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1. Forewords

»

“Once we accept our limits, we go beyond them.......

Albert Einstein

The traditional practice of surgery with the dexterity of the surgeon’s hands has been reflected by the excellent care
provided to our community. With the ever increasing complexities of surgical procedures, our quest of perfection, the
practice of minimally invasive procedures that help our patients recover quicker and better, it is natural that we seek
help to other means that compliments the human abilities. Machines that designed by human would be a perfect
solution to this demand as we, human, can design them to suit our needs. The advent of computer technologies, both

in the hardware and software, could be a perfect match to human abilities.

In 2001, we introduced computer assisted orthopaedic surgery to the orthopaedic community in Hong Kong. While
applying the technology to clinical management and patient care, we also actively engaged in the research and
development with the aims to improve the technology with the engineering colleagues as well as the industrial
partners. With these joint efforts, together with the support from the University as well as the SAR government, we
have extended this technology to different fronts: clinical management in wards and clinics, various surgical
procedures from the commonest surgery to the most complex surgery in the operating rooms, different training
modules to help our staff to take up the technology and we had organised the first international conference with the
International Society of Computer Assisted Orthopaedic Surgery (CAOS-International) in Asia to promote and

exchange our experience among surgeons from different countries in 2008.

With the ten years of experience, we believe this is a good time for us to review our work as well as to help the public
at large to know more about this technology. We sincerely hope that this event will stimulate more people to take up

the research and development of the ever-advancing technologies for better patient care!

I would like to take this opportunity to thank the support from the University for sponsoring the first navigation
machine in 2001, the Innovation Technology Council for sponsoring our research and development of our unique
robots in orthopaedic surgeries, the Knowledge Transfer Office for supporting this event, our industrial partners for
sponsoring the research programs as well as numerous workshops in the training of our staff, the Hong Kong Science
Museum for co-organizing this meaningful public education event, last but not least, my colleagues in clinical teams,
engineering teams and technical teams, for their unfailing support and perseverance in the development of this new

technology in Hong Kong.

Professor KS Leung
2011.09.10
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1. Forewords

It is my pleasure to welcome you to this imperative public education program on how “Technologies enhance patient
care”, which is jointly organized by the Department of Orthopedics and Traumatology, Department of Surgery from

the Faculty of Medicine together with the Faculty of Engineering, The Chinese University of Hong Kong.

Surgeons are always amazed to observe the advances in technologies which changed the entire practice of surgery. A
reflection from a crystal ball still projected images of how surgeons operated daily with a large incision years ago, and
how patients were suffered from pain and prolonged recovery. The technological advances in laparoscope, endoscope,
energy platforms as well as delicate instruments led to the establishment of minimal access surgery. This concept
rapidly gained popularity after the first performance of laparoscopic cholecystectomy in 1987, as smaller wounds
induce lesser pain and quicker recovery. Indeed, I would describe the development of minimal access surgery as “a
small wound for patient, a big leap for surgery”. Minimal access surgery, however, did not reduce the complexity of
the surgical procedure itself. Hence, technological advances became very important to enhance the precision in
performing these complex surgical procedures within a confined environment. In this exhibition, we will illustrate
how these technological researches and advances have enhanced the performance of complex surgical procedures.
This exhibition will also demonstrate the important innovation and technological development from The Chinese

University of Hong Kong over the past 20 years, and how these developed technologies could enhance patient care.

I would like to thank the Hong Kong Science Museum for their great contributions and cooperation to make this

event a success. I hope you will enjoy the event, and look forward to meeting you at the Hong Kong Science Museum.

Professor Philip WY Chiu
2011.09.10
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2. Sentiments

I am delighted to congratulate the organizing team of this exhibition : “Technologies enhancing patient care”.

With the advancements in computer and engineering technologies, Computer Assisted Surgery (CAS) has been
widely applied in different medical subspecialties in the past decade. The Faculty of Medicine of The Chinese
University of Hong Kong has been pioneering different CAS techniques in clinical management and various surgical
specialties for improving patient care. The Department of Orthopaedics & Traumatology and the Department of
Surgery have been actively implementing various innovative ideas and concepts in CAS research and development
since 2001.

The teamwork between clinicians and engineers in this exhibition demonstrates an eminent model of
trans-disciplinary collaboration in research and development. Robotic surgery, capsule endoscopy, eagle claw device,
and computer assisted navigation orthopaedic procedures required input from clinicians and engineers from design
stage to actual implementation and post-operative evaluation. This has been translated into clinical applications. This
exhibition is a very good educational event for the general public to learn those new aspects of medical care and how
the new technology benefits our patients. In the future, The Chinese University of Hong Kong will continue its
dedication and commitment in striving for excellence and new innovations to support the medical and healthcare

sectors. Ultimately, the public at large will benefit from these cutting-edge caring technologies.

Professor Joseph Sung
Vice-Chancellor, The Chinese University of Hong Kong
2011.09.10
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4. Introduction

With the advancements in computer and engineering technologies, Computer Assisted Surgery (CAS) has been
widely applied in different surgical subspecialties in the past decade. The Faculty of Medicine of The Chinese
University of Hong Kong has been pioneering different CAS techniques in clinical management and various surgical
specialties for better patient care. The Department of Orthopaedics and Traumatology and the Department of Surgery
have been actively implementing various innovative ideas and concepts in CAS research and development since 2000.

More than hundred scientific publications in CAS have been published in local and international journals.

As a pioneer institute with notable achievement in CAS in the past decade, we would like to organize a series of public
education events with open lectures and exhibition to transfer the knowledge related to our research and
development works/deliverables in CAS to the general public, in order to convey a positive and informative
knowledge to the public. This series of events will also help to show how the demand from the public for better patient
care, safer procedures and the increasing requests for minimally invasive procedures are met with research and
development in CUHK as well as international professions. This will also draw the public interest on how our
developed CAS works could enhance patient care thus supporting further development of the technologies. The event

will be co-organized with Hong Kong Science Museum, Leisure and Cultural Services Department, HKSAR.

Orthopaedic surgeons from the Department of Orthopaedics &
Traumatology, CUHK performed the world’s first surgical resection
and complex joint saving reconstruction after a multi-planar cut of a

The Department of Orthopaedics &
tumor of the femur using computer assisted navigation technology.

Traumatology, CUHK developed the
first prototype of passive surgical robot
which has been used in various orthopaedic surgical procedures with satisfactory
clinical outcome. The robot improves the surgical precision and accuracy effectively by
minimizing the physical tremor of the hands of surgeons.

These are some of the examples you will find in

The Department of Surgery, CUHK e . . .
pioneerzd the developrgnezt of first our exhibition and public events organised with

prototype endoscopic ~ suturing  the Hong Kong Science Museum during
device - Eagle Claw. Eagle Claw

enables the performance of surgical September 10, 2011 - March 31, 2012.

suturing using the endoscope

within the gastrointestinal tract,

with ‘a potential application in e would like to invite you all to visit and
achieving hemostasis for ulcer

bleeding as well as closure of explore.

gastrointestinal perforations.
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5. Opening Ceremony

Public Education Program on Computer Assisted Surgery with Special Theme on
“Technologies Enhancing Patient Care - in the Community”

Opening Ceremony
Date: September 10, 2011
Time: 10:30-11:30

Venue: Science News Corner (SNC), Hong Kong Science Museum

Homnorary Guests:
Dr NG C.W. Louis

Prof SUNG J.Y. Joseph
Mr LEUNG Wing-mo
Prof FOK Tai-fai

Prof YUE On-ching
Prof HUNG Leung-kim
Prof LAI B.S. Paul

Prof TSANG Hon-ki
Prof CHAN Kam-tai
Ms TAM Sharon

Mr. WONG H.L. Michael

Opening Address by:

Prof SUNG J.Y. Joseph
Prof FOK Tai-fai
Prof YUE On-ching

Assistant Director, The Leisure and Cultural Services Department
Vice-Chancellor, CUHK

Assistant Director, Hong Kong Observatory

Dean, Faculty of Medicine, CUHK

Science Advisor, Innovation and Technology Commission, HKSAR

Chairman, Department of Orthopaedics and Traumatology, CUHK

Chairman, Department of Surgery, CUHK

Chairman, Department of Electronic Engineering, CUHK

Director of Biomedical Engineering Programme, Faculty of Engineering, CUHK
Director, Knowledge Transfer Office, CUHK

Chief Curator, Hong Kong Science Museum

Vice-Chancellor, CUHK
Dean, Faculty of Medicine, CUHK

Science Advisor, Innovation and Technology Commission, Hong Kong
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6. Exhibitions and Talks

Lectures, Lecture Hall, Hong Kong Science Museum
Date: September 10, 2011

11:30-11:55 | Bio-Engineering the Human Machine Prof Douglas PT Yung
Dept of Electronic Engineering, CUHK
11:55-12:20 | Computer Assisted Orthopaedic Surgery - Past, Present Prof KS Leung
and the Future Dept of Orthopaedics & Traumatology, CUHK
12:20-12:45 | Development of Upper GI Surgery: from minimal to Prof Philip WY Chiu
non-invasive approach Division of Upper Gastrointestinal Surgery, Dept of Surgery, CUHK
12:45-13:00 | Interactive Discussion All speakers and participants
14:30-14:55 | Robot Assisted Urology Surgery Dr Joseph Wong
Division of Urology, Dept of Surgery, Prince of Wales Hospital
14:55-15:20 | Interactive Weight-bearing Exercise (iWE) Technology - Prof Louis WH Cheung
From Research to Application Dept of Orthopaedics & Traumatology, CUHK
15:20-15:45 | Navigation Assisted Neurosurgery: Brain Tumor Surgery Prof George KC Wong
Division of Neurosurgery, Dept of Surgery, CUHK
15:45-16:10 | Wearable Systems and Their Applications on Prof Carmen Poon
Cardiovascular Diseases Department of Electronic Engineering, CUHK
16:10-16:25 | Interactive Discussion All speakers and participants

Exhibitions at Main Lobby, Hong Kong Science Museum
(Exhibition period: September 10-11, 2011)
1. Smartward Device & Vital Sign Measurements

2. Surgical Robotic Arm
3. Fluoro-navigation in Orthopaedic Trauma Surgery —
Clinical Application, Teaching & Training
4. Interactive Weight-bearing Exercise (iWE) Technology
- From Research to Application
Computer Assisted Surgery Orthopedics Training System - CAOSim
Laparoscopic Medical System and Laparoscopic Simulator
Smart Home - Wearable Systems for P-Health
Assistive Knee Brace

® N W

Main Lobby, Hong Kong Science Museum

Exhibition Panels at Science News Corner (SNC), Hong Kong Science Museum
(Exhibition period: September 10, 2011 - March 31, 2012)

PI:  Introduction

P1: Smartward - Ward Management System

P2:  Smartward - Monitoring and Mobile Devices

P3:  Computer Assisted Fracture Surgery

P4:  Robot Assisted Orthopaedic Surgery

P5:  Computer Assisted Tumor Surgery

P6:  Computer Assisted Complex Limb and Spinal Deformity Correction Surgery
P7:  Navigation Assisted Sports Surgery

P8:  Navigation Assisted Joint Replacement Surgery

P9:  Robot Assisted Urology Surgery

P10: Navigation Assisted Neurosurgery: Brain Tumor Surgery

P11: Eagle Claw and Capsule Endoscopy

P12: Smart Home - Wearable MINDS Technologies

P13: Breath Diagnosis

P14: Assistive Knee Brace

P15: CAOS Local Development SNC, Hong Kong Science Museum

Plan View
L
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7. Abstracts of Exhibitions

I

7.1 Abstracts of Exhibitions at Main Lobby 4
7.1.1 SmartWard Device & Vital Sign Measurements gm artwardt

SmartWard is an innovative system integrates (i) newly developed net-based software system, (ii) mobile computing
platforms and (iii) the application of newly developed and modified monitoring devices, to replace the paper-based
process and to facilitate the reporting, tracking, monitoring, diagnosing, fault-avoidance and analysis of patient
information in wards to provide high standard patient care efficiently, qualitatively and quantitatively.

SMARTWARD can assist nurses in ward management, and routine and critical patient care by its 5 main subsystems
with the impacts on:

1) Reducing human errors in wards and adverse events by providing real time complete and accurate information,
especially patient vital signs information, to health care personnel and to remind them of daily activities;

2) Enhancing real time evidence-based decision-making and hence nurses can respond quickly and with the best
decisions in actions and treatments to patients. Nurses can be more objective in making decision such as when to
inform doctors and when to call for help from junior doctors, senior doctors or even resuscitation team in special
situation.

3) Reducing the workload by the system’s automation and monitoring features.

4) Facilitating immediate communication of health care personnel from different disciplines to provide the earliest
optimal treatment to patients in needs;

5) Alerting health care personnel to provide immediate attention to individual patient with deteriorating condition as
suggested by the real time depiction of the trends and changes in vital signs and symptoms;

6) Enabling efficient management of patient in bed assignments, appointments, pre- and post-operative monitoring
and proper allocation of resources in the wards;

7) Streamlining patient care processes by coordinating crucial events from admission to discharge and hence
reducing patient’s waiting time for diagnosis and treatment; and

8) Reducing resources and medical cost while providing a comprehensive and accurate database for clinical research
and audits.

There are 8 common vital signs which are important to patients including temperature, pulse, blood pressure, oxygen
saturation level, input/output of biological fluids, drain, histix and central venous pressure (CVP). In the market,
there are biosensors such as electronic thermometer, pressure measurement device and monitoring devices such as
intravenous fluid infusion monitor that can be used to measure the vital signs, and some of them are equipped with
data port for output. We are going to produce a universal data hub for collecting different kinds of vital signs from
different sensors for different brands. RS232, USB, Wi-Fi, and Bluetooth can be used to collect the data from the
biosensors. The collected vital sign data are then sent back to the central system through wireless network function of
the central hub with encryption.

@ Technologies Enhancing Patient Care
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7. Abstracts of Exhibitions

7.1.2 Surgical Robot Arm

It has been more than 20 years since robotic system was first used in clinical practice. During these years, there has
been huge progress in surgical robotics, including theory, technique and clinical applications. Till now, surgical
robotics is still one of the most popular fields of biomedical research.

An active-passive hybrid controlled surgical robot is developed by the CUHK and Beihang University, which can be
operated both manually and by computer control. The robot has 7 degrees of freedom (DOF) including a prismatic
joint, a radial slide joint, and 5 revolute joints. The radial slide joint can fulfill the motion along a fixed curve, and
therefore it can bring the robot arm to move around the axis of the human body, which provides suitable work space
for surgical applications in the operation room.

This surgical robot can work with surgical navigation system, as it comprises at least one tracking device that emits or
reflects infrared signal for surgical navigation system to track its pose.

When the robot is used in surgeries, surgeons can move the robot arm to a rough position near the final position by
passive control mode and then let the robot do the fine adjustment to the final position by active control. This
active-passive hybrid control can shorten the operation time, minimize the range of auto-motion, increase safety and
also ensure the precision and accuracy of the surgical operation.

Therefore, this robot can be used in different orthopaedic surgeries to help surgeons to perform surgical procedures
with high precision and predictable clinical outcomes.

Considering the architecture of soft ware 3§k -22H% 1% 8.
Application Operation Interface Jii JH #4F i
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7. Abstracts of Exhibitions

7.1.3 Fluoro-navigation in Orthopaedic Trauma Surgery Clinical Application, Teaching &
Training

Computer aided orthopaedic surgery is a recent advancement in surgical technology. Fluoro-navigation is a special
technique in orthopaedic trauma surgery where minimally invasive surgery can be carried out with high accuracy of
implant fixation. It is an image guided interactive surgical navigation system specially designed for fracture fixation
surgeries and other applications where intraoperative fluoroscopic control is required.

As this is a very new technique and requires the interaction between the surgeons, the navigated instruments, the
patient’s anatomy and the Computer integrated system, it is very important for the surgeons to master the technology
and the operative procedures before application in the actual surgery. The Department of Orthopaedics &
Traumatology of The Chinese University of Hong Kong have developed a generic system and training models basing
on the principles of image based navigation on the standard configuration. By incorporating the fluoroscopic images
and the navigation machine, simulated training and practice can thus be possible in the laboratory setting.

The system consists of pre-taken fluoroscopic images of the specific bone model fixed on a specially designed jig. The
images stored in the navigation can thus be recalled for practice and training of navigation surgery on the plastic bone
without further fluoroscopic images. The trainees thus can carry out the complete surgical procedure of any surgical
navigation procedure in the laboratory environment. Objective assessments can also be done on the competency of
the surgical procedures before allowing the trainee surgeons to operate in the operating theatres.
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7. Abstracts of Exhibitions

7.1.4 Interactive Weight-bearing Exercise (iWE) Technology @
— From Research to Application ‘/ WE Technology’

Fragility fracture is common among Hong Kong elderly, mainly caused by fall

and osteoporosis. Fragility fracture not only brings the risk of surgery and long term rehabilitation, but may also lead
to other complications and permanent loss of independency. So, the development of iWE technology (vibration
treatment) is critical to reduce fall and fragility fracture, by improving muscle strength, balance ability and bone
quality.

Our team started the research and successfully developed the unique iWE technology in 2005. The innovative
platform design provides highly stable low-magnitude high-frequency vibration stimulation with low power
consumption and low maintenance cost. Since 2006, we have been conducting experiments on fractured animals, and
clinical trials with in-patients and community elderly.

Results of our research confirmed the effectiveness of iWE in accelerating fracture healing on animals, and indicated
that iWE can reduce bone loss, enhance fracture healing and help regaining lower limb functions. A large-scale
clinical study on community elderly in 2009 further reinforced the positive efficacy of iWE on enhancing muscle
strength, balance ability, and most importantly reducing fall rate of elderly and subsequently improving their quality
of life.

Through collaboration with the industrial sector, the first iWE platform was launched to the market in 2010. Up to
now, we have provided over 40 iWE platforms in more than 20 local community centers, serving over 1500 elderly.

AR (BhH) FoAURE (F) o = AURR
First prototype (animal) Second prototype (animal) Third prototype
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7. Abstracts of Exhibitions

7.1.5 Computer Assisted Surgery Orthopedics Training System - CAOSim

CAOSim is the first comprehensive computer assisted surgery orthopedics training system in the world. It uses the
world leading tracking technology from NDI and gets US patented design by The Chinese University of Hong Kong.
This system is a commercialized product of the cooperation between the University and the industrial company,
Digital Wave, via the process of academic, research, production and application.

The system consists of four models, including Distal Locking, Proximal Femur Fracture Fixation, Percutaneous Screw
Fixation for Acetabular Fracture and Iliac-sacral Screw Fixation.

The system can be used without limited practicing opportunities in the laboratory. It simulates real time visual
feedback, real time accurate force sensing and real time clinical approaches with standard surgical tools. It effectively
cuts down the operation time, reduces x-ray exposure, and significantly increases the procedure accuracy.

B

Distal Locking Practice Model

Demonstration of CAOSim
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7. Abstracts of Exhibitions

7.1.6 Surgical Laparoscopic Simulator

There has been a tremendous development in endoscopy over the past decades. Bleeding peptic ulcers was largely
managed by surgical resection 30 years ago which led to significant morbidities and mortality. With the advances in
therapeutic endoscopy, endoscopy became the primary method of hemostasis for these ulcers. The discovery of
Helicobacter pylori, eradication therapy subsequently reduced the incidence of bleeding peptic ulcer. However
despite these advances, there was still a significant risk of ulcer rebleeding which could lead to need of surgery and
mortality.

The current methods of endoscopic therapy are limited by the size of the bleeding vessel that hemostasis can be
achieved. If the bleeding vessel is larger than 2mm, surgical plication with sutures achieved the best hemostasis. The
concept of endoscopic suturing device was first proposed by Professor Sydney Chung. The prototype endoscopic
suturing device, named Eagle Claw was first constructed in collaboration with a Japanese company. After several
modifications, we tested the Eagle Claw VII in the efficacy of achieving endoscopic hemostasis in an animal model.
Eagle Claw was found to be very effective in achieving hemostasis for massively bleeding gastric ulcer, which part of
the gastroepiploic vessel was implanted into the stomach to simulate the torrential bleeding.

With the concept of natural orifices transluminal endoscopic surgery, endoscopic suturing device became very
important for closure of GI luminal access. We examined the feasibility of closing the gastric wall access in animal
model. In 10 porcine models, Eagle Claw was found to be safe and effective in closing the gastric opening with an
average of 3 stitches. Eagle Claw is now modified into another device named Apollo Overstitch, and a clinical trial will
soon be conducted to test the efficacy of overstitch in achieving hemostasis for bleeding peptic ulcers.

Figure 1 - Eagle Claw VII 25 L {4 &I
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7. Abstracts of Exhibitions

7.1.7 Smart Home - Wearable Systems for P-Health

Driven by the increasingly aging population, prevalence of chronic diseases, skyrocketing health costs and higher
healthcare expectations, there is a pressing need to shift the conventional hospital-centred medical model towards a
p-Health paradigm, i.e. a 6-P’s model emphasising the adoption of personalised diagnosis and treatment,
participatory decision-making as well as pervasive health services and technologies for the prevention of diseases via
predicting how, when, and in whom a disease will be developed and subsequently applying pre-emptive treatments
before it occurs.

p-Health paradigm is crucial for dealing with health issues such as sudden cardiovascular (CV) deaths. CV disease,
despite the enormous efforts dedicated to prevent it in the past years, has remained the primary cause of mortality in
most countries. New strategies are thus urgently needed to effectively identify asymptomatic patients who are at
high-risk of acute CV deaths. Acute CV events are believed to be resulted from the interaction between a substrate,
i.e. the development of vulnerable plaques during atherosclerosis, and a trigger that leads to the final dynamic event,
i.e. the rupture of the vulnerable plaque. While the presence of vulnerable plaques have to be better identified by new
multi-modal imaging, blood test and genetic markers, near-term prediction of the occurrence of the final dynamic
event will require information supplied from wearable systems.

Preventive Personalised

Risk Factor Control based on a Mixture of Tailor-made based on Individualised Modelling
Population & Individualised Approaches from Genomic to Systemic Levels

Participatory Future N Predictive

Shared between P ;f)e;:h /> Risk Assessment using Health

Individuals & Practitioners Info Accumulated Up-to-Data

Pre-emptive .
P Pervasive

Targeted Intervention beyond

o Anyone, Anytime and Anywhere
Treatment Response & Remission

The future p-Health model, i.e. the 6-P’s paradigm, is formed by two triangles that describe respectively ‘what kind of health decisions should be made’ and ‘how
health decisions should be made’.

Ref: Y.T. Zhang & C.C.Y. Poon, IEEE Trans. on Information Technology in Biomedicine, 14(3):543-5, 2010; Proposed based on U.S. NIH 4-P’s paradigm.
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A health-shirt (h-Shirt) for continuous monitoring of multiple
cardiovascular parameters, with possible real-time active bio-feedback
mechanisms.

Ref: C.H. Chan, C.C.Y. Poon, R.C.S. Wong and Y.T. Zhang, in Proc. 4th
IEEE-EMBS Int. Summer School and Sym. on Medical Devices and
Biosensors, Cambridge, UK., 19-22 Aug, 2007, pp. 121-123.

E-Textile
Electrodes

Display & Processor

with Photo Sensor

Wireless wearable systems for remote diagnosis and display for multiple physiological signals and
parameters.

Ref: 1) W.B. Gu, C.C.Y. Poon, et al., “A h-Shirt-Based ...,” in BSN 2009, Berkeley, USA.
2) Y.T. Zhang, C.C.Y. Poon, et al., “A health-shirt using e-textile ...,” in MDBS 2006, MIT, USA.
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7.1.8 Assistive Knee Brace

Assistive knee braces are a kind of wearable lower extremity exoskeletons that can enhance people’s strength and
provide desired locomotion. It is possible to use knee braces to assist elderly or disabled people on improving their
mobility in order to solve many daily life problems, such as going up and down stairs and crossing over obstacles.
With a continually aging world population, devices that help elderly with mobility problems are in great need. By
using assistive knee braces, patients may avoid being bedridden and will be able to maintain their physical activities.
They will be able to benefit from the positive effects of exercise and enjoy an active lifestyle.

In our research, the assistive knee brace was developed by integrating a multifunctional actuator with a custom-made
knee-ankle-foot orthosis. The multifunctional actuator is a novel actuator to integrate the advantages of electric
motor and magneto-rheological fluids while decreasing the dimension.

This work was supported by a grant from the Innovation and Technology Commission of the Hong Kong Special
Administrative Region, China (Project No. ITS/308/09).
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7. Abstracts of Exhibitions

7.2 Abstracts of Exhibition Panels at Science News Corner
Panel 1: SmartWard - Ward Management System

SmartWard is a web-based application running on mobile computing platform together with the integration of
biosensor, alarm system, position tracking system, etc, to replace the paper-based process and to facilitate the
reporting, tracking, diagnosis and analysis of patient information in wards to provide better patient care.
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7. Abstracts of Exhibitions

7.2 Abstracts of Exhibition Panels at Science News Corner
Panel 2: SmartWard — Monitoring and Mobile Devices

There are eight common important vital signs to patients including temperature, pulse, blood pressure, oxygen
saturation level, input/output of biological fluids, drain, histix and Central venous pressure (CVP).

Our CUHK Biomedical Medical Engineering students have invented different kinds of vital signs monitoring devices
for collecting patient data which are then sent to the central system through wireless network function of the central
hub and mobile devices with encryption.

Various Designs of intravenous
Infusion Monitoring System

.

Blood pressure and heart rate measuring devices with wireless transmission
function

Wienw Oiwigian] Sire

Mobile Reader Apps

Voice Recording and clinical Photo taking Apps
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7. Abstracts of Exhibitions

7.2 Abstracts of Exhibition Panels at Science News Corner
Panel 3: Computer Assisted Fracture Surgery

Resulting from congenital disease or fractures not
healing in the ideal environment, some patients may
have limbs that are severely deformed.

Here shows an example of a patient with multi-planar
deformity of tibia. He needs two surgical cuts on his
tibia in 3-dimensional space to achieve normal
alignment. Computer program allows orthopaedic
surgeons to perform this complex correction in the
computer before committing the patient in the operating
theater (preoperative planning).

The most ideal surgical cuts can thus be decided ahead
of time. During the operation, the designed surgical cuts
can then be exported to a surgical navigation system
which guides the surgeon to make these surgical cuts
exactly as planned in the computer.

Before operation, this patient’s deformity has resulted in his
foot kicking backwards by 58 degrees, tilting outwards by 24

degrees and his foot rotating outwards by 30 degrees.

Computer program called MIMICS® converts the CT scan During the operation, real

of the patient shin bones to objects that can be manipulated surgical pins can then be
virtuallyby the surgeon. The surgical cut (osteotomy) also placed with navigation
simulated. Cut planes and final bone positions can be guidance. Bone cutting and
marked by pins. The video above shows the computer bone positioning are guided
preoperative planning in a similar patient. by the pins.
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7. Abstracts of Exhibitions

7.2 Abstracts of Exhibition Panels at Science News Corner
Panel 4: Robot Assisted Orthopaedic Surgery

The newly designed semi-active surgical robot provides
both manual and automatic controls for the surgeon to
manipulate the robot arm to the target surgical position
and executions. 7 degree of freedom with custom designed
serial constructs enables smooth and effective robotic

motions. This new surgical robot arm, combining with
human dexterity, quick decision making and execution,
stability and repeatability of the robot arm, greatly
improves accuracy and precision of the existing CAOS
systems, allows the orthopaedic surgeons to perform
surgical procedure of high precision with predicable
clinical outcome.

Surgical Hase Lock | Passive Made
% = _
Paper prototype of the 2" generation -4 ; 1"'"I'I' = .4 o0 ... in
. . . . g b i T
The 1% generation of surgical robot robot for early testing and modification 1 - g—_
validative
i “.-
it 3jwica w | Active Mode
L waired -
= Pusiriom Divdbash sieml
Surgery Fina: Posatuon 3
plining - -
frgecn Compaer Laocking Meds

Working mechanism of the surgical robot

Conaidering the architecture of scftware

Engineering drawing
of the 27 generation
robot for analysis and
fabrication.

Accuracy testing in the factory
after the fabrication is completed

Software design workflow of the surgical robot
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7. Abstracts of Exhibitions

7.2 Abstracts of Exhibition Panels at Science News Corner
Panel 5: Computer Assisted Tumor Surgery

Surgical management of paediatric bone sarcoma is challenging. Effective chemotherapy and advances in surgical
techniques make limb sparing surgery possible and offers adequate disease control comparable to the results obtained
by amputations. With advances in design, material technology and surgical techniques, modern implanted tumor
prostheses are more durable, less short term complications and can achieve good limbs function.

After navigation assisted tumor resection,
resection margin can be achieved precisely and
validated during surgery.

VLSS fy oo B 45 i DD AR AR > 6 A T 9B R DT B
A H R AL o

Computer assisted tumor resection surgery set up
in surgical theatre — enhance surgical precision
and accuracy

HEAT R il ) R R L) B T A A AR AR
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Case of femur osteosarcoma. CATS technology
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7. Abstracts of Exhibitions

7.2 Abstracts of Exhibition Panels at Science News Corner
Panel 6: Computer Assisted Complex Limb and Spinal Deformity Surgery

Limb and spinal deformity caused major functional and cosmetic morbidity to patients. Advancement in technology
had significantly improved the predictability, precision, patient comfort and safety margin of these major corrective
surgeries, with much less complications involved.

Precise placement of pedicle screws to avoid injury to vital organs
Allow maximal bone fixation for optimal correction

i UE IR A % B RE R B S R B B

I A T 6 2 A T A% 14 I A

Restoration of normal lower limb alignment

TRIBERRHERE
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7. Abstracts of Exhibitions

7.2 Abstracts of Exhibition Panels at Science News Corner
Panel 7: Navigation Assisted Sports Surgery

Anterior Cruciate Ligament (ACL) is one of the most commonly encountered
sports injuries in Orthopaedic practice. Currently, quite a lot of surgeons
perform anatomical double bundle ACL reconstruction, so as to improve the
rotational stability and thus the final clinical functional outcome of ACL
reconstruction of the knee. In recent years, there are more and more papers
reporting the clinical results and outcome of Double Bundle ACL
reconstructions, including reported complications and problems encountered
during double bundle ACL reconstructions, like posterior blow out, anterior

1st Generation: Image Based reference

impingement & bridging of tunnels in femur or tibial side. The application of
Anatomy for Navigation ACL reconstruction ping gmng pp

computer navigation technique has the benefits of allowing precise planning of
the tunnel position before drilling in performing double bundle ACL
reconstructions, so as to prevent all those complications as mentioned.
Moreover, computer navigation is also a very useful assessment tools to measure
the kinematics of the knee during the operation, which is important for surgeons
to understand the kinematics of knee, particularly for Double Bundle ACL
reconstruction, and for researches and documentations of results. There are also
other potential development and application of Navigation in ligament

reconstruction of the knee which are still in the stages of researches and

application in clinical practice.

Preparation for surgical operation General set up for Navigation assisted Fluoro-based and Ready for pre-operation stability test and
Knee ligament reconstruction image free workflows  pivot shift test

lntra-amicular landmark registration (femur)

ar ‘

Registration of anatomical Intraarticular landmark registration (Tibia) Intraarticular landmark registration (femur)
landmarks of the knee
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7. Abstracts of Exhibitions

7.2 Abstracts of Exhibition Panels at Science News Corner
Panel 8: Navigation Assisted Joint Replacement Surgery

Total joint replacement surgery had great success in the last 50 years. Several factors had been identified as the
prognostic factor of its success, young age and malalignment. Young patients had higher risk of failure because of the
demand on the artificial joint. If the artificial joint was being put in a malaligned position, the risk of failure was
tremendously high. Computer navigation was developed to address the malalignment problem. It had been adopted
in total joint replacement surgery in the late 1990’s. It can be a CT based or CT free option.

Imageless computer navigation in total joint replacement surgery does not require a CT scan or MRI scan before the
operation. All the data are obtained in the operating room by registering with the computer using infrared reflection.
Trackers have to be firmly attached to the patient and the surgeon has to register certain landmarks of the patient as
required by the computer. After the registration process, the computer will generate a model using the input data. The
computer can help the surgeon to choose the size of the artificial joint, ligament balancing, measure the range of
motion and alignment of the diseased joint. After the surgeon has confirmed that all the data are correct, the
computer will guide the surgeon in determining the position and alignment of the cutting jig. After completing all
steps, the computer can help the surgeon to countercheck the motion and alignment of the joint.

In Hong Kong, the first CT free (imageless) computer navigation in total joint replacement surgery was performed in
2001. In the last 10 years, more than 500 computer assisted total joint replacement surgery had been performed in
Hong Kong. The proven results had been widely studied and published in different peer review journals.

Fig 3 Distal femur resection

Fig 4 Femoral resection

Fig 7 Tibia model verification Fig 8 Final aligment Fig 9 Final and ROM (Range of Motion)
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7. Abstracts of Exhibitions

7.2 Abstracts of Exhibition Panels at Science News Corner
Panel 9: Robot Assisted Urology Surgery

Robot-assisted surgery was first performed in 1988. In the past 20 years there is an ever increasing application of this
technology. The first machine in Hong Kong was installed in CUHK Jockey Club Minimally Invasive Surgical Skills
Centre in 2005, sponsored by the Hong Kong Jockey Club and Kai Cheong Tong Foundation. Prince of Wales
Hospital performed the first robotic-assisted surgery in the same year in a patient whom received partial
nephrectomy treatment.

This machine was named “daVinci’, a famous Italian Renaissance artist and polymath as a sketch of a "robot-like"
machine was found in his 1495 manuscript. mainly as an attribute to Leonardo di ser Piero da Vinci, an Italian
Renaissance polymath. Leonardo was not only a famous artist, sculptor and musician; he was also revered for his
technological ingenuity with sketches of a “robot-like” machine found. Although his design could not be put into
practical use at his times, but they provided innovative ideas for future development.

The advantages of the machines are their patented “Endowrist” with six-degree of movement, allowing greater
flexibility of fine movement and three dimensional magnified view of dual channel endoscopy. Surgery can therefore
be performed in a more precise way and there are also ergonomic advantages for surgeons. These features are so
important that patients’ surgical outcomes are improved. In general, there is less blood loss, and hence less need for
transfusion and lowering the risk of potential complications caused. Most importantly, the recovery period of
patients also hastens with less complications.

Taking prostatectomy as an example, rates of urinary incontinence and sexual dysfunction can be reduced. The
prognosis after tumor surgery can also be improved as a result of clearer resection margin with precision. This
technology has been widely applied in urological surgeries, including prostatectomy, bladder resection, pyeloplasty,
partial nephrectomy and ureter surgery, etc. Prince of Wales Hospital operates about sixty robotic assisted cases
every year and the overall surgical outcome is satisfactory. The application of this technology is also expanding to

gynecological surgery, general surgery, etc.
LV QWA™ -

- Y A

. N N
% R AL

¥ ff

Robot for urology surgery Setup of robot assisted surgery system in operation room
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7. Abstracts of Exhibitions

7.2 Abstracts of Exhibition Panels at Science News Corner
Panel 10: Navigation Assisted Neurosurgery: Brain Tumor Surgery

In 1986, Roberts et al. reported the development of a frameless, computer-based system for the integration and
display of CT image data with the operating microscope. A frameless, armless, navigational system was based on a
three-dimensional digitizer to determine the spatial position of the instruments. The adapters are simply screwed
onto surgical instruments. In this way, many surgical procedures can be performed with this navigation system.

We use the neuronavigation system in our department for operations including brain tumor surgery and endoscopic
procedures. The time required for data transfer, delineation of the lesion, and reconstruction is approximately 10
minutes. The marker registration can be performed in a sterile or non-sterile fashion. Another advantage of the
neuronavigation system lies in the combination with the operating microscope. After the marker frame is mounted,
all microscopes equipped with a serial computer interface can be used as a pointer with the navigation system. The
navigation system is very useful for planning the surgical approach.

The skin incisions and craniotomies are smaller than without the system. Using virtual planning of the trajectory, we
never performed an exploration with negative results. The system is also very useful for surgical treatment of cranial
base lesions. Even for large cranial base lesions (for example, olfactory groove meningiomas), the navigation system
proved to be helpful for determination of the position within the tumor and for calculation of the distances to
important structures. In our experience, neuronavigation brings us forward in the concept of minimal access
neurosurgery and has shortened the hospital stay of our patients.

Verification of Calibration

Dk sorncy by ety B o o S e puat el retwieg 4 b
]

Verification of calibration Neuronavigation system integrates and displays CT and MRI image data
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7. Abstracts of Exhibitions

7.2 Abstracts of Exhibition Panels at Science News Corner
Panel 11: Eagle Claw and Capsule Endoscopy

The current methods of endoscopic therapy are limited by the size of the bleeding vessel that hemostasis can be
achieved. If the diameter of bleeding vessel is larger than 2mm, surgical plication with sutures achieved the best
hemostasis. The concept of endoscopic suturing device , named Eagle Claw, was first proposed by Professor Sydney
Chung. After several modifications, Eagle Claw VII was found to be very effective in achieving hemostasis for
massively bleeding gastric ulcer.

With the concept of natural orifices transluminal endoscopic surgery, endoscopic suturing device became very
important for closure of GI luminal access. After several studies, Eagle Claw was found to be safe and effective in
closing the gastric openings. Eagle Claw is now modified into another device named Apollo Overstitch, and a clinical
trial will soon be conducted to test the efficacy of overstitch in achieving hemostasis for bleeding peptic ulcers.

Figure 1 - Eagle Claw VII Figure 2 - Plication of massively bleeding ulcer with Eagle Claw

Figure 3 - Eagle Claw VIII

Q Technologies Enhancing Patient Care




In 2000, the concept of capsule endoscopy was proposed by Paul Swain to identify the bleeding source in
Gastrointestinal tract . The capsule endoscope consisted of a small camera, LED light source, batteries and data
transmission through radiofrequency. The design appeared like a drug capsule to facilitate the passage of this small
device through the small intestine. It can send out its location and images captured for analysis.

The results of clinical studies confirmed that capsule endoscope achieved a significantly better rate of completely
examination of the whole small bowel, and identified the bleeding source positively. The development of capsule
endoscope enabled gastroenterologists and surgeons for the first time to inspect and locate pathologies of the small
bowel, which greatly enhanced the planning of subsequent management for these lesions. Active researches had been
advocated towards the control of the capsule endoscope inside the gastrointestinal tract, as well as achievement of
therapies through the capsule endoscope.

Figure 4 - Capsule endoscope Figure 5 - Signal receiving units for capsule endoscope
Receiving coil Receiving circuit
\ // N
l S

Imaging system Wireless

Figure 6 - the design of the capsule endoscope
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7. Abstracts of Exhibitions

7.2 Abstracts of Exhibition Panels at Science News Corner
Panel 12: Smart Home - Wearable MINDS Technologies

Driven by the increasingly aging population, prevalence of chronic diseases, skyrocketing health costs and higher
healthcare expectations, there is a pressing need to shift the conventional hospital-centred medical model towards a

p-Health paradigm.

The p-Health paradigm relies partly on new acquisition systems that can capture health information of an individual
at home during daily lives, providing early notify to the individual and relevant clinical personnel before a disease or
severe health problems have developed. One example of new acquisition systems for early detection of diseases is the
wearable systems, of which enabling technologies entail characteristics of MINDS: miniaturised, intelligent,

networked, digitalised and standardised.

Characteristics of Wearable Systems

Winiaturised
H ntetrigent
IN emworke
I iniatised
< tandandised

wWIRED

A" WIRELESS
= BID- CHANNELS Fas

Enabling technologies of the wearable systems entail characteristics of MINDS: miniaturised, intelligent, networked, digitalised and standardised.
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7. Abstracts of Exhibitions

7.2 Abstracts of Exhibition Panels at Science News Corner
Panel 13: Breath Diagnosis

Breath is composed of a mixture of gases, water vapor and characterized distinctively by >1000 trace volatile organic
compounds and protein molecules. These endogenously generated breath biomarkers provide a window into the
metabolic state of the body. For instance, exhaled nitric oxide is a biomarker to indicate the severity of respiratory
inflammation and exhaled acetone is used to monitor diabetes.

We use molecular imprinted polymer as artificial antibodies to detect breath biomarkers. Molecular imprinting is a
process to fabricate a polymer matrix around a target molecule, which is subsequently removed to leave voids with
high affinity.

Advantages include high sensitivity, temperature stability and low production cost. The synthesized polymer is coated
on microcantilevers, which are millimeter-sized beam anchored at one end. Binding of breath molecules with their
specific polymer leads to measurable mechanical responses. Breath diagnosis measures various exhaled compounds
rapidly and non-invasively, thus enabling on-the-spot clinical screening.

. Self-assembly
—

Figure 1. Breath biomarker template (orange) self assembles with functional monomers (green). After polymerization, the template is removed from the polymer,
thus leaving binding sites complementary to the template.

Polymerization Template removal
—

Static Moda & Dynamic Mode

Figure 2. An array of microcantilevers coated with different molecular imprinted ~ Figure 3. The integration of microsensor, piezoresistive transducer, air
polymer detects various target molecules in breath. Mass loading on  sampling and integrated circuit systems provide a portable and
microcantilevers results in a detectable deflection or broadening in resonance  field-deployable monitoring device for breath diagnosis.

frequency, resulting in two operation modes: static mode and dynamic mode.

Funded by Innovation and Technology Fund (ITS/436/90) and the Shun Hing Institute of Advanced Technology, CUHK (BME-8115030)
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7. Abstracts of Exhibitions

7.2 Abstracts of Exhibition Panels at Science News Corner
Panel 14: Assistive Knee Brace

Assistive knee braces are a kind of wearable lower extremity exoskeletons that can enhance people’s strength and
provide desired locomotion. It is possible to use knee braces to assist elderly or disabled people on improving their
mobility in order to solve many daily life problems, such as going up and down stairs and crossing over obstacles.
With a continually aging world population, devices that help elderly with mobility problems are in great need. By
using assistive knee braces, patients may avoid being bedridden and will be able to maintain their physical activities.
They will be able to benefit from the positive effects of exercise and enjoy an active lifestyle.

In our research, the assistive knee brace was developed by integrating a multifunctional actuator with a custom-made
knee-ankle-foot orthosis. The multifunctional actuator is a novel actuator to integrate the advantages of electric
motor and magneto-rheological fluids while decreasing the dimension.

This work was supported by a grant from the Innovation and Technology Commission of the Hong Kong Special
Administrative Region, China (Project No. ITS/308/09).
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7. Abstracts of Exhibitions

7.2 Abstracts of Exhibition Panels at Science News Corner
Panel 15: CAOS Local Development

Medicine has relied on science and technology to make significant progress throughout the history. Developments
in the past 10 years by the Department of Orthopaedics and Traumatology and Department of Surgery in the Chinese
University of Hong Kong integrating medical imaging, navigation surgery, endoscopic and robotics technologies
open an entirely new field of medical advances. These enchancing systems empower the surgeon as the accuracy and
safety in the operating room can dramatically be improved. The patients were benefited by the revolutionary new
research between clinical and associated industrial fields.

T First computer assisted navigation fracture surgery in the Department of Orthopaedics & Traumatology of Prince of Wales Hospital

First Workshop on Navigation System in Total Knee Replacement organized by the
Department of Orthopaedics & Traumatology of the Chinese University of Hong
Kong

First computer assisted navigation tumor resection and reconstruction was
performed in Hong Kong

First Workshop-Symposium on Fluoro-navigation in Orthopaedic Trauma and
Spinal Surgeries organized by the Department of Orthopaedics & Traumatology
of the Chinese University of Hong Kong

The annual conference of the International Society for Computer Assisted
Orthopaedic Surgery was held in Hong Kong. The theme of the conference

was: exploring into the newer generations — surgeons, engineers, technologies
and clinical applications q l‘ znua " K
S ong nong

Asias first state-of-the-art Computer Assisted Orthopaedics Laboratory
established by the CUHK
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8. Abstracts of Talks

8.1 Bio-Engineering the Human Machine

Professor Douglas Yung
Department of Electronic Engineering
The Chinese University of Hong Kong

Healthcare is essential in society nowadays because of the aging population, pandemics and the quest for better
quality of life. Biomedical engineering is an emerging interdisciplinary domain in which engineering and technology
are applied innovatively to solve biological and medical problems for the benefit and welfare of mankind. Biomedical
engineers engineer our human body by designing innovative medical instruments and sensors, deploying emerging
information infrastructure, and creating new biomaterials and prosthetic devices. Examples include magnetic
resonance imaging, electrocardiography, non-invasive endoscope and many others. In this talk, I will illustrate
current technologies to engineer the human machine and the ways in which biomedical engineering pushes the
frontier of science and engineering.

MRI &4
Axial

Dist: 45.3 mm

Pointer -» r.-.n_;._--.

P

MRI Imaging Endoscopic Image
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8. Abstracts of Talks

8.2 Computer Assisted Orthopaedic Surgery — Past, Present and the Future

Professor KS Leung
Department of Orthopaedics and Traumatology
The Chinese University of Hong Kong

The introduction of stereotactic location of intracranial pathology in 1906 by Clarke and
Horsley in neurosurgery marked the first attempt in using machine to enhance dexterity
of human hands. With the advancement of technologies in 3-D imaging, e.g. Computer
Axial Tomography (commonly known as CAT) in 1971, Magnetic Resonance Images
(commonly known as MRI) in 1973, the general stereotaxis was greatly improved.
Computer Assisted Surgery was made possible with the progress of the computer
technology where VAX in 1976, Apple in 1977 and IBM Personal computer in 1981
made the application of computer stereotaxis possible. The term Computer
Assisted/Aided Surgery was first used in a publication by Sohn and Robbin in the New
England Journal of Medicine. It was in 1990 where 3-D tracking presented by NDI as
Optotrak 3010 made the computer assisted orthopaedic surgery (CAOS) possible by  clarke Horsley Apparatus
providing real-time tracking of the surgical instrument in relationship to the operation

site in a patient. In the past 100 years, CAS is gradually introduced to many other surgical procedures. Now CAOS is
applied in spinal surgery, joint replacement surgery, fracture fixation, soft tissue reconstruction and tumour surgery.

In Computer Assisted Orthopaedic Surgery, the surgeon is
guided by images of the bone or the anatomy defined by the
surgeon in the procedure. It is similar to driving a car with
navigation guide so that we can arrive at the defined
destination accurately with the best route.

In the image guided navigation surgery, different types of
images can be used, either alone or combined. The operation
principle is:

With the spatial co-ordinates of a standard X-ray fluoroscope and the skeleton, on which
the surgical procedures are going to be carried out, registered into the system,
fluoroscopic images obtained intra-operatively are transferred to the navigation system
with automatic scale and distortion corrections. The graphical user interface then allows
the surgeon to navigate with stereotactic tools on the registered biplanar, tri-planar and
multi-planar images. As these images are almost the same as those obtained from the
standard C-arm, the interpretation of the anatomical features for navigation is simple and
straightforward to most surgeons. Surgical procedures can thus be carried out with the
virtual fluoroscope. This technique is used in fracture fixation, spine surgery and tumour
surgery. The images can be simple fluoroscopic to CT for different degrees of accuracy.

Fixation of acetabular fracture

Resection of tumor
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In a surgeon defined intraoperative digitisation of the anatomy, no images are
needed and the stepwise building of anatomic representations helps to build up a
“map” for navigation. This technique is typically used in joint replacement surgery.

Accuracy and dexterity can further be improved with the combination of
navigation and robot-assisted procedures. Different robotic designs are available
for clinical use while there are plenty of room for improvement with this

combined technology in orthopaedic surgical applications. .
Navigation guided knee replacement

While CAOS is getting acceptance by orthopaedic surgeons, the human-machine interface and interaction open up
plenty of rooms for improvement. If this technology is going to improve further the patient care, a paradigm shift in
the application workflow must be implemented with the help of the information and automation engineering to
enhance:

Quantitative diagnostic studies

Preoperative planning and trials

Precise operative execution

Postoperative specific assessments

Guided and programmed rehabilitation

Objective clinical assessments

N » D

Evidence-based practice

The comprehensive application of CAOS will not focus only in surgical procedures, the concept of the CAOS should
evolve to include:

1.  Preoperative planning and feasibility trial

2. Intra-operative assistance and automation

3. Postoperative assessments and rehabilitations

4.  Teaching and training of young surgeons

CAOS should stand for Computer Assisted OrthopaedicS

Technologies Enhancing Patient Care @
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8. Abstracts of Talks

8.3 Development of Upper GI Surgery: from minimal to non-invasive approach

Professor Philip WY Chiu
Department of Surgery, The Chinese University of Hong Kong

Over the past 20 years, the management of upper GI (Gastrointestinal) diseases was revolutionized by the concept of
minimal invasive surgery and endoscopy. 30 years ago, gastrectomy was the most commonly performed upper GI
surgery for the management of peptic ulcer and its complication. With the discovery of Helicobacter pylori and the
development in endoscopic therapies, there was a paradigm shift in the management of peptic ulcer disease from
primary surgery to endoscopy.

Management of upper GI cancers then became one of the most important tasks for upper GI surgery. The incidence
of upper GI cancers remained high in the Asia Pacific region, with gastric cancer being the second leading cause of
cancer death in Asia while squamous esophageal cancer is associated with extremely poor prognosis.

Esophagectomy and gastrectomy was the standard curative treatment for cancer of esophagus and stomach
respectively. With the advancement in technologies, these surgeries can now be performed under minimal invasive
approaches. Minimal invasive esophagectomy and gastrectomy resulted in similar oncological clearance, but achieved
significantly better perioperative outcomes including reduced pain and hospital stay. Recently minimal invasive
surgery is enhanced with the development of Robotic assisted surgery, and the Chinese University of Hong Kong first
introduced Robotic assisted minimal invasive surgery in 2005. Now, we have successfully performed the first series of
robotic assisted esophagectomy.

For early stage upper GI cancers without risk of lymph node metastasis, endoscopic resection served as a feasible
non-invasive treatment. With the development of new high definition endoscope, fine endoscopic instruments and
energy platforms, endoscopic submucosal dissection (ESD) became possible which can achieve large area of resection
for early GI cancers. When compared to minimal invasive surgery, ESD accomplished similar oncological results
without abdominal incisions or resection of the organ. Without wounds and anastomosis, patients’ recovery was
hastened. Our unit is the first in Hong Kong to perform ESD for treatment of early GI cancers since 2004, and now
more than 250 patients had already benefited.

The concept of Natural Orifices Transluminal Endsocopic Surgery (N.O.T.E.S.) first proposed the concept of
performing surgery without skin incisions. This concept led to the development of Per-Oral Endoscopic Myotomy
(PO.EM.) for treatment of
esophageal motility disorders. This is
a non-invasive approach to perform
myotomy through a mucosal
incision and submucosal tunneling.
The future of upper GI surgery is
moving from minimal invasive to
non-invasive approaches through
further development and
technological ~ breakthroughs in
robotics and endoscopy.

Fig 1: Long open wound after conventional esophagectomy Fig 2: Small wounds for minimal invasive esophagectomy
Bl — R IR T 02 A9 R 90 B =+ Bl & B IR T % A/

@ Technologies Enhancing Patient Care



8.3 LALIE F4ly iy : SEBLA EAEA

At SOR AR &
R 3R

TR 25 — 4R B IHALAE B B 76 00 R BORI 5 A R0 A 85 A MR A T A PE R A o = 4EHT - B UIER
il 2 V5 P8 AL VTR S FL DR S 04 B I D7 3k o W A Y MBORE T 1) B B R IR SR R B > IR TH AL I
BRI A il i £ B T DI BREE 5 (R BT R o EIESC i B IR UL > RiEAE
HE R AR R B L AL T SR — TR B T B AR5 o b T AL i A A e R R Y 8 AT AR AR = B
JE YN S T ORIRRAE SE T IR IR o TR T R BT AR M 2 o BUE VIBR 0T AN B DT BR AT 20 R iR R R i AN S
IR AR BE o B BATAESS » TE S T BUAE O BRECBIAN T B AT o AN £ VIR 01T A0 15 D) B A0 6 IR 7
T B 5 T 2 e 1) B e T A ] 45 R T SRR T A S S M Bl 4 A AR A B e ] o e A
Tl AT A A B 00 1) 3 TR A LA AR © AE20054F > 3 i SOREE RSG5 A BB i B A iy« 3
TE > FAM AL S i [ 5 515 1 Sh 52 I T MR e B B A DD R T4

ST AT K UL A RS T B ) 700 B AL AR AE o B UTBR R — MR AR AR BN UT ik o B T
RS R ~ K A0 A 55T 01 4 A B R BE VRT3 B B - RN T R BN (ESD) Al Z% AT LU BLR
TE L0 AL S TR AE VIR 10 7 1 o BRBAI T AR LL » N BERNIE I BRAIT (ESD) Re e R NG B s
77 ThI 2 BOM S5 I RCR > HOM S 9 B B R A IR R O) O AR AR SR B IBR - B ARA G D KA E - fE
PTG N B RRAR » AR AT A A B DI BR Pl SR A AR AR © [ 2004438 > v SR B B e 3 Je /e 7
Y0 v 2 T ST AT BRI SR BT (ESD) AR RN AL E T - ERBEC A HEE2504 8
5t AR A B o

RRARILENEE T (NOT.ES.) BEEFEA-MHTHITIEMSES — S0 M - Mma - )
D o JE P T 88 TR RS T A A A ] TR A PR A P U B 9l (P.OLE. ML) R B 2
RERHAE © 48 & — T IR (R APERY J7 ik AOEAT B BRE LUT B - L) 0 208 i G R RG I T~ B 7 AT - 78
348 R RN 5 0 A0 TR0 G5 5 0 ) 3 8 > ORI A S 2 Y _E VAL E T I REAE ST _E A B R - A R R
e 07 ST

Fig 3: Robotic esophagectomy Fig 4: Endoscopic submucosal dissection for treatment of early gastric cancer

MG = B o O £ D B Tl P A EERET RIBEAT (ESD) R0 8

BLAMF SEF d




8. Abstracts of Talks

8.4 Robotic Assisted Urology Surgery

Dr Joseph Wong
Division of Urology, Department of Surgery
Prince of Wales Hospital

Robotic-assisted surgery was first performed in 1988. In the past 20 years there is ever increasing application of this
technology. The first machine in Hong Kong was installed in the Chinese University of Hong Kong/ Prince of Wales
Hospital and it was sponsored by the Hong Kong Jockey Club and Kai Cheong Tong Foundation. We performed the
first robotic-assisted surgery in the same year in a patient that required partial nephrectomy. This machine was named
“daVinci”, mainly as an attribute to Leonardo di ser Piero da Vinci, an Italian Renaissance polymath. Leonardo not
only a famous artist, sculptor, musician, etc; he is also revered for his technological ingenuity with sketches of a
“robot-like” machine found. Although his design could not be put into practical use at his times, but they provide
innovative ideas for furture development.. The advantages of the machines are their patented Endowrist with
six-degree of movement, which allow greater flexibility of fine movement and their 3-dimension (dual channel
endoscopy) with magnified view. Surgery could therefore be performed in a more precise way and there are also
ergonomic advantages for the surgeon. These features are important such that patients’ surgical outcome improve.
There is in general less blood loss, and hence less need and potential complications of transfusion; the recovery of
patients also hastens with less complications (e.g., for prosatectomy, rates of urinary incontinence and sexual
dysfunction also decrease) and the prognosis after tumor surgery also improve, probably related to clearer resection
margin with precision. This technology has been applied widely in urological surgeries, including prostatectomy,
bladder resection, pyeloplasty, partial nephrectomy and ureter surgery, etc. Our center operates with this “robot” on
~60 cases every year on average and the overall surgical outcome was satisfactory. The application of this technology
is also expanding to gynecological surgery, general surgery, etc.

Setup of robot assisted surgery system in operation room
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8. Abstracts of Talks

8.5 Interactive Weight-bearing Exercise (iWE) Technology — From Research to Application

Professor Louis Cheung
Department of Orthopaedics and Traumatology
The Chinese University of Hong Kong

Interactive Weight Bearing Exercise (iWE) provides low-magnitude high-frequency vibration signals at 35Hz and
0.3g (g is gravitational acceleration), which is a non-invasive biophysical intervention to provide systemic vertical
mechanical stimulation to the musculoskeletal system. We are the first group to investigate the effect of iWE on
fracture healing in rat model that confirms an acceleration of fracture healing by 30% through enhancing bone
formation and remodeling. The intervention also enhances blood flow and new blood vessel formation at fracture
site. We are now undergoing a clinical trial to verify its clinical efficacy on osteoporotic fracture healing. To date, the
results are encouraging and most importantly, it is safe for fracture patients. This finding will be revolutionary to

future management of fracture healing. Besides, our group is also conducting a large-scale clinical trial involving 704
postmenopausal women to evaluate the effects of iWE on reducing fall and fracture rates. Our latest results indicate
iWE can reduce fall rate significantly by about 32% than control group, with increased muscle strength, functional
outcomes and balancing ability. All these multifactorial beneficial effects of iWE suggest that iWE may be useful for
patients with neuro-muscular diseases, e.g. post-stroke rehabilitation. We will certainly explore further applications
of iWE on other musculoskeletal indications in the future.

iWE study on animals Treatment on bone fractured patient

[ Taake . W W
ARz

Large-scale trial at elderly community centrd¥ial at community centre
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8. Abstracts of Talks

8.6 Navigation Assisted Neurosurgery: Brain Tumor Surgery

Professor George Wong
Division of Neurosurgery, Department of Surgery
The Chinese University of Hong Kong

Horsley and Clark first reported stereotactic operations in animals in 1908. Almost 40 years later, Spiegel et al.
introduced the stereotactic method into clinical use. The use of stereotactic techniques increased with the advent of
CT scanning and MRI.

In 1986, Roberts et al. reported the development of a frameless, computer-based system for the integration and
display of CT image data with the operating microscope. A frameless, armless, navigational system was based on a
three-dimensional digitizer to determine the spatial position of the instruments. The adapters are simply screwed
onto surgical instruments, e.g., bipolar forceps, suction tubes, endoscopes, and catheters. In this way, many surgical
procedures can be performed with this navigation system.

We use the neuronavigation system in our department for operations including brain tumor surgery and endoscopic
procedures, e.g., catheter placement into cerebral cysts and puncture of very small ventricles, as well as biopsies of
larger (>2-cm diameter) lesions. The time required for data transfer, delineation of the lesion, and reconstruction is
approximately 10 minutes. The system can be easily operated; no specially trained technician is needed for
preparation and reconstruction of the data. The marker registration can be performed in a sterile or non-sterile
fashion. Another advantage of the neuronavigation system lies in the combination with the operating microscope.
After the marker frame is mounted, all microscopes equipped with a serial computer interface can be used as a
pointer with the navigation system. The navigation system is very useful for planning the surgical approach.

The skin incisions and craniotomies are smaller than without the system. Using virtual planning of the trajectory, we
never performed an exploration with negative results. The system is also very useful for surgical treatment of cranial
base lesions. In this area, the shift is not important and does not decrease the accuracy. Even for large cranial base
lesions (for example, olfactory groove meningiomas), the navigation system proved to be helpful for determination of
the position within the tumor and for calculation of the distances to important structures. In our experience,
neuronavigation brings us forward in the concept of minimal access neurosurgery and has shortened the hospital stay

of our patients.
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8. Abstracts of Talks

8.7 Wearable Systems and Their Applications on Cardiovascular Diseases

Professor Carmen C. Y. Poon and Professor Y. T. Zhang
Joint Research Centre for Biomedical Engineering,
Department of Electronic Engineering,

The Chinese University of Hong Kong

Despite the enormous efforts dedicated to prevent cardiovascular disease in the past years, it has remained the
primary cause of mortality in most countries. New strategies are thus urgently needed to effectively identify
asymptomatic patients who are at high-risk of acute CV deaths. Acute CV events are believed to be resulted from the
interaction between a substrate, i.e. the development of vulnerable plaques during atherosclerosis, and a trigger that
leads to the final dynamic event, i.e. the rupture of the vulnerable plaque. While the presence of vulnerable plaques
have to be better identified by new multi-modal imaging, blood test and genetic markers, near-term prediction of the
occurrence of the final dynamic event will require information supplied from wearable systems.

Global Top Five Causes of Death
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Fig. 1. Global top five causes of death. Despite the enormous efforts dedicated to prevent cardiovascular disease (CVD) in the past years, CVD has remained the
primary cause of mortality in most countries. Every year, about 12 million people throughout the world die of a heart attack or a stroke. Nearly two-thirds of
people who have a heart attack die before they can reach medical care. Even when stroke patients have access to modern, advanced treatment, 60% die or become
disabled.

Ref: 1) WHO Statistics, estimated total deaths by cause, 2002.

2) Confronting Chronic Disease in Countries with Low Income, N Engl ] Med, 2007, 356: 209-211.
3) WHO, “Avoiding heart attacks and strokes”, 2006.
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9. Contact Information

Department of Orthopaedics and Traumatology, The Chinese University of Hong Kong
Address: Rm 74034, 5/F, Clinical Science Building, Prince of Wales Hospital,
Shatin, Hong Kong
Website: www.ort.cuhk.edu.hk
Email:  dept@ort.cuhk.edu.hk
Tel: (852) 2632 3314

Department of Surgery

Address: Department of Surgery, The Chinese University of Hong Kong
Prince of Wales Hospital, Shatin, Hong Kong

Website: www.surgery.cuhk.edu.hk

Email:  surgery@cuhk.edu.hk

Tel: (852) 2632 2789

Biomedical Engineering Programme, The Chinese University of Hong Kong
Address: Room 404, Ho Sin Hang Engineering Building,
The Chinese University of Hong Kong, Shatin, Hong Kong
Website: www.bme.cuhk.edu.hk
Email:  info@bme.cuhk.edu.hk
Tel: (852) 2609 8249
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