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SECTION 1 INTRODUCTION
1 Executive summary
This deliverable reports on the activities developed under task 11.2 Market implementation and
Business plan. It is the result of an intense teamwork across the overall project duration focused on the
analysis of innovation dimension of VOSTARS and tailored to pave the way for a real “go to market
roadmap” for VOSTARS project. Such activities involved the entire consortium for the definition of a
VOSTARS 2 strategy for the project results exploitation after the project lifespan. A ground basis of IPR
analysis, cost breakdown, revenue stream, financial cash-flow, and product marketing strategy in
different application domain has been performed to identify main technical, commercial, organizational
and financial resources for VOSTARS 2 phase. Specific attention has been dedicated to the current
market trends and how we are facing different business models in the market based on different
reference application domains such as maxillo, ortho, neuro surgery. Based on the overall strong
commitment of industrial and clinical / scientific project partners the VOSTARS 2 from now on is
intended a unique centre of costs and revenues from the end of the project up to five years of activities,
including the system market. The industrial partners Orthokey and Mectron have the capacity to
provide all their expertise in the technical, regulatory, innovation management and commercial domain
to support such roadmap implementation. Since one year ago the project partners have started listing
a set of potential partnership and investors interested into VOSTARS 2.
To support such overall strategic planning, the activities conducted in the related tasks started from the
definition of the VOSTARS system value proposition and identification of Unique Selling Point (USP),
and system competitive features. Based on such value proposition the involved project partners have
organized different workshop and meeting with KoL reference of surgeons willing to test the system
and strategic investors, for both of them we have collected strong expressions of interests and
commitment to be involved in VOSTARS phase.
Such a level of commitment and real activities undergoing provide a distinctive real projection towards
achievement of TRL 9 and market launch of VOSTARS results.

Copyright - This document has been produced and funded under the VOSTARS H2020 Grant Agreement 731974.
Unless officially marked PUBLIC, this document and its contents remain the property of the beneficiaries of the VOSTARS Consortium.

Page: 5

2 Methodology and structure of the deliverable
The objective of the Exploitation activity is to maximize the socio-economic impact during and after the
project lifespan, both for the Consortium members and for the society. At this aim VOSTARS
exploitation activity will follow a twofold strategy: facilitating the utilization of results in further activities
and developing a GO-TO-MARKET strategy for the VOSTARS system covering a 5 years’ horizon after
the project end (from 2021 to 2025) from now on called VOSTARS 2. The VOSTARS 2 action plan is
focused on the definition of necessary actions in order to achieve TRL 9 (actual system proven in
operational environment) and market uptake, such as: CE mark and Medical Device Regulatory
compliance; Clinical trial with at least 50 patients and market test; Sales network definition and
implementation, complete market launch and post market surveillance activities, Investors Pitch; all
activities and milestones necessary, after the project end to successfully produce and commercialize
the VOSTARS system.
The definition of the exploitation plan was conducted following a participative approach aiming at
valorising the experience of each member of the consortium. In such a context: two main areas of
activities have been addressed: A) the VOSTARS technology assessment and B) the VOSTARS
exploitation strategy towards business uptake of the VOSTARS integrated platform. As matter of fact,
in order to define and support an appropriate exploitation and business strategy of the overall
integrated VOSTARS platform, the VOSTARS project proceeded in a first instance with the following
technology assessment activities:
1. Definition of the VOSTARS exploitable objects
2. Intellectual Property Rights & Exploitation Claims
3. Competitive analysis update
4. Patents analysis update
The technology assessment establishes the basis for the Business Plan development as represented
in the following Figure 1: Methodology for exploitation plan definitionFigure 1 Methodology for
exploitation plan definition.

Copyright - This document has been produced and funded under the VOSTARS H2020 Grant Agreement 731974.
Unless officially marked PUBLIC, this document and its contents remain the property of the beneficiaries of the VOSTARS Consortium.

Page: 6

Figure 1: Methodology for exploitation plan definition.

Accordingly, the deliverable is composed by four main sections that are following the methodological
approach applied:
1. Introduction
2. Technology assessment
3. Business plan development
4. Conclusion

2.1

Contractual framework

The VOSTARS Intellectual Property Rights ownership, protection and exploitation has been managed
according to the contractual obligations set out in the Grant Agreement (GA) and in the Consortium
Agreement (CA). The Grant Agreement is a contract between the VOSTARS Consortium and the
Head of Unit Authorised representative of the Director General, Communications Networks, Contents &
technology, Digital Industry, Administration and Finance, Ales FIALA, which represents the European
Commission in the VOSTARS GA. Section 3 of the GA is dedicated to RIGHTS AND OBLIGATIONS
RELATED TO BACKGROUND AND RESULTS.
The Consortium Agreement is a contract between the beneficiaries themselves, and serves to clarify
the duties, responsibilities and rights during and after the project. Consortium provisions on
management of results are defined in section 8 and 9 of the CA. If the GA and the CA come into
conflict, the GA takes priority. If a beneficiary does not complain to any of their obligations, their grant
might be reduced.
According to the GA ‘Results’ means any (tangible or intangible) output of the action such as data,
knowledge or information — whatever its form or nature, whether it can be protected or not — that is
generated in the action, as well as any rights attached to it, including intellectual property rights.
Following are reported the main contractual references in relation to IPR management:
Copyright - This document has been produced and funded under the VOSTARS H2020 Grant Agreement 731974.
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IP management references
Ownership of the results
Protection of the results
Exploitation of the results

Grant Agreement
Art. 26
Art. 27
Art. 28

Consortium Agreement
Art. 8
Art. 8
Art. 9
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SECTION 2: TECHNOLOGY ASSESSMENT
3 VOSTARS project results
In order to define an exploitation strategy of the overall integrated VOSTARS platform, an analysis of
project exploitable results has been conducted to identify which are the single components and related
IPRs to be taken into account for the definition of the exploitation strategy of the overall integrated
VOSTARS platform. The analysis of VOSTARS exploitable objects took into account reference
background, foreground and related means of protection.
The main result of VOSTARS project is the overall integrated VOSTARS platform represented by a
hybrid VST/OST (VR/AR) head mounted display for use in image guided surgery for three distinct
clinical applications (maxillo facial surgery, neurosurgery, and ENT surgery and potentiality to be
applied in other domains such orthopaedics and spine surgeries). The VOSTARS consortium have
been capable to

reach a TRL 7 (system prototype demonstration in operational environment)

developing during the project timeframe industrially relevant key enabling technologies.

Figure 2: The VOSTARS system HMD.

Commentato [g1]: Possaimo mettere un’immagine più
rappresentativa dell’intero sistema?

The integrated VOSTARS platform is composed by discrete technological components, with potential
applications outside of the scope of VOSTARS, and which might be valid IP to protect and exploit by
themselves, the exploitation strategy of such individual components is going to be discussed in the last
project periodic report. Such components are various and of different nature (software, hardware,
microdisplay, etc.). Hereafter is reported the analysis of VOSTARS single components exploitable
objects in terms of means of protection, means of exploitation in related application areas and major
references of the related exploitation strategies. Furthermore for each VOSTARS exploitable results
and for the overall VOSTARS integrated platform is reported the IPR and exploitation claim with
contribution of each VOSTARS consortium partner.
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Table 1: VOSTARS project exploitable results.
#

Partner

Project results and exploitable objects

Contributing
partner

End
TRL

Mean of
protection

Means of exploitation

1

Optinvent

See through Display function

NA

TRL 6

Patent & secret
know-how

Sales of sub-system
(Display unit)

2

UNIPI

Library for AR on NVIDIA Jetson platforms
(and x86 Linux): tracking with spherical
markers; surface and direct volume
rendering; parallax mitigation in VST-OST.

NA

TRL7

-None outside
Italy
-Patent for
tracking with the 3
spherical markers

Open source sharing
(because we are using
creative common sublibraries)

Industry / Health
Care / Research

Free distribution, assistance for
payment

3

UNIPI

VST/OST optoelectronic shutter solution

NA

TRL7

Patent

4

UNIPI

Optical-software solution for a parallax
compensation without eye tracking

NA

TRL7

Patent

5

UNIPI

Visor up-down mechanism

PILOTFISH

TRL7

Patent

License agreement to
third party company
License agreement to a
third party company
License agreement to a
third party company

Industry / Health
Care
Industry / Health
Care
Health Care
/Industry

6

CEA

Innovative microdisplays

NA

TRL4

Patent

License agreement to a
third party company

Augmented
reality, eye view
finders, 3D

7

PILOTFISH

HM & Visor hardware and mechanical
Design

UNIPI,
UNIBO

TRL 3

Patent on double
visor hinge

Licence/ Royalty

License agreement to third
party company
License agreement to a third
party company
License agreement to a third
party company
Research program to improve
current performances +
industrial partner to manufacture
the displays
Sell our expertise in AR/ VR
visors & head mounts to third
party

8

PILOTFISH

HM device support in Tooling and
Production

Production
Partners

TRL 7

9

VREO

Knowledge & experience in integrating
multiple cameras to NVIDIA platforms.

NA

TRL6

10

TUM

OST-to-eye calibration algorithm

UNIPI

TRL 3

11

SSSA

Structured methodology for HTA in the
field of surgical navigation systems

NA

No
TRL

Scientific
publication

12

UNIBO

SPLINT design and tracking approach

NA

TRL7

Patent

13

ORTHOKEY

14

MECTRON

Business model for surgical application of
an AR HMD
Business model for surgical application of
an AR HMD

Mectron
Orthokey

No
TRL
No
TRL

Exclusivity
Contract
Commercial
contract with third
party company
Scientific
publication

Know how
Know how

Sales of parts

Application
areas
Augmented
Reality
Hardware

Augmented /
Virtual Reality
Hardware
Only for Vostars
plastic parts

Exploitation strategy model
Sales of Display device to third
party

Sell plastic parts

ANPR, Rail

Sales of product

Commercial contract with third
party company

Open Source

Medicine,
Industry

Papers,
Public distribution (open source)

Healthcare

Subcontracting for third party
groups that need HTA

Subcontracting for third
party groups that need
HTA
License agreement to a
third party company
Future VOSTARS
development
Future VOSTARS
development

Maxillofacial
surgery
Orthopaedic and
spine surgery
Maxillofacial and
spine surgery

The table above is useful to understand the level of maturity achieved by each single VOSTARS component and its role for VOSTARS platform.
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3.1

VOSTARS system components IPR and exploitation claims

For the overall integrated VOSTARS platform and for each VOSTARS component an analysis of: mean
of protection, Background, Foreground and exploitation claims was conducted and represented in
Table 4: VOSTARS system components IPR and exploitation claimsTable 4 VOSTARS system
components IPR and exploitation claims. The analysis was implemented with the contribution of each
partner through a team work session dedicated to dissemination and exploitation during the project
meeting held in Amsterdam on 18th -19th February 2019.

Table 2: Table 3 & 4 Legend.
IPRs:

Exploitation claims:

Mean of protection

B=Background Information

M=Manufacturing

Patent

F=Foreground Information

U=Using

Utility model

L=Licensing

Industrial design

O=Other

Copyright
Trade Mark
Confidential information

Table 3: VOSTARS integrated system IPR and exploitation claims.
VOSTARS
SYSTEM

MEAN OF
PROTECTION

P1

P2

P3

P4

P5

P6

P7

P8

P9

P10

P11

P12

UNI

UNIB

CHA

SG

OP

TU

VRE

CE

PILOT

SSS

OKE

MEC

O

A

F

A

PI

O

RI

K

TI

M

VOSTARS

B F

BFU

BFU

BF

BF

BF

F

SYSTEM

PL

L

L

UL

C

L

(HMD + SW)

C

C

BFLI

Y

T

MC

C
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Table 4: VOSTARS system components IPR and exploitation claims.
#

1

VOSTARS COMPONENT

MEAN OF

P1

P2

P3

P4

P5

P6

P7

P8

P9

P10

P11

P12

PROTECTION

UNIPI

UNIBO

CHARI

SGK

OPTI

TUM

VREO

CEA

PILOTF

SSSA

OKEY

MECT

U

U

U

U

U

U

OPTINVENT Waveguide based display

PATENT

2

VST/OST

PATENT

3

PARALLAX

PATENT

4
5

NAVIGATION platform (software)

COPYRIGHT

Eye Tracking platform. Not for algorithm but for
the system. Openness Open platform

6

Camera Drivers for Tx2

7

HMD mechanical mechanisms

INDUSTRIAL

9

SURGICAL WORKFLOW+GUI

COPYRIGHT

IMU PCB & Driver

COPYRIGHT

DESIGN

Optical Shutter Driver, IR LED, batteries, Fault
mode controllers / GPIO Exp PCB

12

Surgical tools for maxillo

13

Head Mounted Display

BF
BF
BFL
C
BF
C
CL

PATENT

HMD INDUSTRIAL DESIGN

11

PC

COPYRIGHT

8

10

BFM

COPYRIGHT

FPL

U

U

FPL

U

U

BFLI

U

U

UM

U

FCM

U

U

FCM

U

U

F PL

FPL
BFL

BF L

BF L

BF L

C

C

C

C

FCL

BFUM

BFC
FPL

F PL

C
BF
C

FC L

BFLI
P
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MC

U
C

3.2

Knowledge management and protection

IP can be transferred or licensed, offered to enter into cooperation agreements or contributed as
capital in a joint venture. Protecting and managing IP through well-drafted agreements is key for
business success. The following table presents the main means of protection foreseen within the
VOSTARS:

Patent
Right to exclude others from making, using, selling, and importing an invention for a limited period of
time, usually twenty years.
Filed of application: Invention, software.

Industrial Design
The owner of a registered industrial design or of a design patent has the right to prevent third parties
from making, selling or importing articles bearing or embodying a design which is a copy, or
substantially a copy, of the protected design, when such acts are undertaken for commercial
purposes.
Field of application: Design of a product, Website.

Copyright
Copyright is a legal right, that grants the creator of an original work exclusive rights to determine
whether, and under what conditions, this original work may be used by others. This is usually only
for a limited time. The exclusive rights are not absolute but limited by limitations and exceptions to
copyright law, including fair use. A major limitation on copyright on ideas is that copyright protects
only the original expression of ideas, and not the underlying ideas themselves.
Field of application: Software, Scientific article, Design of a product, Website.

3.3

VOSTARS Results protection

During the project lifespan the submission of 5 patents and of the HMD industrial design has been
analysed with a submission at this stage of 3 patents related to the micro-display technology, the HMD,
and the parallax correction tool.
As represented in the following Table 5: IPR protection tableTable 3 IPR protection table, there are
also other potential solution under examination for IPR protection. Different analysis of each
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components IPR framework and the protection of the overall VOSTARS platform and related
procedures have been analysed also with the support of external experts.
Table 5: IPR protection table.
Mean of
protection

Patent Content

Submission

UNIPI

Patent

PARALLAX PATENT
Parallax free optical see-through display for augmented reality

M37

UNIPI

Patent

MAGNIFICATION PATENT
Smooth passage from a 1:1 view (OST) to a magnified N:1 view (VST)
thanks to the VST/OST mechanism

Under
submission

UNIPI

Patent

ICP registration based on wearable HMD

Under
submission

OPTINVENT

Patent

OST DISPLAY
Based on Optinvent wave guide technology

M40

Industrial
design
protection

HMD
industrial design

M38

Patent

SPLINT design and tracking approach

Under
submission

Partner

PILOTFISH
UNIPI

+

UNIPI / UNIBO

In particular, in order to protect results at system level the Consortium, with the support of an IPR
specialist, explored different options, including the possibility of submitting a system patent. The overall
analysis concluded that there are no real means of protection respect the overall integrated platform
and the related enabled surgical procedures.
Hereafter is reported a summary of the possible strategies that have been considered and relative
conclusions.
Table 6: VOSTARS system IPR protection assessment.
IPR protection
Strategy
System patent
Surgical procedure patent
VST/OST
VST/OST Magnification

Analysis
Not feasible based on the analysis performed
No innovation in the surgical workflow
Not patentable alone (priority art)
Patentable with magnification
No wearable VST/OST magnification systems – under
preparation

ICP registration based on wearable
HMD

Innovative in the surgical domain

Mechanical mechanism

Innovative in the surgical domain only
Difficult to protect. Switch to Industrial Design protection

Splint tracking system

Is innovative only in the maxillofacial domain

Conclusion
X
X
X
Under
preparation
Under
preparation
X
Under
preparation

Copyright - This document has been produced and funded under the VOSTARS H2020 Grant Agreement 731974.
Unless officially marked PUBLIC, this document and its contents remain the property of the beneficiaries of the VOSTARS Consortium.

Page: 14

3.4

The VOSTARS system
The VOSTARS expected benefits with respect to the Standard of Care

It is important to highlight which is the preferential surgical application domain of the VOSTARS
integrated platform, this is the domain of the “open sky” surgery, in such a domain the Augmented
Reality (AR) provided by VOSTARS represents a particularly useful asset to improve the surgeon’s
spatial perception of the surgical field to avoid unnecessary manipulations or inadvertent injuries to
inner organs. VOSTARS AR has been successfully demonstrated capable to provide surgeons with an
extensive visual information of surgical anatomy useful to assist them throughout the procedure. The
VOSTARS AR allows surgeons to view surgical field through the superimposed 3D virtual model of
anatomical details. However, it is important to highlight that the open sky surgery presents also new
6

challenges .
The VOSTARS system address these challenges with a new wearable system based on AR intended
as an advanced navigation tool for open-surgeries with promising advancement with respect to the
state of the art and standard of care (navigation and conventional surgery).
Hereafter are listed the main VOSTARS expected benefits with respect to the standard of care both in
the intra-operative and post-operative domain:


The data registration enhances repeatability of the performance; this is always possible
with the VOSTARS system thanks to the external cameras



Registration accuracy is <1mm and demonstrated in vitro and in vivo



Enabling technology for less invasive procedures



Risk reduction thanks to surgeon’s gesture guidance



Time saving is expected in the intra-operative phase thanks to surgeon’s gesture guidance.

This area of surgical technology is growing rapidly also in the AR domain, and there is currently a
dearth of comprehensive information on how HMDs are being incorporated into surgery

7

.

In the following chapter is reported an analysis of available solutions and development currently
undergoing.

6
B. Fida, F. Cutolo, G. di Franco, M. Ferrari, and V. Ferrari, “Augmented reality in open surgery,” Updates in surgery, vol.
70, no. 3, pp. 389-400, 2018.
7
Rahman R, Wood ME, Qian L, Price CL, Johnson AA, Osgood GM. Head-Mounted Display Use in Surgery: A Systematic
Review. Surg Innov. 2020 Feb;27(1):88-100. doi: 10.1177/1553350619871787. Epub 2019 Sep 12. PMID: 31514682.

Copyright - This document has been produced and funded under the VOSTARS H2020 Grant Agreement 731974.
Unless officially marked PUBLIC, this document and its contents remain the property of the beneficiaries of the VOSTARS Consortium.

Page: 15

4 Competitive analysis
The VOSTARS project has been capable to interpreter user needs and market trend and it is very
important to highlight that AR is considered one of the main key enabling technologies for new
advancements in surgical applications. There is a growing interest in the AR application in surgery and
it is expected to continue to increase, with a projected $5.1 billion market for head mounted
displays (HMDs) in the health care industry within the next decade.8 Wearable AR systems based
on head-mounted displays (HMDs) are deemed as the most ergonomic and effective solutions to guide
those procedures that are manually performed under the surgeon’s direct vision due to their ability to
preserve the user’s egocentric viewpoint. From the product concept point of view, the HMD providing
AR vision can be integrated in traditional surgical navigators or they can act as the whole navigation
system on their own since they often offer both display and tracking functionalities. Currently the
availability of powerful and user-friendly AR HMDs leveraged the development of many demonstrators
for open surgery and new solutions are rising into the market for different application. Most of generalpurpose AR HMDs are not yet ready to be routinely used in surgery and the media raised doubtful
questions about the dead end of AR HMDs for surgery.9
Therefore so far, the development of surgical applications and demonstrator based on AR HMDs
followed two different strategies:
1) development of a surgical HMD from the scratch including dedicated applications
2) development of surgical workflow applications based on commercially available
general purpose HMD.
According to these two categories, a competitive analysis respect to VOSTARS solution is presented in
the following paragraphs.

4.1

HMDs developed from the scratch

In the following Table 7: Surgical HMDs developed from the scratchTable 7: Surgical HMDs developed
from the scratch are depicted, including references to the companies that developed their own HDM
system. In the analysis it is mentioned the application of the device and other general information
about the medical devices certification status.

8

Bellini H, Chen W, Sugiyama M, Shin M, Alam S, Takayama D. Profiles in innovation. Virtual & augmented reality:
understanding the race for the next computing platform. http://www.goldmansachs.com/our-thinking/pages/technologydriving-innovation-folder/virtual-andaugmented-reality/report.pdf. Published January 13, 2016. Accessed August 14, 2019.
9

Vincenzo Ferrari, Marina Carbone, Sara Condino & Fabrizio Cutolo (2019) Are augmented reality headsets in surgery a dead end?, Expert
Review of Medical Devices, 16:12, 999-1001, DOI: 10.1080/17434440.2019.1693891
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Table 7: Surgical HMDs developed from the scratch.
Company

Product name and

Value proposition

Short description

picture

Certification

Application

status

Market launch

X-Vision headset projects X ray-like 3D visualization of
Augmedics

the patient in real time, allowing surgeons to "see"

See through

through the patient's skin, muscle tissue and bone. X-

surgery

Vision during surgery.
XVISION™

Smart glasses system for minimally invasive surgeries

Smart surgical

Orthopaedic

and to do deep research in the innovation of surgical

glasses navigation

Caduceus

planning and navigation system.

Smart

Orthopaedic

surgical

glasses

featuring

Foresee-X

navigation for

mixed

reality

Augmented reality
surgical glasses

93/42/EEC, Annex VII; passed
the ISO 13485 requirements
It was FDA-approved at the end

shows and records X-ray images with the C-arm box.

Augmented

Systems, Inc.

Reality

Visualization

and

Information

System Standalone surgical headset

Surgical planning and
navigation for
trauma surgery

Available in the
EU

and

USA

market

of 2017

“Bionic vison for surgeons”
Insight Medical

Coming soon

spine surgery
Class I: medical device directive

technology with surgical navigation. Foresee-X Directly

Biotechnology

USA early 2020

spine surgery

Surgical planning and
Coming soon

system

Augmented reality surgical glasses

Taiwan Main

on December 2019

minimally invasive for

Cadaver lab was done (2018)

Taiwan Main
Biotechnology

First application is

FDA 510 (K)

Bionic vision for

Not cleared by the FDA for

surgeons

distribution in the U.S

Cadaver lab for both hip and knee replacement
Arvis
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Computer assisted
surgery in orthopaedic
procedures

Coming soon

In the following Table 8: VOSTARS features vs. competitorsTable 8: VOSTARS features vs.
competitors comparative analysis of the main features of the VOSTARS system vs. competitor’s is
represented. A detailed product sheet for each HMD with a comparative analysis with the VOSTARS
system is provided in Annex 3 Competitor’s product sheetAnnex 3 Competitor’s product sheet.

Table 8: VOSTARS features vs. competitors.
FEATURES
Visualization
modality

VOSTARS

X-VISION

AR

VR

CADUCEUS

(VST & OST)

FORESEE-X

ARVIS

AR

AR

AR

(OST)

(OST)

(OST)

Tracking
modality

RGB markerbased stereo
camera tracking

IR markerbased
tracking

IR markerbased
tracking

IR markerbased
tracking

Aruko Marker
based
tracking

Application

Craniofacial,
ENT, neuro,
orthopaedic

Spine

Spine

Trauma

Orthopaedic

Calculation
unit

External PC

External
PC

External PC

External PC

Wireless
external unit

Not
declared.

Not declared.

Not declared.

Poor
Literature

Poor
Literature

WIFI
connected
Registration

<1mm

Accuracy

Not
declared,
derived
from
literature

Poor
Literature

~2mm 1

Legend:
VR= Virtual Reality

AR= Augmented Reality

OST= Optical See Through

VST= Video See Through
N.D.= Not defined

As reported in the table above it is important to highlight how VOSTARS solution has competitive and
distinguish advantages both in respect of visualization modalities, accuracy (features that are really
challenging and complex to be achieved) and surgical application areas.
According to a preliminary analysis, the companies that developed their surgical HMD from the scratch
are small sized start-up, no one of them based in Europe. Details of the company features analysis are
reported in the following Table 9 taking in to account location, Industrial specialty, mission and vision,
size and year of foundation.
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Table 9: Companies that developed an HMD from the scratch.

COMPANY

HEAD
QUARTER

INDUSTRIAL
SECTOR AND

MISSION/VISION

SIZE

SPECIALITIES

YEAR OF
FOUNDATION

Medical Device:
surgery,
augmented reality,
surgical navigation,
AUGMEDICS

USA

medical equipment,
see through
surgery, AR and
mixed reality

Augmedics' mission is
to improve healthcare
by developing cutting-

11-50

edge technologies

employees

2014

that will revolutionize
surgical treatment.

navigation.
Medical Device:
Medical
equipments,
Orthopaedics, AR,
Virtual Dissection
Table, Smart

Taiwan Main
Orthopaedic

Taiwan

Biotechnology

Surgical Glasses,
Surgical
Simulation,
Surgical Planning,
medical
manufacturer, and
Medical Software

Transforming the
Medical Future
Bringing high-end and
cutting-edge
technology to
medical, surgical,
clinical and health

11-50
employees

2012

system with
innovations to make
evolutionary
improvements.

Solutions

Insight Medical
Systems, Inc.

4.2

Riyadh, SA

Medical Device:
Medical

Bionic vison for

Sterilization,

augmented reality

Hospital Furniture,

technology to provide

ENT & Audiology,

a highly cost effective

Ophthalmology,

and easy-to-use

Medical Monitoring,

alternative to surgical

and Mortuary

navigation systems

Furniture

and robots.

surgeons

2-10
employees

2013

Companies that developed on top of general purpose commercial HMD

According to the analysis about companies that developed wearable AR systems on top of general
purpose commercial HMD, emerges that the most promising solutions developed the devices
integrating their software with Microsoft HoloLens. The Microsoft HoloLens is one of the most
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advanced head-mounted displays available today, it can provide users hands-free access to complex
data, and an unobstructed view of the real environment. Recently, a French company, the Pixee
Medical, had promising results in Total Knee Arthroplasty with its KNEE+, that integrates Vuzix smart
glasses and the software powering the operation. The most advanced experiences are reported in the
following table.
Table 10: Companies that developed on top of commercial HMD.
Company

Partner

Pixee Medical
(France)

Vuzix

Certification

Product Short description

Application

Status

Knee+ Augmented Reality Navigation for
Total Knee Arthroplasty (TKA)

CE Marked
FDA foreseen
end of 2020

AR navigation for
Orthopaedics
(TKA)

Opensight® is an AR system for pre-surgical
planning. Clinicians can interactively create

510(k) FDA-

Novarad

Microsoft

2D, 3D, and even 4D images of patient

cleared for its

(UK)

HoloLens

anatomy, accurately overlaying them directly

intended use

onto the patient’s body in order to enable

(2018)

Pre-surgical planning

accurate registration for surgical planning.
Medivis

Microsoft

(USA)

HoloLens

SurgicalAR is a surgical imaging platform.
SentiAR platform: 3D augmented reality
platform featuring

real-time
the

of

holographic

SentiAR

Microsoft

visualization

(USA)

HoloLens

anatomy. Converts CT, MRI, and real-time

patient’s

actual

mapping/catheter location outputs into a realtime hologram in the clinician field of view.

510(k) FDACleared (2019)
SentiAR is

Surgical

decision-

making support system
and workflow efficiency
Treatment and analysis

developing the

of cardiac arrhythmias

platform for

within an interventional

eventual FDA

catheter lab

10

environment

submission.

In October 2018, the FDA granted 510(k) approval to the Opensight® System from Novarad
company. This represents the first FDA approved AR medical application for Microsoft HoloLens, now
cleared for use in pre-operative surgical planning11. This system interactively overlays 2D, 3D and 4D
images of patient’s relevant anatomy, obtained from pre-operative MRI, CT or PET imaging onto the
patient's body. The system also allows AR-based intra-procedural guidance, which has been shown
when applies to percutaneous biopsies using 3D freehand biopsy guidance utilizing needle sensors
combined with scan-head localization sensors12. On May 2019 SurgicalAR received 510(k) clearance
for clinical use in the operating room by the U.S. Food and Drug Administration13.
14

The KNEE+ received CE mark and FDA approval is foreseen at end of 2020 .
In the last months further strategic partnership have been settled by Medical device producers with
Magic Leap. Magic Leap is a tech company founded in 2011 and based in Florida USA. Its product,

10
11
12
13

https://sentiar.com/
https://www.novarad.net/products/opensight
Monsky, Virtual and Augmented Reality Applications in Medicine and Surgery-The Fantastic Voyage is here. Anat Physiol 9:1.

https://www.prnewswire.com/news-releases/medivis-wins-fda-clearance-for-breakthrough-augmented-reality-surgical-system300859064.html?tc=eml_cleartime
14

https://www.pixee-medical.com/en/knee/
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15

the Magic Leap One, is a head-mounted virtual retinal display with several applications . Health and
wellness is one of five key areas that Magic Leap is targeting for its technology, along with mobility,
entertainment, energy and water, and communications.
On September 2018 Brainlab and Magic Leap announced a strategic development partnership around
AR in surgery. Under an exclusive agreement, Brainlab will market a version of Magic Leap’s
technology platform that will redefine how surgeons and other clinicians visualize and access medical
16

imaging data. A state-of-the-art operating system will combine Brainlab data management, cloud
computing, visualization and data pre-processing software with Magic Leap’s spatial computing and
experiential platforms. This spatial computing development ecosystem will support management,
visualization, augmentation and navigation of diagnostic imaging data for a broad range of clinical
procedures. The first release (January 2020) enables planning and simulation of interventional
procedures in an office setting: the released application add a new dimension to patient scans by
freeing them from the screen. Up to four users can interact with these photorealistic images in the
room, walking around them to gain new perspectives on the patient’s specific anatomy. Brainlab Mixed
Reality Viewer is CE labelled and is now available in Europe, with FDA clearance that is expected to
17

follow soon . So far, no certification for surgical navigation have been achieved with Magic Leap.
Today the Magic Leap landscape has changed: in late April, Magic Leap — which had previously
raised over $2.6 billion from the likes of AT&T and Google on the promise of its AR technology — cut
half of its workforce and decided to focus solely on enterprise applications going forward. The valuation
of the company dropped from $6.4 billion in 2019, to only $450 million in the course of just 6 months.
And now it seems that they are discussing a new investment fully dedicated to health industry.

4.3

VOSTARS Unique Selling Point (USP) definition

Based on the above analysis it is possible to highlight which is the VOSTARS Unique Selling Point
(USP). The USP is a factor that differentiates a product from its competitors, such as the lowest cost,
the highest quality or the first-ever product of its kind. A USP could be thought of as “what you have
that competitors don’t”. According to the competitor’s and application domain analysis results we can
identify the following distinctive features and requirements:

15
16
17



First/unique hybrid system: OST/VST



Registration accuracy > 1mm



Magnification



Focal distance



Depth of field

https://www.magicleap.com/magic-leap-one
https://www.brainlab.com/press-releases/brainlab-and-magic-leap-partner-in-digital-surgery/
https://www.brainlab.com/press-releases/brainlab-and-magic-leap-partner-in-digital-surgery/
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These distinctive features make the VOSTARS system the unique wearable navigation system with the
same accuracy of a traditional navigation system (≥1mm).
The VOSTARS Unique Selling Point:
VOSTARS IS THE MOST ACCURATE WEARABLE NAVIGATION SYSTEM
FOR, AUGMENTED REALITY BASED, IMAGE GUIDED SURGERY

Copyright - This document has been produced and funded under the VOSTARS H2020 Grant Agreement 731974.
Unless officially marked PUBLIC, this document and its contents remain the property of the beneficiaries of the VOSTARS Consortium.

Page: 22

5 Patents analysis
A patent search was conducted, in order to have a landscaping of Intellectual Property Rights about
AR HMDs development of main competitors and player. Based on such a patent analysis and the
related specific claims, the results is that there are no competing patents claims respect to the ones
submitted by VOSTARS and there are no patents that prevent to deploy into the market the overall
VOSTARS integrated platform.
The patent search was conducted in different patent repositories including the European Patent Office
one with reference to companies mentioned in the competitor’s analysis and with reference to the
following key words:
•

Smart surgical glasses.

•

Augmented reality glasses.

•

Video See Through.

•

Optical See Through.

•

Optical See-Through AR display.

•

Optical see-through augmented reality.

•

Augmented Reality Surgical Systems.

•

Computer Assisted Surgery.

•

Augmented Reality in surgery.

•

Virtual Reality in surgery.

•

Mixed Reality in surgery.

•

AR Headset + surgery.

•

AR Glass + surgery.

•

AR Overlay + surgery.

•

Head-mounted display (HMD).

•

AR head-mounted display.

•

Augmented reality-assisted surgery.

•

Mixed reality headset.

A synthesis of the most relevant patents owned by specified companies is represented in the following
table:
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Table 11: Relevant patent per Competitor.
Company

Patent Title

Country

Patent Code

Date of
patent

Microsoft Technology
Licensing, LLC

AR GLASSES WITH EVENT
AND USER ACTION CONTROL
OF EXTERNAL APPLICATIONS

US

US20190025587A1

2018

Google Inc.

WEARABLE DEVICE WITH
INPUT AND OUTPUT
STRUCTURES

US

US9195067B

2012

Magic leap Inc.

VIRTUAL REALITY GLASSES

US

USD795952S

2015

Taiwan Orthopaedic
Biotechnology Co Ltd

IMAGE GUIDED AUGMENTED
REALITY METHOD AND A
SURGICAL NAVIGATION OF
WEARABLE GLASSES USING
THE SAME

US

US2019216572A

2016

Agumedics Ltd.

COMBINING VIDEO-BASED
AND OPTIC-BASED
AUGMENTED REALITY IN A
NEAR EYE DISPLAY

US

US2017178375A

2016

Insight Medical
Systems, Ini.. L

SYSTEMS AND METHODS FOR
SENSORY AUGMENTATION IN
MEDICAL PROCEDURES

US

US2018049622A

2017

The complete patent search analysis is reported in Annex 2 – Patent searchAnnex 2 – Patent search.
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SECTION 3: VOSTARS 2 BUSINESS PLAN STRATEGY
6 Market analysis
6.1

The market and context description

The VOSTARS project addresses the domain of surgical navigation systems and it is related market
segment of the medical devices for Computer Assisted Surgery. According to the most updated market
reports (Grandview research) the global surgical navigation systems market size was valued at
USD 833.48 million in 2019 and is expected to expand at a CAGR of 7.2% over the period 202018

2027 .
Table 12: Navigation system market highlights.

Global surgical navigation system market value
Market value

USD 833.48 million (2019)

CAGR

7.2% (2020-2027)

Growth main drivers

6.2

 rising adoption of minimally invasive surgical procedures;
 increasing incidence of orthopaedic and neurological disorders;
 Expansion of outpatient settings

The market segmentation

The surgical navigation market analysis is categorized on the basis of technology, surgical
applications, patient care setting and regional coverage. As reported hereafter such analysis highlights
major differences in volumes based on the surgical application domain and market reference country.

Navigation Market regional segmentation
Geographically, North America accounted for the largest
revenue share in 2019 and is expected to grow at a CAGR of
7,6% followed by Europe where German market is expected to
grow at a CAGR of 8% until 2024 (Prescient & strategic
intelligence). The rising prevalence of orthopaedic, ENT and
neurological disorders are the key drivers of growth in these
regions (Grandview research, markets and markets).

18

https://www.grandviewresearch.com/industry-analysis/surgical-navigation-systems-market

Figure 3: USA and Germany CAGR.
Source: Prescient & strategic intelligence.
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According to market analysists, the ongoing rise in the number of patients consequently increases the
demand shorter hospitalization stay and faster recovery advantages provided by minimally invasive
surgeries performed with surgical navigation systems, thereby their market demand will boost in the
coming years.
Furthermore, in the US the rising preference for ambulatory surgery centres and along with growing
procedure volumes, enhance the role of portable navigation system that are more suitable for
ambulatory surgery settings than other cumbersome solutions such as robotic ones. Such a factor is
one of the primary growth drives for surgical navigation systems.

Figure 4: Global surgical navigation system market by region.
Source: Maximize market research

The VOSTARS 2 exploitation strategy is going to address the European and the USA market, that
together account the great part of the overall navigation system market for the forthcoming years
(2021-2027)

Market segmentation by technology
Based on different currently applied technologies, the surgical navigation market is categorized into
optical navigation systems,
electromagnetic
navigation

systems

(EM)
and

hybrid navigation systems.

Figure 45: Surgical navigation market share by technology.
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The VOSTARS 2 addresses the optical navigation systems market segment,
that is forecasted to grow at the highest CAGR during the next years.
The reason of the expected growth is referred to the rise in awareness regarding the advantages of
optical systems: reduced radiation exposure and accuracy provided during complex surgeries, which
enable surgeons to navigate properly through a patient’s anatomy.
According to Allied Market Research, the Optical navigation segment is projected to be the top
19

investment pocket due to high demand and increase in adoption of optical navigation system globally .

Figure 56: Market attractiveness of Optical systems. Source: Allied Market Research.

Market segmentation by application
On the basis of the current main surgical application domains, the market is segmented into neuro,
ENT, orthopaedic, and dental navigation systems.
As represented in Figure 6: U.S. Surgical navigation system market size by applicationFigure 7 U.S.
Surgical navigation system market size by application, the Neurology segment holds the largest share
of the surgical navigation systems market. In fact, neuro was the first surgical branch to implement
navigation and integrate it successfully in clinical routine.

19

https://www.alliedmarketresearch.com/surgical-navigation-systems-market
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Figure 67: U.S. Surgical navigation system market size by application.
Source: Grandview research

As represented in Figure 6: U.S. Surgical navigation system market size by applicationFigure 7 U.S.
Surgical navigation system market size by application, the Orthopaedic segment is expected to reach
almost the same market penetration of the Neurology one by 2027, on such a basis and thanks to the
specific market penetrations of the VOSTARS industrial partners the VOSTARS 2 exploitation strategy
is going to focus on the following market segments.
The VOSTARS 2 exploitation strategy is going to address:


the craniofacial segment that demonstrated benefits in the in vivo testing phase



the orthopaedic segment that is one of the most profitable ones, and also demonstrated
interest in AR HMD by preliminary evaluation of solutions such as Foresee-x and Knee+.



and in second phase in the neuro-spine segment that is one of the most profitable ones,
but one with more competing solutions, especially in the spine area where other systems are
getting interesting results (X-Vision).

The orthopaedic navigation market
The overall orthopaedic navigation system market includes spine surgery besides joint surgery where
knee and hip arthroplasty play the major role towards ankle and shoulder. It is interesting to report that
the shoulder application recently has been facing an important growth, due also to new surgical
navigation solutions that facilitate the overall surgical approach for shoulder total implant positioning.
The global orthopaedic navigation systems market size was valued at USD 122.95 million in 2016
and is expected to grow at a CAGR of 10.6% over the forecast period (2018-2025). The following
figure represents the expected growth until 2025 of the US orthopaedic navigation system. It is
important to highlight that today market share of the US orthopaedic navigation system represents the
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43% of the global orthopaedic navigation market share as represented in the Figure 8. The other
growing markets are Asia, Europe and Australia that gain the highest adoption rate of orthopaedic
navigation system involving more than 45% of the users.

Figure 8: The US orthopaedic navigation system market share
by application 2014-2025 (USD Million).

Hereafter is reported the current market share by region of the orthopaedic navigation market.

Global orthopaedic Navigation
market share by region
4%
7%
43%

18%

28%

North america

Europe

Asia Pacific

Global orthopaedic navigation system
market share by region
Region
%
USD millions
North America
43%
52,87
Europe
28%
34,43
Asia Pacific
18%
22,13
Latin America
7%
8,61
Middle East
4%
4,92
Total market value
122,95

Latin America

Meddle east

Figure 79: Global orthopaedic navigation systems market share, by region, 2016.
Source: Grandview research.

Besides the above current orthopaedic navigation market figures in terms of surgical applications and
regional distribution, we have registered also that the main expected drivers of market growth until
2025 are the following ones : the rise of surgical intervention volume based of aging of population, and
the increase of surgical intervention cases of joint reconstruction, associated with the advantages of
computer-assisted surgeries, such as low blood loss, shorter hospital stay, and easier rehabilitation.
Such factors are expected to boost and drive the orthopaedic surgical navigation industry revenue.
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Table 13: Global orthopaedic navigation system market highlights.

Orthopaedic navigation system market value
Market value

USD 122.95 million (2016)

CAGR

10.6% (2018-2025)

Growth main drivers

 Rising base of geriatric population
 associated advantages of computer-assisted surgeries

Furthermore, based on the current clinical validation undertaken by the overall integrated VOSTARS
platform in the maxillo-facial surgical domain, hereafter is reported also a specific analysis of this
market segment that represent important surgical challenges that can be applied also in other surgical
domains.

The Cranio-maxillo-facial Devices Market
The cranio maxillofacial market size for implantable devices is valued at over USD 1.4 billion in 2019
and is expected to witness more than 7.2% CAGR from 2020 to 2026.

Figure 810: Cranio maxillofacial devices market 2019.
Source: Global Market Insights
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Commentato [g2]: @Mectron, se avete dati più
circostanziati per favore aggiornate e integrate

Rise in number of sports related injuries, falls from high ground, facial injuries caused due to traffic
accidents, violence, assaults, and motor car accidents are some of the major factors driving the global
market growth. Furthermore, increase in preference of patients and healthcare professionals for
minimally invasive cranio maxillofacial surgery will boost the market revenue.
Table 14: Cranio maxillofacial devices market highlights.

Cranio maxillofacial devices market
Market value

USD 1.4 Billion (2019)

CAGR

7.2% (2020-2026)

Growth main drivers

 Rising base of geriatric population
 associated advantages of computer-assisted surgeries

The minimally invasive surgical procedures offer several advantages while conducting reconstruction
surgeries. The advantages such as faster rehabilitation and recovery, minimal blood loss and pain and
shorter hospital stays will augment the industry growth. The demand and need of traditional open
surgery is gradually shifting towards the use of minimally invasive techniques for trauma and
reconstruction surgeries. Hence, several advantages offered by invasive surgeries owing to
introduction of newer technologies will play important role in enhancing the cranio maxillofacial devices
market size. The orthopaedic navigation market can count on such a trend to increase its positioning in
such market segment. However, high cost of cranio maxillofacial surgeries will be one of the major
market impeding factors. It is a multi-specialty procedure and requires participation of several speciality
surgeons such as neurosurgeons, plastic surgeons, as well as dental surgeons hence, resulting in
making the overall procedure quite expensive.

Market segmentation by patient care setting
Based on patient care settings, the market is segmented into hospitals and Ambulatory Surgical
Centres (ASC). Currently the hospitals segment held the largest share of the market in 2019 and is
anticipated to continue leading the market over the next years. Technologically-advanced medical
devices are being used extensively used in hospitals to improve the Point-of-Care (PoC). These
devices not only simplify the treatment procedures but also enable faster and more accurate results.
Hospitals also provide a large array of treatment options pertaining to pain management and
orthopaedic procedures. Owing to these factors the segment is expected to continue witnessing steady
growth in the near future, even if the growing ASC market will represent an important target for
medium-long term strategy.
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The VOSTARS 2 is going to address mainly the Hospital market segment.

Key surgical Navigation Players
VOSTARS exploitation activities performed included also the analysis of the prominent players in this
market, as result of such analysis the main worldwide players are the followings: Medtronic (Ireland),
Stryker Corporation (U.S.), Brainlab AG (Germany), B. Braun Melsungen AG (Germany), Scopis
GmbH (Germany), Fiagon AG (Germany), Karl Storz GmbH & Co. KG (Germany), Amplitude Surgical
(France), Zimmer Biomet Holdings, Inc. (U.S.), and Siemens Healthineers (Germany). These
companies have developed Computer Assisted Surgery platform covering different surgical
applications domains and with different set of solutions some based on standard 3D tracking optical
systems, others based on electromagnetic or CT based approach. In such a context as described
above in the “Market segmentation by technology” paragraph the optical navigation system is the one
that the major player are adopting, such technology is the one more suitable also to be integrated with
AR one.

Dynamics of Surgical Navigation System Market
Among the key trends in the surgical navigation system market is the integration of augmented reality
(AR) in such equipment. As highlighted in the previous paragraph the AR and in particular the AR
based on HMD technology is the one more suitable to be integrated with the optical navigation
systems. The AR surgical navigation is an emerging technology for clinical applications supporting
more and more minimally invasive accurate surgical procedures in domains such as orthopaedic, ENT,
and neuro surgeries. These systems offer real-time, high-quality visualization of information to
surgeons. Medical device manufacturers, such as Scopis GmbH, Stryker Corporation, and Brainlab
AG, offer AR-enabled navigation systems that leverage optical and electromagnetic technologies to
make information visible in endoscopic images.
As previously analysed, the increase in the preference for minimally invasive surgical procedures is
one of the key factors boosting the demand for surgical navigation systems, globally. Minimally
invasive surgeries are video-assisted procedures and, therefore, help enhance operational accuracy,
rendering less post-operative pain, and faster recovery. These factors, thus, contribute to the growing
popularity of minimally invasive surgeries among patients and healthcare providers and will boost even
further the adoption of surgical navigation and AR surgical tools.

Regulatory compliance
In the overall market analysis, it is extremely important also to take into account the regulatory
framework for medical devices. Each country has its own regulation and the major ones are the
European, US, China and Brazil ones.
CE marking is the medical device manufacturer’s claim that a product meets the essential
requirements of all relevant European Medical Device Directives. The Directives outline the safety and
performance requirements for medical devices in the European Union (EU). The CE mark is a legal
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requirement to place a device on the market in the EU. In particular, In the European Union, in order
to introduce a new product on the Medical Devices market it is necessary to be compliant to the new
MDR regulation, effective from May 2021, that introduces new obligations for all companies involved in
the medical device supply chain, including distributors. All medical device manufacturer providing
solutions in the European Market have to refer to the Regulation (EU) 2017/745 of the European
Parliament and of the Council of 5 April 2017 on medical devices, amended Directive 2001/83/EC,
Regulation (EC) No 178/2002 and Regulation (EC) No 1223/2009 and repeals Council Directives
90/385/EEC and 93/42/EEC.
The new legislation is developed to increase market surveillance and product traceability throughout
the supply chain, with greater transparency for the public on the actual clinical results of the products.
Under the new MDR, distributors will play a pivotal role in the supply chain and will have
multiple responsibilities. Failing to comply with these responsibilities can significantly impact product
distribution, including quarantining in the distributor's warehouse or banning the distributor from
distributing medical devices.
The VOSTARS 2 business model is going to be based mainly on distributors role to be active in
different countries, therefore a proper adoption of MDR and national regulatory compliance will be very
important for VOSTARS 2 partners.
In the United States of America, the regulatory agency is the FDA. In the US a Medical Device could
be introduced by either the 510(k)-application process or the De Novo application process. The 510(k)
process is suitable for device types that already have a predicate device registered within the FDA. The
De Novo process is for new types of device that do not have a predicate device already registered
within the FDA. The De Novo application requires also additional tests to the 510(k) applications. The
difference between a 510(k) and a De Novo is subtle, in fact there are processes that allow to explore
both the categories. FDA requires a fee for the application evaluation. The fee for small and medium
businesses is of ~$2.700,00 for the 510(k) and of ~$24.000,00 for the De Novo, anyway the major
costs for the medical device manufacturer are related to regulatory expected testing and pre market
clinical validation.

VOSTARS 2 Main Market targets
Based on the overall market analysis and competitive advantages of the overall integrated VOSTARS
platform the VOSTARS consortium has decided to focus VOSTARS 2 exploitation strategy towards the
following main targets:
According to the development progress and the clinical validation provisions, the VOSTARS 2
exploitation strategy will address:
 Craniofacial segment, that according to provisions will account USD ~2 million in 2025 for the
overall maxillofacial devices market
 orthopaedic and spine navigation market, that according to provisions is expected to reach
global revenues for USD ~249 million in 2025
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 Referring mainly to European and Australian market in a first step and reaching the US
market in a second step
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7 The VOSTARS market strategies and business model
7.1

The VOSTARS market potential and customer segment definition

After the analysis conducted and focus group organized involving surgeons inside and outside the
Consortium it has been possible to identify the main surgical application of the VOSTARS 2 solution.
The VOSTARS could be applied in the open sky surgery in general, but after the market and user
feedback analysis, it has been identified a list of specific surgical interventions that could be benefit
from VOSTARS solution. Hereafter is reported a non-exhaustive short list of such surgical procedures
with market potential divided per application domain.
Table 15: List of procedures suitable for VOSTARS adoption.

Application
Procedures
facilitated
by
the
VOSTARS

NEURO
Cranioplasty
Complex
craniotomies

SPINE
Laminotomies
Laminectomies
Osteophytes
/
Decompressions
Scoliosis
/
Deformities
MIS
(MiniInvasive Spine)

MAXILLO
Oncology,
Traumatology,
Reconstructive
surgery/microsurgery,
Orthognatic Surgery,
Third Molar Surgery,
Malformation
/Craniofacial Surgery,
Implantology

ORTHO
Tumor
surgery of
the hip,
TKR,
THR,
TKR revision
THR
revision,
Pelvis
Osteotomy

ENT
Frontal sinus
DCR
Sphenoid
surgeries
Mastoidectomy
EES
(Endoscopic
Ear Surgery)
Orbital
surgeries
Rhinoplasty

The market potential of the VOSTARS is not limited only to procedures that could be facilitated by the
VOSTARS adoption, by also in other standard surgical procedure for an augmented user experience,
for instance in the orthopaedic domain, based also on the competitor analysis, VOSTARS could be
adopted as wearable navigation system for clinical applications of computer-assisted navigation in
orthopaedic surgery, such as: Total Knee arthroplasty, Total Hip arthroplasty, Corrective osteotomies,
Anterior Cruciate Ligament Reconstruction, Cartilage Defects of the Knee, Fracture Treatment,
Shoulder Surgery, Spine Surgery (insertion of pedicle screws into the lumbar spine), Musculoskeletal
Tumor Surgery.
In order to define the VOSTARS market potential and customer segment we have estimated the
number of procedures per year that could be performed with the VOSTARS system in 3 reference
countries: Italy and Germany for the European market and the USA. Italy and Germany were selected
for representing the European landscape, because they are among the main reference European
markets and also the countries of clinical partners, project coordinator and two industrial partners
already active in the medical device production and commercialization domain. This analysis has not
the ambition of being exhaustive, but aims to assess key metrics in terms of customer segment, market
volumes, current business model dynamics and related estimated investment necessary for the
product engineering and market uptake in such reference contexts.
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In relation to the above identified application domains, hereafter are reported the main market figures
for surgical cases and reference centres:
Table 16: N° of procedures/year per country.

KEY METRICS
TOTAL CENTERS PER COUNTRY
(neuro, spine, ent, ortho, maxilla)
VOSTARS CUSTOMER SEGMENT
(N. OF CENTRES)
TOTAL SURGERIES PER YEAR

N. OF SURGERIES OF THE VOSTARS
CUSTOMER SEGMENT

METHODOLOGY
N. of centres per country
performing the procedures
of above table 13
According to the Pareto
principle the 20% of the
Medical centres performs
the 80% of surgeries.
Total n. of surgeries
performed in one year
In order to be
conservative, and
according to experience,
we assume that the 20% of
medical centres performs
the 40% of surgeries.

Average N. of surgeries per centre of the
VOSTARS customer segment

ITALY

GERMANY

USA

1.202

2.548

6.062

240

510

1.212

328.590

1.115.321

1.952.651

131.436

446.129

781.060

546

875

644

The data source is different for specialty and country. For instance, for the orthopaedic application data
source are the followings:




Germany: IGES – Federal Statistical Office (2014)
Italy: Registro Italiano Artroprotesi, Eurostat
USA: Orthoinfo AAOS (2019)

For CRANIO_MAXILLO FACIAL surgery and NEURO & SPINE surgery applications data source:
•
Italy: Ministero della Salute Italiano + IQVIA database
•
Germany: Bundesministerium für Gesundheit, BMG + IQVIA database
•
USA: Definitive Healthcare database
For the USA the number of centres is identified using the Definitive Healthcare database and looking at
how many facilities the most performed intervention is performed among those selected for VOSTARS.
These figures demonstrate an important market opportunity expressed by average number of
procedures per year per reference hospital centre that could be performed adopting the VOSTARS,
these figures constitute a relevant volume in a growing market.
On such reference figures this paragraph analyse which business model could be adopted per each
application domain and draft a preliminary figures of VOSTARS 2 business plan. Such analysis is
based on the market forecast of n. of medical centres and average n. of procedures per year per
centre that a VOSTARS 2 strategy could address until 2025. The preliminary analysis of cost and
revenue of VOSTARS 2 is tailored to understand the level of investment and the business organization
required to address the above market opportunities.
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7.2

VOSTARS Business Model Canvas

In order to define the VOSTARS value proposition and Business model, the Consortium adopted the Business Model Canvas – BMC as smart tool to quickly
draw a picture of what the business idea entails and to get an understanding of the potential business focus. The BMC is tailored to highlight main concepts
and connections between the different business areas. The BMC is considered a living document and various interactions occurred since 21st December 2018
(first exploitation project meeting in Pisa) and the final BMC version reported in table hereafter.
Table 17: VOSTAR BM Canvas on canvanizer on-line tool.

Copyright - This document has been produced and funded under the VOSTARS H2020 Grant Agreement 731974.
Unless officially marked PUBLIC, this document and its contents remain the property of the beneficiaries of the VOSTARS Consortium.

Page: 37

7.3

VOSTARS 2 Business Plan assumptions

Following the above activities, a very preliminary Business Plan (BP) for the market take off of the
overall integrated VOSTARS platform was developed around the VOSTARS 2 business strategy, from
now on referred as VOSTARS 2.
The VOSTARS 2 is intended as business unit taking care of all the activities, related costs and
revenues from the end of the VOSTARS project (November 2020) until 2025 with an extended market
take off in different countries. Objective of this approach is to represent in a unique centre all the costs
necessary and expected revenues for product development and market launch, on such a basis it has
been possible to have a preliminary assessment of the necessary investment and next steps for the
VOSTARS 2 system engineering and market uptake.
Investments and revenues assumptions are based on the consortium experience in software and
hardware development, on the Mectron and Orthokey experience in the surgical devices development
and commercialization. Costs and revenues are estimated assuming to produce, certify and market the
VOSTARS 2 solution within the current experience of VOSTARS industrial and clinical partners.
According to these assumptions, the VOSTARS 2 BP starts from year 2021 and lasts for 5 years
horizon and with the following milestones:
M1) Q1 2021 orthopaedic application development start
M2) Q4 2021 spine application development start
M3) Q2 2022 Maxillo & ortho Pre-market validation
M4) Q3 2022 CE mark
M5) Q4 2022 Market launch in EU with maxillo and orthopaedic application
M6) Q2 2023 EU market launch spine application
M7) Q2 2024 FDA510K
M8) Q4 2024 Market launch in USA (ortho, maxillo, spine)
M9) Q4 2025 New VOSTARS 2 valorisation
In the following graphics are reported the main VOSTARS platform exploitation milestones within the
main deployment phases.
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Figure 911: VOSTARS 2 BP milestones.
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VOSTARS 2 business model
The VOSTARS 2 Business Model has been developed applying Mectron and Orthokey’s experience in
Medical Device (MD) marketing & sales of innovative surgical instrument to the specific VOSTARS 2
application domain reference markets.
The VOSTARS platform proposition can be organized through different business models according to
the customer segment and the surgical application market dynamics. Three main system configuration
are foreseen: 1) a stand-alone navigation platform, 2) in combination with robotics unit, 3) an add-on to
an external navigation platform. Only the first configuration will be discussed in terms of business
model, because the other two configurations implies the provision of VOSTARS unit to third companies
that will market it in combination with their solutions. Therefore in the VOSTARS 2 BM strategy we will
consider the VOSTARS system as a stand-alone navigation platform.
BUSINESS MODEL

CONFIGURATION

DISTRIBUTION

VOSTARS +
NAVIGATION

VOSTARS +

Direct sales

ROBOTICS

VOSTARS Sales
for Large Medical
centres

VOSTARS
stand alone

Distribution
partnership

VOSTARS Pay per use
for Small Medical
Centres
Figure 1012: VOSTARS 2 Business Model.

“Sales” model is foreseen for Large Medical Centres (≥ n. 100 beds per department) with high
number of intervention with VOSTARS per year (≥ n. 100).
“Pay per use” model is foreseen for small medical centres (≤ n. 100 beds per department)

Revenues model

SALES

According to the Pareto principle (also known as the
80/20 rule), for many situation, roughly 80% of the

BM

PAY P USE

effects come from 20% of the causes.

BM

In the VOSTARS 2 BP we know that about 20% of the Medical
Centres implement the 80% of the global surgeries p. country.
Thus the VOSTARS market target is to address this 20%,

80%
of target sales
form 20% of MC
20% of target sales from
80% of MC
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represented by the largest medical centres.

The overall VOSTARS 2 Business Plan is mainly focused taking into account the revenue generated
by addressing the largest hospital through the business model of the “Sale” of the overall integrated
platform and the “Pay per use” revenue stream percentage. Without counting the other two VOSTARS
systems configuration revenue stream. So such a Business Plan can be considered a conservative
forecast based on the fact that the results achieved by system engineering and production can be
exploited also for the other VOSTARS system configuration and business model. In such a respect the
market for surgical navigation can be seen as a precursor and submarket of the market for surgical
technology, a market which includes intraoperative imaging such as endoscopic, microscopic and
ultrasound device, intraoperative robotics and OR integration devices. This larger market in which
surgical navigation is a key component is estimated to be about $10.0 bn. by 2022.
Therefore, the overall costs and investment for the engineering and production can generate asset and
value also for a larger revenue stream.

VOSTARS 2 Pricing strategy
“Sale” Pricing: The Sale pricing is defined according to the average current price and trend of surgical
navigation systems differentiated among Europe and USA. In the Sale Business Model the offering of
VOSTARS 2 will be articulated in the Sale of the VOSTARS integrated platform with option to add
different modules according to the specific surgical procedures, such offering is accompanied by
disposable kit to be used for each surgery performed with VOSTARS.
The VOSTARS system has been designed to be user friendly with a very short learning curve, so for
such a solution is not required to have a VOSTARS product specialist supporting the execution of the
surgical intervention.

UNIT Description
VOSTARS platform

EUROPE

USA

105.000

135.000

Additional Surgical Procedures Software License

30.000

35.000

Surgical tools Kit tailored per Surgical Procedure

9.000

12.000

Disposables Kit per Intervention

200

400

Pay per use Global Service without Product Specialist

800

1.200

1.250

1.800

Pay per use Global Service with Product Specialist

In the above table all the prices are in Euro excluding VAT, EX-WORK incoterms.
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VOSTARS 2 Revenue figures and overall forecast
Orthokey and Mectron, the two industrial companies interested in the commercialization of the
VOSTARS platform can count already on a large network of branches and distributor partners. In
particular, they can access to a total of more than 15 sales partners in Europe, America, Middle East
and Asia where the VOSTARS solutions can be immediately sold based on existing market penetration
VOSTARS 2 business strategies will be based on the two following distribution models:
1.

Direct sales market:

2.

Distributor sales market

Direct sales distribution model: Sales in region with already direct commercial organization for
Orthokey and Mectron. The direct sales will be focused in Italy, France, India and US.
Distributor sales model: it will address both European and International Markets. Sales to the
European and international markets will take place in cooperation with distributors from the medical
sector who are active and established in the various national markets. The distributors will assume
most of the sales work independently and will receive correspondingly higher commissions. VOSTARS
2 strategy is to support these distributors through intensive training of sales personnel, support joint
appearances on international fairs and congresses and the product approval in non-European markets.
For the Distributor sales model the transfer price is estimated to be about the 50% of direct sale
price.
The overall Revenue model of VOSTARS 2 is based on number of hospitals/medical centres per year
that each distributor can add to the VOSTARS portfolio. According to the Mectron and Orthokey’s
experience we assume that each distributor will get 4 centres/year in the maxilla and spine and 5 new
centres/year in the orthopaedic domains.
Distributor partnership: In order to achieve expected results in terms of n. of Vostars Unit sold a plan
for reinforcing more and more distribution partnership is foreseen in the business strategy. Revenues
are calculated according to assumptions based on Orthokey and Mectron experience in
commercialization and adoption of innovative surgical instruments in the above analysed reference
markets.
In particular hereafter are reported the main VOSTARS platform revenue figures
Key metrics
N° of dealer per year
VOSTARS units sales
N° of hospitals/centres
Average number of
interventions/year/centre

Assumptions underlying the model
17 dealers at the end of 2025 based on Orthokey and Mectron current
and future enhanced network
1 VOSTARS Platform (including 1 SW application) per Centre
+ surgical tool and disposables
4-5 new centre * dealer * year
n. 75 surgery * centre * year
This number is re-proportioned for the first year of adoption, assuming
that they will not purchase in the Q1 and considering the learning curve.
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PLATFORM REVENUES = N. 1 Vostars units (including 1 application
SW) *Centre/hospital
ADDITIONAL SW APPLICATION REVENUES = From 2023 the 50% of
centres will purchase an additional software application accompanied
by the dedicated surgical tools 50%*n. of Centres*additional SW price

Revenues

SURGICAL TOOL REVENUE = N. 1 surgical tools * application
software
N. of interventions* disposables price
In 2022 the first systems are not purchased, but on loan for use,
revenues are calculated on the disposables sales.

According to above assumptions VOSTARS partners have implemented an articulated business
strategy to address more and more markets with dedicated surgical procedures solutions.
These strategy results are reported in the following paragraphs both in terms of sales revenue, costs
and investment rounds.
In the following table are reported the main result Key Performance Indicator – KPI in term of sales for
the period 2021-2025 divided for the two business models taken into account:
KPIs
(2021-2025)

SALES MODEL

PAY PER USE MODEL

215

72

215
Large Medical Centres

72
Small Medical Centres

14.062

4.238

20.646 K euros

4.378K euros

N. OF VOSTARS UNIT PURCHASED

N. OF MEDICAL CENTRES/HOSPITALS

N. OF INTERVENTIONS

REVENUE FORECATS
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The revenue forecast is based on Mectron and Orthokey commercialization and distribution network and future market expansion strategy dedicated to
VOSTARS solution. According to the reference market segments as discussed above this is a conservative forecast that anyway is capable to sustain an
important business for a dedicated VOSTARS 2 business unit.
Table 18: VOSTARS 2 sales revenue forecast model.

Potential market and revenue forecast
Total Figures in 5 Years

Number of DISTRIBUTORS

17

n. centre per dealer

5

Additional distributors
Progressive Number

1

5

1

2021
EU
DISTRIBUTOR
TOTALE CENTRES
N. CENTRES/YEAR
Vostars Platform Units
N. SURGERIES/CENTRE
Total surgeries
% additional application
ADDITIONAL SOFTWARE LICENSE
TOTAL UNIT surgical tools
Vostars Platform with 3 Y Evol. Maint.
Additional software SW - direct
Dedicated Surgical Instrument Set
Sugical Disposable Set
% Distributor
PLATFORM revenues
ADDITIONAL SW APPLICATION revenues
Surgical tool revenues
Disposables revenues
TOTAL REVENUES

Disposable/revenues %
USA revenues %
TOTAL REVENUES

EU

Total in 5 Years
215

5

USA

EU

0

75
93,75
0%
0
5

75
0
0%
0
0

€ 30.000,00
€ 9.000,00
€ 200,00
100,0%
€ 0,00
€ 0,00
€ 45.000,00
€ 18.750,00
€ 63.750,00
29%

€ 30.000,00
€ 9.000,00
€ 200,00
100,0%
€ 0,00
€ 0,00
€ 0,00
€ 0,00

€ 63.750,00

€ 0,00

5
0
0%
0
0

0
0%
0
0

€ 30.000,00
€ 9.000,00
€ 200,00

€ 30.000,00
€ 9.000,00
€ 200,00

€ 10.837.500,00
€ 3.255.000,00
€ 3.117.000,00
€ 3.393.750,00
€ 20.603.250,00

€ 0,00
€ 0,00
€ 0,00
€ 0,00

€ 0,00
€ 0,00
€ 0,00
€ 0,00

€ 20.603.250,00

€ 0,00

€ 0,00

5

5

5

10

5

5

3

1

5

0

8

3

9

8

USA

EU

USA

EU

2023

5
5

0

215
14062,5

0
2022

USA

0

5

2

2024

30
25

2025

70
40

25

15
15

40

15

75
1312,5
50%
12
37
€ 105.000,00
€ 30.000,00
€ 9.000,00
€ 200,00
100,0%
€ 1.312.500,00
€ 360.000,00
€ 333.000,00
€ 262.500,00
€ 2.268.000,00
12%

75
0
50%
0
0
€ 135.000,00
€ 35.000,00
€ 12.000,00
€ 400,00
100,0%
€ 0,00
€ 0,00
€ 0,00
€ 0,00
€ 0,00

75
3375
50%
20
60
€ 105.000,00
€ 30.000,00
€ 9.000,00
€ 200,00
100,0%
€ 2.100.000,00
€ 600.000,00
€ 540.000,00
€ 675.000,00
€ 3.915.000,00
17%

75
281,25
50%
7
22
€ 135.000,00
€ 35.000,00
€ 12.000,00
€ 400,00
100,0%
€ 245.000,00
€ 264.000,00
€ 112.500,00
€ 621.500,00
18%

€ 2.268.000,00

€ 0,00

€ 3.915.000,00

€ 621.500,00

USA
160
90

90
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40

75
6375
50%
45
135
€ 105.000,00
€ 30.000,00
€ 9.000,00
€ 200,00
100,0%
€ 4.725.000,00
€ 1.350.000,00
€ 1.215.000,00
€ 1.275.000,00
€ 8.565.000,00
15%

75
2625
50%
20
60
€ 135.000,00
€ 35.000,00
€ 12.000,00
€ 400,00
100,0%
€ 2.700.000,00
€ 700.000,00
€ 720.000,00
€ 1.050.000,00
€ 5.170.000,00
20%

€ 8.565.000,00

€ 5.170.000,00

14%
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40

38%

Costs from TRL 7 to the market launch up to 2025
The overall VOSTARS project costs sustained so far by the overall project consortium have been
considered as initial capital investment of VOSTARS 2, such overall initial investment is about of 4,4
M€. Furthermore within the VOSTARS 2 business strategy we have considered the main costs
necessary for product development, production, regulatory, market launch and commercialization until
the year 2025, at beginning of 2025 it is expected to reach the break-even of VOSTARS 2 business:
1.
2.
3.
4.
5.
6.

The VOSTARS system engineering and production;
Multicentric clinical trials for the pre-market validation;
Regulatory compliance for EU and USA market;
Marketing activity before market launch
Marketing and commercial activity after-market launch
Post market surveillance

VOSTARS system engineering and market uptake costs estimation:
Costs from TRL7 to market
Software development and
engineering

Estimation (2021-2025)
93 person/months*6000 euro

Application workflow development

200K euro

CAS Surgical tool development

12 person/months + 50K material

HMD Hardware engineering

800K euro including personnel and material costs

Regulatory an IP protection
Clinical studies in Europe and
USA
Marketing activity

Commentato [g3]: Cristiano

180K euro including test and registration costs for EU and
US
450K euro
1.695K euro

According to a preliminary estimation in order to achieve the expected milestones the following
investment rounds are considered necessary to support VOSTARS 2 business strategy:
1st round of investment
3,9 MEuro
2nd round of investment
4,6 MEuro

M1) Q1 2021 orthopaedic application development start
M2) Q4 2021 spine application development start
M3) Q2 2022 Maxillo & ortho Pre-market validation
M4) Q3 2022 CE mark
M5) Q4 2022 Market launch in EU with maxillo and orthopaedic application
M6) Q4 2023 EU market launch spine application
M7) Q3 2024 FDA510K clearance
M8) Q4 2024 Market launch in USA (ortho, maxillo, spine)
M9) Q4 break-even point

It is important to highlight that new funding opportunities have been already implemented both for
public funding sources and through strategic meetings with some private investors.
Associated with such investment plan it is planned a job creation of 27 full-time employees, including
12 high qualification jobs in sales, research and development and 2 jobs for inclusion and full
participation of persons with disabilities.
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8 Barriers and risk analysis
Innovation related to the creation of new types of products, technologies and services is in its essence
a risky process. According to some reports only 2% to 10% of new ideas are eventually implemented in
the form of the successfully business and real product sales into the market. The VOSTARS 2 strategy
has the very important advantage to count of plurennial market experience of Orthokey and Mectorn
that have developed, produced and commercialized their own advanced surgical instruments since
more than 15 years each.
Anyway for every new product concept and business it is very important to analyse potential barriers
and risks. In the case of the VOSTARS 2 the main risks and barriers deal with:
Barriers

Mitigation strategy

High cost of product development

Minimum Viable Product development for early adopters

Necessity of huge investment

Definition of a modular road map in 2 phases with dedicated fund
raising strategy

Medical
barriers

Dealers strategic role for the MDR and FDA compliance

Devices

regulatory

Risks

Mitigation strategy

Non-compliance with users’ needs

Involvement of stakeholders, users and KoLs since the concept
and product development phase in order to assess and create
value for users and customers; Minimum Viable Product
development.

Usability issues (weight, cable,
etc.)

Involvement of at least 10 surgeons For MVP development,
ergonomic evaluations

Other players may innovate faster
and introduce new products in the
market

Focus and strongly marketing the VOSTARS 2 USP with a
dedicated promotion strategy

Difficult
access
investments/funds

Fund raising plan based on different sources on funding
Research & Innovation project both at local and European level.
Plus Pitch towards private investors

8.1

to

further

VOSTARS system Minimum Viable product MVP

In product development, the Minimum Viable Product (MVP) is a basic version of a product that can
be released much faster than a more fully-featured version. Ideally, an MVP should have a broad
enough feature set to satisfy early adopters.
The idea behind creating MVPs is to get products to market more quickly so that companies can 1)
start earning revenue and 2) get feedback to improve the product. Eric Reis, who introduced the
concept of the minimum viable product as part of his Lean Startup methodology, describes the purpose
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of an MVP as: the version of a new product that allows a team to collect the maximum amount of
validated learning about customers with the least amount of effort.
Following this emerging approach to the product development, the VOSTARS consortium defined
components, costs and next steps for the development of a VOSTARS 2 MVP taking into account the
essential technical specification to meet main users and market requirements.
A VOSTARS HW MVP components, features and costs has been therefore defined and hereafter are
reported the estimated production cost of each component of a mature VOSTARS HMD HW release:
Table 19: VOSTARS HW MVP components and cost analysis.

COMPONENT

COST/UNIT

OPTICAL SHUTTER

TOTAL

€ 200,00

2

€ 400,00

€ 1.000,00

1

€ 1.000,00

RGB CAMERA

€ 300,00

2

€ 600,00

OPTICAL

€ 100,00

4

€ 400,00

€ 90,00

1

€ 90,00

CABLES

€ 100,00

1

€ 100,00

CALCULATION UNIT (embedded TX2)

€ 800,00

1

€ 800,00

€ 20,00

1

€ 20,00

MICRODISPLAY+ELCTRONIC+OPTIC

CASE

IMU
COST OF THE VOSTARS HW MVP

8.2

UNIT

€ 3.410,00

Stakeholders and KoL engagement

The involvement of stakeholders and Key opinion Leaders (KoLs) is strategic in the surgical field in
order to develop a business model. The stakeholder’s analysis and strategy for engagement was
presented in the D11.3. In the following table a list of strategic KoLs engaged during the project
lifespan is presented together with highlights of their feedback.
#

Name and affiliation

1

Prof. Richard M. Satava

Professor Emeritus of Surgery at Univ. Washington – Seattle

Strategic value for the VOSTARS
and feedback highlights
He has always been involved in
research and surgical training and
was one of the first to believe in
the synergy between technology
and medicine, showed the
evolution of the computer
assisted surgery as analysed from
a clinical point of view.
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2

Prof. Nassir Navab

3

Director of the Computer Aided Medical Procedures (CAMP) research
team at both Technical University of Munich and Johns Hopkins
University
Prof. Rodolfo Capanna

Director of the Specialization School of Orthopaedics and
Traumatology of the University of Pisa (IT)
4

Dr. Dante Dallari

Director of the Complex Structure "Orthopaedic Reconstructive
Surgery Innovative Techniques at Istituto Ortopedico Rizzoli Bologna
5

Dr. Domenico Tigani

Director of the Complex Operative Unit of orthopaedics and
traumatology at Ospedale Maggiore Bologna (IT)

He is pioneer in the field of
orthoscopic augmented reality,
presented the latest research and
future developments in the
medical
augmented
reality
sphere, endorsing the hybrid
approach proposed by VOSTARS
for the guidance of precision
tasks.
Doctor Capanna has been using
navigated surgery for 15 years.
During the VOSTARS system
presentation he identified some
orthopaedic procedures that
could be facilitated by the system
and expressed his interest in
implementing a testing phase for
the orthopaedics domain
Doctor Dallari has been using
navigated surgery for 15 years.
During the VOSTARS system
presentation he identified some
orthopaedic procedures that
could be facilitated by the system
and expressed his interest in
implementing a testing phase for
the orthopaedics domain.
Doctor Tigani has been using
navigated surgery for 15 years.
During the VOSTARS system
presentation he identified some
orthopaedic procedures that
could be facilitated by the system
and expressed his interest in
implementing a testing phase for
the orthopaedics domain.

The involved KoL gave important feedback about possible applications and procedures that could be
facilitated by the VOSTARS adoption. In particular, orthopaedic surgeons expressed their interest in
testing the system in the orthopaedic domain, especially in the hip tumor surgery.
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9 Implementation road map and next steps
The VOSTARS consortium is going ahead also after the formal project conclusion with a set of
activities tailored to identify main VOSTARS platform engineering priorities and strategies including the
refine and fine tuning definition of costs for product engineering, regulatory and market launch. The first
estimation provided in this deliverable is a first step for the definition of a fund raising strategy for
reaching TRL9 and for attracting new funds and investors.
Short term next steps towards the VOSTARS 2 roadmap include:
1) System testing in other application and specialities. At this aim a local proposal was
presented for the European Regional Development Fund of Tuscany Region, for the
development and validation of an orthopaedic application (ARTS4.0 proposal involving
UNIPI and Orthokey).
In the orthopaedic filed other KOLs expressed interest in the system testing and the
consortium is working in this direction.
2) More detailed analysis of VOSTARS SW and HW engineering effort and costs
3) Meetings with investors for attracting funds for further development. N. 3 investors expression
of interest
4) European and local proposals application for fund raising.
5) Setting up specific B2B agreements with VOSTARS 2 distributors
6) Planning with Distributor Network a workplan to create a VOSTARS 2 brand expectation and
presence in different regions.
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SECTION 5: CONCLUSION
This deliverable poses the basis for further development and VOSTARS system exploitation strategy
definition. The main achievements of this activity and deliverable are referred to:


the competitor’s analysis



the definition of the VOSTARS system value proposition and Unique Selling Point (USP),



a technical analysis for the product engineering,



the VOSTARS HMD HW Minimum Valuable Product definition and associated production
costs,



identification of applications and procedures that could be facilitated by the Vostars adoption
and worthy to be tested and explored



expressions of interests of surgeons willing to test the system in other surgical applications
(orthopaedics and spine)



the definition of the customer segment



definition of the business model



revenue and cost forecast of a VOSTARS2 addressing spine, maxilla and orthopaedic
applications based on the Orthokey and Mectron distribution network



Expected Investment Rounds.

Further areas of VOSTARS exploitation have been identified such as the combination of VOSTARS 2
unit with robotic solutions that are leading market trend and can represent another important
opportunity and driver of VOSTARS approach into CAS market.
These outcomes will be exploited for further fund raising activity and pitch for investors for proceeding
towards the VOSTARS2 realization.

Copyright - This document has been produced and funded under the VOSTARS H2020 Grant Agreement 731974.
Unless officially marked PUBLIC, this document and its contents remain the property of the beneficiaries of the VOSTARS Consortium.

Page: 50

10 List of tables
Table 1: VOSTARS project exploitable results. ...................................................................................... 10
Table 2: Table 3 & 4 Legend. ................................................................................................................. 11
Table 3: VOSTARS integrated system IPR and exploitation claims. ..................................................... 11
Table 5: IPR protection table. ................................................................................................................. 14
Table 6: VOSTARS system IPR protection assessment. ....................................................................... 14
Table 7: Surgical HMDs developed from the scratch. ............................................................................ 17
Table 8: VOSTARS features vs. competitors. ........................................................................................ 18
Table 9: Companies that developed an HMD from the scratch. ............................................................ 19
Table 10: Companies that developed on top of commercial HMD. ........................................................ 20
Table 11: Relevant patent per Competitor. ............................................................................................ 24
Table 12: Navigation system market highlights. ..................................................................................... 25
Table 13: Global orthopaedic navigation system market highlights. ...................................................... 30
Table 14: Cranio maxillofacial devices market highlights....................................................................... 31
Table 15: List of procedures suitable for VOSTARS adoption. .......................................................... 3534
Table 16: N° of procedures/year per country. .................................................................................... 3635
Table 17: VOSTAR BM Canvas on canvanizer on-line tool. .............................................................. 3736
Table 18: VOSTARS 2 sales revenue forecast model. ...................................................................... 4443
Table 19: VOSTARS HW MVP components and cost analysis. ........................................................ 4746

Copyright - This document has been produced and funded under the VOSTARS H2020 Grant Agreement 731974.
Unless officially marked PUBLIC, this document and its contents remain the property of the beneficiaries of the VOSTARS Consortium.

Page: 51

11 Abbreviations
AR

Augmented Reality

CA

Consortium Agreement

CKPI

Communication Key Performance Indicator

CT

Computerized Tomography scan

DoA

Description of Action

DKPI

Dissemination Key Performance Indicator

EC

European Commission

ENT

Ear Nose Throat

EU

European Union

FDA

Food and Drug Administration

GA

Grant Agreement

HMD

Head Mounted Display

HTA

Health Technology Assessment

IGS

Image Guided Surgery

IP

Intellectual Property

IPR

Intellectual Property Rights

KET

Key Enabling Technology

KOLs

Key Opinion Leaders

KPIs

Key Performance Indicators

M

Month

MRI

Magnetic Resonance Imaging

MRL

Market Readiness Level

MVP

Minimum Viable Product

OST

Optical See Through

PET

Positron Emission tomography

SoA

State of the Art

THA/THR

Total Hip Arthroplasty/ Total Hip Replacement

TKA/TKR

Total Knee Arthroplasty/ Total Knee Replacement
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TRL

Technology Readiness Level

VR

Virtual Reality

VST

Video See Through

WP

Work Package
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12 Annexes
12.1 Annex 2 – Patent search
Patent search by company results
MICROSOFT CORPORATION
This company has more than 40,000 patent families of which it is important to highlight the following:
Patent Code

Patent Title
AR GLASSES WITH EVENT AND USER ACTION CONTROL OF EXTERNAL

US2019025587AA

APPLICATIONS

Description: This disclosure concerns an interactive headmounted eyepiece with an integrated processor for
handling content for display and an integrated image
source for introducing the content to an optical assembly
through which the user views a surrounding environment
and the displayed content, wherein the eyepiece includes
event and user action control of external applications.

ECHOPIXEL INC
This company owns 5 patent families in the study area:
Patent Code

Patent Title
METHOD AND APPARATUS FOR DISPLAYING STEREOSCOPIC 3D IMAGES WITH A

US8363096B

LIQUID CRYSTAL PANEL

Description: A sample and hold display such as a Liquid Crystal Display (LCD) monitor that is capable of displaying video
signals at a high frame rate, usually at over 120 frames per second, is described. The goal of the monitor is to enable the end
user to view stereoscopic 3D images with the use of circular polarized glasses. The display switches between a left perspective
view displayed with left handed circular polarization and a right perspective view displayed with right handed circular polarization
as stereoscopic 3D images that are viewed with passive analysing glasses. A horizontally segmented impulse backlight is used
to control the timing of the images displayed in synchrony with a horizontally segmented liquid crystal modulator that performs
the circular polarization. The impulse backlight and LC modulator eliminate crosstalk while maintaining brightness and high
image contrast. Additionally, a unique driving scheme eliminates the appearance of individual segments.
US2014225887A

GRAPHICAL SYSTEM WITH ENHANCED STEREOPSIS
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Description: There is described a method for providing
stereoscopic images. The method comprises receiving, by a
computer system, user-interaction information specifying
user selection of a cut plane relative to an object that is
presented on a display. The display is associated with a
viewing geometry. Left-eye frustum and right-eye frustum
are defined to specify what eyes of a user see when viewing
the object. The cut plane is at an arbitrary orientation in a
given frustum and at an arbitrary location relative to a near
plane to the user in the given frustum. The orientation is
other than one of: perpendicular to a gaze direction of the
user, and perpendicular to a symmetry axis of the object.
The method further comprises generating, by the computer
system, the stereoscopic images that include the object
based on data having a discrete spatial resolution. The
stereoscopic images include image parallax, and the
stereoscopic images correspond to one of: a direction
proximate to a direction perpendicular to the cut plane, and
the direction perpendicular to the cut plane. The method
further comprises providing, by the computer system, the
stereoscopic images to the display.

US2015235364A

FEATURE VALIDATION USING MOTION REGISTRATION

Description: During an analysis technique, the
locations of a polyp candidate (and, more generally, a
feature) in images of the colon acquired with different
orientations

of

an

individual

are

compared

to

determine if the polyp candidate is a true positive (an
actual polyp) or a false positive (an artifact). In
particular, the locations are compared for images
when the individual is supine and prone. During this
rotation by approximately 180° (and, more generally, a
symmetry operation), an actual polyp is expected to
also be rotated by approximately 180°. Consequently,
the location change during the symmetry operation
can be used to validate whether the polyp candidate is
an actual polyp. Because the colon is a non-rigid
object (with degrees of freedom including rotation,
compression and expansion), reference markers
(such as haustral folds) are used to assist in
determining the location of the polyp candidate in the
images acquired in the different orientations.

US2016381256A

DYNAMIC MINIMALLY INVASIVE SURGICAL-AWARE ASSISTANT

Description: A computer system that provides situational awareness and feedback during a surgical procedure is described.
During operation, the computer system generates stereoscopic images at a first 3-dimensional (3D) location in an individual,
where the stereoscopic images include image parallax and are based on data having a discrete spatial resolution and a
predefined surgical plan for the individual. Then, the computer system provides the stereoscopic images to a display. When a
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surgical tool is advanced, location information of the surgical tool is updated in the stereoscopic images displayed are updated.
Alternatively or additionally, When location information indicates a deviation from the predefined surgical plan during the surgical
procedure, the computer system generates revised stereoscopic images that indicate: the deviation has occurred an update to
the predefined surgical plan and/or how to return to the predefined surgical plan.
US2018310907A

SIMULATED FLUOROSCOPY IMAGES WITH 3D CONTEXT

Description: A computer system that provides a simulated 2D
fluoroscopy image is described. During operation, the computer
system may generate the simulated 2D fluoroscopy image
based on data in a predetermined 3D image associated with an
individual's body. For example, generating the simulated 2D
fluoroscopy image may involve a forward projection. Moreover,
the forward projection may involve calculating accumulated
absorption corresponding to density along X-ray lines through
pixels in the predetermined 3D image. Then, the computer
system may provide the simulated 2D fluoroscopy image with a
3D context associated with a predefined cut plane in the
individual's body. Note that the providing may involve displaying,
on a display, the simulated 2D fluoroscopy image with the 3D
context.

INSIGHT MEDICAL SYSTEMS
This company owns 2 patent families in the study area:
Patent Code

Patent Title

US5582171A

APPARATUS FOR DOPPLER INTERFEROMETRIC IMAGING AND IMAGING GUIDEWIRE

Description: An apparatus for Doppler interferometric imaging comprising a balanced fiber optic interferometer, a low coherence
light source and an imaging guidewire is used for diagnosis of intravascular obstructions. The imaging guidewire, which is also
used for placement of over-the-wire catheters, comprises a hollow elongated body, an optical fiber, a rotatable mirror at its distal
end and a micro motor operable to sweep the sampling beam around the vessel. An optical length modulator in the reference
arm of the interferometer provides ramp wise modulation of optical length and a Doppler frequency shift for the reference beam.
The polarization diversity detection scheme and two envelope detectors tuned for the Doppler frequency, perform measurements
of the intensities of the two linear polarizations of the retro reflected light. Combined with current values of the optical length of
the reference arm and angular position of the sweeping mirror, this information is used for reconstruction of the cross-sectional
images of the vessel in two polarizations. These images are used for measurements of the geometry and recognition of the
morphology of an intravascular obstruction which is utilized for diagnosis of atherosclerosis and real-time guidance of
interventional procedures like PTCA.
US2018049622A

SYSTEMS AND METHODS FOR SENSORY AUGMENTATION IN MEDICAL
PROCEDURES
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Description: The present invention provides a
mixed reality surgical navigation system (10)
comprising: a display device (104) comprising a
processor unit (102), a display generator (204), a
sensor suite (210) having at least one camera
(206); and at least one marker (600) fixedly
attached to a surgical tool (608); wherein the
system (10) maps three-dimensional surfaces of
partially exposed surfaces of an anatomical object
of interest (604); tracks a six-degree of freedom
post of the surgical tool (608), and provides a
mixed

reality

user

interface

comprising

stereoscopic virtual images of desired features of
the surgical tool (608) and desired features of the
anatomical object (604) in the user's (106) field of
view.

The

present

invention

also

provides

methods of using the system in various medical
procedures.

GOOGLE INC
This company has more than 20,000 patent families, of which the following stand out:
Patent Code

Patent Title

US9195067B

WEARABLE DEVICE WITH INPUT AND OUTPUT STRUCTURES

Description: An electronic device includes a display and a band configured to be worn on the head of a user. The band defines
a display end to which the display is affixed and extends from the display end to a free end. The band is adjustable such that it
can be configured by a user to contact the head of the user at a first location near a temple, a second location along a portion of
the user's ear adjacent the temple, and at a third location along a rear portion of the head of the user. The display end is
positionable away from the head such that the display element is suspended over an eye adjacent the temple. The band is
further configured to maintain the configuration. The device also includes image generating means within the band for generating
an image presentable to the user on the display.

MaGIC LEAP INC
This company owns more than 500 patent families, of which the following stand out:
Patent Code

Patent Title

USD795952S

VIRTUAL REALITY GLASSES

Description:
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TAIWAN MAIN ORTHOPEDIC BIOTECHNOLOGY
This company owns 3 patent families:
Patent Code

Patent Title

US10383692B

SURGICAL INSTRUMENT GUIDANCE SYSTEM

Description: Using the surgical instrument guidance system
of the present invention, a doctor can instantly obtain a real
field of view of a surgical site of a patient, a three-dimensional
medical image that coincides with a surgical site of the patient,
and a real-time positional relationship between the surgical
instrument and the surgical site of the patient. The surgical
instrument guidance system provides an entrance guiding
interface, an angle guiding interface and a depth guiding
interface to help the surgeon monitor whether the position
relationship between the surgical instrument and the patient's
surgical site conforms to the preoperative planning and
specifically increases the accuracy of position, angle and
depth of the surgical instrument on the surgical site of the
patient.

US2019216572A

IMAGE GUIDED AUGMENTED REALITY METHOD AND A SURGICAL NAVIGATION OF
WEARABLE GLASSES USING THE SAME

Description: This present invention discloses an image guided augmented reality method, comprising the following steps
of: obtaining a first conversion matrix of a camera and a marked point; obtaining a second conversion matrix of the eye and
the camera; linking the first conversion matrix and the second conversion matrix to obtain a correct position corresponding
matrix of the eye to the marked point; and linking the correct position corresponding matrix to a position feature of the
marked point to obtain the correct position of the eye to the marked point. The present invention also discloses a surgical
navigation method of wearable glasses, used for obtaining the correct position of the operator's eye to the marked point.

AUGMEDICS LTD
This company owns 2 patent families:
Patent Code

Patent Title

US2017178375A

COMBINING VIDEO-BASED AND OPTIC-BASED AUGMENTED REALITY IN A NEAR EYE
DISPLAY
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Description: Apparatus, including a retaining
structure (54), positioned near a subject's eye that
has a pupil with a diameter, an optical combiner
(52A) mounted on the structure before the eye,
and a pixelated screen (60A) having an array of
variably transparent pixels coating the combiner.
There is an image capturing device (68A)
mounted on the structure to capture an image of a
scene viewed by the eye, and a projector (64A) is
mounted on the structure to project at least one of
a portion of the captured image and a stored
image onto a section of the screen at a selected
location thereof. A processor (26) renders the
screen section at least partially opaque, selects
the section location in response to a region of
interest in the scene identified by analysis of the
captured image, and determines a dimension of
the section in response to the pupil diameter.

US2019175228A

SPINOUS PROCESS CLAMP

Description: Apparatus, consisting of a hinge, defining a hinge
axis, and a pair of opposing jaws terminating at respective
proximal regions and distal regions. The proximal regions are
connected to the hinge so that at least one of the jaws is
configured to rotate about the hinge between a closed state and
an open state of the jaws. In addition, the jaws are curved in
respective planes parallel to the hinge axis, and terminate in
respective narrowed ends at the respective distal regions, wherein
in the closed state the jaws are configured to grip one or more
sections of vertebrae. The apparatus also has a support structure
that is configured to retain the hinge and the pair of opposing
jaws. A multiplicity of sharp teeth are disposed on respective inner
surfaces of the opposing jaws.

Patent search by key words results
The patent search was conducted with reference to the following key words:
•

Smart surgical glasses.

•

Augmented reality glasses.

•

Video See Through.

•

Optical See Through.

•

Optical See-Through AR display.

•

Optical see-through augmented reality.

•

Augmented Reality Surgical Systems.
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•

Computer Assisted Surgery.

•

Augmented Reality in surgery.

•

Virtual Reality in surgery.

•

Mixed Reality in surgery.

•

AR Headset + surgery.

•

AR Glass + surgery.

•

AR Overlay + surgery.

•

Head-mounted display (HMD).

•

AR head-mounted display.

•

Augmented reality-assisted surgery.

•

Mixed reality headset.
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Applicant

Country

Patent Code

US

US2017160549A

UNIVERSITA' DI
BOLOGNA [IT]

Patent Title
AUGMENTED REALITY GLASSES FOR MEDICAL
APPLICATIONS AND CORRESPONDING AUGMENTED
REALITY SYSTEM

GLASSUP S R L [IT]

Description: The invention describes augmented reality glasses (1)
for medical applications configured to be worn by a user, comprising
a frame (15) that supports a glasses lens (2a, 2b), wherein the frame
(15) comprises an RGB lighting system comprising RGB-emitting
devices (16a, 16b, 16c) configured to emit light beams (B1, B2, B3);
first optical systems (17a, 17b, 17c) configured to collimate at least
partially said beams (B1, B2, B3) into collimated beams (B1c; B2c;
B3c); wherein the frame (15) further comprises a display (3)
configured to be illuminated by the RGB lighting system (16) by
means of the collimated beams (B1c; B2c; B3c); to receive first
images (I) from a first processing unit (10); to emit the first images (I)
as second images (IE1) towards the glasses lens (2a, 2b), wherein
the lens (2a, 2b) is configured to reflect the second images (IE1)
coming from the display (3) as images projected (IP) towards an
internal zone (51) of the glasses corresponding to an eye position
zone of the user who is wearing the glasses in a configuration for use
of the glasses. The invention moreover describes an augmented
reality system for medical applications on a user comprising the
augmented

reality

glasses

(1)

of

the

invention,

biomedical

instrumentation (100) configured to detect biomedical and/or
therapeutic and/or diagnostic data of a user and to generate first data
(D1) representative of operational parameters (OP_S) associated
with the user, transmitting means (101) configured to transmit the first
data (D1) to the glasses (1); wherein the glasses (1) comprise a first
processing unit (10) equipped with a receiving module (102)
configured to receive the first data (D1) comprising the operational
parameters (OP_S) associated with the user.
THALES USA

US

US2016225192A

SURGEON HEAD-MOUNTED DISPLAY
APPARATUSES

An augmented reality surgical system includes a head mounted
display (HMD) with a see-through display screen, a motion sensor, a
camera, and computer equipment. The motion sensor outputs a head
motion signal indicating measured movement of the HMD. The
computer equipment computes the relative location and orientation of
reference markers connected to the HMD and to the patient based on
processing a video signal from the camera. The computer equipment
generates a three dimensional anatomical model using patient data
created by medical imaging equipment, and rotates and scales at
least a portion of the three dimensional anatomical model based on
the relative location and orientation of the reference markers, and
further rotate at least a portion of the three dimensional anatomical
model based on the head motion signal to track measured movement
of the HMD. The rotated and scaled three dimensional anatomical
model is displayed on the display screen.

Copyright - This document has been produced and funded under the VOSTARS H2020 Grant Agreement 731974.
Unless officially marked PUBLIC, this document and its contents remain the property of the beneficiaries of the VOSTARS Consortium.

Page: 61

MEDRICS CO LTD

KR

3D GLASSES SYSTEM FOR SURGICAL

WO16195401A1

OPERATION USING AUGMENTED REALITY

Description: In order to resolve a delaying phenomenon that may occur during the process of mixing a real-world image and a
virtual image because the real-world image is obtained through a camera in the case where augmented reality is realized using a
conventional video-based HMD, and to solve a calibration problem caused by the camera, the present invention uses an opticalbased HMD which reflects the actual image of a patient without distortion, and uses a method of wirelessly receiving location
information from at least three sensors mounted on the inside or surface of a human body, rather than a method of extracting the
location, size, etc. of a marker attached to a patient's body from information about an image picked up by a camera, thereby
providing a 3D glasses system for surgical operation, which expresses an augmented reality image by accurately superposing
the internal 3D modelling of a human body on the actual image of the patient that is reflected through a 3D eyeglass lens without
distortion using location information received from the sensors mounted on the inside or surface of the patient's body.
HEAD-MOUNTED DEVICE PROVIDING DIAGNOSIS
EYE LABS LLC [US

US

US2017112666A

AND TREATMENT AND MULTISENSORY
EXPERIENCE

This application is related to a head-mounted display system and related methods for entertainment, diagnostics, and treatment.
The HMD includes various sensors and tools to take physical measurements, perform physical procedures, adjust physical
conditions, or manipulate digital data. In some embodiments, the HMD produces different types of sensory stimuli, such as
releasing or filtering certain compounds in liquid or aqueous forms in the space near the HMD, or adjusting different physical
features of the space near the HMD, such as temperature and flow, to enhance the augmented or virtual reality environment
being displayed. In some embodiments, the HMD performs regular monitoring, a specific examination, a surgical intervention, or
other care procedures on the eyes automatically or in conjunction with a device of an eye care professional across a computer
network to care for the user's eyes in real time or on an ongoing basis.

Applicant

Country

Patent Code

CN

CN206301504U

HENZHEN
ORIGINAL DIGITAL
CO LTD

Patent Title
CORNEA INTELLIGENCE OPERATION TRAINING SYSTEM THAT AR
AND VR COMBINED TOGETHER

Description: The utility model provides a cornea intelligence operation training system that AR and VR combined together, this
department is all to be crossed 3D and makes a video recording the microscope and gather the surgical instruments's that
operation in -process animal eyeball sample and trainee used positive three -dimensional image in real time, through the TOF
sensor to animal eyeball sample, the surgical instruments that trainee used, and the 3D scanning of real -time side is carried out
in the action of trainee's hand, through central processing unit with predetermine data and contrast and export information and
the correction information of guiding, foundation contains the 3D positive three -dimensional image that the microscope gathered
that makes a video recording, guide the augmented reality or the virtual reality model of the information and the information of
correction, trainee acquires the surgical instruments's of operation target object and its use situation in real time through the AR
glasses, guide information and correction information, promote the sense of reality and the telepresence of cornea operation
training, improve the real -time guiding effect in the operation training, shorten the cornea operation training cycle, cornea
operation training cost is reduced, promote training quality
LIU YANG [CN]
SHANGHAI LIN YAN

CN

WO19037606A1

SURGICAL NAVIGATION SYSTEM AND METHOD BASED ON
AR TECHNOLOGY

MEDICAL TECH CO
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LTD [CN]
A surgical navigation system and method based on an AR technology. The surgical navigation system comprises a scanning
device (1), a processor (2), a dynamic positioning acquisition device (3), and AR glasses (4). The scanning device (1) scans a
patient (5) before surgery to acquire scanned image data and sends the scanned image data to the processor (2). The processor
(2) receives the scanned image data and generates a three-dimensional analog image of the patient (5). The dynamic
positioning acquisition device (3) acquires a positioning image and first real-time dynamic data of the patient (5) in a coordinate
system of the dynamic positioning acquisition device (3) during the surgery, and is also used for acquiring second real-time
dynamic data of the AR glasses (4) in the coordinate system of the dynamic positioning acquisition device (3) and sending the
second real-time dynamic data to the processor (2).
The

processor

(2)

generates

a

three-dimensional

navigation image according to the three-dimensional
analog image, the positioning image, the first real-time
dynamic data, and the second real-time dynamic data, and
sends the three-dimensional navigation image to the AR
glasses (4). The AR glasses (4) receive and display the
three-dimensional navigation image. Whereby, a surgical
process can be dynamically displayed in the AR glasses
(4) and precisely superimposed with the patient (5).
HEILONGJIANG
LANZHI TECH CO

AUGMENTED REALITY ASSISTED SURGERY SYSTEM AND
CN

CN107693117A

LTD

METHOD FOR CONDUCTING AUTOMATIC OVERLAP
MATCHING ON 3D MODEL AND SURGERY PATIENT

Description: The invention relates to an augmented reality assisted surgery system and a method for conducting automatic
overlap matching on a 3D model and a surgery patient, and relates to an assisted surgery system and method. The problem that
in an existing surgery process, the sight of a doctor switches back and forth between the actual surgical site and a displayer, and
the efficiency is low is solved. The system comprises a 3D model file loading module used for loading a 3D model file, a 3D
model file presentation module which presents a 3D model through an AR technology on the basis of AR glasses, a gear
selection module which is used for providing mode selection of automatic overlap matching and manual overlap matching for the
3D model and the surgery patient, an automatic overlap matching module used for conducting automatic overlap matching on
the 3D model and the surgery patient and a manual overlap matching module used for conducting manual overlap matching on
the 3D model and the surgery patient. The system is suitable for surgical auxiliary implementation.
CN

CN304560899S

A SURGICAL NAVIGATION SYSTEM (AUGMENTED REALITY)
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12.2 Annex 3 Competitor’s product sheet

Product name
Application
Manufacturer

FORESEE-X
Trauma surgery
Taiwan Main Orthopaedics Biotechnology Co., Ltd.

Headquarters
website
Product photo

Taiwan
https://www.surglasses.com/

Source of info

https://www.surglasses.com/surglasses/foresee-x.html
https://www.linkedin.com/company/taiwan-mainorthopedics-biotech-co-ltd/
The first cutting edge smart surgical glasses that applied augmented reality
technologies into surgeries in the world has been created by Taiwanese
scientists. Generally speaking, during operation, surgeons always look up to the
screen in order to confirm the patient's X-ray images. And it leads to a decrease
in the precision of surgery. This traditional method requires surgeons to take
too many X-ray shots, which exposes both patients and surgeons to radiation.
Foresee-X Directly shows and records X-ray images with the Medical image
processing Box, which decreases the amount of X-ray image taking. Foresee-X
can also be applied to display Endoscopy and Ultrasound images in real-time.
Smart glasses system for minimally invasive surgeries
and to do deep research in the innovation of surgical
planning and navigation system.

Description

FORESEE-X
Augmented
Reality
Increasing
efficiency
Reduces radiation
exposure
Enhances accuracy

Academic

Features
Smart surgical glasses equipped with Augmented Reality
technology.
Improves efficiency by allowing surgeon to focus on
operational field instead of computer screens and
monitors.
Reduces radiation exposure by lowering the necessity of
taking "X-ray" photos during operations.
Enhances accuracy by monitoring the every movement
of surgical tools, such as puncture needle, trocar etc.
Allows doctors to screen surgical procedures through

VOSTARS
AR HMD VST/OST
+ also allowing sub
millimetric
navigation accuracy
Potentially the same
in spine application
Potentially the same
adding instrument
tracking
The same
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purposes
Easy For Users

Length
Width
Height
Weight
Display
Angle of Vision
Camera

smart tablets and collects data for academic purposes.
Equipped with image enhancement procedure, able to
zoom in and out.
Specification
28~31cm(adjustable within 3cm)
21cm
7cm
650g
view 1280 x 720
80 ﾟ
720p @ 30fps

Potentially the same

34 cm
24 cm
13 cm
830 g
2560x720
32°x16°
720p@60
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Product name
Application
Manufacturer

CADUCEUS
Spine
Taiwan Main Orthopaedics Biotechnology Co., Ltd.

Headquarters
website
Product photo

Taiwan
https://www.surglasses.com/

Source of info

https://www.linkedin.com/company/taiwan-mainorthopedics-biotech-co-ltd/

Description

CADUCEUS

VOSTARS

Features
Operation time
X-ray
Ready for
surgery
Accuracy

30% reduced
30% minimize
<8 min.

Length
Width
Height
Weight
Display
Angle of Vision
Camera

N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.

Potentially the same
Potentially the same
Not yet known (5
minutes?)
1mm

1.5 mm
Specification

34 cm
24 cm
13 cm
830 g
2560x720
32°x16°
720p@60
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Product name
Manufacturer
Headquarters
website
Product photo

X-VISION
AUGMEDICS
USA
https://augmedics.com/

Source of info
Description

https://augmedics.com/
Augmedics’ ground breaking xvision Spine system (XVS) is the first augmented
reality (AR) navigation system to be used in surgery. xvision Spine allows
surgeons to visualize their patients’ 3D spinal anatomy during surgery as if they
had “x-ray vision,” helping them to accurately navigate instruments and
implants while looking directly at the patient, rather than a remote screen. The
XVS consists of a transparent near-eye-display headset and all elements of a
traditional navigation system. It accurately determines the position of surgical
tools, in real-time, and superimposes them on the patient's CT data. The
navigation data is then projected onto the surgeon’s retina using the headset,
allowing him or her to simultaneously look at the patient and see the
navigation data without averting their eyes to a remote screen during the
procedure. The system is designed to revolutionize how surgery is done by
giving the surgeon better control and visualization, which may lead to easier,
faster and safer surgeries.

X-VISION
Features
The xvision system has demonstrated a 98.9%
overall percutaneous implant placement accuracy,
eliminates the attention shift of referring to a
separate screen and adds these features to
potentially decreasing the radiation exposure
demonstrated through traditional fluoroscopybased procedures. An additional published study
yielded non-inferiority results over published
freehand studies. (Molina, C. A., Theodore, N., Ahmed, A.,

Accuracy

VOSTARS
1mm

Westbroek, E. M., Mirovsky, Y., Harel, R., Orru’, E., Khan, M.,
Witham, T., & Sciubba, D. M. (2019). Augmented reality–assisted
pedicle screw insertion: a cadaveric proof-of-concept study, Journal of
Neurosurgery: Spine SPI, 31(1), 139-146)

Surgeon control

The intuitive design aligns the hands and eyes of Same paradigm shift
the surgeon, eliminating the need to avert their
eyes to an ancillary screen. The technology
provides “tip of the spear” visualization, breaking
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3D anatomy
visualization

Wearable
guidance tech

Minimal OR
footprint

Wireless
Powerful high
speed processor
Personalised
headset
Integrated
headlight
Built in surgical
tracking system
Transparent AR
display

down the wall between traditional navigation and
the patient.
Allows surgeons to accurately guide instruments
and implants intraoperatively, in real time, while
looking directly at the patient, as if they had “x-ray
vision” and is cleared for use in open and
percutaneous cases.
Traditional line of sight issues between the IR
camera and markers are eliminated. The xvision
system provides a linear working environment
within the surgeon’s field of sight with the AR
headset.
Liberate the surgical field with a system that only
consists of a wearable surgeon headset and
markers. Provides quick registration process of
patient data and surgical tools.
Specification
Wireless system, allows free movement in the OR
For seamless visual tracking

Same advantage

Same advantage

VOSTARS footprint is a
bit greater

Not yet wireless
As VOSTARS

For a custom feat for each user

As VOSTARS

Illuminates focus area

Not yet

Accurately determinates the position of surgical
tool in real time
Retinal projection of all the 3D anatomical and
instrumental detail in a heads-up display for the
surgeon while not obstructing the operative field.
Length
N.A.
Width
N.A.
Height
N.A.
Weight
N.A.
Display
N.A.
Angle of Vision
N.A.
Camera
N.A.
N.A= Not available info

Not yet
As VOSTARS

34 cm
24 cm
13 cm
830 g
2560x720
32°x16°
720p@60
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Product name
Application
Manufacturer

ARVIS
Orthopaedic
Insight Medical Systems, Inc.

Headquarters
website
Product photo

Saudi Arabia
http://insightmedsys.com/arvis

Source of info

http://insightmedsys.com/arvis
https://www.linkedin.com/company/insightmedical-systems/
ARVIS™ combines tracking cameras with both a 3D display and handsfree
interface in a standalone surgical headset. The system, which includes a single
tray of trackable instruments, provides the surgeon with key data without the
need for imaging or external equipment. ARVIS™ is worn and controlled by the
surgeon, tracks from the surgeon’s viewpoint, and delivers information to the
surgeon right at the point of care. This is in stark contrast to the cumbersome
equipment and workflows typical of the traditional surgical navigation and
robotics systems currently on the market.

Description

The ARVIS™ hip and knee arthroplasty prototype has been successfully
evaluated in a cadaveric environment. After the trial, Michael Alexiades, M.D.
stated, “The cadaver lab for both hip and knee replacement has shown me
ARVIS™ is intuitive and natural to use, and highlights that the potential of this
technology is not for the far future, but is ready to implement now.”
The combination of ground breaking features, ease of use and intrinsically low
cost make this a truly disruptive technology with extensive applications in
healthcare delivery.

ARVIS
specification
Length
Width
Height
Weight
Display
Angle of Vision
Camera

N.A.
N.A.
N.A.
N.A.
N.A.
N.A.
N.A.

VOSTARS
34 cm
24 cm
13 cm
830 g
2560x720
32°x16°
720p@60

NB: for the ARVIS system few information is available.
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