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In the Dnipro steppe territory during the Middle
Bronze Age, a high frequency of skull trepanation was
recorded, indicating the region as a center of cranial
surgery. Evidence of medical intervention for the treat-
ment of the impression fracture was found on the skull
of an individual of the Inhul Catacomb culture from
the barrow near the village of Novoivanivka, Dnipro
region.
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The skull injuries of the catacomb population of
the Northern Pontic region have repeatedly been
top of interest for various researchers (3iHeBuy,
Kpyw, 1968; Hamwmmosa, Kopmycosa 1981; Kpyir
1984, c. 78—80; Schultz 1991, S. 33; Vmxosa,
Koszax 2014). The observed growth in the fre-
quency of such trauma in the Middle Bronze Age
can be explained by the intensification of contacts
between populations due to migratory processes
(Szmyt 1999; Ushkova, Kozak 2024).

According to D. J. Wélfel, the widespread use
of slingshots and stone clubs in the Western Eu-
ropean Neolithic led to the development of crani-
al surgery (Wolfel 1936; Ackerknecht 1971). The
injuries caused by the new weaponry, specifically
battle stone axes, used by the Catacomb culture
tribes (Kiouko 2001) were more complicated and
caused more damage compared to those observed
in the Yamna culture (Ymxosa, Kosax 2011;
2014). The development of battle weapons during
the Bronze Age may have catalyzed the rapid evo-
lution of therapeutic, surgical techniques.

The most notable evidence of skull sur-
gery is trepanation. The presence of a signifi-
cant number of healed trepanations indicates
a high survival rate and suggests that the an-
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cient surgeons or healers who performed these
operations possessed a high skill level (Papa-
grigorakis 2014; Arena, Larocca, Gualdi-Russo
2022; Ushkova, Kozak 2024). However, surgi-
cal interventions were not limited to trepana-
tions.

Trepanation as an action (Clowes 1926) in-
volves the removal of a section of the cranial vault
without damaging the meninges and the brain
itself (Steinbock 1976, p. 29). The procedure is
undertaken by means of «scraping, cutting or
drilling a hole in the skull» (Verano 2016, p. 1)
and is a deliberate process driven by a specific
purpose. The size and depth of the operations can
vary. According to D. Ortner and W. Putschar,
«the surgeon can remove the outer table of bone
and diploe, or... he can remove both tables of
bone, exposing the dura» (Ortner, Putschar 1981,
p. 97).

It i1s assumed that the trepanations were per-
formed for therapeutic or ritual / magical pur-
poses (Campillo 1984; Campillo, Mercadal 1988;
Gresky et al. 2015).

In many cases, trauma and its consequences
were considered the most plausible reason for
such an operation (e.g., Wolfel 1936; Verano
2016; Redfern, Roberts 2019, p. 268; Weber, Wahl
2022; Ushkova, Kozak 2024). R.T. Steinbock
stressed the primary objective of trepanation to
be the reduction of intracranial pressure caused
by edema or hemorrhage due to depressed cranial
vault fractures (Steinbock 1976, p. 31). A review
of ethnographic studies indicates that trepanning
was also used in simple societies to treat various
symptoms, including headaches, migraines, and
epilepsy (Meschig 1983, p. 150). Another purpose
for trepanation, as described by the Kisii people of
Africa and earlier by Hippocrates, was the diag-
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nosis of traumatic injuries (Meschig 1983, p. 151;
Hippocrates 1999, p. 33—34).

Ritual intravitam trepanation was performed
for two main reasons: initiation or expulsion of an
evil spirit from the person (Sigerist 1955, p. 197,
206; Karolyi 1968; Memuurosa 2001).

The increase in the number of detected cases
of trepanation in recent decades has revealed
an increasing proportion of trepanations caused
by trauma (Ullrich, Weickmann 1965; Meschig
1983; Czarnetzki, Pusch 2006; Lidke 2006; Ul-
Irich 2006; Weber, Wahl 2022; Ushkova, Kozak
2024). Nevertheless, there are difficulties in de-
termining the existence or nature of injury in
cases where the lesion has undergone full or even
partial healing. Consequently, it can only be sug-
gested that the majority of surgical procedures
conducted at the site of impact were undertaken
to remove fragments in cases of penetrating and
comminuted injuries or to clean the edges of the
injury. Otherwise, trepanation openings intended
to address chronic sequelae of trauma or other
conditions not directly related to injury may be
observed at a considerable distance from the ini-
tial trauma site. In such instances, the penetra-
tion of the inner table could be necessary.

Damage to the dura mater, including in the
area of the venous sinuses, was considered life-
threatening in ancient times (Sigerist 1955,
p. 356). It is suggested that this knowledge was
acquired empirically during the Neolithic period
(Weber, Wahl 2022), as most trepanations were
performed by scraping, the safest procedure for
the dura mater.

The healing process of trepanation openings
is relatively long. In general, the healing proc-
ess of cranial injuries is much slower than that
of the postcranial bones. The formation of bone
callus is practically non-existent on the bones of
the vault, with regeneration primarily occurring
due to connective tissue (Lauche 1975; Fischer
1970, S. 411). The velocity of this process depends
primarily on the integrity of the dura mater (its
damaging or fusion to the pericranium considera-
bly inhibits the healing process), as well as on the
injured person’s age (Fischer 1970, S. 411, 415). If
the edges of the hole do not show signs of healing
that are visible to the naked eye, this indicates
that the person either died during the operation
or survived for no more than 3—4 weeks after-
ward (Fischer 1970, S. 419; Nerlich et al. 2003;
Weber, Wahl 2022, S. 522).

The superficial operations mentioned by D. Ort-
ner and W. Putschar often refer to incomplete or
symbolic trepanations in anthropological litera-
ture. The distinction between these two catego-
ries is predicated on the purpose of the operation,
which, regrettably, is almost impossible to ascer-
tain. Symbolic trepanations have been observed
to be associated with specific rituals (Bereczki et
al. 2013). They may be linked to initiation proc-
esses («superficial scarring»; Memuurosa 2001).
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One example is the «T-sincipital» — a scraped or
cauterized furrow along the coronal and sagittal
sutures in the shape of the letter T (Manouvrier
1895; Wolfel 1925). Ritual trepanations usually
have a certain population pattern, such as a spe-
cific location on the skull, multiple cases concen-
trated in a limited geographic area. On the other
hand, therapeutic trepanations performed by a
single «surgeon» or surgeon generation (school or
tradition) will also have a similar pattern.

Incomplete trepanations are the result of in-
terruption to the process due to various objective
or subjective reasons, including the death of the
patient. Such injuries are similar to trepanation,
and it can be assumed that the process should
have been completed by penetration through the
inner plate (Ushkova, Kozak 2024, case from the
Bilolissia burial of Yamna culture). Conversely,
it is important to note that surgical interventions
did not necessarily entail penetrating the cranial
cavity. Such operations include cauterization, the
removal of deep abscesses that penetrate the sur-
face plate of the bone, the cleaning of complicated
injuries, and diagnosis.

Signs of injury treatment can be particularly
challenging to discern in cases of healed defects.
Consequently, it is imperative to identify cases of
partially unhealed or incompletely healed trau-
ma with indications of surgical intervention. A
notable illustration of this can be observed in the
skull of a female from Holovkivka (Ushkova, Ko-
zak 2024) or a Neolithic skull from Italy (Zemour
2019), both of which demonstrate attempts at
treatment or remediation of perimortem injuries
to the left temporal bone. However, such cases re-
main infrequent in the published literature.

Materials. In 1977, the archaeological expedi-
tion led by Mykola Bondar excavated the barrows
in the area of the construction of the Nikopol irri-
gation system in the Dnipropetrovsk region (fig. 1).
Barrow 4 was discovered at a distance of 1.5 km
North-East of Novoivanivka village in a flat field
surrounded by forest belts and unpaved routes. The
mound was ploughed up annually and by the time
of excavation was 0.63 m heigh and 30 m in diam-
eter. Ancient horizon was recorded at a depth of
0.58 m, with the thickness of the chernozem reach-
ing 0.35 m. Virgin soil laid at a depth of 0.93 m
(AmTonenxo u ap. 1978; Boumaps u np. 1978).

The barrow was erected at once during the
Bronze Age and contained six burials. The mound
was constructed over the primary Yamna grave.
All other graves were identified as inserted buri-
als, with two graves identified as the Yamna cul-
ture, two — to the Catacomb culture, and one —
to the Zrubna culture.

The subject of this paper is the skull from grave 4.
The catacomb was located in the southwestern sec-
tor of the barrow (fig. 2). The entrance pit was al-
most circular in plan, with steep walls and a flat
floor. The burial chamber, oriented with its long
axis from Southwest to Northeast, was located on
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Fig. 1. Kurgans of the s. Novoivanivka on the map of
the Northern Pontic region

Puc. 1. Kyprauu Hosoisauisku ma rapti IliBHiuHOTO
IIpuuopromop’st

the northeastern side of the entrance pit and has
a rectangular form with rounded corners. The bot-
tom part of the chamber was cut into the virgin
soil; no vault was visible in the black soil. The wall
on the side of the entrance pit was straight, while
the other walls had slopes. The dimensions of the
entrance pit were 1.24 X 1.05 m, while the burial
chamber measured 2.14 X 1.5 X 1.38 m (AHTOHEHKO
u 1ap. 1978; Boumaps u ap. 1978). The fox burrows
have significantly damaged the grave.

The skeleton was poorly preserved, only a few
small bone fragments, phalanges, and a skull
survived. The skull was found lying with its pari-
etal part down in the backfill of the northeastern
corner of the chamber. No grave goods were found
in the chamber (Auromenko u ap. 1978; Bougaps
u ap. 1978).

The human skeletal remains have not been
examined anthropologically until now. The skull,
which had sustained postmortem damage (fig. 3),
lower jaw, and a coracoid process of the scapula,
was stored in the collections of the Archaeological
Museum of Taras Shevchenko National Univer-
sity of Kyiv (AM KNUTS).

The bones of pale caramel yellowish color were
relatively dense, though the bone tissue along
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Fig. 2. Kurgan 4, grave 4 of Novoivanivka, plan and
cross section (Antonenko et al. 1978)

0.4m

Puc. 2. ITnan Ta pospis moxoBauusa 4 kyprauy 4 (AaTO-
HEHKO u 1p. 1978)

the postmortal broken edges was crumbled. The
surface of the bones, as well as the enamel of the
teeth, was preserved by more than two-thirds,
which made it possible to examine them using
paleopathological methods.
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d

Fig. 3. Skull vault of a male from Novoivanivka, kurgan 4, buri-
al 4: a — front view, pointer indicates a scar of superficial trauma;
b — right lateral view, bathrocephaly (small pointer) and depres-
sion of the parietal bone trauma (long pointer); ¢ — top view, small

pointers indicate a closed area of the coronal suture, long pointer indicates trauma to the parietal bone, asymme-
try of the skull is also noticeable; d — view of the skull from behind, small pointers indicate foramina parietale,

large pointer indicates trauma

Puc. 3. Crieninus depena 4dosoBika 3 HoBoiBaHIBKM, KypraH 4, MOXOBAHHS 4: a — BHIJISAJ CIIEpeJy, CTPIIKO0
Ho3HaveHU# pyberh MOBEePXHEBOl TpaBMH; b — BUIJIAJ cIipaBa, OaTporedaltia (Majga CTpijiKa) Ta 3arJIu0JIeHH
TPaBMU TiM'STHOI KICTKH (JIOBra CTPLJIKA); C — BUIJISAJ 3BEPXY, MAJIl CTPIJIKU 03HAYAITH 3AKPUTY JISHKY BIHIIEBO-
ro IIBA, JOBra CTPLJIKA BKA3ye HA TPaBMy TIM SHOI KICTKH, IIOMITHA TAKOK acUMeTpia dyepera; d — BULJIAL Yepera
33a/1y, MaJIl CTPLIKYU [I03HAYAIOTH TIM SIHI OTBOPH, BEJIUKA — TPABMY

Skull morphology and pathology. The mor-
phology of the skull is indicative of the male sex
(fig. 3: a, b). Massive muscle relief can be seen on
the occipital, temporal, and mandible bones.

Examination of the exterior surface of the vault
reveals remnants of the sagittal, lambda and left
coronal sutures (fig. 3: ¢, d). The right side of the
coronal suture is completely obliterated. From
the internal lamina, all sutures are closed, except
the central portion of the sagittal suture. The pro-
nounced bathrocephaly (fig. 3: b, d) is evidently
associated with big suture bones in the lambda
suture and with the potential early closure of a
suture segment. Observed asymmetry of the oc-
cipital bone could also be related to this phenom-
enon. According to the state of suture obliteration
(Vallois 1937), the person’s age is estimated be-
tween 40 and 50 years. The stage of age-related
atrophy of the alveolar margin in the area of pre-
served teeth indicates an age of 30 or more years.
Most of the teeth in the upper jaw, except for the
canine and third molar, were lost during life (an-
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temortem). The alveoli of the molars and premo-
lars are completely obliterated. The alveoli of the
incisors stand in an active healing process. The
wear of the occlusal surface of mandibular mo-
lars corresponds to age 35—45 years (Brothwell
1981). However, given the absence of antagonist
teeth and the state of obliteration of their alveoli,
the age of the male on this indicator could be esti-
mated as 45—50 years.

The general morphology of the skull falls within
the range of variations identified for the late cata-
comb culture populations of the region (Kpyir 1997).

Among the pathological features, we can men-
tion porosity on the supraorbital ridge, possibly
related to chronic inflammation of the paranasal
(frontal and maxillary) sinuses. The outer plate
of the skull vault bones is thickened and porous.
The inner lamina of the skull bones shows deep-
ened imprints of large and small blood vessels,
uneven surface and thickening, and traces of pro-
liferative bone reaction in the sulcus of the sagit-
tal sinus.
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Fig. 4. Trauma to the right parietal bone with signs of surgical intervention: a — general view, pointers indicate
the temporal line (Linea temporalis); b — area of injury, long pointers indicate the places of rounding of the
groove, short pointers indicate traces of proliferative reaction in the epicenter of the trauma

Puc. 4. Tpasma mpaBoi TiM'sTHOI KICTKH 31 CJIIaMU OIEPATUBHOIO BTPYYAHHS: a — 3araJIbHUM BUIJIAM IPaBOI
TIM STHOI KICTKH, CTPLIKM BKA3yIOTh Ha CKpoHeBy JiiHI (Linea temporalis); b — obsacts TpaBMu, 0BT CTPLIKA
BKA3YIOTh HA MICISI 3A0KPYTJIEHHSI 60PO3HM, KOPOTKI CTPLIIKHU IMO3HAYAOTE CJIIIM IPOoJIidhepaTUBHOL PeakKIlil y erri-

IEHTPl TPaBMU

The maxillary and mandibular bones demon-
strate signs of progressive alveolar margin in-
flammation with antemortal loss of most teeth. A
calculus of advanced development was found on
all the teeth presented. Significant occlusal sur-
face wear, secondary dentin formation, enamel
margin chipping, and hypercementosis indicate
the mechanical stress on the remaining teeth
(Wood 1992, p. 26; Nelson 2015).

Two blunt force traumas on the skull situated
on the right frontal and right parietal bone.

Traumas. The superficial trauma is located on
the right frontal bone below the frontal tubercle
(fig. 3: a). The crescent-shaped injury, curved to-
wards the coronal suture, measured 11 X 6 mm,
is slightly deepened into the bone surface in its
posterior (upper) part. There are signs of inflam-
mation (thickening and porosity) of the surface
around the lesion.

Another depression (20 X 22 mm) is identified
in the region posterior and lateral to the right
parietal tubercle. The centre of the lesion locates
at a distance of 86 mm from the coronal suture,
53.5 mm from the sagittal suture, and 49 mm
from the lambda suture; it is deepened into the
surface plate, with X-shaped furrows converg-
ing towards it (fig. 4: a). The surface between the
furrows is thickened, uneven and nodular due to
healed bone reaction (fig. 4: b).

A shallow groove (1—2 mm deep) with uneven
floor is visible around the depression. The general
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cross-section of the groove resembles a flattened
arc (U-shaped), with a V-shaped configuration in
its narrowest regions. Its width is 9 mm anteri-
orly (frontal aspect), 5 mm posteriorly (occipital
aspect), 9 mm medially, and 5—12 mm laterally.
The external groove line laterally runs along the
temporal line. The surface of the groove is une-
ven; the parts of it are smooth and deepened, and
the others are rough due to bone reaction. Some
areas are damaged postmortem.

The general form of the lesion is semi-rectangu-
lar. Rounded shallow depressions with a diameter
of approximately 12 mm are barely visible in the
frontal corners of the lesion. The sagittal diame-
ter of the entire defect along the outer contours is
measured at 43 mm, while the transverse diam-
eter is recorded as 37 mm. The medial corners are
positioned at a distance of 34 mm (frontal) and
37 mm (occipital) from the sagittal suture, while
the occipital corners (posterior) are positioned at
a distance of 29 mm and 39 mm from the lambda
suture.

The inner table of the right parietal bone ex-
hibits no traces of trauma (fig. 5: a). An inter-
rupted vascular pattern was identified at the site
of the external depression (fig. 5: b), suggesting
the presence of a healed old hemorrhage due to
vascular injury and a small fissure of the internal
lamina caused by the impact.

The entire lesion has healed completely. We did
not have the opportunity to take an x-ray, but by
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Fig. 5. Inner surface of the male skull vault: a — general view,
short short pointers indicate layering of newly formed bone tissue
in the sagittal sinus sulcus; b — magnification of the area of the
previous image in the area of external trauma. Interruption of the
vascular pattern is visible, the pointers shows the probable crack
at the epicenter of the trauma; ¢ — section of the parietal bone in
the area of injury is visible on the lumen against a conventional
lamp. A possible crack in the inner plate is indicated at this site
(see pointer), while lighter areas outline the sites of bone loss. A
darker area around the thinned area is bone thickening due to
the bone sclerotic reaction

Puc. 5. BHyTpilHs MOBEpXHS CKJICIIIHHS Yepera YoJIOBIKA: a —
3araJIbHUM BUTJISI, KOPOTKI CTPLIKHM BKA3yIOTh HA HAITAPYBAHHSI
HOBOYTBOPEHOI KICTKOBOI TRAHUHU B 00J1aCTi 00PO3HU cariTaIbHO-
0 cuHyca; b — 301IbIIeHHS JUISHKY, ITOMEPEIHBOT0 300paskeH-
Hs, B 00J1aCT]1 30BHIIITHBOI TPABMU, BUIHO IIePePUBAHHS MAJIOHKA
CYIUH, CTP1JIKA II03HAYAE MOKJIUBY TPIIIUHY B €IiIeHTPl TPABMU;

¢ — IUJISHEA TIM SHOI KICTKH B 00JIaCTi TPABMH, BUAMMA HA IIPOCBITI IIPOTH 3BUYANHOI JIAMIIK: CTPLIKA II03HAYAE
MICITe MOYKJIMBOI TPIIIUHU BHYTPIITHBOI [IJIACTUHKM, CBITJIIIIN 00JIaCTI OKPECIIIOTH MICI[f BTPATH KICTKOBOI TKAHMU-
HY, TEMHIIIUH apeasl HAaBKOJIO0 BUTOHYEHOI JUISHKN — IOTOBIIEHA BHACJIIIOK KICTKOBOI peaKIrii KiCTKa

holding the skull vault against the light source, the
extensive loss of bone tissue is visible in the center
of the lesion, with probable puncture or short crack,
which is clearly visible; as the perimeter along the
groove shows pronounced sclerosis (fig. 5: c).

Discussion and conclusions. The examina-
tion of the skull from Novoivanivka brought up
the following questions: first, what is the nature
of the posterior injury, and what happened dur-
ing its healing?

The first trauma observed on the frontal bone
of the individual from Novoivanivka is a superfi-
cial depressed fracture of the outer table. The im-
pact was directed from the front. The shape and
depth of the depression corresponds to some non-
invasive objects, such as a stone or wooden stick,
with a low impact force. The injury was healed
without intrusion.

Even a brief examination of the posterior de-
fect revealed its traumatic nature. The size of the
depression is comparable to the size of injuries
found on the skulls from the area of the Catacomb
culture (Kpy1r 1984; Vinrosa, Kosax 2014). It can
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be assumed that the individual sustained a blow
from right behind by a blunt instrument such as
mace or axe (Kpyi 1984; Schultz 1991; Klochko
2001; Ymrosa, Kosax 2011; 2014; Kosax 2019).
The injury was diagnosed as a depressed in-
complete skull fracture with minimal involve-
ment of the inner plate. There is no evidence of
its deflection or obvious traces of destruction.
However, the signs of proliferative processes in
the projection of the external damage, as well as
a short fissure in the center of the trauma, sug-
gested that the impact may have caused minimal
cracking of the internal plate and damage to the
vascular structures of the dura mater. (Wullstein,
Wilms 1913, c. 76). According to H. Fischer, such
fractures are uncommon and typically occur in ar-
eas of the skull that are relatively thick (Fischer
1970, S. 353). The site of such cranial depression
injury has been observed to regenerate due to
connective tissue, which very slowly turns into
bone (Fischer 1970). Pericranium could form only
a slight callus. In the absence of complications,
the healing process can take several months to
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several years. (Fischer 1970, p. 413, 415, 419;
Nerlich et al. 2003; Barbian, Sledzik 2008). Vari-
ous factors, including the age and the health sta-
tus of the individual influence the process of heal-
ing. Evidently, the state of healing of the injury
indicates that the individual from Novoivanivka
must have been quite young at the time of the
injury and surgery.

Despite the incomplete nature of the parietal
fracture, the injury led to a pronounced bone re-
action, which usually accompanies an advanced
inflammatory process.

In case of open head injuries, skin, hair, and
dirt particles may become embedded with the
broken particles of the outer bone plate. This re-
sults in infection of the injury site. The inflam-
matory process can spread not only to the area
of the injury but also to the entire surface of the
vault. In some cases, the inflammation can pen-
etrate the dura with the bloodstream and cause
osteomyelitis of the skull.

The inflammatory process can result in scar-
ring over the external bone surface, as was ob-
served in Novoivanivka case. We assume that the
proliferative process due to inflammation, as well
as slight deformation of the skull sutures from
the impact, could have caused early closure of
the coronal suture on the side of the injury. If it
happens during the period of active growth of the
brain, in the youth of an individual, it can con-
tribute to moderate skull deformation. However,
the possibility of congenital disorders affecting
suture closure rates cannot be discounted.

Bone loss in the area of the impression may be
explained by the removal of necrotic tissue dur-
ing surgery, while the proliferative reaction man-
ifests as a result of the intensive inflammation
and healing process.

Itisimplausible that the injury itself or the heal-
ing process could have resulted in the appearance
of a sulcus around the impression. Its uniformity
and structure indicate the artificial origin.

Given the familiarity of the Catacomb cul-
ture people with the fundamentals of surgery,
as evidenced by the significant number of skull
trepanations found in the territory of this culture
(Ushkova, Kozak 2024), it is reasonable to sug-
gest that the injury was treated.

The technique of the surgery. The sulcus
around the site of the trauma is superficial and
forms a rectangle. The sulcus is the thinnest at
the posterior part of the lateral aspect of the le-
sion, close to the temporal line (Linea temporalis)
of the muscle attachment.

Hippocrates (Hippocrates 1999) and Avicena
(A6y Amu ubr Cuuo 2003, c. 180) described the
general procedure of the operations for the skull
trauma treatment (trepanation). The procedure
entailed incisions and the elevation of the apone-
urosis flap, thus exposing the pericranium and
underlying bone before the surgery. Evidence
of this technique has been observed in various
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skulls since the Neolithic, in cases of unhealed
lesions (Ushkova, Kozak 2024). In the case of
Novoivanivka, it is conceivable that the flap was
thrown along the lateral side of the injury, there-
by preventing the surgeon from operating on this
side. Consequently, the sulcus is observed later-
ally to the trauma only at the most distal section
from the Linea temporalis.

The arcuate cross-section of the groove indi-
cates that it was either scraped or hollowed out
with a relatively narrow tool, such as a rounded
small scraper or, less probably, a chisel. Rounded
depressions at the corners of the groove are likely
to be the pivot points of a cutter. These depres-
sions may also indicate drilling holes with a tool
possessing a rounded, blunt end *.

One of the techniques possibly employed in the
case of Novoivanivka is comparable with the trep-
anation made by cutting the square — the process
of incising yields a V-shaped groove in the cross-
section, with a wider outer edge. The width of this
groove is contingent on the thickness and configu-
ration of the used instrument. Typically, square
trepanation openings are formed through the in-
tersection of four distinct grooves at right angles
(Kirkup 2003, p. 291; Lisowski 1967; Kurin 2013,
Erdal, Erdal 2011).

However, in the case of Novoivanivka, the
grooves exhibit variability in width, and the rec-
tangle features smoothed corners. The traces of
the cutter cannot be observed due to the strong
remodeling of the surface. It is worth noting that
the method has not yet been identified in the
North Pontic region during any of the periods.

The rounded depressions observed at the cor-
ners of the quadrangular sulcus may be attribut-
able to drilling holes in these locations. The de-
pressions are superficial, it can be assumed that
the drilling, if this took place, did not last long
and was carried out with flint (Ortowska 2015).
The aims of this drilling remain ambiguous.

Another technique that could have been ap-
plied in Novoivanivka skull is furrowing with a
chisel. This method is documented in Eastern
and Central Europe during the Middle Ages (Kis
et al. 2022). Using a chisel may explain the ob-
served irregularity of the sulcus floor (other than
the healing process).

The most prevalent form of trepanning or skull
surgery during ancient times was scraping, which
can exhibit multiple variations. Notably, in the Ne-
olithic period of Germany, G. Ullrich identifies the
scraping of ring zones (Ringzoneschabetechnik).
This method entailed the gradual reduction in the
diameter of the area, leading to the eventual re-
moval of the innermost portion of the bone, known
as the «island» at subsequent stages (Ullrich 1971;
Weber, Wahl 2022, S. 253). J. Weber and J. Wahl

1. We would like to express our gratitude to
Prof. Michael Schultz (Medical University of Gottingen)
for highly valuable remarks to the diagnosis of this case.
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posited that this technique might have been used
for symbolic or incomplete trephinations.

This technique could be applied to the trau-
ma surgery of an individual from Novoivanivka.
However, in this case, the scraping was not in a
circular pattern, but in relatively straight sec-
tions, which may indicate a specific location of
the injury on the skull. Rounded depressions in
the corners of the rectangular mark the points at
which the incisor (scraper) turned.

The grooves are superficial and characterized
by uneven width and depth. Still, they do not pen-
etrate the outer lamina of the bone by more than
2 mm. Given the presumably advanced stage of
surface healing and the absence of any small tool
marks, it can be assumed that the groove was
slightly deeper than that immediately after the
operation. In any case, the scraping did not reach
the diploe.

Objective. The location of the sulcus around the
traumatic depression suggests that the therapeu-
tic purpose of the operation was most likely. The
surgical intervention was undertaken to address
the injury or its consequences.

However, what was the task of the ancient
surgeon? We can hypothesize on several poten-
tial options: interrupted trepanation, removal of
necrotic bone that may have formed around the
wound due to infection, elimination of concentric
cracks resulting from impact and diagnosis.

Given the condition of the injury surface, it
can be assumed that the impact shattered the
outer lamina, reaching the diploe. Furthermore,
in a living individual, the impact site is typically
well-covered with hair. The presence of reaction
traces across the entire surface of the skull in-
dicates the potential entry of hair, skin, and dirt
into the open wound, which could have led to in-
fection. In the absence of immediate treatment,
the infection could have led to an inflammatory
response and subsequent tissue necrosis within
1—2 weeks (Barbian, Sledzik 2008). Consequent-
ly, the primary focus of the «surgeon» would have
been to cleanse the injury.

Conversely, the blow could have resulted in con-
centric superficial cracks, and in such cases, the
surgeon’s role may entail diagnosing the depth of
the cracks or removing them. The process of such
treatment is comprehensively delineated in Avi-
cenna’s Canon of Medicine, which cites Galen and
the «ancients» (A0y Anu uor Cuuo 2003, c. 184).
Hippocrates described the same procedure in his
work «On Wounds in the Head» (Hippocrates
1999, p. 33—37). It cannot be ruled out that the
«surgeons» of the Catacomb culture could have
developed such experience empirically.

The inflammatory process resulting from in-
fection may lead to sequestration due to osteo-
myelitis. It can provoke new bone formation
(periostitis) due to the proliferative reaction of
pericranium (Barbian, Sledzik 2008). This could
lead to a faster healing of the injury compared to
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a sterile wound. This phenomenon can be attrib-
uted to the sclerosis observed around the impac-
tion site and in the sulcus area.

The survival of the male individual from
Novoivanivka to the age of 45—50 was a re-
markable outcome, given that this exceeded the
lifespan of 62 % of the Middle Bronze Age popula-
tion (Kpyg 1984, c. 24).

The tradition of cranial surgery in the North-
ern Pontic region could be either autochthonous,
1. e. developed independently in these territories,
or introduced by other cultures. Evidence of Euro-
pean Neolithic «schools» of trepanation has been
identified in France, Britain, the Iberian Penin-
sula, and Germany. According to S. Piggott, the
dissemination of knowledge in cranial surgery
could have been brought to Europe and further
east by the tribes of megalithic grave cultures
(Piggott 1940).

While researching the cranial sample from the
Mesolithic Vasylivka III cemetery, I. I. Gohman
suggested that the perforation observed on the left
parietal bone of the male from burial 31 might be
of an artificial nature. The researcher proposed
two hypotheses for the origin of the aforemen-
tioned perforation: firstly, a healed arrow wound,
and secondly, «artificial trepanation» (I'oxmau
1966, c. 25). D. G. Rokhlin identified healed cra-
nial trepanation on the left frontal bone of a male
individual from burial 10 of the Neolithic cem-
etery Vasylivka IT (l'oxmam 1966, c. 99). Another
similar case was documented by I. I. Gohman in
the Vovnigy cemetery. The round defect with the
diameter of 14 cm was situated directly on the
sagittal suture (I'oxman 1966, c. 141). J. V. Ve-
rano proposed a differential diagnosis for this
case, namely meningocele, for its perfectly round
shape, localization, and the characteristics of its
walls (Verano 2016, p. 23). All three cases with
similar forms and dimensions though different lo-
cations on the skull vault could also be interpret-
ed as the wound cleaning results after removing
the arrowheads or other penetrating objects.

The practice of cranial surgery among the
population of Trypillian culture (Lilli et al. 2015;
ITorexina 2018) remains uncertain 2.

2. On the right parietal bone of the skull 3 dated to
3709—3537 cal BC (Lilli et al. 2015, p. 58) from Verteba
cave in Western Ukraine the 8-shaped hole with sharp
edges was discovered. The walls of the opening are ver-
tical and show «saw» marks. The authors of the study
did not reject the possibility of these marks to be result
of rodent gnawing (Lilli et al. 2015, p. 58). M. Lilli and
co-authors hypothesized that the opening was produced
either perimortem or postmortem in the process of the
skull preparation for burial or for amulet («trophy») pro-
ducing (Lilli et al. 2015, p. 59). Another explanation for
the origin of this opening (surgical intervention for heal-
ing the other perimortal trauma) the authors themselves
considered illogical. (Lilli et al. 2016, p. 59). Most of the
other skulls from Verteba Cave have extended traces of
perimortal violence and probable postmortal processing
(Kadrow, Pokutna 2016; ITorexiza 2018).
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Evidence of trepanation has been found in
the Early Bronze Age (Yamna culture) in south-
ern Ukraine, suggesting the presence of surgical
skills among the practitioners (Ushkova, Kozak
2024). A similar observation was made in the Po-
dillia region of Ukraine, where a healed trepana-
tion was identified on the skull of an individual
from the Globular Amphora culture (Kosax 2024).
These cases are isolated.

In contrast, the mass trepanations observed in
the Middle Bronze Age exhibit a greater variety of
techniques and methods. In certain instances, the
artisans (1. e. surgeons) employed diverse methods,
seemingly experimenting with different techniques
to identify the most effective approach. The pres-
ence of unhealed trepanations in conjunction with
evidence of surgical interventions employed to treat
cranial wounds, provides a substantial source of ma-
terial for the analysis of the process of such surgical
procedures. Intriguingly, this phenomenon, evident
in the unhealed cases, mirrors the descriptions of
wound treatment procedures documented in the
classical works of Hippocrates and Avicenna.

The case study of surgical intervention for
treating a cranial injury on the skull from Cata-
comb culture burial near Novoivanivka is one of
the few published that show the stages and possi-
ble variants of the trepanation process as a medi-
cal procedure.
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O. Kozak, C. Sharapova

CASE STUDY OF THE SKULL
TRAUMA TREATMENT IN INHUL
CATACOMB CULTURE BURIAL

The development of cranial surgery began in Europe
in the Neolithic period. The main Type of cranial sur-
gery, associated with medical indications or rituals is
trepanation which is the removal of part of the bone
up to the formation of a hole in the skull vault. The
reasons for the first medical operations on the skull in-
clude trauma and its consequences.

The present paper is a report of a case of skull injury
with traces of surgical intervention.

On the right parietal bone of a man of 45—50 years
of age from a Catacomb culture burial near Novoivaniv-
ka village, Nikopol district, Dnipro region, a rounded
depressed non-penetrating healed injury inflicted by a
blunt weapon such as an axe was found. The outer plate
of the bone and apparently the diploe were damaged.
On the inner surface of the parietal, in the projection
of the injury, there was an interruption in the pattern
of vascular imprints, which may indicate a well-healed
haematoma. This haemorrhage may have been caused
by trauma to the dura mater vessels and / or microc-
racks in the internal lamina.

The quadrangular superficial groove was traced
around the injury.

The loss of bone tissue in the centre of the wound
and the reactive formations found on its surface may
indicate necrosis and inflammation of the bone. The
groove around the wound is artificial and has prob-
ably been made to clean the necrotic wound edges or
to expose and remove concentric fissures around the
depression. The entire wound has very well healed,
so we cannot see any traces of the instrument used to
perform the operation. However, it could be assumed
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to be a relatively narrow scraper or chisel-like instru-
ment.

This case is one clear example of surgery to treat
a cranial injury. Surgical traces are difficult to distin-
guish from an untreated injury. Currently, there is no
algorithm available to help distinguish between the
two. For methodological reasons, we believe it is neces-
sary to publish as many cases as possible of traumas
and trepanations that may have been treated at differ-
ent stages of healing. This will facilitate the study of
the development of ancient surgical techniques.

Keywords: cranial surgery, Middle Bronze Age,
Northern Pontic region, Inhul catacomb culture.

O. Kosax, K. Illapanosa

BHUIIAIOK JIIKYBAHHSI TPABMU
YEPEIIA 3 IOXOBAHHS
IHTYJIBCHKOI KATAKOMBHOI
KYJIbTYPU

Yeperraa xipyprid modajia CBif PO3BUTOK 3a 00U
HeoJriTy Ha TepuTopii €Bporu. OCHOBHUM THUIIOM OITe-
paiiii Ha Yeperrl, OB’ I3aHUM 3 MEIUYHUMU IIOKA3aH-
HAMU ab0 pHUTyaJaMu, € TpelaHallls — BUIAJIeHHS
YACTUHU KICTKH a3k JI0 YTBOPEHHs 0TBOPY. [Iprumuamu
HepIInX MEeIUYHUX OIEePalliil Ha Yepelri, cepes 1HIIoro,
BBAYKAIOTH TPABMHU Ta 1X HACIIIKHA.

TIpencrasiiena craTTss HpUCBSYEHA BUIAMKY IIOpA-
HEHHs Yepela 3a CJiJgaMH XipypridyHOro BTPYYAHH.
Ha mpasiit TiM’amiit kicti dosioBika 45—50 pokiB 3
TIOXOBAHHS KAaTaKOMOHOI KyJIbTypu 017151 ¢. HoBoiBaHIB-
ka, Hikomosibckoro p-ay JlHinpomerposcbkol 00J1., 0ys10
BUSBJIEHO OKPYIJIy BIABJIEHY HEIPOHUKAIUY TPAaBMY,
HAHECeHy TYIOK 30poer0 Ty cokupu. [lomkomxeHa
30BHIIIHS TJTACTHHKA Ta, 0YEBUIHO, nurtoe. Ha BHyT-
PIIIHIA TOBEPXHI KICTKHU B IIPOEKII] TPABMH BUSBJIEHO
IepepuBaHHS MAaJIIOHKA BIIOUTKIB CyJWH, IO MOKeE
CBiUUTH Ipo J00pe 3aroeHy remaromy. KpoBoBuiIuB Mir
OyTH CIIPUYMHEHUI TPABMOK CYJUH TBEPI0l 000JIOHKH
MO3Ky Ta/ ab0 MIKpOTpIIIMHAMK BHYTPINIHBOI ILJIAC-
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THHKNA. 30BHI HABKOJIO TPABMHU HAsBHA YOTUPUKYTHA
moBepxHeBa Oopo3Ha. B miciil TpaBMU BUSABJIEHO 3HAY-
HY BTpaTy KICTKOBOI TKAHWHMU, B 00sacTi 60po3Hu — Ii
TOTOBIIIEHHS (CKJIepo3). Brpara kicTKOBOI TKAHUHU BCe-
PeIVHI paHu, a TAKOM PEAKTUBHI YTBOPEHHS, IK1 BUSB-
el Ha 11 MOBEPXHI, MOKYTh CBIIYUTH IIPO 3aIIAJICHHS
Ta HEKpo3 KicTkU. Bopo3Ha HABKOJIO paHU Mae IITyJdHe
MOXOPKeHHS M, 3a HAIIWM IIPUIYIIeHHAM, 3po0jeHa
JUISI OYMCTKU HEKPOTM30BAHUX KpaiB paHu abo Buja-
JIEHHST KOHIIEHTPUIHUX TPIIUH HABKOJIO BIABJICHHS.

Best pana myske mo0pe 3aroeHa, TAKHMM YMHOM, MU
HE MOKE€MO BUSBUTHU CJIIB 1HCTPYMEHTA, STKUM OYJIO
3pobseHo omepario. OOHAK MOMKHA IIPUILYCTUTH, IO
OyJIO 3aCTOCOBAHO BIJHOCHO BY3bKHU CKpeOOK abo 1HC-
TPYMEHT THILY J[0JIOTA.

Ileit BUMmamoK € OMHUM 13 HPUKJIAIIB OIEpAalrii, ki
MPOBOJIUIINCA IS JIKyBaHHS Tpasmu uepemna. Coigu
XIpyPriYHUX OIepalfiii JOCUTh BAYKKO AUQEePeHIToBa-
TH 3 TPABMOI, 3aroeHoi0 6e3 Brpyuanus. Hapasi Hemo-
CTAaTHBO PO3POOJICHMI AJITOPUTM TAKOI JudpepeHInaii,
Jloiss MeTommuHUX HAPOOOK MU BBAYKAEMO 3a HEOOXiTHe
myGIIiKaIio SKoMora OlIbII0I KIJTBKOCTI BUITAIKIB MOYK-
JIMBUX IIPOJIIKOBAHHUX TPABM Ta TpelaHaIlil y pi3HUX
cragiax 3aroeHHsd. lle cupusiTrMe T0CTIIKEHHIO IIPOIIE-
Cy PO3BHUTKY XIPYPriyHUX TEXHIK.

KnrouoBgi ciioBa: uyepernna xipypris, 100a cepegHboi
oponsu, Ilipuiune IlpumuoprHomop’ss, Iarysnpcera rara-
KoMOHA KyJIbTypA.
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