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Macroscopic and CT Diagnostic Approach in Interpreting a Non-traumatic
Calvarial Lesion in a Medieval Man from Northern Croatia

Makroskopski i CT dijagnosticki pristup u tumacenju netraumatske lezije na kaloti
srednjovjekovnog muskarca iz sjeverne Hrvatske

Izvorni znanstveni rad JADRANKA BOLJUNCIC
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The calvaria of a young adult male from the early medieval burial complex Zvonimirovo (northern Croatia) exhibited the presence of a remod-
elled solitary lesion embracing the course of the sagittal suture line near the bregma. The small concave antero-posteriorly (AP) elongated
- ovoid defect in the midline of the calvarial vault, with marginal cortical bone deposition, was indicative of a once soft-tissue lesion (cystic)
development. There were no indicators — neither traumatic nor pathological, which would suggest a different type of lesion or variation. Beside
the macroscopic approach, we aimed to use computed tomography (CT) support in interpreting the present non-traumatic dry bone lesion.
The CT scans generated well-demarcated irregular and AP elongated lythic lesion (erosion) of the outer table, with osteosclerotic borders, end-
ing up in the diploé, i.e. lacking the involvement of the inner calvarial vault surface (inner table). In this study, the differential diagnosis involved
dermal versus epidermal inclusion cyst, sinus pericranii variant in association with the calvarial defect and inflamed atheroma evaluation. The
most probable diagnosis of the present, apparently, skin-based dry bone lesion was a variant of a superficial congenital dermal inclusion cyst
which was located in the (onetime) scalp. This was suggested by its gross morphology, midline localization, the appearance in early age and
the tendency of minor invasiveness when compared to epidermoid. The once soft-tissue feature occurrence in the scalp instead of deeper in
the calvaria was suggested by the erosion of the external calvarial vault (ending up slightly in the diploé), i.e. the absence of the inner calvarial
vault surface involvement. The accompanying cortical bone deposition surrounding dry bone lythic lesion was suggestive of the past marginal
inflammation associated with once soft-tissue feature. The possible presence of a sinus pericranii variant was excluded by the generated CT
scans, while atheroma was ruled out due to the lesion localization and the age of the individual.

Key words: dry bone lesion, calvaria, dermoid/epidermoid, sinus pericranii, atheroma, macroscopic study, computed tomography, Zvoni-
mirovo, medieval Croatia

Na kaloti mlade odrasle muske osobe koja potjece iz ranosrednjovjekovnoga grobnog kompleksa Zvonimirovo (sjeverna Hrvatska) prikazala
se remodelirana lezija koja zahvaca liniju sagitalnog sava u blizini bregme. Mali udubljeni anteroposteriorno (AP) izduzeni — ovalni defekt u
sredisnjoj liniji vanjskog svoda kalote, s rubnim odlaganjem kortikalne kosti, upucivao je na razvitak nekadasnje mekotkivne (cisticne) tvorbe.
Nisu se prikazali pokazatelji — traumatski ili patoloski, koji bi upucivali na drukciju vrstu lezije, ili varijaciju. Pored makroskopskog pristupa u
tumacenju netraumatske kostane lezije, imali smo za cilj koristiti podrsku pomocu racunalne tomografije (CT). Na CT presjecima prikazala
se dobro razgranicena nepravilna i u AP smjeru izduZena liticka lezija (u obliku erozije) vanjske table s osteoskleroticnim rubovima koja se
protezala do diploé, tj. s izostankom zahvacenosti povrsine unutarnjeg svoda lubanje (unutarnje table). Diferencijalna dijagnoza u ovom
radu ukljucuje procjenu prisutnosti dermalne nasuprot epidermalnoj inkluzijskoj cisti, varijante sinus pericranii povezanog s defektom na
kaloti i ateroma popracenog upalnim procesom. Najizglednija dijagnoza kostane lezije koja se, po svemu sudeci, temelji na koZnoj leziji jest
varijanta povrsinske kongenitalne dermalne inkluzijske ciste s lokalizacijom u (nekadasnjem) skalpu. Na to upucuju sveukupan izgled, smjestaj
u sredisnjoj liniji, pojavljivanje u mladoj dobi i tendencija manje invazivnosti u usporedbi s epidermoidom. Na pojavijivanje nekadasnje me-
kotkivne tvorbe u skalpu, umjesto dublje u kaloti, upucuju erozija vanjskog svoda kalote (koja zavrsava u diploé), te izostanak zahvacenosti
povrsine unutarnjeg svoda kalote. Popratno odlaganje kortikalne kosti uokrug kostane liticke lezije moglo bi upucivati na nekadasnji rubni
upalni proces povezan s mekotkivhom tvorbom. Mogucu prisutnost varijante sinus pericranii iskljucili smo na osnovi iznjedrenih CT presjeka,
dok smo prisutnost ateroma iskljucili na temelju smjestaja lezije i dobi osobe.

Kljucnerijeci: kostana lezija, kalota, dermoid/epidermoid, sinus pericranii, aterom, makroskopsko proucavanje, racunalna tomografija, Zvoni-
mirovo, srednjovjekovna Hrvatska
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INTRODUCTION

The calvaria may contain a variety of lesions. This do-
melike superior portion of the cranium is derived from the
membranous neurocranium. “Calvarium” is an incorrect
term for calvaria (Anderson 2000: 267), but is widely used.
The calvaria is formed from the frontal and parietal bones
and the squamous parts of the occipital and temporal
bones, respectively (Anderson 2000: 267). The criteria for
identifying the nature of dry bone lesions - scored from bio-
archaeological/paleopathological studies, differ somewhat
from the criteria for identifying the nature of lesions in li-
ving individuals. In keeping with such statement, in many
bioarchaeological cases, it may be difficult or impossible
to distinguish among calvarial lesions based on soft-tissue
characteristics (cyst types) which are typically not preser-
ved in bioarchaeological specimens (Klaus, Byrnes 2013: 51).

Macroscopic studies of dry bone lesions use standard-
ized data collection (Buikstra, Ubelaker 1994) and descrip-
tive protocols of lesion size and morphology (Ortner 2012:
250-267;2013). The latter involves detailed characterization
of osseous abnormalities in terms of bone formation, loss
of bone, bone size, and bone shape - described first along
the lines of each affected individual skeletal element and
then in terms of complete lesion distribution throughout
the skeleton as a whole (Ortner 2012: 250—267; 2013; Klaus,
Byrnes 2013: 47).

In modern clinical practice, there are several important
criteria for identifying the nature of calvarial lesions: age of
the individual, lythic or sclerotic nature, inner or outer table
involvement, enhancement pattern, presence of destructi-
on or expansion, the lesion being solitary or multiple, and
the history of trauma or a primary disease (Yalcin et al. 2006:
73). In this context, computed tomography - as an advan-
ced tool, could be fairly useful for evaluating the nature of
mentioned lesions (lythic or sclerotic), presence of destruc-
tion of the inner or/and outer table, calcification of the le-
sion, sclerotic margins and so forth (Yalcin et al. 2007: 68).
However, unlike in clinical practice where CT and magnetic
resonance imaging (MRI) may be complementary methods
in the management of calvarial lesions (Yalcin et al. 2007:
68-73), macroscopic study of dry bone lesions in bioar-
chaeological studies is rarely supported by computed to-
mography. Yet, the tendency to apply advanced computer
techniques in modern bioarchaeology by using medical CT
scanners is increasingly becoming a conditio sine qua non
due to the fact that the mostly applied standard radiogra-
phy generates only limited information on 3D objects.

Advanced computer techniques have been already in-
troduced into palaeoanthropology (Spoor, Zonneveld 1999;
Spoor et al. 2000: 67), i.e. in a variety of bioarchaeological
studies from around the world. However, leaving the dental
component aside, the CT support was rarely employed in
bioarchaeological research in Croatia so far remaining lim-
ited to a few case reports — one on osteochondroma (Slaus
et al. 2000), the other two on ancient trepanations (Novak
et al. 2013: 197-212; Boljunci¢, Hat 2015: 209-214). The sa-
me applies to the study of injuries of two adults from Croa-
tian bioarchaeology (Zagajci, Zvonimirovo) (Boljunci¢, Hat
2014:123-137), and other topics (Boljunci¢, work in process),
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Kalota moze sadrzavati razlicite lezije. Ovaj kupolasti
gornji dio lubanje izveden je iz membranoznog neurokra-
nija. Za kalotu se ¢esto pogresno koristi termin calvarium
(Anderson 2000: 267). Kalota se sastoji od ¢eonih i tiemenih
kostiju te skvamoznog dijela zatiljnih i sljepoo¢nih kostiju
(Anderson 2000: 267). Kriteriji za odredivanje prirode kosta-
nih lezija - zabiljeZzenih u bioarheoloskim/paleopatoloskim
istrazivanjima, ponesto se razlikuju od kriterija za odredi-
vanje karaktera lezija kod Zivucih osoba. U skladu s tim, u
mnogim bioarheoloskim slu¢ajevima cesto je tesko ili ne-
mogucée medusobno razlikovati lezije na kaloti koje se te-
melje na znacajkama mekih tkiva (tipovi cista) koja kod bio-
arheoloskih uzoraka nisu sacuvana (Klaus, Byrnes 2013: 51).

U makroskopskim analizama kostanih lezija koriste se
standardizirane skupine podataka (Buikstra, Ubelaker 1994)
te protokoli za opis veli¢ine i morfologije lezija (Ortner 2012:
250-267; 2013). Potonje ukljucuje detaljnu karakterizaciju
kostanih abnormalnosti u smislu stvaranja nove kosti, gu-
bitka kosti te veli¢ine i oblika kostiju — koja u prvom redu
ukljucuje detaljni opis svakog zahvaéenog pojedinacnog
elementa kostura, a potom i ukupan raspored lezija na &i-
tavom kosturu (Ortner 2012: 250-267; 2013; Klaus, Byrnes
2013: 47).

U suvremenoj klini¢koj praksi postoji nekoliko bitnih
kriterija za odredivanje prirode lezija kalote: starost osobe,
liticki ili skleroti¢ni karakter lezije, zahvacenost unutarnje ili
vanjske table, kontrastna rezolucija, prisutnost destrukcije
ili ekspanzije, nazo¢nost jedne ili viSestrukih lezija, kao i po-
vijest traume ili primarne bolesti (Yalgin et al. 2006: 73). U
ovakvom kontekstu, racunalna tomografija — kao napredan
alat, mogla bi se vrlo korisno upotrijebiti u procjeni priro-
de spomenutih lezija (litickih ili skleroti¢nih), prisutnosti
destrukcije unutarnje i/ili vanjske table, kalcifikacije lezije,
skleroti¢nih rubova i slicno (Yalgin et al. 2007: 68). Medutim,
za razliku od klini¢ke prakse gdje se CT i magnetska rezo-
nancija (MRI) kao metode mogu nadopunjavati u proucava-
nju lezija na kaloti (Yalgin et al. 2007: 68—73), makroskopsko
proucavanje kostanih lezija u bioarheoloskim istrazivanjima
rijetko je potkrijepljeno racunalnom tomografijom. Ipak,
tendencija primjene naprednih racunalnih tehnika u suvre-
menoj bioarheologiji koristenjem medicinskih CT skenera
sve vide postaje conditio sine qua non zbog ¢injenice da naj-
Cesce koristena standardna radiografija pruza tek ogranice-
ne podatke o trodimenzionalnim objektima.

Napredne ra¢unalne tehnike ve¢ su ranije uvedene u pa-
leoantropoloska istrazivanja (Spoor, Zonneveld 1999; Spoor
etal.2000: 67), odnosno u raznovrsne bioarheoloske studije
diljem svijeta. Medutim, izuzmemo li dentalnu komponen-
tu, CT podrska se dosad rijetko koristila u bioarheoloskim
istrazivanjima u Hrvatskoj, s time da je bila ograni¢ena tek
na nekoliko prikaza slucajeva - jedan se odnosio na osteo-
hondrom (Slaus et al. 2000), a preostala dva na trepanacije
iz starijih razdoblja (Novak et al. 2013: 197-212; Boljunci¢,
Hat 2015: 209-214). Jednako se odnosi i na analizu ozlje-
da dviju odraslih osoba iz hrvatske bioarheologije (Zagaj-
ci, Zvonimirovo) (Boljunci¢, Hat 2014: 123-137) te na neke
druge teme (Boljunci¢, istrazivanje u tijeku), medutim, ne
i na netraumatske kostane lezije. Stoga, osim standardnih
podataka koji se rabe u makroskopskim analizama, ukupni
kriteriji iz klinicke prakse (Yalgin et al. 2007: 73), ukljucujudi
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however, not for non-traumatic dry bone lesions. Therefore,
apart from standardized data used in macroscopic studies,
overall criteria from clinical practice (Yalgin et al 2007: 73),
including data obtained from CT (except for the enhance-
ment pattern obtainable only from living patients), could
be fairly helpful in determining the possible nature of cal-
varial dry bone lesions.

Differential diagnoses of solitary lythic calvarial lesions,
in children and young adults, may involve eosinophilic
granuloma (Langerhans’s cell histiocitosis), epidermoid/
dermoid, osteoblastoma, hemangioma and aneurismal
bone cyst (adapted from Yalcin et al. 2007: 68). In terms of
a “lump” on the head - calvarial vault, diagnosed in clinical
practice as a dermoid (VCU UR 2014: 1), such lesion’s diffe-
rential diagnosis may also involve a venous anomaly - si-
nus pericranii which most frequently involves the superior
sagittal sinus and may be associated with a cranial vault de-
fect (VCU UR 2014: 1; Goel et al. 2014: 1). The same could be
applied to bioarchaeology, if dealing with midline calvarial
lythic lesions (i.e. those involving the course of the sagittal
suture line). There are also solitary skull secondaries — plas-
macytomas or sarcomas — which may mimic primary soli-
tary lesions (Osborn 1994; Dawka et el. 2006: 61) and should
be taken into account.

Likewise, it is important to avoid possible confusion of
calvarial lesions with variations, such as parietal foramen
(enlarged foramina parietalia), parietal thinning and Pac-
chionian granulations which may imitate cranial lesions
(Burgener, Kormano 1991; Okamoto et al. 1999; Yalcin 2007:
68). In adults, there are many fossae lucunares with small
foveoli (foveolae granulares) containing arachnoid Pacchio-
nian granulations. The foveolae granulares can develop on
the entire inner calvarial surface, also on both sides of the
sagittal sulcus (the latter containing upper sagittal sinus)
positioned medially along the entire inner cranial roof.
Number and size of Pacchionian granulations increase with
aging (Krmpoti¢-Nemanic¢ 1993: 21).

In the present paper, we report on a solitary non-trau-
matic lesion scored from the calvaria of a medieval individu-
al from the burial complex Zvonimirovo, located in northern
Croatia. The skeleton of a young adult male belonged to
the early Zvonimirovo series from the Institute of Archae-
ology in Zagreb. Beside the standard — macroscopic study,
we aimed to use computed tomography (CT) diagnostic
approach in interpreting the dry bone lesion. Differential di-
agnosis was involved in the evaluation procedure. Solitary
dry bone calvarial lesions are seldom reported in bioarchae-
ology. We hope that the present work will shed new light on
the study of the nature of dry bone calvarial lesions.

MATERIAL AND METHODS

Zvonimirovo Burial Site: Brief Description and Re-

port on Previous Investigations

Skeletal remains of an individual whose calvaria was stu-
died for non-traumatic lesion, was unearthed in 1995, from
a primary single inhumation No. 8', at the 11" century burial
complex Zvonimirovo (Map 1) near Virovitica (Virovitica-
Podravina County). Systematic excavations of the cemetery

1 Burial number follows the original burial designation assigned in 1995.

i podatke dobivene pomocu CT-a (osim za kontrastnu re-
zoluciju koja je primjenjiva samo na Zive pacijente), mogli
bi biti od prilicne pomo¢i pri odredivanju moguce prirode
kostanih lezija na kaloti.

Diferencijalne dijagnoze solitarnih litickih lezija na kalo-
ti, kod djece i mladih odraslih osoba, mogu ukljucivati eozi-
nofilni granulom (histiocitoza Langerhansovih stanica), epi-
dermoidne/dermoidne ciste, osteoblastom, hemangiom te
aneurizmalne kostane ciste (prilagodeno prema Yalgin et al.
2007: 68). Kada je rije¢ o “kvrzicama” na glavi — svodu kalote,
koje se u klinickoj praksi dijagnosticiraju kao dermoid (VCU
UR 2014: 1), diferencijalna dijagnoza u kontekstu takve lezije
moze ukljucivati i vensku anomaliju - sinus pericranii, koja
najcesce ukljucuje gornji sagitalni sinus te moze biti pove-
zana s defektom lubanjskog svoda (VCU UR 2014: 1; Goel et
al. 2014: 1). Isto bi se moglo primijeniti i na bioarheologiju
ako jerije¢ o litickim lezijama u sredisnjoj liniji kalote (tj. oni-
ma koje zahvadaju liniju sagitalnog Sava). Postoje i solitarni
sekundarni tumori lubanje - plazmocitomi ili sarkomi — ko-
ji mogu oponasati primarne solitarne lezije (Osborn 1994;
Dawka et el. 2006: 61) sto valja uzeti u obzir.

Takoder, vazno je izbje¢i mogucu zabunu tj. zamjenu
lezija na kaloti s varijacijama, poput onih kao $to je poveca-
ni tiemeni otvor (povecana foramina parietalia), stanjenost
tjemene kosti te nazocnost Pacchionijevih tjeleSaca, koji
mogu oponasati lezije na lubanji (Burgener, Kormano 1991;
Okamoto et al. 1999; Yalcin 2007: 68). Kod odraslih osoba
nalazimo brojne fossae lucunares s malim foveolama (fo-
veolae granulares) koje sadrze arahnoidalna Pacchionijeva
tjeleSca. Foveolae granulares mogu se razviti na ¢itavoj unu-
tarnjoj povrsini kalote, kao i s obje strane sagitalnog Zlijeba
(koji sadrzi gornji sagitalni sinus), smjestenog medijalno duz
¢itavoga unutarnjeg svoda lubanje. Broj i veli¢ina Pacchio-
nijevih granulacija povecavaju se sa starenjem (Krmpotic-
Nemanic 1993: 21).

Ovaj c¢lanak donosi prikaz netraumatske lezije koja je
uocena na kaloti osobe pokopane na srednjovjekovhom
groblju Zvonimirovo, u sjevernoj Hrvatskoj. Kostur mlade-
ga odraslog muskarca pripadao je ranijoj skupini grobova iz
Zvonimirova pohranjenih u Institutu za arheologiju u Zagre-
bu. Uz standardnu makroskopsku analizu, pri interpretaciji
kostane lezije u dijagnostickom postupku posluzili smo se i
ra¢unalnom tomografijom (CT). Postupak procjene temeljio
se na diferencijalnom dijagnostickom pristupu. Solitarne
kostane lezije na kaloti rijetko se prikazuju u sklopu bioar-
heologije. Nadamo se da ¢e ovaj rad baciti novo svjetlo na
proucavanje prirode kostanih lezija na podrucju kalote.

MATERIJAL | METODE

Groblje Zvonimirovo: kratak opis i prikaz prethod-

nih istrazivanja

Kosturni ostaci osobe ¢iju smo kalotu proucavali u kon-
tekstu netraumatske lezije iskopani su 1995. godine u sklo-
pu primarnog jednostrukog ukopa br. 8' na groblju iz 11.
stoljeca u Zvonimirovu (karta 1) kraj Virovitice (Viroviti¢ko-
podravska Zupanija). Sustavna iskopavanja groblja zapocela
su vec 1993. godine u suradnji Instituta za arheologiju iz Za-
greba te Gradskog muzeja Virovitice. Grobni prilozi otkrive-
ni na lokalitetu upucuju na pripadnost groblja bjelobrdskoj

1 Broj groba slijedi izvorno numericko obiljezavanje grobova iz 1995.
godine.
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Map 1 Geographic map of Croatia (including Europe) with an enlarged detail — the map of Zvonimirovo - the Veliko Polje site near Virovi-
tica. The Zvonimirovo - Veliko Polje map is provided by courtesy of Z. Tomic¢i¢ (created by: J. Boljunéi¢ and I. Krajcar).

Karta 1 Zemljopisna karta Hrvatske (ukljucujuci Europu) s uvecanim detaljem - kartom nalazista Zvonimirovo — Veliko Polje pokraj Virovitice.
Kartu Zvonimirovo — Veliko Polje objavijujemo ljubazno$¢u Z. Tomici¢a (osmislili: J. Boljunéic i I. Krajcar)

started as early as in 1993 by the Institute of Archaeology
(Zagreb) and the Museum of Virovitica. Grave enclosures
uncovered at the site indicate classification of the cemetery
into the Bijelo Brdo culture of the 11" century (Tomici¢ 1997:
43).

Demographic and pathological studies of the early
Zvonimirovo series were presented in earlier reports by
Boljunci¢, Mandi¢ (1996: 131-148), Boljunci¢ (1997: 53-61;
1998: 70; 2015) as well as Boljunci¢, Hat (2014: 123-137). The
mentioned studies generated a series of dental and bone
pathological attributes — alveolar bone disease, dental dis-
ease, indicators of nutritional stress and/or anemias, specific
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kulturi 11. stoljeca (Tomici¢ 1997: 43).

Demografske i patoloske analize rane serije nalaza iz
Zvonimirova predstavljene su u ranijim izvjestajima: Boljun-
¢i¢, Mandi¢ (1996: 131-148), Boljunci¢ (1997: 53—61; 1998: 70;
2015) te Boljunci¢, Hat (2014: 123-137). Navedene analize
iznjedrile su niz rezultata o patoloskim znacajkama zuba i
kostiju - alveolarne bolesti, bolesti zuba, pokazatelji pre-
hrambenog stresa i/ili anemije, specifi¢tne bolesti (osteom)
te traumatske lezije, kao i pokazatelji fizickih aktivnosti (Bo-
ljunci¢, Mandi¢ 1996: 133—148; Boljunci¢ 1997: 53-61; 1998:
70; Premuzi¢ 2013: 80; Boljunci¢, Hat 2014: 123-137; Boljun-
¢i¢ 2015, u tisku). Takoder, na nalazima iz spomenute serije
zabiljezeno je nekoliko anomalija i diskretnih kranijalnih i
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diseases (osteomas) and traumatic lesions, as well as indica-
tors of physical activities (Boljunci¢, Mandi¢ 1996: 133-148;
Boljunci¢ 1997: 53-61; 1998: 70; Premuzic¢ 2013: 80; Boljuncig,
Hat 2014: 123-137; Boljunci¢ 2015, forthcoming). Likewise,
several anomalies and discrete — cranial and postcranial
traits were scored from the mentioned series (Boljuncic,
Mandi¢ 1996: 133—-148; Boljunci¢ 1997: 53—61; 2007: 538,
540, 542-543; 2015). The Zvonimirovo medieval burial com-
plex also yielded an important case of unusual infratento-
rial — mastoid trepanation scored from a young adult male
from burial No. 3 (Boljunci¢, Hat 2015: 209-214). In addition,
oriented autosomal STR genotyping of four deceased from
Zvonimirovo generated high parentage probability (PP) in
terms of matching of two individuals from a supposed “do-
uble burial” (PP 98.63%), and two females with shared cra-
nial non-metric/metric traits from two neighbouring single
burials, located in another block of the Zvonimirovo ceme-
tery complex (PP 90.07%) (Boljunci¢ 2007: 536, 539—-543). To
the best of our knowledge, this was the first attempt in Cro-
atian bioarchaeology to investigate possible kinship among
individuals of an archaeological population, by using multi-
plex system amplification for STR loci (Boljunci¢ 2007: 537)
followed later by other molecular studies from the territory
of Croatia (Hincak et al. 2007: 1135-1141; Beci¢ et al. 2011:
144; Ljubkovi¢ et al. 2011: 144; Watson et al. 2009). The re-
sults of DNA typing of individuals from the Zvonimirovo
burial complex also generated an affiliation of Zvonimirovo
medieval population with the general Croatian population
(Boljunci¢ 2007: 542).

Zvonimirovo Burial No. 8: Taphonomy, Sex and

Age-at-Death

Skeletal and dental inventory following standardized
protocols, including taphonomy, and checking for patho-
logy (traumata) was already reported in the previous study.
The same applies to sexing and aging (Boljunci¢, Hat 2014:
129-130). Based on standards for sex and age determinati-
on, supported by the status of the sacral micro disc spaces
atS/s, S,/S,, S,/S, and S /S, generated from CT scans, the
individual from Zvonimirovo burial No. 8 was identified as a
young adult male (£ 30-34 years old) (Boljunci¢, Hat 2014:
130). The male in question was diagnosed with multiple tra-
umatic lesions scored from teeth (roots) and postcranium
(Boljunci¢, Hat 2014: 123-137). This case was studied along
with a female from a secondary archaeological context of
Zagaijci, near Belisce (Boljunci¢, Hat 2014: 123-136) diagno-
sed with a blunt-force trauma to the forehead. The repeti-
tively traumatized male from Zvonimirovo was considered
in terms of multiple assaults and/or accidents at different
times, due to bone and CT evidence of antemortal defen-
sive left ulna fracture combined with fall-related left cla-
vicular fracture, as well as two apparently perimortal tooth
root fractures (Boljunci¢, Hat 2014: 123—124, 128—136).

Methods — Macroscopic Study and Computed To-

mography (CT)

The macroscopic study of the dry bone calvarial lesion
followed descriptive protocols for its size and shape, i.e.
morphology (Ortner 1981: 366—367; 2012: 250-267; Klaus,

postkranijalnih znacajki (Boljunci¢, Mandi¢ 1996: 133-148;
Boljunci¢ 1997: 53—61; 2007: 538, 540, 542—543; 2015). Sred-
njovjekovno groblje u Zvonimirovu iznjedrilo je i vazan slu-
¢aj neobicne infratentorijalne trepanacije mastoida, zabilje-
zene u mladog odraslog muskarca iz groba br. 3 (Boljuncic,
Hat 2015: 209-214). K tomu, autosomna STR genotipizacija
Cetiriju pokojnika iz Zvonimirova upucuje na visoku vjero-
jatnost rodbinske povezanosti (parentage probability,PP)
u smislu podudarnosti dviju osoba iz moguc¢ega “dvojnog
ukopa” (PP 98,63%), kao i dviju Zena sa slicnim kranijal-
nim nemetrickim/metri¢ckim znacajkama, iz dva susjedna
jednostruka ukopa, smjestena u drugom bloku grobnog
kompleksa Zvonimirovo (PP 90,07%) (Boljunci¢ 2007: 536,
539-543). Koliko nam je poznato, rijec je o prvom pokusaju
da se u okviru hrvatske bioarheologije istrazi moguce srod-
stvo medu pripadnicima odredene arheoloske populacije
koristenjem sustava mnogostrukog umnoZzavanja na STR
lokusima (Boljunci¢ 2007: 537) na $to su se poslije nadoveza-
laidruga molekularnaistrazivanja s podrucja Hrvatske (Hin-
cak et al. 2007: 1135—-1141; Becic¢ et al. 2011: 144; Ljubkovi¢ et
al. 2011: 144; Watson et al. 2009). Rezultati odredivanja DNK
pokojnika s groblja Zvonimirovo ukazali su i na pripadnost
srednjovjekovne populacije Zvonimirova opcoj hrvatskoj
populaciji (Boljunc¢i¢ 2007: 542).

Grob Zvonimirovo br. 8: tafonomija, spol i starost u

trenutku smrti

Inventar kosturnih i dentalnih ostataka nacinili smo su-
kladno standardiziranim protokolima, uklju¢no s tafonomi-
jom te provjerom nazocnosti patologije (trauma), o cemu
smo vec izvijestili u prethodnom radu. Jednako vrijedi i za
odredivanje spola te starosti u trenutku smrti (Boljunc¢i¢, Hat
2014: 129-130). Na osnovi standarda za odredivanje spola i
starosti te statusa prostora za mikrodiskove na kriznoj kosti
nasS/s,S,/s, S,/S,iS,/S, dobivenih CT ocitanjima, osoba iz
groba br. 8 u Zvonimirovu identificirana je kao mladi odrasli
muskarac (u dobi od = 30—34 godina) (Boljunci¢, Hat 2014:
130). Ovom su muskarcu dijagnosticirane viSestruke trau-
matske lezije, zabiljezene na zubima (korijeni) te postkra-
nijalno (Boljunci¢, Hat 2014: 123-137). Taj smo slucaj pro-
ucavali zajedno sa Zenskom pokojnicom iz sekundarnoga
arheoloskog konteksta iz Zagajaca kraj Belis¢a (Boljuncic,
Hat 2014: 123-136), kojoj je dijagnosticirana ¢eona trauma
uslijed udarca tupo-tvrdim predmetom. Slucaj visekratno
traumatiziranog muskarca iz Zvonimirova razmotrili smo
u kontekstu visestrukih napada i/ili viSe razli¢itih nezgoda
u razli¢itim vremenskim prilikama, na osnovi kostanog i CT
dokaza o antemortalnom obrambenom prijelomu lijeve la-
katne kosti u kombinaciji s prijelomom lijeve klju¢ne kosti
zadobivenim prilikom pada, kao i na osnovi dva, po svemu
sudedi, perimortalna prijeloma korijena zuba (Boljunci¢, Hat
2014: 123-124, 128-136).

Metode - makroskopska analiza i racunalna tomo-

grafija (CT)

Makroskopska analiza lezije na kaloti odvijala se su-
kladno protokolima za opis velic¢ine i oblika, tj. morfologije
takvih lezija (Ortner 1981: 366—367; 2012: 250-267; Klaus,
Byrnes 2013: 47; Dawka et al. 2006: 59—-62; Goel et al. 2014: 1)
te lokalizacije u skladu sa suvremenom klinickom praksom
prema Yalgin (2007: 68—74) te Goel et al. (2014: 1), ukljucujudi
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Byrnes 2013: 47, Dawka et al. 2006: 59—-62; Goel et al. 2014:
1) and localization following modern clinical practice after
Yalgin (2007: 68—74) and Goel et al. (2014: 1), including de-
tailed characterization of osseous abnormalities in terms
of dry bone formation, loss of bone, bone size, and bone
shape - described along the lines of affected individual
skeletal element, as well as checking for lesion distribution
throughout the skeleton (Ortner 2012: 250-267; Klaus, By-
rnes 2013: 47). Cranial measurements (after Martin, Saller
1957) and measurements of the lesion were taken by slid-
ing caliper. The cranial index was calculated according to
Martin, Saller (1957).

The computed tomography approach in terms of de-
scription of the lesion and measurements followed gen-
eral CT standards from clinical practice accompanied with
CT standards for calvarial lesions reported by Yalgin et al.
(2007: 68-74) and checking for possible association of the
lesion with intracranial abnormalities detectable only by
CT, following Goel et al. (1994: 1). The same applies to intra-
cranial variations following Burgener, Kormano (1991), Oka-
moto et al. (1999), i.e. Yal¢in (2007: 68).

For the purpose of this study, we used the Siemens
Sensation 16 AG multi detector medical CT scanner (slice
thickness 1 mm). Unlike in plain-film radiography, which
provides limited information about complex 3-dimensional
(3-D) objects (Spoor et al. 2000: 63), in medical CT scanners
an X-ray source and an array of detectors rotate about the
specimen and measure its attenuation within the confines
of a slice-shaped volume in a great number of directions us-
ing a fan beam. By repositioning the specimen, the plane in
which measurements are taken can be changed (Spoor et
al. 2000: 63; Boljunci¢, Hat 2014: 125).

The protocol for computed tomography scanning of
skeletal remains was mostly the same as in clinical use, the
difference being only in the choice of scan plane, which is
far less restricted for skeletal material than in medical prac-
tice dealing with limitations of the range of planes based
on living human body possibilities (Spoor et al. 2000: 65).
In this study, the term “CT scan” refers also mainly to di-
gital data and image of one slice (cross-sectional image)
following the report by Spoor et al. (2000: 63), i.e. Boljunci¢,
Hat (2014: 125). The mentioned term can also be used to in-
dicate a full examination by CT (Boljunci¢, Hat 2014: 126). For
the purpose of this study, we performed multiplannar refor-
matting, i.e. the extraction of images in planes other than
the original stack resampling the images from an original
stack of scans (Spoor et al. 2000) with equally good spatial
resolution of images.

RESULTS

Description of Calvarial Lesion - Macroscopic Data

The cranium (mesocranic: 11%: 77.8) of the medieval man
in question exhibited a completely remodelled small con-
cave defect of the calvarial vault embracing the course of
the sagittal suture line near the bregma (the point where
the sagittal suture meets the coronal suture). The AP elon-
gated - ovoid feature was “breaking” the suture line by 8.8
mm - the maximum vertical (AP) diameter of the lesion (Fig.

2 Cranial index —I1 (Martin, Saller 1957).
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i detaljnu karakterizaciju kostanih abnormalnosti u smislu
formacije kosti, gubitka kosti te velic¢ine i oblika kosti — opi-
sanih detaljno u kontekstu zahvaé¢enog elementa kostura,
kao i provjeru rasporeda lezija na ¢itavom kosturu (Ortner
2012: 250-267; Klaus, Byrnes 2013: 47). Mjerenja lubanje
(prema Martin, Saller 1957) kao i lezije nacinili smo pomocu
pomi¢ne mjerke. Indeks lubanje izra¢unat je prema Martin,
Saller (1957).

Uporaba ra¢unalne tomografije u kontekstu opisa lezije
i mjerenja slijedila je opce CT standarde iz klini¢ke prakse,
¢emu mozemo pridodati i CT standarde za kalotne lezije ko-
je donose Yalcin et al. (2007: 68—74), kao i provjeru moguce
povezanosti lezije s intrakranijalnim abnormalnostima koje
je moguce otkriti jedino pomocu CT-a, sukladno Goel et al.
(1994: 1). Jednako se odnosi i na intrakranijalne varijacije su-
kladno Burgener, Kormano (1991), Okamoto et al. (1999), te
Yalcin (2007: 68).

Za potrebe ovog istrazivanja koristili smo Siemens 16 AG
multidetektorski medicinski CT skener (debljina presjeka 1
mm). Za razliku od standardne radiografije koja pruza ogra-
ni¢ene podatke o sloZzenim trodimenzionalnim (3D) pred-
metima (Spoor et al. 2000: 63), kod medicinskih CT skenera
izvor X-zraka i niz detektora vrte se oko primjerka, mjereci
slabljenje zraka unutar odsjecaka slojevitog volumena u
brojnim smjerovima pomocu lepezastog snopa. Promje-
nom poloZaja primjerka moze se promijeniti ravnina u kojoj
se vrsi mjerenje (Spoor et al. 2000: 63; Boljunci¢, Hat 2014:
125).

Protokol u CT skeniranju kosturnih ostataka uglavhom
je jednak onome u klini¢koj praksi, s jedinom razlikom u iz-
boru ravnine za snimanje, koji je kod kosturnog materijala
mnogo veci nego u medicinskoj praksi, gdje postoje ogra-
ni¢enja u odabiru ravnina sukladno ogranicenjima zivoga
ljudskog tijela (Spoor et al. 2000: 65). U ovom se radu termin
“CT presjek” takoder uglavnom odnosi na digitalne podatke
i sliku jednog presjeka (slika presjeka) u skladu s izvjes¢em
Spoor et al. (2000: 63), tj. Boljunci¢, Hat (2014: 125). Spo-
menuti termin moze se takoder koristiti i za oznacavanje
cjelokupnog proucavanja pomocu racunalne tomografije
(Boljunci¢, Hat 2014: 126). Za potrebe ovog rada, proveli
smo multiplanarno reformatiranje, tj. rekonstrukciju slika u
ravninama razli¢itim od izvornog skupa, sklapanjem slika iz
izvornog skupa snimaka (Spoor et al. 2000) s jednako do-
brom prostornom rezolucijom slika.

REZULTATI

Opis lezije na kaloti - makroskopski podaci

Na lubanji (mezokrana: 11%: 77,8) predmetnog srednjo-
vjekovnog muskarca prikazao se potpuno remodelirani ma-
nji konkavni defekt na svodu kalote koji obuhvaca liniju sa-
gitalnog 3ava kraj bregme (tocka u kojoj se spajaju sagitalni
i koronalni 3av). Ova ovalna tvorba, izduzena u AP smjeru,
“prekida” liniju Sava u duzini od 8,8 mm - $to je ujedno i
najveci okomiti (AP) promjer lezije (sl. 1-2). Najmanja duZina
lezije koju odlikuje gubitak kosti, od bregme do prednjeg
ruba lezije iznosila je 11,6 mm. Najvedi horizontalni (medio-
lateralni, ML) promijer lezije — u najsirem dijelu, iznosio je 6,9
mm. Linija $ava “prekinuta” je ponesto asimetri¢no, tj. lezija
je zahvatila nesto vedi dio kosti lijevo od linije sava (sl. 2-3).
Odredena “asimetrija” odnosi se i na novoformirani, dobro

2 Indeks lubanje — I1 (Martin, Saller 1957).
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Fig. 1 Cranium of a young adult medieval male from the Zvonimirovo burial No. 8 (upper lateral view) exhibiting small remodelled soli-
tary calvarial lesion (in a white circle). The lesion embraces the course of the sagittal suture line near the bregma (the point where
the sagittal suture meets the coronal suture (photo by: I. Krajcar).

SI. 1 Lubanja mladega odraslog srednjovjekovnog muskarca iz Zvonimirova, grob br. 8 (pogled bocno odozgo), na kojoj se prikazuje mala
remodelirana solitarna netraumatska lezija na kalvariji (u bijelom krugu). Lezija zahvaca liniju sagitalnog sava u blizini bregme (tocka u

kojoj se sagitalni sav spaja s koronalnim savom) (snimio: I. Krajcar)

1-2). The minimum distance of the lesion characterized by
bone loss, from the bregma to the anterior feature margin,
measured 11.6 mm. The maximum horizontal (medio-later-
al, ML) diameter of the lesion - at its widest point measured
6.9 mm. The suture line was slightly asymmetrically “inter-
rupted”, i.e. the lesion invaded slightly more into the bone
to the left from the suture line (Fig. 2—3). Certain “asymme-
try” may also apply to the newly formed well-demarcated
(compact by touch), more or less continuous unevenly wide
cortical bone (osteoblastic) deposition “radially” extending
around the lythic (osteoclastic) lesion - eroded-like area
(Fig. 2—3). The overall width of the deposited sclerotic bone
ranged from approximately 2—3.8 mm on the left hand side
to approximately 2—2.2 mm on the right hand side (Fig. 3).
Apart from the presence of colour variation, among other
attributes (density, texture) consistent with the woven
(new) bone, the bone deposition tended to lose the course
to the posterior (mainly on the left hand side), and slightly
to the anterior (towards the suture line). The newly depos-
ited bone also seemed to exhibit exteriorly - towards the
calvarial (outer table) surface beveled margins. Both interior
and exterior margins of the deposition were ragged-like.
The lesion floor was markedly coarse and porous with dis-
cerning sagittal suture course, i.e. minor “pseudo-perforati-
on ()" persisting para-centrally.

razgraniceni (kompaktan na dodir), vise ili manje kontinu-
irani, nejednako Siroki kortikalni sloj kosti (osteoblasti¢ne
prirode), koji se “radijalno” pruza oko liticke (osteoklasti¢ne)
lezije - podru¢je koje nalikuje eroziji (sl. 2-3). Ukupna Siri-
na odlozene skleroti¢ne kosti kretala se priblizno od 2 do
3,8 mm na lijevoj strani do priblizno 2 do 2,2 mm na desnoj
strani (sl. 3). Osim prisutnosti varijacije u boji, medu drugim
svojstvima (gustoca, tekstura) koja odgovaraju novostvo-
renoj (novoj) kosti, odloZzena kost pokazivala je tendenciju
gubljenja smjera prema posteriorno (uglavnom na lijevoj
strani) te donekle anteriorno (prema liniji $ava). Cini se da
su rubovi novonastale kosti bili ukoSeni na vanjskoj strani
u smjeru povrsiene kalote. | unutarnji i vanjski rubovi od-
loZene kosti bili su hrapavi. Dno lezije bilo je vrlo grubo i
porozno, s uocljivom linijom sagitalnog 3ava, tj. manjom
“pseudo-perforacijom (?)” koja se pruzala paracentralno.

Opis lezije na kaloti - podaci dobiveni pomocu ra-

cunalne tomografije

Koronalni CT presjek pokazao je prisutnost nepravilne i
dobro razgranic¢ene osteoliticke lezije na vanjskom svodu
kalote, s osteoskleroti¢nim rubovima. Najveca Sirina — me-
diolateralni (ML) promijer litickog podrugja, iznosila je 6,3
mm; najveca dubina lezije iznosila je 3,3 mm. Nije se prika-
zala povezanost s intrakranijalnim prostorom, tj. nije bilo
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Fig.2 Close-up (upper view) of a midline ovoid non-traumatic
defect of medieval calvarial vault — indicative of a once
soft-tissue lesion (cystic) development, associated with
well-demarcated marginal cortical bone deposition (photo
by: I. Krajcar).

SI.2  Uvecana slika (pogled odozgo) ovoidnog defekta u sredisnjoj
liniji srednjovjekovnoga kalvarijskog svoda, koji upucuje na
razvitak nekadasnje mekotkivne (cisticne) tvorbe, s prisutno-
S¢u dobro naznacenoga rubnog odlaganja kortikalne kosti
(snimio: I. Krajcar)

Description of Calvarial Lesion - Computed Tomo-

graphy Data

The coronal CT scan generated the presence of an ir-
regular well-demarcated osteolythic lesion of the external
calvarial vault, with osteosclerotic margins. The maximum
width — medio-lateral (ML) diameter of the lythic area mea-
sured 6.3 mm; the maximum lesion depth measured 3.3
mm. There was a lack of communication with an intracranial
space, i.e. there was no evidence of the lesion localization
on the inner calvarial vault surface.

However, there were a few small Pacchionian granu-
lations present on the inner calvarial vault. Pacchionian
granulation, closest to the lythic lesion - located about 24.3
mm to the right of the sagittal suture line is shown in Fig. 4
and 5. The other two - the frontal and parietal Pacchionian
granulations were localized about 56 mm anterior to the le-
sion, i.e. 44 mm posterior to the lesion, however, not visible
in this scan.
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Fig.3 Close-up (upper view) of a medieval dry bone lythic lesion
with marked measurements of marginal new bone depo-
sition ranging in width from about 2—3.8 mm on the left
hand side to 2—2.2 mm on the right hand side (graphic pre-
paration by: J. Boljunci¢ and I. Krajcar).

SI.3  Uvecanaslika (pogled odozgo) srednjovjekovne kostane lezije
s mjernim oznakama na mjestu rubnog odlaganja nove kosti
Cija Sirina varira od priblizno 2 do 3,8 mm na lijevoj strani do
priblizno 2 do 2,2 mm na desnoj strani (graficka obrada: J. Bo-
ljunci¢il. Krajcar)

pokazatelja lokalizacije lezije na povrsini unutarnjeg svoda
kalote.

Medutim, na unutarnjem svodu lubanje bilo je prisutno
nekoliko malih Pacchionijevih granulacija. Pacchionijeva
granulacija koja se nalazila najblize litickoj leziji, priblizno
24,3 mm desno od linije sagitalnog 3ava, prikazana je na sli-
kama 4 i 5. Preostale dvije — ¢eona i tjemena Pacchionijeva
granulacija nalazile su se oko 56 mm anteriorno u odnosu
na leziju, odnosno 44 mm posteriorno, $to, medutim, nije
vidljivo na predmetnom presjeku.

S druge strane, sagitalni CT presjek iznjedrio je u sre-
disnjoj liniji ( linija sagitalnog Sava blizu bregme) antero-
posteriorno (AP) izduzenu leziju nalik eroziji koja prodire u
vanjsku tablu i zavrsava u diploé. Unutarnja tabla, tj. povrsi-
na unutarnjeg svoda lubanje ostala je intaktnom (sl. 6). Naj-
veca duZina - promijer lezije u AP smjeru, iznjedrena u sagi-
talnom CT presjeku, iznosila je 8,7 mm. Dubina lezije kretala
se od 2 do 3 mm. Na ovom CT presjeku nije bilo vidljivih
drugih netraumatskih lezija (sl. 6). Na predmetnom presjeku
takoder nisu bile vidljive dvije traumatske lezije (prijelomi
zubnih korijena) zabiljeZzene u prethodnoj studiji (Boljunci¢,
Hat 2014: 123, 131-136),,

Na aksijalnom se CT presjeku takoder prikazala ovalna



JADRANKA BOLJUNCIC, HAT JOSIP, MAKROSKOPSKI | CT DIJAGNOSTICKI PRISTUP U TUMACENJU NETRAUMATSKE LEZIJE NA KALOTI..., PRIL. INST. ARHEOL. ZAGREBU, 32/2015, STR. 229-241

Fig.4 Reformatted coronal CT scan of the cranium of a medieval
male from Zvonimirovo burial No. 8, showing the presence
of midline well-demarcated irregular osteolythic lesion of
the external calvarial vault. (CT scan reformatting: J. Hat;
graphic preparation by: J. Boljunci¢ and I. Krajcar).

SI.4  Reformatirani koronalni CT presjek lubanje srednjovjekovnog
muskarca iz Zvonimirova, grob br. 8, na kojem se prikazuje
prisutnost dobro ogranicene nepravilne lezije u sredisnjoj liniji
vanjskoga kalvarijskog svoda (reformatiranje CT presjeka: J.
Hat; graficka obrada: J. Boljuncic i l. Krajcar)

On the other hand, the sagittal CT scan generated mid-
line (in the sagittal suture line and near the bregma) ante-
ro-posteriorly (AP) elongated erosion-like lesion penetrat-
ing the outer table and ending up in the diploé. The inner
table, i.e. inner calvarial vault surface remained intact (Fig.
6). The maximum length — AP diameter of the lesion, ob-
tained from the sagittal CT scan measured 8.7 mm. The
depth of the lesion ranged from 2 to 3 mm. There were no
other non-traumatic lesions visible in this CT scan (Fig. 6).
Two traumatic lesions (tooth root fractures) scored from the
previous study (Boljunci¢, Hat 2014: 123, 131-136), however,
were not shown in this scan.

The axial CT scan also generated an oval-shaped irregu-
lar bone lesion whose maximum longitudinal (AP, sagittal)
diameter measured 8.8 mm. The maximum transversal (me-
dio-lateral, ML) diameter of the lesion measured 5.8 mm.
However, due to the partial volume effect, caused by bone
density gradient decreasing towards the medial line of the
defect, this CT scan was not shown in the Figure.

DISCUSSION

Itis already known that diagnosing skin-based dry bone
lythic lesion may be a challenging task. Nevertheless, the
generated data on small, non-traumatic, midline focal le-
sion scored from calvaria of a young adult medieval man
from the Zvonimirovo burial No. 8 were indicative of a po-

Fig. 5 Enlarged detail of the coronal CT scan with midline lythic
lesion (marked with white arrow) exhibiting clear osteo-
sclerotic margins. The lesion is penetrating the outer table
and ending up in the diploé. There is a lack of communica-
tion with anintracranial space, i.e. evidence of the lesion lo-
calization on the inner calvarial vault surface. Note also the
presence of Pacchionian granulation marked with white
arrow point. Sulci for the middle meningeal artery (arteria
meningea media) are marked with contoured arrow points
(graphic preparation by: J.Boljunci¢ and I. Krajcar).

SI.5  Uvecanidetalj koronalnog CT presjeka s litickom lezijom u sre-
disnjoj liniji (oznaceno bijelom strelicom) na kojoj se jasno pri-
kazuju osteoskleroticni rubovi. Lezija zahvaca vanjsku tablu i
zavrsava u diploé. Nema vidljive komunikacije s intrakranijal-
nim prostorom, tj. dokaza o lokalizaciji lezije na povrsini unu-
tarnjega kalvarijskog svoda. Valja takoder obratiti pozornost
na prisutnost Pacchionijevih tjeleSaca koja su oznacena bije-
lim vrhovima strelica. Zljebovi za srednju meningealnu arteri-
ju (arteria meningea media) oznaceni su konturnim vrhovima
strelica (graficka obrada: J. Boljuncic i l. Krajcar)

Fig.6 Reformatted sagittal CT scan exhibiting enlarged image
of calvaria (with the clivus) of a medieval male from Zvoni-
mirovo burial No. 8, with the presence of midline AP elon-
gated erosion-like area of the external calvarial vault (the
outer table) ending up in the diploé (marked with white
arrow). The inner calvarial vault surface remained intact
(CT scan reformatting by: J. Hat; graphic preparation by:
J.Boljunci¢ and I. Krajcar).

S..6  Reformatirani sagitalni CT presjek s uvecanom kalvarijom (i
klivusom) srednjovjekovnog muskarca iz Zvonimirova, grob
br. 8, na kojoj se u sredisnjoj liniji vanjskoga lubanjskog svoda
(vanjska tabla) prikazuje podrucje nalik eroziji, izduZeno u AP
smjeru, sa zavrsetkom u diploé (oznaceno bijelom strelicom).
Povrsina unutarnjega kalvarijskog svoda ostala je intaktna
(reformatiranje CT presjeka: J. Hat; graficka obrada: J. Boljun-
Ci¢il. Krajcar)
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ssible congenital cystic development.

In this study, differential diagnosis involved simultaneo-
us consideration of dermal or epidermal inclusion cyst, po-
ssible presence of sinus pericranii variant in association with
the calvarial vault defect, as well as invasion of true athe-
roma accompanied with the inflammation. In other words,
there were no indicators — neither traumatic nor pathologi-
cal, which would suggest a different type of lesion, or varia-
tion. Likewise, due to the absence of malignant disease a
solitary skull lesion secondary to possible malignoma (soli-
tary skull secondary) was immediately excluded from consi-
deration. The same applies to the possible localized form of
Langerhans’s histiocitosis, which involves the full thickness
of the calvaria (Arana, Marti-Bonmati 1999: 1683) and lacks
a reactive bone response.

Calvarial dermoids and epidermoids - unilocular ecto-
dermal inclusion cysts (sometimes referred to as benign
tumors), are slow growing formations believed to arise sec-
ondary to aberrant epidermal or dermal inclusion in the
calvaria (Gibson, Prayson 2007: 1). A cyst, in the anatomical
sense, is a lesion characterized by a fluid-filled cavity sur-
rounded by a distinct wall (Ortner, Putchar 1981: 366). Epi-
dermoids are actually derived from ectoderm, but they are
inclusion cysts lined solely by squamous epithelium, whi-
le dermoids are also ectodermal inclusion cysts, however,
with more complex tissues derived solely from ectoderm
(Smirniotopoulos, Chiechi 1995: 1438). The causes of both
epidermoids and dermoids include failure of surface ecto-
derm to separate from underlying structure, sequestration
of surface ectoderm and implantation of surface ectoderm.
Most congenital dermal and epidermal inclusion cysts pro-
bably occur due to an embryonic accident during the early
developmental stages — between 3 and 5 weeks of gestati-
on. These cysts could also arise at any age due to traumatic
implantation that drives skin elements from the surface into
the underlying tissues, e.g. through stab and puncture wo-
unds (Smirniotopoulos, Chiechi 1995: 1438). Dermoids and
epidermoids manifest themselves in most cases as pain-
less subcutaneous swelling, most commonly occurring be-
tween the age of 20 and 40 years, along with the fact that
dermoids tend to present at a slightly earlier age than epi-
dermoids (Gibson, Prayson 2007: 1) - usually in the second
or third decade, most likely because they are histologically
complex and probably enlarge faster (Smirniotopoulos,
Chiechi 1995: 1440). Dermoids tend to be midline in the fron-
totemporal and then parietal region, mostly involving the
course of a suture line near the anterior fontanelle (Gibson,
Prayson 2007: 1). Epidermoids tend to be more lateral (Smir-
niotopoulos, Chiechi 1995: 1438; Cohen 2014: 1) and seem to
occur mostly in the parietal bone, followed by localization
in the frontal, and occipital bone as well as in orbits (Gibson,
Prayson 2007: 1). Imaged by MR or computed tomography,
(CT) both the calvarial dermoids and epidermoids reveal in-
tradiploic localization of well demarcated lytic area exhibit-
ing osteosclerotic borders, which tend to expand both to
the inner and outer tables (Gibson, Prayson 2007: 1). The-
re are small superficial epidermoid and dermoid inclusion
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nepravilna kostana lezija ciji je najveci uzduzni (AP smjer, sa-
gitalni) promjer iznosio 8,8 mm. Maksimalni poprecni (me-
diolateralni, ML) promjer lezije iznosio je 5,8 mm. Medutim,
zbog ucinka parcijalnog volumena, uzrokovanog smanje-
njem gradijenta gustoce kosti prema medijalnoj liniji defek-
ta, ovaj CT presjek nije prikazan na slici.

RASPRAVA

Vel je poznato kako dijagnosticiranje kostanih litickih
lezija koje se temelje na koznim lezijama moze biti vrlo
zahtjevan zadatak. Ipak, podaci dobiveni analizom male,
netraumatske zariSne lezije u sredisnjoj liniji zabiljeZzene na
kaloti mladega srednjovjekovnog muskarca iz groba Zvoni-
mirovo br. 8 upucivali su na mogucnost razvitka kongeni-
talne ciste.

U ovom istrazivanju, diferencijalna dijagnoza ukljuciva-
la je procjenu prisutnosti dermalne nasuprot epidermalnoj
inkluzijskoj cisti, mogucu prisutnost varijante sinus pericra-
nii povezane s defektom na svodu lubanje, kao i ateroma
popracenog upalnim procesom. Drugim rije¢ima, nije bilo
ni traumatskih, ni patoloskih pokazatelja koji bi ukazivali
na drugi tip lezije, ili varijaciju. Takoder, zbog izostanka zlo-
¢udne bolesti, nazo¢nost solitarne lezije na lubanji koja bi
se pojavila sekundarno po mogué¢em malignomu (solitarni
sekundarni tumor lubanje) odmah je isklju¢ena iz razma-
tranja. Sli¢no se odnosi i na mogudi lokalizirani oblik Lan-
gerhansove histiocitoze, koja zahvaca cjelokupnu debljinu
kalote (Arana, Marti-Bonmati 1999: 1683), s izostankom re-
aktivnog kostanog odgovora.

Dermoidi i epidermoidi na kaloti — unilokularne ekto-
dermalne inkluzijske ciste (koji se ponekad nazivaju dobro-
¢udnim tumorima), spororastuce su tvorbe koje, po svemu
sudedi, nastaju sekundarno po netipi¢nim epidermalnim ili
dermalnim inkluzijama na podrugju kalote (Gibson, Prayson
2007: 1). Cista, u anatomskom smislu, jest lezija u obliku te-
kuc¢inom ispunjene Supljine omedene zasebnom stijenkom
(Ortner, Putchar 1981: 366). Epidermoidi nastaju od ekto-
derme, ali rije¢ je o inkluzijskim cistama omedenima samo
plocastim epitelom, dok su dermoidi takoder ektodermal-
ne inkluzijske ciste, no sastavljene od slozZenijih tkiva koje
potjecu isklju¢ivo od ektoderma (Smirniotopoulos, Chiechi
1995: 1438). Uzroci nastanka epidermoida i dermoida leze
u nemogucnosti da se povrsinski ektoderm odvoji od pod-
loge, sekvestraciju te implantaciju povrsinskog ektoderma.
Vecina kongenitalnih dermalnih i epidermalnih inkluzijskih
cista vjerojatno se pojavljuje uslijed ,incidenta” u embrio-
nalnom razvoju tijekom ranih faza — izmedu treceg i petog
tjedna trudnoce. Ove ciste mogu se pojaviti i u bilo kojoj
drugoj dobi zbog traumatske implantacije pri ¢emu ele-
menti koZe prodiru kroz povriinu u podlozna tkiva, npr.
putem ubodnih i probodnih rana (Smirniotopoulos, Chiec-
hi 1995: 1438). Dermoidi i epidermoidi se u vecini slucajeva
manifestiraju kao bezbolne potkozne otekline koje se naj-
cesce pojavljuju u dobi izmedu 20 i 40 godina, s time da se
dermoidi ¢eS¢e pojavljuju u nesto ranijoj dobi od epidermo-
ida (Gibson, Prayson 2007: 1) - uglavhom u drugom il tre-
¢em desetljecu, najvjerojatnije stoga Sto su histoloski sloZe-
ni i po svemu sudedi se brze povecavaju (Smirniotopoulos,
Chiechi 1995: 1440). Dermoidi su uglavhom smjesteni u sre-
disnjoj liniji ceono-sljepoocne te tiemene regije, ponajvise
u zoni linije Sava blizu prednje fontanele (Gibson, Prayson
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cysts commonly encountered as “lumps and bumps” in the
scalp and at the orbital rim. Their deeper-sited intracranial
variants are uncommon, accounting for less than 1% of all
primary intracranial tumors (Dawka et al. 2006: 59). The cyst
located in the scalp results in erosion of the calvarial vault
on the external surface. The erosion of the external surface
of the bone indicates that the epicentre of the mass is in the
scalp, not inside the calvarial vault (VCU UR 2014: 1).

Simultaneous consideration of dermoid versus epider-
moid, based on combined macroscopic and CT diagnostic
approach, resulted in the most probable diagnosis of the
present, apparently, skin-based dry bone lesion - a variant
of a superficial congenital dermal inclusion cyst which was
located in the (onetime) scalp. This is suggested by gross
morphology (AP elongated - ovoid lesion exhibiting loss of
bone due to the pressure erosion of a once soft-tissue featu-
re), midline localization (involvement of the sagittal suture
course near the former anterior fontanelle), appearance in
early age and tendency of less invasiveness when compared
to epidermoid. The once soft-tissue feature occurrence in
the scalp, instead deeper in the calvaria, was suggested by
erosion of the external calvarial vault imaged by CT (ending
up slightly in the diploé), i.e. lack of the inner calvarial vault
surface involvement suggesting that the epicenter of the
soft-tissue was not inside the calvarial vault (VCU UR 2014:
1). Likewise, although the man in question appeared to be a
victim of repeated assaults and/or accidents at different ti-
mes, as described in the previous study (Boljunci¢, Hat 2014:
123-137), there was no evidence (macroscopic and CT) for
possible trauma-induced dry bone lesion development.
In other words, there were no indications that the feature
(cyst) could have been caused by stab or puncture wound.

Accompanying “reactive” (compact) cortical bone depo-
sition surrounding dry bone lythic lesion, whose density, co-
lour variation and texture are suggestive of a new (woven)
bone, may be indicative of the past marginal inflammation
associated with once soft-tissue feature. However, this new
bone deposition should not be confused with the “typical
periosteal” reaction often incorrectly stated in literature
when referring to new bone formation in the calvaria.’ The
inflammatory process accompanying the dermoid can of-
ten be encountered in modern clinical practice. Likewise,
the unevenly shaped partially porous surface of the dry bo-
ne lesion floor may be also suggestive of increased neo-vas-
cularization due to the past inflammation associated with a
once soft-tissue lesion.

The possible presence of a sinus pericranii variant in
association with the calvarial (cranial) vault defect, embed-
ded in differential diagnosis due to CT scanning, was exclu-
ded by the generated CT scans exhibiting the lack of lesi-
on communication with the superior sagittal sinus sulcus.
Sinus pericranii is a cranial venous anomaly in which there
is an abnormal communication between intracranial dural
sinuses and extra-cranial venous structures, usually via an
emissary transosseous vein (Bigot et al. 2000; Carpenter et

3 The calvaria consists of two cortical layers — the outer and inner tables
(lamina vitrea), while spongious diplo€ containing bone marrow is “sand-
wiched” in between these two layers.

2007: 1). Epidermoidi su uglavhom smjesteni vise lateralno
(Smirniotopoulos, Chiechi 1995: 1438; Cohen 2014: 1), a Cini
se da se ponajvise pojavljuju na tiemenoj kosti, a potom na
ceonoj te zatiljnoj kosti, kao i na orbitama (Gibson, Prayson
2007: 1). Snimljeni pomoc¢u MR-a ili racunalne tomografije
(CT), dermoidi i epidermoidi kalote pokazuju intradiploi¢nu
lokalizaciju dobro razgranicenog litickog podrucja s oste-
oskleroti¢nim rubovima koje pokazuje tendenciju Sirenja
kako na unutarnju tako i na vanjsku tablu (Gibson, Prayson
2007: 1). Na skalpu i na rubovima orbita pojavljuju se ma-
le povriinske epidermoidne i dermoidne inkluzijske ciste
u obliku “kvrzica i ¢vorova”. Mnogo su rjede njihove dublje
smjestene intrakranijalne varijante koje ¢ine manje od 1%
svih primarnih intrakranijalnih tumora (Dawka et al. 2006:
59). Cista smjeStena u skalpu dovodi do erozije vanjske po-
vrine svoda lubanje. Erozija vanjske povrsine kosti ukazu-
je na to da se epicentar tvorbe nalazi u skalpu, a ne unutar
svoda lubanje (VCU UR 2014: 1).

Simultano razmatranje prisutnosti dermalne nasuprot
epidermalnoj cisti, temeljeno na kombinaciji makroskop-
skog i CT dijagnosti¢kog pristupa, rezultiralo je najizgled-
nijom dijagnozom za predmetnu kostanu leziju koja se,
po svemu sudedi, temelji na koznoj leziji — a to je varijanta
povrsinske kongenitalne dermalne inkluzijske ciste s lokali-
zacijom u (nekadasnjem) skalpu. Na to upucuju sveukupan
izgled (ovalna lezija izduzena u AP smjeru s vidljivim gubit-
kom kosti zbog erozije uslijed pritiska nekadasnje mekot-
kivne tvorbe), smjestaj u sredisnjoj liniji (uklju¢enost linije
sagitalnog Sava pokraj nekadasnje prednje fontanele), po-
javljivanje u mladoj dobi, te tendencija manje invazivnosti
u usporedbi s epidermoidom. Na pojavljivanje nekadasnje
mekotkivne tvorbe u skalpu, umjesto dublje u kaloti, upu-
¢uju erozija vanjskog svoda kalote uo¢ena na CT presjeku
(koja zavr3ava u diploé), odnosno izostanak zahvacenosti
povrsine unutarnjeg svoda kalote, $to upucuje na to da
se epicentar mekotkivne tvorbe nije nalazio unutar svoda
kalote (VCU UR 2014: 1). Takoder, iako se ¢ini kako je anali-
zirani muskarac bio Zrtvom ponovljenih napada i/ili nezgo-
da u razli¢itim vremenskim prilikama, kao $to je opisano u
prethodnoj studiji (Boljunci¢, Hat 2014: 123—-137), nije bilo ni
makroskopskih ni CT pokazatelja koji bi ukazivali na to da je
kostana lezija izazvana traumom. Drugim rijecima, nije bilo
pokazatelja da je tvorba (cista) mogla nastati putem ubod-
ne ili probodne rane.

Popratno “reaktivno” odlaganje (kompaktne) kortikalne
kosti uokrug kostane liticke lezije, ¢ija gustoca te varijacija u
boji i teksturi upucuju na novu (novostvorenu) kost, moglo
bi ukazivati na nekadasnji rubni upalni proces povezan s
nazoc¢noscu prijasnje mekotkivne tvorbe. Medutim, ovakvo
odlaganje kosti ne bi trebalo pobrkati s “tipicnom periostal-
nom” reakcijom, kako se ¢esto netocno navodi u literaturi
pri opisu kostanih novotvorevina na kaloti.> Upalni proces
koji prati pojavu dermoida Cesto se susrece i u suvremenoj
klinickoj praksi. Takoder, nejednoliko oblikovano dno ko-
stanog defekta s djelomi¢no poroznom povrSinom moze
upucivati na povecanu neovaskularizaciju zbog prijasnjega
upalnog procesa povezanog s nekadasnjom mekotkivhom
tvorbom.

Po izvrsenom CT skeniranju mogucu prisutnost vari-

3 Kalota se sastoji od dva kortikalna sloja — vanjske i unutarnje table
(lamina vitrea), dok se porozna diploé s koStanom srzi nalazi smjestena
izmedu ova dva sloja.
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al. 2004; Goel et al. 2014: 1). It most frequently involves the
superior sagittal sinus and may reveal an associated cranial
vault defect shown by radiography (Goel et al. 2014: 1).

The invasion of true atheroma, associated with in-
flammation, was ruled out because of the lesion localizati-
on (in the suture line) and the young age of the individual.
True atheroma - a sebaceous cyst, is a benign tumour of the
skin in the form of a dense formation with clear contours,
painless, welded to the skin. Most often cranial localization
is near the ears, scalp and face, occurring when skin cells
or germ glands, which should be placed on the skin sur-
face, are localized in the deeper layers of the skin and do
not communicate with its surface. The true atheroma is an
inherited abnormality of the skin (ME 2014:1). Such feature
usually develops in older age and beyond suture lines.

A few minor variations - Pacchionian granulations, on
the inner calvarial vault surface of the medieval Zvonimiro-
vo man, imaged by CT, must not be confused with lythic
lesions. The small size and number of Pacchionian granu-
lations in the Zvonimirovo male correspond to the young
adult age of the individual.

In conclusion, the combined macroscopic and CT ap-
proach indicates that a small non-traumatic — apparently
skin-based dry bone lythic lesion, reported in this paper, is
most probably consistent with a variant of a superficial con-
genital dermal inclusion cyst which was located in the (for-
mer) scalp. Hence, this solitary lesion presents a separate
entity occurring independently of lesions indicative of mul-
tiple traumatic assaults and/or accidents already reported
in the previous forensic study (Boljunci¢, Hat 2014: 123-136).
The possible presence of a sinus pericranii variant was exclu-
ded by the generated CT scans, while inflamed true ather-
oma was ruled out because of the lesion localization and
the age of the individual. Apparently, as a complementary
method, CT diagnostic approach may be fairly contributive
in interpreting the nature of dry bone lythic lesions.
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jante sinus pericranii povezane s defektom na svodu kalote
(lubanje), sukladno postavljenoj diferencijalnoj dijagnozi, is-
kljucili smo temeljem dobivenih CT presjeka koji su pokaza-
li nedostatak povezanosti lezije sa Zlijebom gornjega sagi-
talnog sinusa. Sinus pericranii jest venska anomalija lubanje
koju odlikuje abnormalna komunikacija izmedu intrakrani-
jalnih duralnih sinusa i ekstrakranijalnih venskih struktura,
obi¢no putem emisarnih transkostanih vena (Bigot et al.
2000; Carpenter et al. 2004; Goel et al. 2014: 1). Najcesce uk-
lju¢uje gorniji sagitalni sinus i moze biti povezan s defektom
svoda lubanje vidljivim na radiogramu (Goel et al. 2014: 1).

Prisutnost ateroma povezanog s upalnim procesom is-
klju¢ena je na osnovi smjestaja lezije (u liniji Sava) te mla-
dosti osobe. Pravi aterom - lojna cista, dobro¢udni je tumor
koze u obliku guste, jasno razgraniene tvorbe, bezbolan,
pripojen uz kozu. Na glavi je naj¢es¢e smjesten u blizini usi-
ju, skalpa i lica, a pojavljuje se kada su stanice koze koje bi
se trebale nalaziti na povrsini koze smjestene u dubljim slo-
jevima te ne komuniciraju s njezinom povrsinom. Pravi ate-
rom jest nasljedna abnormalnost koze (ME 2014: 1). Ovakve
tvorbe obi¢no nastaju u kasnijoj dobi, te izvan linija Savova.

Nekoliko manijih varijacija - Pacchionijevih tjele3aca, na
unutarnjoj povrsini svoda lubanje srednjovjekovnog mus-
karca iz Zvonimirova, iznjedrenih pomocu CT -a , ne smiju
se pobrkati s litickim lezijama. Male dimenzije i broj Pacchi-
onijevih granulacija u skladu su s mladom dobi muskarca iz
Zvonimirova .

Kao zakljucak, kombinirani makroskopski i CT pristup
upucuje na to da mala netraumatska kostana lezija koju
prikazujemo u ovom clanku, a koja se, po svemu sudedi,
temelji na koznoj leziji, najvjerojatnije pripada varijanti po-
vriinske kongenitalne dermalne inkluzijske ciste s lokaliza-
cijom u (nekadasnjem) skalpu. Stoga, ova lezija predstavlja
zasebnu pojavu nezavisnu od traumatskih lezija koje upu-
¢uju na viSekratne napade i/ili nezgode o kojima smo ve¢
izvijestili u prethodnoj forenzi¢koj studiji (Boljunci¢, Hat
2014: 123-136). Mogucu prisutnost varijante sinus pericra-
nii iskljucili smo na osnovi iznjedrenih CT presjeka, dok smo
nazocnost ateroma iskljucili na osnovi smjestaja lezije i dobi
osobe. Dakle, kao komplementarna metoda, dijagnosticki
pristup pomocu CT-a moze znatno doprinijeti interpretaciji
prirode kostanih litickih lezija.
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