK- [14]

Literature review: Description of the approaches to clinical 
assessment of CS, and how genetic analysis can contribute 

to diagnosis and management.

The majority of genetically determined CS is characterized by 
autosomal dominant inheritance.

Approximately one half of cases are accounted for by new 
mutations.

It is important to recognize cases with a genetic cause; these are 
more likely associated with multiple suture synostosis and 

extra-cranial complications.

Garza & Khosla, 
2012 -USA- [9]

Literature review: Non-syndromic craniosynostosis: 
common types, epidemiology, genetics, anatomic and 
neuro-developmental consequences, and management.

There are many surgical techniques and modifications for skull
 reconstruction.

Selection of the technique depends on surgeon preference and 
experience.

There are no clinical trials, to our knowledge, that compare 
esthetic and functional results.

Cloonan et al. 
2013 -USA- [5]

A combination of two longitudinal case-control 
studies: Differences in psychosocial outcomes between 

children and parents with and without CS.

Preliminary evidence suggests that children with NSCS may 
present elevated risk of psychosocial problems, particularly those
 related with health quality of life (OR 95% CI = -0.72 to -0.44; 

p <0.05).Study 1: Children with CS (n = 22) and children without CS
 (n = 18); ages = 4-5 years

Study 2: Children with NSCS (n = 24) and children 
unaffected controls (n = 124); aged 5-9 years.

Nagaraja et al. 
2013 -UK- [13]

Literature review: Embryology and development of the 
skull, classification, imaging, and description of different 

types of CS.

Relative frequencies of CS are sagittal 40-55%, coronal 
(unior bicoronal) 20-25%, metopic 5-15%, and lamboid 

(uni- or bilateral), 0-5%.

Based on the CS head shape, descriptive terms include 
scaphocephaly, trigonocephaly, plagiocephaly, oxycephaly, 

brachycephaly, and turricephaly.

Table 1. List of the 14 Studies Included in the Present Scoping Review and their General Characteristics.
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and perhaps multifactorial, including intrinsic bone 
abnormalities, genetic mutations, and environmental 
(mechanical or biochemical) issues [9,12,13,14,19]. 
CS has been associated with metabolic condi-tions 
(hypophosphatemia, rickets), and with other risk factors 
as follows: fetal cons-traint (nulliparity, plurality, 
macrosomia); low birth weight; hyperthyroidism; 
ma-ternal smoking; pre-term delivery; exposure to 
teratogens; maternal consumption of valproate acid; 
shunted hydrocephalus, and excessive ingestion of 
antiacids [6,4]. A single genetic anomaly has not been 
identified as a causal factor for the condi- tion. The genes 
most frequently involved in CS include those encoding 
for the different fibroblast growth-factor receptors [14]; 
these mutations lead to defects in signaling and tissue 
interactions, resulting in abnormal suture maturation 
and cranial malformation, particularly in the syndromic 
type [2,7,8,14].

III. Clinical evaluation of NCSC. The most common 
clinical presentation of NSCS is an unusual head shape 
during the first year of life, in which the head may be 
long and narrow (scaphocephaly and/or dolichocephaly), 
or triangular at the front (trigonocephaly), or broad and 
flattened (brachycephaly), or skewed (plagiocepha- ly) 
[14]. Under these circumstances, the major functional 
complications associated with the disorder mentioned in 
the literature comprise intracranial hypertension, vi-sual 
impairment, limitation of brain growth, hydrocephalus, 
and neuropsychiatric disorders; these anomalies are often 
irreversible [6,8,19].

Clinical evaluation consists of palpation of the 
skull for any movement, ridging, and the presence of 
fontanelles; sometimes, specific quantitative cranial 
anthropometric measurements are performed [18,19]. It 
is recommend that the examination follow a set pattern 
to avoid overlooking clues, starting with the hands and 
feet, looking for congenital anomalies. NSCS should 
be differentiated from other craniofacial disorders, for 
instance, positional plagiocephaly [6,14].

IV. Treatment of NSCS and post-surgical follow-up. If 
left untreated, NSCS can result in aggravated craniofacial 
deformities, which may lead to psychosocial issues as 
the child interacts with peers during development, due 
to visible facial dif-ferences or language/visual/behavior 
impairments [4,6,9]. Affected children may have an 
increased risk for psychosocial and cognitive difficulties, 
and consequently, a diminished health-related quality of 
life [5]. In addition, parents are psychologically influenced 
by the experience of having a child with birth anomaly, 
for instance, parents exhibit behavioral patterns such 

as stress due to the surgical procedure, possible infant 
mortality, and concerns regarding the child’s future. 
These factors likely affect the care-giving process and the 
child’s psychosocial adaptation [5]. General management 
of infants and children with NSCS is directed toward 
correcting and preventing progression of the skull 
deformity, stabilizing the elevated intracranial pressure, 
maintaining the airway, and supporting the feeding, 
optimal oral health, and eye protection [14]. It is suggested 
that patients be mana-ged in a specialized pediatric 
craniofacial center with all of the necessary medi-cal/
dental staff, technical expertise, resources, and equipment 
[3]. The disorder is usually treated surgically soon after 
diagnosis to unlock and reshape the bones in order to 
optimize correction of the craniofacial malformations to 
reduce the effects of the increased intracranial pressure, 
and for functional and esthetic reasons [6]. For these 
purposes, minimally invasive techniques have been 
proposed to reduce surgical morbidity, with significantly 
less blood loss and shorter hospital stay [18]. Currently, 
there are diverse recommended surgical techniques that 
include the following: open calvarial reconstruction; strip 
craniectomy with the use of a post-operative molding 
helmet; strip craniectomy with spring implantation, 
endoscopic suture release, and cranial distraction 
osteogenesis [6,10]. Fundamental aspects of the surgical 
management of different craniosynostoses are described 
in Table 2. Timing of the surgical procedure has been 
advocated during the first few weeks after birth or 
during the first year of life, preferably prior to 9 months 
of age [18,19]. In some severely affected patients, a 
second surgical intervention is indica-ted to correct 
residual deformities [8]. Additionally, newly available 
biomaterials have been recently developed together with 
recent advances in pediatric anesthesia, for employment 
in the treatment of children with NSCS, for instance, 
bone substi-tutes such as resorbable fixation systems and 
hydroxyapatite cements [10,19].

In any case, after reparative surgery, patient control 
and follow-up continue throughout childhood and 
adolescence until skeletal maturity [3,9]. Affected chil-
dren under 5 years of age are reviewed annually, whereas 
children over 5 years of age are seen every other year. 
These frequencies vary with the stability of the de-formity 
and its consequences. At these appointments, patients 
should be evaluated for signs and symptoms of increased 
intracranial pressure (e.g., headache, nausea and vomiting, 
developmental delay, irritability, visual disturbances, 
declining aca-demic performance, and seizures) and for 
esthetic results [12,19].

Sagittal synostosis The main objective is anteroposterior shortening to a near-total cranial vault reconstruction. The procedure involves 
either strip craniectomy or cranial vault remodeling with excision of the frontal, parietal, and occipital bones, 
which are trimmed and reshaped.

Coronal (unicoronal or bicoronal) 
synostosis

The objectives are to increase the anteroposterior dimensions of the calvaria, and frontoorbital advancement 
(forehead and superior and lateral periorbital skeleton).

Metopic synostosis The main goal is to increase the volume of the anterior cranial fossa. It also requires frontoorbital reconstruction.

Lamboidal (unilateral or bilateral) 
synostosis

Principal surgical purpose is posterior vault reconstruction through occipital and parietal craniotomies or partial 
craniectomy for rearrangement.

Table 2. Surgical Interventions for the Different Types of Craniosynostosis [4,9,10,18]. (VI.)
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V. Additional considerations. The American 
Association of People with Disabili-ties (AAPD) states 
that “patients with craniofacial anomalies require dental 
care throughout life as a direct result of their condition and 
as an integral part of the treatment process”. In this regard 
and according to De Coster et al., unlike the syn-dromic 
type, little has been reported on oral features and dental 
manifestations of patients with NSCS. 

In conclusions, NSCS may continue to be a diagnostic 
and therapeutic challenge. Early recogni-tion, diagnosis, 
and proper management of the NSCS should be performed 
by a competent multidisciplinary medical/dental team, 
with the common aim of impro-ving the function and 
the psychological well-being of the patient. Pediatric 
Dentis-try practitioners must be active participants in 
these teams. In addition, they should always be aware that 
children affected by NSCS are at higher risk of exhibiting 
psychosocial sequelae that affect the process of providing 
adequate oral health care. However, early management of 
this condition can bring about significant im-provements 
in the patient’s quality of life. 
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