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Abstract

Background. Real life quality of periapical radiographic images widely varies, while also
periapical radiographs not always have been taken at the same angulation, especially in
multirooted tooth cases, which in turn potentially may limit the value of obtained information
received during endodontic treatment for the further comparative dental identification.

Objective. To objectify possibility of using real-life quality periapical radiographs obtained
during endodontic treatment for the comparative dental identification.

Materials and Methods. Research was organized in the form of cross-sectional hospital-based
study. Copies of ten pairs of selected radiographs were distributed for the Set 1 (simulation of
ante-mortem images), which contained 10 radiographs of before root canal treatment, and Set
2 (simulation of post-mortem images), which contained 10 radiographs of after endodontic
interventions. Set 1 and Set 2 images were randomized, and structured via Google Form, and
five teaching assistants from the Department of Restorative Dentistry were asked to match the
images through provided Google Form.

Results. The range of 50-80% correct pre- and post-treatment images matching levels
were registered among five operators. The mean correct matching level reached 68.0 + 7.2%.
Experience within endodontics seems to be valuable regressor regarding outcome performance
(p < 0.05), while additional Radiology specialization did not significantly improved performance
level for matching pre- and post-treatment images (p > 0.05). Operator graded 5 out of 10
images pair as relatively easy to match, 2 images - as moderately difficult to match, and 3
images - as hard to match (Fig. 3), while their agreement on the obtained above-mentioned
scores reached 0.8.

Conclusion. Significance of endodontics within forensic odontology field in most cases
dictated by using the results of periapical radiology as evidences of ante-mortem origin, while
also considering the fact of root canal morphology uniqueness and individualized endodontic
treatment pattern consistency both ante- and post-mortem even under the influence of various
disturbing factors. On the other hand identification role of endodontic signs may be diminished
within the absence of proper quality radiographs, or when such were provided at critically
different angulations, while also when endodontic-related evidences could not be supported by
dental records.
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Introduction

The first publication with title mentioned dental identification
provided considering endodontic-related evidences was authored by
Weisman in 1996 [1, 2], nevertheless even earlier in 1990 Spyropoulos
and Liakakoy described a case of positive dental identification based
on endodontic treatment features and morphological specifics of
maxillary right second premolar [3, 4, 5]. Nevertheless, during the
period of 2005-2012 only three articles associated with conservative
dentistry and endodontics were published within Journal of
Forensic Odonto-Stomatology, as official periodical of International
Organization for Forensic Odonto-Stomatology [6].

Provided survey revealed that only 6% of respondents had
good awareness, while 32% had poor awareness regarding of role
in endodontists in forensic odontology [7]. There is still a need in
comprehensive evaluation regarding potential of endodontic-
related signs being used as a part of evidence base during forensic
odontology practice [8, 9].

Previous review on the topic dedicated to the endodontic images
as a potential forensic identification evidences has been already
provided [2], but not all aspects of endodontic-related signs and
their role within forensic odontology practice were covered in
available publication. Tooth root retain its primary configuration and
relative integrity even under the high temperature exposure, which
make it possible to use such for the identification of burnt victims
[1, 10, 11]. Cross-sectional study demonstrated that obturated single
root radiographic images characterized with high level of specificity
and evidence significance for decision making within forensic
dentistry practice and dental identification process [9]. However,
real life quality of periapical radiographic images widely varies, while
also periapical radiographs not always have been taken at the same
angulation, especially in multirooted tooth cases, which in turn
potentially may limit the value of obtained information received
during endodontic treatment for the further comparative dental
identification.

Objective

To objectify possibility of using real-life quality periapical
radiographs obtained during endodontic treatment for the
comparative dental identification.

Materials and Methods

Research was organized in the form of cross-sectional hospital-
based study. One hundred pairs of X-ray images obtained before and
after endodontic treatment of patients were extracted from database
of University Dental Clinic (Faculty of Dentistry, Uzhhorod National
University, Ukraine). At the stage of primary cohort formation all
radiographs were anonymized and labeled via numbering manner.
No criteria of selection were applied to quality of images, because
study was aimed at assessment of agreement rate of pre- and after-
treatment radiographs considering real-life conditions, except that
image should contain full contour of root part for targeted tooth.
Among selected one hundred pairs of radiographs ten pairs were
randomly chosen for the study group, and corresponding ten pairs
were stored in the folder and used as a reference.

Copies of ten pairs of selected radiographs were distributed for
the Set 1 (simulation of ante-mortem images), which contained 10
radiographs of before root canal treatment, and Set 2 (simulation
of post-mortem images), which contained 10 radiographs of after
endodontic interventions, as was described in previous study. Set 1
and Set 2 images were randomized, and structured via Google Form,
and five teaching assistants from the Department of Restorative
Dentistry (Faculty of Dentistry, Uzhhorod National University) were
asked to match the images through provided Google Form. Five
teaching assistants were assigned with the role of Operators, and
their results of matching also were anonymized, and associated only
with labeled number of each subject (Operator 1, Operator 2, Operator
3, Operator 4, Operator 5). Among five Operators such labeled with
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numbers of 1, 4 and 5 had practical experience in endodontics in the
range of 3-5 years, while Operator 2 was a post-graduate student
with less than 1 year experience in endodontics, and Operator 3 had
experience in endodontics with more than 5 years of practice, while
also had specialization of radiologist.

Google Form was structured in the manner of ten questions, where
each question included pre-treatment radiograph and 10 variants of
answers in forms of ten post-treatment radiographs. Each question
could be answered by only 1 correct answer, and each question
was provided on the separate page with no possibility to return to
previous question (Figure 1).

Questions 1. Following pre-treatment image matches with which of post-treatment
image?

D Wariant 1 O Variant 2

() variam3

O Variant 4

Figure 1. Screenshot of formulated Google Form with question
and answers (variants) examples

Each pair of correct matching was counted as 10% from overall
score, thus correct matching of all 10 images would give 100% result.

After completing the survey reference set of corresponding pairs
were presented to operators, and they were asked to marked each
pair from 1 to 10 by the difficulty for correct matching outcome (1-3
relatively easy to match, 4-6 - moderately difficult to match, 7-10 -
hard to match).

Statistical Analysis

Data received after filling up the Google-forms further was
converted into the xls-spreadsheet, and in such format, it was
analyzed via Microsoft Excel 2019 software (Microsoft Office 2019,
Microsoft Corp., USA) with the additional use of XLSTAT add-in
(Addinsoft Inc., Long Island, NY, USA) for the inferential statistics.
Inter-rater agreement registered among operators regarding
difficulty to obtain correct matching after analysis of reference set
was measured by Cohen’s kappa.
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Ethical aspects

Provided research fully corresponds to the relevant ethical
standards, which was approved by Institutional Review Board of
Faculty of Dentistry at Uzhhorod National University (Ukraine).
Provided research represents a part of complex scientific research
project of the Department of Restorative Dentistry at Uzhhorod
National University (Ukraine). All the X-ray images used for the
study were fully anonymized, providing no information for potential
patient identity disclosure.

Results

The range of 50-80% correct pre- and post-treatment
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images matching levels were registered among five operators
(Figure 2).

Significant difference was noted between results obtained by
Operator 3 and other Operators (p < 0.05), while performance
registered among Operators 1, 2, 4 and 5 was analogical (p > 0.05).
The mean correct matching level reached 68.0 + 7.2%. Experience
within endodontics seems to be valuable regressor regarding
outcome performance (p < 0.05), while additional Radiology
specialization did not significantly improved performance level for
matching pre- and post-treatment images (p > 0.05).

Operator graded 5 out of 10 images pair as relatively easy to
match, 2 images - as moderately difficult to match (Fig. 3), and 3
images - as hard to match (Fig. 4), while their agreement on the
obtained above-mentioned scores reached 0.8.

Operator 4 Operator 5 Mean

Figure 2. Distribution of correct matching in means of percentage among five operators

Figure 3. Example of images pair, which operators graded as moderately difficult to match
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Figure 3. Example of images pair, which operators graded as hard to match

Discussion

Endodontics treatment records and materials used during
endodontic interventions could serve as significant identifiers
within forensic odontology practice. Jethi et al. systematized next
endodontic-related features which may be considered during
identification process [12]:

1. Diversity within root morphology and anatomy.
Identification of root filling material.
Identification of post-endo restorations.
Endodontic morphology evaluation using
approaches for age estimation purposes.
Application of periapical images as potential source of
evidences.

Complications during endodontic treatment which may be
categorized as personalized identification features [12].

Endodontic treatment results presented by the periapical
radiographs seems to be highly valuable for the forensic odontology
practice, and consistency of such argumented by the number of
experimental studies. It was previously established that 800 °C
exposure causing white appearance of tooth root, which may
be used as criteria for assessing conditions of burning. 1000 °C
exposure caused greyish white color of the roots, while they were
keeping relatively integrated conditions with deep fractured lines
[13]. Results of the in-vitro study has revealed that even under the
800 °C exposure root portion of tooth in contrast to crown portion
remained enough intact for being used for the analysis even though
vertical crack present along root were present, while also gutta-
percha could be identified within root canal as a result of previous
endodontic treatment, which was also proved by CBCT scan
analysis [11]. Other study also approve root crack formation when
tooth was exposed to 800 °C temperature [14]. Root cementum
characterized with loss of brightness at 200 °C exposure, turns into
brown colored substance at 400 °C exposure, and becomes whitish
starting at 800 °C exposure, while dentin is getting brownish hue
at 200 °C, blackish hue - at 400 °C, grayish - at 600 °C, with black
streaks - at 800 °C, and whitish - at 1000 °C [15]. In Savio et al.
study it was revealed that till 600°C there were no visible changes
within root, but at 600°C fissure within root started to develop,
while it was deepening into dentin up to reaching 1100°C [16].

Fernandes A.P. et al. concluded that burial conditions do not
significantly affects optical density of root canal filling materials
compare to ante-mortem situation, but simulation of drowning
cause of death has an impact on above-mentioned parameter [17].
Specific trend of apical portion of root canal filling having lower
optical density compared to middle and cervical ones was noted,
while middle and cervical portions radiopacity decrease pattern
was noted compared to ante-mortem situation [17]. Generally it

2.
3.
4. tomographic

5.

6.

126

may be resumed that roots tends to preserve unique morphological
information for the longer period of time and by better retention
quality compared to the crown part of tooth. Such morphology
preservation phenomenon together with uniqueness of endodontic
treatment results argument the significance of endodontic features
for the forensic odontology practice [4, 5].

Zinc-oxide eugenol (ZOE) as a root filling material becomes
whitish hue during 400 °C exposure, chalk with whitish hue
during 800 °C exposure, and not possible to differentiate with
dentine during more than 1000 °C, while gutta percha may show
black colored and white strikes during 400 °C exposure and is
totally incinerated during 1000°C exposure [15]. “Honeycomb”
effect caused by endodontic filling materials softening and melting
(fluidification) could be observed at the temperature of 600°C
and above, even though recognition of root canal filling remains
radiovisible even under tooth exposure to 1100°C [16]. Other
researches demonstrated that when temperature rises to 800°C
and over intracanal fillings become hardly recognizable. It should be
noted that elemental analysis of different root filling materials after
incineration revealed presence of phosphorus and calcium which
was not typical for pre-incineration samples, and such outcome
may be cause by heat-induced changes within surrounding dentine
[18]. Review of Bansode et al. demonstrated that endodontic filling
materials by the radiopaque criteria may be differentiated on
radiopaque, slightly radiopaque, and radiolucent, even though such
cauterization is lacking quantitative argumentation, and each case
of obturation even if provided with the same material may differ by
optical density represented on radiographs [19].

Elemental fingerprints may be established out of several root
filling materials, such as Gray ProRoot MTA, AH26, Epiphany and
other, while also out of stainless steel and nickel-titanium files
with the usage of scanning electron microscopy (SEM)/energy
dispersive X ray analysis methods, or other more portable-adapted
approaches (X ray fluorescence spectrometry) [17]. Elemental
fingerprints database formed on the findings of Bonavilla et al. may
be further use within forensic odontology practice for identification
of different root filling materials and endodontic files [17]. Broken
endodonticinstrument also maybe served as unique evidence during
dental identification, since it consists of complex individualized
characteristics (localization of broken instrument within specific
root canal, design of the broken file, length of fractured fragment).
But again cases of broken endodontic instrument should be well
recorded both radiologically and descriptively at the patients
dental form.

Practice of successful murder victims identification based on the
available endodontic radiographs has been previously described
within the literature [5]. Rare case of extruded endodontic
material used as identifier in person with maxillary edentulism
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which was verified both at ante- and post-mortem radiographs
was described by Berketa and colleagues [20], and such outcome
raises the significance and potential of endodontic treatment
results being adequately used within forensic dental identification
in cases where by the first view no or really small dental evidences
may be received [10]. Authors also mentioned that due to the
fact that radiographs were made within various angulations and
by different methodologies it was not possible to provide proper
metric analysis, but comparative approach may be implemented,
which also is of high value in cases with limited available data [20].
Analogical outcome could also be made from our study, where
variations within angulations caused complications for the correct
image matching.

Awareness regarding tooth root anatomical variations could
support process of dental identification and enhance potential
for positive identification outcome, while in most cases such
features were registered by the use of CBCT scans [21]. Endodontic
features also have a great potential during identification of
human’s remains or in cases of identification during multiple
fragmentation of skull [22].

Computer-aided identification based on root morphology
and anatomical pattern shown promising results for being used
within routine forensic odontology practice by not just enhancing
identification process itself but giving a chance to quantify the
outcomes of comparison [23].

It is beneficial to use subtraction imaging approach while also
superimposition method to demonstrate similarities between
ante-mortem and post-mortem periapical radiographs [24].
Nevertheless, different projections, angulations and positioning
parameters of X-ray images obtained during planning or after
provision of endodontic treatment may cause problems during
their comparison and metric-based assessment [2, 24, 25].

In Khalid-Khalid’s study it was shown that single rooted
endodontically treated teeth characterized with high potential
of being correctly identified within experimental conditions of
ante-mortem and post-mortem radiographs sets comparison,
reaching the mean correct score of comparison 9.78 + 0.53 out of
10 [9]. Results of this study also demonstrated that general dentists
shown higher rate of full identification of endodontically-treated
teeth (100%), while specialists - the lowest one (71.4%) [9]. In our
study mean rate of correct matching reached 68.0 + 7.2%, which
was lower than in Khalid-Khalid’s study, but such difference could
be argumented by the fact that in our study we analyze radiographs
of single rooted, while also of multi-rooted teeth. Also, Khalid-
Khalid’s study demonstrated that general dentists had the highest
rate of identification [9], while in our study experience within
endodontic practice seems to be valuable regressor for the positive
identification.

It is important to highlight that significance of endodontic
treatment results and of tooth roots’ morphology itself could be
realized only under condition of proper quality radiographs being
available and correct treatment record being approachable either
for metrical, or at least for qualitatively comparative analysis [4].
Responsibility of endodontists is of not only providing proper
quality endodontic treatment, but guaranteeing corresponding
recording of all the provided manipulations, their outcomes and
individual anatomical features, while concisely understanding the
role of such in cases of needed forensic identification.

Such endodontic-related parameters as different pulp-tooth
ratio could be effectively used for the age estimation practice,
effectiveness of which have been widely described within adult and
pediatric population cohorts during analysis of planimetric, while
also of volumetric images [26, 27, 28].

Significance of root canal as a source for potential DNA extraction
after provided endodontic treatment remains subject of discussion,
but for sure possibility of such is lowering after root canal
obturation. Only one study have demonstrated the chance of DNA
extraction from organic remnants available after pulp extirpation
in 3 months period, on the other hand dentin and cementum also
may be the potential sources of DNA [2, 25, 29, 30]. Based on 10
samples study DNA quantity in the range of 0.355-39.42 ng/ml may
be received from STR-profiled endodontically treated teeth [31].
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Preservation of avulsed tooth also potentially may be helpful for
DNA material extraction [12].

Possible outcomes of dental identification based on endodontic-
related sign which may be compared between ante- and post-
mortem datasets include following: identity established (full
concordance, no unexplained discrepancies present); identity
consistent (full concordance of available evidences, but deficient
quantity or quality of compared features to fully exclude all doubts);
identity possible; insufficient information available; exclusion [24,
32]. In present study 50% of images were categorized as easy to
match, so they may be used for identity established criteria, but
other 50% of images may fall into different categories of identity
consistent, identity possible, insufficient information available,
or exclusion. Such ratio could be used for the argumentation for
providing further in-detail studies dedicated to the quantification
of peri-apical radiographs impact within forensic odontology
practice, considering their real-life quality and adherence of the
radiographs both for the single rooted, while also for multirooted
teeth.

Limitations of present study associated with relatively small
study sample of images used for matching, while also no quality
criteria for selected images were applied. On the other hand,
drawback of small study sample was partially overcome by the
randomized extraction of 10 image pairs from 100 previously
selected. Also approach with no image quality criteria applied
helped to demonstrated real-life conditions, which specialists are
facing while providing comparison of radiographs obtained before
and after endodontic treatment. Another limitation is related to
the fact that background of operators was not detalized, but such
limitation was due only to pilot study design, while in further
studies such information would be taken into consideration.

Conclusion

Significance of endodontics within forensic odontology field in
most cases dictated by using the results of periapical radiology as
evidences of ante-mortem origin, while also by considering the fact
of root canal morphology uniqueness and individualized endodontic
treatment pattern consistency both ante- and post-mortem even
under the influence of various disturbing factors. On the other
hand identification role of endodontic signs may be diminished
within the absence of proper quality radiographs, or when such
were provided at critically different angulations, while also when
endodontic-related evidences could not be supported by dental
records. Factual quality of periapical radiographs obtained during
endodontic treatment support potential of positive identification
in up to 68.0 + 7.2% cases, while only 50% of analyzed cases could
be interpreted with established consistent identity.
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AHoTanis

Bemyn. GakTuyHa sIKicTb epranikaabHUX peHTTeHOrpadivHuX 306pakeHb € JOBOJIi BapiaTUBHOIO,
KpiM TOTO PEHTreHOTpaMM He 3aBX[U BAAETbCS OTPUMATH IiJ] OIHAKOBUM KyTOM IO3UIIOHyBaHHS,
0COGMBO y BUIMAAKAX OOCTEKEHHS 0araTOKOPEHeBHX 3y6iB, IO B CBOIl CYKYIHOCTI MOXe
00MEXUTH 3HavyLIicTh iHpopMaliii, OTpuMaHOi B XOJi NMPOBENEHHS €HIOJLOHTUYHOTO JIKyBaHHS,
17151 TIOPIBHSITIBHOI [IeHTaIbHOT ineHTudikaii.

Mema. O6'eKTUBI3yBaTH MOKJIMBICTh BUKOPUCTAHHS MePUaMiKaJbHUX PEHTreHOrpam (paKTUIHOi
SIKOCTI, sIKi 6yZM OTpMMaHI Mif Yac €HIONOHTUYHOrO JIKyBaHHS, IJIs1 MOPIBHSAJIBHOI AEHTalbHOI
inenTudikarnii.

Mamepiaru ma memoodu. [locmimkeHHs Oysno opraHizoBaHo y (opmi KpOC-CEKLiHOTro i
MpoBefieHo Ha 6aai kiiniku. Komii mecsitu nmap BinibpaHux peHTreHorpam 6ysy posmnofineHi Mix
HabopoMm faHux 1 (imiTanis Ha6Opy NPWKUTTEBUX JAHUX), KAl MicTuB 10 peHTreHorpam mo
JIiKyBaHHSI KOPpEHEeBUX KaHaJiB, i Habopom maHux 2 (imiTauis Habopy MOCMEPTHUX JAHUX), SIKUIA
micTuB 10 peHTreHorpam IIicJisl eHIONOHTUYHOTO BTPyJYaHHS. 3006pakeHHs Y CTPYKTypi HabopiB
JaHnx 11 2 6ysm paHmoMmisoBaHi Ta CTPyKTypoBaHi y ¢popmari Google-dopmu; mMsTh aCUCTEHTIB
Kadeapy TepaneBTUYHOI CTOMATOJIOTI] TPOBOMIIN 3iCTaBIeHHs 306paXkeHb y (popMaTi Bifgnosigeit
Ha ruTaHHs cpopmymboBaHoi Google-popmu.

Pesyavmamu. [liarnasoH piBHiB KOPEKTHOTO 3iCTaB/IEHHS BiINOBIIHMUX PEHTTEHOTPAM 10 Ta I
JIiKyBaHHSI, 3apeeCTPOBAHUI Ccepe/l ITSITX OnepaTopis, BapiloBas B mexax 50-80%. CepeiHiii piBeHb
KOPEKTHOTO CIIiBCTaBJIeHHSI 300paXeHb ckiajaB 68,0+7,2%. TpuBamiicTe IOCBify NpPOBEIEHHS
€HZIOJOHTUYHOTO JIIKyBaHHS BUSIBUJIACS 3HAYYLIMM PETPECOPOM I10 BiJHOMEHHIO J10 €(PEKTUBHOCTI
pesynbTaTiB criBcTaBsieHHs peHTreHorpam (p < 0,05), B Toil yac $K HasBHICTh JOAATKOBOI
crietjanisanii 3 pajiosiorii CyTTeBO He IOKpaljuja pe3yJbTaTh IOPIBHAHHS Ta KOPEKTHOrO
criBCTaB/IEHHS! 306pakKeHb JI0 Ta micis JikyBaHHs (p > 0,05). Oneparopu ouinunu 5 i3 10 nap
300pa’keHb SIK BiIHOCHO JIEeTKi [J1s1 3icTaBjieHHs], 2 rapy 300paXkeHb — K MOMIPHO CKJIaAHi aJist
3icTaByieHHs], Ta 3 mapu 306paskeHb — SK TaKi, SIKi BaKKO 6yJI0 KOPEKTHO CHiBCTaBUTHU, NIPU LIbOMY
Koe(illieHT y3roZ>KeHOCTi BULe3a3HaYeHUX OLiHOK csras 0,8.

BucHoeku. 3HauyIicTh €HJ0JOHTIi AJIs1 CYAOBOI OJOHTOJIOTII B GiNbIIOCT] BUMIA/IKiB TPOJUKTOBAHA
BUKODHMCTAHHSIM pe3yJbTaTiB MepuamikaabHoi peHTreHorpadii sIK IOKaziB, 1O MOXYTb OyTH
OTPUMaHi NIPUKUTTEBO, a TaKOX YHIKaJbHICTIO MOPQOJIOTii KOPEHEBUX KaHaJliB Ta 36€peKEHHSIM
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LiTICHOCTi iHJMBilyasli30BaHOTO MaTEPHy pPE3yJIbTATiB €HIOJOHTUYHOTO JIiKyBaHHS NPUKUTTEBO
Ta TIOCMEPTHO HaBiTh MiJl BIUIMBOM pi3HUX (pakTopiB. 3 iHmOro 6oky, igeHTudikaliiiHa 3HavyIicTh
€HIOOHTUYHUX O3HAK MOXK€ OyTM 3MEHIIEHA I10 NPUYMHI BiICyTHOCTI PEHTTEHOTPaM HajeXHOI
SIKOCTi, 260 X B YMOBaX, KOJIM Taki 6y/lM OTPUMaHi Iif, KpUTUIHO Pi3HUMH KYyTaMU MO3MIiOHYBaHH,
i y BUnasKax, Koy JoKasu MOB'I3aHi i3 eHJ0JOHTUYHUM JiKyBaHHSM He MOXYTb OyTHU IiATBEpIKEHi
BiZITIOBIIHMMU 3aIIMCaMU Y CTOMATOJIOTIUHIN JOKyMeHTalil nanieHTa.

3asBa npo KoH(}JIIKT iHTEepeciB

1IMM aBTOPH MiATBEPIPKYIOTh BiICYTHICTD 3B'I3KY 3 6y/Ib-5IKOI0 OpTraHizallielo 4u KOMIaHielo, sika MOXe
MaTu G6yab-sikuil (iHaHCOBUIT ab0 HediHaHCOBHMII iHTEpeC /10 MaTepiaiB JOCiIKEHHSI, PO3TJISHYTUX
B IIil1 CTATTi.

3asBa npo ¢QinaHCyBaHHs
He 6ysn0 orprmaHo >xomHoro ¢iHaHCYBaHHS [JIs1 AOMOMOTHM B MiATrOTOBIi Ta MPOBEJEHHI IbOTO
IOCiIKEeHHs, a TAKOX [IJ1S HallMCaHHS 1iiei cTaTTi.
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