An analysis of dental intercanine distance for use in court cases involving bite marks
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Abstract

High levels of crime in South Africa and the resulting court cases requiring bite mark
evidence have necessitated continuous research into the prevalence and interrelationship of
recognisable dental features present in bite marks. This study represents the largest data set of
descriptive statistics related to intercanine distance, in which the means, standard deviations,
medians and interquartile ranges across four racial groups were determined. Intercanine
distances were also statistically weighted by determining the common, uncommon and very
uncommon values for each of the racial groups. The results of this research show that we can
consider any maxillary intercanine distance more than 24.1 mm and less than 43.0 mm to
represent a human bite mark. Black males had the largest mean(average) intercanine distance
of 36.33mm (standard deviation 2.49 mm) and white females the smallest mean intercanine
distance of 33.4 mm (standard deviation 2.13 mm). The analyses showed statistically
significant differences between the mean intercanine distances of different race and gender
groupings. The authors do not advocate trying to determine the race or gender from
intercanine distances determined, but rather the relevance of the intercanine distances in the

specific race and gender groupings. This study makes a meaningful scientific contribution to



the presentation of bite mark evidence at a time when subjective opinions need to be replaced

with scientific data.
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Introduction

High levels of crime in South Africa and a resulting court cases requiring bite mark evidence,
have necessitated continuous research into the prevalence and interrelationship of
recognisable dental features present in bite marks. The 2016 South African crime statistics
report shows that between April 2015 and March 2016, 18673 people were murdered in

South Africa [1].

The adult intercanine distance represents the most stable measurement in both the maxillary
and mandibular arches [2].Two known studies have investigated dental arch shape and
intercanine distances present in their respective populations, but have not been representative
of their respective populations [2, 3]. The intercanine distance is generally used to establish
whether the bite mark is indeed a human mark, and also to exclude individuals whose dental

arch widths are clearly larger or smaller than the examined material [4].

Tooth patterns observed on skin and in inanimate objects reflect the incisal surfaces of the
suspect’s dentition and generally include marks left by the canine teeth [4]. The tooth marks
left by canines tend to be more prominent in skin bite marks as these teeth are usually longer
and cause more bruising [4]. This also applies in dog bite marks, where the canines are much
longer [5, 6]. The measured distance between these marks present in the dental arch are
referred to as the intercanine distance and plays an important role in orientation of bite marks

on skin [4].Bites inflicted are inadvertently left as clues at crime scenes and can be used to



convict or exonerate suspects [7, 8].Skin bite marks are generally present on the body of the
victim and inflicted by the assailant, but in some cases the wounds are self-inflicted or
inflicted by the victim on the assailant [9]. The location of the tooth marks observed on
victims is related to the nature of the crime e.g. sexual assault, child abuse, burglary or
kidnapping [10]. It has also been shown that in 48% of cases where tooth marks are involved,
multiple marks are usually present [11]. Suspects can be physically linked to or excluded

from a crime scene through fingerprints, DNA samples and tooth marks [12].

No prevalence studies quantifying the intercanine distance between different races, ages and

genders representative of a specific geographic area are available.

The aim of this study was to analyse intercanine distance for use in court cases where bite
mark evidence is required. The study analysed four racial groups and included gender and

age differences.

Materials and Methods

Bite mark research was conducted on 4286 racially self-classified volunteers in the province
of Gauteng, South Africa. The sample included 3240 Blacks,777 Caucasians, 148 Coloureds
and 121 Indians, aged between 18-75 years. Bite registrations were taken at private
companies, private dental practices, government dental clinics and University clinics so as to
include individuals from a range of socio-economic backgrounds. This sample is
representative of the Gauteng population and reflects the population profile of the 2011

Census [13].



Data collection procedure:

Bites were registered on a double layer of pink wax folded around a cardboard strip based on
the technique described by Bernitz [14]. This wax platform gives sufficient support to register
both the upper and lower anterior dentitions during the biting process. All bites were checked,
and those that had perforated the wax platform were redone. Bites which showed little detail
were also redone.

After each bite registration session, the recorded bites were transported in cooler boxes to a
dental laboratory where yellow plaster models (KUG yellow stone plaster type 3) of the bite
mark registrations were cast. Each plaster model carried the same unique number present on
the wax bites.

The intercanine distance was measured with a digital Vernier calliper, and was defined as the
“horizontal distance between the cusp tips or central facet areas of the canines in the
mandibular and maxillary arches measured in mm”.

An intra-rater reliability study was performed on 51 cases. The interclass correlation
coefficient (ICC) was used to evaluate the intra-rater reliability of the intercanine distance
measurements.

Statistical analyses consisted of basic statistics such as frequencies and descriptive statistics (
including means, standard deviations and percentiles).Percentiles such as median, first and
third quartiles were reported in addition to the mean and standard deviation ranges. In order
to determine common, uncommon and very uncommon values for maxillary and mandibular
intercanine distances, the 0.5th, 2.5th, 97.5th and 99.5th percentiles were computed according
to Allan’s classification for the percentiles [15].

Analysis of covariance (ANCOVA), where the averages of intercanine distances were
compared across race and gender, controlling for age of the maxillary and mandibular arches,

was also performed.



Results
Mean, Standard Deviation, median and Interquartile ranges
The maxillary intercanine distances measured in mm for different race and gender groups are

provided in Table 1.

Table 1. Maxillary intercanine distances measured in mm for different race and gender groups

N Mean igi?gt?c:g Median Interquartile range
[Black male || 1306 || 36.33 || 2.49 | 3640 || 3.2 |
[Black female || 1772 || 35.12 || 2.33 | 3510 | 2.9 |
[Colouredmale || 65 | 3574 || 258 | 3580 || 3.4 |
[Coloured female || 74 || 34.45 || 2.32 | 347 || 2.5 |
[Indian male | 59 || 3460 || 2.17 | 345 I 2.9 |
lindian female || 59 | 3427 || 2.36 | 343 I 3.2 |
|White male [ 330 | 3479 || 2.62 | 350 || 3.5 |
|White female || 365 || 33.44 || 2.13 | 332 | 2.9 |

The mandibular intercanine distances measured in mm for different race and gender groups

are provided in Table 2

Table 2. Mandibular intercanine distances measured in mm for different race and gender groups

| || N || Mean || Standard deviation || Median|| Interquartile range |
[Black male [ 1340 || 28.02 || 2.24 | 280 || 2.8 |
[Black female || 1812 || 27.34 || 2.13 | 27.3 || 2.8 |
[Colouredmale || 67 || 2758 || 2.20 || 275 | 3.3 |
[Coloured female || 78 || 26.81 || 2.40 | 268 || 3.0 |
|Indian male | 61 || 2677 || 2.54 | 263 || 2.7 |
lIndian female || 58 || 2673 || 2.01 | 266 || 2.6 |
|White male || 361 || 26.65 || 2.14 || 266 | 2.9 |
|White female || 390 || 2569 || 1.93 | 256 || 2.6 |

A summary of 4030 observations used to determine common, uncommon and very
uncommon values for the maxillary inter-canine distances measured in mm according to

Allan’s classification is provided in Table 3.



Table 3. A summary of 4030 observations used to determine common, uncommon and very uncommon
values for the maxillary inter-canine distances measured in mm according to Allan’s classification

Vvery Uncommon Common Uncommon very

uncommon uncommon
[Blackmale || <289 |[>289<314] 314409 | >409<430]| >43.0
[Black female || <285 || >28.5<30.4 | 304-39.7 | >30.7<417| >417

[Coloured male || <241 | >24.1<316]| 31.6-39.9 |[>39.9<403]| >403

[Coloured female|| <283 |[>283<30.2| 30.2-39.0 |[>39.0<39.7 | >39.7

|
|
|
|
[Indianmale || <29.1 | >29.1<29.9 || 29.9-388 | >38.8<395| >395 |
|
|
|

[indian female || <27.9 |[>279<292| 29.2-38.7 |[>38.7<393| >39.3
whitemale || <271 |[>27.1<288] 28.8-39.2 | >39.2<408]| >40.8
Iwhite female || <283 |[>283<29.2| 29.2-376 | >37.6<387| >38.7

A summary of 4167 observations used to determine common, uncommon and very
uncommon values for the mandibular inter-canine distances measured in mm according to

Allan’s classification is provided in Table 4.

Table 4. A summary of 4167 observations used to determine common, uncommon and very uncommon
values for the mandibular intercanine distances measured in mm according to Allan’s classification

unc\éfr:?/non Uncommon|| Common Uncommon unc\éfl:’?/non
Blackmale || <220 |[>22.0<239| 23.9-32.6 | >326<352| >352 |
[Black female || <216 |[>21.6<235|] 235317 |[>31.7<335] >335 |
[Coloured male || <23.2  |[>23.2<23.6 23.6-31.8 | >31.8<321| >321 |
[Coloured female|| <219 |[>219<221| 221327 |[>327<36.0]| >360 |
indianmale || <217 |[21.7<232| 232304 |[>304<322] >322* |
indian female || <226  |[>22.6<23.1|| 23.1-304 | >304<325| >325 |
whitemale || <205 |[>205<226| 226309 |[>309<335]| >335 |
[white female || <195 |[19.5<22.1] 221294 |[>29.4<310] >310 |

*Excluding case number 824-extreme outliner

ANCOVA analysis
ANCOVA analysis was performed, since it is believed that aging has an effect on intercanine

distance. Age was included as a covariate in the model.



For male participants, the mean maxillary intercanine distances differed significantly across
race, while controlling for age (Fs17s4 = 32.31 ; p-value < 0.0001). Age was significantly
related to the maxillary intercanine distance (F1 1754 = 8.42 ; p-value = 0.0038). Furthermore,
the mean maxillary intercanine distances differed significantly across race (F3 1754 = 36.96 ; p-
value < 0.0001). To ascertain which means differed significantly across race, the Least
Square Means were investigated. The mean intercanine distances in the upper jaw differed
significantly at the 1 per cent level of significance between Black and Indian males (p-value

< 0.0001) and between Black and White males(p-value < 0.0001)(Table 5).

Table 5. p values for pairwise comparisons of mean maxillary intercanine distances between males of
different races with age as covariate.

| ||Black male ||Co|oured male|| Indian male |
[Black male || I I |
[Coloured male || 0.049* || I |
[Indianmale || <.0001** || 0.0095* || |
|white male || <oo01** || 00128 || 03631 |

*5%, **1% level of significance

For male participants, the mean mandibular intercanine distances differed significantly across
race, while controlling for age (Fs1s23 = 40.34 ; p-value < 0.0001). Age was significantly
related to the mandibular intercanine distance (Fi1s23 = 33.71 ; p-value < 0.0001).
Furthermore, the mean mandibular intercanine distances differed significantly across race
(Fs1823 = 34.77; p-value <0.0001). The Least Square Means differed significantly at a 1%
level between Black and Indian males (p-value < 0.0001) and also between Black and White

males(p-value < 0.0001)(Table 6).



Table 6. p values for pairwise comparisons of mean mandibular intercanine distances between males of
different races with age as covariate

| || Black male || Coloured male || Indian male |
[Black male || I I |
copoured 0.0705

lIndian male || <.0001** || 0.0223* || |
|White male || <.0001** | 0.0112* || 0.6297 |

*5%, **1% level of significance

In the case of female participants, the mean maxillary intercanine distances differed
significantly across race, while controlling for age (Fa2264 = 44.38 ; p-value < 0.0001). Age
was significantly related to the maxillary intercanine distance (Fi 2264 = 9.99 ; p-value =
0.0016). Furthermore, the mean maxillary intercanine distances differed significantly across
race (Fsaes = 47.79 ; p-value <0.0001). The Least Square Means differed significantly
between Black and Indian females (p-value = 0.0034); between Black and White females(p-

value < 0.0001) and also between Coloured and White females (p-value = 0.0020)(Table 7).

Table 7. p values for pairwise comparisons of mean maxillary intercanine distances between females of
different races with age as covariate

| || Black male ||Co|oured male|| Indian male |
[Black male || I [ |
gz:g”red 0.0138*

[Indian male || 0.0034** |[ 05719 || |
|White male || <.0001** | 0.0020** |  0.0356* |

*5%, **1% level of significance

In the case of female participants, the mean mandibular intercanine distances differed
significantly across race (F4 2332 = 62.95 ; p-value < 0.0001). Age was significantly related to
the mandibular intercanine distance (Fy233, = 47.70 ; p-value < 0.0001). Furthermore, the

mean mandibular intercanine distances differed significantly across race (F3 233, = 53.06 ; p-



value <0.0001). The Least Square Means differed significantly between Black and White
females (p-value < 0.0001); between Coloured and White females(p-value = 0.0002) and

between Indian and White females (p-value = 0.0031)(Table 8).

Table 8. p values for pairwise comparisons of mean mandibular intercanine distances between females of
different races with age as covariate

| || Black male || Coloured male || Indian male |
[Black male || I I |
ﬁ‘;:g”md 0.0282*

[Indianmale || 0.0303* | 08202 || |
|White male || <.0001** || 0.0002** || 0.0031** |

*5%, **1% level of significance

The mean intercanine distances for maxillary and mandibular dental arches were also
analysed. Race and gender were not considered in this analysis. A one-way ANOVA showed
that the mean maxillary intercanine distances differed significantly across arch shape (F2 4027
=76.28; p-value < 0.0001). To ascertain which means differed significantly across race, the
Least Square Means were investigated. According to these, the mean intercanine distances in
upper jaw differed significantly at the 1 per cent level of significance between parabolic and
square arch shapes ( p-value = 0.0001); parabolic and V-shaped arches ( p-value < 0.0001)

and square and V-shaped arches ( p-value < 0.0001)(Table 9).

Table 9. p values for pairwise comparisons of mean mandibular intercanine distances between arch
shapes

| ||Parab0|ic|| Square |
[Parabolic || I |
[Square || 0.0001** || |
|V-shaped |[<0.0001**||<0.0001**|

*5%, **1% level of significance
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The one-way ANOVA indicated that the mean mandibular intercanine distances differed
significantly across arch shape (F 4164=142.94; p-value < 0.0001). To ascertain which means
differed significantly across race, the Least Square Means were investigated. According to
these, the mean mandibular intercanine distances differed significantly at the 1 per cent level
of significance between parabolic and square arch shapes ( p-value < 0.0001); parabolic and
v-shaped arches ( p-value < 0.0001) and square and v-shaped arches ( p-value <

0.0001)(Table 10).

Table 10. p values for pairwise comparisons of mean mandibular intercanine distances between arch
shapes

| || Parabolic || Square |

[Parabolic || I |

|Square || <0.0001** || |

|V-shaped || <0.0001** ||<0.0001**|

*5%, **1% level of significance

Boxplots

Boxplots for the distributions of intercanine distances in relation to arch shape in the maxilla

is provided in Figure 1.
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Fig. 1. Box plots for the distributions of intercanine distances in relation to arch shape in the maxilla

Boxplots for the distributions of intercanine distances in relation to arch shape in the

mandible is provided in Figure 2.
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Fig. 2. Box plots for the distributions of intercanine distances in relation to arch shape in lower jaw
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The intra-class correlation coefficient (ICC) for the maxillary intercanine distance was
0.975.The intra-class correlation coefficient (ICC) for the mandibular intercanine distance

was 0.981.

Discussion

The need to determine the frequency of selected dental features for application in court cases
involving bite marks is well documented. In the past researchers were discouraged by the
magnitude and logistics involved in collecting the required samples. This sample of 4286 bite
registrations is the largest of its kind and allowed the researchers to analyse a representative
sample of dental features which were observed in the bite mark registrations. A literature
search on intercanine distance and bite mark analysis revealed that very little was available
on the subject, and that most references were older than 5 years. No literature available

analysed the differences that exist between racial groups.

Although the bite mark registrations do not accurately mimic the marks seen in skin bite
marks, they give us a good indication of the dental impressions/features that we can expect
when analysing bite marks in general. They are better suited to bite mark feature analysis
than study models which lack any resemblance to the dynamics of the biting process and

penetration of the incisal edges into the substrate being bitten.

The intercanine distance is extremely important in that it is used as the initial indicator to
determine if the bite mark is in fact a human bite mark or not. The results of this research
show that we can consider any maxillary intercanine distance larger than 24.1mm and less
than 43.0 mm to be a human bite mark. Generally the two canines are longer than the anterior
incisors and cause two areas of bruising that assist in the orientation of the bite mark and the

initial determination of the intercanine distance.
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When determining the probabilities of a match between the mark on the skin or inanimate
object and the suspect, it is important to know if the feature present is common, uncommon
or very uncommon in the specific gender and racial grouping. These values (Tables 1-4) were
determined for males and females in the Black, Coloured, Indian and White racial groups.
The tables show that black males generally have the greatest intercanine distances while
white females generally have the smallest intercanine distance. We do not advocate trying to
determine the race and gender from the data (Tables 1-4), but rather determine the
relevance of the intercanine distance in the specific race and gender grouping. Results of
the research clearly indicate that the mean intercanine distance for males are larger than for
females in all of the racial groupings. It is interesting to note that the mean intercanine
distance of black females is larger than the mean intercanine distance in white males. The
mean intercanine distances for blacks and coloureds in both genders are larger than the mean
intercanine distances in Indians and Whites. As stated above, the importance of these data is,
for example, finding an individual with a maxillary intercanine distance of 40.9 mm. This
would be a common occurrence in a black male, but a very uncommon occurrence in a white
male. In terms of the bite mark analysis, it would weigh heavily if both the white male
suspect and the bite mark had intercanine distances of 40.9mm. The same would apply, if a
black male suspect presented with an intercanine distance of 28.8mm. This measurement
would be very uncommon in a black male, but common in a white male. The p-value of
0.0001 in the pairwise comparison between black males and white males with age as
covariate shows that the results are statistically significant. Similar significant differences are

shown in Tables 5-8.

It must be stressed that warping, shrinkage and distortion of both skin and inanimate objects
would make exact measurement of the intercanine distance in a bite mark difficult. It does

however give us a good indication of the metric value which we can apply to the above data
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sets. The warping, shrinkage and distortion will depend on contour of the surface bitten, the
elasticity of the skin in the specific area, the postural position of the suspect or individual
being bitten, dynamics of the inflicted bite mark and the time span between the biting
occurrence and the analysis process. In our experience the intercanine distance remains one

of the most reliable and least affected determinants in the feature analysis of skin bite marks.

When analysing a bite mark, it is important to understand that there are interrelationships
present between the dental features present in the anterior dental arches and the intercanine
distances. If teeth were missing in a specific dental arch, there would be a degree of drift,
resulting in a smaller intercanine distance. If supernumerary teeth were present in a specific
anterior dental arch, an enlarged intercanine distance could be expected. This research has
also shown that V shaped arches tend to have smaller intercanine distances and square dental
arches larger intercanine distance, see Figures 1 and 2. Severe tooth crowding would also
tend to shorten the intercanine distance. The presence of any of the above must be borne in
mind when measuring the intercanine distance and adjustments made to accommodate the
obvious effects of the interrelationships that do exist. As long as the interrelationships are
observed in both the bite mark and the dentition of the perpetrator, the analysis will be little

affected.

The interclass correlation coefficients of 0.975 and 0.981 for the maxilla and mandible

respectively, indicate that the data measurements were extremely reliable.

Conclusion

This study represents the largest data set of descriptive statistics related to intercanine

distance in different race, age and gender groupings. It will assist forensic dentists in
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determining if a bite mark is in fact a human bite mark, and also facilitate in either including
a suspect or exonerating an individual whose intercanine distance is obviously too small or to
large. It will also aid in the weighting of intercanine distances within each racial group. This
study makes a meaningful scientific contribution to bite mark analysis at a time when

subjective opinions need to be replaced with scientific data.
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