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POSTMORTEM COMPUTED TOMOGRAPHY OF THE SKULL FOR HUMAN
IDENTIFICATION BASED ON THE MORPHOLOGY OF FRONTAL SINUSES

Carvalho Y.M.1, Jacometti V.2, Franco A3, Da Siiva R. H. A.72, Silva R. F.45

omputed tomography (CT) became an important tool in the armamentarium of Fo-

rensic Radiology. Over the last decade, postmortem imaging was broadly used in

the search for the cause of death and in human identification. In the latter, frontal

sinuses have been increasingly used because of its distinctive and highly immuta-
ble morphology. The present study reports a case of human identification through the com-
parison between antemortem (AM) and postmortem (PM) axial CT images of the frontal si-
nuses. An adult male victim was referred for human identification with a set of 23 images of
the frontal sinuses in axial view. PMCT was performed to reproduce and compare the AM
data. Positive identification was achieved based on the analysis of area, shape, septa and
lobes of the frontal sinuses. Based on the case report, it can be concluded that Forensic Ra-
diology represents an important branch within the forensic sciences. Forensic experts must
be aware of this tool in order to reach optimal outcomes in human identification — especially
those founded on the comparison of frontal sinuses.
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NMPUMEHEHUE NOCMEPTHO KOMIMBIOTEPHOU TOMOTPA®UU HEPEMNA C LLE-
AbIO MAEHTUPUKALUU HEAOBEKA HA OCHOBAHUU MOPPOAOTUU AOBHbIX
CUHYCOB

Kapsaabxo KO.M.1, dkomeTin B.2, PpaHKo A3,
Aa Cuaea P. X. A.12, CuaBa P.p 45

omneioTepHas ToMorpacdua (KT) crasa BasKHBIM HHCTPYMEHTOM B apCeHaA€ PEHT-

reHoAora B CyneOHO-MEAWIIMHCKOHM IIpakTHKe. 3a IIocAeHee [OEeCSATHAETHE II0-

CMepPTHAasl BU3yaAH3allUd IITHPOKO HCIIOAB30BAAACH [IAS IIOMCKA IIPUYHUHBI CMEPTH U
uneHTH(UKAINY Aofed. B paMKkax naeHTH(HKAIINE BCe Jallle HCIIOAB3YIOTCS AOOHBIE CHHY-
CBI M3-3a UX OTAMYHUTEABHOH M HEM3MEHHOH Mopdoaroruu. B HacTodIeM HCccAeIOBAHUN OITH-
caH cay4dall HOeHTU(PHUKAIIMH YeAOBEKa IIyTeM CpaBHEHHsS aKCHaAbHBIX KT-m3o0pazkeHuit
AODHBIX CHHYCOB IO CMEPTH U IIOCMEPTHO. B3pocabI¥l MyzKunHa-KepTBa ObIA HAIIPaBA€H JAS
uneHTH(UKAIMH ¢ 23 N300paKeHUIMH AOOHBIX CHHYCOB B aKCHaAbHOH peKOHCTPyKIHH. [lo-
cMmeprHada KT Oblra BBIIIOAHEHA AT BOCIIPOM3BENEHUS U CPaBHEHHUd NAHHBIX 40 cMepTH. [lo-
AOKUTEAbHAs HAeHTU(DHUKAING Oblaa JOCTUTHYTA Ha OCHOBE aHaAM3a IIAOIIANH, (POPMEI, IIe-
PEroponoK U moaeil AOOHBIX CHHycOB. Ha OCHOBaHWM MaHHOTO KAMHHYECKOI'O0 CAy4Yasd MOIKHO
ceAaTh BBIBOM, YTO cyneOHas peHTI€HOAOTHS ITPeACTaBAsIeT CO0OH BasKHYIO OTpacAb cyneo-
HOM MenuIUHBI. OKCIEePThI-KPUMHHAAUCTBI IOAXKHEBI 3HATh 00 3TOM MeTOZe, YTOOBI JOCTHUYb
OIITUMAaABHBIX PE3yAbTATOB IIPH HACHTHU(MUKAIINU AIOel, 0COOeHHO TeX, KOTOpble OCHOBaHbI
Ha CpaBHEHHUHU AOOHBIX CHHYCOB.
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Human identification is performed in a

compariteve basis between antemortem (AM)

and postmortem (PM) data [1]. In particular,

distinctive material found AM is tested for
matching with PM records and vice versa [1]. Dis-
tinctiveness can detected in therapeutic, morpho-
logic and pathologic evidences [2]. More im-
portantly, the combination of distinctive evidences
within a victim will dictate the prognosis of hu-
man identification into positive identification, pos-
sible identification or exclusion [3]. Cases lacking
evidence will be categorized as insufficient and
will not enable human identification [3].

Forensic Radiology bridges an important gap
in medico-legal autopsies by enabling the search
for distinctive skeletal features that might con-
tribute to human identification [3, 4]. Dentomaxil-
lofacial imaging has an evident relevance when it
comes to human identification because it allows
the visualization of several dental and skeletal
structures simultaneously [5]. PM computed to-
mography (CT) is an advanced tool in the forensic
sciences [6]. Currently, this tool is combined with
other PM image techniques broadly used for the
investigation of the cause of death and human
identification in virtual-autopsy-like forensic pro-
cedures [7-10].

PM radiographs and CT scans of the frontal
sinuses have been added to comparative human
identifications reported in the scientific literature
[11-15]. In practice, they increase the quantity
and quality of evidences. Specifically, the mor-
phology of the frontal sinuses is considered very
distinctive between persons [16] — especially when
sinuses’ volume and area are calculated and the
amount, position and agulation of lobes and septa
are analyzed. All these features can be reliably
assessed through PMCT and the combination of
them may result in an important evidence to be
used and compared with AM data in human iden-
tifications.

This study aimed to report a case of positive
human identification established by the compari-
son between AM and PMCT images of the frontal
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sinuses.

Case report.

An unknown cadaver found in advanced de-
composition and under water was referred to hu-
man identification at the local forensic unit. Hu-
man identification pointed towards an adult male.
Inspection of the dentomaxillofacial region re-
vealed metal plates and screws used for surgical
fixation of bones around the left orbit. The fixation
appliances did not have their respective serial
numbers.

Police investigations were carried out among
relatives of the potential victims (from a missing
persons list). The relatives of the alleged victim
were requested to provide any medical or dental
radiographs, or photographic material from social
media. Twenty-three axial slices of CT scans of the
skull were provided as AM evidence. Twelve slices
revealed bilateral frontal sinuses with inherent
septa (Fig. 1). The CT images were obtained in a
multi-slice CT device with window setting type for
brain visualization.

In order to establish comparable PM data,
the frontal bone was removed from the skull (be-
cause the cadaver was in advanced stage of de-
composition) using an electric saw and underwent
CT scanning. The PMCT images were imported
into Osirix® (Pixmeo SARL, Geneva, Switzerland)
software package with simulated window for
brain. Using sofware navigation tools, the PM im-
ages were rotated to reach the same position of
the AM images. This procedure enabled a qualita-
tive morphological comparison between frontal
sinuses.

AM/PM comparison aiming reconciliation
was performed using Adobe Photoshop CC® (Ado-
be Systems, San Jose, EUA). The area of the si-
nuses in axial view were selected AM and trans-
posed to PM with opacity levels set in 50%. The
comparison was performed in multiple slices to
guarantee more reliability to the process. AM/PM
compatibility of sinuses’ shape and size was de-
tected in every comparison as well as the number
of lobes and septa (Fig. 2). The comparison of
frontal sinuses contributed to a positive human
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Fig. 1 (Puc. 1)

Fig. 1. MSCT.

Antemortem computed tomography scans showing maxillofacial structures and the frontal sinuses in axial view.
Eleven slices are provided covering the frontal sinuses from their inferior to superior anatomic limits. The sinuses
are depicted as hypodense areas in the anterior region of the skull — more specifically into the frontal bone.

Puc. 1. MCKT.

IIpu KOMIIBIOTEPHOM TOMOTPadHU A0 CMEPTH OIPEAEATIOTCH YEAIOCTHO-AMIIEBBIE CTPYKTYPBHI M AOOHBIE CHHYCHI B
aKCHAABLHOM IIAOCKOCTH. IIpencTaBA€HO OAMHHAAIATH CPE30B, OXBATHIBAIOIINX AOOHBIE CHHYCHI OT HMX HHXKHHUX IO
BEPXHUX aHATOMHYECKHUX IpaHull. CHHYCHI IBASIOTCH THIIOAEHCHBIMU O0OAACTSIMH B IIepenHel o6AacTu depemna, 60-

A€€ KOHKPETHO, B AOOHOM KOCTH.

identification.

Discussion.

Forensic Radiology is an important tool for
human identification. However, it becomes even
more essential in complex cases, such as those
that involve charred, decomposed, mutilated and
skeletonized victims. The case reported in this
study showed a victim that was found under wa-
ter in advanced decomposition. In these victims
soft tissue is progressively destroyed and finger-
prints are often missing. Consequently, imagi-
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nological information from hard tissue, such as
the bone outline of frontal sinuses, can be of ut-
most importance for human identification.

The scientific literature describes several
techniques for the assessment and analysis of the
frontal sinuses [17-20]. In short, the techniques
may be qualitative and quantitative. The first are
usually founded on AM/PM superimposition of
sinuses, while the second relies in the number of
lobes, septa and size of the frontal sinuses as well
as the distance between sinuses and adjacent
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Fig. 2 (Puc. 2)

Fig.2. MSCT.

Postmortem computed tomography scans showing the frontal sinuses in axial view. The sinuses are bilaterally
present and visible. Hyperdense areas within the sinuses represent bone septa that divide the sinuses into lobes.
The median septum is laterally displaced revealing a distinctive morphological feature to be considered for human
identification purposes.

Puc. 2. MCKI.

IIpu mOCMEPTHON KOMIIBIOTEPHOM TOMOTPadUU OIPENEATIOTCHS AOOHBIE CHHYCHI B AKCHAABHOM ITAOCKOCTH. CHHYCHI
BH3YaAU3UPYIOTCS C ABYX CTOPOH. ['HMIIepAeHCHbIE CTPYKTYPhI BHYTPH CHHYCOB IIPEACTABASIOT COOOH KOCTHBIE IIEpe-
TOPOOKH, KOTOPBIE AEAdT CHHYCBHI Ha moAH. CpequHHAd IIEPETOPOKA CMEIIEHA AATEPAABHO, YTO SIBASIETCS OTAMYH-

TEABHBIM MOp(bOAOFI/I‘IeCKI/IM IIPHU3HAKOM, KOTOpBIfI CAEQYET YIYUTHBIBATH IIPU I/IZLCHTI/ICbI/IKaLII/II/I YEAOBEKaA.

bone structures [17]. An example of the tech-
niques applied nowadays is the approach devel-
oped by Talitsumak et al. [21], which considers as
identifying parameters the presence or absence of
sinuses, septa and lobes. This technique was es-
tablished in three-dimensional reconstructions of
CT scans. However, recent studies reproduced it
in comparisons between AM/PM anteroposterior
radiographs and AM/PM lateral cephalometric ra-
diographs [22-24]. In the present study, the quali-
tative approach was used because measurements
would be hampered by eventual differences in the
CT scanning angle AM and PM. In other words,
the AM data was obtained with standard CT image
acquisition protocols, while the PM data was ob-
tained arbritarily positioning the frontal bone
(without soft tissue) in a CT machine. Is this con-

WWW.rejr.ru

text, the qualitative approach suited better to the
circumstances.

The human identification process must be
supported by the convergence of distinctive fea-
tures found AM and PM [25, 26]. In this study, the
frontal sinuses were bilaterally visible, asymmet-
rical, with on lobe in each side and a central fused
lobe. The combination of these features increased
the distinctiveness of the victim’s sinuses, which
became useful for human identification due to the
convergence between AM and PMCT images (Fig.
3). Clearly, slightly discrepant morphological de-
tails were visible after superimposition. The ra-
tionale behind the differences relies on the differ-
ent equipment, scanning positioning and image
acquisition seetings between AM and PM data col-
lection. Despite the differences, the bone outline of

DOI:10.21569/2222-7415-2019-9-4-170-176
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Fig. 3 (Puc. 3)

Fig. 3. MSCIT.

Comparison between antemortem (AM) and postmortem (PM) computed tomography scans of the frontal sinuses
showing compatibility in the number, distribution and morphology of the frontal sinuses, lobes and septa. Recon-
ciliation images (AM/PM) are provided through the superimposition of hyperdense bone outline (PM) and the hy-
podense area of the (true) frontal sinuses (AM). Dark brown color was used to highlight the shape of the sinus
space observed AM into the frontal bone space observed PM.

Puc. 3. MCKT.

CpasHenure KT n3obpaskeHHH AOOHBIX CHHYCOB, IIPOBEAEHHBIX A0 (AM) u mocae (PM) cmepTH, MOKa3bIBAIOIIUX COB-
MECTHMOCTB 10 KOAHYECTBY, PACIPEAEACHHUIO U MOP(OAOTHH AOOHBIX CHHYCOB, a TaKKe M0AeH U Ileperoponok. CuH-
XpoHH3auusa u3obpaxenuit (AM/PM) obecrieurnBaeTcd HAaAOXKEHHEM THIIEPAEHCHOIO KOHTypa Koctu (PM) Ha rumo-
JEHCHYIO 00AaCThb (MCTHHHBIX) AOOHBIX CHHYCOB (AM). TeMHO-KOPHYHEBBIH IIBET ObIA HCIIOAB30BAH [ASI BBIAEACHHS

opMBI IIPOCTPAHCTBA CHHYCAa A0 CMEPTH B IPOCTPAHCTBE AOOHOI KOCTH ITOCAE CMEPTH.

the frontal sinuses was preserved and available
for a reliable comparison and reconciliation.

The contributions of PMCT for human iden-
tification in the forensic practice is clearly not re-
stricted to the analysis of frontal sinuses or other
anatomic structures hardly visualized in medical
autopsies. Detailed investigations can be estab-
lished in order to build an anthropological profile
of the victim [27, 28]; forensic facial reconstruc-
tion can be performed [29]; firearm projectiles can
be tracked prior to traditional autopsies [30]; and
the data can be continuously analyzed in a digital
environment over the time without the need for
exhumations.

Despite the several contributions of PMCT to
forensic sciences, it is important to note that limi-
tations may arise. Knowledge of the interface be-
tween forensic medicine/anthropology/dentistry
and radiology is essential to enable reliable image
analysis dedicated to human identification. Addi-
tionally, high-tech imaging with proper devices
and facilities may represent an expensive ap-
proach to specific morgues and forensic services.
Finally, PM forensic imaging becomes limited
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when AM data is missing. This limitation rises a
flag of attention to bring awareness to health sci-
ence professionals for producing and properly
storing imaginological records in the routine of
medical services. Concommitantly, victims’ rela-
tives should keep and provide any AM material
when requested by Law.

Preferably, a quantitative analysis of the
frontal sinuses should be established (when feasi-
ble) for optimal performances in practice. In the
present case, the only AM evidence was a printed
set up of CT slices provided by the relatives.
Hence, advanced image analyses were hampered
and a detailed quantitative assessment was lim-
ited. However, the bidimensional qualitative anal-
ysis performed through the sumperimposition of
AM/PM images of the frontal sinuses was feasible
and contributed to the identification process.

Future human identification cases should
be reported in the scientific literature to highlight
the importance of PMCT for the analysis and com-
parison of frontal sinuses in the forensic sciences
and to enabe a discussion of protocols and tech-
niques applied in the field. Original studies are
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also encouraged to support human identification
within evidence-based practices.

Conclusion.

Positive human identification through the
comparison of CT scans of the frontal sinuses was
established. The distinctive morphology of the
frontal sinus as result of its shape, size, lobes and
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