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A B S T R A C T

Context: Maxillary sinus is the largest among the paranasal sinus which is of surgical clinical and
anthropological significance. Classification of maxillary antrum based on shapes and sizes using panoramic
radiography have not been developed till date. Different shapes and sizes of maxillary antrum were taken
into notice while tracing orthopantomogram. As panoramic radiograph is the most commonly available and
feasible technology, a deeper study of this topic felt compelling.
Aim: To classify maxillary antrum based on its shape, presence of septa, shape of the floor and presence of
recess employing digital panoramic radiographs.
Materials and Methods: A total of 1000 panoramic radiographs available in soft copies in Department of
Oral Radiology, Sree Anjaneya Institute of Dental Sciences were analysed for developing this classification.
The panoramic radiographs were taken using KODAK 8000 carestream machine with exposure parameters
73kVp, 12mA, 13.9 seconds.
Results: The shapes identified included cloudy, rectangle, round, trapezoidal, square, ovoidal, pentagonal,
hexagonal. In which cloudy marked the highest and hexagonal the least. Among the maxillary sinuses
observed a few showed septations. The sinus floor contours observed comprised scalloped, wavy, curved,
straight and v-shaped. Out of which a few showed recess.
Conclusion: This is a proposed new classification of maxillary antrum using Panoramic radiograph. From
this study, eight distinct shapes of the maxillary sinus were identified, wherein cloudy type was predominant
and hexagonal was the least commonest. Only a few had sepatations and recess. Six distinct shapes of floor
were identified, of which scalloped marked the highest.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

Maxillary sinus is the first paranasal sinus to develop located
in the body of maxilla which is also known as “Antrum
of Highmore".1 It develops at 17th week of the prenatal
period. 50% of its final size is reached by the end of 8th

year and maximal values of all diameter and volume are
reached by the end of 16th year.2They exhibits significant
inter individual and intraindividual variation3

* Corresponding author.
E-mail address: drjosephjohnyomr@gmail.com (J. Johny).

Lerno classified shapes of maxillary sinus into triangular,
oval, curved, rectangular and square shapes4 while shapes
of its base were classified into triangular, leaf, scapular and
renal shape.5 17% sinus asymmetry and 83% symmetry
were noted in a study by Maryam et al.6

Studies states that maxillary septa, which are the bony
cortical structures traversing the maxillary antrum, appeared
to have a relation with tooth development.7 Underwood8

in 1910 first described it in detailed anatomy of the
maxillary sinus; thus it is referred to as Underwood’s
septa. Underwood9 establish that septa arises from the area

https://doi.org/10.18231/j.ijmi.2022.022
2581-382X/© 2022 Innovative Publication, All rights reserved. 90

https://doi.org/10.18231/j.ijmi.2022.022
http://www.khyatieducation.org/
https://www.ipinnovative.com/open-access-journals
https://www.ijmi.in/
https://www.ipinnovative.com/
https://orcid.org/0000-0001-7561-0186
https://orcid.org/0000-0002-3930-8366
https://orcid.org/0000-0003-0569-1931
https://orcid.org/0000-0003-2300-180X
https://orcid.org/0000-0002-0892-7375
https://orcid.org/0000-0003-4200-8820
https://crossmark.crossref.org/dialog/?doi=10.18231/j.ijmi.2022.022&domain=pdf
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/
mailto:reprint@ipinnovative.com
mailto:drjosephjohnyomr@gmail.com
https://doi.org/10.18231/j.ijmi.2022.022


Johny et al. / IP International Journal of Maxillofacial Imaging 2022;8(3):90–95 91

between two adjacent teeth whereas, Neiver10 proposed that
the embryonic out-pouching of the ethmoidal infundibulum
producing fingerlike projections derives septa. Sinus septa
had been classified into primary (septa that occur along the
development of maxilla) and secondary (septa that occur as
a result of irregular pneumatization of the sinus floor after
tooth loss) by Krenmair.11 Most common complication with
the septa is the risk of Schneiderian membrane perforation
during sinus operations.12–14 Therefore a detailed study
of sinuses are of importance during dental implantation
and sinus lift procedures.15 Septae gives rise to multiple
recesses.8

The relation of sinus contour and sinus floor elevation
surgery was first described by Niu et al. They classified
sinus with recess into Buccal recess and Palate-nasal-
recess(PNR).16 Angle A which is the angle between buccal
and palatal alveolar walls shown by Cho et al. is related
increased risk for perforation.17Sharper angles at premolar
region also poses increased risk for membrane perforation
as suggested by Velloso et al.18 The intersection point of
two imaginary lines following the lower part of the lateral
nasal wall and the palatal wall in the maxillary sinus is
described first as Palate-nasal-recess(PNR) by Wang et al.19

As an important anatomical structure the maxillary
sinus is a subject of various interventions in rhinological
endoscopic, ophthalmic and maxillofacial surgery and
neurosurgery. The main aim of maxillary sinus operations
is to preserve its anatomical and functional integrity. This is
possible after preoperative assessment of the morphological
characteristics of the sinus such as its volume, linear
dimensions, wall thickness, septa, position and permeability
of its drainage ostium.20

Dtailed research and modern clinical interpretation of
the anatomy, physiology and pathology of the maxillary
sinus are an important condition for the development
and improvement of modern operative and reconstructive
techniques and for the prevention of postoperative
complications.20

2. Subjects and Methods

A total of 1000 digital panoramic radiographs available
in computer as softcopies in the Department of Oral
Radiology in Sree Anjaneya Institute of Dental Sciences
were selected for this study. The radiographs having
positional and magnification errors were excluded during
selection process. The panoramic radiographs were taken
with KODAK 8000 carestream machine with exposure
parameters 73kVp, 12mA, 13.9 seconds. The selected
radiographs included 18-50 years of age group. The
collected data was entered in spreadsheet and was analysed
statistically. The criteria for selection includes (1) Patients
between 18 to 50 years were included (2) Both dentate
and partially dentate patients were included (3) Edentulous
patients were excluded (4) Radiographs with positional and

magnification errors were excluded. Protocol number of
ethical committee-SAIDS/IHEC/21/202.

Fig. 1: Showing pie diagram of classification of maxillary antrum
by shape

Fig. 2: Showing pie diagram of classification of floor of maxillary
antrum.

Fig. 3: Showing pie diagram of classification of maxillaryantrum
based on recess
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Fig. 4: Showing pie diagram of classification of maxillary antrum
based on septae

3. Results

3.1. Classification by shape

A total of 1000 softcopies of panoramic radiographs were
taken from hard drive of Oral Radiology Department in Sree
Anjaneya Institute of Dental Sciences.

The contour of medial wall, posterior wall, floor and
an imaginary line connecting the superior points of medial
and posterior walls were outlined. Among 2000 maxillary
antrums we observed 8 shapes by outlining the contour of
medial wall, posterior wall,

Diagram 1: Cloudy shaped maxillary sinus

Diagram 2: Rectangle shaped maxillary sinus

Diagram 3: Round shaped maxillary sinus

Diagram 4: Trapezoidal shaped maxillary sinus

Diagram 5: Squareshaped maxillary sinus

Diagram 6: Ovoid shaped maxillary sinus

floor and an imaginary line connecting superior points
of medial and posterior wall. The shapes includes
cloudy, rectangle, round, trapezoidal, square, ovoid,
pentagonal, hexagonal. Of which 37% were cloudy
(Diagram 1), 19.5% were found to be rectangle (Diagram 2).
16.6% constituted round shape(Diagram 3), 13.5% were
trapezoidal (Diagram 4), 7.4% were squarish (Diagram 5),
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Diagram 7: Pentagonal maxillary sinus

Diagram 8: Hexagonal maxillary sinus

3% were ovoid (Diagram 6) 2.7% were pentagonal
(Diagram 7) and hexagonal (Diagram 8) which was 0.3%
marked the least. The shape predominantly observed was
cloudy with rectangle being the second highest. (Figure 1
Shows pie diagram of classification of maxillary antrum by
shape).

3.2. Classification by floor

The maxillary antrum we observed showed 6 types of floor
contours which comprised Type A-scalloped, Type B- wavy,
Type C- curved, Type D- straight, Type E- V shape. In
which 43.6% were scalloped, 34.6% were wavy, 11.7%
were curved, 8.6% were straight, 1.5 % were V shape.
(Figure 2. Shows pie diagram of classification of floor of
maxillary antrum). Scalloped type found to be the most
common and V shape was the least. V shaped sinus floor
contour was mostly found in relation to pentagonal shaped
sinuses. A few of them showed recess (3.4%) and rest of
them were without recess.(Figure 3. Shows pie diagram of
classification of maxillary antrum based on recess).

3.3. Classification by septa

A few of maxillary antrum showed septations(12.9%) ,
but most of them were without septa(87.1%). Majority
of septations were associated with cloudy type(7.7%) and
least were associated with squarish(0.6%). (Figure 4 Shows

pie diagram of classification of maxillary antrum based on
septae)

3.4. Other findings

Among 1000 panoramic radiographs, 358 radiographs
showed dimorphism(35.8%) i.e right and left sinuses with
different morphology and 658 were similar(64.2%).

Larger right maxillary antrum were noted in 190
radiographs(18.5%). 500 showed larger left antrum (50%)
and rest with same size(31.5%).

4. Discussion

Myriads of findings from several studies portrays the
variability of maxillary sinus among individuals. In this
study 8 distinct shapes were identified which encompasses
cloudy, rectangle, round, trapezoidal, square, ovoid,
pentagonal, hexagonal marked the least. Of which 37%
were cloudy, 19.5% were found to be rectangular, 16.6%
constituted round shape, 13.5% were trapezoidal, 7.4%
were squarish, 3% were ovoid, 2.7% were pentagonal
and hexagonal were the least with 3%. The predominant
shape was found to be cloudy. Similar studies conducted
by Aliu A et al with axial CT scan reported five
distinct shapes, on the basis of their resemblance to
known solids, that included irregular(0.77%), oval(1.15%),
quadrangular (1.15%), spherical(23.46%), triangular(73.46)
with commonest shape being triangular.21

A few of maxillary antrum showed septations(12.9%),
but most of them were without septa(87.1%). Majority
of septations were associated with cloudy type(7.7%)
and least with regard to squarish(0.6%). Howevever, our
results were higher than the study by Onwuchekwa et al
which showed septation in 7% patients.22 Comparatively
greater percentage(24.62%) of maxillary antrum with septa
septa was found by Aliu Abdulhameed et al in CT scan
analysis with 1.15 % doubled septa.23 In cadaveric models,
maxillary sinus with septa was found among Canadians,
Donal24 reported a prevalence of 50%, Gabriele8among
Italians reported a prevalence of 40%, Ella25 in France
reported 38.6% prevalence Maryam26 in Leuven, Belgium,
showed a prevalence 47%. The report of Velasquez- Plata27

from University of Detroit, Michigan, USA revealed a
prevalence of 24% and Won-Jin28among Koreans in Jeonju
showed a prevalence of 24.6% on CT scan analysis.

In the present study, the maxillary antrums we observed
showed 6 types of floor contours which comprised
scalloped(43.6%), wavy(34.6%), curved(11.7%),
straight(8.6%), V shape(1.5%). Scalloped type found
to be the most common and V shape was the least. In
another study, Niu et al classified sinus floor contour into
Type A narrow tapered, Type B tapering, Type C ovoid,
Type D square, Type E irregular. They recommended
modified lateral sinus wall elevation (MLSFE) for Type A,
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both LSFE and Transcrestal sinus floor elevation (TSFE)
for Type B and Type C, LSFE with wider for Type D, LSFE
with wider window or double window for Type E.16 In
our study, only 3.4% showed recess and rest of them were
without recess. Similar to our study Niu et al observed 92
maxillary sinus without recess in CT Scan analysis.16

Among 1000 panoramic radiographs, 358 radiographs
showed dimorphism(35.8%) i.e right and left sinuses with
different morphology and 658 were similar(64.2%). Study
conducted by Aliu et al.21 among North western Nigerians
reported 85.38% symmetrical sinus which is greater than
our finding. In this study, larger right maxillary antrum were
perceived in 190 radiographs, 500 showed. Also similar
findings were observed by Maryam.16 However Amusa et
al.29 reported 100% sinus asymmetry, in 24 dried human
skulls from southwestern Nigeria, which was found to be
comparable with our results. Larger right maxillary antrum
in 190 radiographs(18.5%). 500 showed larger left antrum
(50%)and rest with same size(31.5%). Similar to this finding
Szilvassy observed left antrum to be larger in majority of the
CT scan analysed.

5. Conclusion

This study is a proposed new classification of maxillary
antrum using Panoramic radiograph. Panoramic radiograph
is the easily available and feasible technology than CT
scan. Though it cannot be taken as an alternative due to its
limitations, it is supportive and valuable in finding variation
especially regarding the sinus floor to some extent. So,
like computed tomography it has wide range of surgical,
clinical and anthropological significance. From this study,
eight distinct shapes of the maxillary sinus were identified,
wherein cloudy type was predominant and hexagonal was
the least commonest. Only a few had sepatations and
recess. Six distinct shapes of floor were identified, of which
scalloped marked the highest.

6. Key Messages

1. Eight different shapes of maxillary antrum were
identified. Among which CLOUDY marked the
highest.

2. Six types of floor observed in which scalloped was
predominant and V- shape was the least.

3. A few of maxillary sinus were septated and with
recess.

4. Almost 35.8% showed dimorphic pairs.

7. Source of Funding

None.

8. Conflict of Interest

None.
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