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Classification of Sphenoid Sinus Using Head Computed Tomography Images for
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Abstract Objectives: The purpose of this study was to develop a simple and accurate method of classification of the
sphenoid sinus using head computed tomography (CT) for disaster victim identification.

Materials and methods: Antemortem and postmortem CT (AMCT, PMCT) images of 112 cases were examined by two
examiners (A and B). The sphenoid sinus was classified into seven patterns based on two parameters; number of
protrusions and the position of the complete septum. The rates of each pattern, the intra-examiner coincidence rate
between AMCT and PMCT, and the inter-examiner coincidence rate for AMCT and PMCT were evaluated.

Results: It was difficult to evaluate in one case with effusion in the sphenoid sinus on PMCT. We evaluated 112 AMCT
and 111 PMCT. The percentage for number of protrusion(s) 1: 25.9%, 2: 51.8% (right side dominant complete septum
18.8%, left side dominant complete septum 33.0%), 3: 20.6% (right side dominant complete septum: 1.79%, left side
dominant complete septum: 17.0%, center dominant complete septum: 1.79%), 4 or more: 1.79% on AMCT. Intra-
examiner coincidence rates between AMCT and PMCT were 89.2% and 95.5% for examiner A and B, respectively.
Inter-examiner coincidence rates between examiners were 97.3% and 98.2% for AMCT and PMCT, respectively.
Conclusion: The sphenoid sinus classification method developed in this study was a useful tool that could be utilized

easily and effectively for preliminary of personal identification regardless of examiners in the cases of mass disasters.

1. INTRODUCTION

In recent years post-mortem imaging (PMI) using modern
digital technologies, e.g. multi-detector CT (MDCT) or
magnetic resonance imaging, has introduced to forensic
fields!Y. Radiologists should have forensic knowledge to
deal with PMI”. Confirmation of the identity of an unknown
person is a crucial task in forensic medicine®™”. Personal
identification by utilizing matching ante-mortem and post-
mortem radiographs has been common to date. Skeletal
parts which show anatomical variations or which are

resistant to changes due to trauma or illness are more reliable

sources that can be used in personal identification'”. The
paranasal sinus is one of the most suitable parts for personal
identification. Frontal sinus has generally been used on skull
radiographs'''?. A significant shift in radiological assessment
of the head from skull radiographs to head CT is caused due
to limited clinical utility of skull radiographs and widespread
availability of computed tomography'®. Some investigators
have studied frontal sinus morphology on CT for personal
identification'™'". However, to our knowledge, there have
been few studies regarding the sphenoid sinus in determining
personal identification®®”. The sphenoid sinuses have great

variability among individuals and their structures do not
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Table 1: Acquisition protocol for head of each CT scanner

Number of Tube voltage Tube current
CT scanner
detectors kV) (mA)
Sensation 16 16 120 320
Emotion 6 6 130 186-240
Definition AS 64 120 275
Sensation 64 64 120 250

change after adulthood®" ?». They are divided into two
compartments separated by a septum which may or may not
be in the middle. A large sinus can show a number of ridges
and depressions related to closely adjacent structures. The
post-mortem imaging has been recommended in mass
disasters. It is important that the large number of victims are
divided into some groups in mass disasters for preliminary
of personal identification.

In this study, we focused on the position of the septum and
the number of protrusions of the sphenoid sinus which are
shown in an axial CT image of the head. The uniqueness of
these features of the sphenoid sinus can be used for the
purpose of personal identification. The aim of this study was
to develop a reliable and accurate classification method of

the sphenoid sinus for preliminary of personal identification.

2. MATERIALS AND METHODS

2.1 Obtaining of CT data.

All procedures performed in this study involving human
participants were in accordance with the ethical standards of
the institutional research committee and with the 1964
Helsinki declaration and its later amendments or comparable
ethical standards. This retrospective study was approved,
and informed consent was not required by the review board
of Niigata City General Hospital (16-003). One hundred
fourteen postmortem case data were collected from the
Niigata City General Hospital, which were performed
between 21st December 2008 and 21st March 2012.
Antemortem head CT (AMHCT) data corresponding to
postmortem head CT (PMHCT) data were also collected. All
cases we had collected were Japanese. Among 114 PMHCT
data, 2 cases were excluded. One patient was suffering from
an olfactory nerve tumor and the sphenoid sinus was

destroyed due to the tumor. Another patient, who was not an

adult, did not have a developed sphenoid sinus. Therefore,
112 cases were subjected to the study.

2.2 CT examinations

We used two 64-row MDCT units (SOMATOM Definition
AS and SOMATOM Sensation 64, Siemens Healthineers,
Erlangen, Germany), a 16-row detector MDCT unit
(SOMATOM Sensation 16, Siemens Healthineers, Erlangen,
Germany), and a 6-row detector MDCT unit (SOMATOM
Emotion 6, Siemens Healthineers, Erlangen, Germany) for
antemortem CT. SOMATOM Definition AS, SOMATOM
Sensation 16, and SOMATOM Sensation 64 were used to
perform PMHCT. Both antemortem and postmortem
examinations were performed in the natural supine position
within the following parameters recommended by the
manufacturer (Table 1). Images for the head were obtained
of a 5 mm slice thickness with a 200 mm field of view and a
512 x 512 imaging matrix using the sequence mode from the

level of the foramen magnum to the skull vertex.

2.3 Evaluation of CT images

Evaluation of CT images was performed by two medical
students. These students received instruction from a
supervisor (an experienced board-certified radiologist) about
the anatomical structure of paranasal sinuses on CT before
evaluation. Digital imaging and communication in medicine
(DICOM) data of CT were evaluated on personal computers.
A DICOM viewer (RadiAnt 4.3.0, Medixant, Poznan,
Poland) was used to observe head CT images and to make
multi-planar reconstruction (MPR) images. MPR images
were reconstructed correctly as the axial plane parallel to
orbitomeatal lines according to the method proposed by
Ruder et al*». The supervisor guided the students how to
make MPR images. The examiners made MPR images, and

evaluated the images, independently. In order to observe
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bone structure and air in the paranasal sinuses, window level
(WL) and window width (WW) were set as 1000 Hounsfield
Units (HU) and 4000 HU, respectively, according to the
study by Ruder et al*?.

Every sphenoid sinus had one or some protrusions. One of
these protrusions which divided the sphenoid sinus was
defined as a complete septum. We set two simple parameters
using the number of the protrusions and the position of the

complete septum (Figure 1).

Figure 1: Multi-planar reconstruction image at the

sphenoid sinus in a case with two protrusions including
the complete septum on the left side. Parameters used to
the sphenoid sinus classification. A: Complete septum, B:

Protrusion.

Parameter 1: Number of protrusions in the sphenoid sinus as
1,2, 3, and 4 or more.

Parameter 2: Position of the complete septum as right, center
or left.

Sphenoid sinuses were classified into seven patterns
(Table 2) (Figure 2) by means of these parameters.

Two examiners (A and B) independently evaluated 112
AMHCT and PMHCT. If the examiner was uncertain about
an exact pattern, she or he had the chance to select two or
more patterns for a sphenoid sinus.

We evaluated the intra-examiner coincidence rate by
comparing the case on AMHCT with the same case on
PMHCT for examiner A and examiner B, and also evaluated
the inter-examiner coincidence rate between examiner A and
examiner B one case by one case for AMHCT and PMHCT.
For the cases which two examiners selected two or more
patterns, we decided them agreement when at least one
pattern accorded.

Following the evaluation of the coincidence rates, we
calculated the rate of each pattern using AMHCT. When the
classifications decided by two examiners were different, the
final classification was reached in consensus by two

examiners and the supervisor.

3.RESULTS

When examining the pattern of the sphenoid sinus on
PMHCT, one case was found with effusion. It was difficult to
evaluate the pattern in this case. Therefore, a total number of
111 postmortem cases were evaluated.

The intra-examiner coincidence rate between AMHCT
and PMHCT was 89.2% (99/111) for examiner A and 95.5%
(106/111) for examiner B. The inter-examiner coincidence
rate was 97.3% (109/112) for AMHCT and 98.2% (109/111)
for PMHCT.

The percentage of each pattern of the sphenoid sinus

Table 2: Sphenoid sinus classification.

Pattern = Number of protrusion(s) Position of the complete septum

a 1 -

b 2 Right

c 2 Left

d 3 Right

e 3 Center

f 3 Left

g 4 or more -
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Figure 2: Multi-planar reconstruction image at the sphenoid sinus. Seven patterns of the sphenoid sinus. (a); 1 protrusion,
(b); 2 protrusions including the complete septum on the right side, (c); 2 protrusions including the complete septum in the
left side, (d); 3 protrusions including the complete septum in the right side, (e); 3 protrusions including the complete
septum in the center, (f); 3 protrusions inclusing the complete septum in the left side, (g); 4 protrusions. Arrows:

protusions, arrowheads: septa.
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recorded was calculated using AMHCT data (Figure 3).
According to those percentages the majority of the cases
have 2 protrusions in their sphenoid sinus and a fewer

number of cases have 3 protrusions or more.

f g
179% 1.79%

(@21112) @112)

e
17.0%
(19/112)

a
25.9%
9/112)

b
18.8%

(371112) (21/112)

Figure 3: Number and percentage for each pattern.

4. DISCUSSION

Methods of personal identification by using the shape of
the sinus as shown in skull radiographs were published in

1-15: 24 29 Some investigators have proposed

past studies
methods of personal identification using head CT in a mass
disaster® . The number of CT scanning installations and
usage of CT scanning were increased on these days. Head
CT is done most often on approximate 40% of all CT
examinations®® because of its many indications'”. The
number of CT examinations in Japan is 230.8 per 1000
population in 2015%". Approximately 100 head CT
examinations per 1000 population were performed per year
in Japan. There is a high possibility for a disaster victim to
have undergone a head CT scan in his or her life time. Head
CT examination is usually performed with a 5 mm slice
thickness with a 200 mm field of view and a 512 x 512
imaging matrix using the sequence mode. Hence we used
common head CT parameter in our study.

In mass disasters there are large number of victims. It
needs a great deal of time and labor to compare a lot of CT

images one by one. Hence, classification of data is important.

The sphenoid sinus visible in head CT images has a unique
shape that varies from person to person®’?» and can be used
as evidence for personal identification?® *». Though the
sphenoid sinus was compared one by one on the antemortem
and postmortem images in the previous studies®® *®, there is
no study about the classification of sphenoid sinus for
preliminary of personal identification. In this present study,
sphenoid sinuses were classified into seven patterns based
on two simple parameters and respective percentages were
calculated for each pattern. If the parameters were too
complicated, there was a high risk of misidentification.
Because of this reason the number of protrusions and the
position of the complete septum were selected as parameters,
and the number of patterns was set only to seven. This newly
developed method did not require any process such as
obtaining measurements and is a simple visual classification.
This simple sphenoid sinus visual classification method can
be used easily and effectively for personal identification in
mass disasters.

Our study revealed that the majority of the cases exhibited
1 or 2 protrusions in the sphenoid sinus. The cases with 3
protrusions occurred about 20% of the time and cases with 4
protrusions or more about only 2% of the time. Sphenoid
sinuses may be classified into four patterns: 1 protrusion
(25.9%), 2 protrusions with right complete septum (18.8%),
2 protrusions with left complete septum (33.0%), and 3
protrusions or more (22.3%). Each pattern comprises
approximately the same rate. Therefore, the classification
will be easier and simpler.

Our study has several limitations. Firstly, the intra-
examiner coincidence rates between AMHCT and PMHCT
were a little lower. The images were evaluated by medical
students with less experience in diagnostic imaging. Ruder
et al reported that there was statistically significant difference
between radiologists and non-radiologists in sensitivity of
interpretation for identification using paranasal sinuses on
AMHCT and PMHCT?. If a radiologist or a person who
engaged in image diagnosis for a long time would perform
the classification, the coincidence rates may be higher than
in this study. Secondly, the most of the sphenoid sinuses
were filled with air in this study. The thin septum or
protrusion may be obscure when the sphenoid sinus was
filled with matter, hence it may be difficult to evaluate the
images. Particularly, drowning persons tend to have effusion

in their paranasal sinus® . It may be difficult to evaluate
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sphenoid sinus in water accidents.

5. CONCLUSION

We proposed a new classification of the sphenoid sinus
into seven patterns on the head CT for preliminary of
personal identification. This method was a useful tool that
could be utilized easily and effectively for preliminary of
personal identification regardless of the examiner in the case

of mass disasters.
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