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U radu je prikazan proces forenzi¢ne rekonstrukcije mekih tkiva lica kako bi se ispitala uspjeSnost primjene 3D
ra¢unalnih metoda na lubaniji osobe ekshumiranoj iz masovne grobnice iz Drugog svjetskog ratai poslijeratnog
razdoblja. Lubanja neidentificirane osobe pripada jednoj od ukupno 294 ekshumirane Zrtve sa sedam lokacija
istrazenih 2018. godine na podrucju Gracana u Zagrebu. Nakon antropoloske analize, koja obuhvaca kraniofa-
cijalnu antropometriju i 3D skeniranje lubanje, proces rekonstrukcije lica izveden je u standardnim programima
za 3D oblikovanje: Blender, MakeHuman i OrtogOnBlender. Postupak osjen¢avanja 3D modela pri racunalnoj
obradi omogucio je pretvaranje digitalne rekonstrukcije lubanje u trodimenzionalni prikaz lica, Sto predstavlja
zavrsnu fazu procesa. Rekonstrukcijom je prikazano kako se i iz izazovnog koStanog materijala moze pruziti
mnostvo podataka korisnih u procesu identifikacije osoba. Daljnji razvoj forenzi¢ne rekonstrukcije lica ovisi o
stvaranju opseznih baza podataka i daljnjem istraZivanju novih metoda.

KLJUCNE RIJECI: 3D facijalna rekonstrukcija, masovne grobnice, 3D skeniranje, identifikacija, fo-
renzi¢na antropologija, Drugi svjetski rat i poslijeratno razdoblje, Gracani, Hrvatska

The paper presents the process of forensic facial soft tissue reconstruction to investigate the efficiency of
applying craniofacial anthropometry and 3D computer methods on a skull exhumed from the context of a com-
mingled mass grave from World War Il and the post-war period. The skull of an unidentified person belongs to
one of a total of 294 exhumed victims from seven locations investigated during 2018 in the area of Gradani at City
of Zagreb. After anthropological analysis and 3D scanning of the skull, the facial reconstruction process was per-
formed using 3D modelling software Blender, MakeHuman, and OrtogOnBlender. The 3D model was rendered
to obtain a 3D visualization of the reconstructed facial features of the skull, representing the final step in creating
an approximation of the person’s appearance before death. The reconstruction showed that even from such a
challenging context, a multitude of data can be obtained that can be used in the identification process of skele-
tal remains of unidentified persons. Further development of forensic facial reconstruction depends on creating
extensive databases and continuous research into new methods.

KEY WORDS: facial reconstruction, mass graves, 3D scanning, 3D reconstruction, identification, foren-
sic anthropology, World War Il and the post-war period, Gradani Croatia
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Lice, kao osobitost svakog pojedinog ¢ovjeka,
ima klju¢nu ulogu u forenzi¢nim istrazivanjima.
Mogucénost rekonstrukcije lica iz koStanih osta-
taka od iznimne je vaznosti u slucajevima kada
je potrebno izvesti identifikaciju zrtava zlocina
ili nestalih osoba. Rekonstruirano lice moZe po-
sluziti i kao vazan alat u komunikaciji s javnoscu
tijekom istrage, pomazuci u prikupljanju infor-
macija svjedoka. Forenzi¢na ili sudska antropo-
logija izrasla je iz osnova bioloske antropologije.
Forenzi¢ni antropolozi prolaze stru¢na usavrsa-
vanja i pomazu specijalistima sudske medicine
identificirati ljudske koStane ostatke, a dio su
tima stru¢njaka ukljucenih u istrage masovnih
katastrofa, zona sukoba i teroristickih napada
(Haviland 2004; Jurmain 2017). Ukoliko je ne-
moguce utvrditi identitet pojedinca klasi¢nim
sudsko-medicinskim metodama, forenzi¢na re-
konstrukcija lica prema ostatcima kosti lubanje
moze biti odluc¢ujuc¢a (AAFS 2020).

U podruéju forenzike, rekonstrukcija ko-
ja pruza priblizan izgled lica osobe i njegovo
prepoznavanje imaju iznimno vaznu ulogu. No
u forenziénim istrazivanjima svi rezultati i od-
govori moraju biti provjereni i to¢ni, sve meto-
de i tehnike prihvaéene i vrednovane jer samo
tako vode do rjeSavanja kaznenih dogadaja te
kao pomo¢ pravosudnim tijelima u pronalasku
pocinitelja kaznenih djela (Bani¢ et al. 2017).
Kada se traga za osumnjicenom osobom, ¢esto
se koriste programi za prepoznavanje lica kako
bi se ubrzao proces identifikacije. Usporedu-
juci kljuéne tocke na licu, ti programi pokusa-
vaju pronaci podudaranja s postoje¢im bazama
podataka osumnji¢enih (Bowen 2022). Tehni-
ka rekonstrukcije predstavlja slozZeniji proces
u kojem se primjenjuju umjetnic¢ke vjestine uz
znanstvena pravila kako bi se stvorila meka
tkiva na lubanjskoj osnovi i konac¢no priblizan
izgled lica koje moze pomoci u procesu identi-
fikacije pojedinca (Wilkinson 2004).

Rekonstrukcija mekih tkiva lica razvija se iz
nekoliko razli¢itih podruéja. Ipak, glavni poti-
caji za daljnja znanstvena istrazivanja proizlaze
iz potrebe za identificiranjem Zrtava. U drugim
podruéjima, poput medicine, u kraniofacijalnoj
ortopediji upotrebljava se i razvija zbog to¢nije
predoperativne faze samog postupka i planira-
nja. No, rezultati za svako spomenuto podruc-
je moraju pokazati visoku to¢nost (Clement,
Marks 2005). Tehnika se moze upotrijebiti u
kulturnim i obrazovnim ustanovama, primjerice
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INTRODUCTION

As a characteristic of every individual, the face
plays a key role in forensic research. The possibil-
ity of facial reconstruction from bone remains is
extremely important in cases where it is neces-
sary to perform the identification of crime victims
or missing persons. The reconstructed face can
also be an essential tool in communication with
the public during the investigation, helping gather
witness information. Forensic or judicial anthro-
pology grew out of the foundations of biological
anthropology. Forensic anthropologists undergo
professional training and help forensic medicine
specialists identify human skeletal remains and
are part of a team of experts involved in the inves-
tigation of mass disasters, conflict zones and ter-
rorist attacks (Haviland 2004; Jurmain 2017). If it
is impossible to determine an individual’s identity
using classic forensic methods, a forensic facial
reconstruction based on the remains of the skull
bone can be decisive (AAFS 2020).

In forensics, a reconstruction that provides an
approximate appearance of a person's face and
its recognition plays a vital role. However, in fo-
rensic research, all results and answers must be
checked and precise, and all methods and tech-
nigues must be accepted and evaluated. This is
the only way to solve criminal events and help
judicial authorities find perpetrators of criminal
offences (Bani¢ et al. 2017). Facial recognition
programs are often used to speed up the iden-
tification process when searching for a suspect.
By comparing key points on the face, these pro-
grams try to find matches with existing databases
of suspects (Bowen 2022). The reconstruction
technique is a more complex process in which ar-
tistic skills are applied along with scientific rules
to create the soft tissues at the cranial base and,
ultimately, an approximate appearance of the face
that can aid in the process of identifying an indi-
vidual (Wilkinson 2004).

Face soft tissue reconstruction is developed
from several different areas. Nevertheless, the
main incentives for further scientific research
stem from the need to identify the victims. In other
fields, such as medicine, and craniofacial ortho-
paedics, it is used and developed due to the more
accurate pre-operative phase of the procedure
and planning. However, each area’s results must
be highly accurate (Clement, Marks 2005). The
technique can be used in cultural and educational
institutions like museums (Moraes et al. 2014). In
archaeology, it can be used to create approximate
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muzejima (Moraes et al. 2014). U arheologiji se
moze koristiti za stvaranje pribliznih crta lica
mumificiranih i balzamiranih tijela te stvaranje
lica iz proSlosti prema o¢uvanim kostima luba-
nje (Gupta et al. 2015).

Prvu facijalnu rekonstrukciju izveo je nje-
macki anatom Wilheim His daleke 1895. go-
dine, rekonstruiravsi lice Johana Sebastiana
Bacha (Lee et al. 2012).

Forenzi¢na rekonstrukcija lica jedna je od
tehnika identifikacije koja stvara priblizan izgled
lica osobe koji ¢e posluziti kod prepoznavanja
osobe, ali i pruzanja dodatnih podataka potreb-
nih za razvoj metoda identifikacije (Vanezis, Va-
nezis 2000; Verzé 2009; Guleria et al. 2023).

Identifikacija je vazna jer svi posmrtni ostatci
trebaju biti identificirani, bez obzira je li rije¢ o
potpunoilidjelomice o¢uvanimtijelimaili koSta-
nim ostatcima osoba. Nekoliko je standardnih
metoda za pozitivnu identifikaciju, poput uspo-
redbe DNA, usporedbe otisaka prstiju, odonto-
loSke usporedbe, dok su ostale metode manje
sigurne i zasnovane su na skupini sekundarnih
identifikacijskih znacajki (Interpol 2023). Istra-
ga identiteta uobi¢ajeno zapodinje temeljitim
pregledom tijela i prikupljanjem dostupnih po-
dataka. Forenzi¢na antropologija igra kljuénu
ulogu u ovom procesu, omogucavajuci procje-
nu bioloskog profila pojedinca, poput procjene
dobi, spola, visine i populacijske pripadnosti.
Kako bi se dobio vizualni prikaz ¢esto se pro-
vodi i rekonstrukcija lica, koja ukljuCuje stva-
ranje trodimenzionalnog modela lica na teme-
lju anatomskih karakteristika lubanje (Subsol,
Quatrehomme 2005). Dvije su osnovne tehni-
ke facijalne rekonstrukcije: dvodimenzionalna
(2D) i trodimenzionalna (3D). Obje mogu biti
manualne ili raGunalne u kojima se koristi odre-
dena programska podrsSka za stvaranje mekih
tkiva lica. Danas se vec¢inom koriste 3D tehni-
ke od kojih se u manualnoj metodi izdvojilo ne-
koliko pristupa: anatomski, antropometrijski i
Metoda Manchester, koja uklapa oba pristupa.
Anatomsku manualnu metodu nazvanu ruskom
metodom razvio je Mihail Mihajlovi¢ Gerasi-
mov, a najopsezniji prikaz metode objavio je u
svom najpoznatijem djelu ,Vosstanovlenie lica
po cerepu” iz 1955. godine (Ffepacumoe 1955).
Metoda ukljuCuje sveobuhvatnu konstrukciju
miSi¢a lica uz upotrebu vrijednosti debljine me-
kog tkiva i koze. Dovoljno je spomenuti kako je i
danas Gerasimova metoda predvidanja projek-
cije nosa to¢nija od mnogih drugih suvremenih
metoda koje se koriste u medicini.
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facial features of mummified and embalmed bod-
ies and to create faces from the past based on
preserved skull bones (Gupta et al. 2015). The
first facial reconstruction was performed by the
German anatomist Wilheim His way back in 1895,
reconstructing the face of Johan Sebastian Bach
(Lee et al. 2012).

Forensic facial reconstruction is one of the
identification techniques that creates an approxi-
mate appearance of a person’s face that will be
used to identify a person but also to provide ad-
ditional data necessary for the development of
identification methods (Vanezis, Vanezis 2000;
Verzé 2009; Guleria et al. 2023).

Identification is important because all remains
should be identified, regardless of whether they
are entirely or partially preserved bodies or skele-
tal remains of persons. There are several standard
methods for positive identification, such as DNA
comparison, fingerprint comparison, and dental
comparison. In contrast, other methods are less
secure and are based on a group of secondary
identification features (Interpol 2023). The identity
investigation usually begins with a thorough exam-
ination of the body and the collection of available
data. Forensic anthropology plays a key role in this
process, enabling the assessment of an individu-
al's biological profile, including estimation of age
at death, sex, stature, and demographics. In order
to obtain a visual representation, facial reconstruc-
tion is often performed, which includes creating a
three-dimensional model of the face based on the
anatomical characteristics of the cranium (Subsol,
Quatrehomme 2005). Two basic facial reconstruc-
tion techniques exist: two-dimensional (2D) and
three-dimensional (3D). Both can be manual or
computer-based, and specific software is used to
create the soft tissues of the face.

Today, 3D techniques are mainly used, and sev-
eral approaches have been distinguished in the
manual method: the anatomical, anthropomet-
ric, and the Manchester Method, which combines
both approaches. Mihail Mihajlovi¢ Gerasimov
developed the anatomical manual method called
the Russian method, and he published the most
extensive description of the method in his most
famous article, "Vosstanovlenie lica po cerepu”
from 1955 (Gerasimov 1955). The method com-
prehensively constructs facial muscles using
soft tissue and skin thickness values. Suffice it
to mention that even today, Gerasim's method of
predicting the projection of the nose is more ac-
curate than many other modern methods used in
medicine.
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Antropometrijsku ili ameri¢cku manualnu me-
todu razvila je ameri¢ka antropoloska Skola pod
vodstvom Wiltona Mariona Krogmana ¢etrde-
setih godina proslog stolje¢a. Metoda se zasni-
va na debljini mekog tkiva koja se s velikom toc¢-
nosc¢u dobivala uz upotrebu igala, rendgenskih
i ultrazvuénih snimanja (Kreutz, Verhoff 2007).
lako uspjesSna, ova metoda danas se rijetko ko-
risti jer zahtijeva vrhunski obucene stru¢njake
Zza uzimanje mjera i snimanja na pravilan, ana-
tomski nadin.

Britanska ili Manchester metoda najmlada je
od navedenih i objedinjuje obje tehnike, ana-
tomsku i antropometrijsku, razvijajuéi se kra-
jem sedamdesetih godina pod vodstvom Ric-
harda Neavea (Quatrehomme et al. 1997; Lee et
al. 2012; Short et al. 2014). Najzastupljenija od
navedenih je 3D manualna metoda koja uvodi u
rekonstrukciju malene klinove koji predstavljaju
srednju dubinu tkiva na odredenoj anatomskoj
tocci. O zahtjevnosti takvog posla dovoljno go-
vori podatak kako je dubina tkiva lica odredena
spolom, starosnom dobi, gradom pojedinca te
djelomice populacijskom pripadnoscéu (Kreutz
et al. 2007).

U klasiénoj, manualnoj metodi u procesu
rekonstrukcije lica priévr§éuje se materijal za
modeliranje na odljev lubanje, kao zamjena za
meka tkiva i koZu do stvaranja pribliZnog izgle-
da osobe. Identifikacija pojedinca prema slic¢-
nosti rekonstruiranog lica ovisi o dostupnosti
podataka. Metode se krec¢u od jednostavne us-
poredbe s postojeéim fotografijama ili videom,
preko superpozicije digitalne slike lica na 3D
model lubanje, do slozenijih postupaka resta-
uracije ili rekonstrukcije lica. Restauracija lica
provodi se kada su oCuvani dijelovi mekih tkiva,
dok se rekonstrukcija lica temelji na anatom-
skim znanjima i 3D oblikovanju kada ne postoje
ostatci mekih tkiva (Sauer et al. 2012).

Lubanja predstavlja jednu od najsloZeni-
jih struktura ljudskog kostura, a sastoji se
od cetrnaest kosti lica (splanchnocranium)
i osam kosti neurokranija (neurocranium)
(Krmpoti¢c-Nemani¢, MarusSi¢ 2007). Kosti
lubanje Stite mozak i sredisSnji ziv€ani su-
stav te oblikuju otvorene zavijene povrsine s
¢vrstim stijenkama za prolaz zraka u proce-
su disanja, za usitnjavanje i uzimanje hrane.
Takoder, na oblik lubanje utje¢e razvijenost
misicéa.

Antropometrijska mjerenja i opisne ka-
rakteristike, primjerice tip nosa, obrva, boje
odiju temelj su Bertillonovog sustava koji je
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The American School of Anthropology devel-
oped the anthropometric or American manual
method under Wilton Marion Krogman's leader-
ship in the last century's forties. The method is
based on the thickness of the soft tissue, which
was obtained with great accuracy using needles,
X-ray and ultrasound imaging (Kreutz, Verhoff
2007). Although successful, this method is rarely
used today because it requires highly trained spe-
cialists to take measurements and record them in
a correct, anatomical way.

The British or Manchester method, the most
recent of the three combines anatomical and an-
thropometric techniques developed at the end
of the seventies under the leadership of Richard
Neave (Quatrehomme et al. 1997; Lee et al. 2012;
Short et al. 2014). The most common of the above
is the 3D manual method, which introduces small
wedges into the reconstruction, representing the
mean tissue depth at a certain anatomical point.
The fact that the depth of the facial tissue is de-
termined by the sex, age, and build of the indi-
vidual and partly by the population membership
speaks volumes about the demanding nature of
such work (Kreutz et al. 2007).

In the classic manual method of face recon-
struction, the modelling material is attached to the
skull cast as a substitute for soft tissues and skin
until the approximate appearance of the person is
created. The identification of an individual based
on the reconstructed face's similarity depends on
the availability of data. The methods range from a
simple comparison with existing photographs or
video through the superposition of a digital face
image on a 3D model of the skull to more complex
facial restoration or reconstruction procedures. It
is important to note that facial restoration is per-
formed when parts of soft tissues are preserved,
while the facial reconstruction is based on ana-
tomical knowledge and 3D modelling when no
soft tissue remains (Sauer et al. 2012).

The skull represents one of the most complex
structures of the human skeleton, and consists
of fourteen facial bones (splanchnocranium) and
eight neurocranium bones (Krmpoti¢-Nemanic,
Marusi¢ 2007). The bones of the skull protect the
brain and the central nervous system and form
open curved surfaces with solid walls for the pas-
sage of air in the process of breathing, for crush-
ing and taking in food. Also, the shape of the skull
is affected by muscle development.

Anthropometric measurements and descrip-
tive characteristics, such as the type of nose,
eyebrows, eye colour, are the basis of Bertillon's
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proizasao iz forenzi¢ne antropometrije. Kra-
niometrija, kao grana antropometrije, opi-
suje se kao proces mjerenja opseda i oblika
lubanje zbog odredivanja fizickih znacajki i
populacijske pripadnosti (Bender, Margarito-
ni 2015). Forenzi¢na facijalna rekonstrukcija
predstavlja sloZen proces koji se koristi ka-
da druge metode identifikacije ne uspiju. Za
njom se poseze ukoliko ne postoji podudara-
nje s bazama nestalih osoba, zubnih kartona
niti tragova na mjestu pronalaska posmrtnih
ostataka, koji mogu voditi k otkrivanju iden-
titeta. Prema anatomskim znacajkama luba-
nje stvara se priblizan izgled lica kako bi se
olakS8ala prepoznatljivost. lako je ova metoda
korisna, postoje odredena ogranic¢enja. Od-
nos izmedu kosti lubanje i mekih tkiva nije
uvijek precizan, te rekonstrukcija nudi samo
pribliznu sliku izvornog izgleda (Subsol, Qu-
atrehomme 2005). Takoder, promjene koje se
dogadaju tijekom starenja, posebno kod dje-
ce, mogu utjecati na to¢nost rekonstrukcije
(Wilkinson 2004).

Cilj ovog rada je prikazati postupak rekon-
strukcije mekih tkiva lica na modelu lubanje
osobe usmréene krajem Drugog svjetskog ra-
ta ili pocdetkom porac¢a na podrucju Gracdana
u Zagrebu te stvoriti njezin priblizan zaZivot-
ni izgled koriStenjem programa Blender za 3D
oblikovanje.

MATERIJAL | METODE

Izdvojena lubanja s donjom ¢eljusti oznacena
brojem 9 dio je kostanih ostataka najmanje de-
vedeset pet osoba otkrivenih u masovnoj grob-
nici na mikrolokaciji PeS¢enka u Gracanima,
najsjevernijem dijelu grada Zagreba. Terensko
istrazivanje masovnih grobnica na navedenom
podrucdju provedeno je 2018. godine, tijekom
kojeg je potvrdeno sedam lokacija s ostatcima
najmanje dvjesto devedeset Cetiri osobe (MHB
2018). Cijeli postupak, koji ukljucuje otkriva-
nje, terensko istrazivanje masovnih grobnica,
ekshumaciju kostanih ostataka i analizu u smi-
slu identifikacije u nadleznosti je i organizaciji
Uprave za zatoCene i nestale Ministarstva hr-
vatskih branitelja (Petaros et al. 2021). U teren-
skom laboratoriju lubanja je stabilizirana i oCi-
S$éena te djelomice rekonstruirana. Antropolos-
ka analiza lubanje s donjom celjusti broj 9, kao
i svih kosStanih ostataka s navedenog lokalite-
ta izvedena je u mrtvacnici Zavoda za sudsku
medicinu i kriminalistiku Medicinskog fakulte-
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system, which arose from forensic anthropom-
etry. Craniometry, as a branch of anthropometry,
is defined as the process of measuring the extent
and shape of the skull for the purpose of deter-
mining its physical characteristics and its popu-
lation affiliation (Bender, Margaritoni 2015). Fo-
rensic facial reconstruction is a complex process
used when other methods of identification fail. It
is used if there is no match with the databases of
missing persons dental records or traces at the
place where the remains were found, which can
lead to the discovery of identity. Based on the
anatomical characteristics of the skull, the ap-
proximate appearance of the face is created to fa-
cilitate recognition. Although this method is use-
ful, there are certain limitations. The relationship
between the bones of the skull and the soft tis-
sues is not always precise, which means that the
reconstruction offers only an approximate picture
of the original appearance (Subsol, Quatrehomme
2005). Also, changes that occur during ageing,
especially in children, can affect the accuracy of
the reconstruction (Wilkinson 2004).

This work aims to show the procedure for re-
constructing the soft tissues of the face on a skull
model of a person murdered at the end of the
World War 1l or at the beginning of the post-war
period in the area of Gracani in Zagreb and to cre-
ate its approximate life-like appearance using the
Blender program for 3D modeling.

MATERIAL AND METHODS

The separated skull with the lower jaw marked
with the number 9 is part of the bone remains of
at least ninety-five people were uncovered in a
mass grave at the PeS¢enko microsite in Gradani,
the northernmost part of the city of Zagreb. A
field survey of mass graves in the mentioned area
was conducted in 2018, during which seven loca-
tions with the remains of at least two hundred and
ninety-four people were confirmed (MHB 2018).
The entire procedure, which includes discovery,
field research of mass graves, exhumation of
bone remains and analysis in terms of identifica-
tion, is under the jurisdiction of the Directorate
for Detainees and Missing Persons of the Min-
istry of Croatian Veterans (Petaros et al. 2021).
The skull was stabilized, cleaned, and partially
reconstructed in the field laboratory. The anthro-
pological analysis of the skull with the lower jaw
number 9, as well as all the bone remains from
the mentioned microsite, was performed in the
morgue of the Department of Forensic Medicine
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ta SveuciliSta u Zagrebu (MHB 2019). Lubanja
broj 9 odabrana je za facijalnu rekonstrukciju
zbog visokog stupnja oduvanosti i cjelovitosti
(sl. 1). Naime, 63 % lubanja s mikrolokacije Pe-
SCenka ima zabiljezenu barem jednu strijelnu
ranu (vulnera sclopetaria). Na izbor je utjecalai
odsutnost vecih tafonomskih promjena te pos-
tmortalnih oStecéenja. Izvedba facijalne rekon-
strukcije u svim fazama omogucéena je surad-
njom Ministarstva hrvatskih branitelja i Ureda
za forenzi¢ne znanosti SveuciliSta u Zagrebu.

Za 3D racunalnu rekonstrukciju lica luba-
nja s priévrS§éenom donjom celjusti snimljena
je 3D laserskim skenerom Cyberware 3030
(Cyberware Inc., Monterey, California). Snima-
nje je izvedeno je u okviru aktivnhosti Ureda za
forenzi¢ne znanosti SveuciliSta u Zagrebu, na
Zavodu za tehnologiju i Katedri za alatne stro-
jeve Fakulteta strojarstva i brodogradnje Sveu-
CiliSta u Zagrebu. Nakon analize, lubanja je vra-
¢ena Ministarstvu hrvatskih branitelja na trajno
zbrinjavanje.

Antropoloska analiza

Antropoloske analiticke metode upotrijeblje-
ne u ovom radu obuhvatile su procjenu spola
ispituju¢i makromorfoloSke znacajke lubanje
s donjom celjusti te procjenu doZivljene sta-
rosti prema stupnju srastanja Savova lubanje i
nepcane kosti te atricije griznih povrsSina kut-
njaka. Uslijed nedostatka ostalih osteoloskih
elemenata kostura, odnosno samo na temelju
znacajki lubanje i donje Celjusti, u istrazivanju
su primijenjene i sekundarne metode procjene
dozivljene starosti, uz preporuceni oprez (Kle-
pinger 2006). Obje navedene metode su upo-
trijebljene kako bi se postigao tocniji rezultat.

Spol osobe utvrden je prema morfoloskim
znacajkama lubanje s donjom celjusti i oste-
oloskim strukturama uz bodovanje cetrnaest
spolnih znakova i izracuna stupnja seksualnosti
(Krogman 1939; Acsadi, Nemeskéri 1970; Fe-
rembach et al. 1980; Buikstra, Ubelaker 1994;
Isgcan, Steyn 2013).

Za prikaz raspona dozivljene starosti koristi-
la se Martinova podjela s osam faza: do sedme
godine Zivota (infans I.), od sedme do Cetrnae-
ste godine (infans Il.), od cetrnaeste do dvade-
set prve (juvenilis/juvenus), od dvadeset prve
do dvadeset devete (adultus I.), od tridesete do
trideset devete (adultus Il.), od Cetrdesete do
Cetrdeset devete (maturus 1.), od pedesete do
pedeset devete godine (maturus Il.) te vise od

and Criminology, the Faculty of Medicine, Univer-
sity of Zagreb (MHB 2019). Skull number 9 was
chosen for facial reconstruction due to its high
degree of preservation and completeness (Fig.
1). Namely, 63% of the skulls from the Pes¢enka
microsite have recorded at least one gunshot
wound (vulnera sclopetaria). The absence of ma-
jor taphonomic changes and postmortem damage
also influenced the choice. The performance of
facial reconstruction in all phases was made pos-
sible by the cooperation of the Ministry of Croa-
tian Veterans and the Office of Forensic Sciences
of the University of Zagreb.

For 3D computer reconstruction of the face,
the skull with the attached lower jaw was scanned
with a 3D laser scanner Cyberware 3030 (Cyber-
ware Inc., Monterey, California). The scanning was
carried out as part of the activities of the Forensic
Sciences Office of the University of Zagreb, at the
Department of Technology and the Department of
Machine Tools, Faculty of Mechanical Engineering
and Shipbuilding, University of Zagreb. After the
analysis, the skull was returned to the Ministry of
Croatian Veterans for permanent care.

Anthropological analysis

The anthropological analytical methods used
in this work included the evaluation of sex by ex-
amining the macromorphological features of the
skull with the lower jaw and the assessment of the
age at death according to the degree of the skull
and palatal bone sutures closing and attrition de-
gree of the molars biting surfaces. Due to the lack
of other osteological elements of the skeleton, i.e.
based only on the features of the skull and lower
jaw, secondary methods of age at death evalua-
tion were also applied in the research, with rec-
ommended caution (Klepinger 2006). Both meth-
ods are used in order to achieve a more accurate
result.

A person's sex was determined according to the
morphological features of the skull and the lower
jaw and osteological structures with the fourteen
sexual signs scoring and the sexuality degree cal-
culation (Krogman 1939; Acséadi, Nemeskéri 1970;
Ferembach et al. 1980; Buikstra, Ubelaker 1994;
Isgan, Steyn 2013).

To show the age at death range, Martin's divi-
sion with eight stages was used: up to the seventh
year of life (infans I), from the seventh to the four-
teenth year (infans Il), from the fourteenth to the
twenty-first (juvenilis/juvenus), from the twenty-
first to the twenty-nine (adultus /), from thirty to
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Sezdeset godina (senilis) (Martin, Saller 1957).

Starost osobe procijenjena je prema sekun-
darnoj metodi stupnja srastanja lubanjskih
Savova, ukljucujuéi i Savove na bazi lubanje
(Krogman, Isgan 1986; Mann 1987; Nawrocki
1998), srastanja nepcanih Savova (Mann 1987;
Mann et al. 1987; 1991; Beauthier et al. 2010)
te stupnja troSenja okluzalnih povrsina kutnja-
ka (Brothwell 1981). Sagitalni Sav prvi podinje
srastati u ranim tridesetima, treéi dio sagital-
nog Sava (S, — pars obelica) u potpunosti sra-
$ta u ranim tridesetim godinama, dok cijeli Sav
potpuno srasta izmedu Sezdeset prve i Sezde-
set pete godine Zivota. Vjenacni Sav u potpu-
nosti srasta izmedu pedeset Seste i Sezdese-
te godine Zivota. Poput ostalih glavnih Savova,
lambdoidni Sav u dijelu L, zapocinje se zatvara-
ti u kasnim dvadesetima, dok ¢e u potpunosti
srasti izmedu Sezdeset Seste i sedamdesete
godine starosti (Khandare et al. 2015). Mann je
na temelju istrazivanja nepcane kosti, odnosno
Savova nepcane kosti zakljudio da srastanje
sjekuti¢cnog Sava, ukoliko se razvije, zapocinje
oko dvadeset pete godine Zivota, dok se po-
precni Sav (sutura palatina transversa) zatvara
izmedu tridesete i Cetrdesete godine, a medija-
ni (sutura palatina mediana) oko pedesete go-
dine Zivota (Mann et al. 1987).

Podrijetlo osobe, odnosno populacijska pri-
padnost odredena je prema nekoliko makro-
morfolosSkih znacajki na lubanji (Rhine 1990;
Hincak Daris 2024).

Proces rekonstrukcije lica

Proces rekonstrukcije lica zasniva se na
metodi opisanoj u priruéniku ,Manual de
Reconstrucdo Facial 3D Digital: Aplicagdes
com Cddigo Aberto e Software Livre". Rekon-
strukcija lica izvedena je pomoc¢u programa
otvorenog koda i sastoji se od nekoliko faza.
Na pocetku se stvara trodimenzionalni model
lubanje, a zatim se na njega dodaju virtualne
oznake koje predstavljaju debljinu mekog tkiva.
Sljededi korak ukljucuje oblikovanje profila lica
te dodavanje koze. Nakon postupka osjenca-
vanja pri racunalnoj obradi dobiva se vizual re-
konstruiranog lica (Moraes, Miamoto 2015). Pri
izradi ove rekonstrukcije koriStene su dvije me-
tode, Metoda Lebedinskaya (Lebedinskaya et
al. 1993) i Manchesterska metoda (Prag, Neave
1997). Obje se mogu koristiti u kombinaciji ka-
ko bi se postigla Sto preciznija i vjerodostojnija
forenzi¢na aproksimacija lica. Njihova kombi-
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thirty-nine (adultus Il), from forty to forty-nine
(maturus 1), from fifty to fifty-ninth (maturus /)
and over sixty years (senilis) (Martin, Saller 1957).

A person’s age at death was estimated accor-
ding to the secondary method, skull sutures fusi-
on degree, including sutures at the base of the
skull (Krogman, Isgan 1986; Mann 1987; Nawrocki
1998) and palatal sutures (Mann 1987; Mann et al.
1987; 1991; Beauthier et al. 2010) and the degree
of wear of the occlusal surfaces of the molars
(Brothwell 1981). The sagittal suture first begins
to fuse in the early thirties, with the third part of
the sagittal suture (S, — pars obelica) completely
fuses in the early thirties, while the entire sutu-
re completely fuses between the ages of sixty-
one and sixty-five. The coronal suture completely
fuses between the ages of fifty-six and sixty. Like
other major sutures, the lambdoid suture in the
L1 segment begins to close in the late twenties,
while it will fully fuse between the ages of sixty-
six and seventy (Khandare et al. 2015). Based on
the research of the palatine bone, that is, the su-
tures of the palatine bone, Mann concluded that
the fusion of the incisor suture, if it develops, be-
gins around the age of twenty-five, while the tran-
sverse suture (sutura palatine transversa) closes
between the ages of thirty and forty, and the me-
dian (sutura palatine median) around the age of
fifty (Mann et al. 1987).

A population affiliation of a person is deter-
mined according to several macromorphological
features on the skull (Rhine 1990; Hincak Daris
2024).

Facial reconstruction process

The facial reconstruction process is based on
the method described in the manual “Manual de
Reconstrucdo Facial 3D Digital: Aplicagdes com
Cddigo Aberto e Software Livre”. Facial recon-
struction was performed using an open-source
program that consisted of several stages. In the
beginning, a three-dimensional model of the skull
is created, and then virtual markers represent-
ing the thickness of the soft tissue are added to
it. The next step involves shaping the face pro-
file and adding skin. After the shading procedure
during computer processing, a visual of the re-
constructed face is obtained (Moraes, Miamoto
2015). Two methods were used when making
this reconstruction: the Lebedinskaya method
(Lebedinskaya et al. 1993) and the Manchester
method (Prague, Neave 1997). Both can be used
in combination to achieve the most accurate and
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nacija omogucuje ravnotezu izmedu znanosti
i umjetnosti gdje Manchesterska metoda do-
nosi umjetnicki pristup, dok se metoda Lebe-
dinskaya oslanja na to¢ne antropoloSke mjere.
Tako se osigurava etnicki i demografski to¢na
rekonstrukcija lica obogacena digitalnim tehni-
kama. Takoder, pruza fleksibilnost u slu¢ajevi-
ma s malo podataka jer metoda Lebedinskaya
daje smjernice prema etnickim znacajkama,
dok Manchesterska metoda omogucuje prila-
godbu lica prema dostupnim podatcima.
Proces rekonstrukcije lica izveden je u spe-
cijaliziranim 3D programima: Blender (Blender
Foundation®, Ton Roosendaal), MakeHuman
(MakeHuman Team®) i OrtogOnBlender (Cicero
Moraes, dr. Everton da Rosa, dr. Rodrigo Dor-
nelles). MakeHuman omogucuje brzo definira-
nje osnovnog oblika lica, ¢ime se Stedi vrijeme i
omogucuje posvecivanje vece paznje detaljima
u kasnijim fazama procesa. Proces je bio struk-
turiran u nekoliko medusobno povezanih faza.
U procesu digitalizacije lubanje primijenjen
je 3D skener Cyberware 3030 (Cyberware Inc.,
Monterey, California). Ovaj uredaj koristi po-
sebnu strukturu laserskog snopa koja omogu-
¢uje visokorezolucijske 3D podatke o objektu.
Laserska zraka se projicira na lubanju, a reflek-
tirana svjetlost se hvata pomoc¢u niza kamera.
Dobiveni podaci, koji uklju¢uju x, y, z koordina-
te za geometriju i RGB vrijednosti za boju, obra-
deni su kako bi se stvorio detaljan 3D model.
Model je pohranjen u digitalnom formatu i moze
se obradivati u programu za 3D oblikovanje. Na
taj nacin stvorena je virtualna kopija lubanje,
koja omogucuje detaljno proucavanje njezinih
morfoloskih znacajki, bez potrebe za direktnim
kontaktom s izvornim primjerkom (Ciri¢ 2019).

REZULTAT

Antropoloska analiza

Antropoloska analiza provedena je kako bi se
utvrdio bioloski profil osobe. Ispitivana lubanja
oc¢uvana je u svim elementima kosti glave s do-
njom cCeljusti. U pogledu straga (norma occipi-
talis) lubanja je oblika kuce, dok je njezin oblik u
pogledu odozgo (norma verticalis) pentagoidan.

Izabrana lubanja za facijalnu rekonstrukciju,
lubanja s donjom &eljusti broj 9 (sl. 1), pripadala
je muskoj osobi. Bodovano je ¢etrnaest spolnih
znakova i antropoloskih to¢aka na lubaniji: g/a-
bella +1, relief planum nuchale +2, tuber fron-
tale et parietale 0, forma orbitae +1, arcus su-
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credible forensic approximation of the face. Their
combination allows for a balance between science
and art, where the Manchester method brings an
artistic approach, while the Lebedinskaya method
relies on accurate anthropological measurements.
This ensures ethnically and demographically ac-
curate facial reconstruction enriched with digital
techniques. Also, it provides flexibility in cases
with little data, as the Lebedinskaya method pro-
vides guidelines according to ethnic character-
istics, while the Manchester method allows face
adjustment according to available data.

The facial reconstruction process was per-
formed in specialized 3D programs: Blender
(Blender Foundation®, Ton Roosendaal), MakeHu-
man (MakeHuman Team®) and OrtogOnBlender
(Cicero Moraes, Dr. Everton da Rosa, Dr. Rodrigo
Dornelles). MakeHuman allows to quickly define
the face's basic shape, saving time and allowing
to pay more attention to details in the later stag-
es of the process. The process was structured in
several interconnected phases.

A 3D scanner Cyberware 3030 (Cyberware
Inc., Monterey, California) was used in the skull
digitization process. This device uses a special
laser beam structure, enabling high-resolution 3D
data about the object. A laser beam is projected
onto the skull, and cameras capture the reflect-
ed light. The resulting data, which includes ¥, v,
and z coordinates for geometry and RGB values
for colour, is processed to create a detailed 3D
model. The model is stored in digital format and
can be processed in a 3D design program. In this
way, a virtual copy of the skull was created, which
enables a detailed study of its morphological fea-
tures, without the need for direct contact with the
original specimen (Ciri¢ 2019).

RESULTS

Anthropological analysis

Anthropological analysis was carried out to de-
termine a person’s biological profile. The exam-
ined skull is preserved in all elements of the head
bone and the lower jaw. When viewed from behind
(norma occipitalis), the skull is house-shaped,
while its shape from above (norma verticalis) is
pentagoid.

The skull chosen for facial reconstruction, a
skull with lower jaw number 9 (Fig. 1), belonged
to a male person. Fourteen sexual signs and an-
thropological points on the skull were scored:
glabella +1, relief planum nuchale +2, tuber fron-
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pracilliaris +1, inclinatio os frontale +1, proce-
ssus mastoideus +1, margo inferior mandibulae
+1, angulus mandibulae +1, processus zygo-
maticus +2, trigonum mentale +1, protuberan-
tia occipitalis externa +2, corpus mandibulae
+1, os zygomaticum +2. Stupanj seksualizaci-
je prema bodovanju spolnih znakova na lubaniji
iznosi + 1,28 te osoba pokazuje makromorfo-
loSke znacajke muskog spola tipa masculinum.

Sekundarni pokazatelji dozivljene starost,
Savovi na lubanji, upucuju na mladu osobu ¢ija
starost u trenutku smrti nije prelazila trideset
pet godina. Dva Sava na ektokraniju i endokra-
niju lubanje, vjenacni i lambdoidni su otvoreni,
dok je poCetak srastanja vidljiv na S, dijelu sagi-
talnog Sava u obje projekcije. Stupanj srastanja
nepcanih Savova (sutura palatina mediana et
sutura palatina transversa) takoder je uklju¢en
u analizu. Oba, medijalni i transverzalni nepca-
ni $av u potpunosti su otvoreni. Prema navede-
noj analizi, starost osobe u trenutku smrti pro-
cijenjena je u rasponu od kraja dvadesetih do
tridesetak godina (adultus I).

Sljededi ispitani parametar bio je stupanj
srastanja Savova nepcane kosti. Medijana nep-
C¢ana kost i transverzalna kost (sutura palatina
mediana et sutura palatina transversa) u pot-
punosti su otvorene.

Dvije su nemetricke epigeneticke varijacije
lubanjskih Savova vidljive na lubanji broj 9. Na
zatiljnom podrucju lubanje opaZa se poprecni
Sav koji dijeli zatiljnu ljusku u dijelu najvisSe Siji-
ne linije (linea nuchales) i u dvije to¢ke dodiru-
je lambdoidni Sav (sutura lambdoidea), tvoredi
novu kost ili koStani otok (os interparietale). U
pogledu sprijeda, u medijanoj liniji na ¢eonoj
kosti jasno je vidljiva anatomska varijacija -
metopic¢ni Sav u punoj duzini ¢eone kosti (sl. 1).

Zubni niz u donjoj i gornjoj ¢eljusti (mandibu-
la et maxilla) dobro su ouvani u neosteé¢enim
alveolama. U lijevoj gornjoj ¢eljusti nije oCuvan
potpuni zubni niz, veé su utvrdeni zubi na pozi-
cijama: 12,C, P', P2i M. Opazaju se neoStecene,
prazne alveole na pozicijama I', M' i M?, uslijed
postmortalnog gubitka zuba. U desnoj gornjoj
Celjusti prisutni su zubi u alveolama na pozici-
jama: 12, C, P', P2, M'. Zamjecuje se postmortal-
no prazna alveole na poziciji I'. Donja Celjust je
opcenito bolje o€uvana. Zubni niz lijeve strane
donje €eljusti gotovo je u potpunosti ocuvan: |,
C,P, P, M, M,iM,. Praznaje tek alveola na po-
ziciji I, uslijed postmortalnog gubitka zuba. De-
sna strana donje celjusti o¢uvana je u kracem

nizu na pozicijama: I, I, C, M, M,, M,. O¢uva-
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tale et parietale 0, forma orbitae +1, arcus su-
pracilliaris +1, inclinatio os frontale +1, proces-
sus mastoideus +1, margo inferior mandibulae
+1, angulus mandibulae +1, processus zygomati-
cus +2, trigonum mentale +1, protuberantia oc-
cipitalis externa +2, corpus mandibulae +1, axis
zygomaticum +2. The sexualization degree ac-
cording to the scoring of the sexual signs on the
skull is + 1.28, and the person shows the macro-
morphological features of the masculinum type
of male sex (masculinum).

Secondary indicators of age, such as skull su-
tures, point to a younger person whose age at
the time of death did not exceed thirty-five years.
Two sutures on the ectocranium and endocranium
of the skull, coronal and lambdoid, are open. At
the same time, the beginning of fusion is visible
on the S3 part of the sagittal suture in both pro-
jections. The degree of the palatal sutures ten-
derness (sutura palatina mediana et sutura palati-
na transversa) was also included in the analysis.
Both the medial and transverse palatal sutures
are entirely open. According to the aforemen-
tioned analysis, the person's age at the time of
death was estimated to be in the late twenties to
about thirty years (adultus I).

The following parameter examined was the de-
gree of fusion of the sutures of the palatal bone.
Median palatine bone and transverse bone (sutu-
ra palatina mediana et sutura palatina transversa)
are completely open.

Two non-metrical epigenetic variations of skull
sutures are visible on skull number 9. On the oc-
cipital region of the skull, a transverse suture can
be observed that divides the occipital scale in the
part of the highest neckline (/inea nuchales) and
touches the lambdoid suture (sutura lambdoidea)
at two points, forming a bone island (os interpa-
rietale). In the frontal view, in the median line on
the frontal bone, an anatomical variation is visible
- the metopic suture runs the entire length of the
frontal bone (Fig. 1).

The dental row in the lower and upper jaw
(mandibula et maxilla) are well preserved in un-
damaged alveoli. In the left upper jaw, the com-
plete set of teeth has not been preserved, but
the teeth in the positions I?, C, P', P2 and M3 have
been identified. Due to postmortem tooth loss,
there are undamaged, empty alveoli at positions
I, M" and M2, In the right upper jaw, there are
teeth in the alveoli at positions 12, C, P?, P?, and
M'. Postmortem empty alveoli can be observed
at position I'. The lower jaw is generally better
preserved. The dental row of the left side of the
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ne su prazne alveole na pozicijama P,, P, koje
upucuju na postmortalni gubitak zuba. Tredi
kutnjaci donje i lijeve gornje ¢eljusti nalaze se
u okluzalnoj ravnini. Vrlo slaba abrazija griznih
povrsina potvrduje mladost osobe.

Prema navedenim analizama, procijenjena sta-
rost osobe nalazi se u rasponu od dvadeset pet
do trideset godina (adultus I). Na nepc¢anoj kosti
(os palatinum) iz sjekutiénog otvora (foramen in-
cisivum) opaza se meziodens, prekobrojni zub,
koji je rotiran za 90 stupnjeva. Predstavlja vari-
jaciju u razvoju zuba u celjusti, a smjesten je u
medijanoj liniji izmedu prva dva sjekuti¢a gornje
Celjusti.

Ukupno su otkrivene tri anomalije na lubaniji,
dvije kao nemetriCke varijacije — os interpari-
etale i metopizam, a na gornjoj Celjusti preko-
brojni zub — meziodens.

Populacijska pripadnost odredena je pre-
ma makromorfoloskim znacajkama na lubaniji.
Nosne kosti su u pogledu sprijeda postavljene
kao mali tornjevi na blago spusten do udubljen
korijen nosa, dok je nosni most izdignut. Nosni
trn je jace izrazen, kao i prag nosa. Grana donje
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SlI. 1 - Lubanja 9, pogled sprijeda (norma frontalis),
Gradani, Zagreb (prema Ciri¢ 2019: 53; snimila: 1. Ciri¢)
Fig. 1 - Skull 9, frontal view (norma frontalis), Grac¢ani,
Zagreb (after Ciri¢ 2019: 53; photo by: I. Ciri¢)

lower jaw is almost completely preserved: |, C,
P, P, M, M, and M,. Only the alveolus at posi-
tion I, is empty due to postmortem tooth loss.
The right side of the lower jaw is preserved in a
shorter sequence at positions |, I, C, M, M,, and
M,. Empty alveoli have been preserved in posi-
tions P, and P,, which point to postmortem tooth
loss. The third molars of the lower and left upper
jaw are located in the occlusal plane. Very slight
abrasion of the occlusal surfaces confirms the
youth of the person.

According to the aforementioned analyses, the
estimated age at death of the person is in the
range of twenty-five to thirty years (adultus I).
On the palatine bone (os palatinum) from the in-
cisor opening (foramen incisivum) a mesiodens,
supernumerary tooth, rotated by 90 degrees, is
observed. It represents a variation in the devel-
opment of teeth in the jaw and is located in the
median line between the first two incisors of the
upper jaw.

A total of three anomalies were discovered on
the skull, two as non-metric variations - os inter-
parietale and metopism, and on the upper jaw the
supernumerary tooth — mesiodens.

Population affiliation is determined accord-
ing to macromorphological features on the skull.
In the anterior view, the nasal bones are placed
like small towers on the slightly lowered to the
sunken root of the nose, while the nasal bridge
is elevated. The bridge of the nose is more pro-
nounced, as is the nasal spine. The ramus of the
lower jaw is slightly indented on the upper third of
the bone. The bulging surface of the palatal bone
and Carabelli's sign on the first molars of the up-
per jaw stand out. In the neck (regio nuchales),
a well-developed attachment of the long muscle
of the head is visible. The eye sockets (orbitae)
are square, and the lateral part is placed down-
wards. The nostril is narrow. The metopic suture
is preserved, and descendants of Europeans of-
ten preserve that variant or at least parts of the
metopic suture in different lengths and phases on
the frontal bone.
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Celjusti je blago udubljena na gornjoj treéini ko-
sti. Posebno se isti¢e ispupéena povrsina nep-
Cane kosti i Carabellijev znak na prvim kutnja-
cima gornje Celjusti. Na Sijinom podrucju (re-
gio nuchales) vidljivo je dobro razvijeno mjesto
prihvata dugog misi¢a glave. O¢nice (orbitae)
su Cetvrtaste i lateralni dio je postavljen prema
dolje. Nosni otvor je uzak. O¢uvan je metopic-
ki Sav, a potomci Europljana ¢esto ocuvaju tu
varijantu ili barem dijelove metopi¢nog Sava u
razli¢itim duZinama i fazama na ¢eonoj kosti.

Facijalna rekonstrukcija

Prvi korak u rekonstrukciji lica bio je uvoz 3D
modela skenirane lubanje u STL formatu u pro-
gram Blender. Skenirana lubanja je zatim preci-
zno pozicionirana u poloZaj frankfurtske horizon-
tale, odnosno u ravninu oko — uho, kako bi se osi-
gurala anatomski to¢na orijentacija. U profilnom
pogledu svodi se na jednu horizontalnu liniju, dok
vertikalna linija sluzi kao temelj za stvaranje pro-
fila (Wilkinson 2004). Ovaj postupak klju¢an je za
preciznu procjenu dubine mekih tkiva. Antropo-
metrijski podaci o debljini mekih tkiva, za osobe
u dobi od 18 do 29 godina, prikazani su oznakama
s odredenim vrijednostima debljine tkiva te je s
pomocu njih izraden priblizan obris lica (sl. 2-3).
Pri odabiru tablice s podatcima o debljini tkiva
uzeti su u obzir su spol, podrijetlo i dob pojedin-

Facial reconstruction

The first step in facial reconstruction was to
import the 3D model of the scanned skull in STL
format into the Blender program. The scanned
skull is then precisely positioned in the Frank-
furt horizontal position, i.e. in the eye-ear plane,
to ensure anatomically correct orientation. In
the lateral view, it is reduced to one horizontal
line, while the vertical line serves as the basis
for creating the profile (Wilkinson 2004). This
procedure is crucial for the accurate assess-
ment of soft tissue depth. Anthropometric data
on the thickness of soft tissues for people aged
18 to 29 years are shown with markers with spe-
cific values of tissue thickness, and with their
help, an approximate outline of the face is cre-
ated (Figs. 2-3). When selecting the table with
data on tissue thickness, the sex, origin and age
of the individual were taken into account. De-
spite the databases typically used in the recon-
struction process (measures according to Rhi-
neau and Mooreau), in this case, more recent
data from De Greef's research were used, which
proved to be more appropriate (De Greef et al.
2006).

With the obtained high-resolution 3D skull
model in STL format (without colour and texture
data), the reconstruction process was started
in the Blender program. The model consists of

Sl. 2 - Pomo¢ne linije koriStene pri izradi
usana i umetanju o¢nih jabucica. Norma
frontalis, lubanja 9, Gracani (prema Cirié
2019: 53; izradila: I. Ciri¢)

Fig. 2 — Auxiliary lines are used when
making lips and inserting eyeballs. Norma
frontalis, skull 9, Gradani (after Ciri¢ 2019:
53; made by: I. Ciri¢)
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ca. Unato¢ bazama podataka inac¢e korisStenim u
procesu rekonstrukcije (mjere prema Rhineau i
Mooreau), u ovom slucaju, koristeni su noviji po-
daci iz istrazivanja De Greefa, koji su se pokazali
prikladnijima (De Greef et al. 2006).

Dobivenim visokorezolucijskim 3D modelom
lubanje u STL formatu (bez podataka o boji i tek-
sturi) zapodet je proces rekonstrukcije u progra-
mu Blender. Model se sastoji od mnostva poligona
(faceta) $to mu pruza precizniji i gladi oblik. Ovaj
3D model pruza preciznu geometrijsku osnovu za
daljnje oblikovanje i postupno ,0zivljavanje” lica.
Detaljan pregled sljedecéih koraka u procesu re-
konstrukcije lica prikazan je u tab. 1 (Cirié¢ 2019).

U programu MakeHuman kreiran je univerzal-
ni model ljudskog lica prilagoden antropometrij-
skim podacima dobivenim analizom lubanje. Na
temelju dostupnih kostanih ostataka nije bilo mo-
guce procijeniti visinu i masu osobe te su postav-
liene prosjecne vrijednosti od 178 cm i 80 kg. Mo-
del, za kojeg je antropoloSkom analizom utvrde-
no da je Europljanin u dobi od 25 godina, uvezen
je u OrtogOnBlender u OBJ formatu i precizno
poravnan s 3D modelom lubanje. Koristeéi alate
za 3D oblikovanje stvarana je detaljna mreza lica,
koja je uskladena s anatomskim karakteristikama
lubanje (sl. 4) (Ciri¢ 2019).

Za stvaranje koze koriStena je kvalitethna PNG
tekstura, koja je omogudila stvaranje tocnijeg
izgleda. Kako bi se povecala vizualna privlacnost
modela primijenjen je niz modifikatora, primjerice
subdivizija povrsine, $to je rezultiralo poveéanjem
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Sl. 3 — Rekonstruirani profil osobe. Nor-
ma lateralis, lubanja 9, Gracani (prema
Ciri¢ 2019: 58; izradila: 1. Ciri¢)

Fig. 3 — Reconstructed profile of the
person. Norma lateralis, skull 9, Grac¢ani
(after Ciri¢ 2019: 58; made by: I. Ciri¢)

many polygons (faceta), which gives it a more
precise and smoother shape. This 3D model
provides a precise geometric basis for further
shaping and gradually “reviving” the face. A
detailed overview of the next steps in the face
reconstruction process is shown in Tab. 1 (Cirié
2019).

In the program MakeHuman, a universal mod-
el of the human face was created and adapted
according to the anthropometric data from the
skull analysis. Estimating the person’s stature
and mass was impossible based on the pre-
served osteological remains. Therefore, aver-
age values of 178 cm and 80 kg were set. The
model, determined as a European male aged
at death of 25 years, was imported into Orto-
gOnBlender in OBJ format and precisely aligned
with the 3D model of the skull. Using 3D model-
ling tools, a detailed facial network was created
and coordinated with the anatomical character-
istics of the skull (Fig. 4) (Ciri¢ 2019).

A high-quality PNG texture was used to cre-
ate the skin, which made it possible to create a
more accurate look. In order to increase the vis-
ual appeal of the model, several modifiers were
applied, such as surface subdivision, which in-
creased the number of polygons and created a
smoother surface for the model. The final 3D
model of the reconstructed face, shown in the
Fig. 5, represents the best estimate of the per-
son's original appearance based on the avail-
able data (Ciri¢ 2019).
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Blender - MakeHuman —> OrtogOnBlender

Tab. 1 - Koraci u izradi rekonstrukcije lica (prema Ciri¢ 2019: 49;
izradila: 1. Ciri¢)

Tab. 1 - Several steps in making facial reconstruction (after Cirié
2019: 49; made by: 1. Ciri¢)

Sl. 4 — MreZa modela lica, lubanja 9, Graéani (prema Ciri¢ 2019: 59; izradila: 1. Ciri¢)
Fig. 4 — Face model network, skull 9, Gra&ani (after Ciri¢ 2019: 59; made by I. Ciri¢)
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S| 5 — Rekonstruirano lice Zrtve (norma frontalis et norma lateralis), lubanja 9, Gracani (prema Ciri¢ 2019: 60;
izradila: I. Ciri¢)
Fig. 5 — Reconstructed face of the victim (norma frontalis et norma lateralis), skull 9, Gracani (after Ciri¢ 2019: 60;
made by: I. Ciri¢)

broja poligona i gladom povrSinom modela. Zavrs-
ni 3D model rekonstruiranog lica, prikazan na sl.
5, predstavlja najbolju procjenu izvornog izgleda
osobe na temelju dostupnih podataka (Ciri¢ 2019).

RASPRAVA

Ljudska sposobnost prepoznavanja lica je
sloZena i temelji se na medusobnom djelovanju
brojnih ¢imbenika. lako je lice kljuéno za drus-
tvenu interakciju, proces njegovog prepozna-
vanja i pohranjivanja u memoriji jo$ uvijek ni-
je u potpunosti razjasnjen. Rekonstrukcija lica
predstavlja dodatni izazov, s obzirom da se su-
oc¢avamo s brojnim varijablama koje utjecu na
izgled lica poput starosne dobi, spola, etni¢ke
pripadnostiiindividualnih karakteristika koje se
teSko mogu odrediti na osnovu samog kostura.
Prema Bruceu i Youngu, opazaj lica vise je od
zbroja njegovih dijelova te se lice prepoznaje
kao cjelovita struktura, a ne kao skup izolira-
nih znacajki (Bruce, Young 1986). Nedostatak
to¢nosti u rekonstrukciji, koji je ¢esto poslje-
dica oslanjanja na prosjec¢ne vrijednosti tkiva,
moze dovesti do gubitka vaznih individualnih
detalja i otezati usporedbu rekonstruiranog li-
ca s drugim dokazima (Subsol, Quatrehomme
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DISCUSSION

The human ability to recognize faces is complex
and based on the interaction of numerous factors.
Although the face is crucial for social interaction,
the process of its recognition and memory stor-
age still needs to be fully understood. Facial re-
construction represents an additional challenge,
given that we are faced with numerous variables
that affect the appearance of the face, such as
age, gender, ethnicity, and individual character-
istics, which can hardly be determined based on
the skeleton itself. According to Bruce and Young,
the perception of a face is more than the sum of
its parts, and the face is recognized as a com-
plete structure, not as a set of isolated features
(Bruce, Young 1986). The need for more accuracy
in reconstruction, often a consequence of relying
on tissue averages, can lead to the loss of impor-
tant individual details and make it difficult to com-
pare the reconstructed face with other evidence
(Subsol, Quatrehomme 2005). Anthropological
analysis of skull number 9 revealed the presence
of metopism, that is, incomplete fusion of the
frontal bone. Although the suture is usually ex-
pected to close in early childhood, between four
and six years of age (Mann, Hunt 2005), it may
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2005). Antropolo$ka analiza lubanje broj 9 ot-
krila je prisutnost metopizma, odnosno nepot-
punog srastanja ¢eone kosti. Premda se obi¢no
ocekuje da se Sav zatvori u ranom djetinjstvu,
izmedu Cetvrte i Seste godine Zivota (Mann,
Hunt 2005), kod nekih pojedinaca on moze
biti prisutan i u odrasloj dobi. lako je metopi-
zam relativno ¢esta pojava, s u¢estaloséu koja
prema nekim procjenama ne prelazi 12 % (Kro-
gman 1986), njegova klinicka vaznost sve se
viSe uocCava. Novija istrazivanja su pokazala da
se nesrasli ¢eoni Sav (sutura metopica) moze
povezati s razli¢itim anatomskim varijacijama i
potencijalnim zdravstvenim problemima, poput
anomalija ¢eonih sinusa ili nastanka rascjepa
usne (Zdilla et al. 2018).

Utvrdena anomalija, prekobrojni zub, odno-
sno meziodens, rotiran je za devedeset stup-
njeva u sjekutiécnom otvoru (foramen incisi-
vum) nepc¢ane kosti. Nalazi se na medijanoj rav-
nini, izmedu prva dva sjekuti¢a gornje Celjusti.
Ovakav poremecaj javlja se u po¢etnom stadiju
razvoja zubnog zametka (Sutalo et al. 1994).
Rije¢ je o najceséem tipu prekobrojnog zuba
koji se uobic¢ajeno razvija u gornjoj ¢eljusti, jed-
nostrano ili obostrano, dok je u donjoj Celjusti
rijetka (Alberti et al. 2006). Ce&céa je anomalija
u stalnoj denticiji Zenskih osoba, dok je u mli-
je€noj denticiji rjeda. Znanstvena istrazivanja
dokazuju da se ucestalost u opc¢oj populaciji
nalazi u rasponu od 0,15 % do 1,9 % (Russe-
Il, Folwarczna 2003; Van Buggenhout, Baille-
ul-Forestier 2008), odnosno 0,15 % do 3,9 %
(Meighani et al 2010; Qamar et al 2013).

Na mjestu spoja lambdoidnog i sagitalnog
$ava, na zatiljnom dijelu lubanje vidljiva je epi-
geneticka varijacija oblika trokuta - os interpa-
rietale ili os inca (os epactale proprium). lako
uobidajeno srasta u prvim mjesecima Zivota
novorodenceta, na lubanji je oCuvan je Sav (su-
tura mendosa) u punoj duzini, koji ¢ini osno-
vu trokuta i proteZe se poprec¢no na lubanji od
asteriona do asteriona, odjeljujuci kost od do-
njeg dijela zatiljne kosti. Sav prolazi malo iznad
ravnine poprec¢nog sinusa. Lateralne strane ove
trokutaste kosti tvori lambdoidni Sav, ¢ija se li-
jevai desna strana spajaju sa sagitalnim Savom
u vrhu, antropoloskoj toc¢ci lambda. Treba na-
glasiti da je najcesci oblik ove kosti trokutast,
ali da su moguce brojne varijacije i razli€iti ku-
tevi spajanja navedenih Savova te kost poprima
oblik, primjerice, romba ili polukruga (Matsa-
mura et al. 1993). Vjerojatno je najistraZivanija
prekobrojna kost zatiljne regije lubanje u svim
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be present well into adulthood in some individu-
als. Although metopism is a relatively common
phenomenon, with a frequency that, according to
some estimates does not exceed 12% (Krogman
1986), its clinical importance is increasingly be-
ing observed. Recent research has shown that an
unfused frontal suture (sutura metopica) can be
associated with several anatomical variations and
potential health problems, such as frontal sinus
anomalies or cleft lip (Zdilla et al. 2018).

The established anomaly, the premolar tooth,
or mesiodens is rotated by ninety degrees in the
incisor opening (foramen incisivum) of the pala-
tine bone. It is located on the median plane, be-
tween the first two incisors of the upper jaw. This
kind of disorder occurs in the initial stage of tooth
embryo development (Sutalo et al. 1994). It is the
most common type of supernumerary tooth that
usually develops in the upper jaw, unilaterally or
bilaterally, while it is rare in the lower jaw (Alberti
et al. 2006). The anomaly is more common in the
permanent dentition of women, while it is less
common in the deciduous dentition. Scientific re-
search proves that the frequency in the general
population is in the range of 0.15% to 1.9% (Rus-
sell, Folwarczna 2003; Van Buggenhout, Bailleul-
Forestier 2008), or 0.15% to 3.9% (Meighani et al
2010; Qamar et al. 2013).

At the junction of the lambdoid and sagittal su-
tures, on the occipital part of the skull, an epige-
netic shape variation of a triangle is visible — os
interparietale or os inca (os epactale proprium).
Although it usually grows in the first months of
a newborn’s life, a full-length seam (sutura men-
dosa) is preserved on the skull, which forms the
base of the triangle and extends across the skull
from asterion to asterion, separating the bone
from the lower part of the occipital bone. The su-
ture passes slightly above the plane of the trans-
verse sinus. The lateral sides of this triangular
bone are formed by the lambdoid suture, whose
left and right sides join the sagittal suture at the
top, the anthropological lambda point. It should
be emphasized that the most common shape of
this bone is triangular. However, numerous vari-
ations and different joining angles of the men-
tioned seams are possible, and the bone takes
the shape of, for example, a rhombus or a semi-
circle (Matsamura et al. 1993). The supernumer-
ary bone of the occipital region of the skull is the
most researched in all world populations. Howev-
er, although it is often emphasized that this varia-
tion has no unique role in anthropology, it is cited
as an epigenetic trait that occurs in a higher per-
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populacijama svijeta, no iako se ¢esto naglasa-
va kako ova varijacija nema neku posebnu ulo-
gu, u antropologiji se navodi kao epigenetska
osobina koja se kod odredenih populacija javlja
u veéem postotku (Hanihara, Ishida 2001). U
vec¢em postotku javlja se kod muskaraca (Hau-
ser, De Stefano 1989). Ucestalost klasi¢nog ti-
pa ove prekobrojne kosti (os inca) oblika pravil-
nog trokuta u opc¢oj populaciji ne prelazi 2,8%
(Kadanoff, Mutafov 1968; Hauser, De Stefano
1989). Torgesen tvrdi da je pojava ove kosti ge-
neti¢ki uvjetovana te da se prenosi autosomno
dominantnim na¢inom (Torgersen 1951; Berry
1975). Treba spomenuti moguénost povezano-
sti ove varijacije s drugim Savnim, prekobrojnim
kostima (ossa suturalia) te s pojavom odrede-
nih deformacija na kostima lubanje (Ossenberg
1969). Utvrdena je povezanost pojave ovakvih
kosti s mehanic¢kim stresom u fazi ranog, onto-
dgenetskog razvoja (Das et al. 2005).

Prilikom odredivanja debljine mekih tkiva po-
javile su se odredene poteskoc¢e zbog osStece-
nja lubanje na podrucju goniona i malar inferior
tocke. Stoga su ove tocke postavljene pod pri-
bliZnim kutom i na priblizna mjesta na lubaniji.
Za odredivanje debljine mekih tkiva koriSteni
su podaci iz istrazivanja De Greefa (De Greef
2006). U ovom su istrazZivanju, tijekom dvije
godine, analizirani podaci od gotovo tisuc¢u Eu-
ropljana razli¢itih karakteristika. Prednost ovih
podataka je Sto su prikupljeni od Zivih osoba,
¢ime su smanjeni utjecaji postmortalnih pro-
mjena i drugih ¢imbenika koji bi mogli utjecati
na to¢nost mjerenja. lako je metoda vrlo na-
predna, to¢nost metode moZe biti ogranicena
dostupnosdéui kvalitetom podataka. Regresijski
modeli ovise o bazama podataka o debljini me-
kog tkiva te zbog toga rekonstrukcija moze biti
manje precizna, ako podaci nisu dovoljno re-
prezentativni za odredenu populaciju. Takoder,
deformacije ulaznih podataka mogu utjecati na
toénost rezultata. Unato¢ koristenju sloZenih
statistiCkih modela, individualna varijabilnost u
debljini mekog tkiva predstavlja izazov za ovu
metodu. Ograni¢enja se mogu prevladati uzi-
manjem u obzir specificnosti svakog slucaja i
kombinacijom s drugim metodama.

Rekonstrukcija gornje usne i Kupidovog luka
predstavljala je poseban izazov zbog oStece-
nja alveolarnog zida i gornjih sjekuti¢a. Sli¢no
tome, asimetrija donje Celjusti i oStec¢enja u
podrudju zgloba donje ¢eljusti otezali su pre-
cizno odredivanje oblika lica. Nedostaci su na-
doknadeni prilagodavanjem mekih tkiva i kori-
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centage of specific populations (Hanihara, Ishida
2001). It occurs more in men (Hauser, De Stefano
1989). The frequency of the classic type of this
supernumerary bone (os inca) in the shape of a
regular triangle in the general population does not
exceed 2.8% (Kadanoff, Mutafov 1968; Hauser,
De Stefano 1989). Torgesen claims that the ap-
pearance of this bone is genetically determined
and transmitted in an autosomal dominant man-
ner (Torgersen 1951; Berry 1975). The possibility
of this variation being connected with other su-
tured, supernumerary bones (ossa suturalia) and
the appearance of certain deformations on the
bones of the skull should be mentioned (Ossen-
berg 1969). The connection between such bones’
appearance and mechanical stress in the phase of
early ontogenetic development has been estab-
lished (Das et al. 2005).

When determining the thickness of the soft tis-
sues, specific difficulties arose due to damage to
the skull in the area of the gonion and malar infe-
rior point. Therefore, these points are placed at
an approximate angle and approximate locations
on the skull. Data from De Greef's research (De
Greef 2006) were used to determine the thick-
ness of soft tissues. In this research, data from
almost a thousand Europeans with different char-
acteristics were analysed over two years. The ad-
vantage of these data is that they were collected
from living persons, thus reducing the influence
of postmortem changes and other factors that
could affect the accuracy of measurements. Al-
though the method is very advanced, its accuracy
may be limited by the availability and quality of
the data. Regression models depend on soft tis-
sue thickness databases, and therefore, the re-
construction may be less precise if the data are
not representative enough for a specific popula-
tion. Also, deformations of the input data can af-
fect the accuracy of the results. Despite the use
of complex statistical models, individual variabil-
ity in soft tissue thickness is a challenge for this
method. Limitations can be overcome by taking
into account the specifics of each case and by
combining them with other methods.

Reconstruction of the upper lip and Cupid’s
bow was a unique challenge due to damage to
the alveolar wall and upper incisors. Similarly,
the asymmetry of the lower jaw and damage in
the area of the lower jaw joint made it challen-
ging to determine the face's shape accurately.
Deficiencies were compensated for by adapting
soft tissues and using mirror symmetry. The re-
maining profile part was reconstructed by gra-
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Stenjem zrcalne simetrije. Preostali dio profila
rekonstruiran je postupnim produzivanjem po-
stojecih linija i njihovim prilagodavanjem ozna-
kama, kako je prikazano na sl. 3. KoriStenjem
programa MakeHuman prilagoden je opci oblik
lica kako bi odgovarao specificnim znacajka-
ma lubanje. Zbog izrazenog prednjeg izdanka
grane donje Celjusti (processus coronoideus) i
manjeg gonijalnog kuta op¢i oblik lica je preo-
blikovan kako bi odgovarao Sirem i robusnijem
izgledu. Asimetrija ¢eone kosti uzrokovala je
odredene poteskoce u rekonstrukciji simetric-
nog lica. Nos je oblikovan prema karakteristi-
kama kao $to su njeznija glabella, uzak i produ-
zen krusSkasti otvor nosa (apertura piriformis)
te visok i uzak nosni most i nosni trn (spina na-
salis), kako bi se postigla Zeljena morfologija.
Oblik usiju rekonstruiran je na temelju izrazenih
sisastih izdanaka (processus mastoideus), s$to
podrazumijeva povecane i Sire uske, te njihove
izbocene pozicije koja ukazuje na slobodniji po-
loZaj usne Skoljke. Rekonstrukcija lica moze se
promatrati i kao umjetnicka disciplina za Ciju je
izradu potrebno iskustvo, ali i stru¢nost osobe
koja ju izvodi. Uz antropoloSko znanje rijetko
tko posjeduje i potrebne umjetni¢ke vjestine,
stoga je suradnja tih dvaju podruéja nuzna za
postizanje najboljih rezultata u rekonstrukciji
lica. Dok antropolog pruza anatomsku osno-
vu, umjetnik unosi umjetnicku viziju kako bi se
stvorio Sto realisti¢niji prikaz. Medutim, neop-
hodno je odrzati ravhotezu izmedu znanstve-
ne preciznosti i umjetni¢ke slobode kako bi se
izbjegli subjektivni utjecaji na konac¢ni rezultat.

Utjecaj kose na prepoznavanje rekonstrui-
ranog lica predmet je brojnih istrazivanja. lako
kosa moze znacajno utjecati na individualnost,
rezultati studije Fernandesa (Fernandes et
al. 2013) prikazuju da dodavanje kose rekon-
strukciji mozZe oteZati prepoznavanje. Stoga se
u sudskim slucajevima, u odsustvu podataka
o kosi, preporucduje izrada rekonstrukcije bez
kose kako bi se povecale Sanse za uspjesnu
identifikaciju. Kod ra¢unalne metode rekon-
strukcije lica kljuéni izazov predstavlja potvr-
da valjanosti dobivenih rezultata. Bez pouz-
dane validacije, ¢ak i najsloZeniji algoritmi ne
mogu se koristiti u stvarnim istragama. Kao
Sto su Claes i suradnici (2010) istaknuli, funk-
cionalnost metode nije dovoljna, potrebno je
dokazati njezinu pouzdanost i preciznost. U
usporedbi s tradicionalnim metodama racu-
nalna rekonstrukcija lica nudi brojne prednosti
poput smanjenja rizika od oStecéenja izvornog
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dually extending the existing lines and adjusting
them to the markings, as shown in Fig. 3. Using
the MakeHuman program, the general shape of
the face was adjusted to match the specific cha-
racteristics of the skull. Due to the pronounced
anterior outgrowth of the branch of the lower jaw
(processus coronoideus) and the smaller goni-
al angle, the general shape of the face has been
reshaped to correspond to a broader and more
robust appearance. The asymmetry of the frontal
bone caused specific difficulties in reconstructing
a symmetrical face. The nose is shaped accor-
ding to characteristics such as a softer glabella, a
narrow and elongated pear-shaped nasal opening
(apertura piriformis) and a high and narrow nasal
bridge and nasal spine (spina nasalis) to achie-
ve the desired morphology. The ear’s shape was
reconstructed based on pronounced mammary
processes (processus mastoideus), which impli-
es enlarged and wider ears, and their protruding
position, which indicates a more complementary
position of the auricle. Facial reconstruction can
also be seen as an artistic discipline, the creation
of which requires experience and the expertise of
the person performing it. In addition to anthropo-
logical knowledge, only some people possess ar-
tistic skills, so the cooperation of these two areas
is necessary to achieve the best results in facial
reconstruction. While the anthropologist provides
the anatomical basis, the artist brings an artistic
vision to create the most realistic representation
possible. However, it is necessary to balance sci-
entific precision and artistic freedom, a delicate
task that requires careful consideration to avoid
subjective influences on the final result.

The influence of hair on recognising a recon-
structed face is the subject of numerous studies.
Although hair can significantly affect individuality,
the results of the Fernandes study (Fernandes et
al. 2013) show that adding hair to the reconstruc-
tion can make recognition more difficult. Therefore,
in court cases, in the absence of hair data, it is re-
commended to reconstruct without hair to increase
the chances of a successful identification. With the
computer method of facial reconstruction, the key
challenge is the confirmation of the validity of the
obtained results. Even the most complex algorithms
can only be used in actual investigations with relia-
ble validation, underscoring the crucial role of this
step in the process. As Claes pointed out, more than
the method'’s functionality is needed; it is necessary
to prove its reliability and precision (Claes et al.
2010). Compared to traditional methods, computer
face reconstruction offers numerous advantages,
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materijala te smanjenog utroSenog vremena i
troSkova izrade. Digitalne tehnike omogucdu-
ju stvaranje viSe verzija rekonstrukcije na te-
melju istog skupa podataka, ¢ime se smanjuje
utjecaj subjektivhosti pojedinog kipara (Davy
et al. 2005). Unato¢ tome, i dalje postoji po-
treba za razvojem objektivnih metoda za pro-
cjenu to¢nostii pouzdanosti racunalnih rekon-
strukcija.

ZAKLJUCAK

Izvedena je racunalna 3D facijalna rekon-
strukcija mekih tkiva lica prema u potpuno-
sti oCuvanoj lubanji s donjom c&eljusti broj 9.
Ostatci Zrtve ekshumirani su iz masovne grob-
nice u Grac¢anima, na mikrolokaciji PeSc¢enka
na sjevernim padinama grada Zagreba. Vrije-
me smrti osobe nije mogucée utvrditi, okvirni
raspon je zavrSetak Drugog svjetskog rata i
pocetak poslijeratnog razdoblja. U masovnoj
grobnici su, osim dijela kostura osobe, otkri-
veni kostani ostatci devedeset pet osoba, Cije
su oStecene lubanje vec¢im dijelom ukazivale
na nacin usmrcéivanja i utjecaj tafonomskih
procesa.

Provedena je makromorfoloSka antropolos-
ka analiza, kako bi se utvrdio osnovni bioloski
profil osobe. Prema bodovanju ¢etrnaest spol-
nih znakova utvrden je muski spol osobe tipa
masculinum, stupnja seksualizacije + 1,28.
Procijenjeni raspon starosti osobe u trenutku
smrti iznosi od dvadeset pet do trideset go-
dina. Utvrdeno je nekoliko anomalija, pojava
meziodensa izmedu prva dva sjekuti¢a na gor-
njoj ¢eljusti te metopi¢ni Sav na ¢eonoj kosti
i prekobrojna Savna kost (os inca) klasi¢nog
trokutastog oblika.

Istaknuta je prednost upotrebe objektivni-
je metode 3D racunalne tehnologije naspram
klasicne metode facijalne rekonstrukcije. Opi-
sanom metodom brze se dobivaju rezultati, a
prepravljanje i dopunjavanje modela je jedno-
stavnije bez osStecenja uzorka lubanje. Usli-
jed moguénosti to€nijeg mjerenja, primjerice
upotrebom slikovne radioloSke metode, racu-
nalne tomografije (CT), 3D laserskih skenera,
povecava se moguénost postizanja vece slic¢-
nosti lica sa stvarnom osobom. Navedeni su
nedostatci ove metode, poput problema pri
oblikovanju uski i usana. Poseban problem,
koji postoji kod klasi¢ne i radunalne metode
facijalne rekonstrukcije je utvrdivanje odnosa
izmedu oblika lubanje i mekih tkiva lica, odno-
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such as reducing the risk of damage to the original
material and reducing the time spent and producti-
on costs. Digital techniques make it possible to cre-
ate multiple versions of the reconstruction based on
the same data set, thus reducing the influence of
individual sculptor’s subjectivity (Davy et al. 2005).
Despite this, there is still a need to develop objecti-
ve methods for assessing the accuracy and reliabi-
lity of computer reconstructions.

CONCLUSION

A computerized 3D facial reconstruction of the
soft tissues of the face was performed according
to the fully preserved skull with lower jaw number
9. The remains of the victim were exhumed from
a mass grave in Gracani, at the Pes¢enko micro-
location, on the northern slopes of Zagreb. The
time of the person's death cannot be determined;
the approximate range is the end of the Second
World War and the beginning of the post-war pe-
riod. In the mass grave, in addition to a part of a
person’s skeleton, the bone remains of twenty-fi-
ve people were discovered, whose damaged skulls
mainly indicated the execution method and the in-
fluence of taphonomic processes.

A macromorphological anthropological analysis
was carried out to determine a person's basic biolo-
gical profile. According to the fourteen sexual signs
scoring, the sex of a person was a male of the mas-
culine, non-robust type with a degree of sexualizati-
on + 1.28 was determined. The estimated age range
of a person at the time of death is from twenty-five
to thirty years. Several anomalies were identified:
the appearance of mesiodens between the first two
incisors on the upper jaw, a metopic suture on the
frontal bone and a supernumerary suture bone (os
inca) of the classic triangular shape.

The advantage of using a more objective method
of 3D computer technology compared to the classic
facial reconstruction method is highlighted. With the
described method, results are obtained faster, and it
is more straightforward to to modify and supplement
the model without damaging the skull sample. Due
to the possibility of more accurate measurements,
for example, using radiological imaging methods and
computed tomography (CT) 3D laser scanners in-
crease the possibility of achieving a more remarkable
of the face with the real person. Disadvantages of
this method are listed, such as problems with shap-
ing ears and lips. A noteworthy problem that exists
with classical and computerized methods of facial
reconstruction is determining the relationship be-
tween the shape of the skull and the soft tissues of
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sno njihove dubine uslijed velike promjenjivo-
sti u strukturi misi¢a, pogotovo onih koji se ne
priévr§céuju izravno na kosti lubanje. Razvojem
tehnologije, metode i programskih podrski,
postici ¢e se veca toCnost izvedbe.

Istaknute su prednosti upotrebe metode u
forenzi¢nim istrazivanjima i opéenito u antro-
poloskim studijama. Upravo bi u istrazivanjima
masovnih grobnica, u kojima su ¢esti sluc¢ajevi
izmijeSanih koStanih elemenata uvelike pomo-
gla upotreba ove metode, pogotovo ako niti
jedna druga metoda niti tehnika nisu dale od-
govarajucéi rezultat. Rezultat, priblizni izgled
osobe potom se moze usporediti s bazama
podataka o nestalim osobama, ukoliko posto-
je, ili se provodi strategija javhog oglasavanja.
U antropoloskim i arheoloskim istrazivanjima,
C¢esto kao izloZzak u postavu muzeja, facijalna
rekonstrukcija koristi se za otkrivanja lica iz
proslosti.
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Autori zahvaljuju profesoru Tomislavu Sta-
roveskom, koji je proveo skeniranje lubanje s
3D laserskim skenerom na Zavodu za tehnolo-
giju i Katedri za alatne strojeve Fakulteta stro-
jarstva i brodogradnje SveudciliSta u Zagrebu.
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the face, i.e. their depth due to the significant varia-
bility in the structure of the muscles, especially those
that are not attached directly to the bones of the
skull. With the development of technology, methods
and program support, greater performance accuracy
will be achieved.

The unique advantages of employing this method
in forensic research and anthropological studies are
underscored. Particularly in the investigation of ma-
ss graves, where the presence of commingled bone
elements is a common challenge, this method stan-
ds out as a valuable tool, especially when other met-
hods or techniques have not yielded satisfactory re-
sults. The outcome, an approximate depiction of the
individual, can then be cross-referenced with da-
tabases of missing persons, if available, or a public
outreach campaign can be initiated. In anthropologi-
cal and archaeological research, it is often showca-
sed in museums because facial reconstruction is a
captivating means to unveil the faces from the past.
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