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OZET
Amac:

Bu calismada, pozitif ve nega-
tif kimliklendirme icin kulagin
morfolojik goriniminidn kulla-
nilabilirliginin degerlendirilmesi
ve deneyimli gonilliler tarafin-
dan ciplak gozle tespit kullanila-
rak kulak kimliklendirmesinde
dogruluk oranlarinin belirlen-
mesi amaclandi.

Yontemler:

Bu calisma ¢ asamada uygulan-
di: 30 erkek ve 30 kadin gonul-
lintn (18-26 yas arasinda) 120
kulak gérintisinin (60 sag ve
60 sol) toplanmasi, kimliklendir-
me deneyimi olan 20 gondllinin
yorumlari ve SPSS-11 istatistik
Programi ile istatistiksel analiz.

Bulgular:

Dogru cevap oranlari orantisal
hesaplama ile % 86,5 ve olasilik
hesaplamasiyla %99,73 olarak
bulundu. Yanlis cevaplarin top-
lam orani erkek gonullilerde
orantisal hesaplama ile % 12,5,
olasilik hesaplamasiyla % 0,25
iken, kadin gontullilerde sira-
siyla orantisal hesaplama ile %
14,5, olasilik hesaplamasiyla %
0,29 idi (p—>0,05). Yanlis cevap-
larin toplam orani sol kulakta,
sag kulaktan iki kattan daha
fazlaydi.

Sonuc:

Ciplak gozle kulak gorintile-
rinin bire bir karsilastirmasi,
stipheli kisiler arasinda sucun
failller)inin ayirt edilmesi icin,
polis memurlari tarafindan uy-
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gulanan ilk elemenin bir bélimi
olarak kullanilabilir.

Anahtar Kelimeler: kimliklen-
dirme, kulak gorinimleri, kulak
kepcesi morfolojisi, adli bilim-
ler.
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ABSTRACT
Objective:

In the present study, it was aimed
to evaluate the usability of morp-
hological appearance of ears for
positive and negative identificati-
on and to define the accuracy ra-
tes in ear identification using na-
ked-eye detection by experienced
volunteers.

Methods:

This study was performed in three
stages: the gathering of 120 ear
images (60 rights and 60 lefts] of
30 male and 30 female volunteers
[between 18-26 ages), the obser-
vation by 20 volunteers experien-
ced on the identification, and the
statistical analysis with SPSS-11
Statistics Program.

Tiirkiye, e-posta: masirdizerf@yahoo.com

Results:

The rates of correct responses
were 86.5 % by proportional cal-
culation and 99.73 % by probabi-
lity calculation. Whilst the total
rates of wrong responses were
12.5 % by proportional calculation
and 0.25 % by probability calcula-
tion in male volunteers, they were
14.5 % by proportional calculation
and 0.29 % by probability calcula-
tion in female volunteers [p>0.05]
respectively. The total rates of
wrong responses were more than
twice in left ears than right ears.

Conclusion:

One-to-one matching of ear ima-
ges with naked eyes can be used
as a part of first elimination car-
ried out by police officers in order

to differentiate the perpetrator(s]
of a crime among suspicious per-
sons.

Key words: personal identificati-
on, ear images, auricle, morpho-
logy, forensic sciences.

Asirdizer M, Tatlisumak E, Ozyurt B, Yavuz MS. Determination of the limits of usability of auricle morphology for
personnel identification. J For Med 2012;26(2):104-114 doi: 10.5505/adlitip.2012.85530

105

Adli Tip Dergisi Cilt / Vol.:26, Sayi / No:2



Determination Of The Usability Limits Of Auricle Morphology For Identification

INTRODUCTION

Identification which is nourished
by and interrelated with a large
number of medical specialties
and related sciences, is a funda-
mental aspect of legal and foren-
sic medicine. In daily practice, the
forensic scientists come across
identification cases of living sub-
jects, recently deceased bodies
and human remains, and in each
case use the technique or techni-
ques most suitable for the mate-
rial under study [1].

It is suggested that the shape of
the ear and the structure of the
cartilaginous tissue of the pinna
are Iimportant and unrecognized
defining features of the face [2,
3] opposing to some authors’ opi-
nion: “The features of an ear are
not expected to be very distinctive
in establishing the identity of an
individual” [4]. The shape of the
ear gives information about age
and sex, which is clear. But, still
has difficulties in characterizing it
[2-6]. The size of the human au-
ricle increases between 0 and 18
ages [7], and its size continues to
increase even after the body de-
velopment finishes [5-6]. Also, the
size of auricle is usually larger in
males than in females [2, 3].

In the 18th century, Lavater (1741-
1801) wrote reports about the in-
dividual design of the ear [8]. More
systematic papers on the auricle
or the pinna appeared in the last
part of the 19th and early part of
the 20th centuries [9]. Bertillén
[1852-1914] was probably the first
scientist to use the ear for iden-
tification. Under the category of
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anthropometric measurements,
he made several measurements
of the head, one of which was
the length of the right ear. In the
descriptive category, amongst the
morphological characteristics, he
continued the analysis of the right
ear, including its edges, lobe,
folds, general shape, separation
and particularities. Due to its pro-
portional ratio and the shape, the
ear had the most important cha-
racteristics within the descriptive
category on being considered im-
mutable [1]. The awakening of fo-
rensic interest in the description
of earprints and in identification
by means of earprinting is relati-
vely recent [9]. The first earprint
identification of a criminal was
made in Switzerland in 1965 [1].
In the last part of the 20th and
the beginning of the 21st century,
earology or otomorphology was
a field developed amongst ant-
hropologists, criminologists and
forensic doctors. It makes use
of the fact that auricles of every
individual are different, even
among identical twins, and that
earprints may be compared with
fingerprints in their highly perso-
nal characteristics. Earology ma-
kes use of identification through
photographs, through systemati-
zed descriptions of auricles and
through ear-prints [9]. Besides,
number of studies about using
earprints with aim of forensic ex-
pertise increased and described
important features of earprints in
the last decade [10-12]. Concur-
rent with the development in the
use of earprints for forensic iden-
tification, a substantial number of
cases involving evidence based on
earprints and some isolated ca-
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ses involving video images of ears
have appeared in courts and some
of them were accepted as eviden-
ce in the Netherlands, the Uni-
ted Kingdom, the West Germany,
Austria and the United States [13].
In 2006, it was reported that there
were more than 200 judicial cases
of earprint identification in Hol-
land and more than 20 in Spain

[11.

In several forensic events, a few
of the most important problems
in personal identification for fo-
rensic scientists were presence of
only the profiling images of per-
petrators among images of surve-
illance cameras and the presence
of mask covering the face regions
of perpetrators except ears [13].
Thus, the use of advanced techno-
logies became significant for ear
identification. Ruty et al illustra-
ted the concept of potential for the
development of a computerized
earprint identification system [14].
Distance measurements were ta-
ken for both left and right ears of
700 individuals and superimposi-
tion technique was applied on the
randomly selected ear images by
Purkait & Singh [15]. Ventura et al
analyzed the video clip of a bank
robbery by a computer and emp-
hasized that the features of the
ear were comparable to fingerp-
rints in their ability to identify an
individual [16]. Yan et al and Yos-
hino et al described the ear iden-
tification in 3D ear shapes [17, 18].

Purkait and Singh emphasized in
their study in 2000 that no ears
were found to be exactly same in
morphology to its counterpart and
left and right digital impressions
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Figure 1: 100 ear images in the “A list”

of ears for any individual were fo-
und different, [15]; contrary to the
report of Pellnitz which was den-
ying the differences between left
and right ears, in 1958 [19].

In this study, it was aimed to eva-
luate the usability of morphologi-
cal appearance of ears with naked
eyes for positive and negative
identification, and to define the
accuracy rates in the ear identifi-
cation using naked-eye detection
by experienced volunteers.

MATERIALS AND
METHODS

In this study, we aimed to deter-
mine the limits in the one-to-one
matching of ear photographs inc-
luding well-resolution.

This study was performed by
permission of the Presidency of
Scientific Ethic Board of Celal Ba-
yar University (Date of approval:
February 02, 2009; no. of appro-
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val: 0042] and performed in three
stages.

First stage:

Authors had interviews with 60
volunteers (30 male, 30 female),
between 18 to 26 years old, inc-
luding university students and
residents, informed them abo-
ut the study and received their
written consents to be included
in the study. The volunteers with
operated ears were eliminated
from study, but volunteers having
nevus, congenital signs, acnes,
earring pricks or ear hairs were
not eliminated because these fe-
atures were accepted as parts of
identification. Then, photographs
from 38 cm distance of the right
and left ears of volunteers by
using Nikon Digital Camera were
taken after covering the face of
volunteers by a cartoon plaque.

Two lists as “A list” and “B list”
were prepared by obtained ear
images.

“A list” was composed of 100 ima-
ges. Fifty images of right ears (25
male+25 female] and fifty images
of left ears (25 male+25 female]
were randomly selected among
totally 120 ear images of 60 vo-
lunteers (30 male, 30 female). The
images in “A list” were labeled by
numbers (Figure-1].

“B list” was composed of 20 ima-
ges (10 males: 5 right, 5 left ear
images + 10 female: 5 right, 5 left
ear images), first 10 images (3
male left ears + 2 female left ears
+ 2 male right ears + 3 female
right ears] were randomly selec-
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ted among the “A list” and second
10 images (2 male left ears + 3 fe-
male left ears + 3 male right ears
+2 female right ears] were ran-
domly selected among ear images
which were not present in the “A
list”. The images in “B list” were
labeled by letters [Figure-2).

Second stage:

Authors had interviews with 20 vo-
lunteer observers experienced on
the forensic personal identificati-
on. They compared the ear ima-
ges in "B list” with the ear images
in “A list”. Then, they checked on
the form including paired or not
paired images.

Third stage:

The results of observers were
evaluated as follows: al if an ima-
ge from the B list present in the
A list couldn’t be selected, it was
defined as “false negative result”;
b) if an image from the B list
which was not present in the A
list matched with a wrong image,
it was defined as “false positive
result”; c] if an image present in
both lists matched with a wrong
image, it was defined as “false pa-
iring - matching result”; dJ the to-
tal of all these mistakes mentio-
ned above were named as “wrong

Adli Tip Dergisi Cilt / Vol.:26, Say1 / No:2
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Figure 2: “20 ear images in the "B list”

response”; e] the other results
provided the “correct response”
in this study.

The results obtained from 20 ob-
servers were statistically analyzed
on SPSS-11 Statistic Program.
Statistical analyses were perfor-
med with Chi-square test. In the
statistical assessment, p value
was accepted to be statistically
significant when it was <0.05.

RESULTS

In this study 20 forensic scientists
experienced in forensic identifi-
cation and individualization were
volunteer observers. Fifteen of
them were males and five were
females. The mean age of them
was 41.9 years (SD: 6.4; range:
30-51 years) and their mean ex-
perience on the forensic personal
identification was 9.8 years [(SD:
7.1; range: 2-21 years]. However,
none of them had performed a
duty in the field of ear or ear-print
identification.

Each of 20 observers paired 20
images in “B list” with images
in “A list” according to proporti-
onal calculation. Thus, totally 400
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pairings (20x20] occurred. Fifty
four pairings (13.5 %; SD: 12.47
%) were wrong and 346 pairings
were correct out of 400 pairings.
Among 54 wrong responses, the-
re were 36 false positive results
(9 %; SD: 9.95 %), 10 false negati-
ve results (2.5 %; SD: 4.44 %) and
8 false pairing results (2% SD:
3.77%), respectively. The number
of false positive results was hig-
her than the total number of false
negative results and false pairing
results [p < 0.001). Thus, the rate
of correct responses was calcula-
ted to be 86.5 % (SD: 12.47%).

According to another point of view
which developed on the basis of
probability calculations, each ob-
server matched with 10 right ear
images in the “B list” among 50
right ear images in the “A list”
and 10 left ear images in the "B
list” among 50 left ear images in
the “A list”. Thus, according to
probability calculation, each ob-
server carried out totally 1.000
matchings  ([10x50] + [10x50] =
1,000) and 20 observers carried
out totally 20.000 matchings in
order to be able to find the cor-
rect response . In this case, the
wrong responses were at the le-
vel of 0.27 % (SD: 0.25 %), while
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the rate of correct responses had
increased to the level of 99.73 %
[SD: 0.25 %). Besides, the rate of
false positive results was 0.18 %
(SD: 0.2 %), the rate of false nega-
tive results was 0.05 % (SD: 0.09
%) and the rate of false matching
results was 0.04 % [(SD: 0.08 %)
in the calculation performed by
taking into consideration the pos-
sibility.

The numbers of wrong responses
were zero in 5 observers, 1 in 3
observers, 2 in 2 observers, 3 in
5 observers, 6 in 4 observers, 8
in only one observer respectively
[p<0.01). The numbers of ‘false
negative results”, “false positi-
ve results”, and “false pairing -
matching results” for each obser-
ver were shown in Figure-3.

When the rates of wrong respon-
ses for each images in the “B list”
were assessed, it was seen that
the numbers of wrong responses
were zero in 5 images, 1in 3 ima-
ges, 2 in 4 images, 3 in 2 images,
5in 2 images, 6 in 2 images, 7 in
1 image and 8 in 1 image, res-
pectively (p<0.001). The numbers
of “false negative results”, “false
positive results”, and “false pai-
ring - matching results” for each
image in “B list” were shown in
Figure-4.

Most of the false negative results
occurred during the matching of
“L” image in “B list” with 5 wrong
responses, followed by “0” image
with 2 wrong responses, “D” ima-
ge and “M” image with 1 wrong
response for each.

Most of the false positive re-

sults occurred during the matc-
hing of "K” and "A” images in "B
list” with 8 and 7 wrong respon-
ses, followed by “S” image with
é wrong responses, “P” image
with 5 wrong responses, “J” ima-
ge with 3 wrong responses, ‘B,
“E” and “U” images with 2 wrong
responses, and “N” image with 1
wrong response. Five observers
wrongly matched “K” image in “B
list” with “100th” image in “A list”,
five observers wrongly matched
“A” image in "B list” with “33rd”
image in “A list”, four observers
wrongly matched “P” image in “B
list” with "80th” image in “A list”,
four observers wrongly matched
“S” image in “B list” with "81st”
image in “A list”, and others
wrongly matched several images
in “B list” with several images in
“A list”, although none of them
was absent in “A list”.

All of the false matches occurred
during the matching of “M” and
“T” images in “B list” with 5 and
3 wrong responses, respectively.
Three observers wrongly matc-
hed “M image” in “B list” with
“é2nd” image in "A list”, although
it was “92nd” image in "A list".
Two observers wrongly matched
“T image” in "B list” with “53rd”
image” in “A list”, although it was
“99th” image in “A list”. The other
false matches were differing from
another.

Whilst the total rates of wrong
responses were found to be 12.5
% [n=25] by proportional calcula-
tion and 0.25 % by probability cal-
culation according to matching of
images in male volunteers; they
were found to be 14.5 % (n=29)
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by proportional calculation and
0.29 % by probability calculation
according to matching of images
in female volunteers (p>0.05]. The
rates of “false negative results”,
“false positive results”, and “false
pairing or matching results” for
ear images of male and female
volunteers were shown in Tab-
le-1.

Besides, the total rates of wrong

responses were found to be more
than twice in left ears (19 % ac-
cording to proportional calculati-
on; 0.38 % according to probabi-
lity calculation; n=38) than right
ears (8 % according to proportio-
nal calculation; 0.16 % according
to probability calculation; n=16)
[p<0.05). The rates of “false ne-
gative results”, “false positive re-
sults”, and “false pairing or matc-
hing results” for left and right ear
images were shown in Table-2.

DISCUSSION

According to a very hard but not
impossible hypothesis, forensic
identification from ears is based
on uniqueness, same as other bi-
ometric identification issues such
as fingerprinting, facial recogni-
tion and DNA [13]. On the basis
of this hypothesis, few scientists
carried out some studies related
with using ears in personal iden-
tification. Most of these studies
concentrated on the earprints. In
one of these studies, Alberink et
al reported a study about repea-
tability and reproducibility of the
earprint acquisition and they sug-
gested that different operators
might acquire prints of differing
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quality, with error rates of the
matching system ranging from 9
% to 19 % [10]. In another study
performed by Alberink et al, error
rates were significantly increased
from 20 % to 30 % when different
operators looked at earprints [11].

The reliability of ear-print eviden-
ce has recently been challenged
in the Courts and the trial resul-
ted in rejection of the earmark
evidence in the State v. Kunze
case in the United States and cal-
ling for a retrial in the Regina v.
Mark Dallagher case in the United
Kingdom [20-22].

In 16th December 1994, an int-
ruder entered the Clark County
home of James McCann. McCann
was asleep in the master bedro-
om. His son Tyler, age 13, was as-
leep in another bedroom. The int-
ruder bludgeoned McCann in the
head with a blunt object, causing
his death. The intruder also blud-
geoned Tyler in the head, causing
a fractured skull. David Wayne
Kunze appealing his convictions
for aggravated murder and other
crimes, discovered a partial latent
earprint on the hallway-side sur-
face of McCann’s bedroom door.
In his trial, the validity of earprints
as an evidence was discussed
among famous forensic scientists
[23].

In 1998, Mark Dallagher was con-
victed by Leeds Crown Court for
the murder of 94-year-old Do-
rothy Wood in Huddersfield in
the UK. Cornelis van der Lugt,
an expert on ear prints from the
Netherlands, stated he was ‘ab-
solutely convinced’ an ear print
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from Dallagher matched that on
the window. A re-trial was orde-
red because a low copy number
DNA profile consisting of a single
allele was produced from a swab
taken from an earprint found on a
window at the crime scene. This
single allele was not consistent
with the DNA profile of the sus-
pect Mark Dallagher. The weight
of this DNA evidence was enough
to overrule the comparably un-
reviewed technique of earprint
examination and Mr Dallagher
was acquitted on 25th July 2002.
Based on this finding, in January
2004, the prosecution decided to
drop the charges against Dallag-
her, who was the first man to be
convicted of murder on earprint
evidence. Even though it was not
clear whether the DNA material,
or the earprint for that matter,
bear any relation to the crime, it
might look as though several ot-
her convictions involving ear print
evidence would be presented for
review in the wake of this decisi-
on. However, ear prints have not
been used since then in the UK
and are unlikely to be allowed un-
less there is extensive research
to support their reintroduction
[24-26].

Hoogstrate et al evaluated the
possibility of identification by ear
from surveillance in a small expe-
riment, with forensically trained
persons and laymen; they conclu-
ded that the whole 65 % of pos-
sible matches were identified and
especially the forensically trained
respondents were able to deter-
mine whether they had suffici-
ent information for identification,
without any false positives [13].
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In 2005, Hurley et al defined that
out of 252 trials, 250 resulted in
correct classification which cor-
responded to a classification rate
of 99.2 % by developing a techni-
que including ear biometrics [20].
In 2007, Alberink et al described
that comparing lab quality prints
to one another, the resulting
matching system had an equal er-
ror rate of 4 %, and starting from
databases containing two prints
per ear, hit list behaviour was that
in 90 % of all query searches the
best found hit was in the top 0.1 %
of the list in their study.

We were not able to find a study
based on one-to-one matching
principle in the literature. In the
present study, the rate of wrong
responses was found to be 13.5
% (SD: 12.89] by proportional cal-
culation and 0.27 % (SD: 0.25%)
by probability calculation. Also,
the rates of correct responses in
ear identification using naked-eye
detection by experienced obser-
vers were found to be 86.5 % (SD:
12.47] by proportional calculation
and 99.73 % (SD: 0.25%) by proba-
bility calculation.

Whilst all responses of 5 obser-
vers were correct, the highest
number of wrong responses was
8 in one observer. Also, there
were 8 wrong responses in one
image while there was not any
wrong response for 5 images.

Despite the relatively low rate of
correct responses obtained by
proportion calculation, the res-
ponses to relatively high-qualified
images of this study in compari-
son to surveillance camera ima-
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ges needs a cautious approach.
Besides, the high rate of correct
responses obtained by probability
calculation, at the same time, 100
% correct responses achieved in
five images and for 5 observers
were encouraging.

One of the two interesting results
of the present study was the sig-
nificant increase in the rate of
wrong responses given as a result
of left ear image evaluations in
comparison to right ear image
evaluations, although, to carry an
earring, often only at the left au-
ricle, has been a very old tradition
[9]. These results were considered
to be compatible with the results
of the study of Purkait and Singh
[15].The second interesting result
was the rate of wrong responses’-
given as a result of female ear
image evaluations- being higher
than the wrong responses in the
evaluation of male ear images.
In fact, the overall nature of dif-
ferences in ear shapes exhibits a
greater tendency for the female
ear shapes to be more alike than
the male counterpart [15]. Howe-
ver, when compared with male
ear shape variations, female ear
shape variations’ being to a lesser
degree has been accepted as a
factor for the higher error rate in
the identification of female ears.

Before this study, we were thin-
king that, only shape of ears
might not provide enough clues
to observers for making effective
decision, but descriptive features,
such as nevus, congenital signs,
acnes, earring pricks, ear hairs
played a role in the identificati-
on. In the present study, the rate
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of wrong responses were higher
in evaluation of female and left
ear images, despite the presence
of a descriptive feature: earring
pricks. These results implicated
us that right and male ears were
having more distinctive features
than left and female ears.

CONCLUSION

The potential use of earprints
and ear images obtained through
surveillance for personal identifi-
cation has continued to be a cont-
roversial issue within the forensic
arena. Each step on these sub-
Jects will broaden forensic scien-
tists” horizons.

This study includes one-to-one
matching of ear images, with re-
latively high accuracy rates, espe-
cially in proportional calculation.
These results may be considered
for development of personal iden-
tification from ear images even
though the results of this study is
a minor step and needs a cautio-
us approach. After all, long walks
begin with minor steps.

We think that, neither the results
of the present study nor the re-
sults of recent studies is enough
to use ear images as evidence in
trial phage yet, but, morphological
appearance of ears can be used
as a part of first elimination car-
ried out by police officers in order
to differentiate the perpetratorl(s)
of a crime among suspicious per-
sons. The usability as an evidence
of ear morphology for personal
identification in the routine in co-
urts needs more efforts with more
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images and more observers, and
maybe some computerized prog-
rams on this subject for minimi-
zation possible errors caused by
observers.
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Table 1: The rates of “false negative results”, “false positive results”, and “false pairing or
matching results” for ear images of male and female volunteers

TABLE-1

False Negative Results 7 3.5 0.07 3 1.5 | 0.03 10 2.5 | 0.05
False Positive Results 19 9.5 0.19 17 | 8.5 0.17 36 9.0 | 0.18
False Pairing/Matching Results 3 1.5 0.03 5 2.5 0.05 8 2.0 | 0.04
Wrong Responses 29 145 | 0.29 25 | 125 | 0.25 54 | 13.5 | 0.27

(%1): According to proportional calculation; (%2]): according to probability calculation

Table 2: The rates of “false negative results”, “false positive results”, and “false pairing or
matching results” for left and right ear images

Right Ears Left Ears Total

TABLE-2
n %1 %2 n %1 %2 n %1
2 1 0.02 8 4 0.08 10 2.5

False Negative Results 0.05
False Positive Results 14 7 0.14 22 M 0.22 36 9.0 | 0.18
False Pairing/Matching Results 0 0 0 8 4 0.08 8 2.0 | 0.04
Wrong Responses 16 8 0.16 | 38 19 0.38 54 | 135 | 0.27

(%1): According to proportional calculation; (%2): according to probability calculation
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