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Problem and motivation

DATACROSS

Forensic odontology is a part
of the forensic process that
focuses on the dental system

It can be used in legal context,
but also for archeological
research

Current state-of-the-art
methods are based on manual
measurements and
comparison tables

Age estimation is well
performing in children, but
current mehods do not work
well on adults

Image source: http://losojosdeantecessor.com; Licence: Creative Commons Attribution-Share Alike 4.0 International

2/19


http://losojosdeantecessor.com
https://en.wikipedia.org/wiki/en:Creative_Commons
https://creativecommons.org/licenses/by-sa/4.0/deed.en

<)

DATACROSS

Data

58.8% to 41.2% ratio of female to male Age group

Orthopantomographs Individual teeth

Female Male Female Male

Ages ranging from 19 to 86 (mean: 38) (18. 20) 12 g 367 250

Mostly people of European origin (20, 25) 205 105 6239 4600

y peop P 9 (25. 30) 257 147 7688 4409

This is the largest dataset of individual Eg ig; ggg :gé gggé jgé

tooth x-ray images in literature [‘-40: 45) s 177 1986 3566

[45, 50) 115 97 3104 2667

o [50, 55) 110 80 2851 2158

~ [55, 60) 76 61 1922 1540

[60, 65) 58 57 1464 1406

[65, 70) 26 33 647 840

g [70, 75) 22 22 565 561

3 [75, 80) 6 11 152 299

. (80, 85) 2 3 43 69

[85, 90) 0 | 0 24

» Subtotal 1557 1126 44321 31972
Total 2683 76293
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Data - examples per age group
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Our approach

Image

preprocessing

v

Hyperparameter
search with fast
training using grid
search

v
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Fine tuning of best

models

Evaluation of data
variants for model

interpretability
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Data variants

Only dental structure Precise skeletal structure

Additionally tested:
® Baseline
® Augmentations
® With stratified sampling

Individual teeth
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F=3
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Data variants

Individual tooth images are extracted from panoramic dental x-ray images
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Model
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Results - OPGs
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Overall mean error: 3.96 years
Overall median error: 2.95 years
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Results - individual teeth

(15, 20) (4 - €} (20,25) (80.98)  [25,30)(95-120)  (30.3%5)(92-124) (35 40)(72-120) (40, 45) (60 - 97) (45, 50) (30 - 82) 150, 55) {21 - 52) (55. 60) (19 - 46) {60, €5) {15 - 43} (65. 70) (8 - 22) [70, 75) (4 - 14)
Age group

115,20) {4-6) [20,25)(84-98)  [25.30)(96-113)  (30,35)(83-124)  [35,40)(71-118)  [d0.45)(54-58) [45,50)(30-52) [50,55){25-52)  [$5,60)(20-48) [60,65)(19-44) (65, 70)(11.22) [70,75) (2 - 14)
A

ne mrecin

Best mean error: 6.39 years
Best median error: 4.68 years
Best performing teeth: Molars (up-7, down-8)

w0

175, 89) {1 - 6)

[75.80)(2-6)
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More details

This work has recently been published in the journal
Expert Systems with Applications

D. MiloSevi ¢, M. Vodanovi ¢, | . Gali ¢, and M. Subasi ¢, “ Auto
dental X-r ay 1 mages us i nbkxped®ystgmsWith Applicationg, p. 116038, Oct. 2021,
doi: 10.1016/j.eswa.2021.116038.

12/19


https://doi.org/10.1016/j.eswa.2021.116038
https://doi.org/10.1016/j.eswa.2021.116038

Other areas of research

Sex assessment from OPG images

Cross validation results:
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DATACROSS

Paper Year Sample size Accuracy
Giles et al. [17] 1964 265 83.0%
Steyn et al. [19] 1998 91  80.0%-86.0%
Franklin et al. [15] 2006 40 95.0%
Dayal et al. [21] 2008 120 15.8%
Saini et al. [1] 2011 116 80.2%
Indira et al. [22] 2012 100 76.0%
Marinescu et al. [23] 2013 200 84.0%
Badran et al. [16] 2015 419 70.9%
Bhagwatkar et al. [24] 2016 100 76.0%-87.0%
Deana et al. [28] 2017 128 75.09%-95.2%
Maloth et al. [25] 2017 100 74.0%
Nagaraj et al. [26] 2017 100 71.0%
Alias et al. [27] 2018 79 78.5%
Our approach 2019 4000 96.9%

Published at 11th International Symposium on Image and Signal Processing and Analysis

D.

Mil oSevi ¢,

M.

Vodanovi ¢,

Gal i ¢,

and

M.

Sub-Ray ¢l ma &9 lltinlateérmatiormpl S§mpodiumgn ¢ a |

Image and Signal Processing and Analysis (ISPA), Sep. 2019, pp. 105-110. doi: 10.1109/ISPA.2019.8868804.
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Other areas of research D
Determining the type of tooth Rmceos

from single-tooth x-ray images

® Datasetof 11403 x-ray images of
individual teeth
® Fourtypes of categorization:
32 Morphologically - incisors,
canine, premolars and molars
3 Toothtype as positionwithin
quadrant
3 Type with differentiation
between maxillary and
mandibular teeth
3 Individual identification of any of
the 32 human teeth
® Accuracies ranging from 91.13% (32
types)to 97.83% (4 types)

Published in the International Dental Journal

L. Banjsak, D. Ml osevic, M. Subasic, H. Br kic, and Mion frghoXiraany vii mateyndtehal™Dentali ¢ i a l
Journal, vol. 71, p. S35, Sep. 2021, doi: 10.1016/).ident].2021.08.007.
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Other areas of research D
Sex assessment from individual  **
tooth x-ray images

100

F=3

N General model . General mode
. Specialized model 7.5 mm Specialized model

90 1

80 4

hecuracy [%]

701

60 4

1%, 20)  [20, 25p |25, 30) [30, 35) (35 a0) (40, 45) [45 500 |50, 5%) [55 60) (@0, 65) |65, TO) [¥0, 75} |75, 80)

Down-1 Down-2 Downe3 Down-d Down-S Downd Down-7 Down-8  Up-1 Ugp-2 Up-3 Up-d

UgpS Up& Wp-7 Up-8

Tooth type

All teeth,including alterations and disease o ! 7
General mOdeI 72.68% T = T}min + E Eﬁi‘m.-r - irrru'u_:' (1 + cos (%ﬂ))
Specializedmodels 72.40%

Manually verified unaltered, healthy teeth _—
Maxillary teeth 35/40 (87.5%)
Mandibular teeth 33/40 (82.5%)
Overall accuracy 68/80 (85.0%)

Published at 12th International Symposium on Image and Signal Processing and Analysis

D. MiloSevi ¢, M. Vodanovi ¢, I . Gali ¢, and M. Sub&3aiyc¢ | maLes H2th interaatonad Lyrmposienoe S S me n

Image and Signal Processing and Analysis (ISPA), Sep. 2021, pp. 72—77. doi: 10.1109/ISPA52656.2021.9552124.
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Other areas of research D
Detection and segmentation S

Dental structures and diseases

Endofilling (root canal) ' Detection

segmentation ® We've created a dataset oftoothlocations on OPG images,
containing 86688 annotations

@ Initial results show promise, as they generalize well on
archeological samples which cannot be properly aligned in the
x-ray machine

Tooth segmentation

Segmentation

® We are creating a dataset of dental structure and disease
segmentationin collaboration with the Department of Dental
Anthropology School of Dental Medicine University of Zagreb

® Expertannotators are manually segmenting panoramic dental
X-ray images, tooth by tooth, alteration by alteration (diseases,
dental interventions, etc)

® We've collected 424 images, totaling 17185 annotations

® [nitial automated segmentation results look promising

Filling segmentation

Not published (yet) 16/19



Other areas of research o

Detection on archeological sample

(Work in progress)

=
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Other areas of research
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Collaboration with forensic experts
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Online system
Allows forensic expertsto use our

research in an easy and accessible way
Forensic experts are conducting their
research using our models

Example

Article published in the

Bulletin of the International
association for paleodontology

L. Banj Sak, D. Mil oSevi ¢
“I mpl ementation of artif
chronological age estimation from
orthopantomographic X-ray images of
archaeol ogi c alBulstikafthd r en
International association for paleodontology, vol.

14, no. 2, pp. 122-129, 2020.
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Conclusion

® Age estimation of adults is a hard problem in forensic odontology,
with state of the art approaches being based on manual
measurements

® Our model for age estimation achieves a median error of 2.95
years while being fully automated

® We've demonstrated that both dental and skeletal structure hold
age information, and that the dental structure is more informative

® Other research projects in the field of automated forensic
odontology are proceeding apace, with already published
research achieving state-of-the-art results, and work in progress
research showing great potential
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