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The Relation Between the Metopic Suture Persistence
and Frontal Sinus Volume and Olfactory Fossa Depth:
A Reliability Study with Semiautomatic Volume
Measurement
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Objective: This study aims to investigate the relationship of the persistence of metopic suture (PMS), Online First: [9 November 202

frontal sinus volume (FSV), and olfactory fossa depth (OFD).

Methods: Tomography scans of 1,603 patients aged 18-65 years were evaluated for the presence of PMS. Corresponding Author
In the study, 74 PMS cases and 74 controls were included. The appearance of each individual’s frontal M. B. Eser
sinus was classified as aplasia, hypoplasia, or normal. Two observers independently measured the lateral
lamella length (LLL), OFD, and FSV. Interobserver agreement was evaluated with the intraclass correlation
coefficient (ICC) and Cohen’s kappa coefficient (i). Radiology, Istanbul, Turkey

Results: The prevalence of PMS was found to be 4.99% [95% confidence interval (Cl): 4.03-6.17]. The PMS = bilgineser@gmail.com
group had five times higher hypoplasia/aplasia than the controls (52.70%, 95% Cl: 41.48-63.66 and 10.81%, ORCID: 0000-0003-2490-9449
95% Cl: 5.58-19.91, respectively; p<0.001). An “almost perfect” agreement was detected among observers
for the frontal sinus appearance classification: k-0.807, p<0.001. The ICC of continuous measurements for
OFD, LLL, and FSV, respectively, presented “excellent” reliability: 0.956, 0.958, and 0.98I, with p<0.001 for
each. LLL was shorter, OFD was shallower, and FSV was smaller in the PMS group than the control group
(p<0.001). There was a moderate positive correlation between OFD, LLL, and FSV (r-0.306, r-0.302).

Conclusions: This study interprets that the presence of PMS is related frontal sinus development and
volume. With PMS, a smaller FS, shorter lateral lamella, and shallower olfactory fossa may be expected.
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Amac: Bu calisma, persistan metopik suttir (PMS) ile olfaktor fossa derinligi (OFD), ve frontal sintis voltimi
(FSV) arasindaki iliskiyi arastirmay1 amaglamaktadir.

Yontemler: Yaslari [8-65 arasinda degisen 1603 hastanin tomografileri PMS varligi agisindan
degerlendirildi. Yetmis dért PMS olgusu ve 74 kontrol calismaya dahil edildi. Her bireyin frontal sintis
gorinimi aplazi, hipoplazi veya normal olarak siniflandirildi. Lateral lamella uzunlugu (LLU), OFD ve FSV
Slgtimleri iki gozlemci tarafindan bagimsiz olarak yapildi. Gézlemciler arasi uyum degerlendirilirken, stirekli
degiskenler icin sinif ici korelasyon katsayisi (ICC) ve Cohen’s kappa katsayisi (i) kullanildi.

Bulgular: PMS prevalansi %4,99 [gtiven araligi (GA) %95: 4,03-6.17] olarak bulundu. Hipoplazi/aplazi, PMS
grubunda kontrol grubuna gore bes kat daha fazlaydi (sirasiyla %52,70; GA %95: 41,48-63,66 ve %10,81; GA
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%95: 5,58-19.91, p<0.001). Frontal sintis gortintim siniflandirmasi icin gozlemciler arasinda “mtikemmel” bir uyum tespit edildi: k-0.807. p<0,001. OFD, LLU ve
FSV icin ICC “mitkemmel” giivenilirlik sundu: Her biri icin sirasiyla 0,956, 0,958 ve 0,981 ve p<0,001. PMS grubunda, LLU daha kisaydi, OFD daha sigd1 ve
FSV. kontrol grubuna gére daha kuguktti (her biri igin p<0,001). OFD, LLU ve FSV arasinda orta derecede pozitif korelasyon vardi (r-0.306. r-0.302).

Sonuclar: Bu calismanin sonucunda, PMS'nin frontal siniis gelisimi ve volumii ile iliskili oldugu bulunmustur. PMS varliginda daha kiictik bir FS, daha kisa

lateral lamella ve daha az derin olfaktér fossa beklenebilir.

Anahtar kelimeler: Metopik siittir, bilgisayarli tomografi, 3D gériintiilleme, frontal siniis, olfaktér oluk

INTRODUCTION

The metopic suture (MS) is a cranial suture that starts
at the anterior fontanelle and extends to the nasion.
MS often closes in early childhood. In the event of non-
closure, a variation known as “persistent MS (PMS)” is
used'?. The pneumatization of paranasal sinuses (PNS)
might vary depending on anatomic variations. Although
PMS is an anatomical variation, the suture may be
misdiagnosed as a frontal bone fracture'. It is possible
that being aware of this persistence will help prevent
misdiagnosis. To evaluate pneumatization variations of
PNS and the relation with adjacent anatomical structures,
computed tomography (CT) is the most used reference
imaging technique*®.

As Keros’ described previously, olfactory fossa depth
(OFD) and lateral lamella length (LLL) are relevant, and
a deeper OF increases the risk of iatrogenic injury. A
preoperative evaluation of this area is necessary to avoid
damage and to abate potential complications, such as
cerebrospinal fluid leakage, epistaxis, and hematoma.

We hypothesized that the OFD, LLL, and frontal sinus
volume (FSV) of individuals with PMS would differ from
those without PMS since OFD, LLL, and FSV development
may be negatively correlated with PMS.

MATERIALS and METHODS

Istanbul Medeniyet University Goztepe Training and
Research Hospital Clinical Research Ethics Committee
approved this retrospective case-control study (decision
no: 2019/0133, date: 27.03.2019), and the informed patient
consent was waived by the Institutional Review Board.
The STROBE statement was followed?®.

Brain CT images from the archive taken between
January and May 2019 were re-evaluated in this
retrospective study. The majority of the CTs were for head
trauma, stroke, and headache. The frontal sinuses become
visible radiologically at the age of 6, and they grow to
adult sizes in adolescence®. As a result, an age range
of 18-65 years was covered. A total of 1,603 Caucasian
patients were screened; those with PMS were included
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in the case group, and the control group was formed by a
random selection method from screened patients.

The inclusion criteria for the case group were as
follows: presence of CT images with a cross-sectional
thickness of 1.25 mm in the bone algorithm and complete
imaging of the PNS: and presence of consistent frontal
MS. The control group was formed from the participants
who met the same criteria but did not have MS.

The exclusion criteria for both groups were as follows:
inadequate CT imaging of the LL and OF; and changed
sinus anatomy as a result of trauma or other reasons
(infections, polyposis, tumor, remodeling of bone). There
were 74 PMS cases and 74 controls in the study.

Computed Tomography Imaging

All the cranial CT scans (GE Optima CT660 GE
Healthcare, Milwaukee, WI) were performed at our
hospital. The scanning range included from the vertex
to the atlas masses, and data were collected with a GE
system equipped with a 512512 matrix detector. The slice
thickness was 1.25 mm.

Frontal Sinus Volume Measurement Protocol and
Frontal Sinus Appearance Classification

Slicer software, version 4.10.2 (https://www: slicer.org)
was used for volumetric measurements (Figure I). The axial
images with bone window were used, and measurements
were made independently using the semiautomatic
“segment editor” module and “level-tracing” application.
After segmentation, segment volume was calculated
using the “segment statistics” module. Each observer
measured the FSV of both groups independently and
noted the values in cubic centimeter. Cases where the
FSs could not be measured volumetrically were accepted
as aplasia.

LLL was measured as the lateral border of the
cribriform plate (Figure 2)’. Two observers for both sides
measured the LLL and OFD values, and the mean values
were calculated. Using the guidelines that Guerram et
al? recommended, the FSs were classified as aplasia,
hypoplasia, or normal.



Statistical Analysis

The Kolmogorov-Smirnov test showed normal data
distributions for OFD and LLL, but not for FSV. To compare
OFD and LLL, t-test was used. The FSV values were
compared using Mann-Whitney U test. In each group,
the right and left measurements paired. Spearman’s
correlation was performed to understand the relation
between FSV and OFD and LLL. Interobserver agreement
was evaluated with the intraclass correlation coefficient
(ICC) for continuous variables, and with Cohen’s kappa
coefficient (k) for ordinal variables (FS appearance
classification). ICC values less than 0.5 are indicative
of poor reliability, values between 0.5 and 0.75 indicate
moderate reliability, values between 0.75 and 0.9 indicate
good reliability, and values greater than 0.90 indicate
excellent reliability. Kappa values <O were considered as
having no agreement, 0.01-0.20 as none toslight, 0.21-0.40
as fair, 0.41-0.60 as moderate, 0.61-0.80 as substantial,
and 0.81-1.00 as almost perfect agreement. OFD and
LLL subgroup analyses were performed with a t-test
and analysis of variance. The MS group contained three
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subgroups (normal, hypoplasia, and aplasia); the control
group included two subgroups (normal and hypoplasia).
FSV subgroup analysis for MSs was performed using
the Kruskal-Wallis and Mann-Whitney U tests for the
control group. Receiver operating characteristic curve
analyses were used to calculate the cutoff value between
hypoplastic and normal appearance FSVs. The data were
analyzed using IBM SPSS Statistics for Mac OS X (Version
22.0., IBM Corp., Armonk, NY). The level of statistical
significance was accepted at p<0.05. Power analysis was
performed using G* Power 3..9.3 for Mac Os X (http://
www.gpower.hhu.de/) and analysis was done post-hoc.
The standardized effect size was d-0.90, alpha -5%, the
retrospective power value was 99.95%.

RESULTS
Demographics

Mean age was 46.88:13.07 for the PMS group and
40.05:14.62 for the controls. Demographic distribution is
summarized in Table 1. This study found PMS prevalence
to be 4.99% [95% confidence interval (Cl): 4.03-6.17] for

Figure 1. Coronal reformatted CT images and 3D reconstructed images (A and B). The PMS is exhibited with black arrows
on the midline (A). The FSV appears smaller in the PMS patient (A).

FSV: Frontal sinus volume, CT: Computed tomography, PMS: Persistence of metopic suture
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the screened population (female: 45/793, 5.67%, 95% Cl:
4.27-7.51 and male: 35/810, 4.32%, 95% CI: 3.12-5.95).

Interobserver Agreement for Frontal Sinus
Appearance and Interobserver Reliability for
Measurements

In the FS appearance classification, an “almost
perfect” agreement was detected between observers;
k-0.807, p<0.00l. ICC of continuous measures presented
“excellent” reliability for OFD, LLL, and FSV respectively:
0.956, 0.958, and 0.98l, and p<0.001 for each.

Frontal Sinus Volume, Lateral Lamella Length,
and Olfactory Fossa Depth

In the PMS group, hypoplasia/aplasia prevalence
(52.70%, 95% ClI: 41.48-63.66) was found to be
approximately fivefold higher than that of controls (10.81%,
95% CI: 5.58-19.91). Especially in the female PMS group,
the difference was more proclaimed, and hypoplasia/
aplasia prevalence was higher than the male PMS group
(63.41%, 95% Cl: 48.12-76.41, and 39.39%, 95% Cl: 24.68-
56.32, respectively; p-0.025).

Mean values for all individuals were comparatively
evaluated; a significant difference was observed in OFD,
LLL, and FSV between the PMS and the control group.
Outcome measures for both groups are summarized in
Table 2.

Subgroup Analysis Based on Frontal Sinus
Appearance

The subgroups formed according to FS appearance
were analyzed; aplasia was not detected in the control
group. The volumetric evaluation of the FSs shows that
the volume of FSs of the PMS group was lower than the

Figure 2. Coronal reformatted CT images. The OFD is
less, and the LLL is shorter in the PMS patient (A, B). The
OFD is deeper and the LLL is longer in the control group
(C, D).

LLL: Lateral lamella length, OFD: Olfactory fossa, PMS:
Persistence of metopic suture, CT: Computed tomography

Table 1. Gender statistics and outcome measures for both groups.

. OFD (mm) LLL (mm) FSV (cm?)
Metopic Frequency
Gender
suture n (%)
Mean + SD p-value Mean * SD p-value | Mean * SD p-value
Female 41 (55.4) 5.08:1.78 5.83:1.68 4.45:3.05
Metopic 0.186 0.802 0.008*
Male 33 (44.6) 4.58:1.28 5.74:1.26 7.64:5.83
Female 41(55.4) 6.31:1.77 7.11:1.65 8.99:5.36
Control 0.919 0.548 0.021*
Male 33 (44.6) 6.35:1.55 7.35:1.71 12.58+7.12

deviation

*Statistically significant result in the Mann-Whitney U test. FSV: Frontal sinus volume, LLL: Lateral lamella length, OFD: Olfactory fossa depth, SD: Standard

Table 2. Measurements for both groups.

Metopic suture N Mean SDh P
Metopic 74 4.86 1.59

OFD <0.001*
Control 74 6.32 1.66
Metopic 74 5.79 1.50

LLL <0.00r1*
Control 74 7.21 1.67
Metopic 74 5.88 476

FSV <0.001*
Control 74 10.59 6.42

*Statistically significant. FSV: Frontal sinus volume, LLL: Lateral lamella length, OFD: Olfactory fossa depth, SD: Standard deviation
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control group, although according to the appearance,
they were classified as normal. Participants with the
same subgroup (normal and hypoplasia) were compared
between metopic and control groups; all measurements
(OFD, LLL, and FSV) were significantly higher in the
control group. Details of all subgroup analysis results are
given in Figure 3.

Using with receiver-operating characteristic analysis,
a cutoff value of 4.55 cm?® was found to quantitively
differentiate hypoplastic and normal appearance
subgroups (area under the curve -0.99; 95% confidence
interval:  0.985-1.000; p<0.00l; sensitivity: 96.0%;
specificity: 97.9%).

Correlation Between Frontal Sinus Volume and
Olfactory Fossa Depth and Lateral Lamella Length

Spearman’s correlation test was applied to the case
and control groups to understand the compatibility
between the measurements of OFD, LLL, and FSV. For
mean LLL, the Spearman rho value for correlation with
OFD was 0.824 (p<0.00I). There was a moderate positive
correlation between LLL and FSV (rho -0.306, p<0.001)
and between OFD and FSV (rho -0.302, p<0.00l).

B. Atalay and M.B. Eser, Relationship Between PMS and FSV, OFD

DISCUSSION

Prevalence of Persistent Metopic Suture

There was a significant difference in OFD, LLL, and
FSV between the PMS and the control group (p<0.00I).
The development of these adjacent anatomical structures
seems to be related. With the presence of PMS, a smaller
FS, shorter LL, and less deep OF may be expected.

The prevalence of PMS differs among genders®.
According to an X-ray analysis of the skull, PMS prevalence
is 1.75%, with men having a relatively higher frequency
than women. In that study, most individuals with
complete MS did not have the FS". In another radiographic
study. Guerram et al.? used a simple classification for FS
pneumatization and reported that an absence of or a
small FS was more frequent in skulls with PMS. In a more
recent study using CT and magnetic resonance imaging
together, PMS prevalence was reported to be 9.7%. The
study found no significant correlation between the
presence of PMS and the development of the FS“. It has
been suggested that this might be due to the use of the
X-ray technique. However, studies in which CT images
were used did show a relation between PMS and the FS.
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Figure 3. This diagram presents the relationship between the subgroups of the frontal sinus (aplasia, hypoplasia, and
normal) with olfactory fossa (OFD) (A), lateral lamella length (LLL) (B), and frontal sinus volume (FSV) (C). Comparisons
were made within groups for both the metopic and control groups and across the same subgroups.

The OFD and LLL measurements of persistence of metopic suture (PMS) patients increased from aplasia to normal appearance between
the three subgroups, but this difference was not significant (A: *p-0.059; B: *p-0.179). Similarly. there was no significant difference
between the subgroups in the control group for OFD and LLL (A: **p-0.861; B: **p-0.775). Across-group comparison of hypoplastic FS
participants: individuals from the control have deeper OFD (A: ***p-0.006) and longer LLL than the PMS group (B: ***p-0.019). Again,
this comparison was made for the FSs with normal appearance; a significant difference was found for OFD (A: ****p-0.002) and LLL (B:
****p=0.001). FSV exhibited a significant difference between the subgroups in both the metopic group and the control group (C: *p<0.00I;
C: **p<0.001). Although the normal subgroup’s FSV in the PMS group was less than the control group. there is no significant difference
between the metopic and control groups. The FSV did not differ between the metopic and the control groups for hypoplastic and normal
FS appearance participants (C: “**p-0.222 and ****p-0.076).
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The Relation Between PMS and OFD, LLL, and
FSV

The relationship between FSV and OFD, as well as the
relationship between PMS and FSV, have been previously
studied®*". This study evaluated the relation between PMS
and OFD, LLL, and FSV. The semiautomatic measurement
of FSV provides a reliable quantitative evaluation for the
FSV.

OFD is less deep and LLL is shorter in the PMS
group. These results might be related to the presence
of hypoplasia/aplasia at a higher rate in the PMS group.
However, the most effective variable on OFD and LLL
seems to be the presence of PMS (Figure 3). The cutoff
value for FS hypoplasia was calculated as 4.55 cm®. The
semiautomatic method, which we recommend, provides a
volumetric quantitative evaluation for FS.

Although studies have shown that OFD increases
when an FS is over-pneumatized, the effects of FSV on
OFD are controversial*®. Kayabasi et al® claimed that
the pneumatization defects of the frontal, maxillary, and
sphenoid sinuses were associated with a deeper OF and
a longer LL. However, these results are inconsistent with
the literature®. Although the evaluation of the relation
between maxillary and sphenoid sinus pneumatization
with OFD provides a different perspective, the
developmental relation and time are different from the FS.

This study evaluated PMS association with OFD, LLL,
and FSV and hypothesized the relation in the development
of these adjacent anatomical structures. A significant
relation was found between PMS and OFD, LLL, and FSV.
These results support the hypothesis of the current study.
The possible mechanism of this association is a relation in
the development process.

To prevent bias, two independent observers evaluated
FSV, OFD, and LLL without knowing each other’s
results. While the volumetric measurements provide a
quantitative value for FSV, the interobserver evaluation
improves the reliability of the study.

Clinical Importance of Preoperative Imaging

The use of endoscopic sinus, pituitary, and nasal
septum surgeries is becoming more common'. Life-
threatening conditions, such as a cerebrospinal fluid
leak, epistaxis, postoperative hematoma, meningitis are
common complications in these surgeries. Because of
the anatomical proximity of the frontal sinus to the orbit
and anterior skull base, neurosurgeons must consider
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this when performing supraorbital craniotomy”. Previous
research has suggested that an increase in OFD may be
associated to a higher risk of complications®. This study
found a positive correlation between FSV and OFD.
Previous studies supported these findings and reported,
stating that individuals with a hyper aerated FS seem to
be more prone to the risk of complication>¢®, During the
skull base surgery, the LL as the thinnest part of the skull
base is a common risk site'. It is an expected result that
this risk will increase with deeper OF and longer LL. With
our results, it could be said that individuals with hypoplasia
or aplasia of FS had less deep OF and short LL. In this
context, FSV will be a mark in terms of measurement of
skull base depth, especially in patients before the skull
base surgery. Since there is a relation between PMS and
FSV according to the results of the current study, the
anatomical variants and the OFD should be evaluated.

Study Limitations

One of our study’s limitations is the retrospective
style. Since the deep OF is undesirable anatomy for skull
base surgery due to possible complications, it is important
to understand these anatomical details. However, we
did not evaluate the possible complications with these
anatomical differences, which could be another limitation
of the study. Further prospective studies with larger
series that evaluated this point would provide a more
reliable perspective.

CONCLUSIONS

The presence of PMS may reflect the development and
volume of the frontal sinus. With the presence of PMS, a
smaller FS, shorter LL, and less deep OF may be expected.
The imaging information of these anatomical variants
may have an influence on avoiding surgical complications.

Published in: The preliminary findings of this study
presented in the Turkish Society of Neuroradiology, 29
Year Annual Meeting with International Participation,
on February 14-16, 2020, Istanbul, Turkey. The scientific
abstract was published on the relevant issue of
Neuroradiology, the official journal of the Turkish Society
of Neuroradiology.
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