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ABSTRACT: This study was based on a morphometric analysis of bite marks starting from the quantitative definition of the anterior teeth by
the geometric acquisition of the ‘‘injuries,’’ using bite marks impressed on pig skin and plastic. Each mark was photographed and acquired. A dedi-
cated program automatically supplied the values of the shape factors and the areas of the pattern geometric figures. The values obtained for the
homologous samples were compared to the heterologous values. Statistical comparison was made of the sets by linear regression, determining the
correlation coefficient and the determination coefficient for each value. Results showed only 4.8% and 2% of overlap between homologous and heter-
ologous values. This study was carried out in attempting to quantitatively define the anterior teeth of the human dentition and the procedure described
and the results obtained support the advantage of morphometric studies and computer-aided programs in this study of bite marks.
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Bite marks may be observed in cases of sexual attacks, child or
domestic partner abuse, and offensive or defensive combat alterca-
tions. The injury pattern can provide an important link between the
‘‘bitemark’’ and the ‘‘biter.’’ Indeed, although bite mark analysis by
forensic odontologists has been considered controversial and has
been the object of several review articles in the legal field, bite
mark evidence has prompted the development of an increasingly
sophisticated array of new techniques and procedures, for use in
conjunction with older accepted protocols (1–5).

In fact, an essential component of the determination of the valid-
ity of bite mark analysis is validation of the techniques used in the
physical comparison between the biter’s dentition and the physical
injury.

The ABFO (American Board of Forensic Odontology) Bite Mark
Guidelines provide all the indications on how to collect, preserve,
and analyze forensic bite mark evidence, based on the assumption
that the bite perpetrator may be identified by studying unique fea-
tures of his teeth, as well as additional information, obtained with
more advanced techniques and procedures employed in the evalua-
tion of bite mark evidence.

The most common methods for determining bite marks include
techniques comparing the morphology of the dentition (shape, size,
and position of teeth, together with the shape of the dental arches)
with similar traits and characteristics present in life-sized photo-
graphs of the injury using transparent overlays or computer-aided
programs (6,7). Other comparison methods include direct compari-
son of the suspect’s study casts with photographs of the bite mark,
comparisons of test bites produced by the suspect’s teeth with the
actual bite mark, and the use of radiographic imaging (8) and scan-
ning electron microscopy (9,10).

The aim of this study was to investigate the validity of an exper-
imental computer-aided digital method of comparison of human
bite marks, starting from the quantitative definition of the anterior
teeth. The research was carried out using a metric method for iden-
tifying and comparing simulated bite marks impressed on pig skin
and plastic, by a dedicated software (Facecomp).

Materials and Methods

Using 20 dental casts, two sets of bite marks were acquired. The
dental casts were obtained from a sample of 20 alginate impres-
sions of Caucasian subjects from southern Italy (15 men and five
women).

The casts were set on a dental articulator in maximum intercusp-
idation (Fig. 1), and then simulated bite marks were impressed on
pig skin and plastic of the same size (70 · 80 mm) and thickness,
with a constant bite force of 50 N. In this way, two ‘‘bite marks’’
were obtained for each dental cast, yielding a total number of 20
bite marks ‘‘bittens’’ and 20 ‘‘biters’’ (Fig. 2).

After creating the bite mark, photographs were taken using a
digital camera, in accordance with the standards and guidelines
adopted by the American Board of Forensic Odontology (11–13).

A Nikon Coolpix 5550, 10 megapixel, with Nikkor 135-35 optic,
was used (Nikon Corporation, Tokyo, Japan); two perpendicular
rulers were placed on the same plane as the bite mark, and the dig-
ital camera was set up at a fixed distance of 10 cm using a special
holder and positioning the back of the camera on the same plane
as the bite mark and the two rulers. Two light sources from two
directions were fixed to avoid any shadow in the photographs.
Several photos were taken of each bite mark to select the most
appropriate photograph for the comparison procedure (14).

The photographs were acquired using Adobe Photoshop and cut
to the same size by a standardized procedure. Then, on each photo-
graph, seven points were located on the six inferior teeth in the
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intercanine area. So, geometric reconstruction was performed. We
decided to perform our study on the inferior six elements of the in-
tercanine area, so straight lines were drawn passing from the distal
edge of each tooth and from the midline (the mesial contact point
of the two central incisors) yielding a geometric figure with seven
segments (sides) (Fig. 3).

These figures were drawn on the bite marks impressed on the
pig skin and on plastic, and then a comparison was made between
homologous (the bite marks obtained from the same subject) and
heterologous bite marks using dedicated software (Facecomp)
designed by the engineering department. This software was able to
compare two geometric figures starting from the position of the
seven established points (Figs 4 and 5).

So, in accordance with the operative protocol, the seven previ-
ously located reference points were identified and marked by the
software on each acquired photograph, and the program then auto-
matically supplied values for the absolute distances, relative

distances, shape factors, moments, perimeter values, and the areas
of the polygons obtained by joining the points. The algorithms
parameters were calculated as follows:

FIG. 1—The dental articulator used.

FIG. 2—A simulated bite mark with pig skin.

FIG. 3—The geometric reconstruction on the inferior six elements of the
intercanine area.

FIG. 4—A homologous comparison between the two bite marks on the
pig skin and on the plastic.

FIG. 5—A heterologous comparison.
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Let xi and yi be the generic coordinates of a point, I, J and K
the points of a generic triangle, and pijk the perimeter of the trian-
gle; the area can be obtained in the following way:

area tri ¼ 1=2Abs
xi yi
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where Abs is the method for the solution of general linear algebraic
systems. The related compactness index is as follows:

comp ind ¼ area tri=p2ijk

The index, as a form factor, is a no dimensional value and
describes the irregularity of the represented geometric figure (15).

Four numerical sets (determination coefficients and correlation
coefficients for areas and shape factors) were thus obtained for
each image.

The values obtained for each of the four sets of the bite marks
on the pig skin were then compared with the bite marks obtained
from the same cast (from the same subject) on the plastic (homolo-
gous correlations) (Table 1). Following this, the values obtained for
each of the four sets for the bite marks obtained from the other
casts (from different subjects) were compared (heterologous correla-
tions) (Table 2).

Statistical comparison was made of the sets by linear regression,
determining the correlation coefficient and the determination coeffi-
cient for each value (15).

Cross-analysis was made of each of the four numerical sets
obtained from the 40 images (20 ‘‘victims’’ and 20 ‘‘suspects’’),
yielding 1600 comparisons for heterologous correlations and 80
comparisons for homologous correlations.

In brief, the software (Facecomp) includes the following
functions:

• Interactive repere point fixing for the morphometric analysis;
• Computing and visualization of parameter sets for each image

analyzed;
• Automatic calculation and presentation of comparison results.
Inter- and intra-observer error was assessed by getting two odon-

tologists to locate the reference points and the construction of the
polygons at two different times. There were no significant

differences among the results of the comparisons carried out by the
two different operators.

Results and Discussion

In this study, it was decided to consider for the comparisons the
shape factors and the areas, because they showed the most signifi-
cant values. And, it is for this reason that these variables were cho-
sen for statistical analysis by means of cumulative relative
frequency observation. In this way, it was possible to verify in
which of two classes the correlation values and determination coef-
ficients should be placed.

The results in the first class were found to be between 1 and
0.9632 and between 1 and 0.9218 for the areas; between 1 and
0.8756 and between 1 and 0.7749 for the shape factors.

The results for the second class were found to be between
0.9632 and 0 and between 0.9218 and 0 for the areas; between
0.8756 and 0 and between 0.7749 and 0 for the shape factors.

The results showed a high probability that the coefficients were
superior to the values of 0.9632 and 0.8756 for the areas (section
points) in the homologous category, while the same probability was
very low in the heterologous category.

Similarly, if the coefficients were superior to the values of
0.8756 and 0.7749 for the shape factors (section points), the subject
belonged to the homologous category, while the same probability
was very low in the heterologous category.

The results can be summarized as follows:

Areas. The homologous correlation values all belonged to the
first class (1–0.9632 for the correlation coefficient and 1–0.9218
for the determination coefficient), while only 4.2% (correlation
coefficient) and 4.8% (determination coefficient) of the heterolo-
gous correlations belonged to the first class (Fig. 6).

Shape factors. The graph shows that the homologous correla-
tion values all belonged to the first class (1–0.8756 for the correla-
tion coefficient and 1–0.7749 for the determination coefficient),
while only 2% (for both coefficients) of the heterologous correla-
tions belonged to the first class (Fig. 7).

Geometric morphometric methods perform a quantitative analysis
of shape by capturing the geometry of the morphological structures

TABLE 1—An example of homologous comparison (A–A) with all values
(for the absolute distances, relative distances, shape factors, moments,

perimeter values, and the areas of the polygons) supplied by the program.

Homologous comparison A–A

Absolute distances
Correlation coefficient 0.99203
Determination coefficient 0.98854

Relative distances
Correlation coefficient 0.99213
Determination coefficient 0.98364

Perimeters
Correlation coefficient 0.99324
Determination coefficient 0.96778

Areas
Correlation coefficient 0.98921
Determination coefficient 0.97933

Shape factors
Correlation coefficient 0.97832
Determination coefficient 0.93896

Moments
Correlation coefficient 0.99992
Determination coefficient 0.99944

TABLE 2—An example of heterologous comparison (A–F) with all values
(for the absolute distances, relative distances, shape factors, moments,

perimeter values, and the areas of the polygons) supplied by the program.
The bolded values are the most significant (areas and shape factors).

Heterologous comparison A–F

Absolute distances
Correlation coefficient 0.99347
Determination coefficient 0.99239

Relative distances
Correlation coefficient 0.99532
Determination coefficient 0.98315

Perimeters
Correlation coefficient 0.98991
Determination coefficient 0.99632

Areas
Correlation coefficient 0.94672
Determination coefficient 0.90031

Shape factors
Correlation coefficient 0.84397
Determination coefficient 0.68382

Moments
Correlation coefficient 0.99994
Determination coefficient 0.99996
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of interest and preserving this information during statistical analy-
sis. In fact, this method was able to capture subtle differences of
both morphology and the relative spatial location of the individual
occlusal surfaces (e.g., inter-tooth spacing, rotation, and winging)
of the lower anterior dentition, eliciting the characteristics of the
anterior teeth involved in the bite (16). Moreover, although the
arrangement of many different intra-arch tooth positions could ren-
der similar relative areas yet shows significantly different tooth
positions creating the area of the polygons, shape factor in these
cases were different.

Conclusions

It can be concluded that if comparison between bite marks yields
a higher correlation coefficient than the minimum threshold for
autocorrelation of the areas of polygons and the shape factors, par-
ticularly if carried out on the lower arch, then the identification
could be positive.

In border-line cases, a positive identification could be made with
a greater accuracy if all the interdependencies among the variables
were observed together.

This experimental study is limited by the fact that the bite marks
considered are stationary and cannot take into account the use of
the tongue and the absence of distortion of the soft tissue (a bite
mark can be distorted by the biomechanical properties of skin),
and, finally, the effects of edema, hemorrhage, and inflammation
on bite mark production observed in living tissue (17–19). The
method is also conditioned by the depth of the marks impressed on
the skin.

However, this study was carried out in attempting to quantita-
tively define the anterior teeth of the human dentition and the

procedure described, and the results obtained support the advantage
of morphometric studies and computer-aided programs as an addi-
tional aid in the morphological study of bite marks, applied with
the aim of improving the precision and reliability of identification
of a suspect.

Further studies in a larger sample are needed. Finally, it is
important to stress the importance of experience and training in the
analysis of bite mark injury patterns on the successful outcome of
such investigations.
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