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Background: Frontal sinuses are 2 irregular cavities, placed between 2 lamina 
of frontal bone. Expansion continues during childhood and reaches full size 
after puberty. Persistent metopic suture is one of the factors that are related to 
abnormal frontal sinus development. In this study, we want to discuss about the 
coexistence of persistent metopic suture and abnormal frontal sinus development 
using radiological techniques.
Materials and methods: In this retrospectively planned study, images of 631 pa- 
tients were examined, 217 (34.4%) of them were men and 414 (65.6%) of them 
were women. Brain computed tomography and magnetic resonance images were 
retrieved from the electronic archive for analysis.
Results: In this study, frontal sinus development is categorised as right side 
atrophy, left side atrophy, bilateral atrophy and bilaterally developed sinuses. The 
presence of metopic suture was accepted as persistent metopic suture. Frontal 
sinus atrophy was found in 22.7% and persistent metopic sutures were found 
in 9.7% of overall.
Conclusions: In this study, no significant results were detected that were related 
to the frontal sinus agenesis or dismorphism associated with persistent metopic 
suture. We conclude that, although publications propounding metopism that 
leads to abnormal frontal sinus development are present in the literature, no 
reasonable explanation has been mentioned in these articles; and we believe that 
these findings are all incidental. (Folia Morphol 2013; 72, 4: 306–310)
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INTRODUCTION
Frontal sinuses are 2 irregular cavities placed be-

tween 2 lamina of frontal bone [29]. They are the 
last paranasal sinuses to develop [23]. They are rudi-
mentary at birth and can be radiologically visible by 
6 years. Expansion continues during childhood and 
reaches the full size after puberty. Size and shape 
of the frontal sinuses differ by age and sex. Also  

2 sinuses of the same person differ in shape and size be- 
cause of the septum deviated from the median plane 
[29]. Several septa may be seen besides the median 
septum [9, 10]. As the radiological morphology is 
individualised, shape of the sinuses can be valuable 
in identification of a person [29].

Many factors related to abnormal frontal sinus de-
velopment are mentioned in literature, such as gender 
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or ethnic groups [6, 8]. Persistent metopic suture is  
one of these factors [7, 20, 28]. Metopic suture is  
a kind of dentate suture [4, 12, 13]. It lies between  
2 halves of the frontal bone and extends from nasion 
to bregma [1, 19, 28]. This suture normally closes be-
tween first and second year of life, however fusion can 
be completed until the age of 7 [27]. If the metopic 
suture persists after the 7th year of life, it is known 
as ‘metopism’ [28], and it is said that frontal sinus 
development may be affected by this entity [20, 21]. 
Metopic suture persistence can be visualised particu-
larly or completely [12, 20]. Some authors think that 
abnormal frontal sinus development can be grounded 
on particular or complete persistent metopic suture 
that extends to the inferior part of the frontal bone 
[20, 28]. Frontal sinuses of a person with persistent 
metopic suture develop separately on either side of 
the suture and this entity can be used to differentiate 
persistent metopic suture from fracture [29].

MATERIALS AND METHODS
In this retrospectively planned study, the images that 

were taken from the patients who applied to our center 
between September 2011 and April 2012 were analy-
sed. We identified brain computed tomography (CT) 
and brain magnetic resonance (MR) images that could 
be retrieved from the electronic archive for the analysis. 

All CT scans were obtained with 64-slice spi-
ral scanner (Toshiba Aqulion). As a standard, slice 
thickness and interval were set at 5 and 3 mm. Scan-
ning parameters included 550 mA, 135 kV and tube 
rotation time of 1.5 s. When the imaging was per-
formed, the head was in neutral position. 

MR scans were performed with 1.5 tesla MR scan-
ner (Siemens, Essenza). T1 and T2 axial, coronal and 
sagittal images were examined.

Then both MR and CT images were forwarded 
into the viewer program (Aquarius intuition viewer 
version 4.4.6).

The study parameters were age, sex, frontal sinus 
development, and metopic suture presence. Frontal 
sinus development was noted as right side atrophy, 
left side atrophy, bilateral atrophy, and bilaterally 
developed. Unfusion of metopic suture was accepted 
as persistent metopic suture.

Statistical analysis

SPSS (Statistical Package for Social Sciences) ver-
sion 17 was used to make statistical analyses. In-
dependent Sample T test was used to detect the 

correlation between metopic suture and frontal sinus 
atrophy. A p value of less than 0.5 was indicative of 
statistical significance.

RESULTS
219 cranial CT (34.7%) and 412 cranial MR (65.3%) 

images retrieved from the electronic archive were 
identified. 217 (34.4%) of the study patients were 
men, 414 (65.6%) were women. The mean age of the 
patients was 48.37 ± SD (between 30–93). Frontal 
sinus development and the presence of metopic su-
tures were investigated. 

In this study, frontal sinus development is catego-
rised as right-side atrophy, left-side atrophy, bilateral 
atrophy and bilaterally developed sinuses. The pres-
ence of metopic suture was accepted as persistent 
metopic suture. 

Frontal sinus atrophy was found in 22.7% of over-
all, including 9.4% right sided, 2.9% left sided and 
10.5% bilaterally. 

Persistent metopic sutures were found in 9.7% 
of overall (Fig. 1).

Frontal sinus atrophy was found in 24.6% of the  
patients with persistent metopic suture (Table 1). Out of 
the patients with persistent metopic suture, frontal sinus  

Figure 1. Persistent metopic suture is seen as vertical line at the 
coronal midline of cranium in 3-dimensional volume rendered com-
puted tomography image of cranium in bone window.



308

Folia Morphol., 2013, Vol. 72, No. 4

No correlation between persistent metopic suture 
and frontal sinus development was detected (p > 0.05)  
(Table 3).

Table 1. The correlation between persistent metopic suture and 
frontal sinus atrophy

Atrophy Total

+ –

Metopic suture + 15 (24.6%) 46 (75.4%) 61

– 128 (22.5%) 442 (77.5%) 570

Total 143 488 631

Table 2. Side distributions of the patients with metopic suture and frontal sinus atrophy together

Metopic suture Atrophy Frequency Per cent Valid per cent Cumulative per cent

Exist Absent Missing System 46 100,0

Exist Valid Right 7 46.7 46.7 46.7

Left 2 13.3 13.3 60.0

Bilateral 6 40.0 40.0 100.0

Total 15 100.0 100.0

Absent Absent Missing System 442 100.0

Exist Valid Right 52 40.6 40.6 40.6

Left 16 12.5 12.5 53.1

Bilateral 60 46.9 46.9 100.0

Total 128 100.0 100.0

Table 3. P value of the c2 tests is 0.828 and showed no significant result related to frontal sinus agenesis or dismorphism associated 
with persistent metopic suture

Value df Asymp. Sig. (2-sided) Exact Sig. (2-sided) Exact Sig. (1-sided)

Pearson c2 0.143a 1 0.705

Continuity correctionb 0.047 1 0.828

Likelihood ratio 0.141 1 0.708

Fisher’s exact test 0.748 0.405

Linear-by-linear association 0.143 1 0.705

No. of valid cases 631
a0 cells (0%) have expected count less than 5. The minimum expected count is 13.82; bComputed only for a 2 × 2 table

atrophy was detected as 46.7% right-sided (Fig. 2),  
13.3% left-sided and 40% bilaterally. Bilateral deve-
lopment was found in 75.4% of the patients with 
persistent metopic suture (Table 2).

Frontal sinus atrophy was found in 22.5% of the 
patients without persistent metopic suture (Table 1).  
Out of the patients without persistent metopic suture, 
frontal sinus atrophy was detected as 40.6% right-
-sided, 12,5% left-sided and 46.9% bilaterally (Table 2).

Bilateral development was found in 77.5% of the 
patients without persistent metopic suture. 

Figure 2. The agenetic right compartment of the frontal sinus is 
seen in the axial image of cranium in magnetic resonance images.
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their major development, evolution of the frontal 
sinuses begin according to the continuous growth 
of the outer table in response of the stimulus of the 
growing nasomaxillary facial complex [27].

Many authors have performed descriptive or 
experimental studies regarding cranial sutures and 
their evolution either in man [9, 16, 19, 23], or in 
animals [3, 18, 23]. In these studies, histological and 
microradiographic aspect of the metopic suture was 
well defined before, during, and after its closure. 
Although there is abundant data about the closure of 
the metopic suture, little or no information is encoun-
tered on persistent form of it. Neither embryologic, 
nor histological information can be obtained from 
the investigations performed until today regarding 
the persistence of metopic suture and its relation to 
frontal sinus agenesis. Pneumatisation of the frontal 
sinuses occurs after the 5th or 6th postnatal year, while 
frontal bones and metopic suture are developing in 
early foetal life; thus there should be no embryologic, 
and temporal relation concerning the development 
of these 2 anatomic structures. Adverse effect of  
a persistent metopic suture on the development of 
the frontal sinuses seems unlikely. Conversely, it is well 
known that premature closing of the cranial sutures in 
craniosynostosis results in atretic frontal sinuses due 
to increased intracranial pressure hindering pneuma-
tisation of the sinuses. In a study conducted by Locher 
et al. [17], frontal sinus pneumatisation following 
bilateral fronto-orbital advancement was seen in 24 of 
33 patients with craniosynostosis [14]. On the other 
hand, individuals with persistent metopic suture are 
otherwise neurologically and physically normal.

There are publications suggesting the persistent 
metopic suture was associated with the absence of 
frontal sinus; however, none of them are based on  
a scientific work or explanation [2, 6]. Since the plain 
X-ray exams are not as sensitive as the CT and MRI 
studies, correct results from the investigations related 
to skull anatomy can be obtained from the CT and 
MRI scans, or from the autopsy material and cadavers 
only. Results acquired from the material consisting of 
X-rays are prone to misinterpretation arising either 
from the erroneous evaluation of the radiograms or 
their insufficient resolution. Baaten et al. [2] declared 
that the absence of frontal sinus was found in 7 of the  
8 cases of metopism in a study they carried out on  
968 skull X-rays. In that study they also admit that 
some irrelevant results to the literature they obtained 
could be due to the use of X-rays rather than cadavers.  

DISCUSSION
There are 2 types of cranial bones in the head; tho-

se formed through the ossification of a cartilaginous 
intermediate are known as ‘endochondral bones’, 
and those formed through the direct ossification in 
the mesenchyme are known as ‘membrane bones’ 
or ‘dermal bones’. 

The cranium is composed of 3 layers. The en-
dochranium, which encloses the brain and helps to 
form the sensory capsules that support and protect 
the olfactory organs, eyes, and inner ears; an exter-
nal protective layer of membrane (dermal) bones; 
and the viscerocranium that supports the jaws. The 
cranial bones can be divided into the neurocranium 
and viscerocranium. The neurocranium encompasses 
the bones surrounding and protecting the brain and 
sensory organs — the endochondral bones of the base 
of cranium and sensory organs, and the dermal bones 
of the skull vault. The viscerocranium encompasses 
the bones of face and pharyngeal arches [5, 26].

In humans, the chondrocranium is the portion of 
the skull formed by endochondral ossification. It is 
developed from 3 pairs of precursors. These cartilages 
contribute to the cranial base and, together with 
cartilaginous capsules that develop around the otic 
and nasal pits help to protect the brain and sensory 
organs. This portion of the skull is the first to form 
in the embryo. The flat bones of the cranial vault 
calvaria are consisted of membrane-bone armor that 
covers the skull.

The bones of the cranial vault do not complete 
their growth during foetal life. The soft, fibrous su-
tures allow them to continue growing throughout 
infancy and childhood. During foetal life, the so-called 
sutural space — metopic suture, separates 2 frontal 
bones; it consists of fibrous tissue and mesenchymal 
cells responsible for the growth of the frontal bones 
[18]. The metopic suture closes normally before the 
second year of life, while the closure of the rest of the 
calvarial sutures occurs between 26th and 36th month.

The frontal sinuses do not form until the 5th or  
6th postnatal year and they expand throughout ad-
olescence. Each frontal sinus actually consists of  
2 independent spaces that develop from different so- 
urces. One is developed from the expansion of the 
ethmoid sinus into the frontal bone, and other is 
developed from an independent invagination of the 
middle meatus of the nasal passage; they never coa-
lesce [25]. As the growth of the inner table ceases at 
the age of 6–7 when the frontal lobes have reached 
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Moreover, in many studies the absence of frontal si-
nuses was found at rates changing from 5% to 27.9% 
regardless of persistence of the metopic suture [12, 
15, 22].

Normal skull anatomy such as vascular grooves, 
developmental fissures, and straighter-appearing su-
ture lines of the lamina interna can mimic, and be 
mistaken for fractures. Persistent metopic suture is 
one of these markings and may cause misdiagnosis 
as a linear fracture. Misdiagnosed metopic suture 
may also cause therapeutic mistakes and unnecessary 
interventions. Neurosurgeons desire to be informed 
about all anatomical configurations on the skull be-
fore a cranial surgery. A persistent metopic suture 
should be revealed prior to a frontal craniotomy. It 
should be kept in mind that routine radiographs of 
the skull can be more sensitive than CT in the detec-
tion of linear fractures and other linear formations. 
Therefore, meticulous radiographic examinations, 
including 3-dimensional CT, should be performed for 
the correct diagnosis. On the other hand, prominent 
suture areas can also be noted in hydrocephalus, 
cerebritis, brain neoplasms, metastasis, leukaemia, 
lymphoma, and other causes of increased intracranial 
pressure [11, 24, 30].

No data were found correlating the persisten-
ce metopic suture to the frontal sinusitis and other 
pathologies of the frontal sinuses in the literature. 

 CONCLUSIONS
In the present study, no significant result was detec-

ted relating to frontal sinus agenesis or dismorphism 
that is associated with persistent metopic suture. We 
conclude that, although publications propounding 
metopism that leads to abnormal frontal sinus deve-
lopment are present in the literature, no reasonable 
explanation has been mentioned in these articles; and 
we believe that these findings are all incidental.
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