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Abstract
Metopic synostosis is a craniofacial condition characterised by the premature fusion of the metopic suture. This early fusion
restricts frontal bone growth [17] and has significant impacts on the developing infant during a critical phase of rapid growth and
development [4]. Diagnosis of the condition is usually achieved by clinical assessment, followed by a three-dimensional
computed tomography (3D CT) scan, verifying premature metopic suture fusion.
Purpose This retrospective study aims to investigate the timing of metopic suture fusion in the developing infant in an Australian
subpopulation.
Methods The study evaluates metopic suture fusion in 258 cranial 3D CT scans of children aged 0–24 months over a 5-year
period (2011–2016), scanned at Women’s and Children’s Hospital.
Results The findings suggest that the age range over which physiologic metopic suture fusion occurs is larger than previously
reported.
Conclusions The approximate range for physiologic fusion was found to be 3–19 months and patients with fusion within this
range can be considered normal. Complete suture fusion is expected by 19 months. Additionally, results indicate suture fusion
prior to 3 months is abnormal and diagnostically indicative of metopic synostosis.
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Introduction

In Australia, approximately 1 in every 2000–2500 births are
affected by the congenital craniofacial abnormality known as
craniosynostosis [5]. This condition involves the premature
fusion of one or more of the cranial sutures resulting in defor-
mational growth of the cranium and abnormal head shape. In
the case of metopic synostosis, the metopic suture is prema-
turely fused resulting in restricted frontal bone growth and
trigonocephaly or triangular head shape [17]. Metopic

synostosis has an incidence of 1 in 15,000 births making it
the third most frequent single suture craniosynostosis (Fig. 1).

Metopic synostosis has significant impacts on the develop-
ing infant during a critical phase of rapid growth and devel-
opment [17]. Consequences can include elevated intracranial
pressure [19], learning disability and behavioural abnormality
[16] as well as impacts on the aesthetics of the head and face
of varying degrees of severity. Restriction of frontal growth
results in a triangular or wedge-shaped head, decreased dis-
tance between the orbits (hypotelorism) and a prominent fron-
tal ridge, all of which can have a negative impact on the child
in a psychosocial context. The effects of metopic synostosis
on cognitive ability are widely contested, with some studies
reporting that infants with metopic synostosis can demonstrate
mild developmental delays [3], whilst others report the mental
development of affected children to be within the normal
range [7].

Metopic synostosis can present either as part of a syndrome
[12] or as an isolated non-syndromic anomaly, this non-
syndromic form of craniosynostosis represents approximately
85% of cases [6]. The exact aetiology of non-syndromic
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metopic synostosis is undefined; however, current literature
points towards a multifactorial aetiology in which genetic ab-
normalities combine with various epigenetic and environmen-
tal factors to affect suture development [2]. The current liter-
ature reports several main mechanisms, which may contribute
to the development of metopic synostosis, namely altered su-
ture biology resulting in acceleration of physiologic fusion
mechanisms, malformation of the bone, malformation of the
brain and obstetric issues relating to cranial compression and
fetal head immobilisation in late stage pregnancy [8, 11].
Recent studies suggest a variety of proteins and transcription
factors are involved in the development of metopic craniosyn-
ostosis, including FGRF2, TGFB, RUNX2 and BMP [9].
With the advent of new genomic technologies, such as
genome-wide association studies advances have been made
regarding the genetics of both sagittal and coronal non-
syndromic craniosynostosis [6], an encouraging sign that sim-
ilar advances will soon be made with relation to metopic non
syndromic craniosynostosis. It has been suggested that
metopic synostosis has a stronger genetic component than its
sagittal suture counterpart with up to 10% of patients
displaying familiar recurrence [10].

Three-dimensional computed tomography (3D CT) plays a
vital role in the diagnosis of metopic synostosis. Objectivity in
the analysis of 3D CT scans via 2D and 3D vector measure-
ments has historically been challenging; however, the devel-
opment of more refined assessment techniques, such as point
cloud representation and 3D stereophotogrammetry are im-
proving our assessment of 3D CT and allowing for more re-
producible analyses to be made [13]. Currently, there is dis-
crepancy in the literature regarding the precise physiologic
closure time of the metopic suture. Two recent studies
assessing American infants report physiologic fusion to occur
between 6 and 8 months [20] and 3 and 9 months [18] respec-
tively. Both studies are based on a relatively small sample size
and denote suture as either open or closed. Another recent
study reports physiologic suture fusion to occur between 2

and 14 months, a much wider range than previously reported;
the study evaluated 337 patients and denoted patent, partially
fused and complete fusion of the suture [1].

This study aims to determine the age range for physiologic
closure of the metopic suture in Australian infants, which may
then act as a baseline for comparison during the clinical diag-
nosis of metopic synostosis and to guide appropriate treatment
for each patient.

Methods

Cranial 3D CT scans of patients aged 0–24 months who
presented to the Women’s and Children’s Hospital in
Adelaide over the period of 2011–2016 were retrospectively
accessed. These patients had been referred for a cranial 3D CT
for a variety of reasons, including paediatric trauma (n = 145),
investigation of non-trauma related intracranial pathology
(n = 92) and to investigate potential craniosynostosis (n = 21).

Strict exclusion criteria were implemented to remove all
patients with conditions related to suture development and
fusion. A total of 336 patients were excluded from the study.
The exclusion criteria included patients with craniosynostosis;
patients with other craniofacial abnormalities; patients with
syndromes, which have a craniofacial component; patients
with intracranial pathology including subdural haematomas
or collections; patients with hydrocephalus or a VP shunt;
patients with brain malformation; patients with intracranial
neoplasm and patients who had suffered trauma to the frontal
r eg ion . Pa t i en t s who were deceased were a l so
excluded.Table 1

All scans were undertaken on the GE Healthcare, CT750
HD multislice CT scanner. Scans were performed using a he-
lical scan mode, with an average kilovolt of 100 and milliam-
peres of 80–350 depending on patient size. Images were re-
constructed at slices of 0.625 mm with bone, soft tissue and

Fig 1 a 3D CT scan showing
metopic synostosis in frontal view
b shows the characteristic clinical
appearance of metopic synostosis
with a prominent frontal ridge,
hypotelorism and trigonocephaly
(courtesy of the ACFU)
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3D reconstructions. Images were viewed using Carestream
VuePACS Version 11.3.2.

3D CT scan evaluation

The scans were assessed and analysed by a single examiner
noting the following: (1) metopic suture patency as either
patent, partially fused or fused; (2) direction of suture fusion;
(3) age of the patient at the time of scan; (4) gender; (5) the
reason for the scan and (6) the patency of the anterior fontanel.
Anterior fontanel patency and/or notching was considered as a
separate finding and did not have any bearing on the classifi-
cation of suture patency. Inter-operator reliability was then
verified by a second blind observer.

Definitions for suture patency

Patent metopic suture (Fig. 2) This is an observable patent
suture line extending to the entire distance from the glabella to
the anterior fontanel.

Partially fused metopic suture (Fig. 3) This is a suture line
which is partially observable between the glabella and the
anterior fontanel, i.e. line is observable at the anterior fontanel
but is not observable at the glabella.

Fused metopic suture (Fig. 4) A fused metopic suture is non-
distinguishable suture line—complete obliteration of the
metopic suture between the glabella and anterior fontanel.

Lottering’s cranial ossification scoring system

In addition to our classification of cranial ossification (patent,
partially fused, fused), each patient was graded according to
Lottering’s cranial ossification scoring system (see Fig. 2 in
[14]) [14]. In our assessment, measurements of the fibrous
tissue interfaces separating the frontal bones were not possi-
ble; thus, all patent sutures were classified as stage I or II
inclusively. Partially fused sutures were classified as stage
III and fused sutures as stage IV as per the criteria below:

Stage I. Fibrous tissue interface separating left and right
frontal bones is ≥ 2 mm in width.

Stage II. Commenced fusion: Fibrous tissue interface is
present; however, sections of the suture are closed
or if distinct separation of the frontal halves, the
width is < 2 mm.

Stage III. Complete fusion: complete ossification of tissue
interface; remnant of suture may be present.

Stage IV. Obliterated: suture line is obliterated.

Results

Of the 594 patients between the ages of 0–24 months who
had a cranial CT scan at the Adelaide Women’s and
Children’s Hospital between 2011 and 2016, 258 aligned
with our strict inclusion criteria and were eligible for inclu-
sion within this study. When separated by age, the study
population included 29% between 0 and 4 months (n =
74), 22% between 4 and 8 months (n = 58), 19% between
8 and 12 months (n = 48), 10% between 12 and 16 months
(n = 26), 12% between 16 and 20 months (n = 30) and 9%
between 20 and 24 months (n = 22). Of the 258 patients,
42% were females and 58% were males as illustrated in
Fig. 5.

Of the 258 CT scans evaluated for metopic suture patency,
113 were patent with a mean age of 4 months, 35 were par-
tially fused with a mean age of 8.2 months and 110 were fused
with a mean age of 14.6 months. The earliest evidence of
suture fusion commencing was 2.4 months with the earliest
complete fusion at 3.4 months. The latest fully patent suture
identified was at 18.6 months. All patients greater than

Fig 2 A 3D CT scan of a patent metopic suture in a 25-day-old patient,
the entire length of the metopic suture from glabella to the anterior fon-
tanel can be clearly seen

Table 1 The reasons for obtaining each CT scan used in the study and
the corresponding number of patients

Reason for CT scan No. of patients

Trauma 146

Investigative/diagnostic 46

Acute abnormal neurology 22

Suspected craniosynostosis 21

Soft tissue lesions 17

Episodes of apnoea 4

Postoperative 2
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19 months of age demonstrated complete metopic suture fu-
sion. A cumulative probability curve for the commencement
and completion of metopic suture fusion can be seen in Fig. 6
as per the data from Tables 2 and 3.

The recent study by Lottering et al. in 2016 [14] aimed to
provide probabilistic information allowing age estimation
of modern Australian children. The authors achieved this by
developing reference tables from which age of a child could
be estimated from various cranial variables, e.g. fusion of
individual cranial sutures. The authors make direct mention
of the use of these tables for forensic age estimation and for
use in missing persons’ scenarios; for these cases, they rec-
ommend the use of a 68% credible interval (CI) at first, as a
95% CI may be too wide. The accuracy of these reference

tables was observed in our study by comparing the age
estimation from metopic suture fusion and anterior fontanel
fusion against our specific population group of modern
Australian children. Table 4 shows the age estimation from
the reference tables according to a 95% credible interval.
The right column lists the percentage of patients from our
study for which the age estimation was correct. We have
compared both the 68 and 95% CIs to confirm the postula-
tion by Lottering et al. [14] that a 68% CI increases the
likelihood of unintentionally eliminating possible identifi-
cations. We can see from the comparison that a 98% CI
aligns much more closely with our data set and that the
age estimation was reasonably accurate with > 90% of pa-
tients being predicted correctly in stage III and IV of
metopic fusion and for all stages of anterior fontanel fusion
in males.

Fig 3 A 3D CT scan of a partially fused metopic suture in a 8-month-old
patient. The suture line has ossified at glabella but is still observably
patent towards the anterior fontanel

Fig 6 Estimated cumulative probability curve for both the
commencement and the completion of suture fusion for a given age
(months)

Fig 4 A 3D CT scan of a fused metopic suture in a 21.5-month-old
patient. The suture line has completely ossified from glabella to the
anterior fontanel

Fig 5 Distribution of patients according to their age group and sex. All
age groups are depicted in months
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Discussion

Historically, the physiologic timing of metopic suture fusion
has been highly contested and varied throughout the literature.
Two most recent studies on the timing of normal metopic
suture fusion report a relatively narrow age range of 6–
8 months [20] and 3–9 months [18] respectively.

Our study establishes a much wider age range for physio-
logic closure of the metopic suture at 3–14 months. This age
range is largely in keeping with findings from a recent study
by Bajwa et al. [1] [1] who reported physiologic suture fusion
between the ages of 2–14 months. This wider age range than
previously reported in the literature may relate to the assess-
ment of a multi-ancestral population group with greater socio-
economic variation than in previous studies. In contrast to
current literature on this topic, our study considered the fusion
of the anterior fontanel separately to the fusion of the metopic
suture. Of the 110 patients in our study whose metopic suture
was completely fused, 72% of them had a patent anterior
fontanel; thus, the patency of the anterior fontanel was con-
sidered separately and did not have an impact on the classifi-
cation of metopic suture fusion. In current literature, study

populations have included children in the UK and the USA.
Our study is unique in its evaluation of the Australian popu-
lation, and as the Women’s and Children’s Hospital is a qua-
ternary referral centre, a broad ethnic diversity was afforded
within our study population. From our observational statistics,
it was found that female patients tend to fuse slightly earlier
than male patients, a finding that is supported in the literature
[1]; however, no quantitative statistical analysis was carried
out to investigate for a statistically significant difference be-
tween the sexes.

Our study corroborates the findings of a modern Australian
study on Queensland infants, in which Lottering et al. [14]
[14] aimed to estimate the age of clinical patients based on
the stages of fusion of the metopic suture and anterior fonta-
nel. Despite this, not being the intended use for the reference
tables, our comparison illustrates close alignment between the
reference tables and our study population of a similar demo-
graphic. The estimates are more accurate in stages III and IV
and generally more accurate for the male population. It has
been stated by Lottering et al. [14] [14] that this is not the
intended use of the tables and nor do they claim that age
estimation from a single cranial site to be accurate; however,

Table 2 The estimated cumulative probability that a patient of a certain
age group will have commenced fusion (PF, partially fused; F, fused)

Age group
(months)

Total
patients

No. patients who have
commenced fusion

Estimated cumulative
probability

0–1 15 0 0.00

1–2 24 0 0.00

2–3 21 1 0.01

3–4 14 2 0.02

4–5 10 3 0.04

5–6 14 7 0.09

6–7 20 14 0.19

7–8 14 6 0.23

8–9 15 12 0.31

9–10 11 8 0.37

10–11 11 10 0.43

11–12 11 8 0.49

12–13 6 6 0.53

13–14 8 8 0.59

14–15 7 5 0.62

15–16 5 5 0.66

16–17 8 8 0.71

17–18 8 8 0.77

18–19 8 6 0.81

19–20 6 6 0.85

20–21 5 5 0.88

21–22 6 6 0.92

22–23 5 5 0.96

23–24 6 6 1.00

Table 3 The estimated cumulative probability that a patient of a certain
age group will have completed fusion (F, fused)

Age group
(months)

Total
patients

No. patients with
completed fusion

Estimated cumulative
probability

0–1 15 0 0.00

1–2 24 0 0.00

2–3 21 0 0.00

3–4 14 1 0.01

4–5 10 0 0.01

5–6 14 2 0.03

6–7 20 9 0.11

7–8 14 2 0.13

8–9 15 8 0.20

9–10 11 4 0.24

10–11 11 8 0.31

11–12 11 8 0.38

12–13 6 4 0.42

13–14 8 7 0.48

14–15 7 4 0.52

15–16 5 5 0.56

16–17 8 8 0.64

17–18 8 7 0.70

18–19 8 5 0.75

19–20 6 6 0.80

20–21 5 5 0.85

21–22 6 6 0.90

22–23 5 5 0.95

23–24 6 6 1.00

Childs Nerv Syst (2019) 35:329–335 333



it does offer an interesting comparison between the two
Australian studies.

In addition to the timing of suture fusion, the direction of
suture fusion was also observed with all sutures found to be
commencing at glabella and progressing towards the anterior
fontanel. Some studies support this finding of commencement
of suture fusion occurring at Naseon; however, Bajwa et al.
reported that fusion can commence at any point in the inferior
one third of the suture. Our study does not corroborate this
finding but supports the general notion that suture fusion pro-
gresses in a Bzip-like^ fashion towards the anterior fontanel
[15, 20, 1].

This study aims to develop a baseline age range, during
which physiologic metopic suture fusion occurs; however,
further research comparing the observed suture on cranial
3D CT and the actual pathology found at time of surgery
would strengthen the literature in this area and allow refine-
ment of an observational classification system for metopic
suture fusion from cranial 3D CT.

Conclusions

Our study suggests that the age range over which metopic
suture fusion occurs is larger than previously reported. The
results indicate an approximate range of 3–19 months for
physiologic metopic suture fusion; patients within these pa-
rameters can be considered normal. Complete suture fusion is

expected by 19 months. Suture fusion prior to 3 months is
considered to be abnormal and diagnostically indicative of
metopic craniosynostosis. It is important to note that radio-
graphic evaluation along is not suggestive enough to warrant
early or immediate surgery, and clinic factors must also be
considered in the diagnosis of metopic synostosis.
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