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Abstract

Introductions : Three-dimensional computed tomography (3D-CT) and 3D anatomical models are common-
ly applied in medical settings, and are often used for facial bone reconstruction surgeries. Mostly doctors trust
3D-CT imaging than the traditional axial imaging viewed with CT, but there are several 3D-CT softwares
available that can be downloaded (Not for medical purpose).

Pre-operatively, We created a 3D model of patient’s face with progressive hemifacial atrophy (Romberg
disease) using a commonly used software.

Methods : A 19-year-old male patient, suffering from progressive hemifacial atrophy (Romberg disease) and
his face presenting with left-right asymmetry.

For cosmetic improvement purpose, curing type bone reinforcing material was inserted to the depressed left
cheek part of patient’s face for facial contouring.

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

Based on the created model, the curing type bone reinforcing material was used intra-operatively and the
amount and shape of the material were formed.

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

Discussion : 3D-CT and 3D models are easily created by using a popular software without consuming
advanced techniques and knowledge, making it a convenient tool to be introduced into clinical practice.
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Experience of 3D printed model use in orbital floor reconstruction surgery using autologous bone
Masanori Tasaki, Goro Takada, Hirotaka Asato

Department of Plastic and Reconstructive Surgery, Dokkyo Medical University

Abstract

Recently, three-dimensional (3D) printed model use in orbital floor reconstruction surgery is popular and
provides surgeons well-visualized field of orbital floor bone defect. Previous study mentioned the efficacy of 3D
printed model only in orbital floor reconstruction surgery using artificial material (e.g, titanium plate) but not in
surgery using autologous bone. We herein described our experience of 3D printed model in orbital floor
reconstruction surgery using autologous bone. Fifteen patients with traumatic orbital floor fracture, operated from
2012 to 2018, were enrolled in this study and divided into 2 groups (group 1 : 9 patients, 3D printed model not
used : group 2 : 6 patients, 3D printed model used). The 3D printed model of orbital floor was created from CT
data of the ipsilateral orbital floor. The model was sterilized. Autologous bone was harvested and sculptured
according to that 3D model. The time of surgery and the degree of eyeball deviation, which was measured from
postoperative CT data, were compared between 2 groups. The time of surgery was not different between 2 groups
even the average of years of experience of the surgeons was lower in the group 2. The degree of eyeball deviation
was smaller in the group 2 (p<<0.05). The use of 3D printed model allowed the surgeons to fashion autologous
bone to so well-visualized bone defect model that the surgeons could accurately fashion autologous bone.
Sculpturing in the well-visualized field of the defect also allowed young surgeons to reduce the time of surgery.
According to this study, 3D printed model use in orbital floor reconstruction surgery using autologous bone may
result in accurate reconstruction even in surgery performed by inexperienced surgeons.
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Creation of surgical guide applicable for various cases

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

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

Abstract

Computer-assisted surgery 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 consists of a bridge and two atattchment
entities which guide osteotomy, then maintains the positions of residual mandibular bones. And also, the guide
indicates a reference point such as the mental tubercle or mandibular angle in space. The other is a fibula guide that
can cut the fibular bone at a determined angle.

The postoperative evaluation of the deviation of condyle showed that the accurate reconstruction could be

conducted by the surgical guides.
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ZLTaX MIRICHFEGT DL I,

ZFC®IC ~ .
[13C®] i, AT E R AT S B 2

JEIS ) B 72 &0 & A XU Bt T 3l KIRIS 6 L
Ty WEB RIS & 2 FRMENE 1989 412 hidalgo 5"
WEANZAT > TUR, BETIITHTFRIIBVWTRD
FELFEFETH S, THTFEOERTRIHEE
L CIZIHMgHERE. 655, SEOHMRFTH Y. HMELTT
HABDIEL 75,

a2 ¥ a— ¥ THETFA (Computer-assisted surgery
CAS) #FIH L7z T8 HEIEEETIE— N 2 H
MeoTBY, WELRFENOTT V=07 LiEL
B REEE LT A=V I NVTA FOFEKIC &
D, REROFERICHRTHHAO L) LB 55
N & SIS R R % & 0 72 A o0 i

T260-8677 TEERT-IER XX B 1-8-1
TEL 043-222-7171 FAX 043-222-7171
E-malil : funkmastery@gmail.com

BIERIR, o) ) v R E RO HREAE 2
5 FHBYBRBO —RBERIIBWCOEH YD)
VHA SRR O I 720,

AP THETFERI/ER L T BT =T VA
FIZZMRERICHHFIRL ) 2 EEZTEY ., ZofE
Bk & RIS R ST 5.

[MH&RHELVHE]

i L7Y 7 % x 7 & ProPlan CMF 3.0°
( Materialize #) <, 3D 7V ¥ % — & Form2"
(Formlabs 1) T&® %5, fEBLAET IV, =7
WITA FIIATHNS A A WH 247 o 720 CT g 1d 4 bE
TITH) WA A9 4 AFE 1 mm DUF CHtifT L72. Fad
DIFATIZBNWTENLENDF =TI NVITA Fadl
W3 %,

13



14

HAY I 2b—3a VAR AERRE27 %1% (201946 H)

1 747 1ER. = A v b iE

(a) ¥=UANTA FER (FEE: 7 v )

(b) Pl

(c) firar CEMD itk (G CT

(d) #inf (R & &) o THEHTRNZERGHLEL,
R i ke e v O R % % FHI

2471  YIRREESMEIICRE L TV 35S

F 9 ATHT I CIBR L PH A A I RESVRE & AR L T
Th, V7 72703 FTVxr MEEKY—IVIZ
BB v —RONEKEMAEDE T =T A NA
A N2 TFHM eI ZhEZn KT 5. FHMIIE
FUHMZEZ ) vy —olimicgbes LHicl, &
SIS FHBYRBOLELIRAT 25 RIGHEET 5 X
INTHA R THEEEG L, 70 vy VEMERLT
ke 95 (Mla). BEZOTHEETNVE T
YEFT7Y ML, FE YT L= FEERMIZYKTTTINR
VTAYTTh, ZOBIZ, THEETVICFY VT
L—FDRPHAZ ) 2 —THF—VEHITTELL &
WYENCH A FE2EE L, BICHITTBWZRIZEY
Ve AT, A7 Y 2—THA Nz THEICHEET
bo T—FDHAHILICLY) THFUREZEL LA DE
REROZENTESL (H1b)s
BEHHOFTA Fid, 248D ¥ 7= ET
bo 1 ARZPFIPEMIEYTTES LEEISHEAT
5X91CL. 3mm OETHEYVHZZELEI, €D
Fizdbo 1Ay vy—2iflaabes (K1,
b)o MEZWHESTHICHA FEHWTEW Y 247
VW HANSER L CB WY BRBO THE T VIY T
FZOT, L= 22XV F4 Y LTCREET 5o M5
PIMEL . BEE &2 THICEET S (X 1b). FEERE
HOMHEME CT (K 1c) LMEIMZO THEELRE
beEoBzerd (K1d),

B2 &4 725, TR T 3 KR
(a) = ANAA PR GRER : BER)
(b) TAlrhE GREED : BEk)

(c) #ypi CEM) itk CHM) CT

(¢)

5 A 7 AR, TAEFESE - O gt

a) F=IUANFA FEK
b) FAfiriks
c

3
(
(
(c) gy (M) &akg (M) CT

2472  _HBROGE

DRI TFHEYBAM L ) S SICHICIRE L2 CT ®
T—=POIkOTHE A STL 7 74 V& LTHD
Ao BAEDYIBRE DR L 72 FEiE O34k % T
ROTHFIIELED LI IIBB ST, KARLES
FREEZRT, FROMIIZY ETY v 7E3hTw
720, MEFGYYHEZREL. ¥4 71 LRAKICT
HEWBEHOTA FEERT 2 (K 2a). YIBRHIPAIC
BEAS I, FHASIE TN, FEBLOILEZ SN O
FYWH CHET ALEE. TOMMERT L9 Rk
A FNIIER T2 (K 2a, b). o ESELT
. WAL L7 MRS ORI & RIEE L C AL
Ry & &, MR A S BEEEIcEE L, BEEi%
EEPICHEZE LT 4 v k% FE LT, EHESEER
ICHEGRIE L TEZITIZETH D, 747 248%
SEBIOMTRIHE CT 2”3 (K 2¢),



BA 20 TR S W %Y — Y A VA A ORI

#£1 74 THER
24T RER Fih - TR BE & 2R E ST im D
RE
1 IFAILERIE 7358 6.5mm &1
1 ERTAR T+ R—REEAZ 73" & 6.1mm
KHEEIRE
2 TEEWARE 79-%% 9.2mm X2
2 TEEERRE 53+ % 10.9mm
3 TREAE 68+ 6.6mm
3 TEEXE. MHREESE 678 7.7mm X3

2473 YIREBHEAHISTEICE DFREMES H 2156
F A SN A YIBRFEPE & BRI REAVEE & AR L
WET Do FEME Y IMINEEL 7235025 T 5 &
I AT EEBRCH A REERT 5. B HO
A R, B EIR A% 3 2 WREE D 2 565
WS PRELZAEICEYWY 21725 X9 5 h A4 Fafk
%3 % (M 3a, b)o VIREZDKRA THEIIHA FE2 L
HL. A 0o/ Y)IA4 rETORIZFHN. £
7B L RO E 2 R L. FNCR L0 &
119 o REEFOMHIHE CT 2 LT (K 3c)s
20184E 1 A5 12 HE TIZ, ENEFRDF A T
LI 2HEBIT O 6 FEBNCHT LT, Ay —T v HA
FEMEHA L TR 217> 720 HEOFHMEE LT, i
AR 2 0> KR BE B 22 ke e i S v O i O R 25 % BHII L 72
(547 2 OYA T T HERKIRGI BT O T3 ZMa & L
72) (F1d)o

(& R]

SREFI TR RIZEYHETE 2 (K 1, 2¢ 3¢)o
1 BTG & 0 B st 2 5B 72, € o fllix 451
BOER . RIFREE, BOAEETETWD, i
RIAT 1% oD JE B 55 25 SE ui ik v O s O R AL B & A
71%36.1-6.5mm T, 4 72539.2-10.9 mm.
547 37%6.6-7.7mm TH-o72 (F1),

(£ %]

SRR L7z — T VA4 FOR#E LTk, &
YWOMEDOTA F27) v VTHET S ETy Xk
YIBRB LA RDMBERZREOZ LD TE S, H4 MK
RO EHELTE, =TI H 4 FOEETR %
BIEMEIIHERF L 20 b R 2 _ENELTHILETH

0. H)BEFE PR 2 e /N BRI L CRRAE S o LT % HE R
LW =T h A FEFELLT TGO T L —
MEEZTEEICT 720 TH b,

YIBRHMPAICE LT, CASIZE AT T v =V 7hp
LS 2 HENC T it L MBI B 5be%iT9
LGB, FNENONG T O RIE O T5
StV R, WD 5 T F TOREM DR T 7% <
Ao TLEW, EESHALTWLIEAELREEEZ
HE, FMHFOETIIHIET S L) Ry =T AN FA
FIAFEHTHAHLEEZ TS, YIKRHEHIAEEICR S
WEDY =TV I NTA FIZOoWT, 4 FE@EEHE
BRI o TYIBRFPAAYEA < 7 o 72 O 2 FEIER $
BEVSTRENRDH BYH, HA FIERIZ D0 5
EaARMEEZEZD L, T B A Fidy rIvies
BWERIWERDNL, C, HA4 FICHED 250
W52 L TUKRMHMOLEEIZHIE L TWAHIE IR
FreoFFEHEPL T 5,

THEEICBITS CAS IZT 5 i Tld, Proplan/
Surgicase CMF 138 d — I H I Tw 3
VI M7 2T7THY, FHREOFMI L LTHE
ET AT EREIRDEL . TOMHAEIZ0-
12.5mm Tdh - 727, Fx OBV TR
HiZglEDR#A126.1-10.9mm TH Y., HwEoHRE L
WARTRRREVERYH L0, MEDOLEBITHEIE
LAy EREE LB EAS DS Y — VI & B EHI
THY, SHEFHTHEDETVSE2D, RRAEMR
UMD H B Fz. FHWAZICE LT, EoEbfr
T ) B LORETOMmSREE KT 2 0% L, i
TIEHDEDDH B 720, SHIIH— L 725k
T, BRENOERTIE, “HHRE %554
T2 OFAETRRMWAITIRKI VALY D 5755, BfiZe
O ET) v 7RO, BHR{LICX %D
D, MiFio CT 77— % 2Mb THsg L7z b D TH - 72

15



16

ZEWZEBEEZONDG, SRIENBEHES LT, IE
e 70 BN X ARG 2 T o T & 7wk E 2
5o

(£ & ®»]

Bex % THMREOIEBIIISH TE 59— VA
FOERZER LTz MBROMRI Y, BELHEE
TIDICHEHTHLEEZ BN,

X ®

1) Hidalgo DA (1989) Fibula free flap : a new method of
mandible reconstruction. Plast Reconstr Surg 84 : 71-79

2) Rodby KA, Turin S, Jacobs R] et al (2014) Advances in
oncologic head and neck reconstruction : systematic re-
view and future considerations of virtual surgical planning
and computer aided design/computer aided modeling. J
Plast Reconstr Aesthet Surg 67 : 1171-1185

3) Hanasono MM, Skoracki R] (2013) Computer-assisted
design and rapid prototype modeling in microvascular
mandible reconstruction. Laryngoscope 123 : 597-604

4) Chang EI Jenkins MP, Patel SA et al (2016) Long-term
operative outcomes of preoperative computed tomogra-
phy-guided virtual surgical planning for osteocutaneous
free flap mandible reconstruction. Plast Reconstr Surg
137 1 619-623

5) Sieira Gil R, Roig AM, Obispo CA et al (2015) Surgical
planning and microvascular reconstruction of the mandible
with a fibular flap using computer- aided design, rapid
prototype modelling, and precontoured titanium recon-
struction plates : a prospective study. Br J Oral Maxillofac

6)

7)

8)

9)

10)

11)

12)

13)

14)

HAY I 2b—3a VAR AERRE27 %1% (201946 H)

Surg 53 : 49-53

Wang YY, Zhang HQ, Fan S et al (2016) Mandibular
reconstruction with the vascularized fibula flap : compari-
son of virtual planning surgery and conventional surgery.
Int J Oral Maxillofac Surg 45 : 1400-1405

Culie D, Dassonville O, Poissonnet G et al (2016) Virtual
planning and guided surgery in fibular free—flap mandibu-
lar reconstruction : a 29-case series. Eur Ann Otorhino-
laryngol Head Neck Dis 133 : 175-178

Efanov ]I, Roy AA, Huang KN et al (2018 ) Virtual
Surgical Planning : The Pearls and Pitfalls. Plast Reconstr
Surg Glob Open 17 : e1443

Ren Y, Xi Q Zhang L et al (2018) Computer-Aided
Design and Three-Dimensional-Printed Surgical Tem-
plates for Second-Stage Mandibular Reconstruction. J
Craniofac Surg 29 : 2101-2105

Succo G, Berrone M, Battiston B et al (2015) Step-by-step
surgical technique for mandibular reconstruction with
fibular free flap : application of digital technology in virtual
surgical planning. Eur Arch Otorhinolaryngol 272 : 1491~
1501

Nakao M, Aso S, Imai Y et al (2016) Statistical analysis of
interactive surgical planning using shape descriptors in
mandibular reconstruction with fibular segments. PLoS
One 11 : e0161524

Shenaq DS, Matros E (2018) Virtual planning and naviga-
tional technology in reconstructive surgery. J Surg Oncol
118 : 845-852

van Baar GJC, Forouzanfar T, Liberton NPT]J et al (2018)
Accuracy of computer-assisted surgery in mandibular
reconstruction : A systematic review. Oral Oncol 84 : 52—
60

van Baar GJC, Liberton NPT]J, Forouzanfar T et al (2019)
Accuracy of computer-assisted surgery in mandibular
reconstruction : A postoperative evaluation guidline. Oral
Oncol 88 : 1-8



Developing a real-time physically deformable neurosurgical virtual reality
simulation system based on clinical case data
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Abstract

OBJECTIVE: It is important to understand the three-dimensional (3D ) anatomical structure in neuro-
surgery. The approach to the lesion sometimes requires deformation of the brain by a retractor. Moreover, the
surrounding anatomical structure is deformed by the lesion. Therefore, a model based on clinical case data with
stereopsis and that is physically deformable and allows real-time, virtual reality (VR)-based operation of surgical
instruments is useful for neurosurgical simulation. We are developing a real-time physically deformable
neurosurgical VR simulation model based on clinical case data using state-of-the-art technology. We report on
representative clinical cases using this VR system from our department of neurosurgery.

METHODS: We developed FBX data of the 3D mesh model by a modeling software using DICOM data
generated using 3 Tesla MRI and 320 slice CT for clinical cases. The hand and head motion tracking for VR was
performed using the Oculus Rift and Touch. A real-time physically deformable VR system was built by Unity using
a laptop. This system was used to develop surgical strategy and for the training of neurosurgeons and medical
students.

RESULTS: This system accurately simulated the anatomical structure in the clinical cases. The
neurosurgeons and medical students reviewed this system favorably.

CONCLUSION: This system was useful for developing neurosurgical strategy and training of neurosurgeons

and medical students.

Key words : Neurosurgery, surgical simulations, virtual reality

Introduction

It is very important in the field of neurosurgery to
be able to grasp the three-dimensional (3D) anato-
mical structure of the brain. It is sometimes necessary
to cause deformation of the brain with a retractor in
order to reach a lesion. Moreover, the lesion itself
causes deformation in surrounding structures in
certain cases. Therefore, real-time virtual reality
(VR)-based operation of surgical instruments in a 3D
and physically deformable manner based on clinical
case data is an effective means of surgical simulation
in the field of neurosurgery. We used cutting-edge
technology to develop a real-time physically deform-
able neurosurgical VR simulation system based on
clinical case data that utilizes three-dimensional
computer graphics (3DCG). We hereby report on our
findings from representative clinical cases on which
we used this system in our department.

207 Uehara, Nishihara-cho, Okinawa, Japan, 903-0125
TEL 098-895-1171 FAX (098-895-1423
E-mail : tmiyagi@med.u-ryukyu.ac.jp

Methods

We used DICOM data generated using 3 Tesla MRI
and 320 slice CT from clinical cases to develop 3D
mesh model FBX data with a modeling software. For
head and hand motion tracking during VR, we used
the which are normally commercially sold for use with
computer games (Figure 1). We constructed the
real-time physically deformable VR simulation sys-
tem with Unity, an integrated development environ-
ment used to support the development of software
using a laptop. We used this system for developing
surgical strategies and clinical training of neuro-
surgeons and medical students.

Results

This system accurately simulated the anatomical
structures of clinical cases. Compared to other
systems, such as 3DCG, 3D printer models and
Freeform or leap motion, which use a geomagic haptic
device, our system, which used Oculus Touch and
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Figure 1 Oculus Rift and Oculus Touch

We used the Oculus Rift to monitor the operator's face position and direction while viewing a 3D
VR space. The Oculus Touch can stably and accurately monitor hand position and direction,
enabling the free operation of surgical instruments.

Table 1 Various surgical simulations

We performed the various types of surgical simulations shown and experienced the
advantages and disadvantages of each system. Each system is currently being used at our
facility, enabling comparative evaluation. We presented the detailed findings at an
academic society meeting.

System

Advantages

Disadvantages

2017 prototype

Oculus Touch,
Oculus Rift,
Unity, Blender, 3D Slicer,

Brainlab iPlan(Not required)

Precise and stable hand motions. Physically
deformable and can be used to simulate natural
conditions such as gravity, elastic force, and
liquidity. Offers three-dimensional view. Can
reflect operator head and hand movements in
real-time. Can be constructed at a relatively
low cost (45,000 yen). Can simulate surgical
instruments. Can easily re-use models. Easily

portable.

Program and model construction
are complicated and difficult. The
system is not commercially
available, meaning that the surgeon

must construct it themselves.

2016 prototype

Leap motion,
Oculus Rift,
Unity, Blender, 3D Slicer,

Brainlab iPlan(Not required)

Physically deformable and can be used to
simulate natural conditions such as gravity,
elastic force, and liquidity. Offers three-
dimensional view. Can reflect operator head
and hand movements in real-time. Can be
constructed at a relatively low cost (45,000
yen). Can simulate surgical instruments. Can

easily re-use models. Easily portable.

Hand and finger movements are
unstable. It is difficult to perform
quick, detailed work. It s
complicated and difficult to create
the programs and models. The
system is not commercially
available, meaning that the surgeon

must construct it themselves.

3D-CG
SYNAPSE VINCENT,

Brainlab iPlan, OsiriX

The application has been introduced at many
hospital facilities. There are many free-of-
charge applications. Can easily re-use models.

Commercially available.

Soft deformation is difficult.
Commercially-available

applications are expensive.

haptic device
Geomagic
Sculp/Freeform/Freeform

plus/Stylus

Model preparation and system operation are
relatively easy. Tactile simulation is possible.
Simple soft deformation possible similar to
clay molding. Can easily re-use models.

Commercially available.

Expensive (2 million yen or more).
Physical ~deformation is not

possible.

3D printing
FLASHFORGE
Creator Pro,
XYZPRINTING

da Vinci

Can use actual surgical instruments.
Commercially available. Actual models can be

picked up and observed.

Model preparation time is
relatively long (one day to several
days). Once the model is used for
resection, it is difficult to use
again. (Relatively high cost:
Hundreds of thousands of yen or
more). Soft model construction is

relatively difficult.

tion efficiency (Table 1). Neurosurgeons and medical
students evaluated the system highly for its practical-

Oculus Rift, had various advantages including low
cost, and good surgical instrument operability, anato-
mical structure deformation, and high model prepara- ity.
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Figure 2 Cerebral aneurysm clipping surgery

A brain spatula is used to deform the brain so that the cerebral aneurysm can be exposed. If the surgical instrument
touches a site on the cerebral aneurysm that is prone to bleeding, bleeding is simulated. Clip opening/closing angle can be

freely adjusted with analogue input.

Figure 3 VR operating theater

The surgeon can freely walk around and even sit down,
enabling them to carefully consider what position to put the
patient in and where to place the surgical instruments.

Case Presentation

Case 1 : Cerebral aneurysm clipping. The aim of
this surgery is to pinch the aneurysm with a clip in
order to prevent the aneurysm from rupturing after

deforming the brain with a brain spatula to expose the
said aneurysm. Our system successfully achieved a
practical simulation of this case (Figure 2).

Case 2 :Skull base tumor extraction. In neuro-
surgery, the patient’s position and their positional
relationship with the surgeon are important elements
of the surgical strategy. With our system, the surgeon
could freely walk around the VR operating theater
and even sit down, enabling them to carefully consider
what position to put the patient in and where to place
the surgical instruments among other advantages.
(Figure 3).

The skull could be opened with craniotomy
instruments at a site freely selected by the surgeon
and the tumor extraction percentage was also
automatically displayed (Figure 4).

Discussion

The cost of surgical simulation systems that use
neurosurgical computer-based data and are generally
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Figure 4 Skull base tumor extraction

The skull can be opened with craniotomy instruments at a site freely selected by the surgeon and the tumor extraction

percentage is automatically displayed.

commerecially available can range from millions to tens
of millions of yen. Moreover, simulation models are
created in a virtual manner, rather than based on data
from patients actually scheduled for surgery™”. As
these systems are also relatively large in size, it can be
difficult to transport them to actual clinics. Therefore,
it is not easy for clinicians who want to utilize surgical
simulations to introduce and use such systems. This
has meant that simulation systems have not come into
widespread use in medical settings and surgeons are
unable to actually try using such systems. While VR
simulations are considered to be beneficial in the field
of neurosurgery, they have yet to come into wide-
spread use and further development is anticipated
going forward”. Our system can be constructed with
a minimum cost of approximately 200,000 yen
including that of the computer required. If a laptop is
used, the system can be easily transported. We
believe that publishing our method of construction of
this system is significant as it could facilitate the
spread of a practical surgical simulation system that
can be generally used by many surgeons and aid in
the achievement of safer surgery, which is highly

anticipated by society at large.

As our system only underwent limited, subjective
evaluation by wusers, we believe that objective
evaluation data need to be collected going forward,
including precise anatomical comparisons with actual
surgical findings and the investigation of shortened
operation time and reductions in the number of
complications.

Conclusions

Altogether, our results suggested that our
real-time physically deformable neurosurgery VR
simulation system based on clinical case data is
practically useful for formulating surgical strategies

and for clinical training.
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Inaugural Congress of the International Society for Simulation Surgery

Data : December 9-11, 1992 / Venue : Tokyo, Japan / President : Toyomi Fujino

2nd Congress of International Society for Computer Aided Surgery (CAS’95)

Data : June 21-24, 1993 / Venue : Berlin, Germany / President : Jeffrey I. Marsh and Toyomi Fujino

3rd Congress of International Society for Computer Aided Surgery (CAS’96)
Data : June 26-29. 1996 / Venue : Paris, France / President : J Th Lambrech

4th Congress of the International Society for Simulation Surgery

Data : November 6. 2004 / Venue : Tokyo, Japan / President : Yu Maruyama

5th Congress of the International Society for Simulation Surgery

Data : October 15-18, 2006 / Venue : Chiang Mai. Thailand / President : Charan Mahatumurat

6th Congress of the International Society for Simulation Surgery

Data : October 27-29. 2008 / Venue : Taipei, Taiwan / President : Lun-dJou Lo

7th Congress of the International Society for Simulation Surgery
Data : January 12, 2010 / Venue : Waikiki, Hawaii, USA / President : F Donald Parsa

8th Congress of the International Society for Simulation Surgery

Data : June 14-15, 2012 / Venue : Seoul. South Korea / President : Yong-Oock Kim

9th Congress of the International Society for Simulation Surgery

Data : December 3, 2016 / Venue : Nara Centennial Hall. Nara city, Japan / President : Keisuke Imai
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Welcome message of WSSS President Elect

Dear Colleagues and Friends,

It is a great honor for us to host the 10th congress of the Society for Simulation Surgery. There are
several exciting developments for our organization. First and foremost, we have renamed the society from
the International Society for Simulation Surgery (ISSiS) to the World Society for Simulation Surgery
(WSSS). We feel this will help us to serve our mission to advance simulation surgery without being
sidetracked by the implications of our previous initials. The next exciting development is that the
congress will be held outside of Asia for the first time in its history, as we will join the 88th Annual
Meeting of the American Society of Plastic Surgeons/Plastic Surgery Foundation (ASPS/PSF). The meeting
is to be held in Chicago, Illinois from Sept. 29 through October 1. The WSSS meetings will be held on
Sep. 30. When registering for the ASPS, please indicate that you are a WSSS member so that we may track
the registration process. You will find that the ASPS meeting offers a plethora of educational offerings
that will excite and inspire all WSSS members. Participants are welcome to join the instructional
courses of the ASPS at no extra charge. You will also find a host of activities to welcome international
guests to the ASPS, including an International Reception to be held in the Museum of Science and
Industry, hosted by the Plastic Surgery Foundation (PSF). We would encourage all of you to consider
joining the ASPS as International members so that you may enjoy their many educational offerings and
member benefits on an ongoing basis. The benefits of membership are outlined in the Membership section
of the ASPS website:

https://www. plasticsurgery. org/for-medical—professionals/join-asps

The WSSS congress provides a forum in which international leading experts from all over the Asian
Pacific region and the world can present and discuss the latest topics regarding simulation surgery,
giving a great opportunity for them to share their knowledge and experience. The scientific arena of
this congress is of fundamental importance to foster innovation in simulation surgery and move these
concepts from the planning and design phase to implementation in clinical practice. By holding this
event in conjunction with the annual meeting of the American Society of Plastic Surgeons, we feel it
will further stimulate a mutual exchange of ideas well beyond the Asian Pacific region

Not only is Chicago one of the most popular attractions for tourism in the United States, it is also one
of the best-recognized locations for hosting professional conferences. Venues for the meeting will
include Navy Pier, the Museum of Science and Industry, with host hotels located on or near Chicago’ s
famous Miracle Mile. The commute from Chicago 0’ Hare International Airport to the hotels in downtown
Chicago is a 30 minute cab ride, but could take longer depending on the traffic conditions. There are
also trains that travel directly from the 0’ Hare airport to downtown (CTA Blue Line) if one wishes to
avoid heavy traffic conditions.

We encourage col leagues from all over the Asian Pacific region and the world to attend and make this an
unforgettable important and enjoyable meeting. We look forward to gathering with you to enjoy a pleasant

autumn in the beautiful city of Chicago, located on the shore of Lake Michigan
With Regards

Arun K. Gosain MD, President-Elect

Akira Yamada MD, Secretary

World Society for Simulation Surgery
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Program Overview

8:00 AM WSSS Welcome & Introductions

8:15 AM "Recent Advances in Simulation Surgery: Current and Future
Applications." - Howard Levinson, MD, John Van Aalst, MD,
Sue Jordan, MD, Jong-Woo (JW) Choi, MD, Derek Steinbacher
MD

This Panel will feature current pioneers in surgical simulation and explore all aspects of the field to
include bioprinting, virtual surgical planning for craniofacial surgery, and the use of surgical
simulation in training surgeons

9:45 AM Break

10:00 AM Keynote Lecture: "Prediction of Body Shape with
Biomechanical Techniques" - Tomohisa Nagasao, MD

Dr. Nagasao comes from Japan, and is an expert in the field of surgical simulation.

11:00 AM WSSS Panel 2 - "Pioneering Craniofacial Surgery and the
Role of Simulation Surgery” - Arun Gosain, MD, Kenneth E.
Salyer, MD, Joseph McCarthy, MD

This is a special feature of the meeting in which two giants of craniofacial surgery, Drs. Salyer and
McCarthy, will present the evolution of surgical simulation through their personal cases. The panel
will end with a discussion of how they anticipate such cases will be handled in the future given the
increasing application of surgical simulation.

12:00 PM WSSS Business Meeting

4:00 PM Free Paper Session 1

This session will feature scientific papers on surgical simulation. Each paper will be presented by the
author and be followed by two minutes of discussion. The first session will be co-moderated by John
VanAalst, MD & Akira Yamada, MD.

5:10 PM Free Paper Session 2

This session will feature scientific papers on surgical simulation. Each paper will be presented by the
author and be followed by two minutes of discussion. The second session will be co-moderated by
Howard Levinson, MD & Akira Yamada, MD.

6:13PM Closing Comments
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WSSS Chicago Program : 9/30/2018 (McCormick Place West W 180)

8:00 — 9:45am:

9:45 — 10:00am:

10:00 — 11:00am:

11:00am — 12:00pm:

12:00 — 1:30pm:
1:30 — 3:00pm:
3:00 — 4:00pm:

WSSS Panel 1 | “Recent Advances in Simulation Surgery: Current
and Future Applications.”

Moderator: Howard Levinson, MD | Panelists: John Van Aalst, MD, Sue
Jordan, MD, Jong-Woo (JW) Choi, MD, Derek Steinbacher, DMD, MD

Break

Keynote Lecture | “Prediction of Body Shape with Biomechanical
Techniques”
Tomohisa Nagasao, MD

WSSS Panel 2 | “Pioneering Craniofacial Surgery and the Role of
Simulation Surgery”

Moderator: Arun Gosain, MD | Panelists: Kenneth E. Salyer, MD, Joseph
G. McCarthy, MD

WSSS Business Meeting (Invitation Only)
Lunch Break (Exhibit Hall)

PSF President’s Panel | “The Role of Plastic Surgeons in the Delivery
of Global Health Care: Assessing the needs and finding the optimal
model to meet these needs.”

Moderator: Arun Gosain, MD | Panelists: Christopher (Alex) Campbell,
MD, James Chang, MD, Scott Corlew, MD, Goran Jovic, MD

Afternoon Break/Exhibits
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4:00 — 5:10 pm:

4:00PM-4:07 PM

4:07 PM-4:14 PM

4:14 PM-4:21PM

4:21 PM-4:28 PM

4:28 PM-4:35 PM

4:35 PM- 4:42 PM

4:42 PM- 4:49 PM

4:49 PM- 4:56 PM

4:56 PM- 5:03 PM

5:03 PM- 5:10 PM
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Free Paper Session 1: 4:00 —5:10 pm | Co-Moderators: John
VanAalst, MD & Akira Yamada, MD

Development and evaluation of high fidelity surgical simulators | Dale

Podolsky,MD

Photoacoustic Imaging for the Planning of Lymphaticovenular
Anastomosis: A Case Report | Anna Oh, MD

Development of a novel template for the planning and facilitation of

fronto-orbital remodeling | Eisuke Watanabe, MD

Airway volume Simulation in Virtual Surgical Mandibular Distraction: A

Cohort Study | Laura Humphries, MD
Touch Surgery: A 21st century platform for surgical training | Ari Mandler, MD

Analysis of cranial morphology of Japanese healthy infants using homologous

modeling | Makoto Hikosaka, MD

Microsoft Kinect V2 as an alternative grading system for facial paralysis |

Yohei Sotsuka, MD

The use of Computer-Aided Design and Manufacturing in Acute

Mandibular Trauma Reconstruction | Thomas Xu

Conformity of the Actual to Planning Result in Orthognathic Surgery | Kyle

Gabrick, MD
Virtual Surgical Planning in Craniofacial Reconstruction: an Evidence-based

Update and Workflow Analysis | Kristopher Day MD

Session 2: 5:10 — 6:20pm | Co-Moderators: Sue Jordan MD & Akira Yamada, MD

5:10 PM- 5:17 PM

Virtual Surgical Planning for Correction of Delayed Presentation Scaphocephaly

Using a Modified Melbourne Technique | Thomas Xu
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5:17 PM- 5:24 PM

5:24 PM-5:31 PM

5:31 PM-5:38 PM

5:38 PM-5:45 PM

5:45 PM-5:52 PM

5:52 PM- 5:59 PM

5:59 PM-6:09 PM

6:09 PM-6:16 PM

A New Colored Solid Model for Simulation Surgery: It is made of salt | Yoshiaki

Sakamoto MD
Is the sphenosquamosal suture related to the cranial deformity in Plagiocephaly? |

Masashi Takemaru MD
Teaching Breast Aesthetics Using A Sculpture-Based Simulation Workshop |

Lauren Nigro, MD

Application of Finite Element Analysis to Predict Skin | Sergey Turin, MD

Virtual Reality and Augmented Reality Technology in Neurosurger Tomohisa
Miyagi, MD

Increasing Opportunities for Active Experimentation in Residency Using
Simulation: A revised cleft lip education curriculum | Francesca Saldanha, MD

Reconstruction of a Hemirhinectomy Defect Using a 3D Printed Custom Soft
Tissue Cutting Guide | Jonathan Brower, MD

Advanced Microsurgical Trainer for Breast Reconstruction | Morgan
Yacoe, MD
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WSSS Panel 1 Abstract

WSSS Panel 1 | “Recent Advances in Simulation Surgery: Current and Future
Applications.”
Moderator: Howard Levinson, MD | Panelists: John Van Aalst, MD, Sue
Jordan, MD, Jong-Woo (JW) Choi, MD, Derek Steinbacher, DMD, MD

Title: Finite Element Modeling to Guide Stem Cell-Scaffold Craniofacial Constructs

John Van Aalst, MD

Professor, University of Cincinnati Department of Surgery
Director, Division of Plastic Surgery

Surgical Director, Craniofacial Center

We have created a juvenile swine alveolar cleft model and treated the defect with several
scaffold types, including both nanoscaffolds and 3D printed polycaprolactone scaffolds.
Embedded within these scaffolds are primed mesenchymal stem cells. The goal of this work is
to determine best practice for bone formation within the cleft defect. In order to better
understand the forces exerted on the stem cell-scaffold constructs, we have additionally
developed finite element models to study the sets of scaffold characteristics that lead to best bone
formation. This talk will focus on the capacity of FEM to create simulations that improve our

ability to treat craniofacial defects with stem cell-scaffold constructs.
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WSSS Panel 1 Abstract

WSSS Panel 1 | “Recent Advances in Simulation Surgery: Current and Future
Applications.”
Moderator: Howard Levinson, MD | Panelists: John Van Aalst, MD, Sue
Jordan, MD, Jong-Woo (JW) Choi, MD, Derek Steinbacher DMD, MD

Title: The next generation of 3D printed implants

Sumanas W. Jordan, MD, PhD

Assistant Professor of Surgery

Northwestern University Feinberg School of Medicine

Plastic surgeons have developed significant expertise in virtual 3D planning and have long used
stereolithography to develop surgical models and guides. As 3D imaging and additive
manufacturing have advanced side-by-side, customized patient-specific implants are making an
impact on craniofacial reconstruction with increasing accessibility and popularity. This talk will
look to the next generation of 3D printed implants, beyond inert metals and polymers, to
bioactive materials with complex 3D structures. Hyperelastic bone, decellularized tissue inks,

and electroconductive material inks will be introduced. The potential for future point-of-care 3D

printing will be briefly discussed.
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WSSS Panel 1 | “Recent Advances in Simulation Surgery: Current and Future
Applications.”
Moderator: Howard Levinson, MD | Panelists: John Van Aalst, MD, Sue
Jordan, MD, Jong-Woo (JW) Choi, MD, Derek Steinbacher, DMD, MD

Title: Clinical applications of 3D computer simulation & 3D printing technology in
Craniofacial surgery

Jong-Woo Choi, MD, PhD, MMM
Professor, Department of Plastic surgery, Asan Medical Center, Seoul, South Korea

Recent advances in 3D computer simulation allows the surgeons to simulate the surgery
preoperatively. In addition, as the brand new 3D printing technology becomes popular, the
clinical applications onto the various aspects became a reality.

Craniofacial surgery would be the one of the best special areas for these new technologies
because it mostly deals with the skeletal tissues which would be good candidate for simulation
based on CT dicom data.

Moreover, the recent advances in 3D photogrammetry enable the craniofacial surgeons not only
to evaluate the surgical outcomes but also to simulate the soft tissue changes as well as the hard
tissue.

This presentation will discuss my clinical applications in terms of the craniofacial surgery such

as orthognathic surgery, craniosynostosis and rhinoplasty.
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WSSS Panel 1 | “Recent Advances in Simulation Surgery: Current and Future
Applications.”
Moderator: Howard Levinson, MD | Panelists: John Van Aalst, MD, Sue
Jordan, MD, Jong-Woo (JW) Choi, MD, Derek Steinbacher, DMD, MD

Title: 3D Applications in Orthognathic and Craniomaxilofacial Surgery. (D. Steinbacher, DMD,
MD, FACS)

Derek M. Steinbacher DMD, MD, FACS
Yale University School of Medicine
Associate Professor Plastic Surgery, Cranio-maxillofacial Surgery

PURPOSE: Three-dimensional (3D) analysis and planning are powerful tools in craniofacial,
orthognathic, and reconstructive surgery.

The elements include 1) analysis, 2) planning, 3) virtual surgery, 4) 3D printouts of guides or implants,
and 5) verification of actual to planned results. The purpose of this presentation is to review applications

of 3D planning in craniomaxillofacial and orthognathic surgery.

MATERIALS AND METHODS: Case examples involving 3D analysis and planning were
reviewed. Work-flow and optimization for orthognathic surgery is highlighted. Future potential is

addressed with unique aspects specific to new applications in craniomaxillofacial surgery.

RESULTS: Examples of 3D planning are described, with focus on work-flow, planning pearls, and

aesthetic optimization in orthognathic surgery.
CONCLUSIONS: Planning in craniomaxillofacial and orthognathic surgery is useful and has applicability

across different procedures and reconstructions. Three-dimensional planning and virtual surgery enhance

efficiency, accuracy, creativity, and reproducibility in craniomaxillofacial surgery.
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WSSS Key Note Lecture Abstract 10:00 AM — 11:00 AM

Prediction of Body Shape by Biomechanical Calculation

Chair and Professor

Department of Plastic and Aesthetic Surgery

Kagawa National University, Takamatsu, Japan

Tomohisa NAGASAO MD.
Many treatments in plastic surgery aim to transform patients’ body shapes. In order to achieve
optimal results in such treatments, we need to predict how body shapes transform in response to

external forces. A biomechanical technique called “structural analysis” enables the prediction.

The basic principles of structural analysis is divided the object into small elements, evaluate the
dynamic behavior of each element by dynamic calculation, and accumulate the results with each

element to predict the deformity of the whole entity of the object.

By using structural analysis, we clarified the following clinical problems.

(1) Development of prediction system of postoperative shape of the thorax in the treatment of
chest deformities

(2) Mechanisms of orbital floor fractures

(3) Appropriate fixation methods of zygoma fracture

(4) Why keloids tend to present so-called “crab-like shapes”

(5) Effective way to perform scar revisions for interrupted scars

(6) How to perform Le Fort 3 Osteotomy safely

(7) How to achieve optimal results if the correction of protruding ears

This presentation introduces the usefulness of structural analysis for the practices in plastic

surgery.
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WSSS Panel 2: 11:00 AM-12:00 PM

“Pioneering Craniofacial Surgery and
the Role of Simulation Surgery”

Moderator: Arun Gosain MD
WSSS President Elect

Panelist:

Kenneth E. Salyer MD

Founder and Chairman
World Craniofacial Foundation, Dallas, Texas, USA

Joseph G. McCarthy MD

Clinical Professor, Hansjorg Wyss Department of Plastic Surgery
Professor Emeritus of Plastic Surgery, Hansjorg Wyss Department of
Plastic Surgery, NYU Langone Health, New York, USA

This is a special feature of the meeting in which two giants of
craniofacial surgery, Drs. Salyer and McCarthy, will present the
evolution of surgical simulation through their personal

cases. The panel will end with a discussion of how they
anticipate such cases will be handled in the future given the
increasing application of surgical simulation.
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Free Paper Session 1. 4:00 PM- 5:10 PM(Chairs: VanAalst MD, Yamada MD)

4:00PM-4:07PM

Title: Development and evaluation of high fidelity surgical simulators

Dale J Podolsky1 ’2, David M Fisher3 , Karen W Wong Riff3 , James M Drakez’4, Christopher R
3

Forrest
1:Division of Plastic & Reconstructive Surgery, University of Toronto,

Toronto, Ontario, Canada 2:Center for Image Guided Innovation and Therapeutic Intervention
(CIGITTI), Toronto, Ontario, Canada 3:Division of Plastic & Reconstructive Surgery, The Hospital
for Sick Children, Toronto, Ontario, Canada 4:Division of Neurosurgery, The Hospital for Sick
Children, Toronto, Ontario,

Canada

Introduction: Surgical simulators provide a platform to gain experience before operating on real

patients.

Methods: Using patient imaging, 3D printing, adhesive, polymer and material techniques a high-
fidelity physical cleft palate (Figure 1), cleft lip (Figure 2) and adult rhinoplasty (Figure 3) simulator
were developed. The cleft palate simulator was evaluated using electromagnetic sensors to test
economy of hand motion, a confidence scale, assessment of realism and perceived value using
questionnaires as well as knowledge tests. A newly developed technical assessment scale was used to
assess whether performance improves with repeated use. The cleft lip simulator was assessed for
realism and perceived value. The rhinoplasty simulator was assessed qualitatively for realism and

anatomic accuracy.

Results: The cleft palate simulator was shown to improve confidence as well as knowledge of cleft
palate anatomy and repair procedures. The cleft palate simulator distinguished between skill level
using economy of hand motion, the technical assessment scale, confidence scale, and was shown to
improve performance through repeated use. The cleft lip simulator was found to be highly realistic
and anatomically accurate allowing performance of all steps of a cleft lip repair and primary cleft
rhinoplasty procedure. The adult rhinoplasty simulator allowed performance of critical steps of

rhinoplasty in a highly realistic and anatomically accurate physical environment.

Conclusions: High-fidelity physical surgical simulators for cleft and rhinoplasty procedures were
successfully developed and evaluated. The simulators provide an effective platform to gain hands-on
experience of complex procedures prior to operating on real patients.
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Left) Perspective view of the cleft palate simulator. Right) Plastic surgery fellow performing a cleft palate repair on the
simulator during a comprehensive cleft palate training workshop

Perspective view of the cleft lip simulator removing marginal lip tissue demonstrating the multilayered
tissues including muscle, subcutaneous fat as well as dissection planes.

Left) High-fidelity rhinoplasty simulator. Right) Performance of grafting technique demonstrating some of
the internal components of the simulator.
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4:07PM-4:14PM

Title: Photoacoustic Imaging for the Planning of Lymphaticovenular Anastomosis: A Case
Report

Anna Oh?, Hiroki Kajita?, Eri Matoba?, Nobuaki Imanishi3, Yoshifumi Takatsume3, Hiroyuki
Sekiguchi?, Yasufumi Asao®, Takayuki Yagi®, Sadakazu Aiso3, Kazuo Kishi?

1 Department of Plastic and Reconstructive Surgery, Tachikawa Hospital, Tokyo, Japan
2Department of Plastic and Reconstructive Surgery, Keio University School of Medicine, Tokyo,
Japan

3Department of Anatomy, Keio University School of Medicine, Tokyo, Japan

4Department of Diagnostic Imaging and Nuclear Medicine, Kyoto University

5Japan Science and Technology Agency, InPACT Program, Cabinet Office, Japan

Background: Photoacoustic imaging (PAI) technique can visualize the distribution of light
absorbing molecules, such as hemoglobin or indocyanine green (ICG), with high spatial
resolution. After ICG administration, PAI can provide the three-dimensional images of
superficial lymphatic vessels as well as venules. Recently, we planned lymphaticovenular
anastomosis (LVA) surgery based on PA], and achieved good outcome.

Methods: The patient is a woman in her 60s with the surgical history of cervical cancer and
had left lower extremity lymphedema over 10 years. With ICG fluorescence lymphography, a
linear pattern below the knee and diffuse-pattern dermal backflow was observed in the
affected limb. Before the surgery, PAI lymphangiography was performed using the PAI-05
system, made by Canon Inc. (Japan), Hitachi, Ltd. (Japan), and Japan Probe Co, Ltd.(Japan).
With the PAI images (Fig.1), we determined an incision site where lymphatic vessels were
adjacent to venules just below the knee.

Results: During the surgery, we found the lymphatic vessels and venules at the place shown
by PAI (Fig.2). After the surgery, the circumferences were reduced at the all sites proximal to
the anastomosis site.

Conclusion: PAI showed the actual anatomical course of each lymphatic vessel and venule,
which was useful in finding them during the surgery. Next, we are planning a clinical trial of
the PAl-based LVA surgery to compare the duration of the surgery, number of anastomoses,
and the clinical outcomes.

Acknowledgement: This work was funded by ImPACT Program of the Council for Science,

Technology, and Innovation (Cabinet Office, Government of Japan).
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4:14 PM-4:21PM

Title: Development of a novel template for the planning and facilitation of fronts-orbital

remodeling

Eisuke Watanabe MDl, Keisuke Imai MDl, Koji Kawamoto MDl, Daisuke Sakahara MDl, and

Hiroshi Nishikawa MD>

1 Department of Plastic and Reconstructive Surgery, Osaka City General Hospital, Osaka, Japan

2 Department of Plastic Surgery, Birmingham Children’s Hospital NHS Foundation Trust,
Birmingham, United Kingdom

In recent years, the use of preoperative templates employing three-dimensional [3-D] preoperative
planning software has been reported in cranial remodeling for patients with craniosynostosis. We
have created 3-D solid templates for operative simulation to facilitate fronto-orbital remodeling. A 3-
D template of the fronto orbital bar would be expected to enhance the accuracy, shorten the duration
of surgery, and improve the outcome of fronto-orbital remodeling. Therefore, we have constructed
preoperative templates using a combination of 3-D planning software for craniofacial surgery
(ProPlan CMF, Materialise, Leuven, Belgium). A 3-D printer was used to verify the accuracy of the
predictive template with the postoperative models of the actual clinical fronto-orbital remodeling

carried out
Subjects and methods

The study subjects were patients with trigonocephaly (n = 5) and unicoronal plagiocephaly (n = 1.).
These cases met the following criteria; Firstly fronto-orbital remodeling had been completed.

Secondly post-operative computed tomography (CT) data that could be used to

create postoperative 3-D material models was also available. Thirdly, preoperative data that could be
used to construct a predictive model was available. With this data a comparison between the

predictive model and the actual clinical postoperative model could be made. We used the ProPlan”
software to construct the template preoperatively. The templates were created from normative data of
the crania that we generally encounter intraoperatively (Eur. J. Plast. Surg.14: 80, 1991).
Subsequently, we created 3-D solid models based on the preoperative simulation data and compared
them to postoperative CT data of the actual fronto-orbital bars constructed during surgery

Results
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In all six cases, the shapes of the fronto-orbital remodeling created operatively correlated well with
the predictive solid models. The 3-D material models created based on the data from the software
closely corresponded to those based on the actual postoperative CT data. We believe that the
templates created in this study could be applicable and useful for reshaping of the fronto-supra-

orbital bar clinically.
Conclusion

This study demonstrated the validity of template models constructed from appropriate software. We
have concluded that the combination of 3-D planning software for craniofacial surgery with a 3-D

material template to be a potentially useful clinical application.
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4:21 PM-4:28PM
Title: Airway volume Simulation in Virtual Surgical Mandibular Distraction: A Cohort Study

Laura S. Humphries, MD1 Essie K. Yates, MD5
Julie M. Mhlaba, MD4 John M. Collins, MD, Pth Fuad M. Baroody, MD3 Russell R. Reid MD, Pth

! Department of Surgery, Section of Plastic Surgery, University of Chicago Medical Center
2 Department of Radiology, University of Chicago Medical Center

3 Department of Surgery, Section of Otolaryngology-Head and Neck Surgery, University of Chicago Medical
Center

4 University of Chicago Pritzker School of Medicine

5 . . .
Atlantic Center of Aesthetic and Reconstructive Surgery

Background: We investigated the accuracy of virtual surgical planning (VSP) in predicting airway volume
(AV) changes after mandibular distraction in patients with Pierre Robin Sequence (PRS) and associated
tongue-based airway obstruction (TBAO).

Methods: We completed a retrospective review of patients for whom VSP was used during MDO for
treatment of TBAO at a single institution. Pre-operative AV, VSP-predicted AV, and post-operative AV were
calculated from 3-D CT scans using industry software. A blinded institutional radiologist also calculated pre-
and post-operative AVs using one of two software programs. Pre- and post-operative polysomnography (PSG)
was used to titrate end-point of mandibular lengthening.

Results: Data were available for 11 patients, who were included in the study. Mean apnea-hypopnea index
(AHI) (5.42 £4.53 vs 44.96 + 20.57, p<0.001) and mean nadir oxygen saturation (70.3% £ 9.72 vs 82.9% +
9.62, p=0.003) improved with mandibular distraction. There was moderate correlation between VSP-predicted

and actual mandibular distraction lengths (R2=0.65, p=0.003). There was a strong correlation between VSP-
predicted and industry-calculated actual post-MDO AV (R2=0.99, p<0.001). There was no significant

correlation between actual mandibular distraction length and industry-calculated actual post-MDO airway
volume for the entire cohort (R2=O.05 , p=0.49), but correlation approached significance by institutional

calculations. No significant correlation existed between industry and institutional-calculated percent change in

post-MDO AV (R2:O.06, p=0.57).

Conclusions: Predictive airway volume calculation may be an effective adjunct to determine anatomic end-
point of mandibular distraction but small sample size, operator and software variability, and patient airway
morphology may confound firm conclusions. Further studies are warranted
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Figure. Patient 4 Clinical Outcomes and Airway Volume Calculation. Patient 4 was a full-term

African-American male with Pierre Robin Sequence who underwent MDO at age 3.8 weeks, weight 4.225kg.

He was born with a Veau Type 2 cleft palate. The patient demonstrated obstructive sleep apnea on PSG,
with an AHI of 43.8. Flexible laryngoscopy revealed base of tongue prolapse into the pharynx, resulting in
retroflexed epiglottis. He underwent placement of a 30mm radius internal curvilinear distractor.
Post-operative AHI was 3.6, reflecting a 91.78% reduction in AHI. The patient’s course was complicated

by superficial infection of the left cheek requiring incision and drainage and wound VAC placement at about
2 weeks into the consolidation phase. Industry-calculated airway volumes (top): Pre-MDO 1199 mms;
Simulated Post-MDO 1303 mm3 with planned mandibular distraction of 10.47mm on the right and 9.69mm
on the left; Actual Post-MDO 1303 mma. Institutional-calculated airway volumes (bottom), with actual
mandibular distraction of 11.5mm; Pre-MDO 488.13 mms3 and Post-MDO 722.29 mmas. In this case, pre- and
post-operative AV increased with mandibular distraction with both industry and institutional calculations.
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4:28 PM-4:35 PM
Title: Touch Surgery: A 21st century platform for surgical training
Ari G. Mandler MD

The George Washington School of Medicine and Health Science

TouchSurgery is a novel online platform (i0S, Google Play) that is geared
towards innovating professional training for surgical procedures. In other
industries, such as aviation, simulation has already been shown to reduce costs
and improve outcomes in

crisis. Studies involving simulation-based learning in healthcare similarly
indicate the potential for reducing errors through skill acquisition and
cognitive retention. Cohort studies have shown improved performance among
simulator-trained medical students in comparison to those with traditional
ward training. With this front in mind, TouchSurgery is paving its way for
implementation within the surgical realm. Operations can be completed in one
of two settings: learn or test. The learning feature provides step wise
instruction, prompting the user to complete tasks like debridement and
incising with the drag of a finger. The test feature, on the other hand, allows
one to complete operations without guided instructions. Currently, the
simulations within the application are numerous and cover over 14 different
specialties, providing use for more than 100 residency programs across the
United States. Given the revolutionary shift to simulation-based learning,
platforms like TouchSurgery will need to meet the demands of surgical training
in the 21st century.
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4:35 PM-4:42 PM
Title: Analysis of Cranial morphology of Japanese Healthy infants using homologous modeling

Makoto Hikosaka MD 1, Tsuyoshi Kaneko MD 1, Kosuke Kuwahara MD1, Ako Takamatsu MD1, Yuki
Miyanori MD 1, Osamu Miyazaki MD2, Shunsuke Nosaka MD 2, and Rei Ogawa MD 3

1: Department of Plastic and Reconstructive Surgery, National Center for Child Health and Development
2: Department of Radiology, National Center for Child Health and Development

3: Department of Plastic and Reconstructive Surgery, Nippon Medical School

Objective: There are many reports analyzing the cranial morphology of
healthy children in the past. But most of them are limited to two-
dimensional analysis, and there are only a few reports which focused on
Japanese healthy infants. We report a novel method that enables
comprehensive analysis of cranial morphology in 3D using homologous
modeling, and our achievements so far.

Methods: Craniofacial CT data of 20 healthy infants (9 males, 11 females)
ranging in age from 1 to 11 months were collected. We created 20
homologous models of cranium using software specifically designed to
support homologous modeling. We averaged vertex coordinates of the
homologous models to create an average model. We further performed
principal component analysis to elucidate the elements that characterize
the morphological variety of the cranium, and created virtual models
based on each principal component. The contribution rate was calculated,
and the features described by each principal component were interpreted.
Results: We created the average cranial model of 20 Japanese healthy
infants. Seven principal components (cumulative contribution rate:
89.218%) were interpreted as to which part of the cranial shape each
component was related to. The elements were extracted that may
characterize the cranial morphology of some of the clinical conditions such
as dolico/brachycephaly and deformational plagiocephaly. Some of these
elements have not been mentioned in the past literature.

Conclusion: Homologous modeling was considered to be a valid and strong
tool for comprehensive analysis of cranial morphology. We are currently
working on the project to increase the number of cases.
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4:42 PM- 4:49 PM

Title: Microsoft Kinect V2 as an alternative grading system for facial paralysis

Yohei Sotsuka MD, Kenichiro Kawai MD, Hisako Ishise MD, Soh Nishimoto MD, and Masao Kakibuchi MD
Hyogo College of Medicine Department of Plastic Surgery

Introduction and Objective

Grading system for evaluating facial movements in facial paralysis can be classified into traditional and
computer-based grading systems. Computer-grading system provided quantitative repeatable results, they
required significant time for manually using software and required high cost which limited their widespread
clinical use. Recently, three-dimensional depth cameras in commercial gaming systems have been common,
and reduced their cost. A few studies have used depth sensors for face detection. One of the three-dimensional
depth cameras in commercial gaming systems is Microsoft Kinect V2 sensor. We present the results of using

Microsoft Kinect V2 sensor for grading facial paralysis.
Methods

The facial grading system software was implemented using Kinect for Windows SDK 2.0, and was written by
the author in Visual C#. The software can display the 17 animation units automatically in real time once the
face has been tracked. First, facial emotions of two healthy subjects were captured by Kinect V2 and were
graded by the software described. Second, facial emotions of one facial paralysis patient were captured by
Kinect V2 and were graded by the soft ware before and after the botulinum toxin injections for treatment of

synkinesis.
Results

Facial emotions of two healthy subjects were able to grade by Kinect V2. For facial paralysis patient with
synkinesis, after botulinum toxin injections, the synkinesis eye closure movements improved both clinically

and also in our facial grading system software.
Conclusion

Microdoft Kinect V2 can be an alternating grading system for facial paralysis.
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4:49 PM- 4:56 PM

Title: The Use if Computer-Aided Design and Manufacturing in Acute Mandibular Trauma

Reconstruction

George Kokosis MD, Edward H. Davisdon MA(Cantab), MBBS 2, Rachel Pedreira BS 3, Alexandra
Macmillan MA(Cantab) MBBS 3, Amir H. Dorafshar MBChB 4

1.  Department of Plastic and Reconstructive Surgery, Johns Hospkins Hospital, Baltimore

2. Division of Plastic and Reconstructive Surgery, Albert Einstein College of Medicine,
Montefiore Medical Center, Bronx, NY

3. Johns Hospkins School of Medicine, Baltimore
4.  Division of Plastic and Reconstructive Surgery, Rush University Medical Center, Chicago, IL

Purpose: Virtual surgical planning (VSP) with subsequent computer- aided design and
manufacturing have proved efficacious in improving the efficiency and outcomes of a plethora of

surgical modalities, including mandibular reconstruction and orthognathic surgery.

Patients and Methods: Five patients underwent complex mandibular reconstruction after traumatic
injury using VSP from July 2016 to August 2017 at our institution. The Johns Hopkins University
Hospital institutional review board approved the present study. The patient’s occlusion was restored
virtually, and a milled 2.0-mm plate was created that would bridge the defect with the patient in

occlusion.

Results: Appropriate occlusion was confirmed using postoperative computed tomography. No
patient developed any adverse outcomes, except for a minor dehiscence of the intraoral incision in 1
patient that was treated with local wound care. The average interval from the injury to custom plate

availability was approximately 7 days.

Conclusions: The utility of this technology in acute complex mandibular trauma can overcome the
challenges of traditional treatment. Custom patient-specific prebent and milled plates permit the
use of a lower profile and therefore less palpable hardware, can guide reduction, avoid the
need for plate bending, and obviate the need for an extraoral incision.
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4:56 PM- 5:03 PM
Title: Conformity of the Actual to Planned Result in Orthognathic Surgery

Kyle Gabrick MD (1); Alexander Wilson BS (1); Rajendra Sawh-Martinez MD (1) Derek
Steinbacher MD, DMD (1)

(1) Yale School of Medicine Section of Plastic and Reconstructive Surgery
Abstract

Purpose: Virtual surgical planning (VSP) has facilitated pre-operative planning, splint accuracy, and intra-
operative efficiency in orthognathic surgery. The translation of the VSP to the actual result has not been
adequately examined. Our chief aim was to examine the conformity of VSP to the post-operative result. We

hypothesize the greatest conformity exists in the anteroposterior dimensions.
Methods:

We examined patients who underwent Le Fort I maxillary advancement, bilateral sagittal split osteotomies,
and genioplasty. The pre-operative VSP file and post-operative cone beam CT were registered in Mimics
utilizing unchanged landmarks. We quantified the conformity to the VSP utilizing linear and angular
measurements between bone surface landmarks. Results were compared utilizing t-tests with p < 0.05

considered statistically significant

Results: 100 patients who underwent Le Fort I, bilateral sagittal split osteotomies, and genioplasty were
included. Three-dimensional analysis showed significant differences between the plan and outcome for the
following landmarks: A point (y, p=0.04; z, p=0.04), B point (y, p=0.02; z, p=0.02), Pg (y, p=0.04), Me (x,
p=0.02; y, p=0.01; z, p=0.03), and ANS (x, p=0.04; y, p=0.04; z, p=0.01). Angular measurements SNA, SNB,
and ANB were not statistically different.

Conclusion:

There is a high degree of conformity comparing orthognathic VSP to the actual post-operative result.
However, some incongruency is seen: vertically (maxilla), and sagittally (mandible, chin). Departures of the
actual position compared to the plan could be the result of: condylar position changes, osteotomy locations,

aesthetic intraoperative decisions, and/or play in the system.
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5:03 PM- 5:10 PM

Title: VIRTUAL SURGICAL PLANNING IN CRANIOFACIAL RECONSTRUCTION:

AN EVIDENCE-BASED UPDATE AND WORKFLOW ANALYSIS

Day KM,! Kelley PK,! Dorafshar AH,?> Combs PD,! Casmedes HP,
Henry SL, ! George TM, ! Harshbarger RJ!

! University of Texas Medical Branch-Austin; Dell Seton Medical Center; Seton Medical Center at the University of Texas
2 Rush University; Rush University Medical Center

Background: The value of Virtual Surgical Planning (VSP) is increasingly cited in craniofacial
(CF) surgery articles. Controversy persists regarding the level of evidence for VSP, calling for a
quality assessment of existing literature. We summarize the evidence-basis for VSP in CF
surgery with cases highlighting established clinical workflow protocols.

Methods: A Medical Subject Headings (MeSH®) keyword search for all MEDLINE®

publications on VSP in CF surgery was conducted. Trend lines were tested for best fit to the rate

of change in the number of CF VSP publications per year. Articles® conclusions were tabulated
for common data points. Key steps in the VSP workflow are described and illustrated with case
examples.

Results: Clinical workflow analysis is provided based on experience with 564 CF cases
employing VSP. Publications on VSP in CF surgery have increased exponentially (y =
16.84e%12X R? = 0.97) over the last two decades, totaling 1728 articles. Common sub-topics
include: image analysis, surgical planning, surgical simulation, custom guides or implants, and
verification of results. Clinical settings include: acute, elective, acquired, and congenital
conditions. Authors suggest that VSP may improve results, increase safety, enhance efficiency,
augment surgical education, and aid surgeons® ability to execute complex CF operations. The
majority of VSP publications in CF surgery are level four or five evidence.

Conclusion: While the literature suggests that VSP may improve many aspects of CF surgical

care, the level of evidence is low. Higher quality studies are needed to advance beyond proof of
concept for VSP in CF surgery.
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Figure 1. MEDLINE® Trend of Virtual Surgical Planning Publications Over Time

VSP PUBLICATIONS PER YEAR (Medline)
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Figure 2. Acute Mandibular Trauma Reconstruction Using Virtual Surgical Planning and Pre-Bent Custom Implant

16mm, bicortical
18mm, bicortical

Figure 3. Elective Cranioplasty in Late-Presentation Craniosynostosis Patient Undergoing Cranial Vault
Remodeling with Virtual Surgical Planning
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Free Paper Session 2 5:10 PM- 6: 13 PM (Chairs: Sue Jordan MD, Yamada MD)

5:10 PM- 5:17 PM

Title: Virtual Surgical Planning for Correction of Delayed Presentation Scaphocephaly Using a Modified
Melbourne Technique

George Kokosis MD, Edward H. Davisdon MA(Cantab), MBBS 2, Rachel Pedreira BS 3, Alexandra Macmillan
MA(Cantab) MBBS 3, Amir H. Dorafshar MBChB 4

1. Department of Plastic and Reconstructive Surgery, Johns Hospkins Hospital, Baltimore, MD

2. Department of Craniofacial, Plastic and Reconstructive Surgery, Louisiana State University Health Science

Center, Children’s Hospital of New Orleans, New Orleans, LA

3. Department of Plastic and Reconstructive Surgery, Miami Cancer Center Institute, Baptist Health, Miami, FL

4. Division of Plastic and Reconstructive Surgery, Rush University Medical Center, Chicago, IL

Background: Late treatment of scaphocephaly presents challenges including need for more complex surgery to
achieve desired head shape. Virtual surgical planning for total vault reconstruction may mitigate some of these

challenges, but has not been studied in this unique and complex clinical setting.

Methods: A retrospective chart review was conducted for patients with scaphocephaly who presented to our
institution between 2000 and 2014. Patients presenting aged 12 months or older who underwent virtual surgical
planning-assisted cranial vault reconstruction were included. Patient demographic, intraoperative data, and
postoperative outcomes were recorded. Pre- and postoperative anthropometric measurements were obtained to
document the fronto-occipital (FO) and biparietal (BP) distance and calculate cephalic index (CI). Virtual surgical

planning predicted, and actual postoperative anthropometric measurements were compared.

Results: Five patients were identified who fulfilled inclusion criteria. The mean age was 50.6 months. One patient
demonstrated signs of elevated intracranial pressure preoperatively. Postoperatively, all but one needed no revisional
surgery (Whitaker score of 1). No patient demonstrated postoperative evidence of bony defects, bossing, or suture
restenosis. The mean preoperative, simulated, and actual postoperative FO length was 190.3, 182, and 184.3 mm,
respectively. The mean preoperative, simulated, and actual postoperative BP length was 129, 130.7, and 131 mm,

respectively. The mean preoperative, simulated, and actual postoperative CI was 66, 72, and 71.3, respectively.

Conclusions: Based on our early experience, virtual surgical planning using a modified Melbourne technique for

total vault remodeling achieves good results in the management of late presenting scaphocephaly.
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FIGURE 1. Preoperative (A-C) and postoperative (D-F) positioning of
segments A, B, C, and F is shown from lateral and superior views. The
posterior ridge of the cranial base is burred intraoperatively, although this is not
shown on the surgical plan.

=
FIGURE 2. (A, B) Child with nonsyndromic sagittal craniosynostosis who
presented at 12 years of age. A subtotal cranial vault reconstruction was
performed at 14 years of age. (C) Cranial ostomy splint markings at time of
operation. (D) Final construct of cranial vault reconstruction on table. (E) Follow-
up at 3 weeks postoperatively. (F) Follow-up at 15 months postoperatively
demonstrating good results.

FIGURE 3. (A, B) Child with nonsyndromic sagittal craniosynostosis who presented
at 5 years of age. A subtotal cranial vault reconstruction was performed at 6 years of
age. (C) Final cranial construct at time of operation on table. (D) Final cranial vault
reconstruction. (E) Follow-up at 3 months postoperatively. (F) Follow-up at 1 year
postoperatively demonstrating good results.
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5:17 PM- 5:24 PM

Title:A new colored solid model for simulation surgery: it is made of salt

Yoshiaki Sakamoto !, Hisao Ogata !, Teruo Sakamoto, D.D.S 2, Takenori Ishii, D.D.S. 2Kazuo
Kishi !

1 Department of Plastic and Reconstructive Surgery, Keio University School of Medicine

2 Department of Orthodontics, Tokyo Dental College, 1-2-2 Masago, Mihama-ward, Chiba
261-8502, Japan

Background: Simulated craniomaxillofacial surgery is critical for planning the procedure,

shortening operative time, and practicing the procedure. However, typical models are

expensive, given their solid materials, and the surgical sensations do not accurately reflect

the procedure performed using human bone. To solve these problems, a new solid salt model

has been developed.

Method: Stereolithography data was generated using computed tomography data, and a salt

model created using a 3D inkjet printer. By extracting specific data for elements such as the

teeth and mandibular canal, these elements were highlighted in the solid model using

different colored material. As well, we compared the maximum load and plastic deformation

of the salt model, a stereolithographic resin model, and a pig limb.

Result: The salt model had similar tenacity to bone, and the risk of damage to the teeth and

inferior alveolar nerve was easily confirmed.

Conclusion: The material cost of the salt model is extremely low, and the salt model may

provide a more accurate sensation of cutting human bone. Thus, this model is useful for both

simulated operation and practice for inexperienced surgeons.
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5:24 PM- 5:31 PM

Title:Is the sphenosquamosal suture related to the cranial deformity in Plagiocephaly?

Masashi Takemaru !, Yoshiaki Sakamoto !, Junpei Miyamoto 2, Tomohisa Nagasao 3, Kazuo
Kishi !

1 Department of Plastic and Reconstructive Surgery, Keio University School of Medicine
2 Miyamoto Plastic & Reconstructive Surgery Hospital.
3 Department of Plastic and Reconstructive Surgery, Kagawa University School of Medicine

[Purpose] The coronal ring of patients with unilateral coronal synostosis (UCS) presents
premature fusion. This study aims to elucidate the causes of the symptom of UCS including
asymmmetry of the frontal region of the skull and deformity of the orbital region.

[Method] On the basis of computed tomography data of neonatal dry skull, computer-aided
design models; involving only frontoparietal suture (FP), involving frontoparietal and
frontosphenoid sutures (FP+FS), and involving frontoparietal, frontosphenoid and
sphenosquamosal sutures (FP+FS+SS) were produced. Pressure of 15 mm Hg was applied to
the neurocranium of each skull model to simulate ICP. Using the finite element method, the
displacements presented by each model's orbits were calculated.

[Results] In FP model, high stress was generated at only the frontal region. In contrast,
FP+FS and FP+FS+SS models which involves skull base generated high stress not only
frontal, but also orbital region. In addition, the high stress also generated at skull base in
FP+FS+SS model. The simulated deformation in FP+FS+SS models is similar to UCS.

[ Conclusion] Despite the progress of molecular biology and genetics, many things are still
not understood about the suture biology and the exact causative pathways remain yet to be
completely understood in craniosynostosis. Biomechanical study is useful to reveal the
cranial deformation in craniosynostosis.
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5:31 PM- 5:38 PM
Title: Teaching Breast Aesthetics Using A Sculpture- based Simulation Workshop

Lauren Nigro MD, Morgan Yacoe MD, Jennifer L. Rhodes MD

Virginia Commonwealth University

Background: With over 106,000 patients undergoing breast
reconstruction each year and a growing interest in aesthetic
outcomes, it is critical trainees develop an eye for breast
aesthetics. To enhance learning, we developed a simulation-
based approach to teaching breast aesthetics, including form,
symmetry, perspective, and observational skills.

Methods: With the collaborative efforts of a sculptor, we desig
a workshop using resin casts of a female torso after unilateral
mastectomy. Subjects included plastic surgery residents and
students. Using clay and sculpting tools, each subject was tas
with re-creating the absent breast, requiring careful observatic
critical examination, and translating the conception into a
multidimensional creation. The torso was designed to allow
subjects to look over the clavicles to understand the patient’s
perception of the reconstructed breast. Subjects were surveye
evaluate the experience.

Results: Twelve subjects participated in the workshop; seven
completed the survey. Subjects honed observational and
analytical skills to understand and recreate symmetry, volume
contour, and texture of the breast from clay. On a scale of 0-1
(10 being the most useful), subjects ranked the effectiveness
the workshop at 9.4 (Table 1). They strongly felt the workshog
improved their understanding of breast aesthetics (9.4/10).
Subjects reported a greater appreciation of the breast’s comp
nuanced shape, pitfalls of light and shadow’s effect on
perspective, and different vantage points of observation.

Conclusion: Using sculpture as a hands on medium, the
simulation workshop provided subjects a greater understandir
three-dimensional breast aesthetics. Subjects sharpened skill
crucial for surgical practice.
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Table 1.

Survey Results

1. Do you think the exercise was upeful?

2. Do you feel this exercise has imporved your understanding
of breast aesthetics?

3. Was the class material (model and clay) easy to work?
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5:38 PM- 5:45 PM

Title: Application of Finite Element Analysis to Predict Skin Mechanical Stress on A Patient-

Specific Model of Complex Local Tissue Rearrangement

Sergey Y Turin, MD, Northwestern University Feinberg School of Medicine, Chicago, IL
Taeksang Lee, MS *co-first author, Purdue University, West Lafayette, IN;

Paul Berg, BA, Lurie Children’s Hospital of Chicago, Chicago, IL;

Arun K Gosain, MD, Ann & Robert H. Lurie Children's Hospital of Chicago, Chicago, IL; Adrian
Buganza Tepole, PhD, Purdue University, West Lafayette, IN

Excessive mechanical tension following flap advancement and transposition has
been associated with complications including hypertrophic scarring and delayed
healing. Yet, there is still a lack of tools to measure tissue stress in the operating
room and anticipating stress distributions in complicated tissue rearrangement
cases remains challenging. A patient-specific three-dimensional (3D) geometry
of the skin and skull of a 7 year-old patient was built with computer tomography
(CT) scan data and multi-view stereo (MVS). The patient was treated to correct
a cranial contour deformity and resect two large areas of scalp scarring. The
surgery was simulated on the 3D models using finite element analysis (FEA) to
compute the mechanical stress contours. Overall stress was highest at specific
areas near the suture lines. For the temporal scar, the stress concentration
occurred at the distal end of the flap. The occipital scar excision was Y-shaped
and showed peak tension along one limb up to the T-junction of the sutures. This
region of high stress identified in the simulation did show partial flap tip necrosis
and delayed healing one month after surgery. In conclusion, MVS and FEA allow
prediction of mechanical stress contours on patient-specific models that can help
during preoperative planning to minimize skin tension, as well as help anticipate

regions at risk of wound healing complications.
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Fig. 1. 7-year-old female with a history of scalp and calvarium resection, with unstable scar and residual
pigmented nevus after completing tissue expansion (/eff); Patient at the 3-day follow up, a small region of

partial flap necrosis and delayed healing developed at the T junction of the occipital scar (right).

Fig. 2. The 3D model of the skull with the calvarial defect from the CT
scan was corrected to simulate the cranioplasty procedure and merged with the multi-view stereo (MVS)
model of the skin after tissue expansion. The two scars were removed from the skin model according to the

MVS geometries obtained intraoperatively.
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+ 0.000

Fig. 3. von Mises stress distribution at the end of the virtual surgery simulation: A region of high stress in

the occipital suture extended over a large are including the T junction of the flaps.
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5:45 PM- 5:52 PM
Title: Virtual Reality and Augmented Reality Technology in Neurosurgery

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

Department of Neurosurgery, University of the Ryukyus

OBJECTIVE: We are to report on representative clinical cases using virtual

reality and augmented reality technology in our department of neurosurgery.

METHODS: We created three-dimensional computer graphics (3DCG) by
SYNAPASE VINCENT of FUJIFILM and iPlan of Brainlab with using DICOM data
of 3T MRI and 320 slice CT. Hand and head motion tracking system was used
for Virtual reality. The motion tracking was performed using Oculus Rift and
Touch of Oculus VR. Real-time physical deformation virtual reality system was
built by Unity of Unity Technologies which is a software application to
computer programmers for software development.The virtual reality system is

used to training of neurosurgeons and medical students.

RESULTS: It was beneficial for the confirmation of the approach to use 3DCG
augmented reality(blood vessel,tumor, language area, association fiber and so
on) projection to the surgical microscope field. The virtual reality technology
was effective for neurosurgical training of neurosurgeons and medical

students.

CONCLUSION: The virtual reality and augmented reality technology were
useful for the selection of the neurosurgical approach and neurosurgical

trainning.
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5:52 PM- 5:59 PM

Title: Increasing opportunities for Active Experimentation in residency using simulation: a

revised cleft lip education curriculum.

1 _ 1,2
Francesca Y. L. Saldanha , Carolyn R. Rogers-Vizena

1.  Department of Plastic and Oral Surgery, Boston Children's Hospital, Boston, MA.
2. Harvard Medical School, Boston, MA, USA.

Increasing healthcare safety and quality mandates, coupled with duty-hour restrictions and
diminishing opportunities for resident operative autonomy, have prompted recruitment of

advances in simulation to cater to the hands-on learning preferences of surgical residents.

Revisiting the principles of Kolb’s Learning Cycle (Figure 1), the authors created a revised cleft
lip educational program that sought to 1) maximize educational impact by traversing the full
learning cycle in a single educational encounter and 2) pilot a high-fidelity procedural skills
trainer that captured the importance of submillimeter detail whilst permitting resident operative

autonomy.

Eleven residents participated in small group-educational sessions comprising a standard cleft
didactic lecture, augmented by an instructional video. Participants immediately processed
knowledge from the lecture/video by “operating” on the simulator allowing opportunities for
questions and self-reflection, completing the learning cycle (Figure 2). A self-assessment survey
(Figure 3) was taken prior to and after each component of the session, including a self-

confidence survey to conclude the session.

Preliminary analysis using the Wilcoxon signed-ranked test indicates a statistically significant
increase in learning across all aspects of the self-assessment by the end of the session (p<0.02).
In particular, simulation contributed a significant increase in understanding of cleft rhinoplasty
post-simulation compared to post-lecture (p<0.014 versus p<0.2, respectively). 100% (n=11) of
the cohort strongly agreed that simulation helped them actively engage in learning and should be
a required aspect of training, whilst 91% (n=10) thought simulation was a highly effective
adjunct, granting trainees the Active Experimentation required to efficiently process knowledge

less-experienced stages of training.
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Figure 1. The Kolb Experiential learning cycle describes the process of taking in and
consolidating new experience into retained knowledge as a cycle of four distinct phases:
Concrete Experience (CE), and Reflective Observation (RO), Active Experimentation (AE),
Abstract Conceptualization (AC). (Adapted from Kolb DA, Kolb A. The Kolb Learning Style
Inventory—Version 3.1 2005 Technical Specifications. Boston, MA: Hay- group; 2005.)

1 understand the anatomy of the unilateral cleft lip/nasal deformity

) 2 3 4
Not at all Little Somewhat Very
Confident Confidence Confident Confident
Icani a plan for a patient with unilateral cleft lip
1 2 3 4
Not at all Little Somewhat Very
Confident Confidence Confident Confident

| can independently mark a unilateral cleft lip repair

1 2 3 4
Not at all Little Somewhat Very
Confident Confidence Confident Confident
Icani perform a uni cleft lip repair
1 21 3 4
Not at all Little Somewhat Very
Confident Confidence Confident Confident

| can independently perform primary cleft rhinoplasty

1 2 3 4
Not at all Little Somewhat Very
Confident Confidence Confident Confident
Ican intra-operative p! (eg. short medial lip) during cleft lip repair
d 2 3 4
Not at all Little Somewhat Very
Confident Confidence Confident Confident

Figure 3. The self-assessment survey for the pilot curriculum was used to gauge learning with respect to

ip aspects and princi of the unil cleft lip repair. It was filled out three
throughout the session (pre-lecture, post-lecture and post-simulation.

times by residents

Figure 2. The unilateral cleft lip pilot curriculum is an example of how training in residency can be

developed

to better target the full experiential learning cycle, promoting early autonomous trainee operative

experience
without risking patient safety.
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Reconstruction of a Hemirhinectomy Defect Using a 3D Printed Custom
Soft Tissue Cutting Guide

Jonathan Brower MD, Joseph Crozier MA, Damon Mcintire BA, Michael
Boyajian BA, Albert S Woo MD, FACS

The Department of Plastic Surgery, Rhode Island Hospital and The Warren
Alpert Medical School of Brown University, Providence, RI

Introduction

The forehead flap serves as a workhorse flap for subtotal nasal defects.' A
three-stage technique is commonly employed for these full-thickness
wounds in which reconstruction of skin, support, and nasal lining is
required. An optimal aesthetic result, however, depends on surgeon artistry
to craft the detailed three-dimensional topography of the nose from a two-
dimensional flap.2 Results are therefore inconsistent and unpredictable.* To
address this reconstructive challenge, we sought to use 3D printing
technology for the creation of a customized soft tissue cutting guide for
reconstruction of a hemirhinectomy defect with a forehead flap.

Methods .

The Canfield VECTRA® M5 3D imaging system was used to capture a 3D
photo of the patient with the hemirhinectomy defect. Blender® software
was used to create a mirror image of the unaffected side. The guide was
printed using the Stratasys® J750 with “Tango” Polyjet Material.

The guide was sterilized for use in the first stage of reconstruction, it was
placed on the defect intraoperatively to confirm the desired result. The
guide was manually flattened and a 2D representation was traced onto the
forehead, incorporating it into the flap design. The forehead flap was then
elevated and inset with a skin graft for nasal lining. The patient
subsequently returned to the operating room for cartilage grafting and
pedicle division.

Results
Please see attached photos.

Conclusion
A 3D printed cutting guide for soft tissue can be used to provide
customized reconstruction of a hemirhinectomy defect with a forehead flap.

1. Rohrich RJ, Griffin JR, Ansari M, Beran SJ, Potter JK. Nasal
Reconstruction — Beyond Aesthetic Subunits: A 15-Year Review of

l 1334 Cases. 2004. Plast Reconstr Surg. 114:1405-16.

2. Menick FJ. Nasal Reconstruction with a Forehead Flap. 2009. Clin
Plastic Surg. 36:443-59,

3. Jacobs CA, Lin AY. A New Classification of Three-Dimensional
Printing Technologies: Systematic Review of Three-Dimensional
Printing for Patient-Specific Craniomaxillofacial Surgery. 2017.
Plast Reconstr Surg. 139:1211-20,
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Figure 1: Creation of mirror image from unaffected anatomy obtained from 3D camera. The mirror image
was then 3D printed as the cutting guide.

Figure 3: Immediate post op results of forehead flap fabricated with assistance of cutting guide for
symmetry.
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Abstract:

Current options for microsurgical training models are oversimplified, inaccurate, and not reusable . With
the collaborative efforts of an artist and engineer, we created a reusable surgical simulation model with
accurate human anatomy and physiology. This model gives trainees the skill-set they need to be better

prepared for microsurgery, specifically for the training of DIEP flap breast reconstruction.

The model is composed of specialized materials that simulate human tissue and the three-dimensional
constraints of the anastomotic environment. Furthermore, the model has a built-in pump which simulates
a live vascular system. We regulate the parameters of the pump using an interactive Android application
that exposes the trainees to different technical challenges. Additionally, the fabrication principles of the

model can be applied to different parts of the body to simulate various microsurgical locations.

Utilizing the model, a training session was held for plastic surgery residents to practice anastomosis. After
the training session, the participants filled out a survey evaluating the model. The survey had multiple
questions asking the participants to provide a ranking from 1 to 10 on the effectiveness of the model. The
model was given a score of 8 for accurately simulating the three-dimensional constraints of the

anastomotic environment and a score of 6.7 for increased understanding of the procedure.

Overall, results showed the class had a better understanding of the procedure after using the training
model. We believe that trainees who are better prepared with more technical practice will directly benefit

with improved surgical technique in the operating room.
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