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ABSTRACT

INTRODUCTION: In complex cases of human identification, such as those with charred, putrefied, and mutilated
cadavers as well as teeth, dental materials, and implants, play an essential role because of their highly resistance to
postmortem environmental conditions.

OBJECTIVES: The present study aimed to analyze photographic, radiographic, and microscopic images of dental
implants in three common situations in forensic practice: heating, burial, and water immersion.

MATERIAL AND METHODS: Twenty-seven dental implants were installed into nine pig ribs that were sectioned
into three fragments and divided into three groups. Each group underwent a different simulation process: heating
at 200°C, 400°C, and 600°C for 30 minutes; burial for 30, 60, and 90 days; and immersion in water for 30, 60, and
90 days. Before and after simulation, the specimens were analyzed via photographs, periapical radiographs,
and scanning electron microscopy for comparison purposes.

REsuLTs: The results demonstrate that there was no significant damage in the dental implant’s structure. On the
other hand, the surrounding bone was affected in all groups. Detachment of the implant from the bone was observed
in the samples, except in those least exposed to water submersion and heat.

ConNcLusIONS: This study confirms the high resistance of dental implants to environmental changes that are com-
monly found in the forensic practice.
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INTRODUCTION expertise in the living and the deceased. In the for-
mer, the analysis of bodily injuries and age estimation

Forensic odontology is a field of expertise that exemplify some of the activities of forensic dentists,
includes the analysis of events that require technical ~ while the latter is more often illustrated by the hu-
knowledge of dentistry to support the needs of jus- man identification process. For human identification,
tice [1]. In practice, forensic odontologists work with  forensic odontology is especially important because
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human teeth, dental materials, and appliances used
for oral rehabilitation are highly resistant to postmor-
tem environmental conditions, such as high tempera-
ture [2-4].

In particular, dental implants represent a strong
structure that is gradually growing in the prevalence in
several populations worldwide. The popularity of den-
tal implants is especially evident in countries with in-
creasing life expectation. In Brazil, population’s mean
life expectation reaches 75.8 years [5]. Oral rehabilita-
tion with implants is more common among those aged
between 40 and 49 years (29.63%). Other prevalence
rates report females (65.75%) with a higher prevalence
of dental implants compared to males [6]. In forensic
odontology, dental implants and the inherent imagino-
logical records necessary for implant surgical installa-
tion may be valuable sources of antemortem evidences.
Berketa et al. [7] reported that implants not only resist
to high temperatures, but also may preserve their serial
numbers.

OBJECTIVES

Despite the evident contributions of dental implants
to human identification, superficial information is known
about the behavior of these structures when tested in sim-
ulated conditions commonly found in the forensic field.
This study aimed to perform a radiographic and micro-
scopic analysis of dental implants before and after expo-
sure to heating, burial, and immersion in water.

MATERIAL AND METHODS

Twenty-seven dental implants were installed in nine
swine [8] ribs. The implants selected were cylindrical, with
3.5 mm x 15 mm in size. The implants were composed
of pure titanium (grade 4), and the surface treatment was
machined and acid-etched. The ribs were fragmented and
distributed into three groups (n = 9). Digital photographs,
digital radiographs, and scanning electron microscopy
images were taken from the samples to simulate antemor-
tem data. Radiographs were obtained with the same X-ray
unit (Spectro 70x, Dabi Atlante, Ribeirdo Preto, Brazil)
with standardized parameters (70 kVp, 7 mA, expo-
sure time 0.2 s, focus-to-receptor distance 20 cm), using
photostimulable phosphors (PSP) plates (VistaScan Perio,
Durr Dental, Bietigheim-Bissingen, Germany) with reso-
lution of 1070 DPI (20 LP/mm). PSP plates were centered
in an acrylic device to standardize the distance and the lo-
cation of position indicated by the X-ray.

After the image records, each group underwent dif-
ferent simulations corresponding to the forensic routine.
Heating was the first simulation, in which the samples were
kept in an EDG 10P-S oven (EDG Equip. Contr. Ltda., Sdo
Carlos, Brazil) at 200°C (subgroup A), 400°C (subgroup B),
and 600°C [9, 10] (subgroup C), for 30 minutes. Burial was

simulated by storing the samples in a nylon bag one meter
under the soil. In the third simulation, the samples were
stored in small bag under water in a lake. Photographs,
periapical radiographs, and scanning electron microscopy
images were taken after heating, burial, and immersion to
produce simulated postmortem data, following the same
parameters of the initial image acquisitions.

Photographic and microscopic analyses were per-
formed qualitatively. The digital radiographs were sub-
jectively analyzed regarding the presence of radiolucent
defects in the bone/implant interface. Additionally, an ob-
jective analysis was carried out to assess the differences
in bone and implant densities between radiographs tak-
en before and after exposure to conditions. Radiographs
were exported in tiff format (16-bit) and analyzed in Im-
age] software (NIH, Bethesda, Maryland, USA). Regions
of interest (ROI) were selected (Figure 1) in the bone
adjacent to the implant (1.5 mm x 1.5 mm boxes, with
their upper limits adjacent to the ninth screw of the im-
plant, on the right side), and at the center of the implant
(1.5 mm x 1.5 mm boxes). Averages and standard devi-
ations of the pixel values (grey scale) were obtained, and
their heterogeneity values were further calculation (i.e. co-
efficient of pixel value variation in the areas of interest) [11],
before and after exposure to heating, burial, and immer-
sion. Paired t-test was carried out to compare the values de-
tected in radiographs. Statistical significance was set at 5%.

RESULTS

The photographic analysis of implants in a simulation
of postmortem phase did not reveal any macroscopic

FIGURE 1. 1.5 mm x 1.5 mm ROls selected in the bone
adjacent to the implant and at the center of the implant.
The upper limits of the regions of interest (ROIls) were at
the level of the ninth screw of the implants
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TABLE 1. Quantification of radiolucent defects in implants after simulated heating, burial, and immersion in water

Simulation 30 days 60 days 90 days 200°C 400°C 600°C Total
Heating n/a n/a n/a 1 4 6 n
Burial 0 2 1 n/a n/a n/a 3
Immersion 2 2 4 n/a n/a n/a 8

n/a - not applicable
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FIGURE 2. Photographic images obtained after submis-
sion to each forensic condition

Before After

Heating (600°C) ' ' ')
Burial (90 days) ' '

Immersion (30 days) ' ‘ '

FIGURE 3. Radiographs of heat (600°C), water (90 days),
and land (90 days) samples, before and after exposure

TABLE 2. Mean pixel values of bone and heterogeneity
of the region of interest (ROI) before and after exposure
to heating, burial, and immersion in water

Simulation Before After  Variation p-value
Heating
Pixel value 26834 17305 -35.5% 0.003*
Heterogeneity | 13.3% 32.8% 147.5%
Burial
Pixel value 27,547 20,941 -24.0% 0.04*
Heterogeneity 8.1% 16.6% 103.3%
Immersion
Pixel value 19,869 14,106 -29.0% 0.09
Heterogeneity | 12.3% 24.5% 99.2%

p - statistical significance set at 5%

alteration after maximum heating (600°C) and maxi-
mum stay under the soil and water (90 days). The only
evident sign of heating, burial, and immersion in water
was the change of color spectrum to dark (after heating),
brownish (after burial), and opaque grayish (after im-
mersion in water) (Figure 2).

In the radiographic analysis (Figure 3), radiolucent
defects were more prevalent in implants that underwent
heating (n = 1 at 200°C, n = 4 at 400°C, and n = 6 at
600°C) and less prevalent in implants that were buried
(n =0 at 30 days, n = 2 at 60 days, and n = 1 at 90 days)
(Table 1). The radiolucent defects were visible in the in-
terface between implant and bone.

When a bone was specifically analyzed from radio-
graphs, a decrease in bone density and an increase in
the heterogeneity of the region of interest (ROI) was ob-
served. Bone density differences before and after simula-
tions were statistically significant for samples that under-
went heating and burial (Table 2).

Through scanning using electron microscopy (mag-
nification of 20x), the qualitative analysis showed differ-
ences that were more evident between samples, which
underwent heating and immersion. In the former, bone
porosity was clearly visible, and the implant was appar-
ently undamaged (Figure 4), while in the latter, a mass
covering the implant surface and the adjacent bone was
detected (Figure 5).

DISCUSSION

Science behind dental human identification evolved
to a point where a simulation of forensic conditions be-
came possible to understand the behavior of teeth and
dental materials under adverse environmental condi-
tions to predict and support performances in practice.
Charred and putrefied bodies are commonly found as
a result of heating, burial, or immersion in water. This
study aimed to investigate the behavior of dental im-
plants and adjacent bone after exposure to simulated
heating, burial, and immersion in water conditions via
photographic, radiographic, and microscopic analyses.

Heating was the first simulation, with a temperature
ranged from 200°C to 600°C. As expected, macroscop-
ic changes in the implant itself were not detected, since
dental implants are extremely resistant to high tempera-
ture because of a titanium oxide layer covering, which
provides a high melting point (1,650°C) to the metallic
structure [7, 12-14]. However, it is important to note that
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at nearly 400°C, implants may detach after structural al-
terations in the surrounding bone. This phenomenon is
especially relevant in crime scene investigations [15] be-
cause implants may be outside the oral cavity and even
far from the cadaver. Unnoticed implants may impede
human identification, with discrepancies in antemortem
and postmortem data.

When it comes to antemortem and postmortem
data, radiographic records are fundamental to support
the process of human identification with more dental
information and evidences [16]. Periapical radiographs
were chosen in this study because they consist of an im-
age modality commonly used in the routine of medi-
co-legal institutes. In practice, periapical radiographs are
often taken with handheld portable devices, especially in
mass disasters. When the dental implants that underwent
heating were analyzed through periapical radiographs,
a higher prevalence of radiolucent defects was observed.
The defects were more predominant in the interface be-
tween implant and bone. A reasonable explanation for
this finding is the combination of high temperature and
low-humidity environment, which contribute to implant
mass loss. These outcomes were confirmed when bone
density was investigated. Differences before and after heat-
ing reached statistically significant values (p = 0.003) and
showed a decrease in bone density.

In the group that underwent simulated burial, the
changes were similar. Macroscopically, the interface be-
tween the implant and bone was affected, and the implant
moved outside the bone. Despite moving, forensic den-
tists must be aware of the implant marks abandoned in
the bone. In practice, microscopic analysis may be per-
formed to confirm that an implant was installed in the
bone and was lost peri- or postmortem. Other evidence
that may be analyzed from the buried samples is the soil
traces that are found in the bone. Soil temperature and
humidity [17] may be assessed in the forensic routine to
enabled inferences about the location in which the body
was found. Bone density also changed after burial
(p = 0.04) denoting a mineral loss. Because of the eventu-
al implant loss that may occur after burial, forensic den-
tists must be aware of proper excavation techniques for
field expertise in anthropology, in which mass/clandes-
tine graves must be searched in detail for human remains
and (potentially) detached dental implants.

After the simulation of immersion in water, evident
changes were not detected in the implants and bone, as
previously detected in heating and burial conditions.
However, it must be noted that the implants presented
sediments and an opaque grayish color that may repre-
sent signs of corrosion [18]. Studies show that pH and
the presence of chlorides might influence a dental im-
plant corrosion, because they are capable of breaking
the titanium oxide layer that covers the implant surface
and are responsible for reducing its reactivity [13, 14,
19-21]. Not only external conditions but the implant’s
metallic alloy and the surface treatment can also influ-
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FIGURE 4. Scanning electron microscopy of the im-
plant’s apical region and surrounding bone (20x magni-
fication): 400°C heat sample
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FIGURE 5. Scanning electron microscopy of the im-
plant’s apical region and surrounding bone (20x magni-
fication): 30 days immersion sample

ence the corrosive process. Zirconium alloys present
lower corrosion rates against pure commercial titani-
um [22]. Regarding the surface treatment, studies re-
ported a lower corrosion rate using acid etching, when
compared to sandblasting and machined implants with-
out acid etching [22, 23]. Corrosion is an important phe-
nomenon because it compromises the interface between
the implant and bone. The present study confirms this
finding because the implants were easily removed from
the bone, especially after 90 days under water.

This study designed three simulated conditions that
are compatible with the forensic routine of violent deaths.
Future studies in this field are encouraged to investi-
gate even more realistic simulations by using soft tissue
around to protect the bone and implant, as it occurs
in practice. Furthermore, in this research, the implants
were screwed into the bone and the osseointegration pro-
cess did not occur, which can influence the analyses of
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the detachment of material and the defects in bone-
implant interface. Whenever feasible, osseointegrated im-
plants should be used, e.g. by sampling research pigs that
underwent previous investigations in the field of implan-
tology and that are scheduled for euthanasia.

CONCLUSIONS

Under the circumstances of the present study, den-
tal implants presented high resistance to heating up
to 600°C, and to burial and immersion in water up to
90 days. On the other hand, the surrounding bone pre-
sented radiographic and microscopic alterations that are
relevant for human identification in forensic odontology.
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