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ABSTRACT

Frontal sinus pattern matching is a useful means of forensic identification. By the use of radiographs
forensic scientists have recognized that there are diverse anatomical variations in the structure of the
frontal sinus. Radiographs are a diagnostic tool, widely used in dental practices, hospitals and other
health disciplines. Most health institutions possess the facility to store radiographs over long periods of
time. Frontal sinus pattern matching technique can be applied in cases where ante mortem frontal sinus
radiographs are available and dental matching cannot be carried out. Frontal sinus pattern matching
technique may also be used to corroborate identifications based on other techniques such as
fingerprints, teeth, or circumstantial evidence. The present study was carried out to assess the
effectiveness of using the radiographic image of the frontal sinus for personal identification in studied
population group. The results concluded that the appearance of the radiographic image of the frontal
sinus is unique for each individual. On this evidence it is proposed that frontal sinus pattern matching

can be used for personal identification n when  other  methods have failed.

KEYWORDS: frontal sinus, postero-anterior skull radiograph (PA skull radiograph), personal
identification forensic science.
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INTRODUCTION
“The dead cannot cry out for justice, it is
the duty of the living to do so for them.” -

Lois MeMaster Bujold”.
Identity is the set of physical
characteristics, functional or psychic,

normal or pathological, that defines an
individual. Since time immemorial, human
identification has proven to be one of the
most challenging tasks faced by mankind.'
The application of radiology in forensic
sciences was introduced in 1896, just one
year following the discovery of X-rays by
Roentgen where he used X-rays to
demonstrate bullets lodged within the
brain.” Radiographic analysis, in which
ante mortem and post-mortem X-rays are
compared, is frequently used for human
identification  purposes.”  Radiographs
obtained for diagnostic and clinical
purposes always include skeletal features.
The skeleton usually survives both natural
and unnatural abuse or violation and is
available for radiographic examination in
most circumstances. It is often possible to
obtain both ante mortem and post-mortem
radiographs in cases where identification is
required.* It is possible to use many
different components of the skeleton for
pattern matching in a similar way that
finger prints are used for purposes of
identification.*”

Anatomically frontal sinus growth is
completed before the age of 20 years and
remains stable thereafter’.  Additionally
the anterior wall of the frontal sinus is
thick and resistant to injury.’

Different radiographs can be used to study
the pattern of the frontal sinus including
both PA skull and Lateral skull views.
Pattern matching is possible using both PA
film projections (Caldwell orientation and
Water’s view). The Caldwell view allows
better viewing of the frontal sinus,
compared to Water’s view which gives a
slightly foreshortened image.® Hence this

study was undertaken to determine the
uniqueness of the radiological image of the
frontal sinus for personal identification in a
studied population group using the PA
skull radiograph.

MATERIAL AND METHODS

109 individuals were randomly selected
from OPD. The purpose of the study was
explained to each of them and individual
written and informed consent was
obtained. Individuals less than 20 years of
age, individuals with a history of trauma or
surgery to the frontal sinus or individuals
with pathology destroying or encroaching
within the frontal sinus, were excluded
from the study. A PA skull radiograph was
taken of those individuals who met these
initial criteria. Subsequently 9 of these
individuals were excluded because of the
absence of frontal sinuses or the presence
of a unilateral frontal sinus demonstrated
on the PA skull radiograph.

PA skull radiographs of the selected
patients were taken after following all
radiation protection measures using a
Cephalometric machine (planmeca proline
ec panoramic x-ray and cephalostat cm
manufactured in Helsinki, Finland) with
variable exposure parameters based on the
manufacturer’s guidelines. The patients
were positioned facing the cassette with
the head tipped forwards to ensure that the
sagittal plane was perpendicular to the
cassette and the floor, and that the cantho-
meatal line was perpendicular to the
cassette. The patient’s head was stabilized
in this position using the ear rod of the
machine. Accepted protocols for exposure
parameters were followed. The radiographs
were taken and developed by a single
operator using conventional techniques to
minimize any margin of error. PA skull
radiographs with the frontal sinus outlined
clearly were selected for the study. The
selected radiographs were traced manually
using tracing paper and pre-defined metric
variables were measured by both the
researcher and an observer to minimize
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inter-observer error and to check inter-
observer variability.

A baseline was drawn across the superior
margin of the orbits. A tangent was drawn
to the baseline, segmenting the sinus area
into quadrants. The tangent was located at
the midpoint between two vertical orbital
lines drawn at the most medial point of
each orbit. The outline of the sinus above
the baseline was traced by both the
researcher and the observer. Variables of
frontal sinus which were measured in this
study were divided into (shown in fig. 1):

1)) General sinus variables which
include-
Number of complete sinus

cavities,
Number of partial sinus lines,
Maximum overall height above
baseline (Baseline-C),
Maximum overall width (A-B)
IT) Variables on left side which
include-
Number of complete
cavities left of septum,
Number of partial sinus lines in
main cavity,
Number of scalloped arcades on
main cavity,
Maximum height of quadrant
above baseline (Baseline-C),
Maximum height of main
cavity above baseline
(Baseline-C),
Maximum width of main cavity
from tangent line (G-A),
Maximum width of main cavity
(F-A)
III)  Variables on right side which
include-

sinus

Number of partial sinus lines in
main cavity,

Number of scalloped arcades on
main cavity,

Maximum height of quadrant
above baseline (Baseline-D),
Maximum height of main
cavity above baseline
(Baseline-D),

Maximum width of main cavity
from tangent line (G-B),
Maximum width of main cavity
(E-B).

A partial sinus line (shown by yellow
arrow in figure 1) is defined as any line 1
mm or longer extending from the border
of the cavity into the cavity area, but
not completely dissecting the cavity into
two cells. A scalloped arcade (shown by
red arrow in figure 1) occurs any time the
edge of a cavity arcs inward, then back out
again; the change of direction (continuity)
of the edge marks the end of one scallop
and the beginning of another.’

To check for uniqueness of each sinus and
to assess the role of the frontal sinus in
forensic radiology, superimposition of both
radiographs and tracings was carried out to
ascertain whether the radiographic outline
of any one sinus matched to any other
included in the same study sample.
Following measurement of all the metric
variables including sinus, skull width and
overall height in centimeters, data was
tabulated, entered into Microsoft Excel and
analyzed by SPSS Ver. 20.0.0 software.
An independent sample t-test was used to
check inter-observer variability.
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Fig.1: Traced PA skull radiograph showing borders of sinus and metric variables. Red arrow —
indicates scalloped arcade. Yellow arrow indicates-partial sinus line on left side. Point A to B-
maximum width of frontal sinus. Baseline to point C - maximum height of frontal sinus.

RESULTS

In this study 109 PA skull radiographs
were captured of which 9 were excluded
from the study. 6 were excluded because of
the absence of frontal sinuses and 3 were
excluded because of the unilateral presence
of a single sinus.

Thus prevalence of absence of the frontal
sinuses in this study was 5.50% and the
prevalence of a single unilateral sinus was
2.75%. The study sample comprised 60
males and 40 females. Measurement of all
of the metric variables was carried by one
researcher and one observer. To check
inter-observer variability an independent
sample t- test was applied. Results of the
independent sample t- test were non-
significant for all of the metric variables
confirming no significant inter-observer
variability. The maximum height and the
maximum width of the frontal sinus for the
given sample varied between 0.2cm to
3.lcm and between 2.5cm to 9.3cm
respectively. Both the maximum height
and maximum width of the frontal sinus
was found to be a unique feature for each
individual.  The  discrete  frequency
distribution for both maximum height and

the maximum width were prepared
separately. The different values of height
and width occurred with much less
frequency but still uniqueness was
maintained by considering each value
separately. The number of partial sinus
lines also showed a great deal of variation
ranging from 0 to 12. The number of
scalloped arcades on both the right and left
side varied from 0 to 7. To evaluate the
forensic  significance of radiographic
images of the frontal sinus a “traced”
radiograph  was  superimposed upon
another “traced” radiograph from the same
study. An assessment of any patterns of
similarity and meaningful relationship that
may exist between the two “traced”
radiographs was made by both the
researcher and the observer The
superimposition procedure relied on the
outline of sinus and on various other
parameters including the height and width
of the sinus, the number of partial sinus
lines and number of scalloped arcades. It
was found that not all of the parameters of
either of the two superimposed radiographs
matched exactly i.e. 100% matching was
not observed. Against this background it
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can be convincingly stated that, the
radiographic appearance of the frontal
sinus in each individual is different and
unique.  Accordingly the radiographic
appearance of the frontal sinus can be
therefore used as a feature of uniqueness in

forensic science 1n cases of human
identification.
DISCUSSION
Forensic personal identification, using

appropriate techniques, is a fundamental

scientific ~ discipline used in the
identification of the living, recently
deceased and compromised human

remains. It is often used as a tool in crime
scene investigations.

Scientific identification of human remains
can be accomplished by a variety of
methods including fingerprint, dental,
anthropological, genetic and radiological
examinations. DNA analysis is well
recognized as a method of verification of
identity of an unknown person but is
expensive and not always suitable in
cases of mass disaster.” The use of
radiographs in cases of both routine and
mass disaster eventualities is well
recognized and has shown to be effective,
swift and relatively easy to implement.®
The first recorded use of radiographic
techniques for the  purposes of
identification was reported by Schuller in
1921. Radiographically assisted dental
identification may be either comparative or
reconstructive.'’ It has been reported that
some 72% of positive identifications in
modern forensic science have been

obtained by comparing ante mortem and
post-mortem radiographs.’

Anatomically, the frontal sinuses can be
defined as pneumatic cavities covered by
mucosa, located between the internal and
external cortical bones of the frontal
bone.'" Sinuses remain stable throughout
life after age of 20 years. As a consequence
the age at which the ante mortem
radiograph was captured does not matter
provided the individual was at least 20
years of age at the time.® The thick bone of
the anterior wall of the sinus and its curved
convexity are the first barrier to the effects
of cranial trauma and the ability to resist
fracture. Considerable force of up to 1600
foot pounds of impact is required to
fracture the anterior wall of the frontal
sinus. This is almost twice as much as it
takes to fracture the parasymphyseal area
of the mandible and 50 % more than
required to fracture the malar eminence of
the zygoma.” In consideration the present
study was designed to evaluate the role of
the radiographic image of the frontal sinus
for purposes of personal identification and
explore the possibility of its uniqueness in
studied population group.

A total 109 PA skull radiographs were
taken in this study. Thus prevalence of
absence of the frontal sinuses was 5.50%
and the prevalence of a single unilateral
sinus was 2.75%.

Results from other similar studies are
shown in table-1; there is close correlation
with the results of this present study.

Table 1 — Bilateral absence and unilateral agenesis of frontal sinus in different studies
Other similar studies Bilateral absence Unilateral agenesis
Aydinlioglu et al.'® (2003 in Turkish | 3.8% 4.8%

population

Cakur B et al”” (2011) 0.73% 1.22%

Fatu et al'* (2006) 5% 1.6%

Danesh-Sani SA" (2011) 8.32% 5.66%

Present study 5.50% 2.75%

The outline of the frontal sinus was traced
and metric variables were measured on all

of the PA skull radiographs. The data
relating to the metric variables included

5
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the total number of right & left partial
sinus lines, the deviation of the septum,
the maximum height and width of the sinus
on both sides, the number of scalloped
arcades on the right and left hand sides
and the maximum width from the tangent
was recorded by one researcher and one
observer to  check  inter-observer
variability. To evaluate the forensic
significance of radiographic images of the
frontal sinus a “traced” radiograph was
superimposed upon another “traced”
radiograph from the same study. An
assessment of any patterns of similarity
and meaningful relationship that may exist
between the two “traced” radiographs was
made by both the researcher and the
observer The superimposition procedure
relied on the outline of sinus and on
various other parameters including the
height and width of the sinus, the number
of partial sinus lines and number of
scalloped arcades. It was found that not all
of the parameters of either of the two
superimposed radiographs matched exactly
i.e. 100% matching was not observed.
Against this background it can be
convincingly stated that, the radiographic
appearance of the frontal sinus in each
individual is different and unique.
Accordingly the radiographic appearance
of the frontal sinus can be therefore used as
a feature of uniqueness in forensic science
in cases of human identification.
Application of this technique could be

particularly relevant in cases of mass
disaster or in cases where the skull is
available and other methods of
identification are either inappropriate or
unavailable.

Similar results were obtained in previous
studies by Marlin DC et al.'®, 1991;
Reichs KJ'7, 1993; Quatrehomme G et al.’,
1996; Nambiar P et al.'®, 1999; Kirk NJ et
al."”, 2002. Marlin DC et al demonstrated
the use of frontal sinus morphology in the
identification of 4 human remains.'® Kirk
NJ et al demonstrated the validity of
frontal sinus  pattern  matching by
comparing ante-mortem and post-mortem
radiographs in 39 cases for forensic
identification. The uniqueness of the
morphology of the frontal sinus offers an
opportunity to use this feature for personal
identification in forensic medicine."’

CONCLUSION

This study shows that the frontal sinus of
each individual is unique and, as a
consequence, frontal sinus  pattern
matching can be useful as a technique in
some cases of forensic identification.

A future development could be the
establishment of a numerical classification
system akin to that used in fingerprint
analysis.

This would facilitate the adoption of a
standardized approach using the metric
variables of the frontal sinus for human
identification.
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ABSTRACT

Objective: To describe the behavior of 45 discs of dental amalgam of known dimension prepared from
three commercially available brands of dental amalgam (Contour® Kerr®-USA, Admix® SDI®—
Australia and Nu Alloy® Newstethic®—Colombia) when subjected to the action of high temperatures
(200°C, 400°C, 600°C, 800°C, 1000°C). It was hoped to establish parameters that could be used for
human dental identification in cases of charred, burned or incinerated human remains.

Materials and methods: A pseudo-experimental descriptive in-vitro study was designed to describe the
macroscopic physical changes to the surface of 45 discs of pre-prepared amalgam of three
commercially available brands exposed to a range of high temperatures.

Results: Characteristic and repetitive physical changes were a noticeable feature of the discs of
amalgam of each brand of amalgam subjected to the different temperature ranges. These physical
changes included changes in dimensional stability, changes in texture, changes in colour, changes in
the appearance of fissures and cracks and changes in the fracture and fragmentation of the sample.
Conclusions: The characteristics of dental amalgam may be of assistance in cases of human
identification where charred, burned or incinerated human remains are a feature and where
fingerprints or other soft tissue features are unavailable.

KEYWORDS: Forensic sciences, forensic dentistry, dental identification, dental amalgam,
high temperatures.
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INTRODUCTION

The importance of identification of the
deceased has been embraced and accepted
across society since time immemorial.
Identification of the deceased is paramount
for social, cultural, religious, legal and
financial reasons.

Post mortem investigations are often multi-
disciplinary. The variety of disciplines
involved in an investigation may include
data collection, analysis and interpretation.
Input from various forensic experts,
including forensic odontologists, is usually
routine. Input from the appropriate legal
authority is, in the majority of cases,
mandatory.

Post mortem examination of both hard and
soft tissues of the stomatognathic system is
appropriate in the process to establish
definitive identity of the deceased. Positive
identification is dependant upon reliable
coincidence between ante-mortem and
post-mortem dental records.

In cases of human identification involving
charred, burned or incinerated human
remains where visual identification is
problematic and where fingerprints or
other soft tissue features are unavailable
the stomatognathic system may provide
distinctive and circumstantial evidence to
achieve a positive identification using
gstntal, anthropological and DNA analysis
In circumstances such as those described
above the forensic odontologist relies on
comparison of the ante-mortem and post-
mortem records of the deceased *?).

It is well recognized that the resilience of
dental tissues and that of dental restorative
materials, including amalgam, both play a

key part in human identification *.3),

The American Board of Forensic
Odontology .,  with national and
international support, has listed four

categories of certainty of identity when
comparing ante- mortem and post-mortem

dental records; positive identification (total
coincidence),  possible  identification
(compatibility),  insufficient  evidence
(inadequate information available) and
exclusion (incoherence and
incompatibility) 7.

Dental amalgam is characterized by being
a low cost biocompatible material, with
good physical and mechanical properties.
These properties include good thermal and
electrical conductivity, together with good
compressive and flexural strength and a
low capacity of permanent deformation.
However dental amalgam is non-adhesive
to tooth substrate, is opaque, of low
aesthetic specification and is not anti-
cariogenic. Amalgam is used frequently to
restore Class [ and II cavities where
restoration of the structure of the tooth is
of a higher priority than any aesthetic
consideration ®'?. Globally, dental caries
is the most prevalent disease presenting in
adults.

Over the last 150 years dental amalgam has
been the material of choice in restorative
dentistry because of its durability and cost-
effectiveness, despite current trends toward
the development and use of polymeric
ma;cse)rials with superior aesthetic properties
The purpose of this study is to establish in
vitro parameters regarding the behavior of
dental amalgam when subjected to high
temperatures. Forensic experts could then
use this information to determine the range
of temperature in which the changes
occurred. It is hoped that this may
contribute to the process of forensic dental
identification in case of burned, charred or
incinerated human remains.

MATERIALS AND METHODS

This is a pseudo-experimental descriptive
transversal  observational study that
analyzed, through stereomicroscopy, the
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behavior of 45 discs of dental amalgam of
known dimension prepared from three
commercially available brands (Contour®
Kerr®-USA, Admix® SDI®-Australia
and Nu Alloy® Newstethic®—Colombia)
when subjected to the action of high
temperatures  (200°C, 400°C, 600°C,
800°C, 1000°C). In the interests of
comparison and standardisation, three
dental amalgam systems with similar
proportional composition were used in the
study, Two of the brands are used
commonly on a global basis (Contour®
Kerr®-USA and Admix®  SDI®-
Australia) whilst the other 1is wused
commonly in Latin America (Nu Alloy®
Newstethic®—-Colombia).

PRODUCTION OF THE DISCS OF
DENTAL AMALGAM USED IN THE
STUDY

Aluminum matrix, acetate sheets and glass
slabs were used to simultaneously prepare
5 discs of amalgam, each one 10
millimeters in diameter and 4 millimeters
thick. Four mono-dose dental amalgam
capsules were used for each disc. Each
capsule was triturated in a Variamix®
Dentsply® amalgamator for 12 seconds.
The discs of amalgam were prepared by
the conventional technique of packing
(placement of the amalgam in the matrix),
condensation (compaction of the amalgam
in the matrix) and polishing (adaptation of
the amalgam with the edge of the matrix)
1619 The surfaces of the discs were not
polished (with the aim of not altering the
composition of the surface relative to the
center of the disc). Once the crystallization
phase was complete, the discs were
removed from the matrix (Figure 1).

HANDLING AND CONSERVATION
OF THE SAMPLE

Once the discs of dental amalgam had been
produced, each specimen was stored
individually in a plastic opaque container

and maintained at a relative humidity and
ambient  temperature.  Before  the
application of high temperatures, a digital
photography was taken to each of the
specimens through a Leuchtturm® digital
stereomicroscopy of 1.3 mega pixels at
15X and 50X. The discs were distributed
randomly on each of the six groups (one
control group —ambient temperature— and
five intervention groups) according to
temperature ranges (Table 1).

APPLICATION OF HIGH
TEMPERATURES

This procedure was performed based on
the scientific and technical protocol
established by the Odontostomatology
Department of University of Pavia (Italy) '®
and based on studies carried out by the
School of Dentistry of Universidad del
Valle (Colombia) '°. The in vitro model as
proposed in this study was carried out in an
oven and not on direct flame. From
previous studies it was noted that the
highest temperature reached had been
1000°C that was achieved within 25 or 30
minutes and later maintained at
approximately 500°C until all of the
oxygen was depleted or all the organic
contents reduced to coal (carbonization) or
to calcium compounds, phosphates, silica
or other trace elements (incineration) 2°.
This “muffle effect” in situ, was performed
to simulate the effect of perioral tissues,
facial musculature, bone tissue and
periodontal and dental tissues’.

The intervention group  specimens
corresponding to each range of temperature
were placed in individual trays of
refractory coating (Cera-Fina®
Whipmix®) to facilitate their handling.
They were then subjected to direct heat
inside a muffle type oven (Thermolyne®)
previously calibrated to five different
temperature ranges (200°C, 400°C, 600°C,
800°C, 1.000°C) with a climbing rate of
10°C  per minute from an initial
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temperature of 28°C until each of the
proposed temperatures were reached. For
example, nine specimens were introduced
(three discs of every brand) according to
the 200°C group, each one on their
respective tray, at a temperature range
starting at 28°C to 200°C, The oven was
then left cooling to ambient temperature
before removal of the trays with the
specimens. So on for 600°C, 800°C and
1.000°C group specimens.

By being subjected to high temperatures,
the experimental discs of dental amalgam
may be found to demonstrate changes in
color, texture, fissures and cracks,
fractures, dimensional stability and
explosion®’.

SAMPLE OBSERVATION

Before describing the changes in the
characteristics of the pre-prepared discs of
dental amalgam subjected to high

temperatures, two of the authors underwent
training regarding the observation of these
changes (variables) in the control group
(color, texture, fissures and cracks,
fractures, dimensional stability and
fragmentation), and had to unify the
criteria for observation. In order to
estimate the intraobserver and
interobserver agreement, the Kappa test

was performed in the Stata® software ver.
6.0.

STATISTICAL ANALYSIS

IBM SPSS Statistics® Ver. 22.0 software
was used to calculate the prevalence (%) of
macroscopic changes in the sample. The
variables that were considered were
temperature, color, texture, fissures and
cracks, fractures, dimensional stability and
explosion.

Fig.1: Disc elaborated in dental amalgam.

RESULTS

Respect standardization of observers,
Kappa test determined the intraobserver
standardization (0.88 and 0.86) and
interobserver (0.89 and 0.90) of the two
observers, respectively.

The three commercial brands (Contour®
Kerr®-USA, Admix® SDI®-Australia
and Nu Alloy® Newstethic®—Colombia)

of dental amalgam had a different behavior
in each temperature range (Table 2). At
15X (Figure 2) and at 50X (Figure 3)
changes in dimensional stability, texture,
color, fissures and cracks, fracture and
explosion changes were seen in the dental
amalgam discs that were subjected to the
action of high temperatures. In general, at
200°C the dental amalgam discs of the
three commercial brands lost brightness

11
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and the surface seemed rough, much more
in the Admix® SDI®-Australia sample
discs. At 400°C numerous rounded nodules
with a porous appearance together with
fissures and cracks appeared (these nodules
in the Admix® SDI®-Australia discs
appeared at 200°C). At 600°C the dental
amalgam discs of the three commercial
brands turned opaque and had a dark grey
color. Deep fracture lines were observed in
the places where the nodules had been

previously present and there was evidence
of loss of dimensional stability that
appeared as a convex shape to the surface
of the disc; at 800°C there was
fragmentation of each disc where the
appearance of rough, opaque and fragile
pieces were observed. They tended to
pulverize by touch. Shiny, bright and
compact fragments grouped into rounded
structures. The same changes at 800°C
were seen at 1000°C.

Fig. 2: Amalgam discs observed at 15X. Al Contour® Kerr®-USA amalgam disc, A2
Admix® SDI®-Australia amalgam disc and A3 Newstethic®—Colombia amalgam
disc. B1 Contour® Kerr® amalgam disc, B2 Admix® SDI®—Australia amalgam disc
in which silver nodules were observed and B3 Newstethic®—Colombia amalgam disc
subjected to a temperature of 200°C. C1 Contour® Kerr®-USA amalgam disc, C2
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Admix® SDI®-Australia amalgam disc and C3 Newstethic®—Colombia amalgam
disc subjected to a temperature of 400°C in which silver nodules were observed. D1
Contour® Kerr®-USA amalgam disc, D2 Admix® SDI®-Australia amalgam disc
and D3 Newstethic®—Colombia amalgam disc subjected to a temperature of 600°C in
which the silver nodules disappear. E1 Contour® Kerr®—-USA amalgam disc, E2
Admix® SDI®-Australia amalgam disc and E3 Nu Alloy® Newsthetic®—Colombia
amalgam disc subjected to a temperature of 800°C in which the conformation of silver
spheres and bands was observed.

Fig. 3: Amalgam discs at 50X in which the appearance of silver nodules was notice between
200° and 400°C, the disappearance of the same at 800°C, and the conformation of
silver spheres (E1 and E3) and bands (E2) at 1000°C.

DISCUSSION Before discussing the behavior of the three
commercial brands of dental amalgam
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used in this study it should be noted that
they are “latest generation” dental
materials with different sizes of mixed
particles and contain a high copper content
to eliminate the “gamma 2 phase”. The
components of Contour® Kerr®-USA are
41% silver, 31% tin, 28% copper and 41%
mercury; those for Admix® SDI®-
Australia are 40% silver, 31% tin, 29%
copper and 47,4% mercury; and for Nu
Alloy® Newsthetic®—-Colombia are 45%
silver, 31% tin, 24% copper and 50%
mercury. It is important to notice the
proportions of silver, copper and tin that
are used in the overall composition the
alloy'”.

There are many publications in the
forensic literature in respect of the
behavior of dental materials when subject
to the action of high temperatures. Merlati
et al'® subjected teeth restored with
amalgam to high temperatures. The study
showed that bubbles appeared in the
surface of the amalgam at 200°C and
mercury evaporated at 600°C. The same
authors in other study, subjected 75 teeth
(25 class I amalgam restored teeth and 25
class V amalgam restored teeth) to high
temperatures, observing that in each
temperature range there were repeated
changes in the samples and at 1000°C the
amalgam disintegrated®.

Moreno et al'’, performed a study where
200 teeth were subjected to high
temperatures. 50 teeth were filled with
dental amalgam (GS-80 SDI®). The
purpose of the study was to describe the
subsequent behavior of the amalgam
fillings whilst being subjected to the action
of high temperatures and to establish
parameters that could be used in cases of
forensic dental identification where
burned, charred or incinerated human
remains were a feature of the case. The
authors described that at 200°C and at
400°C the amalgam suffered loss of

brightness and nodule formation on the
surface. At 600°C the amalgam developed
an opaque black color together with the
loss of morphological features. At 800°C
the texture became roughened and some
specimens were fragmented. Finally
between 1000°C and 1200°C the amalgam
cracked into fragments.

Patidar et al’, subjected teeth filled with
different materials, including dental
amalgam, to the action of high
temperatures. His study found that after
200°C the appearance of surface of the
amalgam fillings presented as a rough and
fissured. These features became more
evident with increasing temperature: at
800°C the appearance of globular
structures in the restorations surface was
noted.

Aramburo et al**, performed an in vitro
pseudo-experimental study in order to
observe the micro structural physical
changes in dental tissues (enamel, dentin
and cementum) and in dental materials
commonly used in endodontics in 124
human teeth. Forty two teeth were restored
with dental amalgam (GS-80® SDI®), and
then subjected to high temperatures. The
authors found that at 200°C the amalgams
turned opaque and rough by forming
surface nodules. At 400°C the amalgam
suffered loss of brightness and fissures
were also observed. At 600°C the
amalgam turned black. At 800°C the black
colour was still present together with
rounded nodules and internal fissures. At
1000°C the amalgam fragmented and
pulverized.

Moreno and Mejia® carried out a pilot
study, using scanning electron microscopy,
to standardize the technique used to
observe  teeth subjected to  high
temperatures. In the case of the dental
amalgam at 200°C the superficial texture
and structure changes are related to the
melting points of the metals that form the
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alloy. At 400°C the amalgam presented
with roughness in the occlusal surface
associated with the development of
nodules that arise when the mercury
evaporates through gas bubbles. When the
temperature lowers by action of the
environmental pressure, the other elements
of the alloy are grouped and driven by the
mercury to form these nodules.

All of these in vitro studies described the
changes that occurred in dental amalgam
restorations by subjecting extracted
restored teeth to the action of high
temperatures. All of the studies found the
formation of rounded or globular
structures in the surface of the amalgam, a
fact that was first described by Giinther
and Schmidt —and referenced by Rotzscher
et al’’— as “silver bullets” that develop at
800°C due to mercury evaporation.

The formation of “rounded or globular
structures” and “silver bullets” is now well
recognized in the literature. This in vitro
study was designed to further investigate
and to progress the process of the
formation of these “rounded or globular
structures” and “silver bullets” in dental
amalgam.

Against this background the study was
based on the use of pre-prepared discs of
amalgam rather than the use of extracted
teeth that had been previously been
restored with amalgam.

Dental amalgam subjected to high
temperatures presents with superficial
texture and structural changes related to
melting points of the metals that form the
alloy. Between 200°C and 400°C the
amalgam presents with roughness apparent
on the occlusal surface related to the
development of nodules that arise when
the mercury evaporates through gas
bubbles. These gas bubbles drive with
them silver particles to the amalgam
surface and because of decreases in
pressure and temperature the gas bubbles

and silver particles coalesce to form the so
called “silver bullets”. Temperature
affects the gamma 1 phase so that the
mercury as it passes from solid to liquid
state sweeps silver particles to the surface
and evaporates and leaves the silver
particles to form a superficial nodule. At
temperatures between 800°C and 1.000°C,
the silver particles reach melting point and
evaporate, resulting in the disappearance
of the nodules. As the temperature
decreases little spheres or (betas) are
formed composed of either copper or tin.
They are fragmented and pulverized as a
result of the oxidation of the copper (from
600°C) and due to the early fusion of tin
(since 200°C)***°. These changes result in
dimensional instability, fractures and
further disintegration (fragmentation and
pulverization) of the dental amalgam®'.

It is recognized that this study has certain
limitations associated with the choice of
using pre-prepared “in vitro” discs of
amalgam rather than the choice of using
“in vivo” extracted teeth that had been
previously been restored with dental
amalgam. The behavior of amalgam
restorations in extracted teeth subjected to
high temperatures has been reported in
previous studies. However in this study it
was decided to use pre-prepared discs of
amalgam to standardize the macroscopic
changes that occur when amalgam is free
from the dimensional changes associated
with the dental tissues.
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Table 1. Sample distribution
Amalgam brands Temperature
Control group Intervention group
28°C 200°C 400°C 600°C 800°C 1000°C
Contour® Kerr® 3 ) 5 5, 3 3
Admix® SDI® 3 3 3 3 3 3
Nu Alloy® Newstethic® 3 & & 5 3 3
CONCLUSIONS determination of  the maximum

Dental amalgam when subjected to high
temperatures suffers changes in color,
texture, the development of fissures and
cracks, fractures, dimensional stability and
explosion. The most distinctive change is
the development of silver nodules in the
surface of the amalgam from 200°C to
400°C and the subsequent disappearance
of these silver nodules to form spheres and
bands at temperatures of up to 1000°C.

The development of silver nodules, and
their subsequent disappearance, is a
regular feature of the “latest generation” of
current commercially available brands of
dental amalgam (rich in copper) when they
are subjected to high temperatures. This
paper provides further evidence of how
changes in the appearance of the surface of
dental amalgam restorations subject to

temperature to which the burned, charred

or incinerated human remains were
subjected.
Further studies are recommended

including a wider range of commercially
available brands of dental amalgam. These
additional studies should incorporate data
obtained  from  scanning  electron
microscopy, mass spectrometry and atomic
force microscopy to identify the presence
(qualitative analysis) and the quantity
(quantitative analysis) of the components
of the dental amalgam. The use of
extracted teeth containing dental amalgam
of a known brand would be beneficial.
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is porous (100%)

Superficial nodules
appear (100%)

high temperatures may facilitate Research at Universidad del Valle.
Table 2. Frequency of the changes of the discs of dental amalgam subjected to high temperatures
Characteristics Contour® Admix® Nu Alloy®
Kerr® SDI® Newstethic®
200°C
Color Bright gray color remains Bright gray color remains | Bright gray color remains
(100%) (100%) (100%)
ViR SUEEDE EPEealEnes The surface appearance
The surface appearance is porous (100%) .
Texture is rough and porous

(100%)

Fissures and cracks

Are not presented (None)

Are not presented

Are not presented

Fracture

It's not presented (None)

It's not presented

It's not presented

Dimensional stability

It's not observed

It's not observed

It's not observed

Fragmentation

It's not observed

It's not observed

It's not observed

400°C

Gray color remains but

Gray color remains but

Gray color remains but

oy not as bright (100%) not as bright (100%) not as bright (100%)
The surface appearance The surface appearance The surface appearance
Toxue is porous (100%) is compact (100%) is porous (100%)

Superficial nodules
appear (100%)

Superficial nodules
appear (100%)

Superficial nodules
appear (100%)

Fissures and cracks

Pores and cracks are
observed on the nodules
(100%)

Pores and cracks are
observed on the nodules
(100%)

Pores and cracks are
observed on the nodules
(100%)

Fracture

It's not presented

It's not presented

It's not presented
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Dimensional stability

It's not observed

It's not observed

It's not observed

Fragmentation

It's not observed

It's not observed

It's not observed

600°C

Color

Changes to a dark
opaque gray (100%)

Changes to a dark
opaque gray (100%)

Changes to a dark
opaque gray (100%)

Texture

The surface appearance
is compact (100%) and
the nodules disappear

(100%)

The surface appearance
is compact (100%) and
there’s traces of nodules
(100%)

The surface appearance
is compact (100%) and
the nodules disappear

(100%)

Fissures and cracks

There are fissures and
cracks where the nodules

There are fissures and
cracks where the

There are fissures and
cracks where the nodules

were (100%) nodules were (100%) were (100%)
Fracture Deep fracture lines are It's not presented Deep fracture lines are
observed (66.6%) P observed (33.3%)

Dimensional stability

Thermic expansion is
observed —shape
alteration— (100%)

Thermic expansion is
observed —shape
alteration— (66.6%)

Thermic expansion is
observed —shape
alteration— (33.3%)

Fragmentation

It's not observed

It's not observed

It's not observed

800°C and 1.000°C

Changes to black opaque

Changes to black

Changes to black opaque

Color with bright gray spheres opaque with bright gray with bright gray spheres
(100%) spheres (100%) (100%)
A pulverized phase and a | A pulverized phase and a | A pulverized phase and a
Texture compact phase shaped compact phase shaped compact phase shaped

like little spheres are like little spheres and like little spheres are
observed bands are observed observed

Fragmentation and Fragmentation and Fragmentation and
pulverization are pulverization are pulverization are
observed (100%) observed (100%) observed (100%)
Fragmentation is Fragmentation is Fragmentation is
observed (100%) observed (100%) observed (100%)

. Fragmentation and

Fragmentation and S .

s . pulverization by thermic
pulverization by thermic -

. expansion are observed
expansion are observed—

shape alteration— (100%) —shap((:g(l)t;r)atlon—

Fissures and cracks

Fracture

Fragmentation and
pulverization by thermic
expansion are observed—
shape alteration— (100%)

Dimensional stability

Fragmentation and
destruction of the disc is
observed (100%)

Fragmentation and
destruction of the disc is
observed (100%)

Fragmentation and
destruction of the disc is
observed (100%)

Fragmentation
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ABSTRACT

Estimating the time after death is an important aspect of the role of a forensic expert. After death, the
body undergoes substantial changes in its chemical and physical composition which can prove useful
in providing an indication of the post-mortem interval. The most accurate estimate of the time of
death is best achieved early in the post-mortem interval before the many environmental variables are
able to affect the result. Whilst dependence on macroscopic observations was the foundation of the
past practice, the application of histological techniques is proving to be an increasingly valuable tool
in forensic research. The present study was conducted to evaluate the histologic post-mortem changes
that take place in human gingival tissues and to correlate these changes with the time interval after
death. Thirty one samples of post-mortem human gingival tissues were obtained from a pool of
decedents at varied post-mortem intervals (0-8hrs, 8-16hrs, 16-24 hrs). Ante-mortem samples of
gingival tissues for comparison were obtained from patients undergoing crown lengthening
procedure. Histological changes in the epithelium (cytoplasmic and nuclear) and connective tissue
were assessed. The initial epithelial changes observed were homogenization and eosinophilia while
cytoplasmic vacuolation and other alterations, including shredding of the epithelium, ballooning, loss
of nuclei and suprabasilar split were noticed in late post-mortem interval (16-24 hrs). Nuclear
changes such as vacuolation, karyorrhexis, pyknosis and karyolysis became increasingly apparent
with lengthening post-mortem intervals. Homogenizations of collagen and fibroblast vacuolation
were also observed. To conclude; the initiation of decomposition at cellular level appeared within 24
hours of death and other features of decomposition were observed subsequently. Against this
background, histological changes in the gingival tissues may be useful in estimating the time of death
in the early post-mortem period.

KEYWORDS: Post-mortem Interval, Histologic Changes, Gingiva, Eosinophilia,
Homogenization, Vacuolation.
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INTRODUCTION

The period of time before death is known
as the ante-mortem period whilst that after
death is called the post-mortem period.
After death, the body undergoes dramatic
changes in its chemical and physical
composition, which are termed as post-
mortem changes. These changes can
provide an indication of the post-mortem
interval (PMI).! No topic in forensic
medicine has been investigated as
thoroughly as that of determining the time
of death on the basis of post mortem
findings.” There have been many different
methods used at autopsy in an attempt to
accurately and systematically determine
the post-mortem interval and exact time of
death. They include examination of the
external physical characteristics of the
body’ such as autolysis, algor mortis, rigor
mortis, livor mortis, post-mortem clotting,
putrefaction and the appearance of
adipocere’, chemical changes detected in
body fluids, analysis of stomach contents,
determination of internal temperatures, and
scene markers.” Some of these methods are
relatively accurate under specific and
controlled circumstances. However, the
unpredictability of various environmental
factors has prevented the development of a
single reliable predictor. The most accurate
estimates of the time of death are best
achieved early in the post-mortem period
before the many environmental variables
can have any significant effect on the
result.’

Whilst dependence on  macroscopic
observations together with a sense of
ingenuity and “lateral thinking” were the
former keystones of past forensic practice
the application of both histological and
molecular  diagnostic  techniques is
becoming increasingly important as an
essential part of the armamentarium of
tools used in modern forensic pathology.®
Using  light microscopy cells are
recognized as being dead only after they
have undergone a sequence of

morphological changes.” These changes
occur as a result of two cellular processes -
apoptosis, a programmed, orderly form of
cell death, and necrosis, an disorderly and
unpredictable form of cell death.* The
necrotic cells show increased eosinophilia,
and may have a more glassy homogenous
appearance than normal cells.” Nuclear
changes may appear in the form of one of
three patterns, the basophilia of the
chromatin may fade (karyolysis), nuclear
shrinkage (pyknosis) may occur or the
pyknotic or partially pyknotic nucleus may
undergo fragmentation (karyorrhexis).’
Studies are available relevant to the gross
and histologic changes that occur in the
skin after death’, However, there have
been no systemic studies published in the
English literature that relate  to the
histological changes that occur in human
gingival tissues after death.. The aim of the
present study was to evaluate post-mortem
epithelial (cytoplasmic & nuclear) and
connective tissue degenerative changes
observed in the gingival tissues obtained
from 31 non-refrigerated  bodies
(experimental group). It was postulated
that there may be a specific pattern of
histological changes observed that may
prove useful to determine the time interval
after death. Standardization was performed
using 10 samples of gingival tissues
obtained  from  clinically  healthy
individuals following crown lengthening
procedure (control group).

MATERIALS AND METHODS

The investigation was conducted on
samples of labial gingival tissues obtained
at autopsy by the Department of Forensic
Medicine in accordance with the
declaration of Helsinki. Ethical clearance
was in accordance with the institution (IRB
approval #559). General information,
including the age, sex, date of death, cause
of death, and the time elapsed after death
and arrival at the mortuary was
determined. The bodies were not subject to
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II.

refrigeration during this period between
death and arrival at the mortuary. On
arrival at the mortuary the cadavers were
placed in a dry shaded area in temperatures
that varied from cool to temperate (38°F-
77°F). Biopsies from the labial gingival
tissues were taken for analysis.

The study comprised of 2 groups:

L Experimental group: this consisted
of 31 samples from the Ilabial
gingival tissues obtained from un-
refrigerated decedents. The group
was further subdivided into 3 sub-
groups;

Sub- group A: Tissues obtained
with <8 hrs of death (n=10),

Sub- group B: Tissues obtained
within 8-16 hrs of death (n=10)
Sub- group C: Tissues obtained
within 16-24 hrs of death (n=11).

For sampling purposes it was deemed

appropriate to divide this experimental

group into three sub-divisions based on an
eight hour difference. This decision was
based on the fact that the process of

cellular decomposition commences 10

hours post-mortem and other

decomposition changes occur

subsequently.*
Control group: this consisted of 10
gingival samples from clinically
healthy individuals following crown -
lengthening procedure. Firmly attached
gingival tissue with no loss of clinical
attachment and devoid of clinical signs
of inflammation were included in the
sample.

The specimens were fixed immediately in 10%
formalin, processed, sectioned and stained
with haematoxylin and eosin. The specimens
were examined under a light microscope by 3
independent observers who were unaware of
the time of death. The changes in the

epithelium (cytoplasmic

& nuclear) and

connective tissue were assessed. Sequential
analysis of the following histological changes
of the biopsies of all individuals was carried

out.

A. Epithelial changes

e Cytoplasmic features:
eosinophila, homogenization/
presence of distinct cellular
outline and vacuolation.

e Nuclear features:
presence/absence of  distinct
nuclear outline, karyolysis,
pyknosis, karyorrhexis and
vacuolation.

e Presence of  intercellular
bridging/ junctions.

B. Separation of
connective tissue
C. Connective tissue changes
e distribution of
fibres,
e fibroblasts vacuolation,
e type and distribution of
inflammatory component
The degree of histological (epithelial and
connective tissue) changes in the post-
mortem samples was correlated to the time
interval since death. Comparison with
ante-mortem samples was undertaken.

epithelium and

collagen

RESULTS
Epithelial changes

The initial changes observed in the
epithelium of the early post-mortem period
(0-8hrs) were homogenization and
eosinophilia, predominantly seen in the
superficial and spinous epithelial cell
layers. This spread progressively to include
the entire thickness of the epithelium. The
changes became more apparent with
increasing length of post-mortem interval
(8-16 and 16-24 hrs). Cytoplasmic
vacuolation in the superficial and the
spinous cell layers of the epithelium was
evident after a post-mortem period of 8 hrs
and was limited to the spinous layer solely
in sub group C. Nuclear changes such as
vacuolation, karyorrhexis, pyknosis and
karyolysis were present early after death
(sub group A) in the superficial layers and
were seen extending throughout the
epithelium in the late post-mortem
intervals (sub group B and C). Other
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epithelial changes noticed were shredding
of epithelium in the superficial layers,
ballooning, loss of nuclei and suprabasilar
split. All of these changes became
progressively more apparent toward the
end of the late post-mortem interval (sub
group C). An exceptional biphasic pattern
of staining was also evident in samples

taken from sub group C. None of the
features described above were present in
the control group (group II). Both the
groups including sub groups A, B and C
did not demonstrate any split at the
junction of epithelium and connective
tissue interface (Table 1, Figure 1-3).

Fig.1: Early postmortem changes in the gingiva (0-8hrs). (A) Eosinophilia, homogenization
and nuclear changes in superficial layers of epithelium (H&E,X100). (B) Homogenization of

collagen bundles in the connective tissue stroma.

Fig. 2: Late postmortem changes in the gingiva (8-16hrs, 16-24hrs). (A) Cytoplasimic
vacuolation (arrow) and ballooning of cells (arrow head) evident in the superficial and
spinous layer of epithelium in 8-16 hrs of PMI (H&E,X400). (B) Shredding (arrow)
and other epithelial changes are observed in the whole epithelium in subgroup C
(H&E,X100). (C) Disruptive epithelium showing nuclear degenerative changes

(arrow) in subgroup C (H&E,X400).
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Fig. 3: (A) Suprabasilar split (arrow) observed in late postmortem period (16-24hrs)
(H&E,X100). (B) Connective tissue stroma shows homogenization of collagen
bundles with fibroblast vacuolation and moderate inflammatory infiltrate (16-24hrs)

(H&E,X100).

Connective tissue changes

An intact parallel arrangement of collagen
fibres were seen in the control group while
homogenization of collagen bundles was
evident in the experimental group with
formation of clumps in the later period of
PMI (sub group B and C). Fibroblast
vacuolation commenced early after death
and was most prominent in sub group C.

The inflammatory component  was
diffusely spread in the early samples taken
in the PMI (0-8 hrs). In later samples taken
from subgroups B and C (8-16hrs and 16-
24hrs) the inflammatory component was
focal to diffuse and composed
predominantly of lymphocytes. Sub groups
B and C also showed evidence of plasma
cells (Table 1, Figure 1,3).

Table 1 - Histologic postmortem changes in the gingival tissue at different PMI

Histologic PMI <8 hrs (n=10) PMI 8-16 hrs (n=10) | PMI 16-24 hrs Control (n=10)

postmortem (n=11)

features

Homogenization | In superficial & Throughout the Throughout the Absent (100%)
spinous layer (100%) | epithelium (100%) epithelium (100%)

Eosinophilia In superficial & Throughout the Throughout the Absent (100%)
spinous layer (100%) | epithelium (100%) epithelium (100%)

Cytoplasmic Absent (100%) In superficial & In superficial & Absent (100%)

vacuolation spinous layer (70%) spinous layer (82%)

Karyolysis In superficial layer In superficial & In superficial & Absent (100%)
(40%) spinous layer (70%) spinous layer (82%)

Pyknosis In superficial & Throughout the Throughout the Absent (100%)
spinous layer (90%) epithelium (100%) epithelium (100%)

Karyorrhexis In superficial layer In superficial & Throughout the Absent (100%)
(90%) spinous layer (100%) | epithelium (100%)

23




Histological assessment of cellular changes in postmortem gingival specimens for estimation of time since death. Yadav et al.

Nuclear In superficial & Throughout the Throughout the Absent (100%)

vacuolation spinous layer (90%) epithelium (100%) epithelium (100%)

Epithelium In few (30%) Present (90%) Present (100%) Absent (100%)

(shredding)

Epithelium In one sample (10%) | Present (50%) Present (70%) Absent (100%)

(ballooning)

Epithelium Absent (100%) Absent (100%) Present (60%) Absent (100%)

(disruption)

Suprabasilar Absent (100%) In few (20%) Present (70%) Absent (100%)

sepration

Sepration b/w Epi | Absent (100%) Absent (100%) Absent (100%) Absent (100%)

& CT

Distribution of Homogenized (70%) | Homogenized Homogenized Intact, Parallel

collagen (clumps in few) (90%) | (clumps in few) arrangement
(82%) (100%)

Distribution of Diffuse (100%) Focal & diffuse Focal & diffuse Absent (100%)

inflammation (100%) (100%)

Type of Lymphocytes (100%) | Lymphocytes & Lymphocytes & Absent (100%)

inflammation plasma cells (100%) plasma cells (100%)

Fibroblasts Present in few (50%) | Present (80%) Present in all (100%) | Absent (100%)

vacuolation

Biphasic staining | Absent (100%) Absent (100%) Present (100%) Absent (100%)

pattern

PM: post-mortem interval

DISCUSSION the cellular contents. Ultimately all

Whilst traditionally established techniques
are commonly used to estimate the time of
death during routine medico legal
autopsies there is a trend toward the
development and introduction of newer
techniques. It is established that the
reliance on a single technique can produce
erroncous outcomes.® Following death
many physico-chemical changes begin to
take place in the body in an orderly
manner and continue until the body
eventually decomposes. Similarly, ongoing
cellular changes also occur after death that
depends on the time interval post-mortem
and the circumstances of the death. At
cellular level, in the first instance,
respiration ceases and glycolysis proceeds.
This results in the production of lactic acid
and a corresponding decline in the pH of

activities of cell metabolism terminate and
the subsequent predominance of lytic
enzymes results in autolysis. Post-mortem
changes are associated with tissue
degradation and the release of proteolytic
lysosomal enzymes from the cells.”'® Like
other body tissue cells, oral mucosa loses
its normal morphology as a result of post-
mortem autolysis and putrefaction. These
cellular changes can be a useful criterion
and marker for estimating the post-mortem
interval.  Currently there are no
publications in the literature that correlate
the degree of histological changes
observed in post-mortem human gingival
tissues with the time since death. The
present study was aimed to assess the early
post-mortem changes in the human

24




Foreaic
Odonto-Stomatology

Histological assessment of cellular changes in postmortem gingival specimens for estimation of time since death. Yadav et al.

gingival tissues and emphasizes the need
for further research.

The aim of this study was to observe and
assess the various sequential changes seen
in the microscopic appearance of human
gingival tissues (epithelium and connective
tissue) at different PMI. The initial
changes observed in the early post-mortem
period (0-8hrs) in the epithelium included
homogenization and eosinphilia
predominantly in the superficial and
spinous layers. This spread progressively
to include the entire thickness of the
epithelium. The changes became more
apparent with increasing length of post-
mortem interval (8-16 and 16-24 hrs).
Homogenization could be attributed to a
decline in the level of cellular glycogen
content. Eosinophilia could be attributed to
both depletion of normal basophilia
transmitted by RNA in cytoplasm and also
in part due to augmentation of eosin
binding to denatured intra-cytoplasmic
proteins. Cell death results in a decline of
intra-cellular pH which activates the
release of DNAase. This, in turn, results in
fading of the chromatin (karyolysis)®’.
Karolysis was evident in the superficial
layers of all of the experimental samples.
Pyknosis (result of nuclear shrinkage) and
karyorrhexis  (fragmentation of the
nucleus)”!" was predominantly evident in
the superficial layers in the early post-
mortem interval samples. In the other later
post-mortem samples all of these changes
were apparent throughout the entire
thickness of the epithelium.

With increasing post-mortem intervals
nuclei may undergo complete dissolution.
This phenomenon was observed in later
post-mortem samples from sub-groups B
and C (16-24 hrs). Furthermore,
vacoluation of the cells due to digestion of
the organelles has also been reported after
death.”'"">. In the present study, the
nuclear vacoulation was observed as early
as 0-8 hrs after death and at this post-

mortem interval vacuolation was limited to
the superficial layers of epithelium. With
increasing post-mortem intervals (8-16,
16-24hrs)  vacuolation  progressively
increased to include the entire thickness of
the epithelium.

Paradoxically, cytoplasmic vacoulation
was observed only in the late post-mortem
samples (8-16, 16-24 hrs) and was utterly
absent in earlier samples (0-8 hrs). This
observation could suggest that nuclear
degenerative changes usually precede
cytoplasmic degenerative changes after
death.  Ballooning of the cells that
becomes apparent just after death was also
seen in the later post-mortem intervals (8-
16,16-24 hrs). This may represent a loss of
potential of the cell to actively remove the
influx of ions from the plasma
membrame.”  Additionally, loss of
architecture of the epithelium in the late
post-mortem interval as a result of
shredding of the superficial layers and
disruption may be caused by severance of
the cells and denaturation of the proteins
due to the lytic activity.*

All of the gingival samples exhibited an
intact epithelial - connective tissue
junction without any severance/ breach.
This could signify that the separation of
the epithelium and the lamina propria
could be a change that could occur in later
post-mortem intervals i.e. after 24 hrs. It is
significant that Kovarik et al observed that
the initial cleavage in the dermo-
epidermal junction of skin occurred after
24 hrs post-mortem.’

In relation to the connective tissue
component of the control group a parallel
arrangement of collagen fibres was
recognised as normal. However clumping
of collagen fibres was observed within a
few samples of sub-group B and within
almost all of the samples within sub-group
C.

As a degenerative change, fibroblasts
revealed nuclear vacoulation. This nuclear
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vacuolation increased proportionately with
the passage of time post-mortem. It was
more pronounced in samples taken 16—
24after death than in the samples obtained
less than 8hrs after death.

These changes could be due to hypoxia
resulting from the severance from the
vascular network and the start of
inflammation.'”"?.  Inflammatory cells,
predominantly lymphocytes and plasma
cells, (in subgroup B and C) were seen
distributed focally and in diffuse patterns
prominently in  the  sub-epithelial
connective tissue.

In comparing the histological findings of
the experimental and control groups none
of the changes seen in gingival tissues of
the samples obtained post-mortem were
observed in the ante-mortem samples.

CONCLUSION

There is a paucity of information in the
literature in relation to the decomposition
of oral tissues. As a consequence this can

place restraints on the role of forensic
pathologists to estimate the time of death.
Although there are many methods
available to estimate the time of death,
none is reliable enough by itself as a
“stand alone” method because of the
inevitable influence of unpredictable
external factors. In this context the
histological changes that occur post-
mortem in human gingival tissues would
appear to be useful method to estimate the
time of death in the early PMI (0-24 hrs).
However, more research is needed to
verify, refine and expand these initial
results. Despite some constraints, such as
the limited number of subjects and the
relatively short time span of the post-
mortem period, the present study
demonstrated the potential of this method
as a tool for use in forensic practice.
Further research using larger sample sizes
and an extended time range could assist
forensic practitioners in estimating a
precise time of death.
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ABSTRACT

Introduction: Research on biological samples, including dental pulp stem cells (DPSC), has
expanded considerably in recent years and is now seen as a way forward toward the possibilities of
new therapies, such as craniofacial bone and tooth repair. The extraction of healthy teeth and their
donation for scientific research is now well accepted by both patients and researchers alike. The
present situation, as described above, presents a timely opportunity to reflect on the ethical and moral
obligations of all of the stakeholders involved in this methodology.

Method: Twenty-two patients who received dental treatment between November 2013 and February
2014 in the dental department of Louis Mourier Hospital in Colombes, France, completed a
questionnaire. The questionnaire was designed to gather data in respect of giving patients optimal
information necessary to acquire informed consent for extraction of teeth to be used for
odontological biomedical research.

Results: When patients agree to donate their teeth for purposes of scientific research it is vital that
they are properly informed and enabled so that they are able to give consent freely

Conclusions: The risks to patients during dental extractions are minimal. However despite the
growing need for a supply of extracted teeth for dental pulp stem cell research it is imperative that
any ethical questions that may be raised by potential donors guarantee the security, integrity, and
respect of the intentions and aspirations of the donor. To enable the acquisition of true informed
consent, this article explores how the dissemination of information relating to biomedical research in
the field of dental care must remain as a duty of care and professional ethics.

KEYWORDS: Bioethics; dental pulp stem cells; informed consent; patient rights; biological
samples
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INTRODUCTION

Internationally, research on stem cells must
meet regulatory guidelines for using
human biological material. French law
(Article L.1235-2 and L.1245-2 in the
Public Health Code) allows surgical
residues, collected during surgery, to be
used for scientific purposes. This complies
with  the position shared by the
international bioethical community.'
Bio-banks thus represent an important
resource for determining the causes and
mechanisms of many diseases.

The craniofacial area (bone and tooth) is
particularly exposed to trauma, congenital
malformations or acquired diseases; tissue
loss often requires difficult reconstructions
and causes aesthetic and functional
disabilities that often deeply affect the
patient’s quality of life. The evidence of
cells endowed with stem cell properties in
adult dental pulp has prompted research on
the development of alternative therapeutic
approaches to craniofacial lesions. The
properties of the mesenchymal cells
derived from dental pulp (or dental pulp
stem cells, DPSC) have been shown very
similar, although not identical, to those of
bone marrow mesenchymal stem cells.?**
Mesenchymal stem cells have now been
isolated from many other tissues,
potentially interesting for therapeutic
use—in particular, the adipose tissue and
the umbilical cord blood. However, as
DPSC have a neural crest origin,® it is
conceivable that they might be more
efficient in repairing craniofacial lesions
than mesenchymal stem cells from a purely
mesenchymal origin. In addition, sub-
populations of DPSCs also possess
adipogenic, chondrogenic, neurogenic,
myogenic, and endothelial differentiation
capacities in vitro,” and the capacity of
these cells to interact with endothelial cells
has been actively studied.®  Several
research teams worldwide are presently
studying possible new therapies for lesions
through tissue engineering using DPSC.
This necessitates the frequent collection of

human pulp at dental clinics to isolate
DPSC  for the various, ongoing,
experimental programmes. Healthy dental
pulp can be easily collected from shedding
deciduous teeth or following extraction of
deciduous teeth, premolars, or third molars
performed as part of an orthodontic
treatment plan.

Against this background, the question of
knowing how to collect teeth in an ethical
manner is posed. On the one hand, the
procedure itself is non-invasive way but on
the other hand, the patient is in a
vulnerable situation during extraction
process. To date in most European
countries, a tooth extracted in the context
of a treatment plan corresponds to clinical
waste, and, if used for research, it is
considered a biological sample.'’ In this
context, this study aims to define the
requirements necessary in terms of
information and consent to preserve the
rights of the donor while ensuring their
status as key players engaged in
odontological biomedical research.

The research methodology used to compile
this article consisted of inviting patients to
complete a closed-ended questionnaire and
subsequent examination of the outcomes.
From this data the article progresses to
explore the ethical considerations involved
in obtaining the consent of the patient so
that their extracted teeth can be used for
odontological biomedical research. The
feelings of the patient in making this
decision are also considered by analysis of
specific information provided in the
questionnaire that was unrelated to patient
protection issues.

MATERIALS AND METHODS

A study involving 22 patients monitored
for all-around dental care at Louis Mourier
Hospital (Colombes, France) was carried
out between November 2013 and February
2014. Twelve questions, prepared in
association with the medical ethics
laboratory (Table 1), were asked by the
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same pollster under specific conditions
regarding
- The meaning, donation, and
ownership of an extracted tooth
- Information, consent to research
after-dental care
- Resulting feedback
This study was carried out to understand
the feelings of the patient in respect of
their sense of attachment to the tooth
designated to be extracted, their
understanding in terms of ownership of the
tooth (before and after extraction), and
their  expectations in  respect the
information provided in order to make

informed consent. The study also was also
useful in determining the level of trust that
existed between patients and their dental
surgeon.

Included in the study were French-
speaking adult patients, both male and
female who were treated in the dental
department at Louis Mourier Hospital,
Colombes, France between November
2013 and February 2014, and had agreed to
take part in a medical experiment.
Juvenile, non-French-speaking patients and
patients  presenting  for  emergency
treatment were not included.

Table 1 - Questionnaire given to patients

Questions

Answers

What does your tooth mean to you?

- Nothing
- A part of me
- Another answer

Do you consider that your tooth still belongs to you after its extraction? -Yes
-No
Do you look ahead to the possibility of experimentation on your extracted tooth? -Yes
-No
What would you like to do with your tooth after extraction? - I prefer to keep it

- I prefer to leave it
- Donate it to science

If yes, when?

Would you like to know if any research is conducted on your extracted tooth? -Yes

-No

- Consultation before extraction
- The day of surgery, just before

If yes, when?

- After surgery
Would you like the practitioner to ask for your consent to conduct researches on your -Yes
tooth? -No

- Before surgery
- After surgery

Is there any research that you would not want to be conducted on your tooth? -Yes

-No
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belongs to the researcher?

Would you like to be informed about the research outcome? -Yes
-No
If yes, how? - On the phone
- Email
- By letter
If you give your tooth to science do you consider that it still belongs to you or that it - It will always be mine

- I1 belongs to the researcher

who should inform you about the possibility of donating your tooth to science? - The surgeon

- Other member of the health-care team

for the end of medical research on your tooth?

Would you be afraid to have your tooth extracted for research instead of medical -Yes
reasons? -No
Do you think that in future (a few months or years) you could change your mind and ask | - Yes

-No

RESULTS

Twenty-two patients were included in this
study. It had been determined beforehand
that all 22 patients understood all of the
questions. Patients were apt to visualize
how a research team would use their
extracted tooth. The answers of each
patient were collated after every interview.
From the answers to each question it was
possible to quantify the patients into
defined sub-groups

Eighty-two percent of the patients wished
to be informed if their tooth was to be used
for research and were willing to consent.
Eighty-nine per cent of this group wished
to be informed if their tooth was to be used
for research and were willing to consent
after the extraction had been carried out.
All of the patients declared that they
wished to be informed about the
odontological biomedical research by the
dental surgeon.

The results of the questionnaire are
presented in Table 2.

DISCUSSION:

This study was designed to gain insight
into the status of ownership of a tooth once
it has been removed from the patient by a
dental surgeon. It also explores with the

meaning of tooth donation and the
potential loss of belonging to the donor
related to the information provided to
make informed consent.

What is the status of the extracted tooth?
For more than a half of the patients in this
study a tooth represents a part of them
integral in the context of eating, smiling or
speaking. Once items or products have
been taken from the body, they become
"special things”.!" According to Professor
Poughon'?, parts detached from a human
body keep traces of the personality of the
soul that once inhabited the body. As such,
the extracted teeth in this study become a
detached part of the human body intended
for research.

In legal terms in all of the countries
studied, extracted teeth are similar to
clinical waste in that they have no further
use. However, if they are used for research,
the status of extracted teeth changes as
demonstrated in Table 3. Ethically the
tooth remains a detached part of the human
body and, as such, deserves respect and
dignity because physical traces of the
donor, for example, DNA remain present.
As such repatriation to the donor is
possible.

30




For
Odonto-Stomatology

Thoughts on donation of a tooth to science, in the course of dental care. Le Breton, et al.

Table 2 - Results

Questions Answers Results
What does your tooth mean to you? - Nothing 7
- A part of me 15
- Another answer 0
Do you consider that your tooth still belongs to you after its extraction? -Yes 12
-No 10
Do you look ahead to the possibility of us making experimentations on -Yes 13
your extracted tooth? -No 9
What would you like to do with your tooth after extraction? - I prefer to keep it 1
- I prefer to leave it 0
- Donate it to science 21
Would you like to know if any research is conducted on your extracted -Yes 18
tooth? -No 4
If yes, when? - Consultation before extraction 0
- The day of surgery, just before 2
- After surgery 16
Would you like the practitioner to ask for your consent to conduct -Yes 18
research on your tooth? -No 4
If yes, when? - Before surgery 2
- After surgery 16
Is there any research that you would not want to be realized on your -Yes 0
tooth? -No 22
Would you like to be informed about the research’s outcomes? -Yes 7
-No 15
If yes, how? - On the phone 0
- Email 6
- By letter 1
If you give your tooth to science do you consider that it still belongs to - It will always be mine 0
you or that it belongs to the researcher? - It belongs to the researcher 22
Who should inform you about the possibility of donating your tooth to - The surgeon 22
science? - Other member of the health-care 0
team
Would you be afraid to have your tooth extracted for research instead of -Yes 0
medical reasons? -No 22
Do you think that in future (a few months or years) you could change -Yes 0
your mind and ask for the end of medical research on your tooth? -No 22
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Who owns the extracted tooth?

Barely more than half of the patients
considered that the extracted tooth still
belonged to them.

In legal terms in some countries, for
example, England, there is no law granting
right of ownership in respect of the human
body, its parts, and products.” In France,
the civil code reaffirms that the human
body, its parts and products cannot be
subject to laws of property right. In
America in the case of John Moore, the
Supreme Court of California held that a
patient could not claim right of ownership
over human tissue designated for
destruction. However, in terms of ethics,
the French National Ethics Committee'*
confirmed that the human body, its

elements, and its extracts cannot be subject
to property rights. The medical or research
team is, therefore, only the depository and
guardian of biological samples. Against
this background the extracted tooth
belongs to the patient as long as he or she
has not expressed a desire to release it
from his or her possession. This ensures
that the consent of the person, and source
of the tooth, is respected at all times when
the tooth is transferred or reused.

The reasons outlined above could probably
explain why all the patients interviewed in
this study considered that the tooth
belonged to the researcher as soon as it
was donated to science.

Table 3 - Examples of legal status of extracted teeth

obtainment and use of human physical samples
intended for human medical applications or for
scientific research.

Bioethics Advisory Committee, Notice N°45 of
January 19th, 2009 features the banking of human
samples for research.

Countries Legal basis Extracted tooth Extracted tooth used for
not used for research
research
France CSP Article L.1245-2 Clinical waste Biological sample
England Nuffield Council on Bioethics, “Human Tissue: Clinical waste Tissue removed in the course
Ethical and Legal Issues”, April 1995 of medical treatment and
used for research
Switzerland Swiss Academy of the Medical Sciences. Biobanks, Clinical waste Surplus of human biological
taking, conservation and use of biologic human sample used for research
sample.
Germany Nationaler Ethikrat, “Biobanks for research”, Notice, Clinical waste Human tissue removed for
2004 the purposes of treatment and
subsequently used for
research
Belgium Law Article 20 of December 19th, 2008 concerns the Clinical waste Residual human tissue used

for research

Council of Europe

Recommendation (Article 12, 2006) of the Committee
of Ministers to EU member states about research
involving human biological samples.

Clinical waste

Residual human tissue used
for research
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Research involving Humans”, 1998

Canada Tri-council policy statement, “Ethical Conduct in Clinical waste Tissue already removed in

the course of medical
treatment and used for
research

Research”, 2012

Singapore Bioethics Advisory Committee, “Human Tissue

Clinical waste Human tissue removed for
the purposes of treatment and
subsequently used for
research

Is this a donation?

Following extraction of the tooth, three
possibilities were available to the patient
for consideration in respect of the future of
the extracted tooth: (1) reclamation of the
tooth by the patient (2) collection of the
tooth by an external party for research
purposes (3) No preference by the patient
and, in this eventuality, the tooth would
be destroyed.

The first possibility is very specific to the
tooth because of its symbolism from early
childhood. The majority of the patients
interviewed agreed to donate the extracted
tooth to science, although nine of the
twenty two patients had not considered
this eventuality before the extraction.
When patients were asked if they wished
to keep hold onto the extracted tooth in the
absence of any information regarding the
ultimate  destination of the tooth
(incineration or research) and where the
patient declined, this was considered as an
abandonment of ownership of the
extracted tooth by the patient. However, it
became apparent that these patients did not
envisage that the tooth may have a fate
other than incineration. The refusal of
these patients to keep hold onto their
extracted teeth does not permit the
presumption that they are opposed to
research on the cellular component of
their extracted teeth.

In terms of ethics, when a patient was
asked if they would consent, or at least if
they were not opposed, to their teeth being
re-used for purposes of research, then a

positive answer to either of these two
questions was considered to be a positive
response for donation. Patients became
aware of the future intentions in respect of
the re-use of their teeth and, against this
background, any decision was deemed to
be truly voluntary.

Criteria for the donation for extracted teeth
took on full meaning once patients were
empowered with information provided by
the dental surgeon that enabled them to
make decisions based on freedom of
choice. Additionally  this survey
demonstrated the high level of trust that
exists between patient and dentist.

Which information should be given to the
patient?

In legal terms in most countries, for
example Canada, England, France, and
Germany, the information given to the
patient must be exhaustive (purpose of the
research, duration of the study, risk vs.
benefit, etc.). In ethical terms, the broadest
possible information ensures the validity
of consent.

Only four patients taking part in this study
did not wish to be informed about the use
of their teeth for purposes of odontological
biomedical research. Following extraction
these four patients felt that it did not
concern them because they perceived that
the extracted teeth no longer belonged to
them.

However, the majority of the patients
taking part in this study expected clear,
honest and realistic information in respect
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of the future use of their tooth. Most of
them expressed the view that they would
rather be informed after the tooth had been
extracted because it was difficult for them
to plan ahead of the extraction. Seven
patients wished to be informed “out of
curiosity to learn more about the scientific
advances in which they would participate”.
Article 10 of the International Declaration
on Human Genetic Data states that “the
patient has the right to decide whether to
be informed of research results in which he
or she has participated.'” This requirement
necessitates the capture and retention of
logistical patient details, including names
and addresses of patients, and thus
precludes patient anonymity. Article 10 of
the International Declaration on Human
Genetic Data also requires that this
information to this effect be recorded in
the medical file of the patient.

Who has to inform the patient?

In terms of legality key research personnel
in some countries, such as Canada, are
responsible for compliance with the
consent process.'® In France, Parliament
(Article L.1122-1 of the Public Health
Code) has stipulated that either the
investigator of the research study or a
doctor may transmit equivalent
information. From a practical point of
view it would be not be unreasonable to
expect that the best person to transmit this
information to the patient would be the
person able to answer all of the potential
questions likely to be raised. Against this
background a member of the research team
would seem to be the most appropriate
person.

The Council of Europe does not require
that information be provided to
participants by a particular person.'’
Information such as this can be given
either by the dental surgeon or by another
health care team member. In most
circumstances the dental surgeon is usually

well familiarised with his/her patient and,
in this role, is probably best placed to
divulge the information. However it may
be considered that the dental surgeon is in
a sub-optimal position to provide the
information in that he/she is not really
familiar with ongoing research and,
consequently, may not be the best person
to properly inform the patient.

Against this background, it is not
surprising that one hundred per cent of the
patients interviewed in this study declared
that they wanted to be informed about the
research by their dental surgeon. However
it is probable that their dental surgeon may
not be privy to and familiar with ongoing
specialist research. Consequently they may
not be the best person to properly inform
the patient.

By introducing a two part process, where
the dentist ultimately responsible for the
extraction of the tooth is not the same
person charged with the obtaining the
necessary consent, the patient could be
given the opportunity to refuse the
extraction without any fear of subsequent
reprisal. In these circumstances the consent
process could then be seen not to have
been be influenced by any perceived
patient/practitioner imbalance. Despite this
consideration, one hundred per cent of the
patients participating in in this study did
not consider that their tooth would be
extracted for purposes of research rather
than for medical reasons. Accordingly
there was no conflict of interest between
the patient and the dental surgeon who
remained independent from the
odontological biomedical research.

What features in the consent for tooth
donation?

Article 32 of the Declaration of Helsinki,
provides for the gathering of informed
consent for the use of human tissue for
medical research. Article 22 of the Oviedo
Convention states the consent is valid only

34




Foreaic
Odonto-Stomatology

Thoughts on donation of a tooth to science, in the course of dental care. Le Breton, et al.

if the patient is fully informed of the final
purpose of the conservation and use of
biological elements are removed.

It is therefore necessary to ensure that the
patient has not expressed any opposition to
the subsequent use of the specimen. Under
French law (Article L.1211-2 of the Public
Health Code) relevant information must be
transmitted to the patient should there be a
change in the research programme for
which the sample was originally provided.
However it is difficult to imagine how the
person from whom a sample was taken
could express their compliance to change
should there be a change in the research
programme for which the sample was
originally  provided. ~German'®  and
Canadian'® legislation have established
derogation between the information and
consent process with the result that it is
impossible to contact the person who
provided the original biological sample.
One hundred percent of the patients taking
part in the study declared that they would
not change their mind if asked to take part
in a future research project and would not
ask for the final results of the project in
which their tooth was included. It is
significant that all of the patients were
aware that any change in the research
project for which their tooth was originally
intended could possibly result in discovery
of genomic and specific information in
respect of their present and future health
status as well as that of their family.
French law (Article L1131-1 of the Public
Health Code) stipulates that it is a
mandatory requirement to obtain written
consent of the patient in cases of genetic
research being carried out on the sample
provided.

An opinion from the German Ethics
Council® proposed that consent for the use
of any biological sample to be used for
research should be “broad brush” and
include the possibility of the sample being
used for genetic research. Consent would

be revocable at any time. This opinion, if
exercised, would exclude  patient
anonymity. Should  data  become
irretrievably dissociated from the human
source of the biological sample, sample
destruction would be deemed
innapropriate'”. Against this background
the introduction of consent for the
recovery of surgical residues for research
purposes is a matter of concern for some
scientists. Nonetheless it does allow for
fundamental ethical principles to be
respected and could be seen as a means to
protect the interests of both the medical
and research communities from possible
scandal and litigation.

In disputed cases where informed consent
is an issue a written signed document is
best evidence that the appropriate
information was given at the time of
consent. However it is recognised that it is
more difficult to obtain informed consent
than it is to recognise dissent. An
expression of consent should be seen as
recognition that the patient maintains
control over the sample they have
provided. By reference to this principle the
patient is respected both as a patient and as
a human being by virtue of their
participation and contribution to a research
project contributing to the progress of
science”.

It should be noted that publication of
research projects in International Scientific
Journals, such as the project described
above, require compliance with the rules
of ethics, including the dissemination of
information and obtaining consent when
human body parts are used.’

CONCLUSIONS

This study demonstrates that the process of
consent for tooth extraction in the context
of routine dental care should be separated
from that of the extraction of the teeth for
purposes of research. The question of the
“balance of risk” to the patient associated
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with the process of tooth extraction is
minimal compared to the potential “greater
good” benefits associated with the need of
stem cell researchers to have access to
dental pulp tissue.”” The low risk
associated with tooth extraction together
with the high degree of patient - dentist
trust relationship would infer an increased
burden of ethical responsibility on the part
of the dentist. Currently the dental
practitioner is required to safeguard the
autonomy of the patient by providing

specific information in respect the
destination of the tooth for the purposes of
research, to obtain informed consent and to
establish traceable retrospective pathways
in order to reconcile the entire process.

It is suggested that the existence of a
continuing climate of mutual trust that
currently exists between patients, dentists
and researchers will be necessary to ensure
that patients will continue to participate in
future research projects.
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