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Abstract

The authors examined human skulls originating from the eighth to thirteenth
centuries AD obtained from the repository of the Anthropology Department of
the Hungarian Natural History Museum. The skulls underwent direct visual
examination as well as spiral CT imaging provided by the Department of
Radiology and Oncotherapy Semmelweis University. Most of the skulls exhibited
slash wounds, but there were also stab wounds. We have determined that some
of the victims survived their injuries, as evidenced by the CT images in which
the bone defects had smoothed edges indicating healing in these cases. The
implements which inflicted these wounds on the ancient victims’ skulls were
characteristic of the close quarters and long range weapons in use during their
respective periods.
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Introduction

The category of sharp force injuries includes stabbing, slashing
and chopping wounds. Stab wounds occur when a generally long,
pointed implement enters the tissue with the force applied parallel
to its long axis. Slash wounds occur when a bladed implement enters
the tissues tangentially with the force both parallel and perpendicular
to its axis. Chop wounds occur when a heavy bladed implement
enters the tissue at an angle perpendicular to the axis of the blade
with the aid of its own kinetic energy as well as applied force. Chop
wounds also occur when the body falls upon a sharp edge, or when
a descending or thrown sharp implement’s blade collides with the
surface of the body [1-2].

As a result of the mechanical forces applied to the head, bony
structures are injured in addition to the covering soft tissues. The
resultant skull fractures can be described as open or closed, linear,
depressed, spider-web or circular. A skull fracture may result in the
exposure of the intracranial cavity to the external environment which
could lead to life-threatening complications such as hemorrhage for
example in the epidural and subdural space, herniation or infection
[3]. Determination of the exact location of the fracture as well,
diagnosis and planning of therapy of accompanying complications
is most precisely achieved with the aid of computed tomography. In
the era prior to the age of modern medical technological advances,
in the event of a serious injury resulting from sharp force, the only
diagnostic tool available was visual inspection [4-8].

In the eighth to ninth centuries, the Hungarians’ military forces
and tactics resembled that of nomadic horsemen of Asia. Generally

the use of long range weapons, such as the bow and arrow dominated.
These were supplemented by the saber, lance, battle-axe and mace. In
the era of the tenth to thirteenth century kings, knights first appeared
whose weapons and armor became progressively heavier, making
the use of larger swords popular. Long range weapons became the
domain of the infantry. The use of full body armor and helmets
with visors spread throughout medieval Hungary. Among the close
quarter’s weapons in use at that time, the sword was most important,
but in addition, lances, battle-axes, halberds and maces were also
used, as the first prototypes of rifles also appeared [9-10].

Therefore, in this period of history, during the course of close
quarters and long range fighting, combatants were subjected to
stabbing, slashing and chopping injuries. In modern times, injuries
due to sharp force trauma are largely the result of accidents or murder
attempts [11]. Our goal was to determine if and at what rate the
victims were able to survive their wounds.

Materials and Methods

We examined five skulls with sharp force trauma injuries
provided by the Hungarian Natural History Museum’s Anthropology
Department, originating from the historical periods between 900 and
1500 AD ( Age of Conquest, Arpid Era, Middle Ages). The skulls
were discovered by archaeologists during the twentieth century in
excavations at Nagykoros, Jaszddzsa, and Nyarsapat (Hungary).

Digital photographs of the skulls were taken and CT images were
prepared at the Department of Radiology, Semmelweis University.
We used a Philips Brilliance CT (TUKEB license number 105/2007)
and each case was individually analyzed. A computed tomographic
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recording measures the varying radio densities of the subject and
produces cross-sectional and special images in much the same way
as traditional roentgenograms. The images were produced by the CT
in a continuously rotating, steadily advancing fashion, imaging every
aspect of the skulls inclusively, in a “spiral” manner. From this high
resolution, large data set a multiplanar, 3D reconstruction, as well as
detailed cross-sectional views was created. The MSCT scan (Brilliance
16, Philips Medical Systems, Best, and The Netherlands) had the
following parameters: slice thickness 0.8 mm, increment 0.4mm,
high resolution, collimation 16 x 0.75m. The image post processing
was completed using multiplanar reconstructions (MPR), maximal
intensity projections (MIP) and three-dimensional reconstructions.
The CT is very appropriate in examining the bony structures in living
as well as post-mortem subjects. This technique allows an accurate
exploration of the skull structure including the diploe as well, which
otherwise could not been investigated. Inner parts of the crania could
be examined which otherwise would be invisible to the naked eye.

Signs of healing on computed tomography are rounded bony
edges, or fusion of bone fragments to the bony defect edges. Note:
reference to orientation is irrelevant as the injuries would vary.
Smoothed edges were qualitatively coded as sign of healing and
therefore as an indicator of survival. In the case of likely lethal injuries
the lamina external and lamina internal edges exhibit no evidence of
bone reparation. The bony edges are not rounded, but jagged and
sharp [12-17].

Results

The five examined skulls (don’t they have more for a larger
sample size? ) provided to us by the Hungarian Natural History
Museum’s Anthropological Repository were uncovered from varying
archaeological excavations. Archaeological science evaluates past
cultures by studying their artifacts. Archaeologists’ most commonly
used method is excavation, where they unearth ancient buildings’
remains according to painstaking plans, preparation and cataloging.

Weapons enable attacks and defensive parries to extend beyond
the limits of the human body, increasing their destructive force and
distance of impact. In this study we studied the effect of sharp-edged
fighting implements, therefore we will briefly characterize these
stabbing and cutting medieval implements. The most commonly
encountered cutting weapon found in Conquest Era tombs is the
saber. Sources from this period refer to it as a sword or gladius. Battle-
axes were also commonly used. A very commonly used battlefield
weapon during the Age of Conquest was the powerfully penetrating
reflex bow, normally consisting of a grip from which two flexible,
spring-like limbs extend, joined at the ends and brought under great
tension by a bow string capable of launching arrows. The arrow
was basically a long, thin, straight rod with an arrowhead at the tip,
usually made of metal. The long double-edged sword found its way
into Hungary in the late tenth century. The lance utilized during the
Arpad Era was basically a long wood-handled, metal-tipped hunting
or attack weapon [18-19]. The mace was an old crushing weapon,
establishing itself in Hungary in the thirteenth century. The battle axe
resembles a hatchet with a spike on the opposite aspect of the head,
used by infantry for chopping and stabbing [9-11].

CaseNo 1
On this tenth to thirteenth century, Arpad era skull’s frontal

Figure 1: A/ Photograph of the skull. A 1.5 cm metal arrowhead tip lodged in
the frontal bone and an 8cm long fracture line are visible.

B/ HRCT image multiplanar reconstruction in the parasagittal plane. The
arrowhead tip appears as a hyper dense object, penetrating the lamina
external, diploe and lamina internal.

C/ HRCT image (axial plane) shows the foreign body penetrating the frontal
sinus.

bone we see a stab type of wound, from which emanates an 8cm long
fracture line which traverses the frontal bone and the superior wall
of the orbit (Figure 1). The 1.5cm arrowhead tip lodged in the stab
wound and is still firmly embedded. The wound’s direction is anterior
to posterior. The victim did not survive his injury. On the CT images
sharp bone edges can be seen in both the horizontal and sagittal
views. This is a sign that the bone edges did not heal.

Case No 2

On the left frontal bone of this Arpad era (A.D. 1000- 1300) skull,
above the orbit, is a 1.5cm wide, 6cm long, narrowing defect of the
bone. The thickened superciliary arch and rounded bone are visible
to the naked eye and on CT imagery, which informs us this individual
survived his injury (Figure 2) even though the injury opened into the
intracranial cavity. Additionally, a 5cm long indentation can be seen
on the right parietal bone which did not enter the cavity, but most

Figure 2: A/ Figure A Photograph of the skull shows a 6 cm long and 1.5 cm
wide bony defect with a thickened superciliary arch and rounded bony edges.
B/ HRCT image shows the bone edges along the cut are rounded and the
damaged portion has thickened

C/ HRCT sagittal view shows the frontal bone and superciliary arch have
thickened considerably and the injury opened the intracranial cavity.
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Figure 3: A/ The photograph shows a curved, 6cm long, 3cm wide bone
defect in the region of the right temporal region. The window involves the
temporal, parietal and frontal bones. The dislodged bone fragments have
reattached and healed distally to the injury

B/ Closeup photograph of the penetrating chop wound.

C/ HRCT 3D reconstructed image shows the inside view of the fenestrated
bone. The bony edges are clearly rounded.

D/ HRCT image similarly exhibits the rounded edges. (rec. coronal)

certainly the implement used penetrated the overlying soft tissues but
was non-lethal.

Case No 3

This specimen originates from the Arpad Era. A 6cm long, 3cm
wide bone defect is seen traversing the right parietal, temporal and
frontal bones which was caused by a sharp implement descending
from above. The shattered bone fragments are lodged in the inferior
edge of the neo-fenestra’ may be the skin and loose connective tissue
bound the fragments during the convalescence. On the computed
tomographic image the rounded bone edges and bone remodeling is
obvious evidence of healing (Figure 3).

Case No 4

This skull from the Middle Ages exhibits a 12cm long chopping
wound which extends from a posterior/inferior to anterior/superior
direction. The mastoid process has been amputated. The victim did
not survive the head injury, since the bony edges along the wound
defect are sharp and show no signs of healing. Probably the victim
was decapitated (Figure 4).

Case No 5

On the medial portion of the superciliary arch on this medieval
skull one can see a 4cm long chop injury which resulted in elevation
of the bony edges but did not succeed in separating them. Rounded,
healed edges are seen on the CT scans also. Several 1-3cm chop
wounds caused by a sharp implement are seen on the calvarium,
which did not enter the intracranial cavity (Figure 5).

Discussion

Whenever the force exerted from the impact of a sharp-edged
implement striking the cranium overcomes the resistance of the
bony structure, disrupting its continuity, the result is a fracture.

Figure 4: A/ HRCT multiplanar reconstructive views show a 12 cm chop
injury of the left parietal bone extending posterior/inferior to anterir/superior
B/ HRCT image shows the jagged edges to the wound.

C/ HRCT image similarly shows the sharp bone edges.

Figure 5: A/ On this frontal view photograph of the skull one can see the
4 cm long chop injury on the medial portion of the superciliary arch and the
thickening of the affected bone.

B/ On this photograph are shown the 1-3 cm long, non-penetrating chop
wounds
C/ Close-up view of the chop wounds.

D/ On this parasagittal view of the HRCT multiplanar reconstruction image

the supraorbital bone thickening is evident.

Several weeks are required for the bone to regenerate, even in cases
that are free of complications. In the event that the bone fracture is
accompanied by injuries to larger blood vessels, nerves or an organ,
the healing period may even extend to six months. In cases beset with
complications, the healing process of the bone may still leave behind
serious declines in overall health as well as permanent disabilities.
Conspicuous facial structural deformities that cause esthetic and
dysfunctional problems, such as blindness, are an example. In the
examined cases there weren’t any facial bone injuries. Skull fractures
may extend to the upper cranium, the base and the facial skeleton.
Upper cranial injuries are most often the result of direct trauma. A
bone fracture in of itself does not describe the severity of an injury, but
nonetheless is an important indicator which indirectly gives evidence
of the intensity of the traumatic force exerted, giving an assessment of
potential serious complications. Skull fractures may be open or closed
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but the latter are harder to diagnose. The typical depressed fracture
resulting from considerable blunt force delivered to a larger surface
area is the spider web fracture. The extent and shape of the fracture
are often indicative of the shape of the administering implement and
degree of force encountered. If the force is applied tangentially rather
than perpendicularly, the bones fracture in a step-wise, or terrace
fashion. Force applied perpendicularly by a large, blunt instrument
produces fragmented fractures. Facial skeletal fractures are often
caused by trauma and may be accompanied by fractures of the cranial
base. Currently, the diagnosis of cranial fractures is determined by
cranial radiography and CT imagery in conjunction with neurologic,
otolaryngologic and ophthalmologic consultation [20-27].

Fighting implements of old were larger in size and heavier,
causing larger injuries. Injuries acquired during the course of 21%
century hostilities tend to be of the crushing or disruptive type due
to explosives or gunshot wounds from firearms. In modern times the
majority of cranial injuries affect victims as a result of motor vehicle
accidents, mostly pedestrians suffering head trauma [28]. However,
they can also be the result of falls from a high elevation and murder
or suicide attempts. Today, when sharp force cranial injuries do
occur, rarely are they due to battlefield weapons such as explosives or
firearms; rather, they are usually caused by everyday objects such as
knives, machetes or scissors. Cranial fractures persist as a very serious
type of injury to this day, often leading to permanent damage or
death. The methods of violence and killing correlate with the societal,
social and moral milieu of the time period. The study of historic
Hungary’s cranial injuries reveals the mechanisms of injury typical of
the given era, refers to the type of implement used, sheds light on the
therapeutic methods in use (I didn’t read any of this in the text?) and
the odds (you don’ of surviving [29-31].
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