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Development and Validation of a Human
Bitemark Severity and Significance Scale

ABSTRACT: Numerous efforts have been made to develop a consistent manner to describe bite injuries. Some have been related to the type of
injury, others to the manner in which it was caused or simply its anatomical location. Bitemark severity is related to forensic significance and
hence the ability to use a common means of injury description would be of benefit to odontologists and those who commission their services. A
novel index, relating severity to forensic significance, was developed. A text version and accompanying visual index were produced and dis-
tributed (via the web) to three groups: odontologists, forensic pathologists, and police officers. A total of 35 bitemarks were assessed and rated
using the new index. Weighted « analyses were used to determine the agreement data both between and within groups and individuals. ¥ dem-
onstrated a high level of intraoperator and interoperator reliability, particularly in the police officer group. The index shows promise as a universal
means of describing bite injuries between professionals concerned with their detection and analysis.
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Numerous methods for describing bitemarks have been sug-
gested (1-3). Common methods include the use of descriptors for
the severity of the injury, the location of the injury, or the presence
of gross, class, or unique characteristics (4). However, there is no
universally accepted means of describing bite injuries and hence
communication between professionals dealing with such injuries
is complicated. A review of the literature found no studies that
examined the use of such an index, or any attempts to characterize
any bitemark descriptors by means of reliability and validity test-
ing (4). In 1980s a group at the Northwestern Dental School led by
Smith developed a scale of bitemark severity. This was aimed at
enabling forensic dentists to communicate with each other on the
nature of an injury. There was no link within the scale to comment
on significance and the index was never published.

There is a clear link between the severity of a bite injury at
presentation and its forensic significance (5). For example, a bite
injury that presents as a diffuse, nondiscrete bruise is unlikely to
possess unique characteristics suitable for analysis resulting in the
positive identification of the perpetrator. However, on the other
end of the severity spectrum, very aggressive, avulsive injuries are
frequently poor candidates for analysis (5). A combination of fac-
tors including the loss of tissue, tearing, and distortion of wound
margins and the need for urgent medical treatment generally ren-
der such injuries poor candidates for analysis. Bite injuries that
present in the middle of these extremes, i.e., injuries made up of
discrete, individual bruises, small abrasions, and lacerations fre-
quently and considered by odontologists to present the highest
level of significance will enable the exclusion and inclusion of
potential suspects.
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The forensic significance of bite injuries is intimately related to
an increasing number of class and unique characteristics of teeth
that can be observed, measured and compared. Injuries limited to
only gross or a few class characteristics can be regarded as of low
forensic significance and those with numerous unique character-
istics of high significance.

Bitemark injuries are not uncommon (6). The author receives
over 60 requests per year to examine injuries on deceased and
living individuals that investigators believe may be bitemarks.
However, despite this high number of cases, only an average of 15
are suitable for further work and 10 that hold sufficient unique
details for a bitemark analysis to be undertaken. However, the
workload and expense involved in the assessment of these injuries
could be reduced if an effective means of characterizing these in-
juries could be performed by either pathologists, police officers,
coroner’s officers, or social workers and others requesting od-
ontological opinions.

An ideal bitemark index would be as follows:

(a) be easy and quick to use,

(b) be reproducible,

(c) provide information on appearance and likely significance,
(d) be used on living and deceased individuals,

(e) not be reliant on subjective measures, such as color or texture,
(f) easy to communicate between professionals,

(g) multicultural and universally applicable,

(h) integral scale to allow for possible statistical analysis.

Many indices within the medical field are both text and vis-
ually based. A good example of this in the Index of Orthodontic
Treatment Need (IOTN), which has been successfully used by
orthodontists for many years to describe the nature of an individ-
ual’s dental appearance and relate this to the treatment required
(7). The index was developed and subsequent research assessed
its validity and reliability in the hands of a number of different
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professional groups (8,9). The index is now universally estab-
lished and an IOTN number will accompany every orthodontic
assessment.

A further advantage of a standardized bitemark scale is that of
research consistency. A number of studies have examined the
ability of forensic dentists to assess bitemarks and then link them
to a suspect (10,11). However, it is impossible to compare these
studies as there is little indication within the reports as to the se-
verity or forensic significance of the injuries under study. The
ability to utilize a common scale of reference for bite injuries will
permit the comparison of future bitemark studies and enable a
meta-analysis of their results (12,13).

The purpose of the current study was to assess the reliability of
a novel bitemark index that would provide information on the se-
verity and forensic significance of a bite injury.

Materials and Methods

The proposed index is shown in Fig. 1, with the allied
visual component shown in Fig. 2. A selection of 35 bitemark
photographs were obtained from the case collection of the
author. Cases were selected to represent a spread of bitemark
presentations and image quality. An example is shown in Fig. 3.
A total of 10 individuals were recruited from each of the following
groups:

(a) Forensic odontologists—via a website;
(b) Police officers—via 2-week residential courses; and
(c) Forensic pathologists—via a website.

A minimum level of experience was required for the odontol-
ogists (>3 bitemark cases), pathologists were board certified, and
the police officers were all attending a forensic refresher course, a
prerequisite of which was at least 7 years in post as a crime scene
examiner. Each individual was provided with a copy of the text
and visual scale and was then asked to grade a total of 35 bitemark
images. Each image was a professionally developed photograph,

sized to 8 x 11 inches. Following a minimum washout period
of 24 h, the examiners were asked to repeat the exercise. An area
was made available at the end of the data-entry sheet to enable
comments on the scale to be made should the examiners wish to
do so.

The data were collected anonymously, save only for an indi-
cator of the occupation group. Data were entered into SPSS (Ver-
sion 11, SPSS Inc., Chicago, IL) and a range of statistical tests
were undertaken. Weighted k scores were applied between each
examiner’s first and second attempt (intraexaminer reliability),
between each of the examiners within a group (interexaminer re-
liability), and between the mean score for each image from each
occupation group (intraexaminer reliability). Analysis of variance
was undertaken between each of the three groups to determine
whether any statistical differences existed between the scores. A
frequency distribution of the scores obtained was produced to de-
termine whether the image set represented a fair spread of bite-
mark severity and significance. As the data were not normally
distributed, Spearmans’ rank correlations between each of the
groups in terms of mean score for each image were also per-
formed. Comments at the end of the data sheet were analyzed
qualitatively.

Results

Ten odontologists, average years of experience 16.7 years
(£ 7), 10 pathologists, average years of experience 18.1 years
(£ 8), and 10 scenes of crime examiners (police) with 14.6 years of
experience (£ 9) correctly completed the exercise.

The mean weighted x scores for the comparison between the
first and second attempt and the gold standard are shown in Fig. 4.
The police and the pathologist examiners scored significantly
higher (p <0.05) than the odontologists, although the agreement
for all three groups was rated as substantial. Weighted x scores for
intraexaminer agreements are shown in Fig. 5, with the police
scoring significantly better than the odontologists and patholo-
gists, and the pathologists scoring significantly better than the

forensic significance

1) Very mild bruising, no individual tooth marks present, diffuse
arches visible, may be caused by something other than teeth — low

2) Obvious bruising with individual, discrete areas associated with
teeth, skin remains intact, moderate forensic significance

3) Very obvious bruising with small lacerations associated with
teeth on the most severe aspects of the injury, likely to be assessed
as definite bitemark, high significance

High

forensic

4) Numerous areas of laceration, with some bruising, some areas of
the wound may be incised. Unlikely to be confused with any other
injury mechanism and a high forensic significance.

significance
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significance.

5) Partial avulsion of tissue, some lacerations present indicating
teeth as the probable cause of the injury. Moderate forensic

significance

6) Complete avulsion of tissue, possibly some scalloping of the
injury margins suggested that teeth may have been responsible for
the injury. May not be an obvious bite injury — low forensic

FIG. 1—Range of bitemark severity—the bitemark severity and significance scale.



FIG. 2—Visual index of the bitemark severity and significance scale.

odontologists (p <0.05). Figure 6 presents the qualitative assess-
ment of the scale where each of the three groups was questioned as
to whether or not then would use the scale again, whether they
found the scale easy to use, whether the scale was portable
enough, and their confidence in using it correctly.

Spearman’s rank correlations for the mean scores for each im-
age within each group were determined with the results shown in
Table 1.

Discussion

The results demonstrate that, even at the lowest K levels, the
index demonstrates a substantial degree of reliability (14,15).
The observation that the odontologists scored the lowest in each
of the assessments may be an indication of past experience;
i.e., they were not simply looking at the sample bitemarks and
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comparing with the scale, but applying their own experience as
to whether or not an injury contained sufficient forensic signi-
ficance. It is interesting to note that in other assessments of
bitemarks where nonodontologists have taken part, they will
often score higher, or similar, to the experienced bitemark
examiners (11).

Another aspect of the study that must be considered is the
manner in which the index, and the sample bitemarks, was pro-
vided to the examiners. Both the odontologists and the patholo-
gists accessed all the materials online via the study website. The
police were each issued with a paper version of the scale, double
sided (one with the pictorial index, the other side with text), which
had been professionally printed onto a card and laminated. This is
the intended mechanism of distribution for the scale and each of-
ficer was able to retain the index for their personal use. The police
officers also viewed their sample bitemarks as photographic re-
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FIG. 3—Example of images provided to the examiners to rate.

productions rather than on-screen as did the pathologists and
odontologists. This difference prevents direct extrapolation be-
tween the police officer group and the other examiners, but serves
a useful purpose within this study as an example of use in practice.
One should therefore be cautious in assuming that scenes of crime
officers are superior at rating bitemarks; these data should be in-
terpreted as the police officers are at least as good as the other
groups but had access to superior quality materials during their
assessment.

The bitemark scale described within this study has the potential
to enable forensic professionals to discuss the severity and sig-
nificance of injuries before initiating complex and expensive ev-
idence-collection procedures and may also enable future bitemark
research studies to be compared. The success of any index is,
however, based on its uptake by the profession. Further research is
required to determine whether, once properly distributed, this
index is correctly used by the forensic practitioners for whom it
was designed.
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TABLE 1—Spearman rank correlations between mean scores and the first at-
tempt (nonshaded) and the second attempt (shaded) for each group.
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FIG. 6—Qualitative assessment of the index by each potential user group.

Group
Odontologists Police Pathologists
Odontologists 0.85 0.74
Police 0.83 0.92
Pathologists 0.85 0.96
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