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ABSTRACT

by

Alexandria Suzanne Frye, B.S.

Texas State University-San Marcos

August 2013

SUPERVISING PROFESSOR: DANIEL WESCOTT
Wood chippers are machines intended for the reduction of wood and brush
into small chips for the purpose of disposal. Although uncommon, these machines
have been used as tools of homicide concealment through mechanical reduction of
human remains following dismemberment. In light of this use and limited prior
research, it is important for forensic anthropologists to understand the mechanisms of

skeletal trauma and distribution patterns.

In this study, Sus scrofa domesticus remains were utilized as a proxy for human
remains and fed through a small commercial wood chipper. Observations following
reduction included a large amount of associated hard and soft tissue with small bone
fragments being embedded in large swatches of skin and muscle tissue. Skeletal trauma
includes a wide array of macroscopic and microscopic sharp-blunt force trauma
characteristics resulting from contact with the blade and the feed roller. This research
provides experimental evidence of sharp-blunt trauma characteristics caused by wood

Xiv



chippers, a distribution pattern expected from a disc-type wood chipper reduction, as well
as natural and human-enacted methods of concealment. This study should be considered
when searching for dispersed remains resulting from cases of suspected wood chipper

reduction.
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CHAPTER |

INTRODUCTION

Statement of Problem

Wood chippers are machines used for the disposal of large pieces of wood by
reducing them to smaller pieces or wood chips. However, wood chippers can and have
been used to reduce dismembered human remains to make disposal easier when trying to
conceal crimes (Mudede 2003, Reuter 1993, Ravo 1988). In this study, the term reduce is
used to mean the mechanical manipulation of large pieces into smaller pieces due to
traumatic forces. While the use of wood chippers to aid in the disposal of human remains
is uncommon, they can be rented at most equipment rental stores relatively cheaply and
are easily transported behind vehicles with a standard two-inch ball hitch. Consequently,
it is possible that they can be used to conceal crimes. Therefore, it is important that
forensic scientists have an understanding of the array of skeletal trauma resulting from
wood chipper reduction and knowledge of the distribution pattern of hard and soft tissues
discharged from the machine. The aim of this study is to examine the patterns of trauma
on skeletal elements and the distribution of hard and soft tissue of dismembered, fleshed

remains reduced with a wood chipper.



Statement of Purpose

The purpose of this study is to determine the mechanism of skeletal trauma and
the pattern of distribution of hard and soft tissues that occurs when fleshed skeletal
elements are reduced with a gas-powered disc-type wood chipper. | hypothesize that a
body reduced with a wood chipper will exhibit a highly fragmented skeleton with
multiple types of trauma including sharp force, blunt force, and cortocontundente or
sharp-blunt force (Steve Symes, personal communication, February 24, 2011). In addition
to fragmentation of the bone, it is expected that there will be large pieces of skin stripped
from the bone (Beers and Allen 2007). The results of this study will provide experimental
evidence of the type of trauma inflicted on fleshed remains reduced with a wood chipper
in a controlled study, and will aid law enforcement and medicolegal investigators in the

identification of remains reduced with a wood chipper.

Literature Review

Known Wood Chipper Cases

The most famous example of a crime being concealed with a wood chipper is
State of Connecticut v. Richard B. Crafts. Crafts was convicted in 1989 of murdering his
wife Helle Crafts, concealing the crime by reducing her frozen body with a gas-powered
wood chipper, and then disposing of the small remains in a nearby river (Ravo 1988).
Chipped bone fragments consistent with human remains were recovered in the river near
his house and hair and blood matching Helle Crafts were found on his chainsaw, which
Richard Crafts used to dismember his wife. This was the first case in Connecticut history

of a person convicted of murder in which the body was not found (Ravo 1988).



Another confirmed case of a wood chipper being used to conceal a murder
occurred in Oviedo, Florida. Michele Roger was convicted of murdering her boyfriend,
David Richmond on September 6, 1992. After stabbing him to death, Michele Roger
burned his remains before putting them through one of Richmond’s own wood chippers
and mixed the remains into a concrete block. Later, with the assistance of her family, the
concrete was broken up and distributed along 1-95 in central Florida (Reuter 1993). The
Roger family members were convicted of dumping the body.

The most striking case of murder and wood chipper reduction is the serial killing
of 34 prostitutes in Vancouver, Canada. This was the largest serial killer investigation in
Canadian history. Between 1995 and 2001, Robert Pickton shot or strangled 34 women to
death using a wire garrote. Following the murders, he put each of them through a wood
chipper. Investigators found evidence of human remains in the pigpens on the Pickton
farm, suggesting that he fed the reduced remains of the women to his pigs (Mudede
2003).

There have also been several cases of accidents involving humans being killed by
wood chippers as a result of unsafe working environments. According the Centers for
Disease Control and Prevention (2004), 32 wood chipper-related injuries and/or deaths
occurred between 1992 and 2002 in companies with greater than 11 employees. Most of
the injuries were crush injuries of the hand and forearm caused by the feeding
mechanism. While the majority of deaths were associated with sharp and blunt force
trauma caused by the feeding mechanism in combination with the blades, at least one
man was strangled by a chain that was pulled into the wood chipper. Because only

companies employing more than 11 employees are required to report accidents of this



nature, it is reasonable to assume that the number of wood chipper related deaths may be
underreported (Centers for Disease Control and Prevention 2004). This means that
trauma inflicted on deceased individuals are not included in this report and that accidental
deaths resulting from businesses smaller than 11 employees are also discluded, like the
death of 14 year-old Frank Anthony Gornick, who was pulled into a wood chipper when
his shovel became lodged in the blades in 2009 (Massachusetts Coalition for
Occupational Safety and Health 2009). This also precludes accidental deaths that
occurred during wood chipping for personal use such as that of six year-old Jeffrey
Bourgeois. In 2012, this child pushed a tree branch into the feeding mechanism while his
father’s back was turned. When his sleeve became snagged on the branch, he was pulled
into the feeder and died instantly (Caulfield 2012).

One of the accidental cases provides some information regarding the expected
trauma and distribution pattern expected with wood chipper reduction of human remains.
In an accidental death case study examined by Allen and Beers at the Larimer County
Medical Examiner’s Office, a worker wearing his equipment improperly was pulled into
a commercial-sized Vermeer 2001 BC1250A brush chipper when his glove was caught in
the feeding mechanism (Allen and Beers 2007). The feeder pulled his body, arms and
head first, into the twelve-inch by twelve-inch feeding mechanism of the disc-type wood
chipper before his partner could lower the cherry picker from which he was working.
This accident resulted in the man being dismembered and the reduced body parts landing
in the truck bed at which the wood chipper was aimed. The resulting distribution pattern
on the ground measured 172.72 cm by 55.88 cm at the widest point. The distribution

pattern in the truck measured approximately 279.40 cm by 55.88 cm. The largest tissue



swatch present measured 20.32 cm by 35.56 cm. The largest anatomical elements intact
were the penis, portions of the scalp, the right third and fifth fingers, and a portion of the
foot with the three smaller toes still associated (Allen and Beers 2007).

The lack of extensive research on wood chipper trauma on bone suggests there is
a gap in the medicolegal knowledge base regarding this topic. Previous use of wood
chippers as tools of reduction of human remains warrants research into this topic to
provide a baseline of observable characteristics that may be used in the future by forensic

anthropologists to reconstruct events surrounding death.

Previous Experimental Studies Examining the Reduction of Remains with a Wood
Chipper

While there is ample research on cortocontundente trauma with sharp instruments
such as machetes and hatchets (Lynn and Fairgrieves 2009a, 2009b; Nadjem, Bohner,
and Pollak 1999; Ong 1999), there are currently only two studies (Domenick 2012,
Williams 2007) examining the effects of wood chipper reduction on dismembered,
fleshed remains. Williams (2007) examined the damage to deer (Odocoileus virginanus)
long bones discarded from a mechanical wood chipper.

His study looked at differences resulting from whether a chipping or shredding
mechanism was used. He discovered that although fragments rarely exceeded 12 mm in
length, some shredded fragments were over 35 mm in length and retained clearly
identifiable anatomical structures. He also found a statistically significant difference
between the mean weights of recovered bones from chipper versus shredder processing,

suggesting that different chipping mechanisms are plausibly identifiable based on



fragment size segregation and whether the fragments are identifiable as to bone type. It is
noted that this wood chipper type prediction model requires complete or near complete
recovery of fragments as any loss could cause the appearance of a lack of sizes present

(Williams 2007).

Domenick (2012) examined the effects of a home model wood chipper on the
forelimbs of pigs (Sus scrofa domesticus). Chip sizes varied in length from 15.6 mm to
45.44 mm. Chip widths ranged from 5.72 mm to 26.42 mm. There was also a
considerable amount of bone reduced to a sand-like appearance, which could not be
measured. He observed that the largest bone fragments (sizes 1 and 2) combined
comprised approximately 55% of the total amount of fragments and stated that in his
opinion, these were the fragment sizes most likely to be found during an investigation.
Additionally, he recovered an average of 96% of the material input into the wood chipper

as measured by weight (Domenick 2012).

Bone Trauma Literature

Sharp Force Trauma

Sharp force trauma is the application of an edged surface to another object, which
results in a deformation of the second object (Symes et al. 2002). Sharp force injuries
may be penetrating or perforating wounds and may fall into categories of stabbing,
slashing, or cutting (Kimmerle and Baraybar 2008). Tools usually associated with such
injuries include knives, saws, and other edged tools that may be serrated or non-serrated.

Morphological characteristics of sharp force trauma include kerf walls and floor,



striations, false starts, relatively smooth margins, and the breakaway spurs and notches

(Symes et al. 2010).

Symes et al. (2010) listed several characteristics of sharp force trauma in regards
to saw cut marks, such as striations, kerf shape, and false starts. Striations are roughly
parallel lines that occur when an edged tool is used to inflict sharp force cutting or slicing
damage on bone. Kerf refers to the shape of the walls of bone caused by displacement of
bone, also called wastage, when a bone is sawed or cut. Kerfs come in many shapes
including v-shaped and w-shaped depending on the tooth set of the saw or beveling of a
knife. False starts, formerly termed “hesitation marks”, are cut marks that do not
completely bisect the bone. They may be extremely shallow or may stop just short of
bisecting the bone. The spur and notch phenomenon occurs when a bone is under
stabilizing loading on one end (it is immobile) and the free end is cut. When this occurs,
upon the final stroke, the bone may break away, resulting in a spur on one end and the
associated notch on the other end (Symes et al. 2010). This is important in the study of
wood chippers due to the feeding mechanism, which loads bones as it pulls them into the
hopper. The loading of the bones that are simultaneously experiencing sharp force trauma
inflicted by the swinging knives within the wood chipper may plausibly result in spurs
and notches.

Differences in tool class (hacksaw, bandsaw, serrated knife, etc) can be seen in
characteristics such as striations. Crowder et al. (2011) illustrated the diagnostic
differences between serrated and non-serrated blades in sharp force trauma research. In
addition, they reported error rates of classification of serration differentiation as well as

edge-bevel siding. The authors determined that classification of a cut mark as being from



a serrated versus a non-serrated blade was correct 96% of the time. However, edge-bevel
was only correctly classified around 50% of the time on bony surfaces, suggesting that
this characteristic requires improvement before use in court cases and was not recorded

as a reliable observation in this study (Crowder et al. 2011).

Symes et al. (2010) suggest that a simple or compound microscope provides
sufficient magnification for most trauma analyses conducted by forensic anthropologists.
However, several studies (Bartelink et al. 2001, Lynn and Fairgrieves 2009b) have
successfully used scanning electron microscopes to view sharp force trauma
characteristics such as osteon pull outs. These pull outs are the removal of bone cells
from their original arrangement as a result of the osteonal tensile strength exceeding that
of the shear strength at interlamellar surfaces and can only be viewed under the advanced

magnification of a scanning electron microscope (Lynn and Fairgrieves 2009b).

Blunt Force Trauma

Blunt force trauma occurs when a blunt surface comes into contact with an object
with enough velocity to cause traumatic injury. It may be the result of high loading (blast
injuries and high velocity vehicular impact) or low loading (a fall) (Kimmerle and
Baraybar 2008). Trauma typical of blunt force includes crushing, blows, tears, shears,
and various fractures. Examples of intentional infliction include stellate fractures or
perforating wounds from being hit in the head with a baseball bat or the blunt end of a
hammer. Blunt force trauma also includes accidental or human mediated falls, such as a
person falling off of a roof and breaking their leg or someone falling and hitting their

head on a coffee table or a hard floor (Kimmerle and Baraybar 2008).



Characteristics of blunt force trauma include jagged fracture margins, patterns of
tension and compression, and various fracture patterns such as stellate, longitudinal,
comminuted, and transverse fractures (Kimmerle and Baraybar 2008). The jagged
fracture margins are very helpful in differentiating blunt force trauma from sharp force
trauma, which tends to have smooth trauma margins due to the cutting or slicing of the

edged tool (Kimmerle and Baraybar 2008).

Sharp-Blunt Force Trauma

Sharp-blunt force trauma, also called cortocontundente trauma, comprises hacking
and chopping actions that occur when an edged object is swung or used to strike another
object such as bone. Chopping and hacking injuries result in blunt crushing injuries in
addition to sharp force trauma, and are therefore categorized as and differ from sharp
force and blunt force trauma (Chacon et al. 2008). According to Chacon et al. (2008),
sharp-blunt force trauma should be interpreted as deriving from a singular mechanism
and indicate weapon class (ie: a chopping or hacking tool). Weapons that typically cause
this type of trauma are axes, hatchets, cleavers, and machetes. Bones presenting this type
of injury tend to exhibit bone fragmentation around the injury margins. Sharp-blunt tools
applied to compact bone tend to leave a smooth margin on one side of the wound and a
more jagged margin on the other side due to fragmentation caused by the large amount of
force in the blow. This is important to consider in light of the swinging blades within a
wood chipper (Steve Symes personal communication). As these blades rotate at speeds of
1835 rotations per minute, the force behind the blow is very large and it is reasonable to

expect this type of trauma.
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Chacon et al. (2008) also found that cancellous bone fragments tend to be
relatively complete with straight-angled surfaces where the blade came in contact with
the bone in cases of sharp-blunt force trauma. This causes unilateral flaking of the wound
margins is common in sharp-blunt force trauma due to the angled strike of a blade to
bone and is therefore expected in wood chipper trauma (Chacon et al. 2008). Linear
fractures may also be present extending from the sharp-blunt force defect. This is due to
the blunt force component, which is also caused by the large amount of force used to
cause the injury. Therefore, it stands to reason that the presence of cancellous bone with
surfaces that appear to have been sheared off with radiating linear fractures may be an
indicator of sharp-blunt force trauma in wood chippers.

In a macroscopic study by Lynn and Fairgrieves (2009a), the authors discuss
characteristics of axe and hatchet inflicted hacking trauma on bone. They found evidence
of chattering- the complete fracturing of many small bone fragments during the process
of hacking a bone with a sharp-blunt instrument- to be a main characteristic of sharp-
blunt force trauma (Lynn and Fairgrieves 2009a). They discovered that defleshed bones
appeared to have experienced higher forces of loading than the fleshed bones. This is
presumably due to the shock absorbing behavior of the flesh. . Most importantly, this
study revealed that different bones fracture differently when exposed to hacking trauma.
While femora tend to fracture transversely and spirally, fibulae tended to fracture along
the longitudinal axis (Lynn and Fairgrieves 2009a). These are important considerations
when observing wood chipper trauma and may warrant the “chipping” (use of a wood
chipper to reduce remains) of individual bones into separate, distinct piles for future

studies to determine if bones chip differentially.
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Ong (1999) discusses several cases of slash/chop homicides in Kuala Lumpur,
Malaysia. He details that the wounds were inflicted with a swinging motion, with the
head and upper extremities being the most common injury sites. Flesh wounds made in
this way generally exhibited evidence of sharp-blunt force trauma. Characteristic damage
to the underlying bone is generally notched, cut, or chipped defects, although in some
cases the bone appeared to have been shaved off. Consistent with findings listed by
Chacon et al. (2008) and Lynn and Fairgrieve (2009a) linear fractures were also common
in this type of trauma (Ong 1999). This is important as the wood chipper contains
swinging blades, which is a similar action in slash-chop homicides and could cause
similar injuries as those found by Ong (1999).

One way to tell the difference between sharp force and sharp-blunt trauma on
bone may be the orientation of striations in relation to the tool stroke. In a book chapter
by Symes et al. (2002) the authors discuss this possibility, noting that sharp force trauma
actions such as the cutting, slicing, or sawing actions of knives or saws result in striations
that are oriented parallel to the sawing or slicing motion. Conversely, in sharp-blunt
chopping or hacking actions, the resulting striations are oriented perpendicular to the tool
and leave gaping wounds (Symes et al. 2002). Additionally, sharp-blunt force trauma can
usually be differentiated from blunt force trauma by the presence of both sharp and blunt
margins and characteristics on bones inflicted with sharp-blunt force (Galloway 1999;

Kimmerle and Baraybar 2008).

Biomechanical Properties of Bone and Skin

Bone is a complex substance composed of 30% organic substance (collagen) and
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70% inorganic substance (hydroxyapatite) (Kieser et al. 2013). The collagen component
contributes elasticity and strength under tension. The hydroxyapatite component, which is
largely comprised of calcium compounds, contributes rigidity and strength under
compression. Bone is an anisotropic substance- meaning that it responds differently when
placed under different types of stress. This property is important because it results in a
material that may fracture differently depending on the type of bone (e.g., femur,
sphenoid, etc) and orientation of the bone to the forces acting on it (Lynn and Fairgrieves
2009a). This is partially due to the microscopic orientation of bone cells, which largely
contribute to anisotropy in bone and is part of the reason why the remains were placed
through the machine in an order representative of a human being placed through head
first (Sasaki et al. 1989). Additionally, this anisotropic property helps explain why the
points of tension and compression occur in specific locations in trauma analysis. When
traumatic observations are viewed in a biomechanical light, the context of traumatic
events are more clear. This is true in the case of comminuted fractures in which the points
of tension and compression are observable and can plausibly be used to reconstruct the
traumatic context if the observer is well versed in biomechanics (Symes 2013).

Young’s modulus is a mechanical model that illustrates the relationship of stress
to strain (Symes et al. 2002). In other words, it shows how loading processes contribute
to the deformation of substances such as bone (Figure 1). The elastic phase indicates a
period in which the bone will revert to its original shape if the load is removed. Once it
reaches the yield point, it progresses into the plastic region. At this point, if the load is
removed, the bone will retain the deformed shape, but will not break unless it reaches the

fracture point (Symes et al. 2002).
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Figure 1. Young’s modulus illustrating the relationship of loading processes to the

deformation of bone.

Skin is the largest organ in the body and is also quite resilient and strong. It is
composed of three layers: the hypodermis, the dermis, and the epidermis. The
hypodermis is composed 75% adipose tissue, 20% water, and 5% protein. The dermis
contributes the majority of the mechanical integrity of skin and consists around 60-70%
water and 30% collagen fibers (Kieser et al. 2013). The collagen type | molecules provide
structural tensile strength and stiffness to skin in addition to material integrity under high
loads. Elastin fibres provide the skin with mechanical integrity under low levels of
loading and allow the skin to return to its normal shape following deformation. The
epidermis is the waterproof outer coating of dead keratinized cells that protects against
microbial infection (Kieser et al. 2013).

As the outer defense of the body, skin must be able to compensate for stretching

during body movement and is therefore under constant internal tension. While it is also
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anisotropic, skin has a triphasic stress/strain curve (Figure 2). During phase I, the elastin
stretches while the collagen slightly straightens. In phase 11 the collagen aligns parallel to
the applied stress and the skin stiffens to resist the stress as the fluid the collagen is
suspended in redistributes throughout the material. In phase 111, the skin becomes
thixotropic, meaning it will respond to stress in the same manner as a solid under normal
stress, but will shear-thin if squeezed (Kieser et al. 2013). Within this phase is also the
viscous yield and failure points at which times the collagen fibers slip and then
dissociate. This means that during the elastic phases I and 11, skin that is relieved from the
stress is more likely to rapidly return to its original shape. Once skin reaches the viscous
yield point of phase I, the recovery and nature of deformation is dependent on the rate
and magnitude of loading. At the failure point, the skin tears. This ultimately means that
slow, continuous loading will result in a longer recovery period and a higher amount of
creep, while rapid short loads- like that of a wood chipper- are likely to cause elastic

deformation with a faster recovery and lower amount of creep. (Kieser et al. 2013).

I | O Iy

Stress

Strain

Figure 2. J-shaped stress/strain curve illustrating the viscoelastic phases of skin

deformation during loading.
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While the use of wood chippers to conceal crimes may be relatively uncommon, it
Is important to conduct experimental research so forensic anthropologists have
established guidelines for recognizing the reduction of human remains using wood
chippers. This study examines bony trauma patterns and the distribution of hard and soft
tissue of a fleshed, disarticulated pig reduced by a gas-powered wood chipper. The
information obtained from this research will be of importance to forensic anthropologists,

medical examiners, and other investigators working in the medicolegal field.



CHAPTER I

MATERIALS AND METHODS

Wood Chipper

A commercial, gas-powered, disc-type brush chipper (Vermeer BC600XL) was
rented for this study. This machine is capable of processing materials up to six inches or
15.2 mem (six inches) in diameter. mmmThe chute height is 238.8 mcm (Figure 3).
Material is fed into the machine in the feed tray and proceeds through the infeed hopper
to the disc housing. Chipped material then exits the discharge spout. Reversible
hydraulically powered wheels pull the material from the hopper towards the disk. The
disk is mounted at a right angle to the incoming material and as it spins, the knives cut
the material into chips. The chips are then thrown through the chute onto the ground or
into a collection apparatus by flanges in the drum.
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Figure 3. Diagram of a disc-type wood chipper: a (external components) and b (internal
workings) (a: National Institute for Occupational Safety and Health, FACE Report 98-
13; b: www.woodenergy.ie).
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The cutting mechanisms of disc-type wood chippers are knives mounted on a
spinning disk fly wheel (Figure 4). There are two swinging knives within the cutting
system that are 1.6 cm thick. The knife measurements are 8.89 cm by 20.32 cm and have

one usable edge each.

Porcine Remains

In this study, a single 300-pound domestic pig (Sus scrofa domesticus) acquired
from a local farm was reduced with the Vermeer brush chipper (Figure 4). Pig size was
chosen to ensure fusion of all bones in order to approximate adult human bones. The pig
was euthanized the morning of the experiment at Duelm’s Farms. The limbs were
disarticulated from the axial portion at the joint and tissue was displaced with a standard
kitchen knife to avoid confounding sharp trauma on the limbs. The head was too large to
fit through the wood chipper feeder so it was not used (Figure 5). Due to difficulty
separating the ribs from the vertebral column, a pair of 24-inch loppers was used to
disarticulate the ribs at the articular surfaces. Due to the presence of sharp trauma on
these portions, the wood chipper discharge spout was moved in between chipping of the
appendicular skeleton (labeled as Distribution A) and the axial bones with lopper marks
(labeled as Distribution B) in order to reduce the introduction of confounding variables to
the entire sample.(Figure 4).

The appendicular skeletal portions were fed into the wood chipper proximal ends
first. The vertebral column with associated os coxae was fed into the wood chipper
cranial end first. The ribs were also fed cranial portions first. The overall effect was

similar to a person being placed into a wood chipper head-first.
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Figure
5. Hllustration of utilized remains (U/yellow= unused; B/blue=Distribution B;

A/pink=Distribution A). (Modified from www.fabiobonvicini.net).

Mapping and Measurements

Following completion of the remains passing through the wood chipper, the
machine was shut off and a 5.5 by 4.5 square meter grid was constructed around the
chipped remains using measuring tapes, chaining pins, pink , and line levels in order to
define and recover the discharged remains (Figure 5). Measurements were taken from the
position of the spraying chute, including maximum distance, minimum distance, and

width of each distribution.
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Figure 5. Pictographic representation of discharged remains map indicating locations of

Distribution A and B.

Maceration Technique

After mapping, the remains were collected and deposited into two separate plastic
containers labeled Distribution A (appendicular skeleton) and Distribution B (axial
skeleton with the exception of the absent skull) (Figure 5). These containers remained
locked behind the fence at the Forensic Anthropology Research Facility for two months
time. Afterwards, they were moved to the Osteology Research and Processing Laboratory
where they were filled with water and the lids were put back in place for a period of one
week for additional maceration. When the week had passed, the tissue was still clinging
to the bones, so they were placed in two separate labeled kettles in which the remains
were covered with water and allowed to simmer at 90 degrees Celsius on a Waring brand

commercial cast iron single burner for a period of 3 hours. This heat maceration
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technique followed that of Steadman (2006).

At this point, the remains from Distribution B were separating cleanly when
submerged in water and gently prodded with gloved fingers. Distribution B material was
poured into a colander within an autopsy sink containing a fine sieve to reduce the water.
Tissue was deposited into a biohazard bag and bony elements were deposited into a
secondary colander for further rinsing. Following the rinsing, the bones were placed on
butcher paper marked with Distribution B and the date for drying.

The remains from Distribution A were poured into a colander for sifting, but were
still deeply entrenched in muscle tissue. Excess tissue not containing bone was removed
with scissors and disposed in the biohazard bag. Tissue containing bony elements was
placed into a colander for rinsing before being deposited into a smaller pot for further
maceration. After an additional two hours of macerating, the tissue cleanly separated
from the bone and bones were rinsed before being deposited onto butcher paper for

drying.

Macroscopic Examination

Following maceration, the 40 sample fragments from each distribution were
examined for characteristics of sharp force, blunt force, and sharp-blunt force trauma.
This included false starts, spurs, notches, lipping, and flaking. False starts, formerly
termed “hesitation marks” are sharp trauma tool marks caused by an incomplete cut mark
that does not result in separate pieces (Symes 2010). The breakaway spur and notch are
observable as a projection of bone (the spur) on one side of a cut bone with a notch on the
corresponding bone fragment or portion. This occurs when a bone is loaded (experiences

stabilizing force) on one end and breaks off as the bone is cut on the other end. The notch
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occurs on the loaded side with the spur on the separated unloaded bone. In the wood
chipper, this may occur while one part of the bone is loaded by pressure of the feeding

mechanism and the other end is subjected to the cutting blades.

Microscopic Examination

Microscopic examination was performed using a Dino-Lite Pro Digital
Microscope model AM-413ZTA. The microscope was used to observe the bone for
possible striations in addition to the surfaces of bone for micro-fractures and minute
flaking.

Striations are roughly parallel lines on bone caused by the cutting or sawing
motions of an edged tool on bone (Crowder et al. 2011). Non-serrated blades such as
those of the wood chipper knives typically cause either no striations or fine, unpatterned
striae. The fine, unpatterned nature of striae represents the non-serrated, beveled edge of
the blade. Conversely, a serrated blade would cause more coarse, patterned striae on the
cut portions of bone. These patterned striae result from the teeth on the serrated tool

(Crowder et al. 2011).

Statistical Analysis

Counts of trauma characteristics on each sampled bone were combined into grand
total macroscopic and microscopic categories (n=80 each) and then converted into
frequency data. This was calculated by dividing the number of each trauma characteristic

by the total number of observed trauma characteristics in the macroscopic and
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microscopic categories separately.

Examination of Distribution Pattern
Examination of the distribution pattern entailed gridding, photographing, and
mapping of the distribution area. Then location of remains in relation to the wood chipper

chute and the angle of the chute were measured.



CHAPTER 111

RESULTS

Skeletal Trauma and Identification

In this study, the bone samples exhibited trauma characteristics consistent with
both sharp and blunt force trauma. The sharp force trauma markers were sharp, smooth
edges; through cuts; false starts; lipping; flaking; striations; spurs; and notches. Observed
blunt force trauma markers included jagged margins, longitudinal fractures, transverse
fractures, and incomplete fractures.

Bones were grouped into two basic categories: those that could be identified as to
bone type (e.g. rib or vertebra) and then separated into qualitative subcategories based on
appearance and composition. Distribution A (the appendicular portion) was most easily
separated into two main categories of diaphyseal and epiphyseal fragments.
Unidentifiable fragments were separated into categories of cortical bone, cortical bone
with associated cancellous bone, cancellous bone only, sand-like particles, and intact
phalanges.

Elements from Distribution B ranged in size from sand-like grains to a rib that
measured 84 mm in length by 16 mm in width (Figure 6). Some fragments were so large
that anatomical identification, human versus non-human identification, and even siding
was possible. Distribution B was separated into categories of rib fragments, vertebral

fragments, clavicle fragments, pectoral/pelvic girdle fragments, cancellous
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bone, cortical bone with associated cancellous bone, sand-like particles between 5 and 10
mm, and particles less than 5 mm. The vertebral fragments were the most readily
identifiable, with the majority of the centra being whole pieces. However, most of the

bone present is compact bone with cancellous bone fragments being rare and when

present usually attached to the associated compact bone.
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Figure 6. Largest fragment from Distribution B- a rib measuring 84mm long.

Macroscopic Examination

The bones were examined macroscopically for signs of sharp or sharp blunt
trauma such as flaking, lipping, peeling, spurs, notches, smooth versus jagged margins,
and through cuts. Additionally, longitudinal, incomplete, hinge, and transverse fractures
were observed as well as chattering (Table 1; Figures 7-11) Frequencies were calculated

by dividing the count of each trauma characteristic by the total number of observed

trauma characteristics.



Table.1 Frequencies of observed macroscopic trauma characteristics

Frequency of Total Trauma by Observation Type

Trauma Characteristic Distribution A Distribution B
Spur 0.004219 0.013158
Notch 0.004219 0.02193
Longitudinal fracture 0.012658 0.127193
Incomplete fracture 0.016878 0.157895
Transverse fractures 0.004219 0.030702
Through cuts 0.063291 0.065789
Blunt force margin 0.308017 0.109649
Sharp force margin 0.240506 0.241228
Lipping 0.012658 0.057018
Flaking 0.278481 0.153509
False starts 0.054852 0.008772
Kerf v shaped notch defect 0 0.013158
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Figure 7. Grand total combined frequency of macroscopic trauma.
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Figure 8. Rib fragment from Distribution B illustrating a hinge fracture (yellow arrow

points to hinge fracture).

Figure 10. Rib fragment with spur (yellow arrow points to spur).
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Figure 11. V-shaped kerf on clavicular fragment.

Microscopic Examination

The bones were also microscopically examined for flaking, lipping, striations
(Table 2; Figure 12 and 13)). The most common microscopic trauma characteristics were
flaking and false starts, which comprised a total of 38.5% of the observed trauma. More
than twice the amount of sharp trauma was present in comparison with blunt force
trauma, but future research using a scanning electron microscope could help differentiate
between the two by analyzing surface texture and the presence of osteon pull outs

(Bartelink et al. 2001; Hermann and Bennett 1999).



Table 2. Frequencies of observed microscopic trauma characteristics

Frequency of Total Trauma by Observation Type
Trauma Characteristic Distribution A Distribution B
Striations 0.434783 0.336134
Flaking 0.01087 0.319328
Lipping 0.26087 0.033613
Peeling 0.130435 0.016807
Scouring 0.032609 0.042017
Longitudinal fracture 0.01087 0.109244
Incomplete fracture 0.086957 0.07563
Transverse fractures 0.01087 0.05042
Chattering 0.021739 0.016807
Grand Total Frequency of
Microscopic Trauma
0.25
0.2
0.15
0.1
0.05
0 B Grand Total Frequency

Frequency of Total Trauma
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Figure 12. Grand total combined frequency of microscopic trauma.
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e

Figure 13. Clavicle fragment showing a through cut (yellow arrow) and a false start

(circled in red).

Associated Integument
As expected, several large swatches of skin were present in both A and B
distributions. The largest swatch of skin was 260 mm by 170 mm wide. The smaller piece
was 230 mm by 50 mm (Figure 14). In addition, there were two hoof portions present.
The thinner hoof portion was 105 mm by 40 mm (Figure 15a). The thicker portion was

70 mm by 50 mm (Figure 15b).
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Figure 14. The two largest pieces of skin associated with the remains.

a) b)

Figure 15 aand b. The two recovered hoof portions, a) 105 mm x 40 mm, b) 70mm x 50

mm.

Distribution Pattern

Original expectations included that the larger mass of the bone and tissue would
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contribute to a farther trajectory than wood chips could achieve. However, the tissue and
bone distributed out of the chute in heavy wet chunks clumped together and did not
project very far (Figure 16). The distribution of the remains fed through the wood chipper
were measured from the base of the chute, which was even with the grid (Figure 17). The
closest point was 1.8 m from the wood chipper and the farthest was 4.3 m. Distribution
A, which was comprised of the limbs measured 0.9 m long by 0.5 m wide. Distribution

B, which was comprised of the axial skeleton except for the head measured 1.3 m long by
0.6 m wide (Figurel8). The chute angle was measured at 238 degrees and directed

towards the ground

Figure 16. Wood chipper distributing bone and associated tissue in thick clumps.
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Figure 18. Photographic representation of Distribution A (left) and Distribution B (right).



CHAPTER IV

DISCUSSION

Forensic scientists need to have a clear understanding of the distribution patterns
and fracture morphology of bones reduced in a wood chipper since this is a known
method of crime concealment (Ravo 1988; Reuter 1993; Mudede 2003). In addition, the
use of wood chippers to conceal crimes may become more common because of more
recent portrayals in the popular media in films and crime shows such as Fargo, CSI, CSI
Miami, and Bones. Therefore, being able to differentiate wood chipper trauma from other
sharp force or sharp-blunt force trauma can be an important component in medicolegal

trauma analysis.

Hard Tissue

The skeletal trauma patterns observed in this study include sharp, blunt, and
sharp-blunt force characteristics, but the majority of the trauma resulted from sharp force.
The kerf marks present in this study were v-shaped, which is consistent with a blade
beveled on one edge, such as the wood chipper knives.

In addition to scouring and false starts, radiating fractures were observed,
presumably from blunt force trauma caused by tumbling within the wood chipper and

loading by the feeder mechanism. A few of the bones also exhibited spurs and notches,
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which may have been caused by the bone being loaded by the feeding mechanism while
simultaneously experiencing sharp force trauma by the swinging knives within the wood
chipper. Additionally, some of the blunt force characteristics on the bones may also be
due to the fast loading of the feeding mechanism as it compressed the bones while pulling
them into the hopper.

Previous research has found more evidence of chattering than is present in this
study (Domenick 2012). This may be attributable to occlusion of its presence by the
severe fragmentation and separation of cortical bone from its cancellous component. The
wood chipper in this study was much larger than the machine used in Domenick (2012).
Many of the chipped remains found in this study were cancellous bone separated
completely from the cortical component and were therefore difficult to associate back
with the components that were originally connected.

In light of these findings, investigators should look for fragments varying in size
from around 85 mm in length to bone dust with the appearance of sand-like grains.
Cancellous bone stripped of its cortical component and the presence of through cuts on
cortical and cancellous bone are strong indicators that remains have been through a wood
chipper. Additionally, cancellous bone with surfaces that appear to have been sheared off
and exhibit radiating fractures may also be an indicator of sharp-blunt force trauma
resulting from wood chippers. Although some bones are large enough for a seasoned
anthropologist to recognize as human or non-human upon first glance, many are not.
However the majority of bones are large enough for histological sectioning and
microscopic analysis. It is recommended that if in doubt of human versus non-human

origins, medicolegal investigators should view sections of bone under a microscope and
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look for the presence of Haversian systems and plexiform arrangement of bone cells
(Hillier and Bell 2007). Individual species of non-human animals have different ratios of
Haversian to plexiform bone, which can also be age-dependent. When viewing these
bones for histological tells of human versus non-human origins, these composition ratios
should be kept in mind and may even allow species-specific identification (Aerssens et al.

1998).

Soft Tissue

A large amount of soft tissue was observed in this study. While the muscle tissue
tended to be ground up, the integument presented in large swatches that were several
times the size of the largest recovered bone fragments. This is plausibly due to the
differential biomechanical properties of bone versus skin. As a viscoelastic material, skin
behaves differently under stress than bone. Due to the high proportions of collagen and
elastin fibers suspended in a fluid matrix, skin stretches until it reaches its yield point and
tears (Kieser et al. 2013). It is also likely that the skin is just malleable and flat enough to
fold on itself and pass through the slots under the blades.

Under brief, rapid loading like the mechanical stress of the wood chipper, the skin
reaches the failure point very quickly without prolonged deformation as the skin is
stripped away from the bone by the feeding mechanism and the pieces that are attached to
the chipped bone that is being pulled through the discharge chute. Due to this limited rate
of loading, the elastin is capable of promoting a better chance of recovering its original
shape. It is reasonable to propose that the malleable skin has a better chance of fitting

through the discharge chute than does the hard, nonmalleable bone.
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Unlike more malleable skin, bone bends rather than stretches, and breaks instead
of tears. This is due to the yield point of bone exhibiting a bending behavior rather than a
stretching behavior. Because its shape cannot change to fit through the discharge chute, it
must reach the failure point and be mechanically reduced to smaller pieces in order to be
small enough to be discharged. In this way, the skin can exit the chipper in much larger

pieces than the previously associated bone.

Distribution Pattern and Implications for Concealment

The distribution pattern portion of this study revealed that this type of wood
chipper tends to discharge fleshed remains in clumps of tissue commingled with bone.
These clumps did not distribute very far and tended to fall within a six meter radius from
the discharge chute of the wood chipper. The distribution region is small enough that a
large trashcan could ostensibly be placed under the chute to catch the majority of the
remains and then be disposed of in a forest, landfill, body of water, or other remote
location. It is also worth noting that a group of 7 to 10 vultures gathered in the trees near
the wood chipper before the experiment was finished. The birds watched the dispersal
location intently even after they were collected and moved from the site. According to
Reeves’ (2009) study performed in central Texas, black American vultures and turkey
vultures in this area typically take around twenty-four hours to arrive at the scene of non-
human remains (specifically pigs and sheep). After they arrive, they can skeletonize an
intact body within three to twenty-seven hours (Reeves 2009). When the size of the
remains, the carrion nature of the vulture diet, and the time it takes vultures to consume a

body are taken into account, their presence could also indicate a second, natural method
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of disposal- scavenging. With ground human remains being as small as 84 mcm for the
longest bone, it is reasonable to say that a group of vultures could consume the majority
of these remains within the twenty-seven hour window of time (Martin 1996; Reeves

2009; Spradley, Hamilton, and Giordano 2012).

Limitations

This project includes several limitations. The primary limitation of this study is
the use of Sus scrofa domesticus remains as a proxy for human remains. Although
porcine remains are often used in trauma research as a proxy (Bartelink et al. 2001;
Williams 2007; Lynn and Fairgrieve 2009a, 2009b; Reeves 2009; Domenick 2012), in
actuality human and porcine remains are very different morphologically- both
microscopically and macroscopically. These differences may affect the anisotropic
properties between the two species. This study may therefore present results differing
from those that may be acquired using human remains. One of the most significant
differences was observed during maceration when the 300 pound, supposedly adult pig
turned out to have completely un-fused epiphyses. This also means that this research is
closer to approximating the reduction of a juvenile human instead of an adult in terms of
bone development.

The second limitation involves the absence of fleshed cranial trauma in the data
set. In a real world setting, the head would most likely be fed into the wood chipper as
well. In this case, the fleshed porcine skull was too large to fit through the feeder
opening, so it was not used. However, a fleshed human skull would have fit through the

opening, so this wood chipper is still a practical choice for real world reduction of human
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remains. The researcher thought that this size wood chipper would be the most likely to
be used in human remains reduction due to the smaller, but adequate size for human
remains reduction in addition to the lower price.

The third limitation regards the use of loppers to separate the ribs from the
vertebrae at the rib heads in order to fit all elements through the feeder mechanism.
Although it is plausible that this would occur in clandestine remains reduction and
disposal, it potentially presents confounding trauma. This was avoided by only analyzing
rib portions of the mediolateral to anteromedial areas. Although this protected the data
from confounding variables, it is plausible that the axial skeleton may have chipped
differently had it been completely intact. Future research using a larger wood chipper and
fully articulated human and porcine remains may help clarify if this would affect skeletal
trauma patterns.

The fourth limitation regards the use of only one type of wood chipper. As
Williams (2007) illustrated, the chipping and shredding mechanisms on a single home-
model wood chipper varied enough for trauma differentiation between the two to be
observed in the reduced bone fragments. The large variation of wood chipper types and

sizes necessitates future research to determine how significant the differences are.

Advantages
There are two advantages to this study. The first advantage pertains to the use of a
whole pig. While a previous study utilized pig limbs that had been sawed through the
diaphyses at a butcher shop (Domenick 2012), this study used a whole pig with limbs

disarticulated at the joint by the researcher, thereby avoiding the confounding trauma in
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Distribution A that are often caused by butcher cleavers or saws. The use of the axial
skeleton also provides a broader data set for this type of trauma, albeit cranial trauma is
still lacking and should be addressed in future studies.

A second advantage of this study is the use of an inexpensive, portable wood
chipper rental similar to that used by Richard Craft in the reduction of his wife’s body
(Ravo 1988). This results in a more real-world replication experiment. Use of a larger
wood chipper would allow for whole body reduction without disarticulation, but would
look very conspicuous, be more expensive, and is therefore less likely to be used in

clandestine remains reduction.



CHAPTER V

CONCLUSION

The low price of $283.00 for a two day rental of large portable wood chippers
makes wood chipper reduction a viable disposal method for human remains. Investigators
assigned to crime scenes that possibly involve the use of wood chippers for
dismemberment should be aware of several implications. One of the first things they may
notice and should be aware of are large swatches of intact skin that are separated from the
surrounding muscle and bone tissue. Additionally, muscle tissue that has an appearance
of ground meat reflects the appearance of soft tissue discharged from a wood chipper.
This is due to the wood chipper blades acting as a meat grinder by slicing up the meat
into chunks small enough for discharge though the wood chipper slots and chute. Due to
the immense amount of mechanical effort involved to reduce meat to that appearance,
this grinding would not be expected in most other cases of sharp or sharp force trauma
such as manual hatchet, machete, saw, knife, or chainsaw trauma and may be considered
as a soft tissue characteristic of wood chipper trauma.

Secondly, bone fragments are likely to be embedded within this tissue and must
be carefully macerated to expose the trauma characteristics underneath. Investigators
should also expect to see sharp-blunt force trauma to the bone, including smooth margins

where the blade struck the bones, jagged margins where the bone
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broke off in response to loading or being tumbled around inside the drum, v-shaped kerf
walls, incomplete fractures, and marginal flaking. Also, they should keep in mind that a
large portion of the bone is finely fragmented, so sieves should be used to collect the
maximum amount of bone.

The small distribution pattern from this wood chipper suggests that a very small
search pattern should result in the recovery of the majority of hard and soft tissue,
assuming the perpetrator left the remains in a single location. It also suggests a relatively
easy clean up and concealment of the crime using disposal containers such as trash bags
or small plastic tubs is possible. Although upon cursory inspection the bone appears to be
finely fragmented, this is due to the integration of the ground tissue, and maceration
actually reveals large pieces of bone that are easily identifiable in terms of bone, siding,
and even human versus non-human origins. In fact, in contrast with Domenick’s study
(2012) many of these bone fragments were so large that the specific element could be
identified, such as the many rib and vertebrae fragments and the two hoof portions
(Domenick 2012). This may be attributable to wood chipper size, pig size, or to the use of
different body parts, as the majority of appendicular fragments in this study were also
much smaller than those of the axial skeleton. Further research utilizing axial skeletal
remains of Sus scrofa domesticus in a home model wood chipper is necessary to

determine which of these factors is the true correlate.
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