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ABSTRACT
Introduction: Craniosynostosis is a congenital anomaly defined as early ossification of the cranial 

sutures. It is a rare pathology worldwide, implicitly also in our country, with a prevalence of 1:2100-1:2500. 
However, it represents a condition with potentially severe complications in terms of patient functionality. 
At the same time, not much research has been done in this field. Thus, it was considered useful to conduct a 
study on the epidemiology of craniosynostosis in Bihor county.

Objectives: The present study had the following objectives: updating epidemiological data; analysis of 
the clinical data of the study group; identification of risk factors in the occurrence of the disease; evaluating 
the prospects for a genetic approach to the disease, including genetic testing and genetic counseling.

Materials and methods: This is a retrospective cross-sectional study. Data from a cohort of 35 patients 
were collected using the database which were made available by the Bihor Regional Center for Medical 
Genetics. Only patients with imaging-confirmed craniosynostosis in the last three decades were included 
in the study.

Outcomes: Most patients were diagnosed in the age range of one month – one year, the mean being 
197 days. The most frequently affected suture was the sagittal suture (60%) and the least affected one 
the metopic suture (5%). Combined lesions were present in three cases. The majority (75%) of cases were 
isolated craniosynostosis, with the remaining 25% being diagnosed in the context of a genetic syndrome 
(most frequently Apert syndrome). Throughout the three explored decades, a significant increase in the 
number of cases was observed.

Conclusions: The most commonly affected groups included male patients, those from rural areas, 
those born after year 2000, especially from 2011 to the present. Most cases were isolated craniosynostosis. 
Heredo-collateral antecedents were insignificant. Three risk factors were present, including male sex, 
maternal smoking during pregnancy and advanced parents’ ages. Complications of the disease were rare 
and a minority of patients benefited from surgical treatment. Genetic counseling is an important component 
of disease prevention and should be offered as soon as possible.
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INTRODUCTION

Craniosynostosis is a congenital ano-
maly defined as early ossification of 
the cranial sutures before brain de-
velopment is complete. The direct 
consequence of this ossification is 

the abnormal development of the shape of the 
skull, while the brain continues to develop nor-
mally.

Notions of anatomy
There are five main cranial sutures: metopic (lo-
cated on the midline of the frontal bone), sagittal 
(between the parietal bones), coronal (between 
the parietal and frontal bones) and lambdoid 
(between the parietal and occipital bones). 
Other sutures include frontoethmoidal, occipito-
mastoid, petrosquamous, petroclival, spheno-
frontal, sphenoparietal, sphenopetrosal, sphe no-
 squamous, sphenoethmoidal, squamous, 
parie  to mastoid and parieto-temporal sutures (1).

It is a rare pathology worldwide, implicitly 
also in our country, with a prevalence of 
1:2100-1:2500 (2). The risk factors associated 
with this pathology are not very clear, but in 
some studies significant correlations between 
sagittal craniosynostosis and maternal smoking 
during pregnancy have been identified (3) such 
as those between the occurrence of metopic cra-
niosynostosis and male sex, multiple pregnancy, 
prematurity, low weight at birth and emergency 
caesarean section (4). Maternal thyroid disease 
and treatment with clomiphene citrate are also 
contributing factors according to the CDC (5).

Also, several studies identified a relationship 
between the occurrence of craniosynostosis and 
the advanced ages of both parents (6, 7). Mater-
nal alcohol consumption as well as uterine de-
fects have been blamed in some cases.

Embryological development of cranial sutures
Cranial sutures are made of fibrous tissue and 
are located between the cranial bones. They are 
flexible, which on the one hand facilitates birth 
through the vaginal canal by temporarily de-
forming the bones, and on the other hand, they 
allow the expansion of the cranial vault during 
brain development. The process of morphologi-
cal development begins in the 20th week of ge-
station and is completed in adulthood.

The development of the cranial vault begins 
with a precondensation phase that results in the 
appearance of cells of two different origins: the 
paraaxial mesoderm and the neural crest (8). Neu-
ral crest cells are a group of multipotent specia-
lized cells which possess the ability to migrate (9).

Condensation is the second phase of deve-
lopment. This involves the aggregation of undif-
ferentiated mesenchymal cells around the su-
tures. Condensation of mesenchymal cells 
trig gers the proliferation of chondrocytes and 
perichondrial cells. During the ossification pro-
cess, several transcription factors are important 
such as RUNX2 and OSX in osteoblastic deve-
lopment, transforming growth factor beta (TGF-β) 
in inhibiting chondrocyte proliferation, and MSX2 
in inhibiting calvarial osteoblast differentiation. 
The main regulatory pathway of the differentia-
tion process is the fibroblast growth factor (FGF) 
signaling pathway. Overgrowth of bone tissue 
from unmineralized bone matrix is a likely cause 
of premature suture fusion.

During the embryonic period, multiple sig-
naling pathways (FGF, TGF-β, Wnt) require pro-
per functioning for calvarial development. In ad-
dition, the presence of osteoinhibitory and 
osteoinductive substances is also necessary for 
the formation of cranial sutures, including solu-
ble heparin-binding factors, FGF2, and isoforms 
of TGF-β secreted by dura mater cells (10). These 
molecules regulate the growth and formation of 
the membranous skull bones.

Animal studies (11) have shown that TGF-β2 
had an osteoinductive role, while TGF-β3 had 
an osteoinhibitory role in terms of suture forma-
tion. The TGF-βs superfamily is a key factor in 
the process of suture fusion. It includes more 
than 30 members and is involved in the regula-
tion of cell proliferation, cell differentiation, and 
various other embryological developmental pro-
cesses (12). This is grouped into three classes: 
TGF-β1, which includes bone morphogenic pro-
tein (BMP), TGF-β2, and TGF-β3. There is a no-
table lack of published genetic studies identi-
fying mutations in these genes associated with 
known craniosynostosis syndromes.

In general, skull bones undergo a process of 
intramembranous ossification, in which mesen-
chymal stem cells (MSCs) differentiate into os-
teoblasts to form bone tissues. Mesenchymal 
stem cells are produced in the hematogenous 
marrow, with their differentiation into osteoge-
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nic, chondrogenic, adipogenic or myogenic li-
neages being controlled by various signaling 
pathways. Of note, a 2016 study (13) identified 
a significant involvement of TGF-β, BMP, Wnt, 
Hedgehog, FGF, and Notch pathways in direc-
ting MSCs to bone developmental lineages. In 
addition, the most recent studies demonstrated 
the role of the TWIST protein in the regulation 
and differentiation of sutural MSCs (14), respec-
tively of Axin2, whose expression was elevated 
in a certain population of MSCs in the sutures of 
the median line (15). In addition to the above-
mentioned data, the signaling pathways also play 
a major role in the actual processes of intramem-
branous and enchondral ossification, regulating 
cell proliferation, differentiation and migration 
during the intraembryonic period. The FGF fa mily 
comprises of 23 members that bind to five dif-
ferent types of receptors (FGFR1-4 and FGFRL) 
and thus, induce cellular responses. Among these 
receptors, FGFR1 is involved in regulating osteo-
genic differentiation and FGFR2 orchestrates stem 
cell proliferation. FGFR2 mutations are the most 
common FGFR mutations that have been identi-
fied in syndromic craniosynostosis (16).

Inhibitors of the FGF pathway are also impor-
tant in the process of skull development. The 
majority of identified FGFR mutations in cranio-
synostosis are gain-of-function, whereas TWIST1 
mutations are loss-of-function. There is evidence 
that TWIST1 protein heterodimerizes with 
TCF12 in the cell nucleus and inhibits RUNX2 
(runt-related transcription factor 2) activation. 
The RUNX2 gene encodes the RUNX2 protein, a 
transcription factor essential in bone and carti-
lage development. Thus, the RUNX2 gene is 
considered to have a considerable influence on 
osteoblasts in bone development (17).

Clinical aspects
There are four types of craniosynostosis that cor-
respond to the cranial sutures, including sagittal, 
coronal, lambdoid and metopic sutures. The sa-
gittal suture is the most frequently affected one 
(18), having a frequency between 41% and 68% 
of all forms of craniosynostosis.

From a clinical point of view, craniosynosto-
ses are classified as syndromatic [approximately 
15% of cases (19), which involve the association 
with multiple morphological anomalies, respec-
tively non-syndromatic [73-85% (16, 17)] (20). 
Although more than 200 syndromes associated 

with this malformation have been identified, five 
were the most commonnly: found, including 
Apert, Crouzon, Pfeiffer, Saethre-Chotzen and 
Muenke syndromes. All of these syndromes have 
fibroblast growth factor receptor (FGFR) muta-
tions, except for Saethre-Chotzen syndrome, in 
which TWIST1 is the affected gene is TWIST1. A 
clinical summary of these conditions is presented 
in Table 1.

Diagnostic
Clinical diagnosis is based on inspection and pal-
pation of the skull. Transfontanel ultrasound 
cannot always be performed due to the ad-
vanced ossification process. The certainty dia-
gnosis is based on the computed tomography 
(CT) scan. Although magnetic resonance imaging 
(MRI) is a more desirable imaging investigation 
for children, it does not adequately highlight 
bone tissue, is slow, and has high costs.

Molecular diagnosis should be offered to pa-
tients with a known diagnosis of craniosynostosis 
within a genetic syndrome. Mutations within 
genes listed in Table 1 can be identified today. 
Johnson and Wilkie recommend that at least the 
FGFR (exon 7 p.Pro250Arg mutation) and FGFR2 
(exons 7, 8) genes be tested in patients with mul-
tiple suture involvement or involvement of the 
coronary suture. If point mutations are not iden-
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tified, Whole Genome or Exome Sequencing 
(WGS/WES) can be used. Some sources (25) di-
rectly recommend these techniques because of 
the significant heterogeneity in the number of 
mutations that can be identified.

Genetic counseling
It is necessary to differentiate isolated craniosy-
nostosis from that within a genetic syndrome. 
Most syndromic forms are transmitted in an au-
tosomal dominant manner, but most cases show 
de novo mutations. Somatic mosaicism is rare, 
but it is recommended that the patients' parents 
be tested for the presence of mutations, as the 
risk of recurrence in these families is higher than 
in the general population. In the rare cases of 
autosomal recessive transmission, the risk of re-
currence is 25%.

If the family history is negative for craniosy-
nostosis and no genetic changes have been iden-
tified, the risk of recurrence is approximately 5% 
for isolated cases affecting the metopic or sagittal 
suture, and 30-50% for cases involving multiple 
sutures. If the mutation occurs in only one gene 
(cannot be identified in both parents), the risk of 
recurrence is very low (<1%). A slightly higher risk 
was reported for TWIST1 mutations – 2%. (26)

Premise and objective of research
Craniosynostosis is a well-known congenital ano-
maly that creates a serious disability unless dia-
gnosed and treated in time. Better knowledge of 
the clinical, epidemiological and, more recently, 
genetic mechanisms can prevent the onset of the 
disease and improve the prognosis and evolu-
tion.

The aim of this study is to have a more accu-
rate knowledge of the clinical, genetic and epi-
demiological aspects of CS in an area circum-
scribed by Bihor county.

The objectives of the present study included 
updating epidemiological data; analysis of the 
clinical data of the study group; identification of 
risk factors in the occurrence of the disease; and 
evaluation of the prospects for a genetic ap-
proach to the disease, including genetic testing 
and genetic counseling. q

MATERIAL AND METHODS

This is a retrospective cross-sectional study. 
Data from a cohort of 35 patients were col-

lected using the database which was made avail-
able by the Bihor Regional Center for Medical 
Genetics and included demographic data, clini-
cal data and treatments.

The following inclusion criteria were used: 
inclusion in the institutional database; craniosyn-
ostosis clinical diagnosis confirmed by imaging; 
survival until the start of the study (2016) of dia-
gnosed patients; year of birth in the last three 
decades.

The following exclusion criteria were used: 
patients born before 1987; inclusion in the data-
base after the start of the study; patients with an 
uncertain diagnosis of craniosynostosis; patients 
who did not survive to the start of the study.

In order to process the study data, softwares 
from the Office 365 package (Word, Excel) and 
R were used. q

OUTCOMES

The study included 35 patients, of which 25 
were males and 10 females (Figure 1).
Most of the patients came from a rural envi-

ronment (21), while 14 were from an urban en-
vironment (Figure 2).

Regarding the age at diagnosis, there were 
three categories: at birth or before one month, 
less than one year, and after one year. Most cases 
(21) belonged to the second category and the 
fewest to the third (2). The mean age at diagnosis 
was 197 days, with extreme limits of one day and 
152 days, respectively (Figure 3). There were no 
statistically significant differences between the 
mean age in girls compared to boys (p > 0.05).

The sagittal suture was most frequently af-
fected (in 26 cases), followed by the lambdoid 
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FIGURE 1. Distribution of patients by gender
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(seven cases), coronal (five cases) and metopic 
(two cases) suture (Figure 4). Combined lesions 
were recorded in three cases: one case presen-
ted an association between the sagittal suture 

and the lambdoid, and two cases, the coronal 
suture associated with the metopic.

Ten (25%) of all cases were in the context of a 
syndrome (five cases of Apert syndrome, three 
cases of Muenke syndrome and two cases of 
Crouzon syndrome). Within this category, the 
sagittal suture was the most frequently affected, 
followed by the lambdoid suture, and the coro-
nal and metopic sutures were relatively equal in 
frequency (Figure 5). 

The date of diagnosis in the Genetic Service 
was divided into three periods: 1987-2000, 
2001-2010 and 2011-2016. Their distribution is 
shown in Figure 7. An increasing trend was found 
over the years, most (75%) of cases being dia-
gnosed after the year 2000. In the last period 
(2011-2016), the number of cases increased 
three times compared to the first period 
(1987-1993), which represented an increase of 
300%. This increase was statistically significant 
(p < 0.05).

Only two of the 35 cases (5.7%) had a family 
history of craniosynostosis. 

Risk factors (other than male sex) have not 
been identified except for maternal smoking 
during pregnancy (11 mothers, representing 
31.42%). Advanced ages of both parents have 
also been noticed but with low frequencies (two 
couples with both parents over 35 years old, 
three couples wherein the mother was under 30 
but the father over 35 years old and one couple 
wherein the mother was over 30 and the father 
over 35 years old).

With regards to the consequent damage to 
the brain due to craniosynostosis, the frequency 
of the occurrence of cognitive impairment and 
developmental delay was analyzed. Most pa-
tients did not present these complications 
(65.71%). Their distribution can be seen in 
Figure 7.

Surgery was not performed in most cases due 
to less severe deformities and parents’ refusal 
due to concerns regarding surgical risks, which is 
why most patients benefited from conservative 
treatment (77.14%). Some patients underwent 
physical or occupational therapy (7.5%) for as-
sociated hand anomalies (such as those with 
Apert syndrome).

From the group of those undergoing surgery, 
the majority were males.

The distribution of treatments is shown in 
Figure 9.

 Study of PatientS with CranioSynoStoSiS

FIGURE 2. Distribution of patients according to the environment of 
origin

FIGURE 3. Distribution of patients according to age at 
diagnosis

FIGURE 4. Damage to the cranial sutures
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All patients benefited from genetic counsel-
ling. Unfortunately, no genetic testing was per-
formed as molecular testing has not always been 
available in Romania and the financial aspect 
was and continues to be an obstacle for all fami-
lies. q 

 DISCUSSIONS

Strictly respecting the imposed criteria, our 
study includes a cohort of 35 cases, represen-

tative of the geographical reference region. Simi-
lar studies (27) from our country refer to the sur-
gical treatment of craniosynostosis of the sagittal 
suture, from the Bucharest area (Bagdasar-Arseni 
University Emergency Clinic Hospital) on groups 
of 231 patients. The respective cases were trea-
ted over a period of 15 years (1997-2012), 
120 (52%) being sagittal suture cases. A study 
carried out in Vietnam between 2015 and 
2019(28) included 76 patients, mostly males, 
with a male:female ratio of 3.3:1, close to our 
group, which recorded a ratio of 2.5:1. Similarly 
to the cited study, the sagittal suture was most 
commonly affected (50% vs. 60% in our study). 
A similar study (29) from Saxony-Anhalt (Ger-
many), that collected data from 2000–2017, in-
cluded 91 cases of craniosynostosis, with a rate 
of 4.8 cases per 10,000 live births; 75 patients 
were males, with a male:female ratio of 4.7:1. 
From a clinical point of view, 51 isolated cranio-
synostoses were identified (56.04% versus 
71.42% in our study), of which five  presented 
multisutural involvement (5.49% versus 8.57% in 
our study), 29 craniosynostoses associated with 
other congenital malformations and 11 within 
genetic syndromes compared to 28.57% in our 
study. The mean age at diagnosis was 5.5 months 
versus 197 days in our study. Our study high-
lights a close distribution of these clinical fea-
tures. Significant differences were found regard-
ing the trend of the appearance of new cases: if 
Neusel et al (29) did not identify increases in 
prevalence in recent years, in our study we iden-
tified a significant increase. This evolutionary 
trend was noted by many other studies in the 
literature, for example Tonne et al (17), where 
the incidence was 5.5 per 10,000 live newborns 
(1/1800) and increased significantly in the last 
five years (data being collected from 2003-2017). 
Notably, this increase occurred almost exclusive-
ly in the isolated craniosynostosis group. Among 
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FIGURE 5. Distribution of cases by clinical type of 
craniosynostosis and suture involvement

FIGURE6. Multiannual distribution of newly registered cases

FIGURE 7. Distribution of craniosynostosis complications

FIGURE 8. Distribution of treatments performed according to 
gender
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the 328 patients, the majority were men in this 
case as well (2:1) and 9.5% were familial cases, a 
much higher frequency than in our study (5.7%). 
Another study from 2019 (30) found a higher 
rate of cases with a positive family history 
(14.7%). In this study, most patients were males 
as well, except for complex isolated craniosyno-
stosis (equal ratios between the two sexes). An 
interesting aspect was the damage to the meto-
pic suture most frequently, a contradictory result 
of our research and less common in the litera-
ture. On the other hand, in a study conducted in 
the Netherlands between 2008-2013 Cornelissen 
et al (31) found a much higher number of cranio-
synostosis, 759, with the frequency being 7.2 per 
10,000 live newborns. Cases of secondary cra-
niosynostosis, for example, ventriculoperitoneal 
shunts or microcephaly, were excluded from this 
study. Also, patients born in other countries but 
treated in the Netherlands, as well as cases with 
mild trigonocephaly without an indication for 
surgical intervention, were also not included in 
the study. The sagittal suture was the most fre-
quently affected (44%). Poisson regression re-
vealed a statistically significant increase in preva-
lence from 1997 to 2013. The large differences 
between this study and ours could be explained 
by the different genetic predisposition of the two 
populations as well as the regions included (na-
tional versus regional study).

A meta-analysis by Shlobin et al (32) that in-
cluded 24 studies identified a prevalence of cra-
niosynostosis of 5.9 per 10,000 live newborns 
(95% confidence interval [CI]: 3.9–8.4; I2 = 100%). 
Isolated craniosynostoses had a lower prevalence 
of 5.2 per 10,000 live births (95% CI: 3.4–7.3; 
I2 = 98%); it was estimated that, in 2019, 84,665 
children were born with craniosynostosis globa-
lly (95% CI: 55,965–120,540), and of these, 
72,857 (86%) were isolated cases.

The high rate of conservative management in 
our study was in part due to refusal but at the 
same time, many cases were mild isolated cra-
niosynostosis cases. A recent Canadian study 
(32) compared the quality of life in patients who 
underwent surgical treatment to those who did 
not across two surgical centers. One of them had 
a rate of 22% conservative treatments, while the 
other one 37%. Most parents who opted for sur-
gical treatment did so because of severe appea-
rance while most parents of children treated 
conservatively did so because of mild appea-

rance and concerns regarding surgical risks. The 
study could not identify an independent associa-
tion between quality of life and treatment type 
(surgical vs conservative); however, it concluded 
that families in Alberta had a high number of cra-
niosynostosis cases treated with conservative 
management. 

In recent years, various molecules potentially 
effective in the non-surgical treatment of cranio-
synostosis have been studied. Considering the im-
portance of FGFR2 and 1 mutations in the occur-
rence of this pathology, most studies have tested 
FGFR-tyrosine kinase inhibitor therapy in vitro, for 
example Eswarakumar et al (34) who used PLX052 
with positive results – prevention of early coro-
nary suture fusion. On the other hand, the study 
by Perlyn et al (35) with the inhibitor PD173074 
revealed a lack of response of coronary craniosy-
nostosis to treatment. Another therapeutic target 
is the TGF-β pathway; this was used by Mooney 
et al (36), respectively Frazier et al (37), testing a 
TGF-β2 neutralizing antibody in an animal model 
(rabbits) with surgically repaired bilateral cranio-
synostosis. The antibody prevented postoperative 
resinostosis and improved intracranial volume 
and cranial vault growth. Finally, in vivo studies 
focusing on the NOGGIN pathway (38, 39) had 
the effect of inhibiting the premature fusion of su-
tures, respectively decreasing postoperatory re-
currences, su ggesting an adjunct role to surgical 
treatment (39).

The contributions of this study include car-
rying out the only epidemiological-clinical analy-
sis of this condition in Bihor county, and one of 
the few in Romania.

The limitations of this study were related to 
the difficulty in obtaining data on clinical evolu-
tion over a longer period of time, mainly due to 
the non-cooperative attitude of the majority of 
patients. Moreover, the absence of genetic ana-
lyses due to lack of funding and limited accessi-
bility in the area was an important aspect. Unfor-
tunately newer technologies are not available or 
routinely performed in our country so that many 
pediatric patients remain without a clear diagno-
sis (40). q

CONCLUSIONS

This study identified 35 cases of craniosyno-
stosis diagnosed in Bihor county over a pe-

riod of 29 years. The most frequently affected 
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groups comprised male patients, rural patients 
and those born after 2000, especially from 2011 
to the present. Clinically, most cases of cranio-
synostosis were isolated congenital anomalies. 
Positive heredo-collateral antecedents of cranio-
synostosis were insignificant. The only identified 
risk factors were male sex, maternal smoking 
during pregnancy and advanced parents’ ages. 
The sagittal suture was most frequently involved, 
both in syndromic and isolated cases, and the 
metopic suture was least frequently involved in 

both cases. Complications due to craniosynosto-
sis were rare, as was surgical treatment. Genetic 
testing could not be perfomed on our patients 
but can be an essential component in some ca-
ses and should be more accessible. Genetic 
counseling is an important component of disease 
prevention and should be offered to affected pa-
tients as soon as possible. q
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