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My favorite things: simulation surgery
Masataka Akimoto

Department of Plastic and Reconstructive Surgery, Nippon Medical School Chiba-hokuso Hospital

When the first meeting of JSSIS was held, I just finished a trainee and just started an assistant job of
plastic surgery. The computer was a magical small box that fulfilled my dreams. Looking back over 28 years

I would like to talk about the history of my simulation surgery.
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Concerning medical image processing using SVM or CNN
Naoyuki Aikawa

Tokyo University of Science

As the performance of computers and cameras improves, high-speed and precise image inspection
has been realized. This lecture describes support vector machines (SVM) versus convolutional neural
networks (CNN) for leukocyte images classification. Here, SVM is a method of learning and classifying
using feature quantities that human beings autonomously found. On the other hand, CNN is a method of
classifying according to characteristics derived by a computer.
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Tips and Pitfalls for AR/VR clinical use
Tomoki Itamiya

Department of Engineering, Aichi University of Technology

In surgical navigation, to accurately know the position of a surgical instrument In a patient’s body is
very important. Using transparent smart glasses is very useful for surgical navigation because a surgeon
does not need to move his/her line of sight from the operative field. We developed a new application
software development method that is able to show a stereoscopic vision of highly precise 3D-CG medical
models and surgical instruments using transparent smart glasses for surgical navigation, guides, education.
We used Mixed Reality (MR) which is a concept exceeding Augmented Reality (AR) by using Microsoft”
HoloLens™ In the operation room, the 3D-CG medical model made from patient's CT/MRI image data is
superimposed on the actual patient position. Since the positional relationship between the 3D-CG medical
model and surgical instruments is clear, so it is very useful for surgical navigation, guides, education. A user
can make the application software within only 10 minutes by preparing 3D-CG medical model file. Therefore,
surgeon dentists and clinical staff can make the content easily by themselves. As a result, the method can
be utilized daily for routine medical treatment and education. However, the accuracy of alignment between
surgical field and 3D-CG and daily using method still have some issues. In this symposium, surgeons actually
using HoloLens™ in surgery will talk about Tips and Pitfalls and discuss current issues and future directions.
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AR technology in the field of plastic surgery
— tasks for practicable operation and prospects —

Daisuke Mitsuno, Koichi Ueda, Yuka Hirota, Toyoko Okamoto, Hiromi Kino, Tizuru Umeda

Department of Plastic and Reconstructive Surgery, Osaka Medical College

Because of technological innovation and low pricing, clinical application studies for AR technology have
clearly increased in recent years. We reported on it in the field of plastic surgery at this conference last year
(intraoperative evaluation of improvement of body surface contour, simple navigation for confirming incision
point, transmission means for nonverbal information in telementoring, etc.).

AR device is basically a "tool for displaying processed existing 3D data," and it is not an "inspector” that
directly obtains new information. Therefore, it IS necessary to enhance the usefulness by changing means (=
data display method) according to purpose.

Currently, we use HoloLens from Microsoft as AR device. For each case, 3D data is processed with
Blender (a professional free and open-source 3D computer graphics software), and individual AR application
is made with Unity (a free application development software with an integrated development environment).
In similar cases, applications can be created only by replacing patient data. However, in plastic surgery,
there are many variations for each case, so it is necessary to reconsider the data processing method and
useful display method almost every time. By using software such as Blender / Unity, there is a lot of
flexibility of changing 3D data processing / display method, but this can be a height of the threshold for AR
application.

In this time, we will describe new clinical application examples, operational problems and
countermeasures noticed by our experience, and future prospects.
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Application of augmented reality using Microsoft HoloLens to oral and maxillofacial surgery
Hiroaki Kitajima

Department of Oral and Maxillofacial Surgery/Orthodontics, Yokohama City University Hospital

When performing oral and maxillofacial surgery, it is beneficial for the surgeon to be able to observe
invisible vital structures and lesions—including nerves, cysts, and tumors. Therefore, we are performing
augmented reality (AR) assisted surgeries using Microsoft HoloLens. Digital Imaging and Communications
in Medicine (DICOM) data from a patient’s medical images are converted into three-dimensional data. After
extracting of the geometric data to be displayed within the surgeon’s field of view, the data are displayed
in the HoloLens's viewfinder using Unity and Vuforia software. AR markers are required when performing
AR-assisted surgery and must satisfy certain requirements: they must not obstruct the surgical procedure;
they must be easy to manufacture; and they must possess adequate features to be recognized by Vuforia in
the operative field. Before surgery, we create a mouthpiece from the patient’s dental impression and use the
mouthpiece as an AR marker by inserting it into the patient’s oral cavity during surgery. Furthermore, we
can share medical images among surgeons while the operative field is in view by adding a function on Unity
that enables the patient’s computed tomography scans to be displayed within the HoloLens's viewfinder.
While removing mandibular cysts, extracting impacted teeth, and performing sequestrectomy through AR-
assisted surgery, we have succeeded in displaying cysts, impacted teeth, and the mandibular canal within the
HoloLens's viewfinder (Figure 1). This lecture provides an outline of the AR-assisted oral and maxillofacial
surgeries that utilize a HoloLens system and Vuforia.
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Development of augmented reality endoscopic simulator with HoloLens

Yoshihide Katayama, Naokado Ikeda, Shinji Kawabata, Takahiro Fujishiro, Naosuke Nonoguchi,
Motomasa Furuse, Ryo Hiramatu, Yoji Tamura, Tomoki Itamiya,Toshihiko Kuroiwa

Depertment of Nuerosurgery and Endovascular Theraphy, Osaka Medical College

Background: Nowadays, Virtual Reality (VR) and Augmented Reality (AR) technologies are applied to
preoperative simulation and intraoperative navigation.

Purpose: We developed a novel, simple and widely usable AR simulator for endoscopic transnasal
neurosurgery (ETNS) and report its usefulness.

Material and Methods: Thirteen patients who underwent ETNS in our hospital from January 2016 to
December 2017 included the study. Three-dimensional (3D) image of bone, soft tissues, lesions and arterio-
veous systems were reconstructed from the preoperative head plain CT, CT angiography and enhanced
MRI with commercial available workstation (Plissimo Era; KONICA MINOLTA). The reconstructed data
converted STL formatted file with the workstation following with created an application with Unity (Game
engine) for head mounted display HoloLens (HL) (Microsoft). AR marker recognition of a training model for
ETNS and a virtual endoscope developed with Vuforia (PTC). These data distributed to HL via Visual Studio
(Microsoft). The AR images were projected and fixed on the training model through HL, and the virtual
endoscopic images from the tip of the virtual endoscope inserted the model's nasal cavity were displayed in
HL. The virtual endoscopic AR images compared with video recoded actual surgical fields.

Results: The AR virtual endoscopic view displayed within HL successfully and the virtual endoscopic
view followed with motion of the virtual endoscope in all cases. These images almost reproduced the actual
operative view. They helped understanding the relationship of the lesion and the surrounding structures
especially for trainees. Changing the translucency of the structures was important for recognizing the
structure behind the lesions.

Discussion: Recently, it is reported that training with surgical models is important for ETNS and
improve learning curve of trainees because of its specialty for neurosurgeons . However, surgical training
system can t use whenever and wherever. On the other hand, our developed simple simulator for ETNS
might be widely usable with only HL and AR marker.
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Surgical support device using AR system on artificial joint surgery
Daihei Kida

National Hospital Organization, Nagoya Medical Center, Orthopedic Surgery and Rheumatology

In the artificial hip joint surgery, the implant installation affects the impingement, dislocation, and wear,
and is greatly related to the survival rate. Navigation is a device that can install the implant accurately.
However, the popularity of navigation is limited, because it is very expensive and cumbersome to operate.
On the other hand, using the 3D template surgical support system, it is possible to perform the preoperative
plan and to try the exact installation by the alignment tools including the PSG (Patient Specific Guide) as
planed. The simplicity of intra-operative support equipment such as PSG is key to the precise installation
of implants, which can be easily realize the operation plan as it is. Although, there is still plenty room
for improvement in the interface between the operator and the device. Therefore, the aim to further
reproduce the preoperative plan intuitively, using the HoloLens® as a alignment tool. There is still much
room for improvement in the interface between the operator and the device. Then, it aimed at reproducing
the preoperative plan more intuitively, and HoloLens was used as a alignment tools. The 3d preoperative
planning model created from the DICOM data obtained by CT imaging was shown in the operative field
as CG, and the implant was tried to be superimposed with actual bone. Since the 3D model can be checked
from any direction, breakthrough use can be made to the surgical support device for the implant installation
as planned. This time, I introduce the artificial joint by the usual guide, the installation of the femoral stem
and the acetabular cup, and introduce the experience of incorporating the alignment function of the AR
system.
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Utilization of simulation software for the craniomaxillofacial area in our facility

Yoshihisa Yamaji, Nobuyuki Mitsukawa, Motone Kuriyama, Yoshitaka Kubota, Shinsuke Akita,
Takahumi Teduka, Hideyuki Ogata, Kae Shimanouchi, Midori Hayashi,
Ken Tamura, Kentarou Ishii, Haruka Mael

Department of Plastic, Reconstructive, and Aesthetic Surgery, Chiba University Graduate School of Medicine

Computer-assisted planning has been actively conducted in the field of maxillofacial surgery in recent
years. Simulation software is used for preoperative evaluation, surgical planning, prediction of results,
simplification of the actual surgical process, and improvement of accuracy.

In our facility, simulation of reconstruction with the fibula and creation of three-dimensional entity
models and surgical guides are conducted by ProPlan® software, which is a specialized software for
craniomaxillofacial surgery. A surgical guide is very useful for benign tumors because the resection range
of the mandible can be determined before surgery. However, surgical guides are difficult to use for patients
with advanced malignant tumors or radiation osteomyelitis because the preoperatively planned resection
range may change. Therefore, we devised guides that can respond when the resection range changes. One
guide has a pointer indicating a reference point such as the mental tubercle or mandibular angle, and the
guide shows the point in space by attaching to the remaining mandible. The other is a fibula guide that can
cut the fibular bone at a determined angle.

We are also examining the ability to predict changes in facial features by soft tissue simulation using
this software in orbital osteotomy. Because orbital osteotomy drastically changes the facial appearance,
the prediction of facial changes is important in the process of obtaining preoperative informed consent.
The change in facial features from the standing to supine position is considered small because the amount
of soft tissue around the eye socket is smaller, and the soft tissue can easily follow the movement of the
bone. However, factors such as the eye and pupil positions greatly influence the facial features. Soft tissue
simulation is performed using three-dimensional photo mapping, but it is practically necessary to consider
the influence of excess skin accompanying orbital movement.
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The preoperative evaluation and surgical planning using 3 dimensional MRI-CT fusion images
for humeral osteochondritis dissecans

Sho Kohyama, Yuki Hara", Yasumasa Nishiura® , Takeshi Ogawa®
Akira Ikumi" , Eriko Okano" , Masashi Yamazaki"

v Department of Orthopaedic Surgery, Faculty of Medicine, University of Tsukuba
? Tsuchiura Clinical Education and Training Center, Tsukuba University Hospital
¥ Mito Medical Education and Training Center, Tsukuba University Hospital

Objective: Osteochondritis dissecans (OCD) of the elbow is an uncommon condition that typically occurs
at the humeral capitellum, causing pain and swelling on the lateral aspect of the elbow in young athletes
involved in overhead throwing sports, such as baseball. OCD is currently recognized as a subchondral
bone lesion without evidence of acute trauma, and is characterized by various degrees of osseous collapse,
resorption, and sequestrum formation, which often involves articular cartilage delamination. In OCD of
the elbow, the state of the interface between the articular cartilage and the subchondral bone affects the
prognosis and selection of treatment options; however, surgery is currently the only way to precisely
evaluate the lesion condition. If subchondral bone visualized by computed tomography (CT) and articular
cartilage visualized by magnetic resonance imaging (MRI) are fused three dimensionally and evaluated,
the condition of the OCD lesion can be precisely predicted, thereby enabling preoperative selection of
appropriate treatment. Therefore, we sought to develop a preoperative evaluation and surgical simulation
for OCD of the elbow using three-dimensional MRI-CT fusion images. The purpose of the presentation is to
introduce our novel technique to create 3D MRI-CT images of the OCD lesions and how surgical simulations
are done, and to report the consistency of created images with intraoperative findings.

Methods: We created 3D MRI-CT images in 16 cases. A 320-row detector imager was used for CT
to obtain 1-mm thick slices and to generate a 3D model of the humerus. A 3 Tesla imager was used for
MRI. Images were obtained using 3D double echo steady sequence, with 0.4-mm thick slices. To widen the
humeroradial joint space and clarify the articular cartilage outline, 7 kg of axial traction was applied to the
elbow during MRI. Three-dimensional models of the humerus and articular cartilage were constructed. The
CT and MRI images were integrated for further evaluation and surgical simulation. Materialise Mimics
Innovation Suite (Materialise, Belgium) was used for 3D model construction. Materialise 3-matic (Materialise,
Belgium) was used for MRI-CT fusion and surgical simulation.

Results: Three-dimensional MRI-CT fusion images were successfully constructed in all patients. Surgery
was performed in 8 cases. In all cases, the state of the cartilage, the size, shape and severity of the lesion
were accurately reproduced, and all surgeries were performed as simulated.

Conclusions: Using 3D MRI-CT fusion images, the condition of OCD lesions was accurately evaluated.
Pre-surgical imaging can facilitate lesion severity determination and precisely simulate the surgical
procedure. We need to accumulate more cases in the future, and establish protocols to apply the technique
to other joints.
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Utilization of simulation software in the Cranio-Maxillofacial Region

Daisuke Sakahara, Keisuke Imai

Department of Plastic and Reconstructive Surgery, Osaka General City Hospital

Plastic surgeons treat various congenital or acquired deformities in the cranio-maxillofacial region.
It is necessary for the treatment that we improve three-dimensional deformities including bone, but it is
difficult to grasp the deformity accurately using 2-D photos. So recently, we plan the treatment using a 3-D

model.

We started to plan the treatment by utilizing 3-D models based on CT data preoperatively in 1991.

However, there are many restrictions on manufacturing cost, time, and processing method, and it is
economically difficult to investigate by preparing a plurality of 3-D models in general. So we have been
preparing a preoperative plan and evaluating the result postoperatively using three-dimensional simulation
software(Pro Plan CMF) from 2016 and then make 3-D models.

By using the simulation software, it is possible to easily change the setting of the bone trimming line on

the image and cancel the operation.

Furthermore, it seems that it is extremely useful as it can evaluate morphological changes before and
after surgery in three dimensions. Since various guides can be prepared from CT data, we will report on

previous efforts at our facility.
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Urine dynamics in human bladder
Shigehiro Soh

Department of Urology and Pediatric Urology, Dokkyo Medical University Saitama Medical Center

Purpose: To study the mechanism of the urine stream during micturition, we developed a noninvasive
magnetic resonance image (MRI) protocol that simulates computational fluid dynamic (CEFD) of male voiding.

Method: MRI uroflowgraphic assessment was done during urinary voiding in the lateral position. To
visualize the entire pelvis and urethra, a sagittal plane image was obtained such that a line connecting the
coccyx and pubic symphysis could be observed during micturition. In addition, 2 more images were collected,
bilaterally, 1 cm from the midplane. Three coronal planar imaging, at the midplane including centerline of
urethra, and lecm back side and front side were performed (figure 1A). We were collected the intermitted
images until the end of voiding. Using the total 6 planar MRI digital imaging and communications in
medicine (DICOM) files, we created a multiple 3D models during voiding. We created 7 models, to span the
duration from initiation to terminal voiding (figure 1B). Those multiple intermitted models were converted
to a serial dynamic model with special software. Pressure and velocity of the 3 different sites in the bladder
simulation model were measured by CFD software. Those CFD results were compared with simple model.
This simple model was artificially made in a shape resembling a balloon.

Results: Deformation of the bladder neck appeared to be very complicated. FCD result showed real-time
changes in stream, pressure, and velocity. The intravesical pressure differed depending on the measuring
site (figure 2A). The actual 3D dynamic model created from MRI data showed highly intricate urine flow
(figure 2B) compare with simple model.

Conclusion: A dynamic 3D model can be created from MRI data using CAD software. This new method
1s noninvasive and involves no radiation exposure. This dynamic model can be used for computational
fluid dynamics simulation. This new method is useful in improving our understanding of the mechanism of
urinary voiding.
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The preoperative simulation using computational fluid dynamics for cerebral aneurysms surgery
Masato ShibaD, Fujimaro Ishida2>, Hidenori Suzuki”

b Department of Neurosurgery, Mie University Graduate School of Medicine
? Department of Neurosurgery, Mie Chuo Medical Center

Objective: We investigated if computational fluid dynamics (CFD) is valuable for preoperative simulation
of cerebral aneurysms surgery.

Methods: Patient-specific geometry models were generated and hemodynamic parameters were
calculated using commercially available software.

Results: WSS was valuable for discriminating the rupture status of aneurysms and for designing
flow alteration treatment of a complicated aneurysms. OSI was valuable in clipping an aneurysm with
atherosclerotic wall.

Conclusions: CFD would be a powerful tool for preoperative simulation of surgery for cerebral
aneurysms.
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A case of preoperative CT simulation for surgical debulking of diffuse plexiform
neurofibroma in lower limb

Daiki Kitano, Takeo Osaki, Tadashi Nomura, Kazunobu Hashikawa, Hiroto Terashi

Department of Plastic Surgery, Kobe University Graduate School of Medicine

Introduction: Diffuse plexiform neurofibroma (DPN) is one of severe cutaneous lesions in
neurofibromatosis type 1 (NF1) patients. Due to its high vascularity, excessive bleeding during surgical
resection of DPN is expected. We performed debulking of lower limb DPN with pre-operative thorough
simulation.

Case report: A forty-year-old man with NF1 visited our office complaining of difficulty in walking
because right lower limb had been enlarging for several years. Elephant-like elastic cutaneous tumor
was confirmed from his buttock to foot. Diagnosis of DPN was made and serial debulking operation was
scheduled. At first, we resected 5 kg of tumor from buttock to posterior thigh. Operation took seven hours
and total hemorrhage was 4970 mL. Before the second operation, we made a detailed plan of debulking
surgery below knee area. Primary wound closure was assumed to be not easy because the surface of leg
was very tight in short axis. Therefore, we calculated the circumference of postoperative calf, and the
amount of resectable tumor based on the CT scan with utilizing a rubber eraser. Applying the tourniquet to
the thigh, 2.3 kg of tumor was excised, almost just as we planned. Two hours of operative time and 420 mL
blood loss were recorded.

Discussion: DPN invaded into subcutaneous tissues. In our case, it was difficult to delineate the
boundary between tumor and normal tissues. In addition to the bleeding from the resecting tumor, the first
operation did not to be going smoothly. In the second operation, the detailed simulation in resection area was
considered to contribute to the minimizing of the operation time and the loss of blood volume.
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Changes in upper eyelid and eyebrow positions before, during, and after levator
adavancement in patients with aponeurotic blepharoptosis

Akiko Eto V', Satoshi Takagi 2, Kosaku Yamamichi ”,
Yoshihisa Kawakami 2, Hiroyuki Ohjimi ?

Y Department of Plastic, Reconstructive, and Aesthetic Surgery, Fukuoka University Hakata Station
International Medical Clinic
2 Department of Plastic, Reconstructive, and Aesthetic Surgery, Faculty of Medicine, Fukuoka University

% Department of Plastic, Reconstructive, and Aesthetic Surgery, Fukuoka Sanno Hospital

Many studies have reported changes in upper eyelid position (UEP) and the eyebrow position (EBP)
after levator aponeurosis advancement in patients with aponeurotic blepharoptosis. However, no study has
reported simultaneous changes with time in the UEP and EBP before, during, and 9 months after levator
aponeurosis advancement. In this retrospective study, we used digital analysis software to study changes
in the UEP and EBP before, during, and after levator aponeurosis fixation in patients with aponeurotic
blepharoptosis.

Methods: The study included 22 patients (44 eyes; mean age: 56.5 years) who underwent levator
aponeurosis advancement for aponeurotic blepharoptosis. Digital photographs were taken and analyzed using
the Image Rugle for Eyelid software (Medic Engineering Corporation, Kyoto, Japan), and the UEP and EBP
were measured. We also analyzed time-lapse changes in the UEP and EBP from the preoperative stage to 9
months postoperatively.

Results: We found that the position of the upper eyelid lifted and that of the eyebrows fell significantly
immediately after levator aponeurosis fixation (P < 0.001). Postoperatively, the UEP in the sitting position
was observed to be like that at the time of surgery in the supine position. The UEP peaked at 3 months
postoperatively and thereafter tended to slightly fall. The eyebrow position, on the other hand, descended
because of levator aponeurosis fixation and then further descended. In patients with severe preoperative
blepharoptosis, backtracking of the UEP tended to increase postoperatively.

Conclusion: Temporal changes in the UEP and EBP before, during, and after levator aponeurosis
advancement were observed. Our image analysis is useful for explanation to the patient and feedback of the
procedure.
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Bidirectional distraction for the treatment of craniosynostosis

Yuki Miymamori V', Tsuyoshi Kaneko ", Kosuke Kuwahara " ?, Makoto Hikosaka ”', Ako Takamatsu ",
Osamu Miyazaki® , Shunsuke Nosaka ®, Kenichi Usami ¥, Hideki Ogiwara *

Y Department of Plastic and Reconstructive Surgery, National Center for Child Health and Development
? Department of Plastic, Reconstructive and Aesthetic Surgery, Nippon Medical School
¥ Department of Radiology, National Center for Child Health and Development
Y Department of Neurosurgery, National Center for Child Health and Development

Objective: The purposes of treatment for craniosynostosis are to increase intracranial volume and
normalize head shape. The cranial vault distraction is a technique widely used. However, patients with
preoperative good proportion of head width and length, such as those with multisuture craniosynostosis,
result in excessive dolichocephaly after conventional unidirectional posterior or anterior distraction. To
avoid this shortcoming, we applied bidirectional distraction for these patients. In this study, we attempted to
clarify the advantages of bidirectional distraction over conventional distraction by quantitatively evaluating
the gain of intracranial volume and head shape.

Methods: All children who were treated with bidirectional distraction between August 2014 to July 2018
were included (3 patients). The increase in intracranial volume was calculated from the CT data before and
after surgery using 3-matic software. We virtually simulated the unidirectional distraction on the 3 patients
to gain the same volume increase with Mimics software and compared the cranial morphology.

Results: The cephalic indexes (CI) of the simulated cases after unidirectional distraction were lower
than the CI of the actual cases after bidirectional distraction, indicating dolichocephalic changes after
unidirectional distraction.

Conclusion: Through this simulation, we could compare the two procedures on the same patients and
clarify the advantages of the bidirectional distraction over conventional unidirectional distraction.
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Mammoplasty using three-dimensional custom templates with sitting
position of the mirrored healthy side

Yumeji Takeichi ¥ ?, Hirotaka Iguchi ®, Hisato Motai ¥, Kensaku Hishida 2,
Hiroyuki Tada ¥, Masaya Kato ¥, Chihiro Maseki V', Yusuke Ito ”, Kouki Arisawa "

Y Daiyukai Daiichi Hospital, Dept. of Plastic and Reconstructive Surg.
? Toyota Wakatake General Hospital, Microtia Center, Dept. of Plastic and Reconstructive Surg.
% Nagoya City University, Dept. of Arthroplastic Medicine
“'Motai Clinic,ORL
5 Wakaba Hospital, Dept. of Plastic and Reconstructive Surg.
% Sakura Cosmetic Clinic
7 Aichi Medical University, Dept. of Plastic and Reconstructive Surg.

Purpose: Effect of the gravity must be always included to the consideration for the appearance of
mamma during mammoplasty. So we should put the patient into sitting position molds of them were
manufactured as the surgical temlates using Replicator 2X 3D printer (Makerbot.) The molds were
fenestrated to make it possible to observe the shape of the mamma behind them. After the mastectomy by
the mamma surgeon, we have reconstructed the mamma using vertical rectus abdominis muscurocutaneous
flap. The volume of the flaps and the shapes of the breasts were determined by the templates.

Results: The volume, shape and extent of the droop of the breasts were well reconstructed in
comparison to the healthy side under the effect of the gravity, by means of our new method.

Discussion: The total breast reconstruction should be planned with consideration of the effect of gravity
especially drooping at upright position.

To see the effect of the gravity, the patients were set to 30 degree upright position during the surgery;
it was still not enough to reproduce good drooping, as it was not the same with upright position.

To obtain the geometries in 30-degree ie. surgical position and make negative mold templates made it
possible to determine the shape and volume of the flap, which can droop in upright position. Obtaining the
healthy side geometries and mirroring them have increased the symmetry beeing free of the effect of the
tumor.

We always get the geometries of the ears and the tissues around the neck using CAT scanl,2. They are
too small and/or the surfaces are folded, so it is not so easy to use 3D scanners. But they are not affected
by the gravity. It is impossible to obtain the geometries of the breast at sitting or standing position with
the effect of the gravity by CAT scan. On the other hand, the breast reconstruction doesn't require high
definition. Lower definition of the 3D scanner was still satisfactory.

Conclusion: To determine the precise shape and volume of the breasts, 3-dimensional CAD/CAM
custom templates with sitting position of the healthy side was very useful and effective.
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Objective assessment of reconstructed breast using three-dimensional imaging system for
aesthetic reconstruction

Tomokazu Nishihira’, Hisasuke Onozawa®”, Satoshi Takagi®, Akiko Eto?,
Ai Morita?, Hiroyuki Ohjimi”

Y Department of Plastic, Reconstructive and Aesthetic Surgery, Karatu Red Cross Hospital
? Department of Plastic, Reconstructive and Aesthetic Surgery, School of Medicine, Fukuoka University

Purpose: We measured the reconstructed beast volume and shape using three-dimensional surface
imaging system, and applied the data for aesthetic breast reconstruction. The purpose of this study was to
validate the effectiveness of this system for clinical use.

Materials and Methods: Nine women who underwent 2-stage breast reconstruction using free rectus
abdominis flap between 2007 and 2012 were included in this study. A 3D scanner (Danae; NEC engineering,
Japan) was used for measuring breast volume and shape at the time of both second stage breast
reconstruction and over 6 month after surgery. The surgeon revised the reconstructed breast mound with
reference to these data to adjust the volume and shape.

Results: There was a trend of the reconstructed breast mound upward and lateral position compared
to the non-surgical healthy breast. The 3D imaging system showed improvement of reconstructed breast in
both volume and shape after revisional surgery.

Conclusion: Objective assessment of reconstructed breast using three-dimensional imaging system can
assist the surgeon to reconstruct symmetrical and aesthetical breast.
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Introducing a popular 3DCT and model software in clinical practice

Kanae Nakamura, Masataka Akimoto

Department of Plastic and Reconstructive Surgery, Nippon Medical School Chiba Hokuso Hospital

downloaded(Not for madeical use).
surgery for using a popular software.
and his face presents with left-right asymmetry.

depressed left cheek part of patinet face.

technique and knowledge.

Introductions: Three-dimensional computed tomography (3DCT) and 3D model are commonly done
in a medical settings, and are often taken for facial bones in the area of plastic surgery. Mostly doctors
entrusted making 3DCT image to a radiation technologist, but a lot of popular 3DCT software that can be

We made 3D model of face of patient with progressive hemifacial atrophy (Lomberg disease) before

Methods: A 19 years old male patient is sufferd from progressive hemifacial atrophy (Lomberg disease)

For cosmetic improvement purpose, curing type bone reinforcing material was inserted to the

We made up 3DCT of the patient's facial bone and facial surface before surgery and calcurated how
much volume is needed for left cheek and made 3D model of curing type bone reinforcing material.

Based on the created model, curing type bone reinforcing material was forms during operation.

Result: As a matter of fact, the curing type bone reinforcement material was used more than the
volume of the model created, but it was very useful for determining the shape and place to insert.

Discussion: 3DCT and model are made up easily by using a popular software without advanced

It can be conveniently introduced in clinical practice.

[Introduction]
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Development of a modeling system using 3D printer for PVA-H blood vessel model (1st report)

Ryota Nagano”, Yasutomo Shimizu?, Hiroshi Yoshida', Tadao Matsunaga®,
Junichi Kuzusako”, Nobuhiro Kihara®, Yoichi Haga" ® Makoto Ohta 2 *

Y Graduate School of Engineering, Tohoku University
? Institute of Fluid Science, Tohoku University
¥ Graduate School of Biomedical Engineering, Tohoku University
Y Core Technology Division, Sony Global Manufacturing & Operations Corporation
YElyT-MAX, Tohoku University

Current progress of 3D printing technology can provide the fabrication of complex geometries and the
usage of a variety of materials. 3D printers can be utilized for the production of model with patient-specific
data and control of wall thickness. The model can be used as a medical training tool or an evaluation tool of
medical devices in the medical field.

It is known that mechanical properties of blood vessel can be reproduced using poly(vinyl alcohol)
hydrogel (PVA-H). We have proposed a 3D printing system using 3D printer for fabricating molds of blood
vessel models using water soluble material and pouring the PVA solution. This system has the feature of
control of wall thickness following the accuracy of fabricated molds. However, PVA solution in this system
was insufficiently filled into the mold due to unstable pouring and this problem doesn’ t produce a stable
model. The purpose of this study is to solve this problem by developing a height control device for pouring
position of the solution and to improve the precision of the blood vessel models.

Several blood vessel models were fabricated by the new system equipped with the developed height
control device, to assess the potential of the model fabrication and to evaluate the surface of the fabricated
models. The excessive poured solution and the remaining air bubbles in the models were reduced in
the fabrications by the height control, and the device enabled fabrications of the models with high
reproducibility. This study was supported by ImPACT program of Council for Science, Technology and
Innovation (Cabinet office, Government of Japan).

W4 D 3D 7)) v Z 2B 5 &M OH#H I &
D, SRR EAN ORI IR O &SI 72
D, ERSETOEROEFE L CiX, BEHEAD
F— ¥ B EER N L — = v TR R T
i T IVOLERZ EBIF5A, M E T VERIC
BOUTCHIMEBREOHIHAREE 7D AT EnbE
HEIER SN TS, MEETIVOMEHZIER) E
ST NVIa— )N Fasr )V (PVA-H) ZHWAEZ &
THMRIEWY S EZFHRTE 226N TH
0, 3D 7)) ¥ ERHWIZERIZB W TS KR O
HAPEELEZ NS PVAHBXLXU3D 7Y v %
72 IE T MERABEERIZOWT, KB
B x W3R OB B X O PVA RO H % Hil#

L3DIMEET NV EERT LEELZRAIIREL T
7o, RFAUE, HR OB D BEE O
THETH LI & 5D, SHHAOER O TN E
Tho 7B L, AIFSETIREE Lo B %
bOIMEE T WMERHABESRORSE L BIIZ, kD
AR 2 TR S NS $ 5 i A i i ek
AL, MEEFNVOEREEREZRA.
ROFE L E SALE TR E E 2 o EE N
FUZBWTIMEETFVOER 21T\, BEOKRES
L OFREIRE L L7z, Fr-edliE =z 5 2
& T, PVA B OO, SIaDRA DR L
FHHEXCETVOERDTRETH - 72, RIFFEIEH
PIFF IMPACT 70275 A D33 %21 7.



128

—fhzEE L O-8

FSR RO ARGV B I A WREA T Yy (FuFr Y s K"
% M\ 72 Surgical guide DA HEICDOWT

I T
R N, IR KT

Utility of creating surgical guide using sterilizable and inexpensive dental impression
silicon in free fibula flap mandibular and maxillary bone reconstruction

Chihiro Matsui

Ozawa Hospital Plastic Surgery Department
Plastic Surgery Department, Juntendo University

Introduction: In recent years, mandibular and maxillary bone reconstructive surgery using free fibula
flap transfer is a commonly-performed surgical procedure, and increasing number of reports have been
published about preoperative simulation surgery using models that utilize 3D printers. However, 3D printed
models made from sterilizable materials are uncommon, making it difficult to introduce the model into the
surgical field. One problem is that the use of such materials would significantly increase the cost of surgery.
We introduce a method in which we perform osteotomy on the 3D fibula model preoperatively by using
a guide molded from the inexpensive and easy-to-use silicon Protesil labor® to the correct bone size and
osteotomy angle. This formed silicone mold was steam autoclave sterilized and used within the surgical
field as an osteotomy guide. This reduced the time required for osteotomy and was effective in accurate
reproduction of the simulation surgery on the surgical field.

Materials and Methods: Six patients who were treated between October 2016 and February 2017 were
included in this study. One patient underwent maxillary segmental resection for maxillary cancer, one
patient underwent surgical resection and left hemimandibulectomy for mandibular gingival cancer and the
remaining four patients underwent segmental mandibulectomy for mandibular gingival cancer. Free fibula
flap transfer was carried out for reconstruction in all patients. Preoperative CT images and a 3D printer
were used to create simulation models for the mandible, maxilla and fibula. Preoperative simulation surgery
was performed by cutting away the scheduled region of the mandibular and maxillary bone models, after
which the fibula model was cut at an angle that allowed it to be inserted into the defect region. The 3D
models used materials that were not sterilizable. Protesil labor”, a dental silicon, was placed on the cut fibula
models and given approximately 5 minutes to harden. It was then cut to the same size with the fibula bone
model, and sterilized in an autoclave. After these processes, it was used as a surgical guide to mark the bone
cutting line on the fibula flap.

Results: We checked the differences between pre- and post-operative bone angles and bone lengths for
all cases using simulation surgery models and post operative 3DCT. Mean bone angle difference was 2.7
degree and the mean bone length difference was 1.9mm. The mean bone cutting time was 35 minutes. The
cost of producing the surgical guide was approximately 5 US dollars/piece.

Conclusion: Creating a surgical guide using sterilizable material allows the surgeon to perform the
osteotomy more accurately and in less time. It is also inexpensive and does not require the use of specialized
instruments such as expensive computer softwares and sterilizable 3D printer materials. We believe that the
use of this surgical guide is simple, and applicable even in smaller hospitals.
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Quantitative evaluation of human bone hardness and hardness profiles and development of the
bone model similar to the human bone hardness

Junichi Kuzusako, Nobuhiro Kihara, Koji Tanaka, Masanori Tamura

Sony Global Manufacturing & Operations Corporation

quantitatively evaluating the human bone hardness

salt material.

(Cabinet office, Government of Japan).

Sony Global M&O Corporation is participating in development of Bionic Humanoid of ImMPACT program
the New Industrial Revolution in charge of development of bionic humanoid which Harada PM manage and
we are in charge of the development of a bone model similar to human bone hardness based on result of

Sony Global M&O Corporation is doing business of medical simulation model which made the
resemblance of the hardness difference between cortical bone and cancellous bone based on special mixed

However this medical simulation model is the pseudo bone which resembled a human bone structure.

In this conference, Under the approval of the Ethics Committee of the Tokyo University , we measured
the human bone hardness and hardness profiles of one male and four females, and developed various
composite materials quantitatively close to human bone hardness, The results of the hardness measurement
and the development of the bone model similar to the human bone hardness are also reported.

This study was supported by ImPACT program of Council for Science, Technology and Innovation
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Experience of 3D printed model use in orbital fracture surgery
Masanori Tasaki, Hirotaka Aasato, Goro Takada

Hospital Dokkyo Medical University, Plastic and Reconstructive Surgery

Introduction: Recently, in orbital fracture surgery, pre-bent reconstruction plate based on 3D printed
model from CT data become popular. This has been used in our institution since 2015.

The authors evaluated and described the 6-year experience of pre-bent reconstruction plate in orbital
fracture surgery.

Mothod: Retrospective review was conducted for 25 patients who underwent orbital fracture surgery in
our institution from 2012 to 2017.

All fractures were repaired with either autologous bone, titanium plate, or absorbable plate before post-
injury week 2.

The patients was divided into 2 groups: pre-3D printer introduction group (12 patients, from 2012 to
2015) and post-3D printer introduction group (13 patients, from 2015 to 2017).

Operating time was compared in 2 groups. Other variants (e.g. patients background, clinical course, and
the lengthy of hospital stay) were compared as well.

DICOM data of contralateral orbital bone was converted into 3D model data with 3D rendering
software. The 3D model was printed out.

Result Discussion: The operating time was significantly shorter in post-3D printer introduction group.

It is suggested that pre-bent reconstruction plate based on 3D printed model from CT data is beneficial
in clinical practice.
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Experience of real-time physical deformable neurosurgical virtual reality
simulation based on clinical case data

Tomohisa Miyagi, Tomomi Kuninaka, Yuki Kinjo, Shigetaka Kobayashi, Hideki Nagamine,
Yohel Hokama, Maki Kawabata, Ryuichi Usugi, Chiaki Katagiri, Yukio Tsuchida,
Masahiko Nishimura, Kenichi Sugawara, Hiroshi Takagi, Shogo Ishiuchi

Department of Neurosurgery, University of the Ryukyus

OBJECTIVE: It is important to three-dimensionally grasp the anatomical structure in neurosurgery.
Approach to the lesion sometimes requires deformation of the brain by retractor. Moreover, the surrounding
anatomical structure is deformed by the lesion. Therefore, model based on clinical case data, stereopsis,
physical deformable, real-time, virtual reality (VR) operation of surgical instruments are useful for
neurosurgical simulation. We are developing the real-time physical deformable neurosurgical VR simulation
based on clinical case data by state-of-the-art technology. We are to report on representative clinical cases
using this VR system in our department of neurosurgery.

METHODS: We created FBX data of three-dimensional mesh model by a modeling software using
DICOM data of 3T MRI and 320 slice CT for clinical cases. The hand and head motion tracking for VR was
performed using Oculus Rift and Touch. Real-time physical deformation VR system was built by Unity using
laptop computer. This system was used to surgical strategy and training of neurosurgeons and medical
students.

RESULTS: This system accurately simulated the anatomical structure of the clinical cases. The reviews
by neurosurgeons and medical students to this system were favorable.

CONCLUSION: This system was useful for neurosurgical surgical strategy and training of
neurosurgeons and medical students.
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Analysis of cranial morphology using homologous modeling
— Elucidation of growth patterns of the cranium in healthy infants -

Kosuke Kuwahara ?, Tsuyoshi Kaneko Y Makoto Hikosaka ', Ako Takamatsu",
Rei Ogawa?, Osamu Miyazaki®, Shunsuke Nosaka®, Toyohisa Tanijiri”
Y Department of Plastic and Reconstructive Surgery, National Center for Child Health and Development
2 Department of of Plastic, Reconstructive and Aesthetic Surgery, Nippon Medical School
% Department of of Radiology, National Center for Child Health and Development
Y Medic Engineering Corporation

Objective: Homologous modeling is a technique that enables statistical analysis of corresponding
vertices among different objects in 3D, such as comparison and averaging. There are many reports that
analyzed the cranial morphology of healthy infants two-dimensionally, but few reports have analyzed three-
dimensionally. The purpose of this study is to create average models and to elucidate the growth patterns in
three dimensions using homologous models of the cranium of healthy infants.

Method: From August 2014 to July 2018, head CT of infants aged between 1 m/o to less thanl2 m/o
who were diagnosed to have no abnormal findings was collected.

For homologous modeling of the CT data, homologous modeling software mHBM and homologous
model supporting software BODY-Rugle were used. Five average models were made for each of different
age groups (1- less than 2 m/o, 2- less than 4 m/o, 4- less than 6 m/o, 6- less than 9 m/o, 9- less than 12 m/o,
based on 20 patients in each age group). Furthermore, the average models were compared and the growth
patterns were clarified.

Results: We could create average models of the cranium of healthy infants. From “1- less than 2 m/o0”
to “4- less than 6 m/0" , the whole cranium except the occipital region grows. The forehead and occipital
region grow from “4- less than 6 m/0” to “6- less than 9 m/0” . From “6- less than 9 m/0” to “9- less than
12 m/0” , growth around the temporal region and around the mastoid protrusions was observed.

Discussion: Using the homologous modeling, the growth patterns of the cranium of healthy infants were
clarified. Three dimensional data of growth patterns and average models are useful as a guide for treatment
of diseases that cause cranial deformity, and we plan to apply them to clinical cases in future.
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Automated prediction of cephalometric landmarks with deep learning
Soh Nishimoto, Yohei Sotsuka, Kenichiro Kawai, Masao Kakibuchi

Department of Plastic Surgery, Hyogo College of Medicine

Aim: Deep learning is a booming strategy that contributing popularization of artificial intelligence.
Cephalogram has been one of the most important tools in evaluating cranio-maxillo-facial profile. Manual
tracing and plotting landmarks have been done in analyzing the X-ray images. Building an automated
cephalogram analyzer was built based on deep learning.

Methods: Cephalogram images were obtained through the internet and regularized in 600X 600 pixels.
Ten landmarks were plotted and coordinate values were obtained. A convolution neural network was
trained with 70% of the images. Remaining 30% images were used to evaluate the trained network.

Results: Average prediction error was 16 pixels. In 7 distances between landmarks and in five angles,
no statistical difference was seen between manual plotting and network prediction.

Conclusion: Cephalometric landmarks were predicted automatically with a deep learning system.
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FE simulation on the proximal tibial epiphysis with increased posterior tibial slope angle
Hiroshi Watanabe”, Kohei Murase”, Tokifumi Majima®, Yasushi Oshima", Shinro Takai

Y Department of Orthopaedic surgery, Nippon Medical School

? Department of Mechanical System Engineering, Nagoya University

Objective: The effect of increased proximal tibial slope angle (PTSA) on proximal tibial epiphysis (PTE)
remains unclear. To elucidate the effect of increased PTSA on PTE, we compared the mechanical stress
between two types of proximal tibia using finite element analysis; the proximal tibia with increased PTSA
and normal PTSA.

Methods: A three-dimensional finite element model of the proximal tibia was reconstructed from the
DICOM data. FE simulations were performed by using ABAQUS and CalculiX software which work on the
supercomputer (PRIMERGY CX400, Fujitsu, Japan).

Results: The maximum shear (fracture) strain distribution has quite difference between the normal
and the increased PTSA model on PTE. The result of the increased PTSA model shows that the strain
concentrates at the interface between the soft epiphyseal plate and proximal tibial cortical bone and that the
‘hoop-shaped’ high strain distribution was observed on surface of the epiphyseal plate.

Conclusions: It was considered that PTE with increased PTSA model was not only applied the tensile
force from the patella tendon but also the bigger moment loading which was generated by the increased
PTSA compared with the normal knee.
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Relationship between cleft palate and zygoma fractures
Tomohisa Nagasao®, Aizi Niyazi’, Motoki Tamai’, Asako Hatano”, Naoki Takano®
Y Department of Plastic and Surgery, Kagawa University

? Kawasaki Municipal Hospital

¥ Department of Mechanical Engineering, Keio University

Background: Objects with partial defects are likely to break in response to intense external forces. Cleft
palate constitutes a condition where part of facial bone has a defect. Hence, it is hypothesized that patients
with cleft palates are likely to have facial bone fractures than intact persons in trauma situations.

Methods: Sixteen three-dimensional skull models were produced replicating eight cleft patients and eight
intact persons, referring to their computer-tomography data. Simulation of applying striking forces on these
models were performed, where the skulls are struck with a ball with a diameter of three centimeters. The
expected fracture patterns were calculated using LS-DYNA, software for structural analyses. The patterns
were analytically compared between the cleft palate and intact groups.

Results: When struck, skulls with cleft palates are likely to develop fractures extending to the nasal
bone and medial orbital rim, whereas the fracture is localized around the zygoma in intact skulls.

Conclusion: Intact skulls and cleft palate skulls can develop different fracture patterns of the zygoma,
when intense forces work on them in trauma situations. The difference originates from the discontinuity
of the alveolus in cleft palate skulls. When viewed from this standpoint, alveolar bone grafting—which
mainly aims to induce the eruption of canines—is given a new clinical meaning of reducing the risks of bone
fracture in cleft palate patients.
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