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Abstract

Novel techniques for personal identification are being researched using the latest available imaging devices. These studies may assist with disaster victim
identification in future mass disasters. Studies have already been conducted on the use of advanced imaging for positive identification in forensic pathology
using radiographic image recognition and other identification or authentication techniques. These techniques are based on information extracted from biological
fingerprints through digital radiography and other advanced imaging techniques such as CT and MRI. Although, image matching and identification in advanced
digital images is still in the initial stages of development, it has shown promising results in preventing medical accidents and for identifying specific patients. These
techniques may be effective for positive identification in the fields of forensic pathology, forensic odontology, and forensic anthropology.
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Introduction

The analysis of the bones of a deceased person or from human remains
has been used in the field of forensic anthropology for more than a century.
It is well known that DNA analysis, fingerprints, and dental information are
effective methods for providing sufficient evidence to identify deceased
persons or disaster victims. Many forensic anthropologists, forensic
pathologists, and scientists in radiological technology also use bone
information for age estimation and sex determination [1-3]. Medical
examiners/coroners, forensic pathologists, and forensic anthropologists are
continually working to establish standards and systematic analysis methods
for application to unknown cases and human remains [4].

One of the ways to improve forensic personal identification is to
develop a rapid and reliable identification method for use by a small number
of professionals on-site after an unexpected mass disaster event. In 2000,
Interpol established guidelines for Disaster Victim Identification (DVI) and
noted the difficulty in identifying a disaster victim by visual recognition
[5]. The Scientific Working Group for Forensic Anthropology [6] and the
Organization of Scientific Area Committees for Forensic Science [7] have
been working together to systematize, provide best practices for, and
develop a consensus standard since 2008. The Japanese government
created “The Program on Promotion of Policy about Death Investigation”
in June 2014 and as a result, “The Act of Promotion of Policy about Death
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Investigation” was legislated in April 2020. Some of the goals of this
program include the utilization of scientific methods to investigate the cause
of death, establish methods for dental records, and develop databases for
the identification of deceased persons [8].

It is impossible to predict when the next mass disaster will occur.
Insufficient preparations for future mass disasters cause delays in
identifying victims. Researchers have been extensively discussing and
studying for ways to coordinate with police officers and coroners before the
next mass disaster occurs. This is critical, especially after events such as
terrorist attacks, earthquakes, tsunamis, floods, and wildfires.

This article summarizes the challenges of personal identification and
the novel technologies being developed for radiographic identification and
authorization. Detailed summaries are available in a recent review which
focused on radiological technology and medical physics [9]. This review
aims to follow facts and opinions regarding the development of effective
and useful methodologies for forensic pathology and forensic anthropology.

Situations in Medical Imaging

Since the first successful digital radiographic device, computed
radiography, was developed in 1983, recent imaging technologies in
medically developed countries have become fully digital [10]. This change
allows us to re-evaluate various successful methodologies that have bheen
developed in forensic anthropology and forensic pathology.

People who live in medically developed countries may have their own
images in hospitals and medical centers or may bring in their own images
as recorded media. However, these images are inaccessible without
special permissions and may not be reused, except for retrospective
studies by a limited number of researchers. Moreover, these images may
be deleted after a certain retention period as determined by the country or
state law in most cases, except for clinically interesting or unusual cases.
Researchers must pay attention to patients’ or victims' privacy. On the
other hand, the guidelines for future mass disasters should be discussed
and related societies and associations should coordinate actions with
coroners. Well-organized digitally acquired images such as Digital Imaging
and Communications in Medicine (DICOM) formatted images can be easily
shared worldwide [11].
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The Need for Databases in Countries

To conduct DVI effectively after an unexpected mass disaster,
researchers worldwide need various image databases. If researchers
could use databases that consisted of antemortem information, positive
identification would be one of the effective methods—apart from fingerprint
and DNA analyses—to identify victims of mass disaster. For example, for
the victims of a fire or Tsunami disaster, it is difficult to use the matching
of the physique and appearance. Unfortunately, except for some local
databases, open national databases do not exist due to security and ethical
issues. It is also difficult to collect antemortem information from different
hospitals. Currently available digital images, clinical information, and
reports in hospitals or medical centers are also inaccessible due to patient
privacy. Although using information from a patient’s medical records is a
sensitive issue, an organized digital database is needed to make it available
online in the case of an emergency.

Repositioning of Head Postmortem Com-
puted Tomography (PMCT)

PMCT scans should ideally match antemortem CT scans to determine
the cause of death and compare images for identifying individuals based on
anatomical information. Repositioning is required in some cases where the
displacement of the anatomical position between PMCT and AMCT [12]. The
frequency of use depends on the posthumous stiffness and cadaver bag.
Kawazoe et al. proposed a semi-automatic repositioning method for head
CT images based on an orbitomeatal line. Another possible repositioning
method is based on an anthropological basal line. If the implementation of
such correction and automation were realized in CT devices, it will contribute
to the reproducibility of the imaging and the diagnosis of the cause of death
by PMCT without affecting the deceased.

Positive Identifications using “Biological
Fingerprints” in Digital Radiography

Biological fingerprints are parts of an image that provide useful
information to distinguish an individual using personal characteristics.
Image recognition and identification using biological fingerprints have
been effective for the positive identification of filing errors in radiological
technology in hospitals. In addition, it can be helpful to find lost images or
similar images from a database containing many images.

Morishita et al. [13-18]. studied automated patient recognition and
identification for digital chest radiographs (CXRs) based on a template
matching technique of biological fingerprints on current and previous
CXRs and histogram analysis of correlation values that indicate the
similarity between the two CXRs. The initial study was developed to
prevent accidental filing errors in environment of picture archiving and
communication systems in medicine. The technique was then expanded
to search for similar images in a database containing many images. This
technique may replace the time-consuming task of manually finding specific
images. Improved “Biological Fingerprints (BFs)” with weighting factors had
an effective overall performance with up to 92.5% accuracy in identifying
the same patient when top-10 similar images allowed.

Although these results are promising, there is still room for improvement
in the performance of unknown cases. This technique would be one of
effective methods to reduce the number of candidates for the identification
of a deceased person before further detailed examination, especially in
mass disasters.
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Positive Identifications using “Biological
Fingerprints” in Advanced Imaging

Ueda et al. [19,20]. proposed a novel technique for patient verification
to confirm whether the registered patient information was correct. The
study focused on positive patient verification using scout images under a
routine torso Computed Tomography (CT) and brain Magnetic Resonance
Imaging (MRI). CT and MRI are also useful for postmortem imaging, in
addition to conventional radiography. They produce hundreds to thousands
of images per examination and can reconstruct any cross sections by post-
processing. The benefits of scout images as biometrics are more versatile
than 3-dimensional images. Moreover, they can be automatically executed
at the beginning of each examination. The use of scout images has the
potential to be used for human authentication to verify or identify deceased
individuals.

Therefore, these techniques are expected to extend to positive
identification and postmortem imaging in the field of forensic pathology.
However, in the event of a disaster, mobile CT and MRI tracks must be
moved to the site of the mass disaster from other areas.

Expectations of Artificial Intelligence
(Al)

Al enables precise estimation through the analysis of many selected
features with incredible speed that cannot be competed with manually. Al
research is rapidly being introduced in various fields; additionally, it has
started to be utilized in medicine. Its potential usefulness and robustness,
however, are unknown. An Al system can be designed with a mathematically
suitable model for a specific subject and trained with a sufficient number
of cases. It is expected that the use of Al will expand and aid forensic
pathologists in the estimation of death time, cause of death, age estimation,
and sex determination of a deceased individual. However, consensus
and consistent agreements with experienced forensic pathologists are
necessary before use.

Conclusion

In conclusion, the methods discussed in this review require further
systematic studies using authorized databases with advanced digital
images to improve the possibility of their use for personal identification.
Moreover, these approaches can be used in combination with previously
developed methods in the fields of forensic pathology, forensic anthropology,
and radiographic recognition and identification techniques for personal
identification in the future.

Conflict of Interest

All authors declare that they have no conflict of interest.

Acknowledgements

The authors are grateful to many individuals for useful discussions the
subjects covered in this review, i.e., Yosuke Usumoto, Miki Okumura, Keiko
Kudo, Kunio Doi, Shigehiko Katsuragawa, Yasuo Sasaki, Tadashi Hongyo,
Katsuhiko Ueda, Shohei Kudomi, and members in Morishita Laboratory.
Part of this work was supported by JSPS KAKENHI Grant Numbers
JP14570894, JP18591350, JP15K08696, JP19K08122, JP18K15590 and
JP21K15827.



Morishita J, et al.

J Forensic Res, Volume 12: 8, 2021

References

1. Latham, Krista, Eric Bartelink and Michael Finnegan. New Perspectives in
Forensic Human Skeletal Identification. Academic Press, (2018).

2. Matsunobu, Yusuke, Junji Morishita, Yosuke Usumoto and Miki Okumura,
et al. “Bone Comparison Identification Method Based on Chest Computed
Tomography Imaging.” Legal Medicine 29 (2017): 1-5.

3. Tsubaki, Shun, Junji Morishita, Yosuke Usumoto and Kyoko Sakaguchi, et al.
“Sex Determination Based on a Thorac Vertebra and Ribs Evaluation using
Clinical Chest Radiography.” Legal Medicine 27 (2017): 19-24.

4. Hu, Jin, Na Zheng and Man Liang. “Worldwide Tendency and Focused
Research in Forensic Anthropology: A Bibliometric Analysis of Decade
(2008-2017).” Leg Med (Tokyo) 38 (2019): 92-93.

5. Guideline for Disaster Victims Identification (DVI). In: Interpol. (2018).

6. The Scientific Working Group for Forensic Anthropology (SWGANTH): An
Official Web Site of The United States government.

7. The Organization of Scientific area Committees for Forensic Science.
8. Basic Act of Promotion of Death Investigation.

9. Morishita, Junji and Ueda Yasuyuki. “New Solutions for Automated Image
Recognition and Identification: Challenges to Radiologic Technology and
Forensic Pathology”. Radiol Phys Technol 14(2021): 123-133.

10.Sonoda, Minoru, Masao Takano, Junji Miyahara, and Hisatoyo Kato,
et al. "Computed Radiography Utilizing Scanning Laser Stimulated
Luminescence." Radiology 148 (1983): 833-838.

11. The DICOM Standards

12. Kawazoe, Yusuke, Junji Morishita, Yusuke Matsunobu and Miki Okumura,
et al. "A Simple Method for Semi-automatic Readjustment for Positioning
in Post-mortem Head Computed Tomography Imaging." J Forensic Radiol
Imag 16 (2019): 57-64.

Page 3 of 3

13. Morishita, Junji, Shigehiko Katsuragawa, Keisuke Kondo, and Kunio Doi, et
al. "An Automated Patient Recognition Method Based on an Image-matching
Technique Using Previous Chest Radiographs in the Picture Archiving and
Communication System Environment." Med Phys 28 (2001): 1093-1097.

14. Morishita, Junji, Shigehiko Katsuragawa, Yasuo Sasaki, and Kunio Doi, et
al. "Potential Usefulness of Biological Fingerprints in Chest Radiographs for
Automated Patient Recognition and Identification1." Acad Radiol 11 (2004):
309-315.

15. Morishita, Junji, Hideyuki Watanabe, Shigehiko Katsuragawa, Nobuhiro
Oda, et al. "Investigation of Misfiled Cases in the PACS Environment and
a Solution to Prevent filing errors for chest radiographsl." Acad Radiol 12
(2005): 97-103.

16. Toge, Risa, Junji Morishita, Yasuo Sasaki, and Kunio Doi, et al. "Computerized
Image-searching Method for Finding Correct Patients for Misfiled Chest
Radiographs in a PACS Server by Use of Biological Fingerprints." Radiol
Phys Technol 6 (2013): 437-443.

17. Shimizu, Yoichiro, Yusuke Matsunobu, and Junji Morishita. "Evaluation of the
usefulness of modified biological fingerprints in chest radiographs for patient
recognition and identification." Radiol Phys Technol 9(2016): 240-244.

18. Shimizu, Yoichiro, and Junji Morishita. "Development of a Method of
Automated Extraction of Biological Fingerprints from Chest Radiographs
as Preprocessing of Patient Recognition and Identification." Radiol Phys
Technol 10 (2017): 376-381.

19. Ueda, Yasuyuki, Junji Morishita, Shohei Kudomi, and Katsuhiko Ueda, et
al. "Usefulness of Biological Fingerprint in Magnetic Resonance Imaging for
Patient Verification." Med Biol Eng Comput 54 (2016): 1341-1351.

20.Ueda, Yasuyuki, Junji Morishita, and Tadashi Hongyo. "Biological
Fingerprint Using Scout Computed Tomographic Images for Positive Patient
Identification." Med Phys 46 (2019): 4600-4609.

How to cite this article: Morishita, Junji, Noriaki Ikeda, Yasuyuki Ueda,
Yongsu Yoo and Akiko Tsuji, et al. " Personal Identification Using Radio
logical Technology and Advanced Digital Imaging: Expectations and

Challenges." J Forensic Res 12 (2021): 472.



https://www.elsevier.com/books/new-perspectives-in-forensic-human-skeletal-identification/latham/978-0-12-805429-1
https://example.com
https://doi.org/10.1016/j.legalmed.2017.06.003
https://doi.org/10.1016/j.legalmed.2019.05.001
https://www.interpol.int/en/How-we-work/Forensics/Disaster-Victim-Identification-DVI
https://www.nist.gov/oles/scientific-working-groups/
https://www.nist.gov/topics/organization-scientific-area-committees-forensic-science/governing-documents/
https://elaws.e-gov.go.jp/document?lawid=501AC1000000033
https://doi.org/10.1007/s12194-021-00611-9
https://doi.org/10.1148/radiology.148.3.6878707
https://www.dicomstandard.org/
https://doi.org/10.1016/j.jofri.2019.01.004
https://doi.org/10.1118/1.1373403
https://doi.org/10.1016/s1076-6332(03)00655-x
https://doi.org/10.1016/j.acra.2004.11.008
https://doi.org/10.1007/s12194-013-0221-6
https://doi.org/10.1007/s12194-016-0355-4
https://doi.org/10.1007/s12194-017-0400-y
https://doi.org/10.1007/s11517-015-1380-x
https://doi.org/10.1002/mp.13779



