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Abstract In the UK, stabbing is the most common cause of
homicide. The weapons used include knives, swords,
screwdrivers and glass shards. Quantifying the exact force
used in a stabbing incident is considered to be a difficult
area due to the large number of variables present, such as
sharpness of weapon, angle of attack and relative move-
ments of the people involved. Having quantifiable data
would allow a forensic pathologist to make a more
informed decision when it comes to answering the
commonly posed question in court “what was the degree
of force involved in the stabbing incident?”” The answer to
this question is considered significant in determining an
alleged assailant’s intent to cause harm. This paper presents
results of the first detailed study relating geometry of
screwdrivers to the forces required for penetration. Addi-
tionally, a range of other blunt weapons such as pens and
chisels have also been studied. A silicone rubber—foam
analogue has been used as the main skin simulant owing to
it having similar mechanical properties to that of human
skin and giving highly repeatable results. Different screw-
drivers of varying shape and size have been tested (i.c.
slotted, Phillips, posidriv and Torx), along with other
implements including chisels and pens. The weapon
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geometry was characterised and related to the peak force
required for penetration. Our results show that there is a
direct correlation between the cross-sectional area of a
screwdriver head and the amount of force required for
penetration. Screwdrivers with larger cross-sectional areas
require a significantly greater force to penetrate (forces in
the region of 100—120 N) but “sharper” slotted screwdrivers
penetrate with much lower forces (~30 N). The forces
required for penetrating the rubber—foam analogue with
screwdrivers are higher than for “sharp” knives, but in
some cases similar to the forces required for stabbing with
“blunt” knives. For the other weapons such as chisels and
biros, the force required for penetration was again high and
there was found to be a good relationship between area of
the implement making contact and penetration force.

Keywords Forensic - Stab - Force - Screwdriver - Attack -
Penetration

Introduction

Stabbing is the commonest method of committing murder
in Britain [1-4]. The typical weapons used can include
knives, swords, screwdrivers and glass shards. According to
the most recent figures released by the Home Office, there
were 207 homicides in England and Wales which involved
knives or sharp instruments from October 2008 and to
October 2009 [3].

Quantifying the exact force used in a stabbing incident is
considered to be difficult area due to the large number of
variables present. Having quantifiable data would allow a
forensic pathologist to make a more informed decision
when it comes to answering the commonly posed question
in court “what was the degree of force involved the
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Fig. 1 a Schematic diagram
showing common screwdriver
head geometries: from left to
right—1 slotted, 2 Phillips (PH),
3 posidriv (PZ), 4 Robertson,

5 Hex socket and 6 Torx and b
photographs of the head 1
geometries of a range of
common screwdrivers and the
type of screw that they are

v

designed to work with

Slotted

Cross Slot/
Phillips

Pozidriv Torx

stabbing incident?” The answer to this question is consid-
ered significant in determining an alleged assailant’s level
of intent to cause harm. The current practise among forensic
pathologists is to use a three-point scale which categorises
the force required to cause an injury as either mild,
moderate or severe [1].

There have been several studies concentrating on the
forces required to penetrate skin with knives. The force
required depends on the tip radius of the weapon, the
velocity of the attack and the type of thrust (e.g.
overhand or underhand), the tension in the skin relative
to area of the body and alignment with the Langer lines
of cleavage, the underlying bone structure and any items
of clothing [5-12].

However, there is considerably less information on the
forces required for stabbing with other implements. A case
review by Faller-Marquardt and Pollack for a screwdriver
stabbing stated the “stabbing force necessary to penetrate

Fig. 2 A Phillips screwdriver
with associated plasticine
impression
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the skin is considerably higher with screwdrivers than with
pointed knives.” [13]. However, there was no attempt to
relate the forces to weapon geometry.

Homicidal attacks involving screwdrivers are compara-
tively rare [14] but since the weapon used by assailants is
often determined by opportunity [15], screwdrivers, chisels
and other implements are used as weapons in stabbing
attacks. For example, screwdrivers are readily available,
they can be concealed without too much difficulty and they
can be accounted for if stopped by the authorities.

The aim of the current paper is to present results from a
systematic study of how much force is required to penetrate
synthetic skin simulants using blunter objects such as
screwdrivers, pens and chisels. The forces required for
penetration are related to the geometry of the weapon, in
particular, the force increases as the cross-sectional area.
The results are discussed in terms of the stress required for
skin penetration.
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Fig. 3 A posidriv screwdriver
with associated plasticine
impression

Materials and methods

A range of stabbing instruments have been used to
determine the force for penetration as a function of weapon
geometry. The stabbing instruments studied included a
variety of screwdrivers with different geometry heads and
other implements such as pens and chisels. All the imple-
ments tested were new on purchase and acquired from
Wheelhouse (a local hardware store in Hounslow, London)
and the website of the trade retailer Screwfix. The pens and
pencils were purchased from the retailer Paperchase within
Highcross Shopping Centre, Leicester.

Types of screwdriver

The blade profiles of a number of different screwdriver
types are shown in Fig. la and b. Figure la shows a
schematic diagram of the different screwdriver blade
geometries and Fig. 1b shows a photograph of the common
blade types and the type of screw that they are designed to
work with. The two specific types of screwdriver that are
most commonly used as stabbing weapons are the slotted
(flat blade) and Phillips (cross head), probably because
these are the most ubiquitous; the blade profiles are shown
as number 1 and 2, respectively, in Fig. la and b. Slotted
screwdrivers have a flat-bladed end and are used to tighten/
loosen screws that have a linear notch in the top. The
Phillips or cross-head screwdriver has an X-shaped slot;
these slots are arranged at 0°, 90°, 180° and 270°. Two
other types of screwdrivers have also been tested, the
posidriv and the Torx. The posidriv screwdriver has a

similar appearance to a Phillips screwdriver; but has four
additional slots or marker lines. If the driver slots are at 0°,
90°, 180° and 270°, the marker lines are at the intermediate
positions of 45°, 135°, 225° and 315°. This gives the
screwdriver four additional points of contact. Torx screw-
drivers have a six-point star-shaped pattern.

Experimental details and method

The blade width and blade breadth (for the slotted
screwdrivers only) and cross-sectional area of the screw-
driver heads (for all screwdrivers) have been measured to
characterise the weapon geometry.

To measure the blade width and blade breadth of the
slotted screwdrivers, an Olympus sterecomicroscope
(Olympus SZ-X12, Olympus, Tokyo, Japan) was used
to record an image of the blade. Measurements were
made in Image Pro Plus v4 (Media Cybernetics,
Berkshire, UK), this allowed the width and breadth of
the blade to be obtained.

An alternative methodology was used to determine the
cross-sectional area of the other screwdrivers as the
geometry was more complex. The point of the screwdriver
was pushed into plasticine® modelling clay up to the depth
at which the width of the impression was equal to the width
of the screwdriver shaft. The depth to which the screw-
drivers were indented to determine the cross-sectional area
is shown in Figs. 2 and 3 for a Phillips and posidriv
screwdriver, respectively (please see electronic supplementary
material for figures). This methodology produced repeatable
results and gave a realistic cross-sectional area as this would

Table 1 Mechanical properties

of common rubber compounds Skin Silicone rubber Natural rubber Natural butyl rubber
and mammalian skin

Young’s modulus (MPa) 0.3-1.0 1-2.8 3.5-6 5.3-6.1

Tensile strength (MPa) 10-20 3.5-15 22-28 14-23

Breaking elongation (%) 100 40-800 450-600 310-500

Tear strength (kN m™") 2-20 5-40 70-140 38-55

Strain crystallises No No Yes Yes

Density (kg m ™) 1,176 960-980 920-1000 (unfilled vulcanizates)
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Fig. 4 Force vs. displacement
plot for screwdriver penetration 100
into three different silicone

rubber—foam blocks. The 90
maximum penetration force is
arrowed for each of the tests

Force (N)
3

be the critical area of the screwdriver which controls the
contact stresses when a force is applied. The images were
evaluated in Image Pro Plus v4 in the same manner as
the blade width/breadths for the slotted screwdrivers and
it was then possible to calculate the cross-sectional areas
of the screwdriver heads. The same methodology, i.e.
imprinting in plasticine was also used for the Torx
screwdrivers.

Synthetic skin simulants

Skin is a viscoelastic material (i.e. its deformation is
time/loading rate dependent) that has non-homogeneous
anisotropic properties (i.e. different properties depending
on the orientation of the weapon relative to the skin).
Skin also has variable mechanical properties which

A plot of a screwdriver across 3 different silicone rubber-foam blocks

~—Block 01

Block 02 —Block 03

10 15 20 25 30 35 40 45 50
Displacement (mm)

depend on a range of factors including age, body weight,
health and moisture content. Skin also has a high fracture
resistance [16].

Pig flesh and cadaveric tissues [5, 6] have previously
been used for testing the sharpness of knives and other
objects. Pig tissue has similar mechanical properties to
human skin but is generally thicker and tougher owing to a
higher density of collagen in the tissue [5, 17, 18].
Synthetic chamois was also considered but the tensile
strength is approximately four times lower than that of skin
and it was therefore not considered to be a good option.
One of the disadvantages of both pig flesh and human
tissue for studies of this type is that the properties can
change as a function of age owing to dehydration or
degradation of the tissues. Additionally, for human tissue
experiments, ethical permission is essential. We have used

Fig. 5 A plot to show the trend 140
between the average Fmax and 130 -
cross-sectional area of the 120 -
screwdriver head for all the
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Fig. 6 A plot to show the trend 140

y =-4.7038x + 104.59

between the average Fmax and 130
angle between the flat surfaces 120

R*=0.37336

of the screwdriver blade for all
the slotted screwdrivers 110

100
90 -

—

Average F,,(N)

€88338

20
10

6.00

pig flesh for a number of experiments in this paper owing
to its ability to mimic the human system closely.

A range of synthetic skin simulants have been used in
the literature [17, 18] for studying knife penetration. The
requirements of a good skin simulant are that it must be
easy to manufacture (or obtain) in a reliable and repeatable
manner and it must remain stable in normal room
conditions so as to provide repeatable data. Furthermore,
it should also have the same mechanical properties as
human skin in particular in terms of tensile strength and tear
strength [19].

Shergold and Fleck have carried out a number of studies
investigating the deep penetration of the skin by small
diameter sharp and blunt punches. They used a silicone
rubber layer cast on top of a polyurethane sponge (foam) to
simulate skin [17]. Their findings showed that there was a
direct correlation between the penetration mechanism and
the geometry of the punch tip [20]. Kieser et al. showed
that a sharp tip punch penetrated via a mode I crack
whereas a blunt tip exhibited a mode II crack [21, 22].
Mode I cracks open when a normal tensile stress is applied
perpendicular to the crack. Mode II cracks occur when
sliding or “in plane” shear occurs in a direction perpendic-
ular to the crack front. The same silicone rubber model skin
analogue used by Shergold and Fleck has also been used
for a study of biomechanical modelling of non-ballistic skin
wounding [23].

A silicone rubber/foam skin analogue has been used
for the majority of experiments in this study as it is the
most practical option. Silicone rubber is used as it has
the closest mechanical properties to skin (see Table 1)
and importantly does not strain crystallise (i.e. the
mechanical properties do not change with degree of
clongation) [18].

8.00 10.00

12.00 14.00 16.00
Angle of Screwdriver Blade (degrees)

18.00 20.00

Penetration testing

Experiments to determine the force for penetration of the skin
were performed using an MTS servo-hydraulic materials
testing system. The force for penetration was recorded using
the testing system control software and the displacement or
penetration of the implement into the skin analogue was
recorded on a linear variable differential transformer. This
allows the value of the maximum force required for penetration
to be obtained from a typical force versus displacement plot as
seen in Fig. 4. Figure 4 shows indentations made into three
different silicone rubber/foam blocks and it can be seen that
the repeatability of results is good. The maximum penetration
force was obtained from the maximum on the force
displacement plot as arrowed on the figure.

Each weapon/implement was tested for five times over
different silicone rubber—foam blocks so an average value
of penetration force was obtained.

Fig. 7 A selection of precision slotted screwdrivers
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Fig. 8 Maximum penetration 50
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In addition to the penetration testing, for the wounds made
into pork we imaged the wound morphology produced.

Results
Slotted screwdrivers

Figure 5 shows a plot of the maximum force required for
penetration of the skin/foam analogue as a function of the
cross-sectional area of the screwdriver head. There is a
linear trend that shows that as the cross-sectional area of the
head increases, the force required for penetration also
increases.

Figure 6 shows a similar plot where the maximum force
for penetration is considered as a function of the blade angle,

Fig. 9 Maximum force for 45 1
penetration for a selection of
blunt to sharp knives tested on 40
the skin/foam analogue

35 1

25

20

Average Fp,(N)

15 1

10
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i.e. the angle between the two faces of the screwdriver blade.
This figure shows that there is no correlation between the
blade angle and the maximum force.

A number of the screwdrivers that were tested are those
categorised as precision screwdrivers (see Fig. 7 in the
electronic supplementary material). The results for these
screwdrivers are plotted separately on Fig. 8 which that
there is a good relationship between the cross-sectional area
of the head and the force required for penetration. It should
be noted that for these screwdrivers, the force required for
penetration is low, in the range of 10-30 N.

Previous research by Hainsworth, Delaney and Rutty
[11] investigated the quantification of sharpness of kitchen
knives. From this work, a number of knives were selected
that were classified as extremely sharp, very sharp, sharp
and blunt and the forces required for penetration were

Blunt Blunt
Sharp
E
. Very
Extremely Sharp Sharp
1 2 3 4 5
Knife Number
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Fig. 10 Average Fmax versus 130 -
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measured using the materials testing system and the
silicone rubber/foam analogue. Thus, for comparison, a
plot of maximum force for a number of knives which have
previously been classified as blunt to extremely sharp is
shown on Fig. 9. A blunt knife would typically require a
penetration force of approximately 35 N whereas for an
extremely sharp knife, a force of approximately 12 N was
required to penetrate the skin/foam analogue.

For screwdrivers that are not considered as precision
screwdrivers, the forces required for penetration (Fig. 5) are
comparable to those of a blunt knife for the smaller cross-
sectional areas but once the cross-sectional area of the
screwdriver is greater than 2 mm?, the force for penetration
rises rapidly and for screwdrivers with large cross-sectional
areas, the force can be greater than 100 N.

Fig. 11 Average Fmax versus 120

B
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Maximum Cross-Sectional Area of Screwdriver Head (mm?)

Phillips screwdrivers

The cross-sectional areas of the Phillips screwdrivers were
obtained by imprinting in plasticine as described earlier.
Figure 10 shows the maximum force for penetration against
cross-sectional area for these screwdrivers. For these
screwdrivers, the relationship between cross-sectional area
and penetration force is less clear. Additionally, as the
cross-sectional areas increase, the degree of scatter
increases, and the data points are further away from the
line of best fit. For the Phillips screwdrivers, the force
required for penetration was similar to blunt knives for the
screwdrivers with small cross-sectional areas. The force for
penetration for larger screwdrivers was considerable and
again rose to over 100 N.

cross-sectional area of the 1o Y= 3.3243x + 23.943 }

screwdriver head for the
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Fig. 12 Average Fmax versus 60 7
cross-sectional area of the 55 4
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Posidriv screwdrivers

The results for the posidriv screwdrivers are shown in Fig. 11.
This shows that the relationship between cross-sectional area
and maximum force for penetration does not follow a linear
relationship and that there is considerable scatter in the forces
required to puncture the foam/skin analogue.

Torx screwdrivers

For Torx screwdrivers, Fig. 12 shows that there is good
linear correlation between the cross-sectional area of the
screwdriver head and the amount of force that was required
for penetration.

Other implements

Two different chisels, two pens and a pencil were also
tested. The details of these implements can be found in
Table 2. The aim of these experiments was to see how these
implements compared to the forces required for penetration
with screwdrivers.

Figure 13 gives the force required for penetration with
these implements. It can be seen that the 8-mm chisel

y = 1.8657x + 27.772
R?=0.58233

200 3.00 4.00 500 6.00 7.00 8.00 9.00 10.00 11.00 12.00

Cross-Sectional Area of Screwdriver Head (mm?)

requires less force for penetration at 29 N than the larger
14 mm chisel which requires 33 N. The force required for
penetration by the pens varies from 31 to 44 N and the pencil
requires 38 N of force to penetrate. For these instruments,
Pen 02 had the sharpest tip (defined by the width across the
tip), followed by Pencil 01 and Pen 01; this is reflected in the
results as the amount of the force required for penetration
increased with the less sharp-tipped implement.

Experiments using porcine flesh

In addition to using the silicone rubber—foam blocks as
the main skin simulant, tests were also carried out on
porcine flesh, i.e. a pork leg. The results for the pork leg
gave more scattered results owing to the greater
variability of this testing material. Images of the resultant
wounds are shown in Fig. 14 for slotted blades and
Fig. 15 for Phillips head screwdrivers. It can be seen that
the slotted screwdrivers give a characteristic “letterbox”
wound morphology whilst the Phillips head leaves a
wound that has fewer distinguishing features. The middle
image of Fig. 15 shows some evidence of the four edges of
the cross but generally the wounds have the characteristic
shape of the shaft.

Table 2 A table to show

implements tested other than Alias Brand Description Measured chisel width (mm)  Angle (°)
screwdrivers
Chisel 01  Stanley DynaGrip Pro 8 mm chisel 7.89 25.24
Chisel 02  Stanley DynaGrip Pro 14 mm chisel 14.27 24.71
Alias Brand Description Angle of tip (°)
Pen 01 Bic Medium Crystal Biro  19.48
Pen 02 Pilot G-Tec-C4 24.44
Pencil 01 Staedtler HB Pencil 22.66

@ Springer
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Fig. 13 Forces required for 55
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Discussion

A range of common types of screwdriver have been tested
in order to determine the force required to penetrate the
foam/skin analogue. A number of other implements such as
pens, pencils and chisels, which could be used as a weapon
in stabbing attacks, were also tested. A selection of knives
that varied in the degree of sharpness were tested as a
comparison to the blunter implements. Silicone rubber—
foam blocks were the main skin simulant used.

For the slotted screwdrivers, a good correlation was
found between the cross-sectional area of the screwdriver
head and the force required for penetration. In all, 26
slotted screwdrivers of various sizes were tested and a good
linear correlation was observed. The “smaller” slotted
screwdrivers penetrate with forces between the range of
10 and 30 N, with the “larger” ones having a range of 70—
130 N. Additionally, as the cross-sectional area of the
screwdriver gets larger, the scatter in the force required for
penetration increases.

The indentation of elastic materials such as silicone
rubber has been investigated by a number of workers [24,
25]. For indentation by blunt cones (which can be applied
to the geometry of weapons tested in this work), the

Implement Tested

indentation response of elastic materials is very close to the
response that would be predicted by linear elasticity and
early work by Sneddon on the theory of conical inden-
tations of elastic solids is appropriate [26]. Essentially, the
maximum force required for penetration can be understood
by the force being related to a critical stress (defined as
force/contact area) to puncture the silicone skin. Once the
critical stress has been exceeded then the blade will
penetrate through the skin to the foam analogue beneath.
Skin behaves in a similar manner with the response being
controlled by large elastic deflections initially up until the
point at which the weapon penetrates the skin. An
additional complexity in terms of interpreting the forces
required is determined by the change in frictional effects
and stress concentrating effects from the points on the
different screwdriver geometries.

For the Phillips and posidriv screwdrivers, there was a
less good correlation between cross-sectional area and force
required for penetration. This could be that for these
geometries, there is a more complex stress state beneath
the screwdriver tip which means that the critical stress for
penetration is less dependent on screwdriver cross-sectional
area, or that the method used for determining cross-
sectional area (with the indentation into plasticine) was

Fig. 14 Letterbox wound morphology created when pork was indented with a slotted screwdriver
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Fig. 15 Typical wounds created by Phillips screwdrivers in pork leg

subject to greater measurement error. However, the same
general trend was observed in that the larger the screw-
driver gets (whether it be a Phillips or posidriv), usually an
increased amount of force is required to penetrate.

For Torx screwdrivers, as the Torx screwdriver increases
in size, broadly speaking a larger force is required to
penetrate. However, if the maximum cross-sectional area
plot is examined closely, the values with respect to force for
the Torx are lower than those seen for the slotted
screwdrivers. For example, the largest Torx screwdriver
had an area of 11.41 mm? and it required approximately
45-55 N, whereas a slotted screwdriver of half that area
would require the same amount of force. This can be
explained as the points on the Torx screwdriver act to
concentrate the stress locally, leading to a lower force to
penetrate for a given cross-sectional area.

The pens and pencil required forces between the range of
25-50 N, and the chisels 27-34 N. These figures are
comparable to that of a blunt knife, which required
approximately 30—42 N to penetrate the silicone rubber
and those of a slotted screwdriver which had a slightly
larger cross-sectional area of the head.

A key issue from a forensic pathology aspect is in
determining whether the blunter objects tested here generate
incised wounds as in a stabbing, or a laceration. Lacerations
that are caused by blunt objects have aspects of both crushing
and tearing of the skin. Screwdrivers, however, do not appear
to illustrate such traits despite being deemed as blunt objects.
Images from all the different screwdriver types (slotted,
Philips, posidriv and Torx) show wounds with clean cut and
smooth edges. The break within the tissue does not suggest
that it is caused by tearing. This point is accentuated by the
fact that no injury is observed at the edges of the wounds
themselves. In addition, there is no evidence of any bridging
tissue. Thus, we conclude that a screwdriver injury is
characteristic of an incised wound and not a laceration.

It should be noted that the numbers given for penetration
force here relate to tests on a simple synthetic skin simulant
which does not have the same complexities as in a real
stabbing event. However, in order to relate the results in
this work to the three-point scale of mild, moderate and
severe used by pathologists, we can compare the force

@ Springer

levels required with a range of knives that would be
considered to range from very sharp to blunt as given
earlier to give a context to the values quoted. Thus, for the
screwdrivers with a large cross-sectional area which
required 70-130 N of force to penetrate, it would be
reasonable to consider these weapons as very blunt and
therefore requiring severe force to inflict the injury. For the
precision screwdrivers, where the force range for penetra-
tion was 10—15 N, these could be considered to be sharp
weapons and thus the force would be in the mild category
(analogous to a sharp knife). A blunt knife required 35 N to
penetrate the skin analogue used here and this could be
considered to be the point at which the force required for
penetration changes from moderate to severe. Clearly, the
results will be further influenced by the clothing worn by
the victim, the position of the wound on the body and the
age and health of the victim but the values above give a
rough guide as to how the results might be interpreted on
the three-point scale.

Conclusions

A number of different experiments have been carried using
an array of implements that are traditionally considered to
be blunt. The results have been analysed in terms of the
correlation between force required and geometry of the
weapon. The following conclusions can be drawn:

1. There is a good correlation between the force required
for penetration and cross-sectional area of the screw-
driver head for slotted screwdrivers, the force required
for penetration linearly increases as the cross-sectional
area increases.

2. The forces required for penetration are similar to those
for a sharp knife for screwdrivers with small cross-
sectional areas. For screwdrivers with cross-sectional
areas greater than 2 mm? the forces required for
stabbing can be considerable (70-130 N) and much
higher than those for blunt knives.

3. For Phillips, posidriv and Torx screwdrivers, the force
for penetration increases as the size of screwdriver
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increases. There is a reasonable correlation of force
against cross-sectional area but not as strong as for
slotted screwdrivers. There is greater scatter in the data.

4. The biros, pens and chisels required a range of forces to
penetrate the skin simulant, again, the biros and pens
which had smaller cross-sectional areas of contact with
the skin required smaller forces than the chisels.

5. The wound morphology created by the screwdrivers
was examined by microscopy and was found to be
typical of an incised wound and showed no evidence of
crushing or tearing at the wound extremities.

The results here show that depending on the size of the
screwdriver, screwdrivers can generate injuries with forces
comparable to that of a sharp knife, or be extremely blunt
and require significant forces to penetrate. The size of the
weapon is key to determining the level of force required.
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