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Abstract Osteosarcoma is the most common primary malig-
nant bone tumor both today and in antiquity. Nevertheless, it is
a comparatively rare tumor. This paper describes a case of a
highly aggressive craniofacial lesion from the 11th—12th cen-
turies AD, most likely representing osteosarcoma. During the
paleopathological study, macroscopic, endoscopic, radiologi-
cal, scanning-electron and light microscopic investigations
were performed. The skull of the approximately 40-50 year-
old female revealed several pathological findings. The most
impressive macroscopic feature was an extensively spiculated
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periosteal reaction (“sunburst” pattern) in combination with a
massive bone destruction most likely derived from a highly
aggressive tumor originating in the ethmoidal area of the me-
dial wall of the orbit. The central parts of the lesion showed
excessive new and most probably neoplastic bone formation
indicating an underlying high-grade osteosarcoma. The light
microscopic examination revealed three different levels of
bony structures representing different qualities of bone tissues.
Besides the mass lesion, signs of a healed multiple incomplete
trephination of the left parietal bone was observed. This case
represents a unique example in which the concomitance of a
tumor and an incomplete trephination could be observed from
the skeletal remains of an ancient individual. The case opens
new considerations as to whether surgical interventions, such
as incomplete trephination, might have been used already in
the Middle Ages as a therapeutic approach.

Keywords Craniofacial osteosarcoma - Paleopathology -
Incomplete trephination

Introduction

Cancer is the second leading cause of death after cardiovas-
cular diseases in industrialized societies today [1, 2]. The oc-
currence and frequency of neoplastic lesions in ancient popu-
lations, which seem lower in human antiquity than observed
nowadays, are still a subject of debate for both paleopatholo-
gists and medical historians [3]. However, using innovative
methods and techniques, neoplastic diseases can be diagnosed
reliably on archaeological specimens [4]. Human skeletal pa-
leopathology provides important insights into the antiquity of
malignant tumors in ancient human populations and their
hominid ancestors [5, 6].
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Osteosarcoma is the most common primary bone malig-
nancy, with a high incidence rate in children and adolescents
compared to other age groups. Although any bone may be
affected, osteosarcomas show a predilection for the
metaphyses of long bones, particularly the distal femur, the
proximal tibia and the proximal humerus [7]. However, the
fourth most common site of presentation are the bones of the
face and jaws [8, 9]. Generally, osteosarcomas are high grade
neoplasms often causing aggressive periosteal reactions, in
about 25% of cases presenting with a “sunburst” pattern [10].

In the paleopathological literature, there are only a few
reports of osteosarcomas [11]. Until recently, only four cases
of ancient osteosarcomas in Hungary have been published. In
all four cases, the lesions affected young adults and were
localized in the long bones [12—14].

Trephination represents one of the oldest surgical proce-
dures, and its practice was widespread in many ancient cultures
and several parts of the world [15, 16]. Two types of trephina-
tion have been performed in living persons: complete (or sur-
gical) and incomplete (or symbolic) trephination. Surgical
trephination is a process in which a hole is drilled or cut into
the skull vault, exposing the intracranial content without affect-
ing the dura mater, for either medical or ritual purposes [17].

A special form of trephination was the incomplete trephina-
tion. During this procedure, only the external lamina of the
cranial vault was removed, exposing the diploé. After the pro-
cedure, the exposed surface relatively quickly generated a thin,
secondary cortical layer of bone. However, even after complete
healing, a shallow cavity usually remained [18, 19]. Some
authors interpret incomplete trephinations as ritual intervention
while others suppose that they may be related to an ancient
cauterization practice documented by the Turkish doctor,
Sabondjii-oglu in the 15th c. AD [17-19]. Incomplete trephi-
nations were very common in the territory of recent Hungary
during the 9th—11th century AD, and are found particularly in
those skeletal series connected to early Hungarians [18, 19].

This paper describes a case of a highly aggressive cranio-
facial lesion from the 11th—12th centuries AD, most likely
representing osteosarcoma, which additionally exhibits ves-
tiges of an incomplete trephination.

The study aims to present this interesting phenomenon and
to call for similar investigations of ancient specimens from
different periods and geographical locations to be conducted
and shared for the purpose of obtaining a larger scale analysis
that will shed light on past cancer epidemiology.

Materials and Methods

The skeletal remains of a mature female were excavated in
1884 from the Pusztapaka-Nandorhalom site in Central
Hungary and were analyzed first by Allodiatoris [20]. The
cranium is well-preserved, but the postcranial skeleton was
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lost after the excavation. Recently the skull was re-examined
and during this paleopathological study, macroscopic, endo-
scopic, radiological, scanning-electron and light microscopic
techniques were applied. Computed tomography (CT) was
performed using a Siemens Somatom Definition Flash Dual
Source CT scanner. The primary axial CT images were
obtained with 0.4 and 0.6 mm slice thickness. For better
visualization three-dimensional volume rendering technique
(VRT) and two-dimensional secondary image reconstructions
were applied [21]. For light microscopy, resin-embedded thin-
ground sections were viewed in polarized transmission light
[22-24]. For scanning-electron microscopy, coating with
gold/palladium was accomplished using a XC7620 Mini
Sputter Coater for 120 s at 16 mA. A Hitachi S-2600 N
scanning-electron microscope operated at 20 kV and
5-8 mm distance was used. Samples for scanning-electron
microscopic and light microscopic investigations were taken
from the tumorous bone of the orbital roof and the nasal
cavity.

The dating of the skeleton was carried out by the AMS
radiocarbon method in the Hertelendi Laboratory DeA-2798
[25] (two sigma ranges — cal AD 1021: cal AD 1155).

Results and Discussion

The skull revealed impressive pathological findings most
likely caused by a primary bone tumor (Fig. la). The eth-
moidal sinuses, both nasal cavities (mainly the left one), the
frontal and the left maxillary sinuses, and the hard palate
were involved. The lesion occupied one third of the left
orbit (Fig. 1b).

The most characteristic macroscopic feature was the exten-
sive and spiculated periosteal new bone formation indicating a
highly aggressive causative lesion in combination with lytic
parts in which a soft tissue component must have been located
(Supplementary Material Fig. S1-3). The edge of the orbital
roof was characterized by a porous surface which might be
due to a secondary periostitis as a consequence of the perios-
teal reaction. Due to pressure atrophy caused by the lesion,
pronounced bone loss of the frontal process of the left zygo-
matic bone was seen (thickness of about 2.5 mm and on the
normal right side 5.5 mm) (Supplementary Material Fig. S1).
The left lateral orbital wall was almost completely resorbed,
resulting in a lengthened opening (Supplementary Material
Fig. S3). The transverse width of the right orbit was 36 mm,
while, theoretically, the available space for the left eyeball was
reduced to 25 mm. The atrophy of the left lateral orbital
wall was certainly provoked by pressure atrophy caused by
the eyeball.

The medial two thirds of the left orbital floor and the medial
wall of the left maxillary sinus were already missing intra
vitam. Moreover, the almost complete dissolution of the
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Fig. 1 Macroscopic, radiologic
and scanning-electron
microscopic views of the
osteosarcoma. a Left anterolateral
view of the cranium with facial
osteosarcoma. b Close up of the
tumor in the orbit. ¢ Coronal CT
image - Tumorous involvement of
the ethmoidal, intraorbital,
intracranial regions and the nasal
cavity. d Scanning-electron
microscopic image of the
tumorous bone (arrow points to
the area covered by Howship’s
lacunae)

posterior wall of the left maxillary sinus was striking
(Supplementary Material Fig. S3). Additionally, the volume
of the nasal cavity was considerably reduced. This resulted in
a complete displacement of the nasal septum to the inner
surface of the external wall of the right nasal cavity
(Supplementary Material Fig. S4).

The wall of the frontal sinus was fenestrated and its remain-
ing part was very porotic (Supplementary Material Fig. S5).
The left supraorbital margin was partly destroyed. The anteri-
or surface of the left maxilla was incompletely covered with a
thin layer of porous bone. These vestiges of a slight periosteal
reaction surrounded the pathologically widened piriform ap-
erture (Supplementary Material Fig. S1).

During the course of the endoscopic investigation, a mul-
tiple bulging of the internal lamina was seen on the
anteromedial part of the frontal bone which was bilaterally
situated and was regarded as a vestige of Hyperostosis
frontalis interna. The endoscopic analysis also showed that
the newly formed bone had already penetrated into the
endocranium (Supplementary Material Fig. S6).

The CT scans revealed the bony residues of an invasively
growing facial tumor which protruded in its final stage into the
left orbit, causing extensive bone destruction and spiculated
periosteal new bone formation with the well-known “sunburst”
appearance which often accompanies aggressive bone tumors.
The lesion probably originated from the ethmoidal cells, affect-
ed the orbital wall, penetrated into the frontal and maxillary
sinuses, besides the involvement of the anterior skull base on
the left (Fig. 1c, Supplementary Material Fig. S7).

Based on the results of the scanning-electron microscopic
investigation, the most characteristic morphological features
of this mass lesion were slim bony spiculae and numerous
Howship’s lacunae which demonstrate a rapidly proceeding
resorption process (Fig.1d).

Interestingly, the light microscopic examination revealed
at least two different levels of bony tissue, apparently
representing different qualities of woven bone (Fig. 2a).
Small regions of lamellar bone which might represent residual
autochthonous bone (i.e. remnants of the original bony wall of
the nasal cavity or the conchae) were alternating with larger
regions of woven bone (Fig. 2b). Strikingly and in contrast to
the external macroscopic view, there were very small areas of
lamellar bone which were situated close to the part of the bone
sample where the bone had been cut for sampling (Fig. 2b).

Thus, the tumor already existed for a relatively longer time
(probably several months) than the macroscopic investigation
suggested. The peripheral bone formations mainly consisted of
woven bone which might have been built relatively shortly
before the death of the individual (Fig. 2b). Additionally, there
were small areas of woven bone which show a morphological
pattern similar to lamellar bone directly on the surfaces of the
lamellar bone formations (Fig. 2b). This quality of woven bone
had already been described by Franz Weidenreich [26]. In
some small areas, this bone showed the morphological charac-
teristics of “mosaic pattern” which can be explained by in-
creased irregular appositional growth (Fig. 2b). Principally, it
seems that the newly built immature bone coats the residuals of
the autochthonous bone. However, as the taken sample is very
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Fig. 2 Tumorous bone sample
from the nasal cavity. Thin-
ground sections (thickness

60 pm) viewed in polarized light
using a hilfsobject red 1st order
(quartz) as compensator. a
Overview of the thin-ground
section of the bone sample.
Magnification 25x. b Different
qualities of bone tissues: region of
lamellar bone (/) regions of
woven bone (2-5). Magnification
100%. ¢ Pronounced osteoclastic
resorption expressed by
numerous Howship’s lacunae
(arrows). Magnification 400x.

d Remodeled Howship’s lacunae
filled with woven bone (arrows).
Magnification 400x

small, no additional observations can be conducted by light
microscopy dealing with osteoblastic activities. Vestiges of
pronounced osteoclastic resorption were expressed by numer-
ous Howship’s lacunae (Fig. 2¢) which demonstrate a rapidly
proceeding changeover from proliferation to resorption and
back. Furthermore, there were also remodeled Howship’s la-
cunae filled during a proliferative phase with woven bone
(Fig. 2d). The rapid increase of bone proliferation might ex-
plain the formations of breccia-like lamellar bone (Fig. 2b).
Taken together, we found evidence of a highly aggressive le-
sion in the midface that resulted in extensive bone destruction
and demonstrated intralesional new bone formation as well.

Fig. 3 Well-healed incomplete
trephinations on the cranial vault.
a Overview describing the
position of the lesions. b
Magnified view of the
pronounced depression along the
sagittal suture. ¢ Magnified view
of the roundish lesion
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While other non-neoplastic (e.g. acute osteomyelitis) and neo-
plastic (e.g. Ewing sarcoma) lesions can cause excessive peri-
osteal reactions, the destructive growth pattern and the most
likely neoplastic bone formation inside the lesion clearly ar-
gues in favor of a high grade osteosarcoma.

In addition to the findings described the skull vault re-
vealed two further lesions (Fig. 3a). One of them was situated
along the sagittal suture (maximal length 35 mm, maximal
width 21 mm). This lesion represented the vestige of a surgical
intervention which might be interpreted as an incomplete
trephination (Fig. 3b). During this operation, three facets were
cut out, one after another. Additionally, a second, almost
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round, however slighter, depression was observed measuring
approximately 20 mm in diameter (Fig. 3c). This lesion was
situated 18 mm left of the sagittal suture on the parietal bone,
near to the defect described above. Also this roundish lesion
was seen as an incomplete trephination. The margins of these
alterations were clearly defined and easily recognizable in the
well-preserved external surface of the skull. The surfaces were
smooth suggesting that both lesions healed very well without
complications before the female died.

There is no way to establish whether there is a causal con-
nection between the incomplete trephination and the tumorous
lesion. However, it cannot be excluded that the surgical inter-
ventions might be regarded as a medical treatment.

This case is a unique example in which the concomitance of a
primary malignant bone tumor (osteosarcoma) and an incom-
plete trephination are observed in the skeletal remains of a me-
dieval individual. This fact supports the hypothesis that incom-
plete trephination could probably have served medical purposes.
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