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Abstract

Background: Preservation of bite marks evidence has always been a major problem in forensic odontology due to
progressive loss of details as time passes. The use of 2D photographs has been widely used to document forensic
evidence and preserving bite marks; however, there are limitations to this method. This study aims to measure the
accuracy of the 3D scanned image in comparison to 2D photograph registration of experimental bite marks. Thirty
volunteers performed self-exertions of a bite mark on the respective forearm of subjects. A 2D photograph and 3D
scanned image was immediately registered following bite mark exercise using a conventional camera and Afinia
EinScan-Pro 2X PLUS Handheld 3D Scanner, respectively. The outlines of the bite mark were transformed into a
polygonal shape. Next, the polygonal approximation analysis was performed by an arbitrary superimposition method.
The difference between surface areas of both images was calculated (2D photographs  3D scanned images).

Results: A paired t test was used to measure significance with α = 0.05. The mean surface area of 2D photographs and 3D
scanned images is 31.535 cm2 and 31.822 cm2, respectively. No statistical difference was found between both mean surface
areas (p > 0.05). The mean error (ME) is 0.287 ± 3.424 cm2 and the mean absolute error (MAE) is 1.733 ± 1.149 cm2.

Conclusion: Bite marks registered with the 3D scanned image are comparable to the standard 2D photograph for bite mark
evaluations. The use of a 3D scan may be adopted as a standard operating procedure in the forensic application, especially
for evidence preservation.
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Highlights

� 3D handheld scanner provides great details of the bite marks on the skin.
� No significant difference in mean surface areas between 3D scanned images and 2D photograph.
� Excess body hair may significantly hamper the surface details.
� 3D scanned image of bite mark is useful for forensic evidence preservation.
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Background
A bite mark has been defined as “a pattern produced by
human or animal dentitions and associated structures in
any substance capable of being marked by these mean’s”
(Sheasby and MacDonald 2001; Clark 1993). In other
words, a bite mark may be defined as a mark having oc-
curred as a result of either a physical alteration in a
medium caused by the contact of teeth or a representa-
tive pattern left in an object or tissue by the dental
structures of an animal or human. Bite marks have been
extensively used in forensic examinations as an adjunct
examination to fingerprint and DNA identification (Kaur
et al. 2013). Due to many cases of wrongful conviction
based on bite mark conclusion, it is important to note
that bite mark examination serves as a supplementary
protocol and provides no alternative to the existing pri-
mary forensic identifiers. The individuality of the human
dentition frequently allows the forensic odontologist to
reach a strong opinion of association in cases of identifi-
cation and bite mark analysis. However, the pattern it
leaves as evidence can be mimicked by other people’s
dentition. Such analysis can often be useful during the
investigation of violent crimes, especially those involving
sexual assault (Gorea et al. 2014). In some crimes, bite
mark evidence is the only evidence on which conviction
has been achieved, particularly alleged rape and child
abuse cases (Afsin et al. 2014). Bite marks have also been
recovered from scenes of theft. Hence, bite marks ob-
tained from a crime scene may be used as exclusive evi-
dence in identifying the perpetrator by connecting the
suspect to the crime scene and excluding the innocent.
However, in contrast to the bite marks individuality in

forensic odontology, a problem related to this forensic
evidence includes the preservation of bite marks evidence
on human skin. This is due to its progressive loss of details
as time passes. Factors such as the wound healing process
in living individuals or the decomposition of dead tissue
may influence the loss of further information in forensic
bite marks (Fournier et al. 2019). Thus, it is essential to
ensure that evidence relating to the injury is docu-
mented, collected, preserved, analyzed, and interpreted

using scientifically accepted techniques. Up to date, the
gold standard collection method from bite mark evidence
is by photography (Hinchliffe 2011). Methods of analysis
of bite marks from photographic evidence include odonto-
metric triangle method, comparison technique, Vectron,
and stereometric graphical analysis (Afsin et al. 2014). Ac-
cording to Modak, the most recent method of interpreting
photographs up to date is by image perception software
procedure (Afsin et al. 2014). Overlays are produced by
layering images of the suspect’s dentition with the original
bite mark photograph to be compared and analyzed. How-
ever, 2D image of a bite mark by itself may introduce
some limitations during the interpretation stage. Rajshekar
mentioned two of the most encountered problem of using
photographic bite marks in his study (Naether et al. 2012).
Firstly, it is a 2-dimensional interpretation of 3-
dimensional information. Another factor is a photographic
distortion, which will alter the bite mark appearance con-
cerning photographic technique. Even when using recom-
mended American Board of Forensic Odontology (ABFO)
imaging techniques, the photographs of bite marks may
not always be accurate and may be distorted (Naether
et al. 2012).
Historically, 3D scanning holds a variety of use in fo-

rensic sciences. 3D scanning has been applied in forensic
odontology for reconstructing skulls and jaws of victims
of disasters, in researching and understanding dental an-
thropology, in the field of biometrics, and also in the
analysis of bitemark (Evans et al. 2010; Naether et al.
2012). In 2013, Evans et al. compared 2D and 3D analyt-
ical methods to investigate the possibility of identify-
ing a biting dentition (Evans et al. 2013). An optical
scanner was used to produce 3D images of impres-
sions of dentitions made on four different types of
materials. The authors concluded that 3D analytical
methods were superior to the 2D method employed
in this study and that it was possible to identify the
biting dentition in most cases using 3D method. This
study aims to measure the accuracy of rapid prototyp-
ing 3D scanned image in comparison to 2D photo-
graph registration of experimental bite marks.
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Methods
The current study is a pilot observational cross-sectional
study in which thirty subjects (10 males and 20 females)
with a complete set of natural upper and lower anterior
teeth were selected for this study. Subjects with ortho-
dontic appliances, intraoral prosthesis, loss of anterior
tooth structure, developmental tooth anomalies, or skin
conditions that can distort the bite marks in the area of
interest were excluded from the study. Prior to the
procedure, a consent form was given to each subject to
explain the purpose and risk associated with this study.
Participants were the dental undergraduate students
consisting of equal number of men and women. Self-
exertions of a bite mark on the respective forearm of
subjects were performed, and a 2D photograph and 3D
scanned image was immediately registered following bite
mark exercise using a conventional DSLR camera
(Nikon D3500) and Afinia EinScan-Pro 2X PLUS Hand-
held 3D Scanner, respectively. The 2D picture was taken
per the ABFO guidelines, which include using a high-
quality camera and having sufficient resolution. The
most important aspect of collecting photographic evi-
dence is the position of the camera to the bite mark. To
prevent dimensional bias, a forearm rest was constructed
to reproduce the same angulation during photography.
The photograph was taken perpendicular to the bite
mark using a tripod bubble level to minimize any error
involving angular distortion, which may cause changes
in the appearance of the bite mark in the acquired
photograph in terms of shape and dimensions of the bite
mark.
The 3D scanned image was then immediately recorded

using Afinia EinScan-Pro 2X PLUS Handheld 3D Scan-
ner (scan speed: 20 fps 1,100,000 points/s 100 data cap-
ture lines, scan accuracy: 0.04 mm, point distance: 0.2–3
mm, working center distance: 510 mm). The scan set-
tings were set according to the manufacturer’s recom-
mendation regarding orientation, resolution, object size,
color, frame rate, and target range. The scanning of the
bite marks was made sure to cover the entire indenta-
tion of dentition registered onto the skin. From the
scanned 3D image, the 2D image was obtained by posi-
tioning the bite mark as the 2D photograph positioning
of the respective bite mark. Acquired 2D photographs
and 3D scanned images of bite marks are mostly circular
to oval. A straight line from the obtained bite mark was
drawn mesiodistally using Adobe Photoshop® software
on each tooth indentation present; extending from the
darkest point (indicating the deepest indentation) of the
mesial tooth connecting to the darkest point that was
marked on the distal and midpoint of the mesiodistal
width of the tooth (Fig. 1). The midpoint obtained
was connected to the center of the contralateral tooth
(e.g., maxillary right central incisor with mandibular

left central incisor). The resulting images are as
depicted in Fig. 2. Next, the polygonal approximation
analysis was performed by an arbitrary superimpos-
ition method. The polygonal shape was constructed
following the outline of the marked midpoint, and the
surface area of both 3D images and 2D photographs
polygonal was brought into comparison. The surface
area was calculated using the width and length ra-
diuses of oval shown in Fig. 3.
Prior to the superimposition method, intra- and inter-

observer reliability scores were performed for the
landmark placements based on the out-of-sample partic-
ipants. The inter-observer reliability score was compared
with a board-certified forensic odontologist of more than
10 years of experience.
The ethical approval for this study has been obtained

by the Institutional Review Board (REC/169/18). The
values and surface areas were tabulated in Microsoft
Excel following the measurements using Adobe Photo-
shop® software.

Statistical analysis
Quantitative data was entered for computer analysis
using the Statistical Package for Social Sciences software
program (SPSS) version 23 and evaluated on a 0.05 sig-
nificance level. The difference between surface areas of
both images was tabulated (2D photographs  3D scanned
images). Mean error (ME) and mean absolute error
(MAE) was determined from the obtained results. A
paired t-test was used to measure significance with α =
0.05 to analyze the accuracy of 3D scanned image in
comparison to 2D photograph registration of experimen-
tal bite marks. Intra- and inter-observer reliability scores
were measured using kappa statistics.

Results
The mean surface area of all 30 participants’ 2D photo-
graphs and 3D scanned images is 19.983 cm2 and 19.862
cm2, respectively. The mean error (ME) is 0.120 ±1.573
cm2 and the mean absolute error (MAE) is 1.106 ±
1.106 cm2. The means were compared using the paired t
test (Table 1). There is no statistical difference found be-
tween both areas of 2D photographs and 3D scanned
images (p > 0.05). The intra-observer and inter-observer

Fig. 1 3D scanned bite mark image

Rizwal et al. Egyptian Journal of Forensic Sciences           (2021) 11:18 Page 3 of 5



scores for the landmark placements of the superimpos-
ition yielded weighted kappa coefficients of 0.93 and
0.85, respectively.

Discussion
Based on the results and analysis, a large portion of the
samples did not demonstrate any significant difference
when comparing the surface areas of 2D photographs
and 3D scanned images. A minor difference can be
noted in every sample, which may be a result of photo-
graphic distortion. It is important to note that the depth
of the bite mark indentation in this pilot study was not
measured due to compliance issue. The volunteers were
not able to observe the multiple designated time frames
for indentation depth re-measurement. Further con-
trolled research is necessary to validate this aspect of
bite mark’s information preservation. To our knowledge,
there are no controlled trials involving human subjects
on bite mark changes to date. There have been articles
that are introducing 3D imaging as forensic evidence
preservation technique with no actual experimental re-
search studied (Carew and Errickson 2020; Raneri 2018).

It is expected that such study design requires vigorous
ethical oversight from the institutional review board that
could dampen the research effort altogether.
3D scanning devices use two distinctive techniques,

passive and active. In our research, we used the passive
method, which was based on stereo-photogrammetry.
This method gathers data from reflected light already
present in the scene, for instance, fluorescent light in a
room or natural sunlight. The same concept is also used
in many smartphones nowadays, such as the iPhone
Light Detection and Ranging (LiDAR). This is particu-
larly useful in cases involving bite marks where it is im-
portant to record the evidence as soon as possible. The
active process, on the other hand, projects lasers of
either structured or unstructured light. The structured
light projects a grid onto the object for further 3D
reconstruction and a more accurate dimension for data
collection.
It is also pertinent to establish a capability framework

that enables an operator to perform specific roles within
a given range of functions as a crime scene reconstruc-
tion specialist. The 3D scanning process in our current
research was performed by a single operator who had
prior training in operating 3D scanner. As the process
requires a steep learning curve, it is envisaged that the
training in 3D scanning process will need to be included
in developing human capital within the forensic odontol-
ogy fraternity.
There was a small number of samples in the present

study, where surface data was loss due to the presence
of excess body hair (n = 4). These subjects were

Fig. 2 2D photograph and 3D scanned image before and after landmark marking

Fig. 3 Diameter for surface area calculation

Table 1 Mean difference between 3D and 2D surface areas

Area Mean N SD SE Significance

3D area 19.98 30 18.313 3.344 0.467

2D area 19.86 30 17.787 3.247
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removed from the study, as no details were available for
subsequent evaluations by the images produced. There-
fore, it is recommended that the excess body hair be
shaved before 3D scanning procedure to avoid inad-
equate scan surface coverage.

Conclusion
In conclusion, utilizing 3D scanning techniques as an
alternative for forensic evidence preservation is compar-
able to the standard 2D photograph. The 3D scanned
images would also improve the preserving information
of the bite mark should re-examination is required at a
later time.
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