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Medacta International

Celebrating 15 years of transformational care

Medacta was founded in 1999 with a vision of creating a better patient experience for people needing joint
replacement. Our vision and our passion resulted from my own experience and a desire to improve care and
return patients to the life they once lived — free from pain and disability.

Medacta knows that improving lives requires meticulous design and responsible innovation. We design with the
patient in mind since our technology becomes part of their life experience. We invest in ongoing medical education
and proctorship, more than $57 million in the last five years, to enhance surgical proficiency and patient outcomes.

We recognize the profound effect our products have on human lives.

We are committed to responsible innovation through systematic and exhaustive testing of new technologies. We
take a leadership role by committing to healthcare economic stability through initiatives like the anterior minimally
invasvie surgery for total hip replacement that speeds recovery and streamlines costs.

Safety and restorative responsibility is our focus and passion.

Our focus and passion are expressed in design excellence that reflects an in-depth understanding of human anatomy
and function. It also shows in our proven patient matched solutions, which reduce surgical steps by as much as
60% while improving placement accuracy. We also offer experienced and personalized support through our expert
technicians and interactive tools, all helping surgeons to deliver a more precise and reproducible outcome.

We are committed to economic sustainability and patient access.

We embody this by pioneering tissue and bone-sparing breakthroughs like the AMIS Platform that is designed to reduce
treatment and post-operative costs. We are reducing procedural complexity and costs with MyKnee instruments and
our single-use GMK Efficiency system that streamline surgical technique and optimize O.R. turnover. We are taking
these significant steps toward long-term health system sustainability so that our advanced solutions are accessible to
the patients who need them.

The global community has embraced Medacta’s technology and approach with over 110,000 AMIS patients and over
15,000 MyKnee patients enjoying the restorative benefits of our solutions. Embracing AMIS and the anterior approach
is good for business as well, consistently enabling practices to realize growth while making a major impact on their
community. Medacta’s focus on education and proctorship is evident with over 1,600 surgeons trained on the AMIS
procedure worldwide.

We are celebrating a number of milestones this year, and we are delighted that you can join us in this celebration.
Not only is this our 15" anniversary as a company, it is also the 10™ anniversary of AMIS and the 5" anniversary
of MyKnee. We have planned an excellent clinical agenda for you, and we hope it will provide opportunities for
collaboration for you and others who are transforming the standard of orthopedic and neurosurgical care. In the
following pages you will learn more about Medacta and our cutting edge technologies — welcome and thank you for
joining us.

Best Regards,

Dr. Alberto Siccardi

President — Medacta International
-
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AMIS past, present and future

AMIS (Anterior Minimally Invasive Surgery) is a minimally invasive surgical technique

for hip replacement which follows a path both intermuscular and internervous, therefore

considerably reducing the risk of damage to periarticular structures such as muscles,

tendons, vessels and nerves. AMIS is not only a surgical technique, but a complete

set of services for a surgeon who wants to perform the anterior approach, including

ongoing medical education, dedicated implants and instruments.

Over the last 10 years, the M.O.R.E. AMIS Education Program has enabled successful
diffusion of the AMIS approach all over the world and made Medacta the “Best in

Class” on anterior approach education. It benefits from a strong commitment to keep

evolving always in the direction of providing the best support, the best solutions and to

maintain the effort of adding value to surgical practices around the world.

he anterior approach was first described

by a German surgeon named Carl Hueter
(1838-1882), on his work entitled “Grundriss
der Chirurgie” (The Compendium of Surgery)
published in 1881'. The first anterior approach
for hip arthroplasty was performed in France in
1947 by Robert Judet. He operated on a patient
positioned supine on the so-called orthopaedic
“Judet table” (designed by Henry Judet, his father,
in 1940)%. Robert Judet died in 1981, and after this
date the anterior approach continued to be known
only in Paris, to the point that in the nineties it was
even impossible to buy a “Judet table”.
The history of AMIS is strictly connected to the
history of the anterior approach and the experience
of a French orthopedic surgeon, Dr. Frédéric
Laude. In 1987 Dr. Laude, when was a resident in
Paris, performed his first total hip arthroplasty
through the anterior approach. In 1996 he moved
to private practice, where he had no access to
an orthopedic table dedicated to the anterior
approach. As he strongly believed that Anterior
Minimally Invasive Surgery is the best approach
for patient well-being, he decided to build his own
personal orthopedic table to continue performing
the anterior approach.

In 2004 Dr. Laude presented his concept for the
anterior approach to Medacta. His core idea was
to focus on patient well-being, trying to perform
the most tissue preserving surgical technique for
Total Hip Replacement, the Minimally Invasive

Anterior Approach. Dr. Laude asked Medacta
for its commitment to optimize and enhance the
reproducibility of the anterior approach, developing
new dedicated implants and instruments. This
idea perfectly matched the vision of Medacta of
creating a better patient experience for people
needing joint replacement.

Dr. Laude and Medacta decided to create a new
word for this synergy: AMIS, which means
Anterior Minimally Invasive Surgery, but also
“friends” in French.

The first step was to develop a Mobile Leg
Positioner to correctly perform the AMIS approach.
In fact, stable and reproducible leg positioning is
essential to enable an easier exposure and a simple
and reproducible surgical procedure to restore
patient anatomy and function. Almost since the
beginning it has been clear that AMIS approach
can potentially bring relevant clinical advantages
to the patient, but also that Minimally Invasive
Surgery is difficult to adapt to, and that a steep
learning curve is often encountered during the
first cases. This learning curve has discouraged
many surgeons and caused them to abandon MIS/
LIS for other techniques.

Dr. Laude’s core idea was to focus on
patient well-being, trying to perform the
most tissue preserving surgical technique.
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The M.O.R.E. AMIS Education Program

is a comprehensive set of courses for

continuous medical education.

Medacta’s mission is to reduce learning curve
difficulties by providing unconditional support,
through an ongoing process of medical education,
to surgeons who seek to adopt AMIS. For this
reason, in 2005 six international AMIS pioneers
— Dr. Frédéric Laude (Clinique Paris V — Paris,
France), Prof. Claudio Dora (Uniklinik Balgrist —
Zurich, Switzerland), Prof. André Gichter (Berit
Klinik — St. Gallen, Switzerland), Dr. Fabian
Kalberer (Kantonsspital Winterthur — Winterthur,
Switzerland), Dr. Pascal Moreau (Polyclinique de
Montier La Celle — Troyes, France) and Dr. Pascal
Vié (Clinique du Cedre — Bois Guillaume, France)
— created the AMIS International Education
Board, responsible for the development and the
continuous improvement of the M.O.R.E. AMIS
Education Program. Medacta constantly invests
in this education program, to provide ongoing
surgeon training and proctorship.

In the following years, the concept of AMIS

evolved to provide a complete system of tools and

services to support the surgeons willing to begin
the process of adopting the anterior approach.

Nowadays, the M.O.R.E. AMIS Education Program

is a comprehensive set of courses for continuous

medical education. It has been developed to help
the surgeon mastering the AMIS approach through
different levels of learning which are:

e The Instructional Level, designed
to allow the surgeon to avoid predictable
complications, minimize the learning curve, and
also provide some important “pearls” to ease the
transition to AMIS.

e The Advanced Level, introduced to improve the
AMIS technique and widen patient selection. It
focuses on detailed scientific topics to stimulate
expert-to-expert open discussion, increasing
confidence in AMIS and widening patient
selection to almost all primary cases.

e The Master Level, recently created to allow
surgeons to master the AMIS technique, focusing
on difficult cases and revisions. The Revision
AMIS Learning Center offers the opportunity
to learn and try in cadaver workshops different
strategies for complex revision arthroplasties.

After 10 years of experience, the M.O.R.E.

AMIS Education Program has allowed successful

diffusion of the AMIS approach all over the world

and made Medacta the “Best in Class” on anterior
approach education, with significant results:

* The AMIS Education Board now encompasses
more than 100 expert reference surgeons
worldwide. Each Reference Center is glad to
welcome surgeons to visit and be introduced to
the AMIS technique, and possibly assist them
for their first surgeries.

e Thanks to the M.O.R.E. AMIS Education
Program, more than 2,000 Reference Center
visits have been arranged and there have been
more than 1,600 participants attending Learning
Centers, from which 80% of surgeons have
continued to use the AMIS approach.

* More than 150 Learning Centers have been
conducted, and Medacta is organizing about 30
Learning Centers worldwide each year.

* Globally, there are more than 850 hospitals using
AMIS and more than 110,000 hip replacements
have been performed through the AMIS
approach.

AMIS has had a major impact on the global

orthopaedic market as the numbers indicate.

The success of AMIS is directly linked to its added

value. AMIS offers a complete set of services for

healthcare efficiency with no additional cost. The
cost is zero for:

e Dedicated instrumentation.

e The AMIS Mobile Leg Positioner: the most
effective table extension for the anterior
approach.

¢ Potential reduced surgical team.

e Surgeon training provided by the M.O.R.E.
Institute.

e Support for initial surgeries, with AMIS expert
surgeons ready to assist.

e The Medacta MyPractice Development Plan
comprising services to promote both the surgeon
and the hospital to enhance their appeal to
patients and to increase surgical volume.

Healthcare efficiency provided by AMIS also
allows major cost savings: a reduction in hospital
stay** provides additional profitability for the
hospital, the reduced risk of dislocation®® reduces
the costs associated with other related treatments,
reduced blood loss*¢7 reduces the cost inherent in
blood transfusion, reduced post-operative pain’®




allows a reduction of drug delivery and related
costs and the shorter rehabilitation time*®!o!
makes physical therapy easier and cheaper.

Everyone associated with AMIS is strongly
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committed to keep evolving - always in the
direction of providing the best support, the best
solutions and to maintain the effort of adding
value to surgical practices worldwide.

Healthcare efficiency provided by AMIS also allows major cost savings.

AMIS andimplants: a proven synergy

ince Medacta develops its products through a

holistic approach, AMIS is not only surgical
technique, but also a complete set of services for a
surgeon who wants to perform the anterior approach,
including dedicated implants and instruments.

In the last 10 years Medacta developed amongst other
implants two families of straight stems successfully
implanted through AMIS: the Quadra System and the
AMIStem System.

QUADRA : a complete range of straight stems

he Quadra stem is a triple tapered straight
stem with an AMIS friendly design.

The Quadra System has a clinical history of
more than 10 years, starting in 2003, and more
than 90,000 stems implanted worldwide up to
February 2014. The Quadra-H design is based on
the two main concepts of cementless fixation in
primary hip arthroplasty: that of the straight, flat
and tapered stem developed by Karl Zweymiiller,
and the state of the art of Miiller straight self-
locking HA coated stem. The aim of the Quadra
designer group has been to combine the two well-
proven concepts with an AMIS friendly design.
The result is a modified Zweymiiller stem with a
reduced lateral flare. To prove the effectiveness
of the new concept, the Quadra was meticulously
tested both in vitro and in vivo. A stability test
was carried out at the Heidelberg Institute'> where
a standardized setup is used with a machine which
applies an axial torque to the stem pre-implanted
into a synthetic femur. This study showed that the
Quadra stem has good primary stability and the
typical fixation pattern of a proximal two thirds to
total anchoring prosthesis.

The Quadra stem design has been proven also
through clinical studies. Prof. Dora (Switzerland)

EE
—_—
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The Quadra System has
a clinical history of more than 10 years.
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published his personal series of over 100 cases
at the SGO (Société Suisse d’Orthopédie et de
Traumatologie), demonstrating that at a minimum
follow up of 5 years the survival rate is 100%
considering aseptic loosening as an end point'.
Dr. Moreau collected clinical outcomes from his
series of 97 stems, implanted between January
2003 and January 2005. Results demonstrate that
at 7 years follow up the survival rate of the Quadra
stem is 100% considering aseptic loosening as an
end point'.
The Australian Orthopaedic Association NJRR
Report 2013 also shows excellent results with the
Quadra stem. The Australian data shows:
e Quadra-H is the 2" most implanted cementless
stem in Australia for 2011 and 2012 (with
more than 1,800 stems implanted in 2012, 95%

through the AMIS approach), only 5 years after
its introduction in the Australian market.

* Quadra is the 3™ most implanted stem in
primary total conventional hip replacement
when cemented stems are included.

Quadra stem numbers are increasing year by

year, with a growth of 33% from 2011 to 2012.

Considering that Quadra was introduced in

Australia together with the AMIS approach in

late 2007, these results clearly demonstrate the

appeal and effectiveness of Medacta hip implants
and the AMIS approach with its unique Education

Program.

These positive outcomes are the welcome

consequence of all the efforts of Medacta to invest

in responsible innovation and effective ongoing
surgeon training and proctorship.

AMIStem: a logical evolution

of hip stem design

ased on the clinical experience of Quadra

(straight, rectangular, cementless hip stem
by Medacta), in 2009 Medacta developed the
AMIStem System. The AMIStem is the first stem
specifically designed for AMIS. The AMIStem
differs from the Quadra in offering a reduced
shoulder and a reduction in length of 15%,
facilitating the processes of broaching and stem
insertion. Following the principles of responsible
innovation, the AMIStem has been meticulously
designed and tested both in vitro and in vivo. A
stability test was carried out at the Heidelberg
Institute’® where a standardized setup is used
with a machine which applies an axial torque to
the stem pre-implanted into a synthetic femur.
According to this test, the AMIStem shows
good primary stability and the typical fixation
pattern of a proximal two thirds anchorage stem.
The reduction of the shoulder allows for easier
implantation with the AMIS approach. To prove
the comparability of Quadra and AMIStem,
Dr. Nolde"” (Orthopraxx - Miimchen, Germany)

More than 60,000 AMIStem have been

implanted worldwide.

performed a randomized clinical
study on 40 patients. The aim was
to compare the bone mineral density
of the AMIStem and Quadra femoral
components through a DEXA analysis
at one year. The study, presented at
the European Hip Society in 2012,
demonstrated that the two stems are
statistically equivalent in all zones at
any time-point, with the exception
of Gruen zone R2 and R7, in which

a positive trend for AMIStem was
recorded at 6 months.

AMIStem has been on the market since 2009 and
more than 60,000 AMIStem have been implanted
worldwide up to April 2014.

The AMIStem implant perfectly matches with the
AMIS dedicated instruments, designed to facilitate
bone preparation for prosthesis implantation and
to optimize the approach. Approach-dedicated
instruments and self-retaining retractors have
been introduced in order to avoid the surrounding
soft tissues and potentially reduce the risk of nerve
or muscle damage's. Medacta constantly strives to
improve its instrument design and effectiveness, to
adapt to surgeon’s needs.
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AMIS clinical benefits

As demonstrated in the literature, the anterior
approach is the only technique which follows
a path both intermuscular and internervous
therefore considerably reducing the risk of
damaging periarticular structures such as muscles,
tendons, vessels and nerves.

For this reason, the AMIS technique is the ideal
approach for the patient, offering a less traumatic
surgical procedure, fundamental for a painless fast
recovery and a quick return to daily activities.
Thanks to the fact that potentially no muscles
are cut, the patient can benefit from: shorter
hospitalization time'2!92! significantly shorter
rehabilitation®?*, less blood loss?>??*, reduced
post-operative pain'®2°23, faster return to daily
activities’2!'2* and improved cosmesis*!%20-3,
In addition, hospitals and surgeons can benefit
from multiple savings. It has been proven that
AMIS can effectively provide short-term clinical
benefits claimed for MIS surgery when compared
to standard approaches''. Many studies have been
successfully conducted and others are still ongoing
to prove the real benefits of AMIS for patient well-
being.

Moreover, the literature shows evidence that the
advantages of using the AMIS approach are not
limited to the short term.

An article published on The Journal of Bone &
Joint Surgery (Br) (now called The Bone & Joint
Journal) by Dora C. et al. showed that at one
year after surgery there is less symptomatic and
asymptomatic muscle degeneration for patients
operated using AMIS compared with other
conventional approaches. This means for the
patients no residual trochanteric pain and limping
in daily activities and advantages in case of
revision. Other studies have also confirmed these
findings?32+2,

The literature shows evidence that the
advantages of using the AMIS approach

are not limited to the short term.

Revision through AMIS approach has been
extensively investigated by Laude F. et al. in an
article published in The Journal of Bone & Joint
Surgery (Am)>. A preserved soft-tissue structure
could be advantageous in case of revision.

Soft-tissue changes in hip abductor muscles and tendons after total hip replacement

Bremer AK, Kalberer F. Pfirrmann CWA, Dora C
J Bone Joint Surg (Br) 201 1July; 93-B:886-9.

Residual pain and damage fo soft fissues
after total hip replacement are strictly
connected'*. This publication aims fo
compare, through MRI, the muscle and
tendons damage produced by the AMIS
approach compared to the transgluteal
approach.

Two groups of patienfs underwent
primary THR: 25 patients were operated
through the AMIS approach, and others
25 using a fransgluteal approach. All
patients underwent a post-operatively
MRI at one year using the same 1.5-T
system and protocol. The goal was
fo assess the presence of bursal fluid,
the amount of damage fo the abductor
tendons and the grade of fatty atrophy
of the abductor muscles.

Overall, the AMIS group presented
significantly less alterations of the
abductor structures. There was no register
of fullthickness tears or detachments
on the AMIS group while the control
group presented them twice involving
the tendon of gluteus minimus, and four
times involving the lateral part of the
gluteus medius. According fo the odds
ratio calculated, there was an increased
risk seven times higher of abductor
insertion alterations and an increased
risk five times higher of collecting bursal
fluid within the trochanteric region, when
a fransgluteal approach was used. The
AMIS group displayed significantly less
fatty atrophy of the gluteus medius and
gluteus minimus.

It is important to recognize that although
many MR imaging findings such as
altered signal infensity and abductor
tendon diameter, bursal fluid collections,
and fatty atrophy of the anterior gluteus
minimus muscle are more frequent in
symptomatic patients, they are also
frequently found in  asymptomatic
patients after lateral transgluteal THR'.

These results confirms that the AMIS
approach allows for less damage of the
pelvitrochanteric muscles and tendons
and no residual trochanteric  pain
and limping when compared to the
transgluteal approach.

10
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After 10 years of success, a uniquely

holistic approach has encouraged
successful diffusion of the AMIS

technique all over the world and made
Medacta the “Best in Class” in anterior

approach education.

Results of the anterior approach are supported by
good preliminary results of the AMIStem.

The AMIStem was implanted in the University
hospital of Geneva, Switzerland (HUG -
Hopital Universitaire Geneve) beginning in
April 2009 for total hip replacement (THR). Dr.
Christofilopoulos, Prof. Hoffmeyer and Prof. Peter
conducted a prospective cohort study'® comparing
617 AMIStem with 364 Spotorno stems at 2 years
follow-up. The AMIStem showed short-term
complication rates comparable to or slightly
lower than the Spotorno stem. At 2 years good
radiological and clinical results were observed.

Dr. Kalberer (Kantonsspital Winterthur —
Winterthur, Switzerland) is performing a clinical

study on AMIStem-H?*® to evaluate at one year
follow-up any sign of radiolucency on the femur
according to Gruen classification and the possible
presence of pain. To date Dr. Kalberer (who has
performed more than 2000 AMIS procedures)
and his junior consultant Dr. Schmied (during
her AMIS learning curve) have collected data
on 266 patients with at least one year follow up.
Preliminary analysis reports radiological results
similar to the Quadra stem results reported at five
years by Prof. Dora'.

Improved radiological results have been achieved by:

e Minimizing bone removal from the Great
Trochanter compared to traditional flat tapered
wedge implants (Quadra by Medacta, Corail by
Depuy, Taperloc by Biomet,...)

* Adopting a less aggressive rehabilitation
protocol, to facilitate the bone-implant
osteointegration process, by extending the use
of crutches during first post-operative weeks.

After 10 years of success, a uniquely holistic
approach has encouraged successful diffusion of
the AMIS technique all over the world and made
Medacta the “Best in Class” in anterior approach
education thanks to the M.O.R.E. Institute.

Revision Total Hip Arthroplasty Performed Through the Hueter Interval

Mast NH, Laude F
JBIS Am. 2011; 93(Suppl.2):143-148.

Mast NH and Laude F'® investigate the
possible benefits of anterior approach
in case of complex or revision total hip
arthroplasties, eventually using anterior
approach extensions when needed. The
study also evaluates the advantages
of AMIS approach for the THR prior fo
revision.

A consecutive series of fifty-one
patients who underwent revision THR
through the AMIS approach has been
retrospectively reviewed, with a mean
follow-up of 54.5 months (range of 8
to 160). The cases reported involve
revision of acetabular components alone
(41%), femoral components alone [2%),
acetabular and  femoral components
(41%) and resurfacing systems (16%).

For all the revision cases reported,
a good postoperative function was
generally obtained (medium WOMAC
score of 83), especially in case of
revision of failed resurfacing systems
(WOMAC>95). No  postoperative

dislocations have been reported.

A revision through the anterior approach
after a primary posterior or anterolateral
approaches can results in less scare
removal during the approach, making
the surgical procedure easier.

In case of primary total hip replacement
performed  through  an  anferior
approach, the revision can potentially
access through the some anafomic
path, preserving major structures of the

hip joint and consequently allowing for
possible quicker recovery.

An acefabular-only revision can usually
be freated with a standard exposure
for a primary anterior approach, with
a similar postoperative recovery and
rehabilitation process.

In conclusion, the study demonstrates
that the anterior approach for revision
THR provides advantages for the patient
and for the surgeon. The anterior
approach can be used for complex
or revision THR with good outcomes
in terms of WOMAC score and hip
stability.

11
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with full confidence
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The M.0.R.E. Institute has been created to provide continuous support to healthcare
professionals in the field of Research and Education.

The M.O.R.E. Institute offers Surgeon to Surgeon educational opportunities to share
experience and improve patient outcome.
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The beginning of Medacta’s
patient matched technology

Medacta’s patient matched technology was conceived to provide assured precision

and consistent outcomes to patients and surgeons along with delivering enhanced cost-

effectiveness to hospitals and healthcare systems.

MyKnee is the core of Medacta's patient matched technology. 5 years of clinical success

and 15,000 surgeries have established it as one of the most frequently used patient

matched system in TKR, able to deliver proven accuracy in component alignment with

demonstrated cost-effectiveness.

MyKnee was the beginning of a comprehensive patient matched offering from

Medacta, including MyHip solutions for hip replacement, MySpine for spinal surgery

and MyShoulder for shoulder replacement.

Joint replacements are well-proven and
established procedures. However, their outcomes
are strongly dependent on the technical success of
the surgery, and component malalignment may
lead to early failure of the procedure.

Over recent years, medical technology has tried
to address this problem by proposing various
solutions to optimize the surgical procedure and
improve outcomes and patient satisfaction. In
the 1990s Computer Assisted Surgery, either
robotics or navigation systems, enjoyed some
popularity as they were proven to be extremely
accurate in implant positioning, which correlates
with improved survival rates of prosthetic joint
replacement and better functional outcomes.
Despite the undisputed benefits of providing
accurate implant positioning, CAS systems have
some limitations that have limited adoption on
large scale: intraoperative set up of the system
potentially increasing the operative time,
troubleshooting in the operative room, significant
learning curve and high cost.

In 2000s the advances of fast prototyping
technology and 3D printing, opened the door
to patient matched technology with the goal of
replicating the anatomy of human bones thanks
to 3D printing technology that can melt powder
of medical grade polyamide or similar materials
thanks to a laser sintering beam.

The potential of this technology was exploited
and adopted in orthopaedics. Starting with a 3D
bone model, patient specific templates can be
manufactured to assist the surgeon in positioning
conventional metal instruments accurately on
reference surfaces of joints.

Medacta recognised that this technology perfectly
matches its vision of improving patient well-being
and healthcare sustainability, providing precision
and good outcomes and, at the same time, allowing
for time and cost savings. In 2008 MyKnee, patient
matched cutting blocks for TKR, were born. The
technology was completely developed in house by
Medacta in cooperation with an international team
of designer surgeons from Europe and the United
States.

After an incredibly rapid development period, in
September 2009 the first GMK Primary surgery
with MyKnee patient specific cutting blocks
took place in Switzerland, initiating an extensive
clinical evaluation aimed at testing and validating
the outcomes of a promising, but new technology.

New technology adoption without extensive
testing and validation can expose patients to the
risk of unintended consequences and new modes
of failure. Medacta’s belief in rigorous and
continuous medical education, confirmed by the
success of M.O.R.E. AMIS Education Program,
was adopted in the launch of the MyKnee System.
A comprehensive and continuous education
program is offered to MyKnee users, including
worldwide proctorship, wetlab courses and live
surgeries, with the aim to allowing surgeons to
smoothly adopt the MyKnee technology and take
advantage of its accuracy and effectiveness.

This technology perfectly matches

Medacta’s vision of improving patient
well-being and healthcare sustainability.
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Since the first surgeries the accuracy and
effectiveness of MyKnee was clear and MyKnee
has enjoyed a continuous increase in popularity,
becoming one of the most frequently used patient
matched technology in TKR, with more than
15,000 cases performed across Europe, the USA,
Australia, Japan and other markets.

The significant knowledge in Patient Matched
Technology gained from the MyKnee program
and the data and clinical evidence that it provided,
convinced Medacta that it would be appropriate to
enlarge the range of solutions for Patient Matched
knee surgery.

5 years of clinical success and
15,000 surgeries have established

MyKnee as one of the most frequently used

patient matched system in TKR.

In 2011, MyKnee for minimally invasive
approaches, called MyKnee MIS and MyKnee
for unicompartmental knee replacement, called
MyKnee UNI were developed. In 2012, Medacta
launched MyKnee LBS - the first and only
Patient Matched Technology with an integrated
ligament balancing system. This allows surgeons
to combine the precision and the effectiveness
of patient matched instrumentation with the
opportunity to make intra-operative adjustments
to balance the knee.

The experience gained over several years in Patient
Matched Technology and the excellent results of
the various MyKnee options encouraged Medacta
export the technology into other specialties where
it is now being validated, such as Hip, Spine and
Shoulder surgery.
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What works and what doesn’t?

he advantages of patient matched technology

persuaded almost every major orthopaedic
company to offer a competing system. However,
published results after nearly 5 years of Patient
Matched Technology in TKR surgery are
inconsistent and the majority of the published
results do not support the claims of an increase
in accuracy that patient matched technology was
developed to provide**. Some systems do not
achieve statistical significance in reducing the
number of outliers in restoring natural alignment
of the lower limb and this has discouraged market
adoption of patient specific technology despite its
initial promise.
By contrast, MyKnee has proven to be clinically
successful?-* proving yet again thatin orthopaedic
technology, what appear to be small differences
can create significant variations in efficacy. Some
technical choices in the design of MyKnee have
made the difference and can explain the reason for
its consistent success.

The first of these is the choice of imaging technology,
mainly CT rather than MRI based. CT has been
proven to be an accurate and straightforward
technology to achieve consistent and reproducible
results in patient matched technology' thanks to
clear image processing, limited examination time
minimizing potential artefacts, wide availability
and possible application also where there is pre-
existing metal hardware around the joint. MRI is
a more demanding technology, with comparable
outcomes only achievable if high-performing MRI
devices (3T) are used and set up is meticulous.

As well as scanning technology, the alignment
reconstruction algorithm has a big influence on
success. Aligning the prosthesis to the mechanical
Hip-Knee-Ankle (HKA) axis, calculated by
computer simulation helps in obtaining a reliable
axis to assure implant longevity.

Methods such as kinematic alignment and the
adjunctive use of long leg X-rays have exhibited
poor results that have discouraged adoption of a
sound base-technology.

MyKnee was developed to be used either as an
actual resection block or a pin placement guide.
The possibility of cutting directly through the
MyKnee block further reduces the margin of error
as it minimizes the number of surgical steps to
perform and potential for “stacked errors.”

MyKnee is an innovation that delivers
excellent results to the Health Care
System, helping the surgeon to achieve
assured accuracy and patient satisfaction.

In addition, a close interaction between the surgeon
and his own personal MyKnee technician is
another key factor. This constant relationship helps
a specific technician to develop an understanding
of the preferences and needs of each surgeon,
leading to preoperative planning that is a faithful
reproduction of what the surgeon wants to achieve.
From a logistical point of view, the MyKnee
process is highly efficient as it ensures the shortest
lead time in the current market for this technology:
only 3 weeks between the receipt of a CT scan and
the day of surgery.

MyKnee is an innovation that delivers excellent
results to the Health Care System, helping the
surgeon to achieve assured accuracy and patient
satisfaction.
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This one works: proven accuracy
and effectiveness of MyKnee

rom the beginning of the MyKnee project,

Medacta committed to extensive and rigorous
clinical evaluation, aimed at testing and validating
the intentions, claims and outcomes of the
technology.
It appears that amongst all patient matched
technologies available in the market, MyKnee
is the only one that consistently reports positive
outcomes in its studies, showing proven accuracy
and effectiveness in more than 10 publications?-,
Most of these studies radiologically assess the
accuracy of implant positioning achieved with
MyKnee. Some address the economic advantages
anticipated with the technology.

the Total Knee Replacement surgery (12 months).
The study was also observed that the transfusion
rate in the CT based cutting blocks group was
lower than in standard technique®.

Finally, Ponziani et al. investigated two main
preoperative procedures: a CT-based protocol
with MyKnee system and an MRI-based protocol
with the Visionaire system by analysing their
critical points, advantages and disadvantages.
Cases of missing congruence were observed with
the MRI-based preoperative procedure. In general
short term outcomes from the PMT technique and
conventional technique were almost comparable?.

Amongst all patient matched technologies available in the market, MyKnee
is the only one that consistently reports positive outcomes in its studies,
showing proven accuracy and effectiveness in more than 10 publications.

The obvious way to assess the accuracy of final
implant positioning is to compare the results of
patient matched technology to those obtained by
other known techniques, such as conventionally
instrumented or CAS  procedures. Four
studies compared MyKnee cutting blocks with
conventional and navigated instrumentation.
Koch et al. reported that CT-based patient-specific
MyKnee cutting blocks provide accurate and
constant radiological data with the number of
outliers >3° deviated from the coronal mechanical
axis comparable to the results achieved and
published with computer-assisted TKR and clearly
better than that obtained using conventional
instrumentation. These results don’t vary with
the learning curve, demonstrating that MyKnee
seems to provide a safe implantation technique not
only for experienced but also for less experienced
surgeons performing fewer TKR’s>.

Léon et al. were able to demonstrate the
accuracy and reliability of the MyKnee system
comparing the outcomes with those obtained with
conventional and CAS procedures. In their study,
MyKnee was shown to be most accurate of the
three instrumentation options, particularly with
regard to outliers*.

Nabavi et al. reported that MyKnee CT-
based patient specific cutting blocks produced
statistically improved clinical outcomes compared
to a conventional approach in the short term after

Another parameter to evaluate the accuracy of
patient matched technology is the comparison
between the planned and the actual resections.
Koch et al. reported 98% accuracy of the planned
component size?. Positive results were also
achieved by Dussault et al. The authors describe
satisfying results related not only with implant size
matching, but also with the planned resections?’.

Postoperative  analysis allows the ultimate
evaluation of surgical precision. Baldo et al.
evaluated the preoperative planning reliability
with CT scans in the postoperative period.
Preliminary results revealed a greater preoperative
planning reliability with higher accuracy of
anatomical reconstruction with MyKnee®®. The
same positive feedback was reported by Miiller et
al. Their preliminary radiological results reported
an accurate match between the preoperative plan
and postoperative results. Good implant alignment
was achieved, with a mean HKA angle of 179.6°.

The authors concluded that MyKnee technology
is a reliable and straightforward technique, with
high possibility of reducing operative time®.
Another prospective study with the MyKnee was
reported by Goldberg et al.’*® The study analyses
the accuracy of MyKnee (100 TKR’s) through a
prospective analysis of postoperative standard
long-standing X-ray. The results of the study show
that CT-based MyKnee cutting blocks provide a
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post-operative neutral alignment in 95.9% cases,
with an average of 179.36°. The same authors
analysed the accuracy of MyKnee CT-based
cutting blocks (12 TKR’s) when operating on
patients with different types of hardware in or in
proximity to the knee joint (staples, plates, screws,
rods).’! They experienced a short tourniquet time
(42 min on average) with all patients within 3°
neutral alignment, showing that CT-based patient
matched technology, unlike that using MRI, can be
successfully used to tackle cases with pre-existing
hardware adjacent to the knee.

MyKnee technology, with a preference to
CT image acquisition, has proven to allow
precise preoperative planning, correct
alignment, excellent implant size matching,
less instrumentation trays needed, reduced

surgical step and surgical time resulting in

improved O. R. efficiency.

Finally, accuracy of the MyKnee UNI cutting
block has been analysed by Dr. Helmy through
the analysis of postoperative CT scans. 28 medial
UKAs (Unicompartmental Knee Arthroplasty)
were analysed by comparing the tibial resections
and tibial implant positioning with the preoperative
planning. The results show excellent accuracy of
tibial position in terms of varus/valgus (A0.3° +
1.7°), posterior slope (Al.1° + 2.6°) and external
rotation (Al1.5° = 3.3°). Moreover the authors
suggested that UK As with patient-specific cutting
blocks provided good outcomes comparable with
those obtained with robotic-guided UK As*.

Other studies published on MyKnee aim to
demonstrate the economic benefits of patient
matched technology. Most authors agree that this
novel technology has the potential of reducing
surgical steps and operative time, therefore
improving O.R. logistics and turnover in
addition to the reduction of costs associated with
instrument sterilization. One other theoretical
benefit concerns the potential increase of cases
per day or session due to enhanced efficiencies.

SPECIAL EDITION

Dr. Goldberg addressed potential economic
benefits from utilizing MyKnee technology. In
addition to the alignment advantages, reduction
of outliers (more homogeneous results), accuracy,
and very good implant size matching, the author
reported that with reduced operative and set-up
times with MyKnee, the possibility of an increase
of 2 cases per week would exist. Reporting a profit
of $2,500 per case, a potential profit of $230,000
could be realized at this Hospital®*. Koch
demonstrated MyKnee economic benefits as well.
In a description of MyKnee technique, the author
discusses the reduced set-up times
and turnover, which allow a decrease
in the costs of sterilization, operative
time, and O.R. utilization. Moreover,
the author claims that MyKnee enables
a more efficient surgery, simpler
not only for the surgeon but also for
his operative team*. The economic
benefits of MyKnee were also studied
by Dr. Gagna. He revealed that a well-
planned surgery with MyKnee will
allow the hospital to reduce costs
associated with sterilization (-60%),
O.R. time usage (-10min), hospital stay
(-20%) and transfusions (-43%)%.

In conclusion, MyKnee technology, with a
preference to CT image acquisition, has proven
to allow precise preoperative planning, correct
alignment, excellent implant size matching, less
instrumentation trays needed, reduced surgical
step and surgical time resulting in improved O.R.
efficiency. The use of MyKnee technology appears
to be universally supported by all publications
which describe its use. These include improvement
of the postoperative mechanical alignment, cost
reduction and effective clinical results.

MyKnee, after 5 years of successful outcomes
with more than 15,000 procedures, appears to
prove that it can achieve the intended goals that
the industry has identified for patient matched
technology.
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The origin of MyHip

Medacta designed the MyHip system to help the

surgeon to address the continuing challenges

in Total Hip Replacement (THR), focusing on
patient well-being and improving accuracy in
implant positioning and sizing, through:

e Precise 3D preoperative planning'? which can
halve the number of alignment outliers when
compared to 2D templating®*.

e Patient-specific guides>¢’” which can reproduce
the 3D preoperative plan.

Appropriate final implant positioning is one
of the most important factors to achieve good
patient outcomes in THR. Inaccurate acetabular
component positioning could lead to an increased
risk of dislocation, wear, neck/cup impingement
and decreased range of motion (ROM)39101L12,
Inappropriate positioning of the femoral and
acetabular components can lead to leg length
discrepancy (potentially associated with limping,
neuro-muscular dysfunction, aseptic component
loosening, less walking capacity and hip pain) "3
and femoral offset alteration (which could affect
abductor strength, range of motion and hip pain and
function)?. These problems could eventually lead
to early implant failure and patient dissatisfaction.
The positioning of the acetabular shell is usually

SPECIAL EDITION

performed freehand or by the use of standard
mechanical alignment guides (assembled in the
shell impactor), even if it has been demonstrated
that these might not be reliable methods!*!5!° to
achieve adequate implant positioning. Various
navigation systems have been developed to
improve THR outcomes, but the need for
navigation equipment set-up, additional surgical
time, associated learning curve, difficulties in
incorporating pelvic tilting, and the high costs
have impeded broad acceptance of these systems,
despite the improvement in reported outcomes!®-'’.
The femoral neck osteotomy is usually done
freehand, based only on intraoperative landmarks
and on preoperative radiographic templates, which
can be difficult to do accurately'®.

Uncompromising commitment towards responsible
innovation devoted to increased patient well-
being, motivated Medacta to apply Patient
Matched Technology (successfully developed with
the MyKnee system) to the issue of component
alignment in THR.
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Uncompromising commitment towards

responsible innovation devoted to

increased patient well-being, motivated

Medacta to apply Patient Matched

Technology to the issue of component

alignment in THR.

This technology could in fact also bring additional
value to hip arthroplasty, enabling better patient
outcomes though a more accurate implant position,
optimizing overall procedure cost.

These objectives led to the initiation of the
MyHip project in 2011, completely developed
in-house in collaboration with an international
team of designer surgeons. This technology can
potentially help improve the accuracy of the
femoral neck osteotomy and of acetabular shell
positioning.  Trials have already commenced
with very promising results in selected centers of
excellence worldwide.

MyHip: accurate 3D preoperative planning,
kinematic simulation of the ROM
and patient-specific guides

he MyHip technology uses patient CT scans

to enable the use of a tool to perform 3D
preoperative planning and 3D cinematic simulation
of the ROM of the patient’s hip procedure. The
preoperative planning process, validated by the
surgeon, is then used as the basis for the production
of patient-specific femoral and acetabular guides.

The preoperative planning provides one of the
greatest advantages of the MyHip system. 3D
preoperative planning greatly improves the
accuracy of the final implant position, allowing
also for an accurate restoration of leg length
and of femoral offset'*?®. It considers all the
standard parameters used in the THR practice,
including ROM assessment and pelvic tilt, thanks
to a validated image processing protocol (CT and
X-Ray based).

The first step is the definition of the anatomical
landmarks which will be used to perform the
planning. These landmarks are the ones used
during conventional surgery and are confirmed
by today’s literature® 223242526 With the initial
landmarks defined, it is possible to define implant
related parameters, taking into account the
patient’s anatomy and the surgeon’s preferences.
Pelvic tilt is considered at this step to minimise
the risk of inaccurate implant positioning.

The implant parameters defined will be used by a
MyHip technician to finalize the first proposition
for a preoperative plan submitted to the surgeon.
A MyHip Surgical Planning Report is produced
each time a preoperative plan is proposed to the
surgeon. This report provides a summary of all
the information needed to perform a THR: implant
size expected (acetabular shell, femoral stem and
femoral head neck length),ideal implant positioning
(acetabular shell inclination and anteversion,
femoral neck osteotomy level and inclination,
femoral stem anteversion) and leg parameters
(leg length and leg lateralization discrepancy).
At this stage, a 3D kinematic simulation model is
provided. This simulation shows the hip’s mobility
through its full ROM to effectively predict the
performance of the in vivo implants. This way,
it is possible to optimize patient’s functional
outcomes by correctly selecting the size and
position of the implant which, in turn, potentially
avoids the risk of: impingement, squeaking with
ceramic-on-ceramic bearing and edge loading
during the patient’s daily activity. At this time,
the surgeon has the possibility to review the 3D
preoperative plan and, if desired, to adjust not only
the implant characteristics but also the positioning
parameters. After the surgeon’s approval of the 3D
preoperative plan, patient specific guides can be
manufactured.
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% The use of patient-specific guides are expected to
] improve the implant positioning accuracy?’?%%.
MyHip has been designed to help the surgeon to
restore patient anatomy and function, trying to
minimize the potential for complications during
the surgery. MyHip guides are available both for
anterior and posterior approach, according to

surgeon preferences.

The MyHip Femoral Guide is designed to define
the level of the femoral neck osteotomy, allowing
the surgeon to accurately resect the femoral neck,
improving accuracy. The anatomical shape of the
guide and its unique and stable positioning profile
potentially enhances the reproducibility of the
preoperative planning, guaranteeing an accurate
femoral neck osteotomy. An accurate resection of
the femoral neck potentially reduces the risk of leg
length discrepancy and improves femoral offset
restoration.

The MyHip Acetabular Guide has been designed
to define the correct orientation for acetabular
reaming and implantation of the final acetabular
shell. The MyHip Acetabular Guide is placed
inside the acetabulum and thanks to its unique
and stable positioning potentially reproduces the
parameters set during the preoperative planning.
The guide allows placement of a rod that will be
used as a local visual reference to indicate the
correct orientation of acetabulum reaming and
shell positioning.

The reference rod provides orientation
uncompromised by patient movement (because it
is integral to the patient itself) and recognizes the
variability of the patient’s pelvic tilt, in contrast
to standard technique where the movement of the
pelvis may mislead the surgeon.

Imp/am position in: A. Preoperative p/annfng
B. Original CT
C. 3D kinematic simulation

Medacta designed the MyHip system to help the surgeon address the
continuing challenges in Total Hip Replacement, focusing on patient
well-being and improving accuracy in implant positioning and sizing.
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GMK Sphere: Stability for Life

Total Knee Arthroplasty offers potential for significant improvement in order to improve

patient satisfaction and meet expectations, to help them to forget the artificial joint and
to restore normal knee function and stability. TKR patients perform significantly worse
than THR patients in terms of recovery, post-operative pain and function.

The GMK Sphere is an innovative implant designed to deliver maximum functional
stability to the replaced knee with the goal of increasing TKR patient satisfaction and
decreasing post-operative knee pain. The GMK Sphere provides a fully conforming
medial compartment which has been shown in literature to provide high stability and
enhanced patient satisfaction when compared to conventional knee designs. This
implant combines the successful features of its predicate devices with many innovative
characteristics which have the potential to provide advantages in the patello-femoral
joint and could make the replaced knee move and feel more like a healthy knee.

Ithough knee replacement is considered
a successful treatment, TKR patients are
not universally satisfied with the procedure and
there is still room for improvement. Bullens et al.
(2001) identified a poor correlation between the

traditional objective scores (Knee Society Score
and Radiologic assessment) and a subjective
patient-assessed  satisfaction score (Visual
Analogue Scale score)'.
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Fig. 1 - Percentage of preoperative expectations met or exceeded during &-months (grey bars| and 12-months (blue bars) follow-up in TKR patients. Adapted from

Tippett et al., 2010
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A UK study evaluated patient satisfaction using
the Oxford knee score on a cohort of 10,000
patients more than one year following total knee
replacement: almost 20% were not satisfied after
their TKR?.

TKR patients are not universally
satisfied with the procedure

and there is still room for improvement.

Recent studies show that patients’ pre-operative
expectations are higher than their post-operative
ability®. 98% of TKR patients expected to have
major improvement in pain; at 12 months 93%
reported less pain but this percentage decreased
to 63% at the S5-years follow-up. 96% of TKR
patients expected improvements in function during
activities of daily living, but 90% and 61% of
patients experienced improvements at 12-months
and S-years respectively. Also, expectations
regarding leisure activities are higher than the
outcomes: at 1-year only 24% of patients are able
to go dancing and golfing although 41% had this
expectation pre-operatively?.
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Fig. 2 - Mean Forgotten Joint score following Total Hip Arthroplasty (Crey
bar) and Total Knee Arthroplasty (Blue bar). A higher score indicates
greater patient ability to forget the artificial joint during daily life activities.
Adapted from Behrend et al., 2012°.

A comparison between pre-operative expectations
and post-operative satisfaction, using the Knee
injury and Osteoarthritis Outcome Score (KOOS),
was performed by Tippett et al. in 2010*. Patients’
expectations are not always realised after TKR,
and many patients still report difficulties during
normal daily living activities such as ascending
and descending stairs, squatting, getting in/out
of a car, getting in/out of the bath, running and
performing domestic duties (Fig. 1).

Patient satisfaction following THR is higher
when compared to TKR and a forgotten Hip is
much more common than a forgotten Knee. In the
study published by Bourne et al. THR patients
expressed greater overall satisfaction than TKR
patients (THR 89%, TKR 81%): in particular
THR patients expressed higher satisfaction in the
ability to perform daily activities compared to
TKR patients®. Following hip replacement patients
are more satisfied compared to knee replacement
(69% vs 51% declared themselves “very satisfied”)
and patients are more willing to undergo another
surgery’. Moreover, the patient’s ability to forget
the artificial joint in everyday life is greater
following hip arthroplasty compared to TKRS®
(Fig.2).

Fig. 3- GMK Sphere: an innovative implant designed to  deliver maximum
functional stability to the replaced knee with the goal of increasing TKR
patient satisfaction and decreasing postoperative knee pain.
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Fig. 4 - Comparison between the percentage of TKR patients reporting significant difficulty in performing some daily life activities and the corresponding percentage
in the control group (age- and gendermatched controls). Adapted from Noble et al., 2005°.

Bachmeier et al. compared the outcomes following
hip joint surgery and knee joint surgery and

Published data suggests that Total Knee
Arthroplasty offers potential for significant

found that the improvement in pain and physical
function was significantly greater in THR
patients’. Higher functional ability, especially
in managing stairs, and less pain was reported
after hip replacement compared with total knee
replacement. Improvements occur more rapidly
following THR®.

Noble et al. wondered if TKR can restore normal
knee function: patients who received a total knee
implant still experienced significant difficulties
during activities in daily life when compared to
their age- and gender-matched peers® (Fig. 4).

improvement in both the procedure and prosthesis
design in order to increase patient satisfaction and
meet expectations, to restore normal knee function
and stability and to deliver a “forgotten joint.”

Improvement in pain and physical function was significantly greater

following THR compared to TKR.
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GMK Sphere heritage

Professor Michael Freeman started working
on knee replacement in the 1960’s when he
founded, together with Professor Alan Swanson,
a Biomechanics Unit in the Department of
Mechanical Engineering at the Imperial College
in London. At that time, knee prostheses were
mainly full cobalt chrome hinges that allowed
flexion-extension only. Prof Freeman and Prof
Swanson started working on the first condylar
replacement and developed the first ever condylar
metal/polyethylene total knee for implantation,
the Freeman-Swanson knee (Fig. 5). At the time,
it was believed that the femur rolled backwards on
the tibia during flexion and this movement was
generated by the action of the 4-bar link in the
knee. In order to avoid roll-back, the knee was
designed as a roller in a trough with a cylindrical
femoral component and a polyethylene baseplate
with same radius as the femoral radius. This first
modern knee prostheses was manufactured by
Howmedica and available in just one size.

Fig. 5 - The Freeman-Swanson knee. Source: Robinson, 2005'°.

The Freeman-Swanson knee evolved in the ICLH
(Imperial College London Hospital) knee in the
mid 70’s. The ICLH Knee added extra sizes,
cementless fixation, an anterior flange and a
polyethylene patellar button'.

In the 1960’s knee prostheses were

mainly full cobalt chrome hinges.

In the late 1970’s, learning from the experience
gained with these knee designs, Prof Freeman
and Kent Samuelson MD designed the successful
Freeman-Samuelson knee, manufactured by
Protek in Bern. The design added a midline gap
between the two femoral condyles to better remove
cement from the posterior side and a defined
trochlea grove which enhanced patellar stability.
The Swedish Knee Arthroplasty register reported
a 10 year rate of survival (aseptic loosening) of
96.6% for the cemented Freeman-Samuelson knee
(2,695 prosthesis)'.

The designers started realizing that the two sides
of the knee behave in a different way and believed
it was necessary to allow longitudinal rotation
in the prosthetic design. In the late 80°’s the
MRK (Medial Rotation Knee) was designed as a
modification of the Freeman Samuelson knee and
was characterised by a congruent and spherical
medial femoro-tibial articulation combined with
a lateral roller-in-trough articulation (remaining
unchanged from the Freeman-Samuelson knee).
Finsbury Orthopaedics Limited began the
commercialisation of the MRK knee in 2001.
This was the first introduction of an asymmetric
knee prosthesis which aimed to reproduce the
medial stability inherent in the native knee while
allowing for rotation around a medial axis. The
MRK was successful and was the knee implant
with the lowest revision rate in the 2012 UK
National Joint Register for the third consecutive
year '2. However, some criticism of the design
suggested that the sagittal congruency of the
lateral compartment inhibited rotation and limited
flexion. The anterior flange of the prosthesis was
also longer and more bulky than other successful
contemporary knee designs.

In the late 1990’s, Prof. Freeman began
collaboration with Professor Vera Pinskerova
(University of Prague, Czech Republic) and a
group of Japanese surgeons to study and better
understand knee joint anatomy and movements.
They published a number of papers on these two
subjects by studying MRI of cadaveric and living
knees and a collection of these studies is published
in “THE ANATOMY AND MOVEMENTS OF
THE TIBIO-FEMORAL JOINT” published by
Freeman and Pinskerova in April 2014.

The results showed that the medial condyle
experiences minimal antero-posterior translation
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at least until 120°, while the lateral condyle tends
to exhibit considerable anterior-posterior motion
during flexion-extension. The medial stability
characterizes every type of movement, while
the anterior-posterior movement in the lateral
compartment is not constant, but does occur in
certain activities'.

These new observations were used for a further
design refinement of the knee prosthesis by
removing constraint on the lateral side and
allowing the knee to move in a way sympathetic to
the kinematics of each individual patient. This was
felt to be preferable to imposing “guided motion”
based on an average of the translation and rotation
observed in a healthy knee.

In 2010, Prof Michael Freeman was introduced
to Medacta by Professor Richard Field (Elective
Orthopaedic Centre, Epsom, UK) establishing
a productive collaboration that resulted in an
innovative project that reflected the mission of
Medacta of providing safe and effective solutions
to improve patient well-being. Together, they
embarked upon development of a new prosthetic
design intended to provide maximum functional
stability throughout the range of motion resulting
in increased patient satisfaction and less anterior
knee pain: GMK Sphere. (Fig. 6)
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GMK Sphere: a new prosthetic design
intended to provide maximum functional
stability throughout the range of motion
resulting in increased patient satisfaction

and less anterior knee pain.

The four key attributes of the GMK Sphere design:

e AP stability in mid-flexion and throughout the
range of motion with a fully conforming medial
compartment;

e A design which can replicate the motion of a
healthy un-replaced knee, characterised by
stability on the medial side and freedom of
translation on the lateral side;

* An anatomic design with a full range of femoral
profiles, anatomically shaped tibial baseplates
and inserts with 1 mm increments intended to
optimise fit and balance while minimising the
risk of overhang;

* An innovative patellar tracking design which in
combination with allowing the lateral condyle
to translate posteriorly could reduce stresses
associated with anterior knee pain.

Fig. 6 - The GMK Sphere tofal knee implant: stable and fully
conforming medial compartment combined with a sagittally
unconstrained lateral compartment (the lateral compartment offers
curve-on-curve congruency in the coronal plane)
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Stable medial compartment

Studies on bilateral patients have shown that more stable knee
prostheses are preferred by approximately 76% of patients.

Conventional knee designs, both cruciate
retaining and posterior-stabilised, commonly
exhibit paradoxical motion, which is the unnatural
anterior translation of the femur during flexion.
This paradoxical motion may make knee patients
feel insecure, especially when rising from a low
seat, ascending/descending stairs or walking
on uneven surfaces. Moreover, patients may be
obliged to stabilise the knee through positioning
or changes in muscle contraction (e.g. quadriceps
avoidance gait)™.

The GMK Sphere is designed with a spherical
and fully congruent medial compartment which
provides anterior-posterior stability in mid-
flexion and during the range of motion (Fig. 7) —
effectively a “ball-in-socket mechanism™'.

The fully conforming design of the GMK Sphere
medial compartment provides stability reducing
paradoxical motion and noise (i.e. pops, clicks,
and clunks) that may be generated by the replaced
knee 16

Studies on bilateral patients have shown that
more stable knee prostheses (designs with a ball-
in-socket mechanism or ACL-PCL preserving)
are preferred by approximately 76% of patients
compared to other conventional knee designs!>!718,

Patients gave the following reasons for their

preference:

e The replaced knee feels more like a normal knee
than the one on the other side;

e The knee is stronger during ascending stairs;

e The replaced knee feels more stable during
flexion and overall;

e They can hear fewer clunks, pops and clicks;

e The knee shows superior single-leg weight

bearing abilities. Fig. 7 - The GMK Sphere medlial ballin-socket mechanism.
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Anatomical fit

More than 15,000 CT and MRI knee scans have been analysed to design a total knee implant that
reflects a diverse range of patient anatomy."’

The GMK Sphere provides 13 different femoral profiles with an increase of 2 mm in the ML and AP
dimension of each adjacent size (Fig. 8).

An anatomically shaped tibial baseplate which fits the asymmetrical profile of the tibia is associated
with a range of tibial inserts with 1 mm increments to optimize ligament balancing (Fig. 9).

Fig. 8 - The GMK Sphere range of 13 femoral profiles: 2 mm increment in AP and ML dimension.

Tmm

T

Fig. 9 - Anatomically shaped tibial baseplate combined with a range of inserts with 1 mm increments.
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Innovative patellar tracking design

Following TKR the patella-femoral joint is often
medialised when compared to the un-replaced
knee ?°. Abnormal patellar tracking could result
in an excessive tensioning of soft tissues, patellar
instability, pain, wear and failure®'?2.

The GMK Sphere trochlea groove is asymmetric
(6° divergent) and lateralised by 2mmin comparison
to the midline of the femoral component (Fig. 10).
This design allows for more normal medial-lateral
translation of the patella during flexion-extension
and reduces the stress on either the natural patella
or the patellar implant, also reducing the risk of
subluxation 2°.

The anterior flange is designed to decrease
the risk of anterior overstuffing of the knee.
Many contemporary TKR designs introduce an
excessively thick medial flange that can overstress
the soft tissues in that portion of the joint*: .
(Fig. 11).

In order to increase the region of contact
between the patella and the femoral component
in high flexion, the trochlear surface is extended
posteriorly?®. This design feature is intended to
address the risk of “patellar clunk” observed in
previous devices.

The combination of the patella-femoral joint design
and the facility to reproduce natural posterior
translation of the lateral condyle is intended to
reduce retropatellar pressure and consequently
decrease the risk of anterior knee pain (Fig. 12).
In conventional knee designs, the anterior
translation of the femoral component increases
patello-femoral joint pressure during flexion. By
contrast, the GMK Sphere provides a stable medial
compartment which does not translate anterior-
posteriorly.

\\ midline

Fig. 10 - The GMK Sphere trochlear groove is lateralised by 2 mm to
reduce fension on the medial refinaculum.
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Fig. 11 - The GMK Sphere decreased medial trochlear wall prevents
patellafemoral overstuffing.

Lateral

Fig. 12 - The GMK Sphere provides a stable medial compartment which
provides stability in flexion and an unconstrained lateral compartment
which facilitates natural kinematics by allowing the posterior translation of
the lateral femoral condyle.

+
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Minimized wear rate

SPECIAL EDITION

aboratory evaluation has demonstrated that the principles of the GMK Sphere design provide for
maximal contact area in the medial compartment throughout the range of loaded motion?¢. Generally,
the majority of load is applied through the medial compartment and extensive spherical contact
in the medial femoro-tibial joint is desirable. Although the lateral femoro-tibial compartment is not
congruent on the sagittal plane, it is congruent in the coronal plan, minimizing contact stress levels'**

(Fig. 13 and 14).

20
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>
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Fig. 13 - TKR wear results (mg per million cycles) from widely used and
clinically successful TKR implants. Dara from University of Nebraska
Medical Center 7.

Preliminary results

Medacta is committed to providing innovative
and safe solutions with a responsible and
evidence-based approach. GMK Sphere was tested
over 2 years prior to launch through an intensive
evaluation programme including in vitro and in
vivo trials and Laboratory tests.

The first implantation took place in London in
November 2011 and during the first 2 years of
implantation a few selected centres were involved
for a careful evaluation of the preliminary data.
A total of 1,000 implants were implanted in those
2 years and both surgeons and patients provided
encouraging feedback.

The GMK Sphere is intensively studied in a large
number of in vivo and in vitro studies which are
investigating different aspects of knee replacement.
One key study will involve follow-up of GMK
Sphere in more than 1,200 knees in a number of
centres located in different parts of world. As part
of an ODEP (Orthopaedic Data Evaluation Panel)
multicentre study a UK co-ordinating centre is
collecting the Knee Society Score, Radiographic
analysis, Oxford knee score and EuroQol score of
500 knees for up to 10 years in several centres in
the UK and Belgium. Other centres are collecting

20

H
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Wear rate (mg/MC)
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Fig. 14 - GMK Sphere wear results compared with the mean value ofall
fixed bearing TKR implants fested by Endolab GmbH'®.

The GMK Sphere is intensively studied in a
large number of in vivo and in vitro studies

which are investigating different aspects of

knee replacement.

the Oxford score and the Forgotten Joint Score,
as well as the scores collected in a standard
follow-up. In addition, many single-site RCT’s are
comparing the ability to achieve a “forgotten joint”
comparing GMK Sphere and other contemporary
knee designs.

The GMK Sphere’s performance and kinematics
have also been investigated in an in vivo kinematic
analysis co-ordinated by Prof Scott Banks Phd
(University of Florida, US) and a retropatellar
pressure analysis in collaboration with the
university of Munich (Germany). The preliminary
results of these studies confirm the GMK Sphere
claims. Other studies will be added to make the
clinical planning even more detailed.
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Efficiency in TKR instrumentation

The number of Total Knee Replacements has increased dramatically over the last decade
and the number of patients requiring TKR is projected to increase at an accelerating
rate in many key economies'. An obvious problem is that the demand for healthcare
is growing faster than the supply of resource and funding. Surgeons and hospitals
are facing the threat of cuts in reimbursement. Orthopaedic suppliers are being faced
with constant demands to cut prices to levels that threaten profitability and ongoing
investment in innovation and quality. Somehow, overall costs of treatment have to
be reduced and productivity improved. Medacta has always respected the need for

healthcare economic sustainability with innovation focused on providing additional

benefit to patients but with an emphasis on reducing overall costs of treatment.

f we focus on the TKR surgical procedure,

a decrease of intraoperative time can be
beneficial to increase efficiency, but surgical time
is multifactorial and dependent on surgeon habits,
patient variables and the behaviour and availability
of other personnel, therefore it is not easy to
control or standardize. An analysis of more global
aspects of a TKR procedure, reveals that a large
impact on operating room efficiency lies in the
management of the TKR instrumentation.

There have been reports published on increasing
operative efficiency by decreasing turnover time
and making draping, prepping and processing of
instrumentation easier to set up and turnover?*.

Single use instruments have been already adopted in
different medical fields, including ophthalmology,
cardiothoracic surgery and urologic surgery*’.

Single use instruments can be a valid alternative
to conventional metal reusable sets to decrease or
even eliminate a lot of procedural costs linked to
TKR, thus optimizing its efficiency.

A partial application of single use instruments in
joint replacement can be found in patient matched
technology, where part of the instrumentation is
replaced by single use patient matched guides.
Studies show that the use of single use patient
matched guides can have an important economic
impact on the surgical procedure, allowing for
decreased time and costs dedicated to wash,
assemble and sterilize the instrument sets®'!.
In 2012, aware of the economic benefits that its
patient matched technology MyKnee brought to
the hospital, Medacta committed to radically
increasing the benefit of cost reduction associated
with instrument management and handling by
developing a complete offering: GMK Efficiency.
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GMK Efficiency: innovation that delivers

MK Efficiency is a complete single use

instrument solution used to implant both GMK
Sphere and GMK Primary, conceived to optimize
instrument management, providing significant
benefits in the O.R. and throughout the hospital
supply chain. GMK Efficiency instrumentation
consists of 3 main instrument sets: a general
set including spacers, impactors and resection
and drilling guides, a size-specific femoral set
including trials femoral components and resection
blocks and a size-specific tibial set including
trial inlays and baseplates. GMK Efficiency can
be used in combination with MyKnee patient
matched instrumentation, maximizing its benefits.
As an alternative to MyKnee, an additional GMK
Efficiency set can be provided including alignment
guides and sizers. A GMK Efficiency Patella
instrument set is also available as an option.

GMK Efficiency instruments are manufactured
using special medical grade technopolymers,
able to give high fatigue and abrasion resistance
alongside form versatility. Bulky and complicated
connections found in metal reusable instruments
are replaced by ergonomic and fast coupling
mechanisms, allowing for more straightforward
surgical procedures. Impaction instruments have
the same solidity as the metal ones, without
unwanted weight. The overall lightness of the
GMK Efficiency instrumentation, just 2 kg for a
complete set — 10 times less than a conventional
instrument set, represents just one of the several
benefits to the OR environment that this innovative
instrumentation brings.

Single use instruments can be a
valid alternative to conventional
metal reusable sets to decrease

or even eliminate a lot of
procedural costs linked to TKR,

thus optimizing its efficiency.
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improves the quality of the O.R. environment

SPECIAL EDITION

he value of GMK Efficiency is significant. O.R. staff are able to work with extremely light

instrumentation, provided already packed and sterile and just dispose it after use, without the need
to post-process it. The size specific layout allows easy selection of the most suitable composition for the
surgery, minimizing instrument volume and simplifying backtable preparation.

All GMK Efficiency instruments are ready to
use, always sterile and brand new. This simplifies
O.R. scheduling, avoiding surgery cancellation or
delay due to missing, non-sterile or not functional
instruments. GMK Efficiency promotes an easier
O.R. environment to enhance productivity.

GMK Efficiency

The GMK Efficiency instruments
are ready to use, always sterile
and brand new.

promotes sustainable O.R. management

he value of the efficiency can be translated

into significant savings for hospitals. Medacta
has conducted a survey in different hospitals
and practices in Europe to verify the potential
economic impact of GMK Efficiency, single use
instrumentation'?.

Different aspects related to TKR instrumentation

management have been considered:

e Occurrence of surgery cancellation or
rescheduling because of sterilization failure;

* Peri-operative management of the
instrumentation;

e Intra-operative management of the
instrumentation;

e Impact of sterilization procedures;

¢ Infection management.

Occurrence of surgery cancellation or
rescheduling because of sterilization failure

On average, this has been estimated to be 2% of
the total annual volume of surgery, with an impact
of 30 minutes lost per postponed procedure.

This does not take into account the stress and
work imposed upon staff that have to manage the
episode.

Peri-operative management of the
instrumentation

As GMK Efficiency is provided already assembled
and sterile, the instrumentation preparation for the
surgery is minimal, eliminating the need for a
completeness check.

Surveyed centers estimated 30 minutes as the
time dedicated to the preoperative check of
the instrumentation, 20 minutes for backtable
preparation and 30 minutes to check the
instruments and prepare them for collection after
surgery. That suggests that potentially the use of
GMK Efficiency could potentially allow savings
of more than 60 minutes per surgery.

Intra-operative management of the
instrumentation

Concerns in intraoperative management of metal
reusable instruments are associated with the
incidence of missing or not functional instruments.
The survey showed that around 4% of surgeries in
a year experience these problems, resulting in a
potential loss of 15 minutes per procedure.

The ease-of-use and ergonomics of the instruments
result in more reproducible and stress-free surgical
procedures. This potentially decreases the
surgical time and related costs and may minimize
complications.
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Impact of sterilization procedure

The GMK Efficiency complete single use
instrumentation does not require on-site
sterilization, as it is provided by Medacta already
sterile. Time and costs related to instrument
collection before and after sterilization, instrument
washing and sterilization are eliminated, resulting
in significant savings for the hospital. The average
sterilization cost is $60 per tray where sterilization
is outsourced and $25 per tray where sterilization
is conducted in-house.

Aledacta

Inter

Infection management

The use of single-use instrumentation may reduce
the risk of non-sterile instrument episodes. This
promotes an environment that supports infection
control. The estimated cost for a single surgical
site infection is, on average, $25,500 not including
outpatient and non-healthcare services costs related
to infection management'?.

The summary of all savings that GMK Efficiency can
potentially bring to the hospitals can be estimated
at around 7% of the global TKR procedure cost'?,
confirming the potential cost-benefit of the system.

GMK LEfficiency adds value!

he potential for time savings provided by GMK Efficiency could allow for additional caseload, potentially

delivering hospital significant revenue. The use of GMK Efficiency single use instrumentation is a significant
innovation in terms of instrument management, embodying the holistic Medacta approach that provides safe and
superior solutions for patients, but also sustainability and EFFICIENCY.
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we want to thank all of you all over the world.

Your trust in Medacta has resulted in treatment of more than 110,000* AMIS and 15,000*
MyKnee Patients, nhelping to make Medacta the largest European provider of Hip and
Knee arthroplasty solutions with growing success around the world.
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