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ABSTRACT

The Early Iron Age chieftain from Frankfurt am
Main, Germany, is one of the most important Iron
Age gravefinds in Central Europe. It was excavated
in 1966/67 and represents a remarkable discovery.
An almost complete skeleton together with grave
goods, was found in an undisturbed burial mound.
The archaeological material is dated to around 700
BCE and therefore one of the oldest known burials
of the Early Iron Age elite. The skeletal remains are
fragile but allowed for an age estimation of around
50 years at death, while the sex was estimated as
male.

Here, we present a new reconstruction of the
fragmented cranium of the chieftain based on
virtual anthropological methods. Furthermore, a
study of bilateral asymmetry was carried out on the
reconstructed cranium, the 2™ cervical vertebra,

and the humeri, in order to explore the possible
impact of a healed trauma in the left clavicle on
the other skeletal elements. Bilateral cranial linear
measurements and surface distance maps between
bones and their bilateral counterparts suggest only
slight to moderate restrictions in the range of mo-
tion caused by the healed trauma.

The 3D print of the presented virtual cranial
reconstruction together with a facial reconstruction
and the original skeletal remains will be on display
in a museum context, together with the archaeolog-
ical material, which will make the Early Iron Age
chieftain more accessible to the museum visitors.

5.1 INTRODUCTION

One of Frankfurt’s most important prehistoric finds
is the Early Iron Age chieftain burial from mound
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I of the Eichlehen burial mound group in the east-
ern urban forest (Stadtwald), located at today’s city
border with Offenbach. The burial mound, associ-
ated with a stone stele, was located in the middle of
more than 50 grave mounds (Fischer, 1979). The
grave was excavated in 1966/67 from the originally
3.5 meter high burial mound with a diameter of
36 meter. The excavation was led by Ulrich Fisch-
er, the director of the Museum of Pre- and Proto-
history, which is today’s Archiologisches Museum
Frankfurt (Hofmann, 2010). It quickly became
clear that the richly appointed central grave had to
be a burial of a socially outstanding male individu-
al. Among other gifts, the grave included a bronze
sword, a chape of a scabbard, a precious wooden
double yoke with leather cover and bronze fittings
with bridle and harness for a horse team, a luxuri-
ous banquet and drinking set made of bronze, an
exquisite iron butcher knife with a gold insert, and
a situla made of sheet bronze.

Based on typological considerations of the
grave goods, in particular the bronze sword of type
»Mindelheime, the shape of the sheath chape, and
the »Schilchenkopf«-needles, the chieftain burial
dates to the Early Iron Age stage Hallstatt ClIb,
which indicates a date around 700 BCE (Willms,
2002; Fischer, 1979).

The burial complex is one of the oldest known
burials of the Early Iron Age elite, about 170 years
older than the grave of the »Chieftain of Hoch-
dorf« (Krausse, 1996) and 250 years older than the
grave of the »Chieftain of Glauberg« (Herrmann
and Frey, 1996; Baitinger, 2010).

Most grave goods were found near the walls of
the burial chamber with some distance to the skel-
etal remains. The skeletal remains lie in a supine
position, relatively central in the burial chamber.
The bronze sword was found at the right side of
the skeleton, in close proximity to the remains (for
illustration see Fischer, 1979: Plan 7).

The skeletal remains are fragile but allowed for
a comprehensive osteological reanalysis in their
today’s repository at the Archiologisches Museum
Frankfurt (Willms, 2002; Rehbach et al., 2003).
Following criteria established by Ferembach et al.

(1979) the sex was estimated as male and the age
of the individual was estimated to be around 50
years at death. A stature of circa 175 cm was cal-
culated following methods established by Pearson
(1899). Several degenerative changes associated
with an advanced age were reported, especially in
the preserved lumbar vertebrae, the left acetabulum,
and the corresponding left caput femoris. The left
corpus claviculae shows a healed trauma between
the tuberculum conoideum and the tuberositas lig-
amentum costoclavicularis. The two parts of the
clavicle did not heal in an anatomically correct po-
sition. A roughly 30 degree angle can be observed
between the pars acromialis and the pars sternalis of
the clavicle. Consequently, restrictions of the range
of motion in the left arm are expected. In addition,
Rehbach et al. (2002) reported that the right corpus
humeri had a diameter 2 mm greater than the left
corpus humeri. The cranium was excluded from the
reanalysis due to severe taphonomic deformations
and fragmentation, probably caused by the col-
lapse of the burial chamber (Rehbach et al., 2002).
In this chapter, we aim to complete the over-
all picture of the osteological analysis from 2002.
The first goal is to present a virtual cranial recon-
struction of the Early Iron Age chieftain, thereby
enabling the inclusion of the cranium in the oste-
ological analysis. Furthermore, in order to further
explore the possible impact of the healed trauma in
the left clavicle, analyses of asymmetry on the bones
surrounding the left clavicle were carried out.

5.2 VIRTUAL CRANIAL
RECONSTRUCTION

The cranium was manually reconstructed in the
past and is represented as two parts, (1) the neu-
rocranium and right os zygomaticum, and (2) the
mandibula, maxillae and ossa nasalia (Figure 1).
Fragments are attached to each other and the tooth
rows of maxilla and mandible are fixed in occlusion
by glue. The glue is non-soluble by water. In order
to minimize damage to the cranial fragments, the
new reconstruction presented in this manuscript
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Figure 1: (a-c) photographs of the original osteological remains by U. Dettmar on behalf of the Archdologisches Museum Frankfurt;
illustrations of segmented fragments of the (d-f) neurocranial and (g-i) facial scan in original position; each shown in anterior view

(b,e,h), lateral view from the right (c,f,i) and from the left (a,d,g).

was carried out in a virtual environment, based on
data obtained with computed tomography (CT).
The two parts of the cranium were scanned at the
Paleoanthropology Department of the University
of Tubingen, using an industrial »General Electric
Phoenix« uCT scanner (model v|tome|x). The CT
scans of both parts show isotropic voxel sizes of
0.28535 mm. All segmentation and reconstruc-
tion steps as well as linear measurements described
below were carried out in Avizo (FEI Visualization
Sciences Group) and the Resample software from
the New York Consortium in Evolutionary Prima-
tology (NYCEP, http://pages.nycep.org/nmg/pro-
grams.html).

Prior to the reconstruction, each fragment
was segmented separately to allow independent
movement. Differences in material density be-

tween bone fragments and glue in the CT scans
were insufficient for threshold based automated
segmentation. Thus, each fragment was segmented
manually slice by slice to ensure accurate separa-
tion between materials. In total, 40 fragments were
segmented (Figure 1d-i).

In the first step of virtual reconstruction, two
different reconstruction protocols were used, bi-
lateral symmetry and smooth curvature (for com-
parison, see Zollikofer et al., 2005; Figures 2 and
3a,d). Cracks between fragments were not closed
completely in this step unless the breakage patterns
matched perfectly, in order to account for possi-
ble alterations of the edges of the fragments. No
reference cranium was used due to preserved ana-
tomical features covering almost the entire cranial
anatomy.
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Figure 2:illustration of the first step of virtual reconstruction;
shown from (a) lateral left, (b) anterior, (c) lateral right, (d) in-
ferior, (e) posterior and (f) superior view.

Shared features of chordates are approximate
bilateral cranial symmetry and smooth curvature on
the ectocranial surface, especially in the neurocra-
nium. When the position of fragments had to be
corrected in order to deal with taphonomic distor-
tion, smoothness was prioritized over bilateral sym-
metry. The anterior right part of the neurocranium
was chosen as a starting point, as it presented a low
amount of taphonomic deformation. All recon-
structed fragments of the right side were duplicat-
ed and mirrored along the midsagittal plane onto
the left side. This mirrored duplicate was used as
a reference for the reconstruction of the fragments
from the distorted left side of the neurocranium.
The bicondylar width of the mandible was used as a
control for cranial breadth at the mandibular fossae
of the temporal bones. In reconstructing facial sym-
metry, the midsagittal plane of the neurocranium
was used as a reference. The preserved fragments,
located primarily on the left facial side, were recon-
structed following the assumption of smooth curva-
ture between fragments. Missing areas, such as the
right os zygomaticum, the left processus condylaris of
the mandible, and the right medial part of the mar-
go supraorbitalis ossis frontalis were reconstructed by
duplicating and mirroring their preserved bilateral
counterpart (Figures 3a,d and 4).

After the first step the virtual reconstruction
retains gaps between preserved fragments. For

Figure 3: illustration of (a and d) the first step of virtual re-
construction with mirrored fragments shown as grey areas, (b
and e) modern human reference cranium used in warping, and
(c and f) reconstruction after warping; shown in anterior view
(a-c) and lateral view from the left (d-f).

standard osteological analyses this reconstruction
was sufficient. However, as the virtual reconstruc-
tion will be used in a museum context, further re-
construction was deemed necessary in order to en-
able 3D printing and ultimately to make the final
reconstruction more accessible to museum visitors.
The method of choice for further reconstruction
was the geometric warping (Bookstein, 1989) of a
reference cranium onto the manual reconstruction
of the Iron Age chieftain (Figure 3). This method
allows for subsequent 3D printing with a mini-
mum of additional working steps.

The choice of the reference is crucial for the
geometric warping. While size differences between
reference and target, do not influence the out-
come, shape differences do influence the warping
of areas not represented in the target. To optimally
match the shape of the reconstruction, a total of 37
CT scans from adult modern humans from cen-
tral Europe housed in the osteological collection of
the University of Tuibingen were analyzed. Three
metric indices based on linear measurements de-
fined by Martin (1928) were evaluated, the ratio
of cranial width (M8a) to length (M1d), ratio of
orbit height (M52) to width (M51) as well as the
ratio between upper facial height (M48) and width
(M45). Overall cranial morphology was sufficient-
ly matched by three reference crania. The chosen
reference CT scans do not include the mandible.
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Figure 4:illustrations of the final virtual cranial reconstruction; shown from (a) lateral left, (b) anterior, (c) lateral right, (d) inferior,
(e) posterior and (f) superior view; fragments shown in light grey are preserved in the original osteological material, in dark grey
areas completed by warping and in red fragments mirrored during the first step of virtual reconstruction.

Therefore, the mandible was excluded from the
reconstruction during the geometric warping. A
3-dimensional set of 39 homologous fixed anatom-
ical points, often called landmarks, as well as 62
equidistant points on curves, such as the lambdoid
or coronal sutures, were digitized on the target cra-
nium and all three reference crania (for discussion
see e.g. Zelditch, 2012; Slice, 2007; Bookstein,
1997; Mitteroecker and Gunz, 2009; Gunz and
Mitteroecker, 2013). Differences in the position
of homologous landmarks between the target and
one reference at a time are calculated and captured
in form of a matrix. Following the same matrix,
the surface of the reference is deformed to match
the target. In areas without landmark information
due to missing fragments in the reconstruction,
the deformation of the reference is interpolated

based on Bookstein principle warps (Bookstein,
1989). The three reconstructions differed most in
areas that were lacking landmarks or covered by a
low number. The lack of landmarks at the squama
frontalis and the ossa parietalia led to mismatches
between the warped reference and preserved frag-
ments of the target. The reconstruction that had a
minimal number of mismatches, was selected for
3D printing (Figures 3c,f and 4). For the final re-

construction, the mandible was added (Figure 4).

5.3 CRANIAL ASYMMETRY

All steps of the virtual reconstruction retain some
distortion in the basicranium that could not be re-
solved with the reconstruction criteria (Figures 2d
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and 4d). In addition, the processus mastoidei appear
rather asymmetric during visual inspection. To test
whether the bilateral difference in size between the
processus mastoidei might be the result of normal
cranial bilateral asymmetry, the two largest origi-
nally preserved fragments of the os temporale were
analyzed.

The largest fragment of the right os temporale
preserves the pars tympanica, a part of the squama
temporalis, the pars mastoidea including the proces-
sus mastoideus as well as the majority of the pars
petrosa. In contrast, the largest fragment of the left
os temporale preserves only the pars tympanica and
the lateral bony table of the pars mastoidea includ-
ing the processus mastoideus. The squama temporalis
is almost completely missing on the left side and
the pars petrosa is represented by a separate smaller
fragment. The two largest temporal fragments have
a great effect on basicranial shape, especially due to
a lack of preserved structures in the left posterior
basicranium.

To explore bilateral asymmetry, data was col-
lected in form of linear measurements (Table 1)
and as distance map between the surfaces of the
two largest temporal fragments (Figure 5). The dis-
tance map was calculated as the difference in milli-
meter per surface triangle of virtual surface meshes
created from the CT scans (see section about seg-
mentation). The differences are translated as colors
for illustration (Figure 5). Greatest differences be-
tween the fragments were found along the crest on
the processus mastoideus and supramastoid crest. In
contrast, the absolute length of the mastoid pro-
cess differs less than one millimeter.

Following measurement definitions from
Helmuth (1968) three bilateral linear measure-
ments were digitized on both the CT scans of the
chieftain and a comparative sample of 32 CT scans
from adult modern humans from central Europe
housed in the osteological collection of the Uni-
versity of Tubingen. For all measurements, the
cranium was oriented in left or right lateral view,
depending on the measurement in question, and
in the Frankfurter Horizontal plane. The sagittal
length was measured in millimeter parallel to the

Figure 5:distance map ossa temporalia; shown from (a) inferior
and (b) lateral right view; distances in mm translated to color
code ranging from no difference in blue to > 5 mm difference
in red.

eye-ear-plane (EEP) starting at the inferior mar-
gin of the meatus acusticus externus to the posterior
end of the processus mastoideus. The height of the
processus was measured in millimeter from the
most inferior point to porion (for landmark defi-
nition see Martin, 1928). The third measurement
captures the angle between the processus mastoideus
and the EEP in degree. The angular arm on the
mastoid process is constructed by dividing the pro-
cessus into two equal parts outgoing from the most
inferior point.

Statistics were calculated in R (R Develop-
ment Core Team, 2014) and include means and
standard deviations for each measurement grouped
by sex as well as asymmetry calculated as the ab-
solute difference between corresponding bilateral
measurements (Table 1). Single measurements can
vary substantially between individuals, between
sexes and within one sex, whereas the majority of
individuals show bilateral asymmetries of less than
three millimeter respectively degrees. Overall, two
of the three measurements in the chieftain are more
asymmetric than the mean. However, the maximal
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DIFFE-
DIFFE-
ANGLE | ANGLE DIFFE- RENCE
MEASURE- SAGITTAL | SAGITTAL RENCE ANGLE
MENT LENGTH | LENGTH HEIGHT |HEIGHT | PROCESS | PROCESS SAGITTAL RENCE
To OAE |TO EEP Heigut | PROCESS
LENGTH
TO EEP
MEASURED
R L R L R L R-L R-L R-L
SIDE
FEMALE 21.291 19904 | 28.932 | 28.055 56.87 57.86 1.527 1.727 2.37
+4.318 +4314 | +£+2394 | +2207 | £7.770 | £6.284 | £1.719 +1.131 +2.679
MALE 20.175 19.344 | 29.666 | 28.867 55.9 56.034 1.678 1.088 2.2
+ 4553 +4.035 | +3.245 | +3.243 | £5.267 | +5.043 | +£1.689 +1.135 +1.946
MAXIMUM
OF WHOLE 30.72 28.1 35.01 35.22 75.2 70.7 7.85 432 9.1
SAMPLE
EARLY
IRON AGE 16.55 16.17 36.51 33.38 54.2 47.3 0.38 3.13 6.9
CHIEFTAIN

Table 1: bilateral cranial linear measurements; shown as mean and standard deviation per sex as well as the maximum per measu-

rement; all measurements in mm or degree.

bilateral differences measured in this specific com-
parative sample exceeded the measurements from
the chieftain.

5.4 POSTCRANIAL ASYMMETRY

As described in the osteological reanalysis from
2002 (Rehbach et al., 2002) the left clavicle shows
a roughly 30 degree angle between the pars acromi-
alis and the pars sternalis (Figure 6). The trauma oc-
curred pre-mortem, as indicated by the formation
of callus as physiological reaction to the trauma.
The surface structure of the bone as well as the ra-
diographic image in Willms (2010) suggest at least
12 weeks of healing, but it is quite likely that years
passed between the breakage of the clavicle and time
of death (Gerstenfeld et al., 2003; Einhorn, 1998).
Several large muscles important for the head
and arm movement originate or insert on the cla-
vicula, including the musculus trapezius, musculus
deltoideus,
musculus pectoralis major. Each of these muscles

musculus  sternocleidomastoidens and

could possibly be affected directly by trauma in
the clavicle or indirect due to complications in the

Figure 6: surface model of left clavicle from a surface scan
made by an Artec Space Spider handheld 3D scanner; shown
in (a) inferior, (b) superior, (c) anterior and (d) posterior view.

Figure 7: distance map axis, 2nd cervical vertebra; shown from
(a) anterior, (b) inferior, (c) lateral left, (d) posterior, (e) supe-
rior and (f) lateral right view; distances in mm translated to
color code ranging from no difference in blue to > 2.5 mm dif-
ference in red.
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healing process of a trauma. Under the assump-
tion that the time of death took place several years
after the trauma, other skeletal elements would
show bone resorption at muscle attachments due
to permanently damaged muscles. Not all skeletal
elements involved in the attachment of the mus-
cles listed above are preserved in the chieftain. The
bones that are preserved are the humeri and the 2™
cervical vertebra (axis). These elements were sur-
face scanned with an Artec Space Spider handheld
3D scanner.

None of the previously discussed muscles di-
rectly attaches to the axis. However, the lateral sur-
face of the mastoid process represents the insertion
site of the musculus sternocleidomastoideus. In case
the observed bilateral asymmetry in this particular
area was caused by differences in physical stress ini-
tiated by this muscle, a very strong bilateral imbal-
ance would have led to a difference in degeneration
between right and left in the cervical vertebrae.
As shown in Figure 7, the only preserved cervical
vertebra shows no bilateral asymmetry. Here, the
distance map was calculated between the original
surface scan of the axis and its mirrored duplicate
in order to compare the right and left halves. In
contrast, the distance map calculated between
the surface scans of the humeri shows bilateral
asymmetry (Figure 8). The asymmetric areas are
clearly limited to regions of muscle attachments.
With a maximum of around 5.5 mm, the great-
est asymmetry was found at the lateral upper third
of the humerus at the tuberositas deltoidea, where
the musculus deltoidea inserts. The second area of
asymmetry was found on the lower two thirds of
the medial side extending to the anterior lower half
of the humerus, respectively representing the ori-
gin of the musculus brachialis and insertion of the
musculus coracobrachialis.

5.5 DISCUSSION

In response to their environment bones grow and
remodel throughout life. This relationship was first
described by Julius Wolff and is today known as

Figure 8: distance map humeri, shown from (a) anterior, (b)
posterior, (c) lateral and (d) medial view; distances in mm
translated to color code ranging from no difference in blue to
> 7 mm difference in red.

Wolffs law (Wolft, 1893). Following Wolff’s law,
increased mechanical stress should lead to bone
growth and remodeling. However, the relationship
between skeletal stress markers, like muscle attach-
ments, and an adult activity pattern is not always
straight forward due to multicausality in the for-
mation of stress markers (for discussion see Ruff
et al., 2006; Pearson and Liebermann, 2004). In
an archaeological context, taphonomy can further
complicate the interpretation of osteological re-
mains due to chemical as well as mechanical post-
mortem alteration of the bones.

Three possible causes for the basicranial dis-
tortion in the virtual reconstructions and the
seemingly asymmetric mastoid processes are dis-
cussed here. Due to the very fragmented nature of
the cranial remains, taphonomy is the first point
to take into consideration as the probable cause.
Opverall, the cranial fragments are fragile but well
preserved. With the exception of the fragments
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comprising the left os zemporale, all fragments
preserve intact ectocranial surfaces. Due to tapho-
nomy on the medial portion of the left processus
mastoideus, indicated by exposed spongiosa, this
structure appears more gracile in its medio-later-
al diameter than its bilateral counterpart. Tapho-
nomic deformation of other temporal fragments
was not observed. In addition, the reconstruction
of the anterior vault, based on smooth continu-
ation between fragments, matched the preserved
bicondylar width of the mandible, which suggest
that deformation of the fragments of the anteri-
or vault is highly unlikely. Slight deformation in
the fragments of the posterior cranial vault cannot
be completely ruled out due to large missing ar-
eas lateral and posterior to the foramen magnum.
Missing fragments could be the cause for basicra-
nial distortion due to missing reference points in
the reconstruction of the position of preserved
fragments, such as the pars basilaris ossis occipitalis
(Figure 2d).

The combination of cranial deformation and
asymmetries in the mastoid processes described in
this manuscript could be part of the osteological
manifestation of torticollis. Torticollis is a collec-
tive term for diseases caused by an asymmetrical-
ly-shortened musculus sternocleidomastoidens and
can either be congenital or acquired during life
(Tomczak and Rosman, 2012). The shortened
muscle leads to a twisting of the head and neck as
well as tilting the head towards the direction of the
affected muscle and rotating the chin in the op-
posite direction. Rotation of the chin often results
in asymmetric tooth abrasion (Pirttiniemi et al.,
1989; Chung-Chih et al., 2004) and twisting of
the neck over an extended time period would lead
to asymmetries in the cervical vertebrae (Chawda
etal., 2000). In additon to the secondary osteolog-
ical manifestations, congenital torticollis is often
accompanied by cranial and facial asymmetries.
In archaeological contexts, congenital torticollis
with cranial deformation, represented by a pla-
giocephalus has been proposed for several Celtic
individuals (Miiller et al., 2008) and the hominin
cranium from Salé (Hublin, 2002). Plagiocephaly

describes a cranial deformation that involves a uni-
lateral, flattened back of the head. In severe cases,
this is accompanied by an anterior shift of the ip-
silateral ear region and ipsilateral frontal bulging
(Gautschi et al., 2013). In case of the chieftain, no
plagiocephalus and no asymmetry in the preserved
cervical vertebra (Figure 7) were found and neither
the mandible nor the maxilla show asymmetric
tooth abrasion.

Although the insertion of the musculus sterno-
cleidomastoideus at the lateral side of the mastoid
process shows asymmetry (Figure 5), the maxi-
mal bilateral differences measured in the reference
sample exceeded the measurements from the Iron
Age chieftain and classify the asymmetry as pro-
nounced but not unusual.

All in all, the most plausible cause for the bas-
icranial deformation and asymmetry of the crani-
um, especially in the area of the mastoid processes,
is a combination of taphonomy, slight deformation
as well as missing fragments, and normal bilateral
asymmetry.

Asymmetry in muscles and their mass, so called
muscle imbalance, can occur at all intensities, rang-
ing from light forms not detectable on osteological
remains to severe forms like the above discussed
torticollis. An imbalance in bilateral muscle mass
can have several causes including one-sided muscle
atrophy or hypertrophy due to differences in use
between both sides (Boonyarom and Inui, 2006).
One head of the musculus sterneocleidomastoideus
originates at the superior border and anterior sur-
face of the medial third of the clavicle and inserts
at the processus mastoideus. This connects the less
robust muscle attachment at the left processus mas-
toideus with the trauma in the left clavicle. Howev-
er, no bilateral differences were found at the mus-
cle attachments on the medial part of both left and
right clavicles.

The lateral third of the clavicle forms the in-
sertion site for one head of the musculus trapezius.
Due to the trauma in the left clavicle, direct com-
parison of the muscle attachments at the insertion
was not possible. The origin of the musculus trape-
zius at the linea nuchalis superior, protuberantia oc-
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cipitalis externa and crista occipitiais externa is dis-
tributed on multiple preserved cranial fragments
(Figure 2d,e). The manifestation of the lateral su-
perior nuchal lines is weak while the prozuberantia
occipitalis externa and the crista occipitalis externa
show a pronounced manifestation and are slight-
ly skewed to the right. This combination suggests
a muscle imbalance with a slightly stronger right
trapezius muscle. In general, the healed trauma in
the clavicle seemed to have no significant impact
on the muscles involved in the movement of the
head, and all differences between the left and right
sides can be attributed to normal variation

Pronounced differences were found at the pre-
served humeral diaphyses (Figure 8). The insertion
of the musculus deltoidea, the origin of the musculus
brachialis, as well as the insertion of the musculus
coracobrachialis exhibit the greatest bilateral dif-
ferences from around 2 to 5.5 mm. The musculus
pectoralis major, which originates at the medial half
of the clavicle, could not be completely analyzed as
only the most distal part of its insertion is preserved
on the humeral fragments. The preserved area shows
an asymmetry of around 3.5 to 4 mm whereas large
parts of the humeri differ by less than one mm.
The overall similar dimensions of the humeri sug-
gest normal ontogenetic development as congenital
pathologies effecting muscle development would
secondarily affect overall bone robusticity during
ontogeny (e.g. Rodriguez et al., 1988).

In the case of the chieftain, two causes or their
combination are plausible in explaining bilater-
al asymmetries acquired during adulthood. First,
muscle atrophy caused by the restricted use of the
left arm. The osteological analyses showed that
the healed trauma at the left clavicle is expected
to limit the range of motion in the left arm (Re-
hbach et al., 2002). Disuse of muscles leads to
muscle atrophy (Boonyarom and Inui, 2006) and,
following Wolffs law, remodeling and ultimately
reduction of the muscle attachment area according
to the reduced mechanical stress. Second, muscle
hypertrophy at the right arm induced by carry-
ing a sword. It has been proposed that the Iron
Age chieftain used the right arm in order to car-

ry and use his sword (Rehbach et al., 2002). This
suggestion is supported mainly by the archaeolog-
ical context. The bronze sword was found in close
proximity to the right-sided osteological remains.
Use of a sword could lead to a muscle hypertro-
phy and consequently growth and remodeling of
the muscle attachment area. The affected muscle
attachments belong to muscles that are involved
in adduction and flexion of the arm as well as its
inward rotation, and flexion of the forearm at the
elbow (Schiinke, 2000). While patterns of skeletal
stress markers cannot be directly correlated with
a single activity pattern, the listed movements do
not contradict the proposed hypertrophy. Overall,
the archaeological remains support the second hy-
pothesis while the preserved osteological remains
do not allow to favor one hypothesis, thereby mak-
ing a combination of both hypotheses the most
plausible explanation for the here observed bilater-
al asymmetries in the humeri.

5.6 CONCLUSION

The new virtual cranial reconstruction of the Early
Iron Age chieftain from Frankfurt am Main pre-
sented in this manuscript allowed the analysis of
several cranial features as well as muscle attach-
ments, linking cranium and post-cranium. There-
by the analysis of the possible impact of the dislo-
cated clavicle onto surrounding skeletal elements
could be extended compared to a former study
(Rehbach et al., 2002). The dislocated clavicle was
found to have no significant impact on the muscles
involved in head movement as bilateral differences
in the cranium can be attributed to either normal
variation or taphonomy. In case of the humeri, a
combination between muscle atrophy in the left
arm caused by the trauma in the clavicle and mus-
cle hypertrophy in the right arm induced by carry-
ing a sword is the most plausible explanation for
the observed bilateral asymmetries.

As the burial complex is one of the oldest
known burials of the Early Iron Age elite it plays
an important role in better understanding the so-
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cial structure as well as health status of that time
period. The chieftain was of rather large as well as
robust stature and reached by standards of the time
a grate age (Rehbach, 2003). Osteological evidence
suggests an overall good health status and most
probably only slight to moderate limitations in
range of motion of the left arm. The combination
of the new and previous results based on the study
of osteological and archeological remains provides
a valuable snapshot in time of a socially outstand-
ing male individual.

Within the context of the museum, the Early
Iron Age chieftain can help to make this partic-
ular archaeological time period more accessible
to the public. The reconstruction presented here
will allow for the production of a 3D print and a
facial reconstruction, and will be featured in the
Archiologisches Museum Frankfurt, together with
the osteological remains and the archaeological
material.
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