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Abstract

Agenesis of the paranasal sinuses is an uncommon clinical condition that appears mainly in the
frontal (12%) and maxillary (5-6%) sinuses; in some populations, it appears at a higher pro-
portion. This study investigated the prevalence of agenesis of the frontal sinuses using dental
volumetric tomography (DVT) in Turkish individuals. The frontal sinuses of 410 patients were
examined by DVT scans in the coronal planes for evidence of the absence of the frontal si-
nuses. A bilateral and unilateral absence of the frontal sinuses was seen in 0.73% and 1.22% of
cases, respectively. In one case, both agenesis and aplasia of the frontal sinus was seen (0.24%).
The low percentage of frontal sinus agenesis must be considered during pre-surgical planning
related to the sinuses. DVT may be used as a diagnostic tool for the examination of frontal

sinus aplasia.
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Introduction

The frontal sinus is contained within the frontal
bone and is situated behind the supercilliary arch
[1,2]. The two irregularly shaped frontal sinuses are
separated completely by a bone septum, which is ap-
proximately located in the midline [2-4]. The frontal
sinus is vulnerable because of its close relationship to
other anatomical structures, such as the anterior skull
base or the orbit [5]. The frontal sinuses arise from one
of several outgrowths that originate in the region of
the frontal recess of the nose, and their site of origin
can be identified on the mucosa as early as 3 to 4
months in utero. Less commonly, the frontal sinus
develops from anterior ethmoid cells of the infundib-
ulum [6-8]. The frontal sinuses are essentially the only
paranasal sinuses that are absent at birth, because, on
average, these sinuses do not reach up into the frontal
bone until about the age of 6 years. Their develop-

ment is quite variable but effectively appears to start
only after the second year of life [4,8,9]. By the age of 4
years, the average cranial extent of the frontal sinus
reaches half the height of the orbit and extends just
above the top of the most-anterior ethmoid cells. By
the age of 8 years, the top of the frontal sinuses is at
the level of the orbital roof, and by the age of 10 years,
the sinuses extend into the vertical portion of the
frontal bone. The final adult proportions are reached
only after puberty [4,8-10]. The volume of the frontal
sinus is highly variable, ranging from 0 to 37 cc with a
mean of 10 cc [2]. Variability in the size and aspect of
the frontal sinus is usually found in individuals of the
same age [11,12]. Because the left and right frontal
sinuses develop independently, a significant asym-
metry between these sinuses can arise in the same
individual [2].
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The paranasal sinuses have been thought to
contribute to voice resonance, to humidify and warm
the inspired air, to increase the olfactory membrane
area, to absorb shock to the face and head, to provide
thermal insulation for the brain, to contribute to facial
growth, to represent vestigial structures, and to
lighten the skull and facial bones [8].

The exact drainage system of the frontal sinus
depends on its embryologic development [2,13]. The
drainage usually occurs directly into the frontal recess
[14] or into the frontal recess by way of rudimentary
anterior ethmoidal cells [2,13-15]. The frontal recess is
a deep anterosuperior depression in the middle mea-
tus, which forms a closed channel in its upper surface
called the frontonasal duct [13-16]. The shape, dimen-
sions, and limits of the frontal recess are determined
by its surrounding structures [2], and a frontal sinus
cannot exist without a recess [5]. However, anatomical
variants may alter the configuration of the frontal recess
[4,8]. When a frontal sinus is agenetic, the contrala-
teral sinus may expand and cross the midline toward
the agenetic side, which mimics the presence of bilat-
eral frontal sinuses [1]. CT scans of agenetic patients
show almost normal frontal recesses and sinuses,
although there is only one frontal sinus ostium. The
size of the sinus and, therefore, its anatomic relation-
ships also depend upon the extent of pneumatization
[11]. The extent of pneumatization results in the indi-
vidual size and shape of the frontal sinus. An absence
of pneumatization in the frontal bone results in frontal
sinus aplasia [1]. This kind of variation should make
sense for otolaryngologists because complications
may develop during endoscopic surgery for such an
agenetic frontal sinus if it is not detected in advance
[5]. Although frontal sinus aplasia is not rare in the
literature, the frequency of frontal sinus agenesis is
variable between different populations [1,3,5, 17-19].
Occasionally, one or both sinuses may be absent. The
prominence of supercilliary arcs does not indicate the
absence, presence or size of the frontal sinus [3].

The objective of this study was to investigate the
prevalence of frontal sinus aplasia and agenesis using
dental volumetric tomography in a population of
Turkish individuals.

Materials and methods

We designed a retrospective study consisting of
images of 410 patients (190 male, 220 female; aged 15
to 69 years; mean age, 33 years 7 month * 13 years 9
month) who presented at our clinic between June 2008
and September 2010. Dental volumetric tomography
(NewTom-FP; Quantitative Radiology, Verona, Italy)
scanning was performed on patients who were resting
in supine positions. Positioning of the patients” heads

was performed using two light-beam markers. The
vertical positioning light was aligned with the pa-
tients” mid-sagittal lines, which helped to keep the
head centered with respect to the rotational axis. The
lateral positioning light was centered at the level of
the sinus, indicating the optimized center of the re-
construction area. In addition, the head position was
adjusted in such a way that the hard palate was par-
allel to the floor, while the sagittal plane was perpen-
dicular to the floor. Dental volumetric tomography
DVT scans with 0.5-mm slices in the coronal plane
were obtained. Imaging parameters were kV=110,
mA=10, and FOV=140 mm. The output was automat-
ically adjusted during a 360° rotation according to
tissue density (automatic exposure control system).
Two dental radiologists in this study evaluated the
DVT images using DVT software (Quantitative Radi-
ology, NNT Software version 2.21, Verona, Italy) with
respect to aplasia and agenesis of the frontal sinus on
coronal images based on a method proposed by Eg-
gesbo et al. [20]. In this method, frontal sinus aplasia
was defined as the absence of frontal bone pneuma-
tization with no ethmoid cells extending above a line
tangential to the supraorbital margin. Frontal sinus
aplasia was also defined by an oval-shaped sinus with
the lateral margin medial to a vertical line drawn
through the middle of the orbit (vertical line) with a
smooth superior margin and with an absence of the
sinus septa (Fig. 1).

Fig. 1. Frontal sinus aplasia is defined as the absence of
frontal bone pneumatization with no ethmoid cells ex-
tending above a line tangential to the supraorbital margin
(horizontal line). Frontal sinus aplasia is also defined by an
oval-shaped sinus with the lateral margin medial to a vertical
line drawn through the middle of the orbit (vertical line)
with a smooth superior margin and an absence of the sinus
septa [20].
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Table 1. Frequency of frontal sinus agenesis

Sex n Frontal Sinus Agenesis
Bilateral Unilateral
Right Left
Male 190 1(0.24%) 2(0.49%) 0(0.0%)
Female 220 2(0.49%) 1(0.24%) 2(0.49%)
3(0.73%) 2(0.49%)
Total 410 3(0.73%) 5 (1.22%)

Images were viewed in a darkened room on 2
computers with 17-inch LCD monitors with the same
screen resolution. Because the frontal sinuses do not
attain adult size until puberty, the minimum age of
these cases was 15 years. A weighted kappa test was
performed to determine the reliability of this method.
Intra- and inter-observer agreement was analyzed
using the weighted kappa test.

Results

In the DVT scans, both agenesis (on the right)
and aplasia (on the left) were seen in one case (0.24%;
Fig. 2). The results from the present study are sum-
marized in Table 1. The weighted kappa values for
intra-observer reliability were 0.89 and 0.93 for the
first and second observer, respectively. The weighted
kappa value for inter-observer reliability between
observers 1 and 2 was 0.86.

Fig. 2. Unilateral absence of the frontal sinus; on the right,
the absence of the frontal sinus, and on the left, the limited
aeration of the frontal sinus; axial view (A), right sagittal
view (B), and left sagittal view (C); sequential coronal slices
of frontal sinuses (D, E, F).

Discussion

The variations in the anatomy of the frontal sinus
may be critical for morphological or forensic investi-
gations and for neurosurgeons performing pterional
or supraorbital craniotomy because of the proximity
of the sinus to the orbit and the anterior skull base [5].
The frequency of bilateral absence of the frontal sinus
has been reported in 3-4% to 10% of several popula-
tions [1]. However, this frequency was significantly
higher in some populations, including Alaskan Es-
kimos (25% in males and 36% in female) and Cana-
dian Eskimos (43% in males and 40% in female)
[21,22]. According to the literature, the frequency of a
bilateral absence of the frontal sinuses (Fig. 3) in this
study was lower than that reported for most ethnic
populations. In addition, previous researchers have
reported that a greater frequency of bilateral frontal
sinus agenesis occurs among females than among
males, which is similar to the findings in our study
(Table 1) [1,5, 21].

The incidence of a unilateral absence of the
frontal sinus has been reported to be between 0.8%
and 7.4% [1,18,23]. In this study, the incidence of a
right unilateral frontal sinus agenesis was 0.49% in
males and 0.24% in females (Fig. 4), whereas the in-
cidence of a left unilateral sinus absence was 0.49% in
females and was not observed in males (Table 1).
Yoshino et al. [24] reported that the frequency of a
unilateral sinus absence was 14.3% for males (9.5%
right, 4.8% left) and 7.1% for females (7.1 right, 0.0%
left). Nowak and Mehls [25] reported that the fre-
quency of a unilateral absence of the frontal sinus was
7.4% for adults (4.2% right, 3.2% left). The frequency
of a unilateral sinus absence was reported to be 1% by
Schuller [26], which is similar to the frequency in our
study (1.22%). Spaeth et al. [27] noticed that agenesis
of the frontal sinus was more frequent in women.
Aydinlioglu et al. [1] reported that the incidence of a
left unilateral agenesis of the frontal sinus was higher
than that of a right unilateral agenesis in men, which
was the opposite of the case in women. In addition,
the authors also reported that a greater frequency of
unilateral agenesis of the sinus occurs among females.
In contrast with the study performed by Aydinlioglu
et al. [1], however, we found a higher frequency of a
right unilateral absence of the frontal sinus than a left
unilateral absence in men, but our results in women
were similar to those of Aydinlioglu et al. [1]. Addi-
tionally, we found a higher frequency of left unilateral
absence in females than in the males, in agreement
with other studies [1,5, 21].
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Fig. 3. Bilateral absence of the frontal sinuses; axial view
(A\), right sagittal view (B), left sagittal view (C); sequential
coronal slices of frontal sinuses (D, E, F).

Fig. 4. Unilateral absence of the frontal sinus; on the left,
the absence of frontal sinus; axial view (A), coronal view (B),
and sagittal view (C).

The frequency of bilateral and unilateral agene-
sis of the sinuses in this study differed from frequen-
cies reported for most ethnic populations. The dis-
crepancy between the frequency in our population
and that in other populations may be due to the
number of patients examined, the patient sample, and
the difference in the examining techniques and
equipment. In addition, constitutional (age, gender,
hormones, and craniofacial configuration) and envi-
ronmental (climatic conditions and local inflamma-
tions) factors control the frontal sinus configuration
within each population and contribute to the abnor-
mal development of the frontal sinus [1,5,18,27]. There
is a direct relationship between the mechanical
stresses of mastication and frontal sinus enlargement
[8, 28,29] and if there is persistence of a metopic su-
ture, the frontal sinuses are small or absent [8-10]. The
form of the face and forehead in the presence of a
metopic suture conforms to the evolutionary trend of
the skull [30]. In addition, Eggesbg et al. [20] sug-
gested that anatomic paranasal sinus variations might

be more common in genetically verified cystic fibrosis
patients due to less well-developed paranasal sinuses.

In conclusion, the low percentage of the frontal
sinus agenesis must be taken into consideration dur-
ing the pre-surgical planning related to the sinus. In
addition, a greater frequency of bilateral frontal sinus
agenesis occurs among females than among males. In
males, unilateral frontal sinus agenesis might be more
common on the right side, but in females, the opposite
is the case. The preoperative recognition of the frontal
sinuses is a prerequisite for any successful surgical
procedure because of individual anatomic variations.
Therefore, the analysis of DVT images of the frontal
sinus is a useful tool to identify its size and configu-
ration and to minimize the risk factors associated with
surgical procedures.
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