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ABSTRACT The authors found 3 infant skulls with cranial lesions in the 7t"-9*" centuries AD
(Avar Age) burial site of Szeged-Kiskundorozsma-Kettéshatar. The remains were examined with
standard macromorphological methods of bioarcheology. The most presumable diagnosis of the
lesions is surgical trephination. Infants and Avar Age findings were formerly underrepresented
in the otherwise abundant and internationally significant amount of paleopathological cases
with cranial interventions found in Hungary. Thus, these findings may alter the assumption we
formerly had of the cranial surgery of the Avars. During the search for trephined lesions, signs of
severe inflammation of the meninges were found in one case and slight hydrocephalus occurred
in another implying possible skeletal tuberculosis that put forward interesting questions in con-
nection with healing practices and believes of this era. Together with other Avar Age findings
formerly known from the nearby areas these results refine our knowledge of Avar Age medical

KEY WORDS

surgical trephination
infants

Avar Age
tuberculosis
paleopathology

practices and also the general picture of the medical history of the Carpathian Basin.
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Surgical trephination is a traditional curing and/or ritual cus-
tom of long history, during of which all three layers of the
cranial vault are intentionally removed in a certain area of the
human skull (Aufderheide and Rodriguez-Martin 1998; Ort-
ner 2003). First evidences had been found in Mesolithic layers
(Lillie 1998; Crubézy et al. 2001), but it was cultivated in all
historical periods and it is still being used in some areas of
the world. Though the signs of such lesions are scarce in the
bioarcheological material, a lot of trephined skulls had been
found in the today area of Hungary (Bartucz 1966; Nemeskéri
et al. 1965). Comprehensive data collection in the available
archeological (Grynaeus 1996; Tomka 2000) and biological
data (Jézsa and Féthi 2007a) have only been performed in
the recent past, but our picture of this custom is far from
complete. The majority of these cases are connected to adult
males among pagan and Christian Hungarians while children
and some ethnic groups (and historical periods) like the Avars
were underrepresented in these samples. The authors found 3
infant skulls with cranial lesions in the Avar Age (7%-9" cen-
turies AD) burial site of Szeged-Kiskundorozsma-Kett&shatar,
where the most presumable diagnosis is surgical trephination.
The analysis of these lesions is extremely important and not
only on a national level. The international scientific audience
knows very little about the diverse spectrum of cranial inter-
ventions found in Hungary since only very little information
has been made accessible for non-Hungarian scholars so far
(Palfi 1997; Aufderheide and Rodriguez-Martin 1998; Gry-
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naeus 1999; Arnott et al. 2003; Bereczki and Marcsik 2005;
Szathmary and Marcsik 2006; J6zsa and F6thi 2007b).

Materials and Methods

The Avar Age cemeteries of Szeged-Kiskundorozsma-
KettGshatar were excavated in 2004 by archeologists Patricia
Mészaros, Tibor Paluch and Csaba Szalontai (Mészaros et
al. 2006) in a series of rescue excavations performed along
the construction site of highway M5, northwest of the city
of Szeged at the southern border of Hungary. The site is
dated to the 7"-9" centuries AD. In that time, the flat area
was divided by several smaller watercourses, temporary and
permanent lakes, and was regularly affected by the flood of
the river Tisza. The site is located on top of a slight, long
elevation. The cemetery of Kiskundorozsma-Kett&shatar I
consisting of 298 burials is dated from the end of the 7™ to
the beginning of the 9™ century AD. Based on the chronol-
ogy and the archeological observations it is very likely that
the graveyard was used by the same population that used the
nearby Kiskundorozsma-Daruhalom II cemetery in the former
period. The graveyard is not completely excavated as some
parts of it are situated further away from the path of highway
MS5. Kiskundorozsma-KettSshatar II lies 60 m away from
the first cemetery, consists of 43 graves and was used at the
end of the 8" century AD. Though this cemetery is separated
from Kiskundorozsma-KettGshatar I, it may have been used
by the same population. The site is fully excavated, most of
the graves were robbed presumably in a single occasion by
contemporary robbers, hardly any skeletons were recovered
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Figure 1. obj. 263, 8-11 years old child, skull.

Figure 2. obj. 263, 8-11 years old child, surgical trephination.

in anatomical position. The remaining grave goods refer to
an upper class burial site. The remains of altogether 360 indi-
viduals were recovered in the two cemeteries (121 subadults,
239 adults (130 males, 109 females)) (Marcsik et al. 2010).
Comprehensive bioarcheological investigation of the remains
is in progress at the Department of Biological Anthropology,
University of Szeged. Preliminary results of these analyses
have already been published (Molnar et al. 2006; Marcsik et
al. 2009; Marcsik et al. 2010). During the paleopathological
data collection in the Kiskundorozsma-Kett&shatér I series
we came across 3 infant skulls with holes in the cranial vault
that seemed to have been created intra vitam. Age at death
was determined using standard macromorphological methods
(Schour and Massler 1941; Schinz et al. 1952; Stloukal and
Hanakova 1978; Knussmann 1988; Ubelaker 1989). The
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Figure 3. obj. 263, 8-11 years old child, patches of trabecular new bone
in the endocranial surface of the frontal bone.

skeletal material is housed in the Department of Biological
Anthropology, University of Szeged, Hungary.

Results
Obj. 263 (A. P. 562), 8-11 years old child

The post mortem moderately deformed skull (Fig. 1) and the
mandible are well-preserved, the postcranial elements are
mostly missing. The elongated lesion (Fig. 2) is located in the
left side of the coronal suture, 35 mm from the sphenofrontal
suture. The hole is kidney-shaped, 26 mm at the biggest and
11 mm at the smallest diameter. The edges are mostly vertical
and slightly rounded showing considerable healing. A second-
ary cortical bone layer is covering the exposed spongious part.
The mid section of the anterior rim is flat inclining towards the
center of the lesion with irregular edges. At the antero-inferior
part some remnants of the exposed spongious bone structures
are still visible. The inferior part is post mortem damaged.

The endocranial surface is strongly affected by different
forms of new bone formation. The frontal bone is the most
severely affected. The internal cortex of the upper half of the
squama is thickened, the surface is irregular. Approx. 2 cm
wide patches of trabecular new bone layer were formed in the
middle of the squama and in the proximity of bregma (Fig.
3). The patches include small blood vessel impressions too.
Similar but less severe lesions can be seen near the right side
of the coronal suture both on the frontal and the right parietal
bone. Near the bregma and the elongated aperture a few small
tuberculi also appear in the size of 2-4 mm. The most of the
parietals’ internal surface is covered by fine groups of thin
vessel impressions.

Some of the teeth show moderate signs of linear enamel
hypoplasia (LEH) referring to a chronic stress condition of
unknown origin possibly between the 3™ and 5" years of
life.



Figure 4. Obj. 491, 2-3 years old child, skull.

Obj. 491 (A. P. 654), 2-3 years old child

The skull (Fig. 4) and the mandible is well-preserved, a lot
of postcranial elements are missing. A regular round hole
can be seen in the anterior part of the right parietal (Fig. 5)
17 mm from the coronal suture and 35 mm from the sagittal
suture. The external diameter is 11x9 mm, the internal is 7x6
mm, the aperture is getting wider towards the outer surface.
The lateral edge of the lesion is almost vertical, the medial
edge is somewhat less steep. Each possible section of the
rim shows plain edges, with only moderate remodelling of
the cortical layer, thus, the exposed spongious layer of the
bone is still visible.

The shape of the head is very unusual, extremely oblong
and slightly cubic. Other pathological signs are not present.

Obj. 537 (A. P. 694), 11-13 years old child

The remains of the skull (Fig. 6) are post mortem severely
deformed and moderately preserved. Postcranial elements
are present but the thorax and the distal parts of the upper
extremities are mostly missing. Despite the young age, the
bones show masculine characteristics, the remains may be
those of a boy.

Almost in the midline of the frontal squama, slightly to-
wards the right side, 30 mm above the right orbit a 22x16 mm
ovoid hole is found (Fig. 7). The otherwise vertical edges and
the surroundings of the lesion on both cortical surfaces are
heavily eroded, no sign of remodelling is visible. The aperture
widens towards the internal surface on the superior part.

Clear signs of a healed depressed fracture can be seen in
the upper medial corner of the left orbit (Fig. 8) on the fron-
tal sinus. The depression is 14x13 mm in size and slightly
almond shaped with an 8 mm irregular, partly healed-partly
damaged aperture in the middle. Most possibly connected to
this trauma, a rounded bony flake protrudes from the upper
medial wall of the left orbit that may have covered a blood
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Figure 5. Obj. 491, 2-3 years old child, surgical trephination.

Figure 6. Obj. 537, 11-13 years old child, skull.

vessel.

Slight bilateral porotic cribra orbitalia and LEH is also
present in the skull referring to some unknown chronic stress
condition in earlier life. LEH dates back to approx. the 34-5%
years of life.
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Figure 7. Obj. 537, 11-13 years old child, surgical trephination.

Discussion

Surgical trephinations of different state of preservation and
healing can be mistaken for different forms of trauma, tumor-
ous, infectious, inflammatory, etc. conditions, developmental
defects like meningioceles and even post mortem alterations
(Aufderheide and Rodriguez-Martin 1998; Ortner 2003; Ben-
nike 2003). In the case of obj. 263, the clearly defined edges
are mostly covered by secondary cortical bone that implies a
longer period of survival of the intervention and healing. De-
velopmental protrusion of soft tissue of any kind is not likely
when the edges of the lesion are so different from each other
as in this case. Meningioceles usually appear in former sites
of fontanelles (Bennike 2003) and along the midline sutures
(Khan et al. 2010) none of which applies for the current case.
In addition, despite the moderate healing the posterior rim still
shows the original plains of the cut. This hole is most prob-
ably a surgical trephination, the etiology of which becomes
clearer with the interpretation of other lesions of the skull.
The endocranial lesions refer to a severe, active patho-
logical condition that may have played a role in the death of
the infant. The paleopathological occurrence of blood vessel
impressions, irregular thickening and trabecular, fibrous new
bone layers can be indicatives of meningitis of various origin,
but lately these were observed to be frequently associated
with inflammatory processes induced by mycobacterial infec-
tion too (Hershkovitz et al. 2002; Palfi 2002; Maczel 2003).
The new bone structures of this skull may be results of severe
meningitis as a reaction to invasion of human pathogen myco-
bacteria (Mycobacterium tuberculosis-complex) developing

96

Figure 8. Obj. 537, 11-13 years old child, healed depressed fracture
at the left orbit.

symptoms of CNS TB (central nervous system tuberculosis)
which have currently been reported to appear also in contem-
porary patients (Khoo et al. 2003; Corr 2008; Di Carlo et al.
2008) based on radiological imaging results.

Surgical trephinations are usually induced by blunt trau-
ma, after which a need occurs for artificial smoothing of the
edges of the fracture site in order to facilitate faster healing
and closure of the wound (Szathmary 1982; Aufderheide and
Rodriguez-Martin 1998; Ortner 2003). In most of the cases
the healed lesions do not exhibit signs of the original trauma
as the damaged bony units are cut out in the course of the
trephination (Szathmdry 1982; J6zsa and F6thi 2007a). This
may be case for obj. 263 too. However, it is also possible that
the trephination and the endocranial lesions are connected.
Thick, remodelled endocranial lesions and the semi-healed
rims of the trephine also take several weeks to develop. The
hole may have been created within the duration of the inflam-
matory process because of a belief that otherwise successful
surgical interventions (normally applied to heal trauma) can
also help health problems that are not related to trauma.
This latter phenomenon was observed among contemporary
tribal populations too (Ella 1874; Bartucz 1966; Szathmary
1982). The endocranial lesions though, may derive from a
posttraumatic infection too (either the primary trauma or the
correction trephination), or even a non-mycobacterial infec-
tion not connected to the trauma episode.

The aperture found on the skull of obj. 491 is the most
definite case of surgical trephination among the three. The
plains of the circular cut are clearly visible despite the early-
stage healing. On the other hand, the cause of intervention
here, however, is the least obvious among our findings. Ac-
cording to J6zsa and Féthi (2007a) some of the weapons used



in the Middle Ages had so thin pointed parts that may have
caused severe but very little traumatic lesions on skulls. These
wounds do not show signs of the inducing trauma after they
were treated with a correction trephination. In our case, how-
ever, the trephination itself is so small that such an inducing
trauma is unlikely. The shape of the head provides the only
possible clue, resembling hydrocephalus which again, can
be caused by many primary illnesses from inflammations of
infectious origin to metabolic deficiencies and developmental
anomalies (Aufderheide and Rodriguez-Martin 1998; Ort-
ner 2003; Corr 2008). This almost punctured surgery may
have been used to treat symptoms of this disease — either
by decreasing intracranial pressure that might have caused
headache because of the increased volume of subarachnoid
fluid, or only because of the believes mentioned in the inter-
pretation of obj. 263.

The most classical trauma etiology occurs in the case of
the lesions of obj. 537. The skull is moderately preserved,
and the hole on the frontal bone does not provide enough
information on its own because of the damaged surfaces of
the rim and the surrounding ecto- and endocranial areas. The
healed depressed fracture on the left side of the frontal sinus,
however, helps to shed light on the origins of the trephination.
The depressed fracture and the wound that required correction
(trephination) may have originated from the same episode
of trauma. There is also a probability that the trephined area
underwent a posttraumatic infection as some porosity pos-
sibly related to inflammatory hypervascularisation is clearly
visible in the nearby outer surface just like in the case of the
surgical trephination of HédmezGvasarhely-Nagysziget grave
no. 55 mature female skull (Bereczki and Marcsik 2005).
Unfortunately, this porosity cannot be undoubtedly attrib-
uted to intra vitam processes, and other signs of a possible
septic inflammation can also not be detected because of the
post mortem changes of the area. Cribra orbitalia and LEH
observed in this case are, of course, not necessarily connected
to the trauma and the possible surgical intervention, as both
phenomena must started developing before the lesions of the
frontal bone.

All three trephinations may have been prepared with fine
cutting movements with sharp-bladed tools, as in most of the
cases of the 9"-11™ century AD Hungarian material (Szath-
mary 1982). The method of operation, however, can only be
surely identified in the case of obj. 491, since healing (obj.
263) and diagenesis (obj. 537) obstructs the observation.

The description and analyses of trephined remains do
not follow a commonly accepted set of aspects and uniform
way of publication of the results in the Hungarian literature
as Jozsa and Fothi (2007a) pointed out. We still lack the
necessary amount of information to interpret the history of
cranial surgery in Hungary with accuracy. Furthermore, Avar
Age trephinations are rare in the records. Tomka (2000) only
cites 10 trephined skulls from the Avar Age, while J6zsa and
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Féthi (2007a) mention 13 surgical interventions from this era
among 130 trephined skulls found in the Carpathian Basin.
10 of these Avar cases are adult males and 3 adult females.
According to our assumption, two of these cases are definitely
perimortem lesions (Kisk6ros) possibly not performed for
medical but purely for ritual reasons. In the south-eastern
part of Hungary J6zsa and Féthi (2007a) only cite 5 Avar
Age skulls with surgical trephination (Szeged-Fehérto,
Szeged-Kundomb, Szdreg, Nagykamards, Vedreshdza) all
of which belonged to adult males. In their total sum of 130
skulls they only found 11 cases with unidentified sex. As no
differentiation is available between infants and adults with
undetermined age at death within this number, we can only
presume that currently there are less than 11 cases of surgi-
cal trephinations known in subadult subjects, and Avar Age
infants are definitely not part of the sample.

Thus, our findings considerably increase the number of
surgical trephinations from the Avar Age and they have no
parallels so far within this era in the sense of age at death of
the subject. In the case of obj. 491 the size of the lesion is also
unique. We can only compare our data to results of the nearby
Avar Age excavations in the north of Serbia. Czékus (2007)
found a lesion on the skull of Stara Moravica grave no. 90 (ap-
prox. 65 yrs male, moderate healing) similar in size (9 mm)
to that of obj. 491. Lovasz (personal communication) found
a trephined skull fragment belonging to an approx. 2.5 years
old child in grave no. 51 of Backi Sokolac (moderate healing).
Further Avar Age cases in the surroundings are found in the
Bélmegyer-Csomoki-domb cemetery (grave no. 27, 40-50
yrs male, minor healing (J6zsa 1990) and in the Maroslele 24
site (KOH 38672) (grave no. 1, 18-22 yrs female, no healing
(Paja and Pépity personal communication). The number of
Avar Age surgical trephination has virtually doubled with the
new findings (five to ten) in the southeastern part of the Great
Hungarian Plain. Based on these data have to assume that the
Avar Age population of the area was more familiar with the
practice of surgical trephination than we thought it before. It
is possible that all the mentioned cases belong to the heritage
of a distinct local trepanning tradition.

In order to see how frequent surgically trephined remains
are in the Avar material we performed a basic inventory analy-
sis and compared the data of the Avars with that of the early
Hungarians. Our department has analyzed remains of 8109
Avar Age (6™-9" century AD) individuals and among them 10
trephined skulls were found (0.12%). Conquering Hungarians
(9™-10™ century AD) are represented with 1430 individuals
and 12 trephined skulls among them (0.84%). Arpad Age
findings sum up to 3883 individuals where 11 trephined
skulls can be recorded (0.28%). The early Hungarians still
provide the overwhelming majority of the trephination cases
in the southeastern part of the Great Hungarian Plain as it was
already mentioned by other scholars (Grynaeus 1996; Tomka
2000; J6zsa and Fothi 2007a). With the new Avar findings
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the advantage of the Hungarian skulls is not bigger by one
order any more, especially when Avar data are compared to
the Arpad Age series.

Concluding we can say that the new findings consider-
able increased the number of known cases with surgical
trephination from the Avar Age both on the local and on the
national level. Young age at death for trephined individuals is
a formerly unknown phenomenon from this historical period.
The possible association of TB and other health damaging
conditions in these cases require further aDNA and biomarker
analyses. On the whole, the remains of these three deceased
children open a new window to the medical history of the
Avar people.
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