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3D computer graphics and medicine

Hirofumi Seo, M.D.
CEO & President at SCIEMENT, Inc.

In the medical field using 3D, augumented reality (AR) and mixed reality (MR) with a head-
mounted display (HMD), and organ modeling using a 3D printer is often introduced. However, in this
talk, I will discuss the advantages of 3DCG using a conventional planar display instead of these special
devices. In particular, the use of 3DCG as a supporting material to the preoperative study of pediatric

congenital heart disease will be described in detail.
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Future of medicine realized by simulation surgery —from "'diagnosis'* to ""cure"'-

Takahiro Nozaki, Ph.D.
Assistant Professor, Department of System Design Engineering, Keio University

Visiting Scientist, Department of Mechanical Engineering, Massachusetts Institute of Technology

In this talk, 1 will introduce "Real Haptics", which is a cutting-edge robotics technology that
artificially reproduces the gentle and flexible motions created by humans and its possibilities. This
technology enables us to utilize human motion information beyond time and space, and thus realize
automation of time-consuming tasks and quantification of physical characteristics of organs, not only
in the medical field but also in other fields. Furthermore, it is expected that the reduced motion will
have applications in areas that require a high level of skill such as microsurgery. | will introduce the

new future medical treatment using Real Haptics with various application examples.
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Challenges on telemedicine realization in Life Intelligence system consortium
-Towards the “Hospital in the Home”

Noriatsu Kudo, Ph.D.

Project Research Associate, Graduate School of Media and Governance, Keio University

In this paper, we will describe about system demonstration experiment held in Fujisawa city,
Kanagawa prefecture. It was held in order to realize Hospital in the Home, a concept where
functions of hospitals can be enjoyed at home, in an Internet-based society. The system was designed
to use TVs at the patient’s home to be used as a point of contact with the hospital. While
telemedicine contributes to improving patient convenience and reducing the burden, issues such as
communication quality on video call and lack of access to patient health information and medical

care history from the Internet have become clear.
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Accuracy in automatic cephalometric landmark detection influenced by ground truth

coordinate values.

Soh Nishimoto
Hyogo College of Medicine

Automatic cephalometric landmark detection, utilizing three-phased deep learning has been done with
ISBI2015 datasets. In machine-learning, ground truth values are crucial. Two sets of landmark coordinate
values are provided in the datasets. There exist discrepancies over 2 mm of average between them. In our
previous study, the average of the two value sets were used as the ground truth. In this study, whole 19
landmarks in each 400 cephalometric image were reassigned. With the same procedure as our previous
study, three-phased neural networks were trained with 150 training images with reassigned coordinate
values. Landmark prediction was done with two different testing images. Discrepancies between the
coordinate values of the predicted landmarks and reassigned ground truth values were calculated. In
comparison with our previous study, success detection rates were improved. This indicates the better

consistency of our landmark assignment.
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Comparison of MRD method and corneal limbus measurement method in upper eyelid

position measurement

Kengo Nishi, Satoshi Takagi,Shoutarou Suzuki,Oojimi Hiroyuki

Department of Plastic Surgery,Fukuoka University
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Investigation of new dental identification method using intraoral scanner and image

comparison technology

Daijiro Kubo
Department of Oral Interdisciplinary Medicine Graduate School of Dentistry Kanagawa Dental

University

Tomoki Itamiya 1, Katsuhiko Kimoto 2
1 Division of Curriculum Development, Kanagawa Dental University
2 Department of Oral Interdisciplinary Medicine, Graduate School of Dentistry, Kanagawa Dental

University

Dentists use dental findings to confirm victim identity by compiling the oral findings of the corpse
into a given dental chart and comparing that information to medical information before dead. However,
creating the dental chart is complicated and comparisons may be difficult because there are differences
in the details of the anterior records submitted by local dental institutions and dentist associations
depending on the medical personnel who created them. This time, we developed a new screening
method using the intraoral STL data acquired by the intraoral scanner and the image comparison

program (AKAZE) to facilitate data preparation and comparison work and verify the accuracy.
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Three-dimensional study for pelvic floor reconstruction with pedicled rectus abdominis

myocutaneous flap: the intrapelvic shortest route to perineum

Daiki Kitano

Department of Plastic Surgery, Kobe University Graduate School of Medicine

Takeo Osaki 1, Noriyuki Negi 2, Akiyo Fukutomi 2, Tadashi Nomural, Kazunobu Hashikawa 1,
Hiroto Terashi 1
1 Department of Plastic Surgery, Kobe University Graduate School of Medicine

2 Department of Radiology, Kobe University Hospital

Background: Various methods for pelvic floor and perineum reconstruction after tumor resection have been
reported including pedicled-vertical rectus abdominis myocutaneous (p-VRAMC) flap. The flap offers
well-vascularized large-volume tissues, however, there is a paucity of literature on the positional
relationship between the flap and residual organs in detail.

Method: A 60-year old male with anal fistula cancer who underwent posterior pelvic exenteration was
referred to us for pelvic floor reconstruction. A 22 x 6 cm p-VRAMC flap was harvested from right side.
We dissected the flap donor site into the pelvic floor while palpating the right wall of the urinary bladder,
and pulled the flap into perineal defect. The tract of flap within the pelvic floor was referred as “intrapelvic
shortest route”. We analyzed the positional relationship of the flap and surrounding tissues in pelvic route
with the 3D model which was created from postoperative CT-scan images. The processing of DICOM data
was performed by Ziostation2 (Amin Co., Ltd., Tokyo, Japan).

Result: The 3D model revealed that the pedicle of VRAMC flap passed through the space between the
pelvic wall and the urinary bladder. The muscle belly of the was located on the posterior wall of the urinary
bladder, which was served as a filler for the dead space of the pelvis. The proximal end of the skin paddle
of the flap was located at the pelvic floor, and the distal end at the perineum.

Discussion: “Intrapelvic shortest route” enabled us to maximize the arc of rotation of the p-VRAMC flap,
and assign the muscle belly of the flap to reduce the dead space behind the urinary bladder. Further

comparative studies with conventional method are desired.
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Shoulder hemi arthroplasty using Augmented Reality and 3D Printing technology

Atsushi Tanji
Japanese Red Cross Ashikaga Hospital

Tadahisa Urabe, Tsuyoshi Amemiya, Nariyoshi Ishii, Nobuyuki Tanaka, Takayuki Hirono ,Daichi Suto
Japanese Red Cross Ashikaga Hospital

For total joint replacement and hemi joint replacement, it is important to make a detailed preoperative plan
and perform it accurately intraoperatively. We have developed a new surgical method using AR and 3D-
Printing technology. We clinically applied it to the shoulder hemi arthroplasty and verified the accuracy of
implant placement. The difference in position between the preoperative plan and the implant actually
placed was within 3 mm and 3 °, and no obvious complications were observed. Surgical methods using
AR and 3D-Printing techniques seemed to be useful for intraoperatively reflecting 3D preoperative

planning.
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Development of VR upper limb joint rehabilitation support application, using the hand

tracking function of Oculus Quest, a standalone HMD.

Daihei Kida
Mie LOCOMO Rheumatology Clinic
Yuuto Miyamoto 1, Shizuya Konda 2, Tomoki Itamiya 3
1 Quest Co., Ltd., 2 FUJI SOFT INCORPORATED, 3 Division of Curriculum Development, School of

Dentistry, Kanagawa Dental University

Purpose and Method: A VR upper limb joint rehabilitation support application was developed using a stand-
alone HMD, Oculus Quest. We created a game in which points are given when building blocks of three
colors of red, blue, and yellow are placed in a box of the same color, and we investigated each of the two
methods, hand controller operation and hand tracking operation.

Result:

Controller (n = 10)

Can be gripped, can be put in a box, 8 cases

Can be gripped, cannot be put in a box, 1 example

Unable to grip 1 example

Tracking (n = 12)

Can be gripped, can be put in a box, 6 cases

Can be gripped, cannot be put in a box, 3 cases

Unable to grip 3 cases

Discussion and Conclusion: There was a tendency that the hand controller operation was easy to hold the
building blocks and difficult to release, while the hand tracking operation was difficult to hold the building
blocks and easy to release. We believe that the challenge is to build a system that can be used for

rehabilitation by making the best use of the Ul characteristics of each operation.
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Q1 #36 15 (p<0.001)
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Q4 H18 15 (HEERL)
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Development of AR lower limb muscle strength rehabilitation support system, using a stand-

alone HMD, Lenovo Mirage Solo.

Daihei Kida
Mie LOCOMO Rheumatology Clinic

Shizuya Konda 1,Yuuto Miyamoto 2, Tomoki Itamiya 3
1 FUJI SOFT INCORPORATED, 2 Quest Co., Ltd., 3 Division of Curriculum Development, School of

Dentistry, Kanagawa Dental University

Purpose and Method : Using a stand-alone HMD, Lenovo Mirage Solo, we have developed an application
that links AR (Augmented Reality) to the movement of standing up from a chair and displays the changes
of the four seasons in CG images according to the number of times. For 20 subjects, after squats, Q1: was
it fun, Q2: wanted to continue, Q3: felt the effect, and Q4: did you feel sick? Responses were sought in the
evaluation, and they were divided into two groups (with AR and without AR) according to the presence or
absence of AR and compared.

Result: The answer results for each question item are shown below (average score).

Q1 Yes 3.6 No 1.5 (p <0.001)

Q2 Yes 3.1 No 1.8 (p <0.001)

Q3 Yes 3.4 No 2.7 (p <0.01)

Q4 Yes 1.8 No 1.5 (no significant difference)

Discussion and Conclusion: The AR device had an effect on the subject's interest, willingness to continue,
and feeling of effectiveness, and there was almost no discomfort due to wearing the HMD. From the above,
it was shown that the AR lower limb muscle strength rehabilitation support system developed this time is

useful for improving motivation for rehabilitation.
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Verification of actual size for neurosurgical virtual reality simulation system

Tomohisa Miyagi

Department of Neurosurgery, Graduate School of Medicine, University of the Ryukyus
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Development of a visual and haptic teaching system for laparoscopic cholecystectomy

Kazuyoshi Tagawa

Aichi University of Technology

Masaya Yamamoto 1, Masaru Komori 2, Yoshimasa Kurumi 2, Hiromi T. Tanaka 3
1 Aichi University of Technology, 2 JCHO Shiga Hospital, 3 Ristumeikan University

Laparoscopic cholecystectomy is one of the most basic minimally invasive surgery, and it requires higher
skilled techniques because small field of view and less tactile sensation. It is said that VR surgery simulators
are effective for training of such surgical operations. Therefore, we have developed 1) a haptic teaching
approach as if an expert doctor’s hand is holding a novice’s hand and 2) a visual training approach that
teaches expert’s gazing points. In this report, an overview of these approaches is introduced. Then, analysis
result of the expert’s gazing points during cholecystectomy is also stated. Finally, we implemented these

approaches into our laparoscopic VR surgical simulator and performed evaluation experiment.
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The possibility of a remote conference using a remote VR conference system

Kenji Takahashi

Ouka-ichi-mon.inc

Moving and meeting people are all at risk of corona infection. Applying VR conferencing systems to

medicine to minimize medical travel.
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Development of Finite Element Model for Pectus Excavatum Evaluation Using THUMS

Kou Hasegawa

Engineering Technology Division, JSOL Corporation

Noriyo Ichinose 1,Masahiko Noguchi 2
1 Engineering Technology Division, JSOL Corporation

2 Department of Plastic and Reconstructive Surgery, Nagano Children's Hospital

Human body FE model THUMS is developed for simulating human body injury during a vehicle
collision (by Toyota Motor Corporation and Toyota Central R & D Labs.). When applying THUMS into
medical fields, it is necessary to reproduce a patient bone shape and pathological condition in THUMS.

In this study, we created a pectus excavatum model by morphing a chest of 10YO-THUMS referring to
patient CT images. We also attempted to create chest simulation method that imitates growths of costal
cartilage after operation.

As aresult, compared with a normal thorax growth, a flat thoracic wall operation model showed abnormal
protrusion of a hypochondrium region with growth. Such method is expected to be used as new applications

in medical fields.
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A study of the usefulness of navigation systems in facial bone surgery

Hayato Hanada
Toho University Medical Center Ohashi Hospital

Akihiro Ogino 2, Akiko Hirata 1, Kei Takeda 2, Momoko Takayama 2, Emi Okada 2
Akiteru Hayashi 3
1 Toho University Medical Center Ohashi Hospital
2 Toho University Medical Center Omori Hospital
3 Toho University Medical Center Sakura Hospital
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Virtual surgical planning in the distraction osteogenesis for unilateral coronal synostosis:

report of 3 cases.

Makoto Hikosaka

Division of Plastic Surgery, National Center for Child Health and Development

Tsuyoshi Kaneko 1, Akira Kikuchi 1, Hideki Ogiwara 2, Kenichi Usami 2
1 Division of Plastic Surgery, National Center for Child Health and Development

2 Division of Neurosurgery, National Center for Child Health and Development

Background: Aesthetics is an important goal in the treatment of unilateral coronal synostosis. Relapse is
reported to be frequent, and overcorrection is generally recommended. At National Center for Child Health
and Development, for cases with limited deformity, distraction osteogenesis is utilized to enable sufficient
overcorrection by expansion of soft tissues. In the present paper, improvements derived from pre-operative
simulation and post-operative reviews are discussed
Methods: Three cases of unilateral coronal synostosis treated by distraction osteogenesis since 2016 were
retrospectively reviewed. Pre-operative simulation was performed with image analysis software Mimics
based on CT images.

Results: Pre-operative simulation was useful in identifying the extent of deformity and determining the
osteotomy line. In the first case, single distractor was placed but dislodgment occurred and this resulted in
under correction. Based on post-operative review of this case, 2 distractors were applied and distracted until
overcorrection was achieved for second and third cases.

Discussions: Pre-operative simulation in addition to post-operative reviews provided insights to improve
the outcomes in the distraction osteogenesis of unilateral coronal synostosis. Better sophistication in

simulation is expected to enable more precise prediction and planning of surgical outcomes in future.
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Morphological factors associated with improvements in symptoms of obstructive sleep apnea

syndrome after midface distraction in syndromic craniosynostosis patients

Kahoko Yamada

Department of Plastic, Reconstructive and Aesthetic Surgery, Chiba University

Shinsuke Akita 1, Takeshi Tamura 2, Nobuhiro Ando 3, Minoru Hayashi 3, Yoshitaka Kubota 1,
Nobuyuki Mitsukawa 1
1 Department of Plastic, Reconstructive and Aesthetic Surgery, Chiba University
2 Department of Plastic, Reconstructive and Aesthetic Surgery, Japanese Red Cross Maebashi
Hospital

3 Department of Plastic and Reconstructive Surgery, St. Mary’s Hospital, Fukuoka

The midface distraction has been indicated to improve respiratory disorders in syndromic craniosynostosis
patients. Although there are some reports of increased postoperative upper airway volume, little is known
about how morphological changes in the face contribute to the improvement in the clinical symptoms of
sleep apnea syndrome (SAS) after midface distraction. The purpose of this study was to analyze the
correlation of perioperative functional and morphological changes of the patients who underwent midface
distraction using three-dimensional (3D) computed tomography (CT). In this study, we found that the
mandible moved forward and downward after midface distraction, and this contributes to the improvement
of respiratory status. Analysis of the mechanisms contributing to the improvement of respiratory status after

midface distraction may lead to more reliable and efficient treatment planning.
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Builting the facial nerve 3D model

Yohei Sotsuka
Department of Plastic and Reconstructive Surgery, Niigata University Graduate School of Medicine

Three-dimensional models of human skulls are used in medical treatment and education. In 2016, Niigata
University developed a model of facial muscles and masticatory muscles through an industry-academic
collaboration. This model consists of 40 parts and each of the muscles can be detached, and it is actually
used in our department for treatment and education. In this article, we report on the development of a 3D

model of the facial nerve that fits to this 3D model for use in explanations to patients in the outpatient

department and in education for students.
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Evaluation of 3D simulation in orthognathic surgery

Tadashi Kogou
Oral&Maxillofacial Surgery, Tokyo Dental College
Shuji Yoshida,Masayuki Takano

Oral&Maxillofacial Surgery, Tokyo Dental College
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Unilateral sagittal splitting ramus osteotomy with orthognathic surgical simulation for facial

asymmetry cases

Kenji Fushima
Division of Orthodontics, Dept.of Highly Advanced Stomatology, Graduate School of Dentistry,

Kanagawa Dental University

Masaru Kobayashi 1, Shunichi Hagiwara 2, Megumi Kubota 2
1 Division of Oral and Maxillofacial Surgery, Department of Dentomaxillofacial Diagnosis and
Treatment, Graduate School of Dentistry, Kanagawa Dental University
2 Division of Orthodontics, Dept.of Highly Advanced Stomatology, Graduate School of Dentistry,

Kanagawa Dental University

The sagittal split ramus osteotomy (SSRO) is the most widely and stably applied to improve mandibular
prognathism, retrognathism, and asymmetry. Three-dimensional surgical simulation of SSRO using the
integrated dento-skeletal model have been applied to the cases showing a mandibular asymmetry. When
the simulated mandibular position is compared to the original one, it is occasionally noticed that unilateral
condyle is not displaced so much. In such a case, we have been tried to apply the unilateral SSRO. Since
no surgery was performed on the contralateral ramus, in addition to the correction of the facial appearance

and occlusion, the surgical process was reduced, and the bony segments were positioned more stably.
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Presurgical nasoalveolar molding in cleft lip surgery ~Retrospective study about the factors

that influence the therapeutic effect~

Satoshi Takagi

Dep. of Plastic, Reconstructive and Aesthetic Surgery, Faculty of Medicine, Fukuoka University

Kengo Nishi 1, Takahiro Fujita 2, Shunsuke Takata 2, Sachio Tamaoki 2, Hiroyuki Ohjimi 1
1 Dep. of Plastic, Reconstructive and Aesthetic Surgery, Faculty of Medicine, Fukuoka University
2 Section of Orthodontics, Dep. of Oral Growth & Development, Division of Clinical Dentistry, Fukuoka

Dental College

For cleft lip surgery, our facility incorporates presurgical nasoalveolar molding. On the plaster maxillary
model created by collecting oral impression, the direction and shape of the maxilla to be desired to grow
are assumed and simulated, and the Hotz plate is prepared accordingly. We have patients wear the plate for
24 hours, and aim to reduce the width of the alveolar cleft while remaking it 2-3 times before surgery.
However there are individual differences in the therapeutic effect. To find out what caused the differences,

ten patients with unilateral cleft lip and palate were extracted retrospectively and investigated.
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Cloudcompare, meshlab, meshmixier, oculus medium
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Can the use of VR in the CAD design of dentures improve work efficiency and save time?

Makoto Inoue
Prosthodontics & Oral Implantology, Department of Oral Interdisciplinary Medicine Graduate

School of Dentistry, Kanagawa Dental University

Yukari Isshiki 1, Tomoki Itamiya 2, Katuhiko kimoto 1
1 Prosthodontics & Oral Implantology, Department of Oral Interdisciplinary Medicine Graduate
School of Dentistry, Kanagawa Dental University

2 Division of Curriculum Development, Kanagawa Dental University

Background: CAD/CAM dentures have been commercialized overseas; however, in Japan, they are still in
the research stage. Studies in our department using foreign systems often show that as jaw-dog conditions
worsen, stability deteriorates. There were several cases of deficiencies in the limbic and gingival
morphology. Therefore, it was thought that a system that allows the provision of a denture edge shape
suitable for the mucous membrane of Japanese people to be designed freely was necessary. When using the
current design software, both hands are occupied with the mouse and keyboard to change the viewpoints
and specify the design under the monitor environment, and work efficiency is low. The purpose of this
study was to verify whether VR can improve work efficiency and save time when designing dentures.
Methods: Impressions of the denture body and the occlusal floor were scanned and scanned as before, and
the data of the height and the position of the mucous membrane of the denture in the patient's mouth were
made. To investigate the difference in working time between CAD and VR on a normal monitor, based on
the position and gingival formation of the prosthesis. Equipment usedOculus Quest, windows 10 pro for
workstation (Intel Xenon graphics board Geforce Quadro P2200)

Software used: Cloudcompare, meshlab, meshmixier, oculus medium

Result: Mucosal surface data is scanned and scanned to create mucosal surface data and the positioning of
the mucosal surface and occlusal clu state of the Rowe's crest using Cloudcompare to align with the mucosal
surface and create the intermaxillary relationship in the oral cavity using meshlab and meshmixier to
process the data and oculus medium It was confirmed that it was possible to specify the position of the
prosthesis and gingiva formation on the top of the tooth.

Conclusion: It was suggested that it was possible to reproduce the oral cavity and make a denture using the

above method.
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