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Abstract: The body of an §9-year-old woman was discovered at home by a member of her
family. Only part of the body, the legs, were found intact without burn damage. The rest of the
body was burned to ashes without the possibility to identify the cadaver. Forensic Dentistry
had two main goals to resolve in this forensic pathology casework, and they were: 1) establish
the identification of the cadaver; and 2) estimate the temperature and the direction of the fire
by the analysis and interpretation of the skeletal intraoral dental materials altered by thermal
processes. This case study manuscript focuses only on the second objective. The effects of fire
on teeth are influenced by the temperature applied and by its duration. Additionally, adjacent
tissues as well as temperature alterations caused by substances used to quench the fire have
been shown to affect the thermal impact on teeth and their restoration. Bodies may be subjected
to various temperatures, depending on the origin of the fire and the conditions that promote
continuation of the blaze. Fire effects on certain dental materials can indicate the direction and
the temperature of a fire. This is based on the physical, mechanical, and chemical changes of
different dental materials resulting from high temperatures. The distinct properties of various
dental materials, well defined, can influence and predict their performance under different
degrees of fire. In this case study, the cadaver had two main groups of dental materials: metal
alloys and polymers. The importance of the detailed degree of predictability of fire performance
data from thermal decomposition data should not be underestimated; polymers cannot burn
if they do not break down and metal alloys cannot burn if the melting point is not reached,
independent of the variable time of the fire.

Keywords: fire investigation, forensic dentistry, dental materials properties

Introduction

Fire death investigations involve collaborative effort among law enforcement, arson
investigators, forensic pathologists, anthropologists, and forensic odontologists to
reconstruct the circumstances of the scene, the manner of death, and victim identity.
The primary purpose of a body fire investigation is to establish the origin of the fire,
the temperature of the fire, the body’s position, and determine the likely cause; and
thus, conclude whether the death was accidental, natural, or deliberate.!?

The field of forensic dentistry, or the more professional term, forensic odontology,
is the application of dentistry to the law. Forensic dentistry is now an integral part of
criminal investigations.

The purpose of this case study is to review and present the aim and the application
of forensic dentistry in a new field. Dental science plays a vital role in the detection
and solution of crime scenes, including resolving the circumstances of deaths.’
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Figure | General findings at the scene.

Notes: (A) Context of human remains after the fire: the legs without any burn
damage and the rest of the body, except the skull, with complete cremation; (B) the
skull was burned beyond recognition.

Case report

General findings at the scene

The body of an 89-year-old woman was discovered at home
by a member of her family. Only part of the body, the legs,
were found intact, without burn damage from the fire. The
rest of the body was burned to ashes (Figure 1).

This is what forensic investigators call an alleged spon-
taneously combusted corpse. The woman may have ignited
herself accidentally. The point of ignition was not near the
place where the cadaver was found. On arrival, the firefighters
observed that the gas cooker was turned on. Her clothes went
up in flames before she fell to the floor and they functioned
as an external source of fire. She started to take off some of
her clothes, which were found on the tile floor of the kitchen,
burned, before she fell to the floor. There was little damage in
the kitchen, apart from the charred ceiling above the body and
the burned floor beneath. No reasonable explanation has ever
been found for this kind of fire situation. The best explanation
is that the fat rendered from a burning body can act in the
same manner as the fuel in an oil lamp or candle. If the body
is positioned in such a way that the oils rendered from it are
accessible to the flames, they will continue to fuel the fire.

Objectives

Forensic dentistry had two main goals to resolve in this
forensic pathology casework, and they were: 1) establish the
identification of the cadaver; and 2) estimate the temperature
and the direction of the fire by the analysis and interpretation
of the skeletal intraoral dental materials altered by thermal
processes. This case study manuscript focuses only on the
second objective. Fire effects on certain dental materials,
based on the physical, mechanical, and chemical properties,
can indicate the fire direction and the fire temperature, and
may help to provide an accurate assessment of the circum-
stances of the death.

Examination of the skull

After removing the soft tissues from the skull, the hard tissues
showed several degrees of burn damage. The skull had more
extensive burn destruction in the lower third than in the upper
third (Figure 2). The right side of the skull showed more burn
damage than the left side, with more bone fragmentations,
mainly in the lower jaw.

Examination of the teeth
Analysis of the intraoral cavity showed two acrylic resin
removable prosthodontic rehabilitations: both upper and
lower. In the lower one, we can observe that the fire direction
was from right to left and the fire intensity was higher on
the right side than on the left side. The lower prosthodontic
rehabilitation was carbonized on the right side but not on the
left side. The morphology of the acrylic teeth was conserved
on the left side of the lower jaw. When we compared the
upper and the lower rehabilitations, we observed that the fire
intensity was higher in the lower one (Figure 3).

The alveolar bone from the upper jaw was less car-
bonized than that from the lower jaw. The left side of

Figure 2 The (A and B) lateral and (C) frontal views of the skull.
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Figure 6 Inside the base of the lower denture.

Note: The yellow arrow (left) shows the missing structure of the denture base,
caused by the carbonization of the polymer. The yellow arrow (right) shows the
stainless steel hook.

Figure 3 Frontal view of the oral cavity.
Notes: The direction of the fire was from the right to the left side of the skull
(arrow). The intensity of the fire was higher on the right side.

Figure 4 The (A) right and (B) left lateral views of the oral cavity.

Note: The yellow arrows show alterations by fire on the bone and denture base. Figure 7 Upper view of the lower jaw with color alteration of bone caused by the fire.

Notes: The arrow indicates that the direction of fire was from the right side to
the left side of the mandible. The intensity of fire was higher on the right side.

Figure 5 Lower denture where the direction of the fire was from the right to the Figure 8 The inferior border of the lower jaw with different patterns of burn damage.
left side (large arrows), on the lingual and vestibular surfaces. Notes: The arrow on the right side indicates: Slightly burned on the distal end of
Note: The rehabilitation had a missing structure on the distal end of the right side the left side of the lingual surface of the mandible. The large arrow indicates the
(small arrow). intensity of fire was higher on the right side of the jaw.
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the oral cavity was lightly burned (Figure 4). The lower
rehabilitation had a stainless steel hook for the last tooth and
was not burned or molten. This structure is different from
the clasp unit of the direct retainer. The rehabilitation was
manufactured with an alloy of cobalt—chromium—molybde-
num, for which the melting point is higher than stainless
steel.* On the right side of the oral cavity, we observed that
the lower jaw was fully carbonized, with specific areas of
the jaw calcined and missing (Figure 4). The lower acrylic
resin removable prosthodontic rehabilitation was partially
carbonized and was missing part of the base structure and
some of the teeth.

On the upper jaw, the structure of the denture base and
the morphology of the teeth were intact and the burn damage
was less severe than in the rehabilitation from the lower jaw.
The fire direction of the upper jaw was from the right side to
the left side. In summary, the intensity of the fire was higher
on the right side and in the lower jaw.

When we removed the lower denture, the fire intensity
and the fire direction were the same in the vestibular and
lingual surfaces of the rehabilitation. The right side of the
rehabilitation was carbonized, and was missing the acrylic
resin structure and likely a stainless steel hook at the distal
end of the rehabilitation as well (Figure 5).

There were two types of acrylic according to the polymer,
polymethyl methacrylate, which can be thermoplastic or
thermosetting.’ The one present in this cadaver was a ther-
mosetting polymer. The differences between the two types
of this polymer are a concern in terms of the glass transition
temperature, melting crystallization temperature, and car-
bonization temperature.®’ Thermosetting polymers that form

Figure 9 The teeth (A) 47 and (B) 37.

irreversible chemical bonds during the curing process do not
melt, but carbonize, and the glass transition temperature is
very high. The carbonization temperature is 900°C—1,000°C
for thermosetting polymers.!

Inside the base of the lower denture, on the right side, the
temperature was near 900°C, where was missing the ther-
mosetting polymer structure of the rehabilitation (Figure 6).
The left side of the rehabilitation structure was intact; it was
not carbonized because the fire intensity was less than the
thermosetting polymer carbonization temperature.

Another way of estimating the temperature is the presence
of the stainless steel hook on the left side. This is a metal
alloy of iron and carbon, which we call austenitic stainless
steel, for which the melting point is 700°C.?* On the left side,
the temperature was less than 700°C, but if a hook was also
present on the right side, the temperature would have been
higher than this melting point temperature.

The lower jaw mainly presented two different colors of
the alveolar bone (Figure 7).!° The alveolar bone was white
on the right side and dark in front and on the left side of
the mandible. These burn injury patterns again confirm the
fire direction, from the right side to the left side. The bone was
calcined on the right side of the mandible and was charred
on the anterior, and slightly burned on the left side.

The lower border of the mandible showed the same
pattern of the fire damage (Figure 8) in that it was white
in the right side (calcined), black on the anterior and left
sides (charred), and slightly burned on the distal end of
the left side of the lingual surface of the mandible.®”!! The
lower jaw had two teeth: tooth 37 and tooth 47 (Figure 9)
and both had antemortem dental restorations. The second

Notes: (A) Tooth 47 without the alloy filling, which was molten. As indicated by the arrow; the alloy was molten and there were traces of residual alloy on the floor of the

cavity. (B) Tooth 37 with the dark metal alloy filling.
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Figure 10 (A) The upper jaw with the denture before removing the soft tissues and
(B) after removing the soft tissues.

Note: The visual appearance of the upper jaw was also compatible with a fire
direction from the right to the left (as shown by the arrows).

molar from the left side on the oclusal surface had a resto-
ration of amalgam (Figure 9). The filling was present but
was dark. The second molar of the right side had a cavity
compatible with an amalgam filling (Figure 9). The alloy
was molten and there were traces of residual alloy on the
floor of the cavity.

The amalgam filling consisted of a eutectic alloy. The
advantage of these alloys is that the low melting point allows
work in the mouth. Conventional amalgam restorations dark-
ened and pulverized at 300°C and roasting began at 800°C.?
At 1,000°C in situ in the filling, we only saw the shine of
the silver in the second molar from the right side.!> From the
color of the filling from the second molar of the left side, we
estimate that the fire temperature was near 300°C.

The visual appearance of the upper jaw was also
compatible with a fire direction from the right to the left
(Figure 10). The temperature intensity was higher on the
right side than on the left. After removing the soft tissues
and cleaning, the pattern injuries were the same in the lower

Figure 11 The burn damage on the upper jaw bone.

Figure 12 The burn damage on the denture on the external and internal surfaces.

jaw (Figures 10 and 11). The acrylic resin from the upper
denture was carbonized on the distal end of the right side
(Figure 12), and this pattern was the same on the inner
surface (Figure 12).

Conclusion

Forensic dentists have become a very important part in
the investigation of death circumstances together with
criminalistics. The forensic dentist in this case carries consid-
erable responsibility since their scientific opinion is frequently
asked when all other paths of resolution have been exhausted.
In this case study, the circumstances of the death were the
variables to be resolved, by estimating the temperature expo-
sure by examining the fire effects on the dental restoration
biomaterials. The conclusion resolved by forensic dentistry
was that the temperature between the right and the left sides of
the oral cavity was significantly different based on the physical
properties of the different dental biomaterials. On the right
side, the temperature was near 1,000°C and on the left side,
approximately 300°C. This explanation was given because of
the position of the head when the woman fell on the tile floor.
The dissipation of the temperature was less in the right side
because the floor acted as an insulating material. The cadaver
fell in the same position as she was discovered.
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