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Summary

The single Hochdorf burial was found in 1887 during con-
struction work in the Canton of Lucerne, Switzerland. It
dates from between 320 and 250 BC. The calvarium, the
left half of the pelvis and the left femur were preserved.
The finding shows an unusual bony alteration of the skull.
The aim of this study was to obtain a differential diagnosis
and to examine the skull using various methods. Sex and
age were determined anthropologically. Radiological ex-
aminations were performed with plain X-ray imaging and
a multislice computed tomography (CT) scanner. For his-
tological analysis, samples of the lesion were taken. The
pathological processing included staining after fixation, de-
calcification, and paraffin embedding. Hard-cut sections
were also prepared. The individual was female. The age at
death was between 30 and 50 years. There is an intensely
calcified bone proliferation at the right side of the os
frontalis. Plain X-ray and CT imaging showed a large scler-
otic lesion in the area of the right temple with a partly bul-
ging appearance. The inner boundary of the lesion shows
multi-edged irregularities. There is a diffuse thickening of
the right side. In the left skull vault, there is a mix of
sclerotic areas and areas which appear to be normal with a
clear differentiation between tabula interna, diploë and tab-
ula externa. Histology showed mature organised bone tis-
sue. Radiological and histological findings favour a benign
condition. Differential diagnoses comprise osteomas which
may occur, for example, in the setting of hereditary adeno-
matous polyposis coli related to Gardner syndrome.
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Introduction

The Hochdorf burial (fig. 1) was found in 1887 during
construction work. Apart from a short written description,
there is no documentation [1, 2]. According to this text,
the individual lay supine with the arms stretched alongside
the body. The grave was aligned in south-north direction.
The head pointed north, which is typical for the late Iron

Age. Alongside the head, there was a large stone. Traces of
a coffin or other constructions related to the funeral were
not mentioned, but must be expected. The individual in the
Hochdorf grave has a skull anomaly (fig. 2).

Figure 1

Location of Hochdorf, Canton Lucerne in Switzerland.

Figure 2

Skull with intensely calcified bone proliferation at the right side of
the os frontalis.
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The sex and age of the individual were determined using
anthropological methods. It was also possible to determine
a differential diagnosis by means of radiological and his-
tological examinations. This finding is unique as it is the
oldest known case with this kind of pathology. Earlier stud-
ies have examined and discussed similar pathologies from
archaeological findings, as well as from living patients
[3‒12]. Prates et al. [13] examined a male Ptolemaic Egyp-
tian mummy using digital radiography and multidetector
computerised tomography (MDCT). They found several
dense bone lesions in the spine, pelvis and proximal ex-
tremities of the mummy. This is evidence of an osteoblastic
metastatic disease. Several paleopathological cases from
Switzerland are already well known [7, 14‒20]. Ulrich-
Bochsler et al. [21] published a possible case of spondylitis
tuberculosa in the Canton of Bern. There is also a possible
case of skeletal tuberculosis of the knee in an early me-
dieval young female found in Canton Ticino [22]. Rütti-
mann and Lösch [15] found several different pathologies
in the Bernese burial register (1805–1876). They published
cases of, for example, typhus, respiratory diseases, strokes,
cramps and cancer. The aim of the study was to reconsider
a differential diagnosis and to use different methods of in-
vestigation.

Material

The skeleton seems to have been seriously disturbed by
construction work. Only the skull, the left half of the pelvis
and the left femur are preserved. At least ten brooches were
found on the chest. There is no information about how they
were arranged. The brooches belong to the archaeological
period La Tène B2 and are often found in burials of this
time. The large number of brooches was a rather common
practice in the late Iron Age, but also indicates a high so-
cial rank of the deceased person. Here, a fragmented bronze
ring was also discovered and described as an arm ring;
though no information is provided about its exact location.
Two rings were found on the legs ‒ probably just above the
foot, as is usual for Celtic burials. The grave goods are typ-
ical for the late Celtic period (La Tène B2) and thus the late
4th and the early 3rd century BC between 320 and 250 BC
[23]. Although no other burials are known in the vicinity, it
might have been part of a larger cemetery.

Figure 3

Location of sampling for histological analysis (red triangle).

Methods

The anthropological examination to determine the indi-
vidual’s sex was performed in accordance with published
methods [24‒27], as was estimation of the age at death [24,
27‒30]. Radiological examinations were performed with
plain X-ray imaging and a multislice CT-scanner (Somat-
om 6, Siemens Medical Solutions, Germany). The CT scan
was obtained using the following parameters: 150mAs,
130kV, 1.25 mm slice thickness, reconstruction in a bone
image kernel (B70). For histological analysis, a fragment
of the lesion was taken from the tabula externa and interna
of the skull (fig. 3). Pathological processing was routine,
with formalin fixation, decalcification and paraffin em-
bedding with subsequent slicing and staining with
haematoxylin and eosin, and elastica van Gieson to demon-
strate the different components of the matrix [4]. Unstained
hard-cut sections were also prepared using bio-epoxide res-
in (Biodur®) and a microtome (Leica) with an inner diamet-
er saw.

Results

The remains are well preserved. Morphological examina-
tion of skull and pelvis clearly classify the individual as fe-

Figure 4

X-ray image of the skull.

Figure 5

Horizontal computed tomography cross-sections of the skull.
Selected representative slices.
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male. The age at death was between 30 and 50 years. There
is an intensely calcified bone proliferation at the right side
of the os frontalis (fig. 2). Plain X-ray and CT imaging
show a large (5.3 x 3 x 8.7 cm) sclerotic lesion in the area
of the right temple with a partly bulging appearance (fig.
4). Figure 5 shows representative slices of the admission

Figure 6

Computed tomography three-dimensional reconstruction of the
skull. Wedge-shaped area in the centre of the lesion filled with
material of lower X-ray density than the adjacent bone (green
arrow).

Figure 7

Hard-cut section 1.25x. Sample taken out of the lesion.

CT. A differentiation between tabula interna, diploë and
tabula externa is not possible in major parts of the lesion.
The inner boundary of the lesion shows multiple smooth-
edged irregularities. There is a diffuse thickening of the
right skull vault (right 7 mm, left 4 mm). The left skull
vault presents a mix of sclerotic areas and areas with nor-
mal appearance with a clear differentiation between tabula
interna, diploë and tabula externa. CT imaging and plain X-
ray show a wedge-shaped area in the centre of the lesion
that is filled with material of lower X-ray density than the
adjacent bone (figs 5 and 6). Histology shows mature or-
ganised lamellar bone tissue with ordered formation of tra-
beculae (figs 7–9). No pathological alterations were found
in the postcranial bones.

Discussion

There are already several known cases of benign tumours
in ancient populations. Brothwell and Sandison [10], for
example, described a case of ivory osteomata in a Roman
Egyptian skull. Our study presents a very unusual case of
multiple osteosclerotic lesions in an Iron Age skull from
Switzerland. It is the oldest known case with this kind of

Figure 8

Hard-cut section 40x. Sample taken out of the lesion.

Figure 9

Paraffin embedding, haematoxylin and eosin, 40x. Sample taken
out of the lesion.
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pathology worldwide. Analysis with various investigative
methods leads to a differential diagnosis. The CT image
showed that a piece of bone had been removed from the le-
sion earlier (fig. 5e‒h). The sampling point was then care-
fully reconstructed so that there was no visible trace left. It
is not clear when this reconstruction of the earlier sample
was done and the person who took the sample is also un-
known. This work was never published or presented. In the
1950s and 1960s, one of the anthropologists in Switzerland
was Erik Hug [31, 32]. His work on bone material included
reconstructions just like the one in the Hochdorf skull. This
could indicate that the earlier bone biopsy was performed
by Erik Hug.
The radiological images show no osteolysis. The tumour is
clearly defined and appears to be a benign tumour. The dif-
ferential diagnosis leads to the following conclusions: the
radiological examinations imply hyperostosis, for example
exostoses. The diagnostic findings could also be a callus
formation as a result of trauma or osteomyelitis. Various
benign tumours must also be considered.
Histomorphological analysis revealed mature, structured
lamellar bone without indication of an associated immature
or fibrous component. The bone lesion is dense and without
evidence of lytic areas. Although viable cellular compon-
ents, which could have shown signs of nuclear atypia,
could not be demonstrated, the mature architecture of the
remnant bone structures do not raise the suspicion of ma-
lignancy.
Moreover, a reactive lesion like a callus formation as a res-
ult of trauma or osteomyelitis seems to be unlikely because
of the orderly architecture and the purely lamellar matrix
formation. The histological findings also exclude Paget’s
disease or hyperparathyroidism [33, 34], since both con-
ditions involve signs of heavy bone remodelling. Primary
malignant conditions can be excluded owing to the macro-
scopic and microscopic findings. However, the macroscop-
ic appearance could be consistent with osteoblastic meta-
stases as well. Rather, the systematic arrangement of the
lesions, their absence on the other bones (pelvis, femur)
and the histology findings exclude this differential diagnos-
is.
Given that the carefully taken bone sample is representat-
ive of the large and also the smaller lesions, the presence
of multiple osteomas is considered as the first differential
diagnosis on the basis of the macroscopic, radiological and
histological findings.
The occurrence of multiple osteomas is a very rare con-
dition. It can be observed, for example, in the setting of
hereditary adenomatous polyposis coli (APC) related to
Gardner syndrome [4, 8, 35‒39], where patients are affec-
ted by an autosomal dominant disorder linked to the chro-
mosome band 5q21 in the APC gene, the adenomatous
polyposis coli locus [40, 41]. Usually, the mandibles are
the most common location for osteomas, but they also oc-
cur in the skull and long bones [41]. Three different char-
acteristics of Gardner syndrome are described [8, 38, 39]:
multiple osteomas, cutaneous tumours and familial poly-
posis coli (FPC). The incidence of Gardner syndrome is
about 1 per 14,025 [42]. The hallmark of this disease is
the development of hundreds to thousands of intestinal ad-
enomas (familial adenomatous polyposis) which eventu-

ally leads to the development of colon or intestinal cancer
[41]. We have no evidence of any visceral or organ patho-
logy in this case, so the diagnosis of Gardner syndrome –
although not unlikely – cannot be finally confirmed. An-
cient deoxyribonucleic acid (aDNA) analysis could provide
more information about genetic disorders. However, aDNA
is highly fragmented, so any contamination during excav-
ation, sampling and storage of the bone material must be
avoided [43, 44]. The bones here were found in 1887 and
then exhibited in a museum in Lucerne. There is a high
probability that they are contaminated with modern DNA,
for example by the excavators or the museum staff. Fur-
thermore, there is hardly any aDNA preserved owing to the
storage conditions. For these reasons, no aDNA analysis
was performed.

Conclusion

To improve the understanding of cancer pathogenesis, there
is ongoing research in ancient bones [45]. Due to the indus-
trial revolution, carcinogens and the risk of cancer are con-
tinuously rising. However, findings like the unique single
Hochdorf burial show that osteogenic tumourous lesions
were already present in ancient populations such as the late
Celtic period. Findings from osseous pathologies may con-
tribute to differential diagnostic considerations about dis-
eases which extend beyond the skeleton: in the case presen-
ted here, a genetic disorder may be the underlying cause for
the findings in this skull.
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Figures (large format)

Figure 1

Location of Hochdorf, Canton Lucerne in Switzerland.
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Figure 2

Skull with intensely calcified bone proliferation at the right side of the os frontalis.
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Figure 3

Location of sampling for histological analysis (red triangle).
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Figure 4

X-ray image of the skull.
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Figure 5

Horizontal computed tomography cross-sections of the skull. Selected representative slices.
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Figure 6

Computed tomography three-dimensional reconstruction of the skull. Wedge-shaped area in the centre of the lesion filled with material of lower
X-ray density than the adjacent bone (green arrow).
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Figure 7

Hard-cut section 1.25x. Sample taken out of the lesion.
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Figure 8

Hard-cut section 40x. Sample taken out of the lesion.
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Figure 9

Paraffin embedding, haematoxylin and eosin, 40x. Sample taken out of the lesion.
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