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SUMMARY: Dog bites are a known public health problem involving physical, mental and emotional traumas. From a forensic
point of view, it has been stated that their morphological characters, and the intercanine and interincisive measuredreditg; aoul
taxonomic and specific identification of the implicated animal. The aim of this study was to differentiate and identifipgieabio
profile of a potential aggressor dog by analysing eight morphometric bite patterns belonging to three different dog brdeds. The
obtained were analyzed following three categories: a) breeds; b) sexes among breeds; and c) sex within breed. Sigréficast diffe
were detected among the variables@®5), but only the maximum maxillary intercanines width (MaxCW) allowed a breed differentiation.
The other variables allowed a differentiation between two breeds or one breed over the others. The principal comporge(RCa#)alysi
allowed visualizing the degree of dispersion and relationship among the scores. It showed three well-defined and sepayatephree
and different degrees of dispersion within and among breeds. The most important variable for such a differentiation wagMiiesCW.
considering sex among breeds for males, it showed a statistically significant difference, but only the diastema locateldebstinden
left mandibular, incisive and the left mandibular canine (C-I-ManL) allowed breed differentiation. For females, only Max@d/allo
differentiation among breeds. The multivariate analysis permitted with a 95 % confidence interval, a breed and sex idifferentiat
Besides, the PCA models allowed classifying, identifying, separating and graphically showing the relationship amongékeMaigabl
made it possible to differentiate between breeds and sexes. Due to the large range of dog breeds around the worldyitliess multiva
analysis could also help determining the dog’s weight and size, narrowing down towards an approximate number of offending dogs,
focussing on a certain kind of dog breed, and pinpointing any suspect dog.
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INTRODUCTION

Injuries caused by animals are a worldwide publigChhabraet al). The most vulnerable people are the elderly
health problem, that keeps rising (O’Brietral, 2015) with  and small children (Karbeyaz & Ayranci), but it may involve
important economic losses, high morbidity and mortalityictims at any age, especially when more than one dog is
(Skavicet al, 2015). Both wildlife and domestic animalsimplicated (Byard, 2016). Studies indicate that males are
may cause these injuries (Skaetal). The most common affected by dog bites more often than females in a sex ratio
animal related injuries are caused by dogs (85-90 % of the2:1, and in 90 % of cases the aggressor dog belongs to the
total number of injuries caused by mammals) (Abuabargictim or it is known by him/her (Rothet al., 2015).

2006; Tsokost al, 2007), followed by cats (5-10 %), and

rodents (2-3 %) (Mufioz Leyva, 2011; Chhaétal, 2013). The morphology of dog bite marks on the human skin
Canine bites are a known public health problem (Abi depends on the shape and nature of the teeth present in the
al., 2014; Karbeyaz & Ayranci, 2014; O’Briegt al) animal dentition (Byard). The injuries are punctiform “V-
combined with physical, mental, and emotional traumashaped” wounds and the lesions often develop irregular and
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furrowed margins (Colaret al, 2015; Fonsecet al, 2015), te, healthy, and non-treated dentition. Because the dogs
including superficial abrasions (30-43 %), lacerations (3belonged to a hatchery, the use of chemicals (e.g.,
45 %), and others (13-34 %) (Chhabtal). tranquilisers, etc.) was not necessary during the sampling
and caring of the subjects. The methodology used for
It has been established that these morphologicabtaining the primary data was approved by the Ethics
characters (intercanine and interincisive measurement€pmmittee  of the  University of Chile
could allow identifying both the animal species involved ifFIV:12101401.9102.007, 2010).
the attack and the aggressor dog following the protocols
proposed by Colardt al and Fonsecat al The bites were recorded on 1 x 70 x 140 mm sheets
of dental pink wax that were used to cover both sides of an
In nonfatal bite cases or in the presence of withessexpandable polyurethane block of 2 cm height. This enabled
the forensic investigation often aims at identifying th&o obtain simultaneously the bite patterns of the mandibular
unknown offender animal. Nevertheless, the finding cdind maxillary teeth during the biting process. The researcher
remains, with alleged animal intervention in outdoor scen@éaced the full wax block inside the dog’s mouth while the
can make research more complex in certain cases, wheog'’s owner pressed the maxilla and mandible against the
legitimate or criminal litigation exists (Fonsestzal). block until achieving a maximal occlusion). It is important
to indicate that this study consider the concept “bite marks”
In a previous article, bite patterns of three dog breetisised in the American Board of Forensic Odontology
(German shepherd, Dalmatian, and Deutscher boxer) wérBFO) definition: "A physical alteration or representative
compared using dental wax (Toleelbal, 2012) according pattern recorded in a medium caused by the contact of the
to their skull shape (Onar, 1999). The main results showegkth of a human or animal” (American Board of Forensic
that only the maximum distance between the upper canin@dontology, 2018).
was statistically significant §9.05), allowing the breed
identification. Likewise, a high correlation was found among For the morphometric study, the bite registrations
the measurements taken in plaster casts and bite patternsvere scanned using an Epson Perfection VV 500 Photo flatbed
wax. This led to the conclusion that such plaster casts coslchnner (Epson Corp, Japan), and saved in JPEG format with
be used to compare the suspect dog dentition with the inp-600 dpi resolution, and 1:1 real scale. The variables
ries recovered in the attack scene, and to identify tlwensidered in the study were: 1) maximum maxillary
aggressor animal (Toledet al). Nonetheless, these intercanines width (MaxCW); 2) maximum mandibular
morphometric studies need to be supplemented Iytercanines width (ManCW); 3) maximum maxillary
morphological studies (Tedeschi-Oliveataal, 2011). Both between third incisives width (MaxIW); 4) maximum
morphological and morphometric methods are usefwhandibular between third incisives width (ManlW); 5)
complementary tools to identify a potentially aggressive datjastema located between the third right maxillary incisive
(Toledoet al). and the right maxillary canine (C-I-MaxR); 6) diastema
located between the third left maxillary incisive and the left
With the goal of facilitating the biological profile maxillary canine (C-I-MaxL); 7) diastema located between
identification of a potential offending dog, this studythe third right mandibular incisive and the right mandibular
analysed four maxillary and four mandibular measurementsgnine (C-I-ManR); and 8) diastema located between the
as source of variations, within and among breeds and ftihird left mandibular incisive and the left mandibular canine
sex: maximum canines width, maximum incisive width, an¢C-I-ManL).
canine- third incisive distance.
The measurements were made with a Traceable
digital calliper (Control Company, 1ISO 17025, USA) and
MATERIAL AND METHOD registered in millimetres (mm). For the MaxCW, ManCW,
MaxIW, and ManlW, the maximum external distances
between the outer edges of every bite pattern were
The animal set for the experiments consisted of thremnsidered. However, for the other measurements, the
groups of ten dogs each, categorized by breed: 1) Gernmamimum internal distances between the edges were used.
shepherd (weight for males: 30-40 kg, and females: 25-32
kg); 2) Dalmatian (weight for males: 25-27 kg, and females: The observations (animals) were analyzed
24-26 kg); and 3) Deutscher boxer (weight for males: 30-Z®nsidering three categories: a) breeds, b) sexes among
kg, and females: 25-31 kg). Each group comprised ten brda@eds, and c) sex within breed. For the statistical analysis,
dogs (five females and five males), with definitive, complevarious ANOVA with factorial design and multiple
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comparisons were used within the IBM SPSS v22 (IBMRESULTS

Corp Armonk. USA) software. A 95 % confidence interval

was considered (g 0.05). The results were presented as

mean and standard deviation (SD). Table | shows the results achieved throughout the

analysis of variance considering breeds. Although significant

Furthermore, principal components analysis (PCAJifferences were detected among the variables (p< 0.05),

and orthogonal projection to latent structures andnly MaxCW allowed a breed differentiation. The other

discriminant analysis (OPLS-DA) was used to interpret teariables allowed a differentiation between two breeds or

what extent a breed and/or sex differs from each other, anide breed over the others. Only the observations of the

to identify the critical variables that allow suchGerman shepherd and Dalmatian breeds were different from

differentiation. The multivariate analysis was performed witbne another for all variables.

SIMCA (Sartorius Stedim Biotech, France) (Dago Morales

et al, 2008). The data was previously centered and scaled  The scores plot is commonly drawn in terms of the

(Pareto), and the software was set to calculate the boundapgacipal components (PC) as PC1, PC2, PC3, etc. However,

with 95 % probability (Dago Moralest al) to compensate the second largest chemometrics community draws those

for any magnitude unbalance and/or variance that could exjsiots with the t-nomenclature, that is, t[1], t[2], t[3], etc.

This enabled to eliminate any weight due to the variables Accordingly, the three initial scores in Figure 1A, t[1], t[2],

observations magnitude. and t[3], explained near 66, 16, and 7.6 % of the model,

Table |. Averages and standard deviation of the different measurements considering breed as a source of variation.

Breed/variable MaxCW ManCW  MaxIW ManIlW C-1 C-1 C-1 C-1
*) (++) +) (+) MaxR MaxL ManR ManL
Q) () &) (&)
German shepherd Mean 523 a 46.8 a 40.1 a 299 a 9.0 a 83 a 38 a 39 a
SD 8.2 2.9 2.59 2.0 0.9 1 0.85 0.9
Dalmatian Mean 47.0 b 404 b 344 b 259 b 6.8 b 6.7 b 19b 20Db
SD 35 33 3.04 14 1 0.8 047 0.7
Deutscher boxer Mean 583 ¢ 43.7 ab 355 Db 265 b 7.9 ab 7.3 ab 34 a 34 a
SD 5.5 6.1 3.5 32 1.5 1.2 1.0 0.9

p=0.000  p=0.010 p=0.001 p=0.001 p=0001 p=0004 p=0.000  p=0.000

The different letters, by column, show statistically significant difference®.@b). (*) Differences among all breeds. (+) Differences one breed over
others. (++) Differences one breed from another.
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Fig. 1A: 3D scores scatter plot showing the distribution, dispersion and relation of the scores within and among breedss, T[g,sc
t[2], and t[3], explained near 66, 16, and 7.6 %, respectively. B: 3D loadings scatter plot corresponding to the corant siace
relationships of the variables differentiating the breeds in Figure 1A. The loadings, p[1], p[2], and p[3], explained 46pan@67.6
%, respectively.
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respectively. Thus, the whole model explained about (89.6 Table Il shows the ANOVA among breeds
%) of the variance among breeds. The PCA allowetbnsidering sex as a source of variation. When considering
visualizing the degree of dispersion and relation among teex among breeds for males, it showed a statistically
scores (within and among breeds). It showed three wedlignificant difference on MaxCW, ManlIW, CI-MaxR, C-I-
defined and separated breeds groups, and different degriglexL, C-I-ManR, and C-I-ManL. However, only C-I-
of dispersion within and among breeds. ManL allowed the breed differentiation. The other varia-
bles allowed only a differentiation between two breeds or
Figures 1A and 1B show the 3D plots of scores armhe breed over the others. For females, there was a
loadings scatter respectively. The loadings plot describes astdtistically significant difference on MaxCWwW, ManCW,
visualizes the space relationship among the variables witaxIW, ManlW, C-I-MaxR, C-I-MaxL, and C-I-ManR.
respect to the samples. Furthermore, it helps determiniNgnetheless, only MaxCW allowed a differentiation among
which variables are responsible for the differences amobgeeds (Table 111).
breeds. The loadings, p[1], p[2], and p[3], correspond in
location to their respective scores in Figure 1A, and thus, Figure 2A represents the 3D scores scatter plot
explained near 66, 16, and 7.6 %, respectively. showing the distribution and relationship of males within
and among breeds. The three initial scores t[1], t[2], and
Regarding p[1], all variables were positive (from left[3], explained almost 65.7, 13.3, and 11.9 %, respectively,
to right in Figure 1B), clearly stating that all contributed t@nd the whole model explained about 90.9 % of the variance.
distinguish between breeds. Nonetheless, the most importdahie PCA shows that there are three separate groups of ma-
variable for such a differentiation was MaxCW andes according to breed, from which, Deutscher boxer
(ManCW). There is a direct correlation among them, whicpresented the largest dispersion. Furthermore, MaxCW, and
implies that if one rises, the others may follow. After thosManCW had the largest weights to differentiate males among

variables, (MaxIW) followed (ManIW) (Fig. 1B). breeds (Fig. 2B).
Table II. Averages and standard deviation considering sex as a source of variation.
Males Breed /Variable MaxCW ManCW MAXIW ManIW C-1 C-1 C-1 C-1
(++) ) ) (++) MaxR MaxL ManR ManL
) (+1) () *)
German Mean SD 54.2 ab 482 a 41.6 a 30.8 a 92 a 84 a 45 a 47 a
Shepherd 2.8 3 1.9 2.44 1.2 14 0.52 0.3
Dalmatian Mean SD 499 b 427 a 36.0 a 26.7b 70 b 6.8 b 1.8 b 1.7 b
Deutscher Mean SD 59.7 a 46.7 a 36.4a 29.0 ab 92 a 83 ab 38 a 36 ¢
boxer
7.0 7.2 4.8 2.26 0.8 0.73 1.1 0.9

p=0016 p=0216 p=0420 p=0.029 p=00 p=0.035 p=0.000  p=0.0
Different letters, by column, show statistically significant difference<0(p5); * Differences among all breeds; (+): Differences one breed over others;
(++): Differences one breed from another; (-): Without difference among breeds.
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Fig. 2A: 3D scores scatter plot showing the distribution and relationships of males within and among breeds. The
scores t[1], t[2], and t[3], explained near 65.7, 13.3, and 11.9 %, respectively. B: 3D loadings scatter plot showing
the variables contributions for the differentiation of males among breeds and its space relationships. The loadings,
p[1], p[2], and p[3], explained about 65.7, 13.3, and 11.9 %, respectively.
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Table Ill. Average and standard deviation values considering sex as a source of variation.

Females MaxCW ManCW MAXIW  ManIlW C-1 C-1 C-1 C-1
Breed /Variable *) +) ) ) MaxR MaxL ManR ManL
() (+) (+) )
German Mean 50.5 a 454 a 38.6 a 289 a 8.8 a 82 a 32 a 32 a
Shepherd SD 2.6 2.3 2.5 1.1 0.6 04 0.5 0.5
Dalmatian  Mean 441 b 38.0 b 327 b 250 b 6.6 b 6.6 b 2.0b 23 a
SD 1.8 1.2 2.3 1.0 1.1 1.0 0.6 0.9
Deutscher  Mean 57.0 ¢ 40.7 b 346 b 240 b 6.6 b 64 b 31b 33 a
boxer SD 3.8 3.1 1.6 1.3 0.7 0.7 0.87 1.0

p=0.000 p=0.001 p=0.003 p=0000 p=0.001 p=0.002 p=0038 p=0.181

Different letters, by column, show statistically significant difference®(p5); * Difference among all breeds; (+): Difference one
breed over others; (++): Differentiate one breed another; (-): Without difference among breeds.
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Fig. 3A: 3D Score scatter plot showing the dispersion and relationship of the scores between sexes (green for femalerand blue f
male) within the German shepherd breed. The scores t[1], t[2], and t[3] explained almost 60.7, 18.8, and 9.8 %, resp8€&iively. B

loading scatter plot indicating the contributions of each variable to the variability between sexes within the Germant8aegherd
and its spatial relationship. The loading p[1], p[2], and p[3] explained almost 60.7, 18.8, and 9.8 %, respectively.

The corresponding PCA for females (94.4 % The PCA showed that there were two separate groups
explained variance, figure not shown) showed three separéexes) within breeds, although not all the variables showed
groups according to breed. The Deutscher boxer presengtatistically significant differences among them (Table 1V).
the largest dispersion, while MaxCW and ManCW had the
largest weights for differentiating females among breeds. Figure 3A represents the 3D score scatter plot

showing the relationship between sexes within the German

Table 1V shows the statistical parameters (mean amstiepherd breed (the figures for other breeds are not shown).
standard deviation) of the variables with statisticallyrhe three initial scores t[1], t[2], and t[3], explained almost
significant differences for the sex class, within breed$€0.7, 18.8, and 9.8 %, respectively. The model explained
Regarding the German shepherd breed, the MaxCW, Celver 89 % of the variability between sexes (within breeds).
ManR, and C-I-ManL variables presented statisticallin addition, Figure 3B represents the 3D loading scatter plot
significant differences between males and femalesdicating the contributions of each variable to the variability
Considering the Dalmatian breed, MaxCW, ManCW, anbetween sexes within the German shepherd breed and its
ManlW, presented statistically significant differencesspatial relationship. The loadings p[1], p[2], and p[3],
Finally, the variables that showed statistically significanéxplained about 60.7, 18.8, and 9.8 %, respectively. The fi-
differences for the Deutscher boxer were ManIW, C-I-MaxRyure showed that the MaxCW and ManCW variables were
and C-I-MaxL. the most important for the sex differentiation.
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Table IV. Mean and standard deviation values of the variables with statistically significant differences (p£ 0.05)

between sexes for the German shepherd, Dalmatian, and Deutscher boxer breeds.

Breed/variable MaxCW C-I-ManR C-I-ManL
German shepherd (M) 541+28 a 45%+05 a 4703 a
(F) 505+26 b 32205 0D 3205 Db
p=0.066 p=0.003 p=0.001
MaxCW ManCW ManIW
Dalmatian ™M) 499+18 a 427+ 3.0 a 267+13 a
(F) 44118 b 38.0+1.1 b 250+£1.0 b
p=0.001 p=0.013 p=0.047
ManlW C-I-MaxR C-I-MaxL
Deutscher boxer (M) 29.0 £23 a 9.2+0.8 a 83+07 a
(F) 240 £13 b 6.6+0.7 b 6407 b
p=0.003 p=0.000 p=0.002

Different letters, by column, show statistically significant differences (p£ 0.05); M: male; F: female.

DISCUSSION

Only MaxCW allowed a breed differentiation and théreeds. For this reason, we should consider using, if possible,
other variables only allowed a differentiation between twthe greatest number of morphometric variables for the bite
breeds or one breed over the others. Therefore, our findingarks analysis. This is because, so far there is no official
suggest that those variables rendered good results and ttagdard method established for the type, quality, and number
they may be considered for such differentiation studies. of individual characteristics indicating that a bite mark

reached a threshold of evidentiary value (Committee on

Some authors stated that the inter-canine width is nietentifying the Needs of the Forensic Science Community
a reliable variable for identification due to its high level oet al, 2009).
false positives (Toledet al; Tarvadiet al, 2016). Other
authors also indicate that this measurement was not good  Those variables would help making the identification
for differentiating dog breeds (Tedeschi-Oliveital). This easier, more precise, reliable, and unbiased, while
is a problem both individually or in association with othepinpointing and identifying the biological profile of a
parameters during the metrical analysis of pattern bitgsotential aggressor dog through the comparison of bite marks
Moreover, a blind study analysing bite patterns on wagft on the attack scene against the dental measures taken on
considering only inter-canines and inter-incisive width, wathie suspected dogs. This is true regardless of how low the
able to correctly identify only a varying percentage of theariables’ values are, and/or how essential these variables
studied dogs (Toledet al). are to the variability and how these variables and others could

play an important role in the final differentiation of a subject.

Deutscher boxer breed evidenced a greater dispersion
in its scores; the other breeds formed more compact groups. It is possible to affirm that both, females and males
This high dispersion for Deutscher boxer breed could expldielped in differentiating between breeds for most of varia-
the similar measurements also found in the other two bredaes (Table 1). However, although there were significant
(Table 1). On the other hand, only the observations falifferences among breeds and sexes within breeds, only some
German shepherd and Dalmatian breeds were different frotariables and sexes allowed explaining this variability
one another for all variables. This may be due to significatables I, Il, and Ill). For females, it can be inferred that the
differences in weights and size between them. In fact, Bernitariables ManCW and MaxIW made it possible to
et al (2012) support that small and large dogs can shfferentiate among breeds (Table II). However, for males,
differentiated by the intercanines width. the C-I-ManL variable helped in such a differentiation (Table

I). This work confirms others findings (Carrastal, 2014)

Nevertheless, despite the high dispersion found in which the sexual dimorphism and the variability among
the Deutscher boxer breed, the present study was abléteeds, as well as some cephalic index-related measurements
classify and differentiate the three breeds using PCA (Figan be different for some breeds, depending on the head
1A). The quantification and use of a great number of denwldth, length, and shape. That is the reason why the analysis
morphometric variables and its analysis through multivariaté bite marks can be a useful complementary resource as a
analysis allowed a clear differentiation of the three studidateed identification method.
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While the head shape is considered the most Nonetheless, the bite marks analysis must be used
important criterion for defining the standard of dog breedsyith extreme caution as an identification method. This is
the rates and cranial indices are mostly used to identify theiecause many factors can influence the bite mark
morphological types (Onar). Nonetheless, the dog’s skuharacteristics. Some of them depend on the offending agent
shows the biggest individual variation related to the shajleuman or animals), bitten substrate (living or inanimate
and is measured for comparing different species (Carrasaojects) (Tarvadet al). It can also play an important role
et al). This leads to a source of variation in sizes and teetie complex elastic characteristics of the skin, its response
position, which also evidenced different appearancee the effects of pressure, the presence of multiple
(Tedeschi-Oliveiraet al). Consequently, some systems obverlapping injuries, cutaneous continuity, subcutaneous
typological evaluation can be used for classify dogs breedgfachment disruptions (Garamendi & Lépez Alcaraz,
not only measuring the head but also using, for examp012), anatomical locations (arms, breast, etc.), and the
the weight as a source of variation (Tedeschi-Olivetied).  dynamics of the biting, among others (Tarvatdal). In

addition, one must consider that dogs are scavengers so it

Compared to human bites, dog bites are usually possible to find bite marks on bone rests resulting from
different, often with some degree of distortion between titee carrion-eating process.
measureents obtained from both, the victim and the
suspect. These distortions could hinder or even make it  Although the court of law can accept the bite marks
impossible to perform a physical analysis of the bite markanalysis, scientific reliability is still up for debate (Kashyap
Nonetheless, it is possible to get a match with a high degeeal, 2015; Tarvadet al). However, Rivera-Mendozzt
of certainty or high probability (Bernitet al). This is al. found the most varied range of bitten substances, all of
feasible provided there are multiple points of concordantieem belonging to sentenced cases, and many potentially
and zero discrepancies between the bite patterns foundii@atable as legal precedents. As also described by Murmann
the victim and the suspected dog’s dentition. For th{2006), this allows considering valid the analysis of bite
reason, the existing guide established by the forensitarks on inanimate objects (e.g. wax) or on bones due to
odontology community for such an analysis showdd kextreme hardness, low grade of deformation and
respected (Tedeschi-Oliveieaal). degradation after a bite mark. In this perspective, these

substrates could be consider reliable to assign a taxonomic

The macroscopic appearance from an acute animadlue to bite marks.
bite reveals a combination of abrasions, contusions, and
sometimes skins lacerations. All of them alter the physical Some authors like Garamendi & Lépez Alcaraz
appearance of the injury and its reaction (Toletl@l). recommend taking dental impressions as comparative
Consequently, a differentiation of various bites caused Imngeans between the suspect animals and the bite marks
dogs of the same breed is normally not possible. Howev&sund on the scene. They also suggested that bite marks
the analysis can help to identify the offender dog (Deould help tracing some distinctive characteristics of the
Munnynck & Van de Voorde, 2002), moreover in bite markanimal’s dentition (rotation, misplacement, or lack of den-
analysis registered on inanimate objects, found in crintal pieces). However, recent studies alert about the use of
scene (bones, wood, wax as in this study, etc.). these bite marks for the identification based on specific

characteristics of the dentition. Therefore, for a better

The skin does not respond in a linear way to stresdenification, those morphometric studies could be, and in
contributing to the possibility of distortion, affecting themost of the cases have to be, complemented by
identification of a suspect (Committee on Identifying thenorphological studies (Toledd al). The bite marks analysis
Needs of the Forensic Science Commueitgl). Bite mark usually combines metric and non-metric pattern bites found
analysis in inanimate objects seems to offer more reliabilin both the victim and the potential biter. The metric analysis
than in the skin, and numerous papers, technical notes, amcbrporates measures to its analysis while the non-metric
case reports have addressed different procedures to idenitiigorporates analyses patterns (Tanetdil).

a perpetrator in the forensic arenas (Rollins & Spencer, 1995;

Rivera-Mendozeet al, 2018). Besides, numerous articles It is also worth noting that dogs differ more in skull

in taphonomic context have used bite marks (tooth marksiye than any other mammalian species (Carrasab),
analysis registered on bone rests trying to establish @nd both skull shape and size have been suggested as
distinguishing the identity and number of carnivore taxa aspurces of variation in the size and position of the teeth.
bone assemblages from early archaeological sit€n the one hand, due to the enormous variability among
(Dominguez-Rodrigo & Pigueras, 2003; Delaney-Rivdra the dog breeds, it is recommended to classify the dogs
al., 2009), among others. according to different sources of variation like typological
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evaluation systems (e.g., weight) (Tedeschi-Olivatied), Given the increase in dog-bite related injuries and

and not only on the head shape (Morgan & Palmer, 2007talities, it is necessary to expand the number of bite marks

On the other hand, in different dog breeds the masticat@tyidies, both morphometric and morphological. Besides, new

force is associated with the weight, and excitement of tipeotocols have to be proposed, or the ones used for humans

biting process. Several authors indicate that the force lzdve to be adapted. They must consider outdoor, indoor,

biting dogs varies by breed: 31 to 31 79 kPa in trainedixed or aquatic scenes, substrates (biological, inert), the

attack dogs (Morgan & Palmer), and more than 3102 kifR@mment when the mark was left (pre- or post-mortem),

in large dog breeds (Dehghaati al, 2016; O’'Brienet adjusting their photo setting procedures, collection,

al.). This would result in more severe injuries rather thgoreservation, and shipment to the laboratory.

slight (Dehghaniet al). The pressures generated from

some dog bites can fracture bones depending on the victim,

the dog breed, and the bitten anatomic region (O’Beien ACKNOWLEDGEMENTS

al.). Moreover, certain breeds can also create crush inju-

ries due to the high pressures produced during the bite

(310 — 31790 KPa). The authors wish to thank to the Doctoral Program

in Forensic Science of the University of Alcala (Madrid,

Some details to consider while collecting the evidenc®pain), and to the Asociacion Iberoamericana de Medicina

(bite marks) or making the recordings are the experiengeCiencias Veterinarias Forenses AG for the constant support.

of the people sampling and measuring the characteristics of

the materials used, the environmental conditions, as well-as

any factor that could alter the sample. According téOLEDO'GONZALEZ'V'A'?ORTEGA‘OJEDA’ F.E.. FONSECA,

. o ; M.; GARCIA-RUIZ, C. & PEREZ-LLORET, P. Analisis de pa-
Hernandez-Carrascet al (2016) it is important to train trones de huellas de mordedura producidos por perros doméGaeis (

Veterinarians in order to create accurate registers, in a sgffis familiarig utilizando registros en cera dentat. J. Morphol.,
and reliable way. In addition it is recommended to sedate(2)885-893, 2019.

the subject during analytical procedures. This should be _
performed following security standards and rules RESUMEN: Las mordeduras de perros son un conocido pro-

established to protect either the sample than and the hang|&"2 d¢ salud publica que involucra traumas fisicos, mentales y emo-
. L. . . Cionales. En la faz forense, se ha establecido que caracteristicas
who might be injured during the sampling.

morfologicas, asi como las medidas intercanina e interincisiva, permiti-
rian una identificacion taxondémica y especifica del animal involucrado.

El objetivo fue diferenciar e identificar el perfil biolégico de un poten-
CONCLUSIONS cial perro agresor analizando ocho patrones morfolégicos de mordeduras
pertenecientes a tres diferentes razas caninas. Los datos fueron analiza-
dos considerando tres categorias: a) razas; b) sexo entre razas; y c) sexo

. . L. ... .. encadaraza. Se observaron diferencias entre las variatflgds)p pero
To achieve a good differentiation and classificatiogq |4 gistancia maxima entre caninos maxilares (MaxCW), permitié

among breeds, it is important to consider a great numberh diferenciacion entre razas. Las otras variables permitieron una dife-
morphometric dental variables to be analysed with ranciacion entre dos razas o de una raza sobre las otras. El andlisis de
powerful multivariate analysis tool such as pCA_c_o'mponentes_principales (PCA) pt_ermiti(’) visualizar el grado de disper-
Furthermore, the PCA models allow classifying, identifyinq?'on y la relacion entre las p_untuac_lo_nes (dentroy entre raza_ls). Se obser-
. . . . . aron tres grupos (razas) bien definidos y separados con diferentes gra-
separa_tlng, and graphlcal_ly shov_vmg the_ relatlo_nSh'p amongs ge dispersion dentro y entre razas. La variable mas importante para
the variables. This made it possible to differentiate betwegj giferenciacion fue la MaxCW. Al considerar sexo (machos) entre ra-
breeds and sexes. Due to the extensive range of dog breg@sse encontré diferencia estadisticamente significativa, pero sélo la
around the world, this kind of multivariate analysis couldhedida del diastema localizado entre el tercer incisivo y canino izquier-
help determlnlng the dog’s We|ght and SIZG, narr0W|ng dov\ﬁﬁ) mandlbul'ares (C‘l‘ManL) pel’mIFIé la dlf.erenCIaICIC,).r,] entre razas. Para
to an approximate number of offending dogs, focussing gﬁmbras, solo la MaxCW permitié una diferenciacion entre razas. El

in kind of d breed d ideallv. identifvi analisis multivariante permitid, con un intervalo de confianza del 95 %,
a certain kind of dog breed, and ideally, identifying an}fiferenciarralzaysexo. El modelo PCA permitié ademas clasificar, iden-

suspect dog. tificar, separar y mostrar gréficamente la relacion entre las variables.
Esto posibilito diferenciar entre razas y sexos. Debido a la gran variedad
The study of animal bite mark evidence found on agie razas de perros en el mundo, este analisis multivariado permitiria es-
attack scene is in fact a multidisciplinary exercise. Thus, {if1ar peso y tamafio del animal, indicando un nimero aproximado de
must be complemented with the study of other marks fouﬁarros gtgcantes, centrdndose en ciertos tipos de raza, y localizar a cual-
. . . . ) Uier canido sospechoso.
on the victim, foodstuffs and inanimate objects (saliva, bloog,
fibbers, etc.), and on the suspect (gastric contents, stools,  PALABRAS CLAVE: Mordeduras de perros; Ciencia

nails, etc.). forense; Odontologia forense; Veterinaria forense.
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