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Abstract

Objective. To determine the association between frontal sinus pneumatisation and concomi-
tant anatomical variations in paranasal sinuses as seen on computed tomography.
Methods. A total of 403 patients who underwent paranasal sinus computed tomography were
allocated to three groups according to the degree of frontal sinus pneumatisation (type 1 –
hypoplasia; type 2 – medium size; and type 3 – hyperplasia). In this unique model, the
prevalence of ipsilateral variations on paranasal sinuses on each side of the head were analysed
separately within each pneumatisation group.
Results. The type 3 frontal sinus pneumatisation group showed a greater association with ipsi-
lateral variations of the sphenoid bone. Variations included pneumatisation of the anterior
clinoid process, lateral sphenoid recess, pterygoid process and greater wing, and exposure
of Vidian canal. This group also showed significant associations with male gender, and the
presence of frontal and Onodi cells.
Conclusion. Interpretation of the paranasal sinus variations is imperative for pre-operative
evaluation in functional endoscopic sinus surgery, particularly in patients with frontal sinus
hyperplasia. Attention to variation on the ipsilateral side is informative.

Introduction

The frontal sinuses generally appear by the age of 1 year, and their growth is almost com-
plete at the age of 20 years.1 The embryological development of the frontal sinus is
thought to originate from the frontal recess2 – a complex space within an inverted funnel-
like area in which the apex is at the frontal ostium on a sagittal view.3 This recess is an
embryological continuation of first (agger nasi and uncinate process) and second (bulla
ethmoidalis) ethmoturbinalles.2 The sinus is thought to be a superior extension of anter-
ior ethmoid cells between anterior and posterior tables of frontal bone.4

Frontal sinus pneumatisation is highly variable, even between monozygotic twins and
indeed even within the same individual, ranging from aplasia to hyperplasia.5 Its patterns
have been traditionally classified as aplasia, hypoplasia, of medium size and hyperplasia,
according to computed tomography (CT) measurements.6,7 The extent of frontal sinus
pneumatisation is determined in relation to fixed landmarks, including, the supra-orbital
line, initially introduced by Libersa and Faber in 1958.8 Another component was subse-
quently introduced as a landmark – a vertical line at the midpoint of both orbits parallel
to midsagittal line (mid-orbital line).6,9 The superomedial angle of the orbital cavity has
also been used as a landmark.10

Some authors found size categorisation of frontal sinus pneumatisation to be difficult,
as it often has an asymmetrical configuration in each subject. They proposed a system of
classification by calculating area size and measuring the degree of bilateral asymmetry, the
form of scalloping, and the number of septa and complete cells. Each parameter was given
a class according to its variation.11,12 Some authors used the term ‘frontal sinus hyperaera-
tion’; however, this is a separate and rare entity, of uncertain aetiology, which defines
pneumatisation beyond physiological borders.13 A brief literature review of previous rele-
vant studies showed that the majority were concerned with the morphology of frontal
sinuses, within the context of forensic medicine, focusing on the identification of
unknown people.12,14

The degree of frontal sinus pneumatisation may indicate concomitant anatomical var-
iations in adjacent sinuses and be of paramount importance in the interpretation of sinus
anatomy pre-operatively.14,15 This association, however, was limited to patients with the
same type of frontal sinus pneumatisation on both sides, and the laterality of concomitant
variations was not specified.15

In order to address issues of asymmetry and laterality, we introduce a unique model to
determine more accurately the association between frontal sinus pneumatisation and ana-
tomical variations, by analysing CT scans of the sinus for each side of the head separately
and focusing on ipsilateral associations.
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Materials and methods

Our institutional review board appraised and approved the
study protocol. We reviewed the scans of patients who under-
went sinus CT (using the picture archiving and communica-
tion system by Multivox, Seoul, Korea) at our hospital
between February 2018 and February 2020. All subjects under-
went sinus CT examination in a supine position. A 16-slice CT
scanner (MX16 Evo2 CT scanner; Philips India, Mumbai,
India) was used. All scans were analysed on coronal sections
(3 mm slices, as per hospital protocol) and were evaluated
by an experienced rhinologist (KHB).

Subjects

A total of 403 individuals who underwent sinus imaging were
recruited from the radiological database. Their mean age was
40 years (range, 18–77 years). There were 211 males (52 per
cent) and 192 females (48 per cent), with a male-to-female
ratio of 1.1:1. Males and females were of a similar age (40.7 vs
38.8 years). Inclusion criteria consisted of patients aged over
18 years who underwent sinus imaging for suspected chronic
sinusitis. Patients with frontal sinus aplasia, or a previous his-
tory of sinus surgery, sinonasal tumours or trauma to the
face, were excluded from the study.

Because of restraints imposed by sinus asymmetry and the
laterality of concomitant variation, frontal sinus evaluation was
conducted separately for each side of the head (n = 806). We
then related it to prevalence of sinus variation on the ipsilateral
side. We compared our findings with the literature.

The degree of frontal sinus pneumatisation on paranasal
sinus CT scans was determined in relation to two anatomical
lines observed on coronal sections, as previously described:6,9

specifically, a horizontal line tangent to the superior edges of
both orbits (supra-orbital line), and a vertical line across
the midpoint of both orbits, parallel to midsagittal line
(mid-orbital line). Accordingly, we categorised patients into
three frontal sinus pneumatisation groups: type 1 – frontal
sinus pneumatisation stays below the supra-orbital line; type
2 – frontal sinus pneumatisation continues beyond the supra-
orbital line, but stays medial to the mid-orbital line; and type
3 – frontal sinus pneumatisation continues beyond the supra-
orbital line and crosses lateral to the mid-orbital line (Fig. 1).

The following anatomical variations were related to frontal
sinus pneumatisation, as previously described:15,16 gender;
presence and direction of the nasal septal deviation; extensive
maxillary pneumatisation (categorised into three types (I–III)
according to the horizontal and vertical dimensions of the
maxillary sinus); presence of middle concha pneumatisation;
presence of ethmoidal air cell variations (namely, agger nasi,
Haller and Onodi cells); pneumatisation of sphenoid bone;
and Vidian canal type.

Sphenoid bone pneumatisation, as measured on CT scans
in the coronal plane (Fig. 2), includes pneumatisation of the
anterior clinoid process, lateral sphenoid recess, pterygoid pro-
cess and greater wing of the sphenoid. Lateral sphenoid recess
pneumatisation has three types:17 type I – pre-Vidian, absent
pneumatisation in the pterygoid recess; type II – intercanal,
partially pneumatised pterygoid recess; and type III – post-
rotundum, extensively pneumatised pterygoid recess. The
Vidian canal has three types:18 type 1 – canal is completely
inside the sphenoid sinus; type 2 – canal is partially protruding
into the sphenoid sinus; and type 3 – canal is completely
embedded in the sphenoid corpus.

Analysis

Statistical analysis was performed using SPSS software, version
12.0 (SPSS, Chicago, Illinois, USA). Categorical and ordinal
variables were summarised as frequencies and percentages.
The associations of demographics and pneumatisation pat-
terns with the prevalence of anatomical variations were
assessed for statistical significance: univariate analysis was per-
formed using the Pearson’s chi-square test for categorical and
ordinal variables. Where p≤ 0.05, the finding was considered
statistically significant.

Results

Imaging scans for each side of the participants’ heads were
divided into three groups according to frontal sinus pneuma-
tisation type, and prevalence of ipsilateral anatomical variants
for each type was evaluated separately, as demonstrated in
Table 1.

There was significantly more type 2 and 3 frontal sinus
pneumatisation in males ( p < 0.001), as well as a positive
association with anterior clinoid process pneumatisation
( p < 0.001). There was a significant association between frontal

Figure 1. Paranasal computed tomography image of type 3 frontal sinus pneumati-
sation on coronal plane, demonstrating a horizontal supra-orbital line and two ver-
tical mid-orbital lines. Frontal sinus pneumatisation in this type continues beyond
the supra-orbital line and crosses lateral to the mid-orbital line.

Figure 2. Left sphenoid sinus: area 1 shows the sphenoid sinus proper and area 2
shows sphenoid lateral recess (pterygoid and greater sphenoid) pneumatisation.
Arrowhead indicates a type 1 Vidian canal, protruding in the sinus lumen. Larger
arrow (bottom) indicates the foramen rotundum. Smaller arrow (top) demonstrates
anterior clinoid process pneumatisation.
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Table 1. Prevalence of ipsilateral paranasal sinus CT variations according to frontal sinus pneumatisation type*

Frontal sinus pneumatisation type

Characteristic Type 1† Type 2‡ Type 3** P-value

Gender

– Male 190 (43.0) 127 (62.0) 104 (65.4) <0.001§

– Female 252 (57.0) 78 (38.0) 55 (34.6)

Extensive maxillary pneumatisation

– Type I 55 (67.9) 30 (50.8) 36 (67.9) 0.098

– Type II 12 (14.8) 9 (15.3) 9 (17.0)

– Type III 14 (17.3) 20 (33.9) 8 (15.1)

Deviated nasal septum

– Ipsilateral 175 (40.5) 74 (36.1) 63 (39.6) 0.563

– Absent or contralateral 257 (59.5) 131 (63.9) 96 (60.4)

Middle concha pneumatisation

– Present 147 (33.9) 75 (37.3) 66 (42.6) 0.154

– Absent 286 (66.1) 126 (62.7) 89 (57.4)

Haller cells

– Present 30 (6.9) 18 (8.8) 14 (9.0) 0.584

– Absent 403 (93.1) 186 (91.2) 141 (91.0)

Agger nasi cells

– Present 389 (96.5) 187 (95.9) 147 (96.1) 0.921

– Absent 14 (3.5) 8 (4.1) 6 (3.9)

Onodi cells

– Present 56 (12.9) 35 (17.2) 34 (21.9) 0.024§

– Absent 378 (87.1) 168 (82.8) 121 (78.1)

Frontal cells

– Present 171 (43.1) 105 (54.1) 102 (70.8) <0.001§

– Absent 226 (56.9) 89 (45.9) 42 (29.2)

Greater wing pneumatisation

– Present 87 (20.9) 63 (32.1) 48 (31.4) 0.003§

– Absent 330 (79.1) 133 (67.9) 105 (68.6)

Pterygoid process pneumatisation

– Present 106 (25.4) 73 (37.2) 58 (37.9) <0.001§

– Absent 311 (74.6) 123 (62.8) 95 (62.1)

Greater wing & pterygoid process pneumatisation

– Present 75 (18.0) 55 (28.1) 39 (25.5) 0.010§

– Absent 342 (82.0) 141 (71.9) 114 (74.5)

Vidian canal type

– 1 120 (28.9) 83 (42.6) 63 (41.2) <0.001§

– 2 128 (30.8) 65 (33.3) 51 (33.3)

– 3 167 (40.2) 47 (24.1) 39 (25.5)

Lateral sphenoid recess pneumatisation

– Present 93 (22.6) 66 (33.7) 52 (34.0) 0.003§

– Absent 319 (77.4) 130 (66.3) 101 (66.0)

Anterior clinoid process pneumatisation

– Present 63 (15.1) 51 (26.0) 51 (33.3) <0.001§

– Absent 353 (84.9) 145 (74.0) 102 (66.7)

Data represent numbers (and percentages) of cases, unless indicated otherwise. *Total n = 806; †n = 442; ‡n = 205; **n = 159. §Indicates statistical significance. CT = computed tomography
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sinus pneumatisation and variations of pneumatisation in the
sphenoid sinus (lateral sphenoid recess, greater wing, ptery-
goid process and Vidian canal), as well as frontal and Onodi
cells. Frontal sinus pneumatisation was not associated with a
deviated nasal septum, middle concha pneumatisation or
extensive maxillary pneumatisation.

Discussion

The true prevalence of degrees of frontal sinus pneumatisation
remains unknown as there has not been a proven objective
classification system. The overall prevalence of hyperplasia
(type 3) of sinus sides in our series was 19.6 per cent
(n = 159). This was lower than the reported rate of 44.5 per
cent.7 However, 54.8 per cent of sinus sides (n = 442) were
hypoplastic, which is substantially higher than previously
reported rates of 14.2 per cent7 and 15 per cent.19 This
might be related to ethnic differences. Measured variables
that were shown to affect frontal sinus pneumatisation
included dimensions of the frontal sinus peak, and the pres-
ence of supra-orbital and frontal cells.20,21 We noted that the
presence of frontal cells was positively associated with frontal
sinus pneumatisation ( p < 0.001) (Table 1).

Variability of frontal sinus pneumatisation can even be seen
within the same individual.5,7 Right and left frontal sinuses
develop independently from each other as a result of bone
resorption and septations.4 This was noted in 21.5 per cent
of our subjects where the degree of frontal sinus pneumatisa-
tion on the two sides was asymmetric. Hyperplasia was more
frequently observed on the left side.4,7,22,23 This may be due
to the asymmetric predominance of chewing stress on the
left side, or the conventional trend of lying on the right side,
which determines the direction of pneumatisation through
the frontal bone for ethmoidally derived frontal sinuses.24 In
our series, hyperplasia was evenly distributed on either side
(19.2 per cent on the right and 20.3 per cent on the left),
but not necessarily within the same individual, as 19.6 per
cent of subjects showed asymmetry.

When we analysed gender differences between the three
groups, we observed that more females had type 1 frontal
sinus pneumatisation, and more males had type 2 and type
3 frontal sinus pneumatisation (Table 1). The difference was
statistically significant ( p < 0.001). This is in concordance
with the findings of Yazici, who observed more females with
type 1 frontal sinus pneumatisation and more males with
type 3 frontal sinus pneumatisation, a difference which was
also statistically significant ( p = 0.012).15 The larger size of
the frontal sinus in males is implied in many studies, and
this feature is even used to determine gender identity in foren-
sic medicine.23,25,26

Regarding the presence and direction of a deviated nasal
septum, there was no statistically significant difference amongst
the three frontal sinus pneumatisation types ( p = 0.563). This is
in concordance with the findings of Yazici, who also found no
statistically significant difference ( p = 0.785).15

When we addressed prevalence of ethmoidal complex var-
iations, the type 3 group had the highest middle concha pneu-
matisation (42.6 per cent), but the difference was not
significant ( p = 0.154). When we examined agger nasi,
Hallar and Onodi (sphenoethmoid) cells, the prevalence of
the latter was significantly higher (21.9 per cent) in type 3
frontal sinus pneumatisation ( p = 0.024). These cells pneuma-
tise laterally and somewhat superiorly to the sphenoid sinus,
and were identified by a horizontal bony plate dividing the

sphenoid sinus.21 In comparison, Yazici reported the type 3
group to have the highest middle concha pneumatisation
and highest prevalence of Haller cells, with significant associa-
tions ( p = 0.011 and p = 0.010).15

Regarding the maxillary sinus, we found no association
between frontal sinus pneumatisation and extensive maxillary
pneumatisation ( p = 0.098). We were unable to compare this
association with previous findings in the literature as these
data were unavailable.

Regarding variations in sphenoid bone, the prevalence of
pterygoid process pneumatisation in our series was 37.6 per
cent, which is higher than reported in other studies (18.3
per cent,15 29 per cent,27 22 per cent28 and 9.3 per cent29).
The prevalence of greater wing pneumatisation was 32.6 per
cent; this was equivalent to the results of some studies
(e.g. 29.2 per cent15 and 31.8 per cent29) and higher than
reported in others (e.g. 20 per cent28 and 21.2 per cent28). In
contrast, the prevalence of co-existence of pterygoid process
and greater wing pneumatisation was 37.3 per cent, more
than double the reported rate of 15.8 per cent.15

We found that type 2 and 3 frontal sinus pneumatisation
groups had the highest prevalence of pterygoid process and
greater wing pneumatisation, as well as both combined, and
the difference was significant ( p = 0.001, p = 0.003 and
p = 0.010 respectively) (Table 1). Yazici reported similar obser-
vations and, likewise, the associations were highly significant
( p = 0.006, p < 0.001 and p = 0.003 respectively).15

Another variation in sphenoid bone is the anterior clinoid
process pneumatisation, the posteromedial projection of the
lesser sphenoid wing surrounded by vital structures.30 The
prevalence of anterior clinoid process pneumatisation reported
in the literature varied from 6 to 35.5 per cent,31,32 and the rate
reported in our series and in Yazici’s study were within this
range (28.5 per cent and 29.2 per cent respectively).15 The
prevalence of anterior clinoid process pneumatisation in
both our study and Yazici’s study was higher for the type 3
frontal sinus pneumatisation group (41.2 per cent), compared
to type 1 and 2 groups, with significant differences ( p = 0.012
and p < 0.001 respectively). Additionally, both studies noted a
significant association between bilateral anterior clinoid pro-
cess pneumatisation and type 3 frontal sinus pneumatisation
( p < 0.001).15

• Frontal sinus pneumatisation is highly variable, classified as aplasia,
hypoplasia, medium size or hyperplasia

• Hyperplasia is more common in men, and on the left side of the body
• Frontal sinus hyperplasia may indicate concomitant anatomical variations
in adjacent sinuses, emphasising the importance of interpreting sinus
anatomy pre-operatively

• The association, however, was limited to patients with same frontal sinus
pneumatisation type on both sides, and did not indicate laterality of
concomitant variations

• A unique model is introduced to establish the association between frontal
sinus pneumatisation and anatomical variations

• There were significant associations of frontal sinus hyperplasia with
sphenoid sinus pneumatisation, frontal and Onodi cell presence, and
Vidian canal exposure

We also established the likelihood of encountering an exposed
Vidian canal in the sphenoid sinus in patients with frontal
sinus hyperplasia. A type 1 Vidian canal (canal is completely
inside the sphenoid sinus) occurred in 33 per cent of sinus sides,
and its prevalence was significantly higher in the type 2 and 3
frontal sinuspneumatisationgroups, compared to the type1 frontal
sinus pneumatisation group (42.6 per cent, 41.2 per cent and 28.9
per cent respectively) ( p < 0.001). Our finding is concordant with
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the literature; indeed, many authors have warned about the risk
of encountering the vulnerable Vidian canal when approaching
the skull base in patients with frontal sinus hyperplasia.15,18,33,34

Conclusion

We introduced a unique model to determine more accurately
the association between frontal sinus pneumatisation and ipsi-
lateral anatomical variations by analysing CT scans of sinuses
on each side of individuals’ heads. We found significant asso-
ciations between type 3 frontal sinus pneumatisation (hyper-
plasia) and pneumatisations of the anterior clinoid process,
lateral sphenoid recess, pterygoid process and greater wing,
as well as exposure of the Vidian canal. The type 3 frontal
sinus pneumatisation group also showed significant associa-
tions with male gender and the presence of frontal and
Onodi cells. Direct attention to ipsilateral variation when
interpreting CT scans pre-operatively can be informative in
endoscopic sinus and skull base surgery, particularly in
patients with frontal sinus hyperplasia.
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