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PORTRAIT
The World Arthroplasty Conference has being held in April
virtually and has attracted a very strong international
audience. Among those that preside over this event, we
met Gijs Van Hellemondt from Sint Maartenskliniek in
Nijmnegen. Portrait of a figure in Netherland knee surgery.

Gijs Van Hellemondt

: You are the current EKS
president, can you explain
what EKS means?

Gijs Van Hellemondt: As
you know the European Knee
Society - EKS started in 2015,
trying to focus on degenerative
knee pathology and arthroplasty
in Europe. What we try to do,
on the contrary to other knee
societies, is to focus on surgeons
who have first of all certain
experience in years and numbers,
but also are strongly interested
in research and education. Now,

EKS after a relatively short
period of time, has gained a
certain position in Europe in
degenerative pathology and
knee arthroplasty. This happens
not only by organising meetings
- we have an open and closed
meeting and also the WAC every

(to be continued page 2)

TECHNOLOGY
THE FUTURE OF ROBOTIC TKA SURGERY
– A CRITICAL REVIEW BUT POSITIVE
OUTLOOK
Cécile BATAILLER1, Sébastien PARRATTE2,3
1

Orthopaedics surgery and Sports Medicine Department, Croix-Rousse Hospital, Lyon, France.
2
International Knee and Joint Centre, Abu Dhabi, United Arab Emirates.
3
Institute for Locomotion, Aix-Marseille University, Marseille, France.

Introduction
Orthopedic
surgery is one of the most dynamic
surgical specialties, and knee
arthroplasty surgery is one of its
fastest-growing sub-segments. In

parallel of this growth, computer assisted surgery (CAS) using
computer navigation, patient
specific instrumentation and
sensors have been progressively
developed to increase the accuracy and the reproducibility of
total knee arthroplasty (TKA).
The latest CAS technology

gaining interest is robotically
assisted surgery (RAS) in knee
arthroplasty. Despite the high
accuracy and the reproducibility
during TKA procedures brought
by the robotic system, clear clinical advantages and superiority of these innovations have
not yet been proven. The place
(to be continued page 6)
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third year - by also by having a
sort of European discussion on
arthroplasty and degenerative
pathology.
: How you do you see the
role of EKS in Europe
G.V.H.: Europe is of course
bigger than just a few
countries within the European
Community with their several
national knee societies. We try
to get as many leading surgeons
as possible together in the
European Knee Society, where
we can ask each other at the
closed meetings more critical
questions about our research and
protocols and what we actually
do in practice. And we try to
bring across a lot of surgeons
from Europe to the meetings we
organise.
: Is there any relationship
with other international knee
societies?
G.V.H.: : At first, we needed a
good number of members and a
place in the field of knee surgery
in the world. Now since 2015,
we have established a certain
position in the world. We have
close cooperation with the
American Knee Society, Knee
Society’s in the Asia-Pacific and
also with most National Knee
Society within Europe. We have
been asked to participate in a
lot of meetings throughout the
world, where EKS has become
more or less of a well-known
international society in knee
surgery.
: This brings us to the WAC.
Can you explain what WAC is
and what role EKS plays in this
international meeting?
G.V.H.: When EKS was
founded, we thought that there
is globally a large number of
surgeons who are not only
performing knee arthroplasty,
but also hip arthroplasty
and
many
international
arthroplasty societies are more
or less combined knee and hip
societies. That was the reason
why EKS, together with the
International Congress for Joint
Replacement (ICJR), started for
2 // MO JOURNAL EUROPE

the first time in Paris a World
Arthroplasty Congress (WAC).
Every third year, European
knee and hip society together
with the Americans, organise a
World Arthroplasty Congress
with faculty from around the
world.. Based first of all on
keynote lectures, video’s on
surgical technique’s, but very
importantly also with a lot of
people who can send in their
abstracts and discuss all the
research which is performed
globally. And that is the main
driver, there’s a lot of effort in
the abstracts, in creating a good
abstract platform and presenting
the research. For the WAC 2021
we had over 800 abstracts sent
in and we rated them all, both
on the European side and the
American side, and tried to get
the best research in the program
and poster sessions.
: The WAC originally was
planned to be Munich, but due
to the coronavirus situation it
was held as an online meeting.
How difficult it was to switch
from the planned face-to-face
meeting to the new online
format ?
G.V.H.: There are a few things.
In the beginning of the covid
period, it was not clear whether
in 2021 it will be still possible
to perform live meetings. So,
we had to reschedule the WAC
at a relatively short notice from
a congress which was planned
originally in Munich for more
than 1000 participants, to
a virtual meeting. The good
news of course is that over one
year of covid we all got used
to the new way of organising
meetings, which is either virtual
or hybrid or however we want
to organise it. What we have
tried to do is to create a digital
platform, again not only based
on people who present some
of their cases or their keynote
lectures, but most importantly
for people presenting their
research in a relatively short
presentation of 6 minutes in a
pre-recorded session. Especially
the prerecording is something
that we see more often in the
digital meetings now. You still
can have some interaction with
delegates asking questions in the

Q&A. The technical support
from new platforms is improving
compared to the first meetings
we had, where you had to share
a screen with Zoom or another
platform.
: You are orthopaedic
surgeon
in
the
Sint
Maartenskliniek Nijmnegen
which is one of the leading
orthopaedics clinics in the
Netherlands. Can you tell us
a little bit about your work
homeplace?
G.V.H.: It’s a specialised
orthopaedic hospital founded
in 1936, and we are the largest
specialist orthopaedic hospital
in the Netherlands where a lot of
patients are referred to from all
over the country. Which is the
reason why for my field, which
is primary and revision hip and
knee arthroplasty, we see a lot
of difficult patients referred.
Due to the fact that we are
doing research (Orthoreasearch
Department) and education a
lot, but also the relatively high
volume in our hospital gives
us a certain position in the
national and international hip
and knee arthroplasty field. A
good situation for us of course
is that due to the education
and research part, we have a
large number of National and
International collaegues visiting
our hospital for a fellowship
for a short or longer time.,
Surgeons can learn and see how
to put this specific hip and knee
arthroplasty concept to their
own practice. We also organise
a lot of meetings inside and
outside our hospital: either
as a hospital ourselves or in
combination with orthopaedic
industries, playing a definite role
in education and in our research
at the department.
: Your hospital is also part
of the International Society
of Orthopaedic Centres
(ISOC). Can you explain what
ISOC is and what role Sint
Maartenskliniek plays?
G.V.H.:
In 2006 several
specialist orthopaedic hospitals
from around the world together
with the hospital for special
surgeries in New York founded

ISOC to exchange ideas on
best practice and collaborate
on patient care, education
(incl. fellowship) and reasearch
to improve orthopaedic care.
During these meetings the
CEOs of these institutes are
also part of the organised ISOC
meetings. Which means there
is a lot of parallel discussions
going on how to keep your
position as a specialised hospital
in an environment where there
is pressure on heatlhcare budget
all around the globe. That’s the
reason why I think the ISOC
is currently a very interesting
society, because throughout
the world the most important
hospitals only doing specialised
orthopaedic surgery are now
part of ISOC.
: You are also a National
panel member within the
Orthopaedic Data Evaluation
Panel (ODEP). Can you
explain ODEP and your role
there?
G.V.H.:
The
discussion
throughout Europe is fairly
simple. There is a certain need to
control and improve the quality
of implants and there has been
a ODEP rating on implants
for several years. The ODEP is
based in the UK, and the Dutch
Orthopaedic Society was asked
a few years ago to cooperate
within the ODEP panel on hip
and knee arthroplasty. Within he
ODEP the implant is provided
a rating based on literature /
registry data that is convincing
regarding survivorship with a
specific mplant design. Due to
this rating better control and
more objective data are available
for patients and healthcare
providers on hip and knee
implants. With the new Medical
Device regulations (MDR) we
have to be aware that regulations
have become stricter, but
innovation in our practice has to
be continued in a save manner.
Beside the ODEP, in the
Netherlands, like in several other
EU countries, we have a very
good implant registry which
started with the orthopaedic
society several years ago.
Nevertheless, if you really create
a discussion on which implant
has a certain survivorship
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probably cooperation within
Europe is mandatory.
: You did a fellowship with
Werner Muller in Basel 1998.
How did that influence your
career ?
G.V.H.: I went to Werner Muller
and Niklaus Friederich because
at that stage in my carreer in
Europe this was the place to go
if you really wanted to know the
details of the knee surgery. If you
read the book “Das Knie” from
Werner Muller, you know there
is probably not one person in the
world who knows more about
the anatomy of the knee than he
does. That was the reason for me
to do the fellowship in Basel.
: How was the situation at
that time in the Netherlands
when you compare with
Bruderholz - was it different?
G.V.H.: I think the difference in
the healthcare system is that in
Switzerland, it’s organised is in
Cantons, so it’s a relatively small
hospital but at that stage very
well focused on knee pathology.
That was not the level of knee
surgery we were doing at that
time in the Netherlands. But of
course, I think Werner Muller,
who was one of the founding
fathers of the ESSKA, was
ahead of his time at that stage.
Nowadays we can say that there
are a lot of specialised hospitals
in Europe at the same level,
but at that time Werner Muller
and Niklaus Friederich were
probably a little bit ahead of a
lot of people in Europe on the
knee surgery side; especially
their knowledge of the anatomy
and the way they actually treated
their patients.
: Was your personal career
focused from the beginning on
the knee? Or was it both hip
and knee?
G.V.H.: : I started my training
and went to the fellowship in
Basel, and when I returned to
the Maartenskliniek and got
a position as a hip and knee
surgeon from the beginning,
because of my preference. I
must say I’m very happy that I
4 // MO JOURNAL EUROPE

changed a little my practice from
knee sportsmedicine to primary
Hip and Knee arthroplasty
and revision. If you look at the
European thought, it’s mainly
“if you are a knee surgeon, you
perform everything on the knee
side” Internationally, it is not
uncommon for arthroplasty
surgeons perform hip and knee
arthroplasty’s but no joint
preserving procedures.
: Beside this experience
you had with Werner Muller,
is there anybody else you
might see as your teacher
or "godfather" for your
orthopaedic career?
G.V.H.: : If you are travelling
in the orthopaedic community,
you have a lot of people you
encounter you could learn a
lot from. In my own clinic I
had very well-experienced knee
surgeons I learned a lot from
also. But there is not one person
I would say is the main driver.
From the knee side, I learned a
lot from Ate Wymenga who was
already there as a knee surgeon.
He was always a knee surgeon
not only doing arthroplasties
but also knee joint preserving
procedures and sports medicine.
But overall, I would say there is
not one person I could mention
who I learned the most from. I
still enjoy traveling as much as
I can. Not only go to meetings
but try to visit someone to work
with in the outpatient clinic
and in the OR and try to learn.
That is what I did in my early
career from 2000 up until now:
I try to visit a clinic on a regular
basis, take a few days off and
travel there and ask if someone
could host me. I would take a
notebook and write down what
I learned and try to put that into
my own practice.
: Is this supported by the
clinic? Do you get any budget
support, or is everything from
your own pocket?
G.V.H.: I did that it in my free
time. Of course, nowadays
there are a lot of fellowships
available in Europe and outside.
We all know there are several
fellowships on the knee, like
the well known Insall traveling

fellowship in the US and the
EKS Travelling Fellowship in
Europe. There are a lot of other
fellowship possibilities for nearly
every subspeciality to do that. It’s
a huge life changing experience
for young surgeons coming back
from the travelling fellowship.
I think that is what you need
to do as young surgeon, but of
course I’m far too old to do such
a fellowship. I think you should
even later in your career be still
willing and able to learn from
others.
: What would you
recommend a young doctor
who is interested in going into
orthopaedics? Do you still
think this is an attractive field
of medicine?
G.V.H.: The answer is simple Yes. I think we have a fantastic
job for our patients as an
orthopaedic surgeon. Simply
because most of the patients
benefit from our treatment. You
should be a little bit technical
in your mindset, but it’s also
a learning experience which
doesn’t stop when you become
over a certain age. You still see
innovations and see a lot of
things changing the orthopaedic
world. Of course, the downside
of all people who are specialised
or not in a healthcare
environment, the pressure on the
budget for the coming decades is
getting higher. We will have to
do more with limited resources
and this pressure will be clear for
the future for young surgeons.
That’s, throughout Europe,
something I believe will not
change.
: How can you stimulate
young surgeons to start a
career in orthopaedics. Do you
have a special program at Sint
Maartenskliniek?
G.V.H.: : For me, the most
important part is that we need
to be aware of the fact that we
get the young people into our
system. We need to focus on
young people, and they need to
be motivated to become part of
societies. In our clinic we have
our training program, which
is similar to the rest of Europe,
which you have to apply to. For

young people it’s important to
have an open discussion about
what’s the best way to learn the
orthopaedic business. It’s a little
bit different from 20 years ago
when I started, where they told
me “You just do and learn it. You
will learn it from someone and
if you fail you do it again”. Now
the whole way of teaching is
different. You need to talk with
young surgeons more frequently
on how to train, get them on
the right track of training and
use the possibilities available. It
means they ask young people
about what their preference is,
which way they want to go, and
whether they are willing to put
time and effort into their career.
In the old days there was a boss
you had to listen, and he made
decisions for you. Now there
is a more open conversation
between the residents and
fellows and the surgeons who
are part of our institution. For
the older guys like me, that was a
little different in the beginning,
or difficult to understand. But
the open-mindness of how
you approach young surgeons
is helping to get them more
motivated.
: How is the healthcare
system in the Netherlands?
How easy is it to set up your
own private practice or set
up a centre like the Sint
Maartenskliniek?
G.V.H.: : The Netherlands
situation is slightly different to
the rest of Europe. It’s a bit like
the Canadian and Scandinavian
system because we don’t have
private healthcare. Everything
its more or less available for
every patient. It means there is
no private system and if you do
your surgery, you get a fixed fee
depending on the negotiation
with the insurance company, a
bit like the DRG in Germany.
The quality of Orthopaedics in
the Netherlands in my opinion
has a good standard if you
compare it to the rest of the
world. There is always some
discussion on whether private
care is needed or not. But
overall, I think the system works
as it is now, because there are
no people uninsured, and you
still have access to high quality
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orthopaedic care throughout
the country. We have to take into
consideration that we are still a
very a small country in Europe
with only 17 million people.
: Do you still have sports
and hobbies, because you
are a very busy international
travelling surgeon?
G.V.H.: Even when you are busy
finding time for other activities
outside your profession is
possible and important. Because
I believe as an orthopaedic
surgeon, your physical condition
- not only your mental
condition - is needed to perform
arthroplasty throughout your
career. Especially revision
arthroplasty surgery which
sometimes takes a little bit longer
than an hour or two, and might
be challenging. I try to do sports
very regularly through the week.
I like to play squash, tennis and
do some running and cycling. I

sit on a rowing machine, which
is boring but it’s still exercise.
I’m very active in sports, because
I think if you can be physically
fit it’s also good for your mental
state. You get a little bit out of
this stressful business you are
in. As a hobby beside that, I
like to cook, which is a little bit
different. But in preparation
I always compare cooking to
surgery. If you are well prepared
with the right ingredients you
will get a nice meal on the table.
There is a similarity between
cooking and doing surgery in my
opinion.
: Do you have other private
interests, like culture and
travelling, I mean private
travelling?
G.V.H.: Privately I like to travel
with my family and friends. In
my professional traveling what
I try to do, but it’s relatively
something I’ve learned over the

years, to take a little bit more
time. I try to go to a meeting a
little bit earlier and leave a little
bit late. By doing that I want to
learn about the culture of the
countries I go to. We know time
is precious, I try to experience
other cultures if I’m traveling,
because you probably will visit
some locations only once in a
lifetime, and you will never go
back. g
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Arabia among others). To date,
ICJR is close to 30 international
meetings even with the COVID-19 shutdowns. It became
obvious (since 2010) to the leadership of ICJR that worldwide
arthroplasty education desired a
worldwide meeting and thus the
partnerships of European Knee
Society (EKS) and ICJR in the
development of WAC.
Jean-Noël Argenson

W. Norman Scott

The COVID-19 Worldwide
Pandemic has destroyed so many
successful educational opportunities but not the World Arthroplasty Conference (WAC)!
The leaders were confronted with
a devastating problem but similar
to many successful enterprises,
rose to the occasion. The virtual
world has begun and, in fact, will
probably supplement all future
educational opportunities. WAC
has made sure that the educational future of all arthroplasty will
not be defeated by a pathogen!
The International Congress for
Joint Reconstruction (ICJR)
conceptually began in 2007 and
had its first course in Orlando,
Florida in 2008. Prior to the
first WAC in Paris, 2015, ICJR
had engaged in 14 international meetings (Hawaii, Australia,
India, COA, CAOS, COA, Japan, Southeast Asia and Saudi

In Vienna, on Thursday, November 24, 2011 the Founding
Members of the future European
Knee Society had a dinner meeting, hosted by Siegi Hofmann,
with the President of ICJR and
developed the principles for the
creation of the world arthroplasty
conference. These leaders appreciated the need and opportunity
because of their own successes
throughout Europe, USA and
other aforementioned countries.
The task was daunting but the
goal was worth the effort. Welcome Paris in 2015, Rome, 2018
and now Munich, 2021. Not
even COVID-19 could stop us.
The concept of the course was to
include a scientific program with
podium and poster sessions featuring global advances in hip and
knee arthroplasty. The faculty
approximates 80 worldwide orthopedic experts in hip and knee
arthroplasty as well as the best
rated abstracts from more than
500 submissions. This unique
combination has lead to a dynamic three-day agenda expanding
global understanding of key issues in arthroplasty. A three-year
rotation between each WAC
meeting was considered the best
interval in order to bring innovative ideas while keeping the momentum of the concept. The attendees, specialized knee and hip
arthroplasty surgeons, general
orthopedic surgeons, and young
trainees could expect clear guidelines for their current knee and
hip practice. Additionally, new

developments will be presented
and debated with world-leading
arthroplasty surgeons in specific
case discussions. Workshops will
be also organized in cooperation
with the industry.
The first inaugural World Arthroplasty Congress held in Paris
in April 2015 was a great success with approximately 1,200
attendees representing over 68
countries throughout Africa,
Asia, Europe, Middle East, North America, Oceania, Russia
and South America. The second
World Arthroplasty Congress
took place in Rome in April
2018 featuring a 3-day agenda
with international faculty and
including podium and e-Poster presentations from the best
abstract submissions, with more
than 1000 attendees from all over
the globe and welcoming more
new countries. The 3rd WAC
has been taking place virtually in
April 2021, respecting the threeyear interval agenda but taking
into consideration the necessary
sanitary conditions. More than
600 abstract submissions have
been received leading to the largest number of podium and poster presentations, combined with
the faculty presentations, and live
panel discussions. The industry
partnership is present as in the
previous meetings but adapted
virtually. The process will allow
each participant to connect directly with the innovations of
each sponsor.
We trust all faculty and attendees
will enjoy and benefit from the
2021 virtual WAC!
We look forward to seeing everyone in person in 2024! g
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TECHNOLOGY
of RAS in orthopedic surgery in the future, particularly in
knee arthroplasty, is not yet well
defined and remains subject of
debate. Several questions about
the ultimate goal of RAS are
not settled now. In this article
we will give a critical review but
aimed to give some positive outlooks about the future of RAS in
knee arthroplasty.

Visions of future
RAS for knee
arthroplasty
Figure 2: The pessimistic vision of future of robotic TKA

Three different visions of
the future of RAS for knee
arthroplasty exist currently,
which will be described in more
detail.
The super optimistic vision
could be described as the “cyborg
of the TKA league” (Figure 1).
This vision, wished by the kids,
integrates the robots in surgery
like it can today be seen in the
movies. The surgeon could do
the planning with his hands on
a 3-D hologram model such as
in Minority Report. Concerning
the cutting tools that we are
using daily; we all have wished to
have a “magic laser” cutting only

the bone but not the soft tissues.
The first orthopedic contact
free bone cutting laser has been
CE approved in February 2021
(CARLO which stands for Cold
Ablation Robot-guided Laser
Osteotome, AOT startup, Basel
Switzerland). So far, there is
nothing ready yet for TKA, let
alone a laser coming from an
extension of the Surgeon’s glove.
The pessimistic vision on the
other hand is probably too
negative (Figure 2). Most of the
opponents of RAS in orthopaedics are claiming that these solutions are just trends coming one
after another from the industry

Figure 1: The super optimistic vision of future of robotic TKA.
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that will fade. Several surgeons
state that RAS is a fashion and a
marketing ruse only [1, 2]. They
often use the Scott Parabola as
a reference to describe the rise
and the fall of these new surgical techniques [3]. This parabola
represents a procedure or therapy that shows great promise at
the outset, becoming the standard treatment after reports of
encouraging results, only to fall
into disuse due to adverse outcome reports. RAS would know
the same fate, and robotic platforms would be auctioned off in
the near future.

The most realistic vision lies
behind these two scenarios where
RAS will stay and continuously
evolve. In fact, in a recent analysis of the literature for CAS use
in knee arthroplasty including
4,085 articles (MS in press) the
orthopaedic techniques assessed
in this study were not following
the “Scott’s parabola” (Figure
3). Computer navigation and
patient specific instrumentation for TKA have increased
quickly, then reached a plateau,
with a stable number of publications over the last six years. This
“consolidation phase” can be
interpreted as a form of maturity of the technique. The number of publications concerning
RAS, accelerometers and sensors
continues to rise. RAS probably
will follow the same evolution
and reach a plateau in the future.
Even if the clear advantages and
superiority of these assistive
technologies are not yet entirely
demonstrated, new paradigms
concerning alignment are reaffirming the need for these assistive
technologies . Each technique
contributes partially to a better
understanding of what we are
doing and how to achieve it to
improve functional results and
patient satisfaction after knee
arthroplasty.

TECHNOLOGY

Figure 3: The evolution of assistive technologies in knee arthroplasty in the literature.

Benefits of
robotic

The main benefit offered by
robotics is accurate and reproducible bone preparation due
to a robotic interface, whatever
system is used [4-6]. The aim of
robotic systems is not to replace
the surgeon but to improve their
performance. The accuracy for
TKA with RAS is higher than
using standard instrumentation performed by experienced
surgeons and especially compared to less experienced surgeons (Figure 4). These systems
improve the accuracy of femoral
coronal and sagittal alignment,
tibial coronal and sagittal alignment, joint line restoration,
tibial slope, and limb alignment, compared to a conventional technique [7]. They allow a
significant reduction of the outliers and thus a reduction of the
failures after knee arthroplasty.
This reduction of revision due to
a lower rate of outliers has been
demonstrated mainly in unicompartmental knee arthroplasty so
far [5, 8]. Implant’s sizing is also
improved by the use of a robotic system. The control and the
improvement of ligament balancing can be easier with a robotic
system than with a conventional
technique. These systems register

the ligament balance or imbalance before the intervention,
the planned ligament balancing,
and the balance at the end of the
procedure. During all of the surgery steps, the surgeon can assess
the ligament balancing and
make adjustments. However, the
clinical benefits of RAS remain
yet uncertain. This absence of
significant difference is also probably related to the fact that initially, the mechanical alignment
target was used for every patient.
Now, with more personalized
targets of alignment and ligament balances, significant differences might be observed.

A need for hardware and software improvements

Robotic platforms are very
attractive however today, several
points limit a broader adoption,
including costs and some limitations related to the hardware
and/or the software. The cost of
these devices remains very high
and inconceivable for most surgeons. Indeed, the costs associated with purchasing and operating robotic systems include
the robot tool itself and opera-

tional costs, additional robot
set-up time and technician in
the OR, the disposables and the
preoperative imaging and scans
(with some robotic systems).
As with all medical technologies, these expenses vary widely
between each robotic system
based on the unique manufacturer’s license agreements, hospital volume, and negotiated
pricing. The price of the various
robotic systems is reported to
be between $400,000 and $1.2
million. Disposable costs vary
slightly between robotic systems
and types of procedures but are
estimated to cost between $750
and $1300 per case. Alternative
payment models may be offered, whereby systems are leased
with a per-case pricing model,
or there may be no charge to
use or maintain the robot, or
the implants price may be negotiated, etc. Nevertheless, less
than 1% of the surgeons in the
world have access to RAS for
knee arthroplasty.

The specific hardware
required for the use of the robotic system remains unpractical.
From the beginning of computer navigation surgery in early
2000 until now, the trackers
and the screening system are
always similar without significant improvement (Figure 5).
The rigid bodies and the trackers
are always necessary, associated
with an infra-red camera. These
tracking pins can occur some
complications such as fractures,
infections, etc. [9, 10]. The

Figure 4: The accuracy of the robotic TKA compared to standard TKA performed by experience or less experienced
surgeons
MO JOURNAL EUROPE // 9
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Figure 5: The evolution of the specific hardware of the robotic system in the last 20 years.

robotic unit and the optical unit
are bulky, with several manipulations to position them. Then the
registration of bony landmarks,
mechanical axis, and knee frontal laxity follows similar steps
than computer navigation developed 20 years ago. The advances
in these technologies are quite
delayed compared to those in our
daily life. Our mobile phones

be able to visualize 3-D and to
use intra-operatively 3-D planning without having to look at
a screen while operating (Figure
6).
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robotic and
collaborative
intelligence

Figure 6: Actual screens and connectivity versus augmented reality in robotic
TKA.

have the capacity to recognize a
face automatically and to use it
in different applications. Why
is it not possible with the bones
during surgery yet ? The screens
and connectivity didn’t also
evolve recently. The surgeons
have to look and control the
information on the screens next
to the surgical field, disrupting
the surgical procedure. Mixed
reality applications might offer
in a near future a better experience, the surgeon being able to
have the information displayed
directly into his MR glasses.
Modern robotic platforms will
probably continue to evolve,
integrating augmented reality to

Predictive

The main question always
remains: “How to make sure that
our patients will feel better?”.
We still don’t know what the
ideal goal is in knee arthroplasties. The true challenge in
arthroplasties is to improve the
software to obtain a goal, then a
plan. “A goal without a plan is
just a wish.” But in total knee
arthroplasty, this expression
should be modified: “I wish I
could have a goal to make my
plan.” Intra-operatively, there
are over a million different combinations and there is no evidence what we should aim for
TKA planning, alignment targets, 3-D positioning of components and soft tissue balancing.
During surgery, most software
gives too much information for
the human brain to integrate
and use appropriately (Figure
7). We have to start an endless
four steps process to improve
the TKA procedure and reach

the ultimate goal which would
be to know exactly what to do
for which patient (Figure 8).
First, we need to understand
what we do during the TKA
procedure, using biomechanical
and cadaveric studies. The robotic system will allow to create a
dynamic model to facilitate this
understanding. Secondly, we
must be able to apply this plan
during the TKA procedure, and
the robotic system will allow us
to execute precisely the planning
with high accuracy and repeatability. Third, all data (preoperatively, intraoperatively, and
during all follow-up) should be
collected via connected tools to
create mega data information’s.
Fourth, this mega data should
be analyzed using collaborative
intelligence tools to adjust the
planning with predictive models
based on previous experience.
Currently our main missing feature is not knowing the target:
"where should we go?". This
four steps process is the way to
move in the future from a robot
telling us where we are to a robot
is telling us where we should go
and help us achieve it. Understanding how other groups of
variables (other than the surgical
quality), such as patient-specific
characteristics, knee deformities,

Figure 7: During surgery, too much information for the human brain to integrate and use appropriately.

TECHNOLOGY

Figure 8: An endless four steps process to improve the TKA procedure and reach the goal.

perioperative settings influence
clinical outcomes, becomes
increasingly important. Conceivably, using relevant data points
incorporated into an algorithm
(preoperative clinical and surgical data), the surgeon could
improve his practice with this
predictive model and incorporate this machine learning tool
in the robotic system. That's
why some collaborative intelligence platforms connect the
pre-, intra-, and post-operative
data and allows analyzing surgical decisions with quantifiable
data provided by the robotic system. The concept is to “close the
loop”: learn from every surgery
to make the next one better. The
analysis of surgical data combined with clinical outcomes
could improve our knowledge
and the TKA procedure pro-

gressively. This improvement
of the TKA procedure could
help to extend the access of the
robotic systems to all the surgeons because the value of RAS
in knee arthroplasties could be
more conceivable. We as surgeons have the responsibility to
work together to provide better cost-efficient processes. This
is the principle of value-based
health-care measured as the ratio
outcome / cost of the episode
of care. We as surgeons are still
struggling to collect and provide
proper measurements of outcomes that matter to patients.
We should improve the assessment of patients’ outcomes and
quality of life to then be able to
measure our cost-efficiency.
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Introduction
Total hip arthroplasty (THA)
is widely considered to be one
of the most successful surgical
procedures in orthopedics. It is
associated with high satisfaction
rates and significant improvement in quality of life following
surgery [1,2]. According to recently published data from the
British National Joint Registry,
the cumulative survival of THA
at 13 years is 93.2%, with 80%
of implants surviving
up to 20 years [3]. However, according to the Australian National Joint Replacement Registry,
failures are still recorded, and
causes of revision of THA are,
in order of frequency [4], loosening, fracture, dislocation, infection and osteolysis at more than
10 years of follow-up. Regarding
aseptic loosening, osteolysis and
material wear are the most common causes of revision for failures occurring at more
than one year after the index
procedure [5,6].

pro-inflammatory mediators in
the joint fluid resulting in the
recruitment,
multiplication,
differentiation, and maturation
of osteoclast precursors with
subsequent bone resorption [7].
On the other hand, despite ceramic debris are not entirely inert
and might induce inflammatory response and fibrotic tissue
changes [8], they are several
thousand time less as compared
with PE articulation, leading to
less response [9]. For this reason, the main warnings related
to ceramic-on-ceramic (CoC)
bearings are the risk of breakage
and noise following arthroplasty.
Adverse Reaction to Metal Debris (ARMDs), including metallosis, pseudotumors and Aseptic
Lymphocyte-dominated Vasculitis-Associated Lesions (ALVAL),
represented the main worries for

metal-on-metal bearings and are
mainly mediated by immunologic response. Furthermore, the
same reactions may be found in
patients undergoing THA using
metal head and developing trunnionosis at the head-neck taper
junction.
There is limited evidence regarding comparative effectiveness
of various bearings. A meta-analysis comparing RCTs with a
minimum of 2 years of follow
up in patients younger than 65
years found similar short- to
mid-term survivorship among
CoC,
ceramic-on-crosslinked
polyethylene (CoXLPE) and metal-on-crosslinked polyethylene
(MoXLPE) [10]. Globally, there
has been an increased use of ceramic heads in the last years, but
metal-on-polyethylene (MoP) is

Several combinations of liners
and heads are available, each one
having advantages and disadvantages. Wear and osteolysis
represent a concern for conventional PE bearings (with metal
or ceramics heads). Particulate
debris and resulting biologic response play a key role in osteolysis and loosening. PE particulate
debris activate macrophages that
release an array of cytokines and
Figure 1: Disadvantages of bearing surface.
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still widely used [11]. However, diversity still exists with
regard to the use of the bearing
options on an international scale,
and in Europe clear differences
appear, such as the wide use on
MoP in Northern Europe in
contrast to Germany, where ceramic-on-polyethylene (CoP) is
the most frequently used coupling. The purpose of this article is to provide an overview of
the available bearing option in
THA, discussing advantages and
drawbacks (Fig. 1) [12].
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UPDATE
Conventional
and cross-linked
polyethylene

Since 1962, when Sir John
Charnley
introduced
the
low-friction arthroplasty, different types of modifications of
polyethylene (PE) have been
undertaken. Originally, Ultra-High Molecular Weight PE
(UHMWPE) replaced the high
molecular weight (HMWPE),
increasing its wear resistance. To
further improve the clinical performance of UHMWPE, further
enhancements were obtained
including
carbon-reinforced,
highly crystalline, acetylene
cross-linked, and high cross-linked polyethylene (XLPE). The
latter is currently the most frequently used [10]. In a review
from 2011, Kurz et al [13]
found a consistent reduction of
linear penetration with use of
XLPE and reduced pooled odds
ratio of 0.13 (95% CI 0.06 to
0.27) when compared with the
earlier standard UHMWPE.
Johansson et al [14] specifically
studied cemented and cementless cups of the same design, but
with use of either conventional
or XLPE reported in the Nordic
Arthroplasty Register Association (NARA) database. Femoral
head sizes of 28 and 32 mm and
both metallic and ceramic bearings were included. Four cup
designs were available for this
type of analysis, three cemented
and one uncemented. Increased
revision rate due to aseptic loosening was observed for two of the
designs with use of conventional
polyethylene and one of them
also showed increased risk of revision due to any reason after a
follow-up of eight to 10 years.
Cross-linking process and sterilization can produce free radicals,
which cause surface oxidation
leading to a decrease of mechanical properties of PE. This has also
14 // MO JOURNAL EUROPE

been showed in vivo by Engh et
al. in a ten-year follow-up study
[15] in which PE liners sterilized by oxygen-free gamma irradiation showed less head penetration and less osteolysis when
compared with both gas plasma
and gamma irradiation in air. For
this reason, sterilization in inert
environment is favorite. With
use of radiostereometric analysis
(RSA) Digas et al.[16] observed an average mean wear rate
of less than 0.1 mm per year for
conventional polyethylene cups
or liners sterilized with gamma irradiation. Cups and liners
sterilized with ethylene dioxide
showed more than 50–100%
higher wear rate than the gamma-sterilized implants studied.
In a previous study Nivbrant
et al.[17] had shown that use
of alumina ceramic heads could
reduce the annual wear rate of
gamma- irradiated cups down to
around
0.04 to 0.05 mm, but similar
wear rates have also been found
with use of metallic heads articulating against low-dose gamma-irradiated
polyethylene.
Post-irradiation thermal processes (annealing and remelting)
have been introduced to reduce
free-radical derived from crosslinking. Recently, XLPE liners
with the addition of antioxidants
such as Vitamin E have been introduced into the market with
the aim of reducing the oxidation in vivo. The Vitamin E
can be mixed in PE powder or
added through diffusion after
machining. The rationale for Vitamin E addition is to act as an
antioxidant reacting with the
free radicals that remain instead
of oxygen [18]. There was found
no evidence for difference in revision rates nor linear and volumetric wear between MoP and
CoP bearings in the randomised
controlled trials currently available[19]. No long term RCTs
have compared Met-XLPE vs
Cer-XLPE [10] so far.

Ceramic-onceramic (CoC)
Almost 50 years ago, alumina
ceramic was introduced in total hip replacements by Boutin
[20]. Ceramic bearing surfaces
have been developed as an alternative to metal-on-polyethylene
bearings in total hip arthroplasty
(THA) in an attempt to reduce
wear and improve implant longevity [21].
In more detail, the first ceramic
acetabular components were introduced in the 1970s by Pierre
Boutin in France as cemented liners and in 1974 by Heinz Mittelmeier in Germany as cementless threaded liners and skirted
heads. This generation of ceramics had a high rate of aseptic
loosening and failure due to the
poor fixation of both cemented
and cementless implants, inadequate designs such as the bulky
skirted heads and the strength
problems due to the grain size of
the first generation of alumina.
Nowadays, the most commonly
used ceramic is the alumina matrix composite (AMC) (Biolox
Delta; CeramTech AG, Plochingen, Germany). There are some
studies showing the excellent results for cermic on ceramic (CoC)
bearings. Solarino et al.[22] in
their clinical experience had 68
Properties of ceramics

Density (g/cm3)

The AMC bearing has a smaller grain size (less than 0.8mm)
compared with the grain size of
third-generation alumina (1–5
mm). (Fig.3)
The prevalence of squeaking was
reported to be around 0.5% by
Walter et al. [27] but 10.6%
by Cogan et al. [28]. Another
study showed that the prevalence could reach up to 24.6%.
[29] meaning that this is an issue related to the whole system
which includes cup and stem
design and thickness, not just
ceramics. Furhtermore, younger
age, obesity, higher activity level
may facilitate this problem. Such
variation could be ascribed not
only to the difference in sample
sizes among the studies but also
to inevitable subjective bias due
to a lack of unified scales for
noise assessment. Implant position and orientation can play
a key role in causing hip squea-
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arthroplasties and no wear of the
ceramic at an average follow-up
period of 13 years, confirming
the findings of previous clinical
studies [23,24]. The main problems of CoC are: brittleness
(fractures of femoral head) and
the squeaking (high pitched, audible sound that occurs during
movement of the joint). However, enhancements in ceramics
over time have reduced these
issues. The features of the first
three generations of ceramic are
shown in the (Fig.2) [25].
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Figure 2: Properties of ceramics
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Figure 3: Features Biolox Forte vs Biolox Delta.

king. Walter et al.[30] proved
that high or low anteversion
and inclination of the acetabular
component were associated with
squeaking. In patients without
squeaking, 94% of the implants
had 25° ± 10° anteversion and
45° ± 10° inclination while only
35% of squeaking hips were within this range. Factors involved
in the squeaking may be edge
loading, micro-separation, edge
impingement, third bodies and
linear fracture. More precisely,
under certain circumstances, the
contact point between the femoral head and the liner would
move over the hard edge, leading
to an increase in stress (referred
to as edge loading), hence causing stripe wear. Impingement
between the femoral neck and
acetabular cup could presumably
be caused by malposition, or that
improper design of the implants
could produce third bodies
[31,32]. Metal debris from impingement could fall inside the
bearing surface and disrupt the
lubrication film, which would
bring about an increased wear
rate of the ceramic surfaces, thus
producing ceramic debris. Third
bodies composed of both metal
and ceramic debris further facilitate abrasion of the joint bearing
surfaces. (Fig.4) [33]

Head Size and
liner thickness

Both CoC and CoXLPE functioned well, with no osteolysis
at mean of 17.1 year follow-up
[34]. The improved wear resistance made the use of larger
heads possible (32 mm and 36
mm depending on the cup size)
improving joint stability. Larger
diameter heads are associated
with increased wear and revision
rate for osteolysis when coupled
with standard PE [35]. Interestingly, no increase in XLPE
wear rates with the use of larger diameter heads (> 32 mm)
were reported in some studies
[36]. Moreover, good results
with XLPE at a medium-term
follow-up were reported even
with the use of large diameter
ceramic heads [37]. These observations were recently confirmed
by registry data reporting a ten-

Figure 4: Proposed mechanisms of squeaking in CoC THA.

year survival of 95.3% of THA
with XLPE and a femoral head
size > 32 mm.The thickness of
XLPE should provide enough
fatigue resistance to the components. For this purpose, the
design must also be considered.
In our experience, we use larger
femoral heads in the more active patients when we can select
a XLPE liner with a minimum
thickness of 5-6 mm, that means
in acetabular components with a
minimum size of 54 mm [38].In
old and low demanding patients,
a thinner liner can be used with
the aim of improving stability
and reduce the risk of dislocation. In such type of patients,
stability must be balanced versus
wear.(Fig.5)
Breakage of the XLPE liners
has been described especially in
steep cups with elevated rims
and bad locking mechanism

[39–41]. To overcome this issue,
it is also possible to use XLPE
Vit E that reduces oxidation in
vivo, with similar wear but improved mechanical strength (the
weak point). This treatment
showed promising results with
very low wear, even for 36 mm
heads [42].

Metal on
Metal (MoM)
and Metal-onpolyethylene

(MoP)

Metal on metal THA has a
long history which began in the
1950s and 1960s in the United
Kingdom with McKee-Farrar. In

Figure 5: Intra-operative measurement of acetabular components and liner of a total hip arthroplasty: a) the metal
back has a minimum thickness that must be taken into account; b,c) a minimum polyethylene (PE) thickness must
be preserved even when selecting large diameter femoral heads; smaller PE can be used in old people or with low
demanding d) ceramic liners can be thinner than PE liners.
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the 1980s, small MoM heads (28
mm and 32 mm) by Weber and
Semlitsch became quite popular,
even if they never gained a major
role in the market. Acceptable
results are reported with small
MoM heads both by registries
and clinical studies at mediumto long-term follow- up [43,44].
Unfortunately, due to the high
rate of failure and of adverse reactions to metal debris following
the MoM big heads introduced
in the middle of the 2000s, and
despite the early favorable outcome of hip resurfacing, MoM
THA is nowadays almost entirely abandoned by surgeons and
completely withdrawn from the
market by manufacturers, including small heads. In fact, adverse
reactions were reported mostly
for big heads MoM THA , with
specific MoM implant modular
design parameters conditioning
metal ion release, but also in case
of small-head MoM THA. This
bearing surface is no longer an
option and the issue nowadays
is how to follow-up patients implanted with MoM in the past
[45]. It is also interesting that
there is an increasing concerns on
the trunnions with metal heads
in Met-PE, but there are no clinical reports on ceramic heads
[46,47]. On the other hand,
using a ceramic head, CoCr fretting and corrosion from the modular head-neck taper may be
mitigated although not comple-

tely eliminated [48].
THA is overall a very successful procedure. The long-term
survival and satisfaction of patients is linked to the proper
bearing surface selection. The
surgeon has a responsibility to
make a wise choice, based on a
comprehensive knowledge of the
features of the selected bearing.
Actually the trend for bearing
option in US[49], [UK3] and
Italy[50] is shown in (Fig.6).Registry data, despite evident differences between countries, show
an increasing trend of usage of
CoXPLE over the last years.

Conclusion
In conclusion, a comprehensive
knowledge of the characteristics, advantages and drawbacks
of each bearing surface is essential for surgeons who routinely
perform THA. This, along with
personal experience, will help in
selecting the best coupling for
each patient in order to provide
the best long-term survivorship
of the prosthesis. This allows
balancing wear with stability
according to the main need and
functional requests of the single
patients. In our experience, CoC
in young and active patients
(for the higher wear resistance
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Introduction
Lateral unicompartmental knee
arthroplasty (UKA) is ten times
less common than medial UKA.
This is primarily due to the lower
prevalence of the valgus morphotype within the general population. There are numerous reasons
for isolated lateral tibiofemoral
primary osteoarthritis, but it is
mainly caused by a valgus morphotype, lateral femoral condylar hypoplasia and aggravated by
obesity. Secondary osteoarthritis is mainly a result of trauma,
meniscectomy or spontaneous
osteonecrosis (SPONK) of tibia
or femur [1,2]
However, once the indication for
surgical replacement has been
decided, many surgeons still
favour total knee arthroplasty
(TKA) through fear of having
to revise the UKA a few years
down the line. These reserves
are often based on the results of
clinical studies, in which the survival rates were worse compared
to TKA and the complications
of unexplained pain, dislocation
of the polyethylene component
when a mobile-bearing insert had
been used, early loosening of progression of OA in the other compartments.[3]
There has been a resurgence of
interest in UKA ever since functional outcomes for the medial
compartment began to outperform TKA, with low long-term
revision rates and lower morbidity (bleeding, hospitalisation
time and perioperative complications).[4–6] Recent studies
18 // MO JOURNAL EUROPE

Figure 1: Isolated lateral tibiofemoral
osteoarthritis
show equivalent results for the
lateral compartment, for smaller
populations in the mid- and even
long-term (15–20 years).[7-10]
To make lateral UKA more accessible, we wanted to provide a
technical update on this specific
but underused surgical procedure, which requires a thorough
understanding of the indications,
reasons for failure and knowing
the surgical tips and tricks.

Indications
Figure 1: Isolated lateral tibiofemoral osteoarthritis

condyle is also a good indication tear and/or early loosening. In
Isolated damage to the lateral (Fig. 2). The preoperative defor- these circumstances the advice is
tibiofemoral compartment is a mity should be only moderate, usually to perform a primary total
determining factor for the indi- preferably intra articular or epi- knee replacement, or exceptiocation. In some cases, the special physeal, and reducible on stress nally to combine the procedure
45° inclined PA view (Rosenberg x-rays. If the deformity is more with an osteotomy to correct the
or Lyon Schuss) will be necessa- severe (valgus > 15°) or outside extraarticular deformity.
ry to identify the OA damage of the knee (extra articular) or espethe posterior femur condyle (Fig. cially if irreducible, the decision The contraindications for late1). Local osteo-cartilage damage to perform an isolated UKA ral UKA are the same as for a
Figure
2: Lateral
femoral
condylarbecause
spontaneous
medial UKA, namely inflammashould
be reconsidered
caused by spontaneous
osteonecould result in rapid wear and tory joint disease which might
crosis (SPONK) ofosteonecrosis
the lateral it (SPONK)
Standing

Figure 2: Lateral femoral condylar spontaneous osteonecrosis (SPONK)
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result in rapid deterioration of
the other compartments and
limited joint range of movement
(especially a preoperative flexion
contracture > 10°). Osteoporosis is not a contraindication for
UKA, but the bone density of
the lateral tibial plateau might be
checked before surgery in order
to minimize the risk of secondary
fracture during plate impaction
or with weight-bearing.
Careful assessment is required to
ensure the ligaments are intact
(both cruciate, medial and lateral ligaments). This allows to
perform UKA without touching
the ligament envelope and any
ligament balancing in the frontal plane should be avoided. The
UKA should only fill the missing
space which is the combination
of the gaps created by the bony
cuts and by the cartilage wear.
The surgeon should leave a small
‘laxity safety margin’ of 1–2 mm
to avoid overcorrection (Fig. 3).
In the sagittal plane, careful
assessment is again required to
ensure the anterior cruciate ligament (ACL) is intact. An anterior drawer sign greater than
10 mm or a soft endpoint in
the Lachman test are typically
contraindications to UKA. ACL
tears and anterior translation
of tibia can in fact lead to early
loosening (rocking chair effect)
and early wear of the prosthetic
lateral tibial plateau. Although
an intact ACL is in principle a
prerequisite for UKA, for certain patients with no clinically
relevant instability some authors
have suggested a medial UKA
combined with tibial slope reduction to better control the anterior
tibial translation. The long-term
results of these small series have
not yet been published.[11–14]

Obesity is a typical cause of failure
for UKA, confirmed by recent
studies. [17–19] Nevertheless
some authors do not consider it a
strict contraindication due to the
excellent functional outcomes
of UKA even for obese patients.
[14,20] Patients with obesity
must be warned and informed of
the greater risk of long-term complications (loosening and wear).

Surgical
technique – Tips
and Tricks
Set-up
The patient is placed in the supine
position. One leg support is

placed beneath the foot and
another laterally to the thigh to
allow knee flexion to 90°. Since
the surgical window to the lateral
tibiofemoral should be moveable,
the leg must be free and to allow
to mobilize the knee at each stage
of the procedure in all directions
(flexion-extension and varus-valgus). A tourniquet is not essential but may be advisable during
implant cementation.

Approach

sion or quadriceps incision, thus
facilitating postoperative functional recovery.
The arthrotomy should be done
carefully to avoid damaging
the trochlear cartilage, medial
meniscus or cruciate ligaments
(which will have been checked
at the start of the procedure). It
is important to leave sufficient
tissue at the anterolateral retinaculum and capsule and also lateral to the patellar side to be able
to close the arthrotomy. We also
routinely retain the Hoffa fat pad
pediculated to the anterolateral
menisco-capsular structures (Fig.
7). Osteophytes should be removed from the notch and the lateral
tibia plateau, but any osteophytes
on the lateral condyle should be
kept since they are commonly used to support the femoral
implant.

A lateral parapatellar minimal invasive (Quad sparing)
approach is used with a skin incision of only 8–10 cm, from the
superior edge of patella to 2 cm
beneath the joint line (Figs 5 and
6). This limited approach clearly
exposes tibia and lateral condyle
without
the need
ever- release
Figure
3:for
Nopatella
ligament

Fill the space created by the cuts and by cartilage wear
Space = implant thickness + 1 to 2 mm laxity safety margin
to limit the risk of overcorrection

3mm

femoral component thickness

1mm

laxity safety margin

6mm

tibial component thickness

Figure 3: No ligament release

Figure 4: Lateral UKA + lateral facetectomy

Decompression of symptomatic patellofemoral osteoarthritis with lateral facetectomy

Some authors do not view moderate asymptomatic patellofemoral injury as a strict contraindication. UKA is possible in this
situation if the patient is elderly
with low functional expectations.
[7,15,16] Lateral facetectomy,
or patelloplasty with patellar
decompression may be offered in
addition to UKA to reduce patellofemoral pain (Fig. 4).
Figure 4: Lateral UKA + lateral facetectomy

(P. Neyret)

MO JOURNAL EUROPE // 19

TECHNIQUE
No ligament releases
Any soft-tissue release from
the tibia should be kept to a
minimum including the menisco-tibial ligament only to allow
placing of the retractors. No
ligament releases are indicated
for the IT-band and the posterior-lateral capsule since it could
cause overcorrection in the frontal plane.[21] Care should also be
taken not to damage the collateral ligaments with the retractors
during the procedure.
Figure 5: ‘Mini-invasive’ lateral approach

Joint line and tibial cut
The joint line reference for determining the height of the tibial
cut will depend on whether the
deformity is at the tibia or femur
bone. In majority of cases, when
the deformity is femoral due
to lateral condylar hypoplasia
(LDFA < 87° the most common situation for primary lateral
tibiofemoral osteoarthritis), the
reference point for the tibial cut
should be determined in relation to the natural tibia surface.
Nevertheless in about 30 % of
cases, the valgus deformity are at
the tibia bone (MPTA > 90° or
bony damage of the lateral tibial
plateau), the joint line and reference point for the tibial cut can
be determined in relation to the
distal lateral condyle.

Figure 6: ‘Mini-invasive’ lateral approach

The height of the tibial cut should
be kept to a minimum no greater than 5mm, especially when
using a ‘trochlear-cutting’ femoral implant. The higher the bony
tibia cut, the broader the surface
on which the UKA will rest and
the better the bone quality and
mechanical resistance.

Figure 7: Lateral parapatellar arthrotomy. Anterolateral capsule structures preserved in order to close
the arthrotomy
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Figure 8: Tibial cut, frontal view. Correct the deformity due
to wear without correcting the constitutional deformity =
slight valgus
Undercorrect with the tibial cut

Frontally, the tibia cut should be
neutral or tilted slightly into valgus (Fig. 8) to allow the femoral
component oriented naturally
along the native condylar axis to
lie perfectly perpendicular and
flat on the tibial surface. The
orientation of sagittal tibia cut
should be performed in internal
rotation (Fig. 9) to avoid any risk
of the femoral component impinging with the tibial spines in
extension.[22,23] This will need
to carefully retract the ligament
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ting the femur the extension and
flexion gaps should be checked
with a special spacer block (tibia
first technique). Once the extension and flexion gaps are well
balanced this confirms that the
tibia cut is correct. Please note
that the lateral flexion is gap is
always 1-3 mm laxer than the
extension gap to allow lateral rollback. If the gaps are not well-balanced check again the tibia cut
and if necessary, recut the tibia.

Positioning the femoral
guide and femoral cuts

Figure 9: Tibial cut, height and orientation.
Minimum cut: 6 mm if resurfacing implant(using a cutting guide plus pins)

The femur implant should be
positioned very laterally, resting
on the condylar osteophytes
which should have been preserved specifically for this purpose. Place the knee in flexion
to check for lateral positioning
and rotational alignment of the
implant (Fig. 12 and 13). The
lateral femur component has to
be placed perpendicular to the
tibia cut and as much lateral as
possible. This allows to bring the
femur component in external
rotation to prevent edge loading
in flexion and impingent of the
femur component with the tibial
spine in extension due to the
screw-home mechanism (Fig 14).

Figure 10: Tibial cut, slope verification
Replicate the slope of the lateral tibial plateau

Figure 11: Check the extension and flexion gapsbefore cutting the femur

patella to medial to allow a perfect internal rotated tibia cut.
In the sagittal plane, the tibial
slope of the implant should be
cut to replicate the preoperative
native slope of the lateral plateau.
The slope should be sufficient to
allow good flexion, but not too
much to cause anterior translation of tibia which could result
22 // MO JOURNAL EUROPE

in an ACL tear due to excessive
strain. Knees with excessive or
less natural lateral slope (5 to 7°
with cartilage) will need a compromise tibia cut which then
has to be compensated at the
posterior femur cut to balance
the lateral flexion gap. Using
an intra-articular sagittal pin
in line with the tibial plateau,
is a simple and effective way of

controlling the joint line height
and slope when making the cut
(Fig. 10).

Checking the extension and
flexion gaps (Fig. 11)
Once the tibia cut has
been performed and before cut-

Use an appropriate size femoral
implant and avoid component
frontal overhang (leave a margin
of 2mm from the anterior cartilaginous edge of the distal cut) to
prevent patellar impingement,
which can cause pain (Fig. 14).
A nice trick for additional femur
sizing control is to check the posterior femur resection with the
proper size of the femur component. If there will be any posterior osteophytes at the femur
left don’t forget to remove them.
With both the trial and final
components in place, check that
femur is centred on the tibia and
that there is no impingement on
the spines or any overhang of the
tibial plateau (Fig. 14 and 15).
The key to good long-term results
is avoiding overcorrection. The
final polyethylene insert should
therefore be not too thick, with a
laxity ‘safety margin’ of 1-2 mm
during varus stress in extension.
Make a final check for the flexion
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Figure 12: Position the femoral guide
Place it as lateral as possible in contact with the lateral osteophyte, which is
preserved. The femur guide must be perpendicular to the lateral tibial plateau
in flexion.

Figure 15: Implant positioning, mediolateral control
Locating the centre of tibia and femur at the start of the
procedure in flexion and in extension
No lateral overhang of the tibial component
No conflict between femoral condyle and tibial spines in
extension

gap which never should be too
tight and can allow a relative instability of 2 to 3 mm to allow lateral roll-back.
Figure 13: Lateral rotation of the femoral implant in flexion
Avoids risk of edge loading in flexion and medial position
in extension to prevent impingement
Orientation of the femoral implant perpendicular to tibia in
flexion central to the tibia plateau

B

A
Figure 14: Positioning: implant size and anteroposterior control
A. In front: Avoid patellar conflict
B. Behind: Check that the size of the posterior condylar cut matches the
posterior implant
24 // MO JOURNAL EUROPE

Results of the
2019 SOFCOT
Symposium
We conducted a retrospective,
multi-centre study involving
6 centres in France (Fig. 16).
Between 1998 and 2014, 311
lateral UKA were performed in
295 patients (16 bilateral procedures). Twenty-eight patients (28
UKA) died before the end of the
5-year follow-up. Fifteen patients
(4.8%) could not be contacted
or refused all contact and were
classed as lost to follow-up. We
therefore analysed the results of
268 lateral UKA in 252 patients,
with an average follow-up of 9.1
years (5–23 years). There were 39
surgical revisions (14.6%, Group
R1). If we define failure as allcause surgical revision, the global

survival rate for lateral UKA in
our series was 85.4% at 10 years
and 79.4% at 20 years (Fig. 17).
The average time to surgical revision was 5.1 years. Two hundred
and twenty-nine implants were
still in place without the need for
further intervention by the time
of last follow-up (Group R0).
The preoperative mechanical femoral angle was 93.1 ±
2.3° (87–98) in the resurfacing
implant group, and 94.6 ± 2.4°
(90–102) in the cutting implant
group (p=0.0704) Postoperatively, the mechanical femoral
angle was 89.3 ± 3.2° (85–98)
in the resurfacing implant
group, and 93.2 ± 2.6° (88–99)
in the cutting implant group
(p<0.0001). There was no statistically significant difference
between the groups in terms
of BMI (25.6 ± 3.6 kg/m2 in
Group R1, 26.1 ± 3.3 kg/m2 in
Group R0; p=0.430) or age (68.1
± 10.4 in Group R1, 68.9 ± 10.6
in Group R0; p = 0.7406). Postoperative the average IKS knee
score was 87.0 ± 10.9 (45–100),
and the IKS functional score was
80.2 ± 14.3 (30–100). Average
maximum flexion was 125 ±
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11° (85–140). 94.3% of patients
were ‘very satisfied’ or 'satisfied’.
The leading cause of revision was
progression of osteoarthritis in
other compartments of the knee
(26 cases), followed by tibial
loosening (4 cases), then misalignment/impingement (3 cases),
sepsis (3 cases), unexplained pain
and stiffness (2 cases) and medial
necrosis (1 case).

Figure 16: Participating centres for the SOFTCOT/SFHG Symposium
Study
Dr Roger BADET, Dr Sylvain GADEYNE, Prof. François-Xavier GUNEPIN, Prof. Sébastien LUSTIG, Dr Sébastien MARTRES, Pr Matthieu
OLLIVIER, Dr Franck REMY, Prof. Elvire SERVIEN, Dr Frank WEIN

To assess the implant effect,
we compared the 'resurfacing
implant’ group (n=91, 34.0%)
represented by a single type of
implant (HLS Uni Evolution,
Tornier®) to the ‘cutting implant’
group (n=177, 66.0%) comprising the four other types of
implant (Alpina Uni®, Biomet;
ZUK®, Zimmer; Sigma HP®,
DePuy Synthes; Uni Score®,
Amplitude). There was no statistically significant difference in
terms of revision-free survival,
with 84.6% (77 implants) in the
resurfacing implant group and
85.9% (152 implants) in the cutting implant group (p=0.6198).
The same applied to postoperative HKA (p=0.1638) and
leg axis correction (difference
between pre- and postoperative
HKA) (p=0.9246).
In the sub-group analysis, the risk
of surgical revision was higher if
the patient was young (p=0.394)
and with a high BMI (p=0.9255),

but not to a statistically significant degree. To assess the
influence of fixation type on the
revision rate, we compared the
cementless implant group (n=80,
29.9%) represented by a single
type of implant (Alpina Uni, Biomet) to the cemented implant
group comprising the four other
types of implant (n=188, 70.1%).
The revision-free survival rate
was 84.6% (159 implants) for the
cemented implants and 87.5%
(70 implants) for the cementless
designs, a non-statistically significant difference (p=0.5342).
However, there was a statistically
significant difference in terms of
overall leg axis correction (HKA
angle) and postoperative IKS
knee and functional scores, in
favour of the cemented implant
group.
Progression of osteoarthritis in
the other knee compartments is
already known to be the leading
complication and cause of surgical revision, [7, 8, 24, 25] which
could be also confirmed by our
study (Fig. 18). Depending on
whether the damage is in one or
two compartments (medial tibiofemoral and/or patellofemoral
osteoarthritis), the surgeon may
decide to perform an additional
medial UKA or patellofemoral replacement, [27–31] without revising the lateral UKA,
or perform revision surgery to a

Figure 17: Survival curve (failure = all-cause surgical revision)
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Figure 18: Reasons for failure (= all-cause surgical revision)
MTFO: Medial tibiofemoral osteoarthritis
PFO: Patellofemoral osteoarthritis

TKA.[32,33]. With a well fixed
all-polyethylene tibial component, and unless there is sepsis,
the tibial component does not
automatically have to be removed. In these cases the TKA metal
tibial baseplate can be fixed to the
well fixed polyethylene tibia component, possibly after recutting
it with an oscillating saw [34].
Although not a significant finding of our study, the risk of surgical revision tends to rise among
young patients (age < 50). These
cases often involve patients with
post-traumatic osteoarthritis or
status post meniscectomy, with
high functional demands and a
high life expectancy on the date
of surgery.

by using a resurfacing implant
(variable thickness condylar components could be a good technical solution for these cases), or
by using a cutting implant and a
minimal distal cut. This lowers
the risk of bringing the joint line
in valgus position (Fig. 19). If
there is no condylar dysplasia, in
patients with a neutrally aligned
limb suffering from lateral tibiofemoral osteoarthritis secondary to lateral meniscectomy for
example, we believe that cutting
implants are indicated to avoid
any overcorrection. In our study,
there was however no effect on
overall axis or survival.

The satisfaction rate with UKA
is very high among elderly
patients, despite moderate functional scores. The revision rate is
low, and the primary aim is pain
relief in a population wanting to
regain their autonomy and avoid
complex or repeated surgery. The
valgus morphotype is commonly
associated with lateral condylar
hypoplasia: this is an ideal indication for resurfacing UKA. By

Conclusion

Figure 19: Resurfacing UKA
Influence of femoral head thickness on joint line height

limiting the bone removal during
femoral preparation, the condylar
implant will occupy a relatively
larger space and the mechanical
femoral angle will be closer to
90°, as clearly shown in our study.
The surgeon should account for
this particular anatomical feature
of the lateral compartment, either
26 // MO JOURNAL EUROPE

The long-term results of lateral
UKA should act as an encouragement for surgeons to use this
treatment option. When the
indications are properly met and
the surgical technique is adapted to the specific anatomy and
biomechanics of the lateral tibiofemoral compartment lateral
UKA will give excellent functional outcome with long implant
survival. g
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Introduction
Why increase Operating theater
(OT) efficiency? Figure 1 depicts
various factors that are impacted
by OT efficiency. One vital aspect
is the financial implications.
However, the quality of delivered
medical care is not just related to
the amount of financial expenditure. Equally important is whether
the healthcare system is well-organized and efficient, which means
its ability to provide the intended
outcomes, irrespective of the
quantum of financial resources
allocated, and even with a paucity
of resources, in which case it is
even more crucial [1-3].
Operating theaters (OT) are
considered a very significant segment of both financial revenue and

expenditure in most hospitals [4].
OTs account for about 40% of
a hospital’s costs and 60-70% of
income [5], making it mandatory
to improve the efficiency of OTs
to enhance the surgical care provided within them to patients [4].
To improve the efficiency of the
healthcare system in general and
surgeries in particular, implementation of quality improvement
programs such as the Six Sigma
and the Lean systems (which were
initially described for the manufacturing industry) into healthcare
areas started in 1998 [6,7]. The
two systems were combined into
one - the “Lean Six Sigma”. This
included five stages known by the
acronym DMAIC, which stands
for Define, Measure, Analyze,
Improve, and Control [7].

To assess whether the use of Lean
and Six Sigma improves patient
care in surgeries, a systematic
review [1] was performed of 23
relevant studies for the following
six outcomes: outpatient efficiency optimization, operating theatre
efficiency improvement, lowering
the rate of operative complications, ward-related harms reduction, decrease in mortality rates
and avoidance of unnecessary
expenses and length of stay. 88%
of the included studies showed
improvement in these outcomes,
indicating that the implementation of Lean and Six Sigma in surgical practice may have a positive
effect on improving patient care
[1].
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Include unexpected changes or
cancellations, violations of preoperative orders (such as fasting
periods), missing medical clearances, and unexpected intraoperative findings that may change
the strategy of the procedure [8].

Surgical team factors:
Issues related to the type of the
surgical procedure, surgeon level
of expertise, familiarity of the surgical team with the instruments,
and staffing factors, including
delays to start as a result of overlapping procedures, poor communication, and improper OT flow
[8,4].

Hospital system factors:

1. What Causes
OT Inefficiency?
The operating room is considered
as a complex and dynamic environment with the possibility of
various unpredictable situations;
this results in multiple factors
playing a role in OT inefficiency
[4,5]. There are complex interactions involving all levels of surgical
care: patients, caregivers, anesthesiologists, surgeons, nurses, administrative and facility staff [4,8].
The OR team must function as a
cohesive unit despite hierarchical & status differences which
influence communications & interactions.

Figure 1: Factors affected by OT efficiency

Patient factors:

Such as lack of real-time information, delay in equipment supply
chains, sterilization processes,
patient transportation, missing
paperwork, and effective allocation and utilization of operating
room block time for each patient,
procedure, and surgeon [4].

2. How To Measure OT Efficiency Using Key
Performance
Indices (KPIs)
Efficiency is affected by multiple
factors, some of which are quantitative (such as cancellation rates,
change-over time, etc.), and some
are qualitative (such as patient and
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staff members satisfaction, motivation). This makes it challenging
to provide a single metric to measure OT efficiency [4]. Instead, a
series of measures and metrics are
suggested to evaluate OT efficiency [9,8]:

2.1 Procedure cancelation
rate:
Usually defined as same-day cancelations, could be classified according to the cause or the time, could
be due to patient factors such as
sudden illness, poor communication about fasting status, or missing medical clearance forms.

2.2 First case start-time accuracy:
This is affected by OT and patient
readiness. Some hospitals allow
for a five-minute delay period for
this metric. Incision time is mostly
used as a more precise indicator of
start time and patient readiness;
however, this metric can be affected by factors related to the patient
or the OT team (if personnel are
missing when the patient is ready
for incision) [10].

2.3 OT utilization:
This could be divided into two
parts. The first is overall OT utilization - the time where activity is
taking place in the OT, whether
actual as surgeries or turn over. The
second is the specific operative utilization - the total time between
the first incision in the day till the
last surgical case closure, (i.e., the
overall period during which the
operating room was open).

throughput time (the interval
between patient entry and exit)
and turn over times (the interval
between patient exit and next
patient entry).

2.6 Turnover time: (TOT)
TOT is the interval between
patient exit to the next incoming
patient; this time is used for room
cleaning, preparing equipment,
and arrival of staff for the following procedure.

2.7 Turnaround time (TAT):
TAT is the time between closure
and dressing of the previous case
to the time of incision for the
next case.

2.8 Unplanned closures
percentage:
This could occur due to various
reasons related to the surgical
team or the equipment, such as
closure for cleaning as required
by infection control, malfunction
of the headlamps, a deficit in the
oxygen supply, etc.

2.9 Excess staffing costs:
This could result from several factors either by over-or under-utilization such as unexpected, prolonged cases, an extra unplanned
case that gets added to the operative list, calling an additional nurse
outside her duty and having to be
paid an overtime salary.

3. How to improve
OT efficiency?

2.4 Off-hour’s surgery:
When an urgent or emergent
surgical case is added on, or if a
procedure took longer time than
expected.

2.5 Case duration accuracy:
This means appropriately assigning staff scheduling to the anticipated surgical time of the procedure for each surgeon; however,
to find the appropriate intervention to improve this metric, we
should distinguish between true

One of the key concepts upon
which the Lean process is based is
the avoidance of "Muda," which is
a Japanese word that means wastefulness. The first step is to identify
Muda during the different phases
of the operative timeline. The
next step is to reduce “Mudas” for
which it is helpful to implement
the DMAIC approach on different levels of perioperative care.
For simplicity, it can be divided
into pre-, intra-, and post-operative improvement areas. Whene-

ver possible, one should identify
steps that can be overlapped so as
not to perform them sequentially
but in parallel.

3.1 Preoperative KPIs Interventions:
This stage is an integral part of the
patient's surgical pathway. It starts
with the decision by the patient to
have surgery, includes the preoperative assessment, and ends when
the patient is transferred to the
OT [1,11].
Several KPIs should be included
for improvement during this stage:

1. Unexpected Surgical Cancelations:
Reduction of cancellation is a very
successful way of improving the
PT efficiency, as it had been shown
that unexpected elective surgery
cancellation resulted in significant
financial losses. A UK hospital
reported a loss of about $88 million for canceled surgeries [12].
Cancellation could be categorized
into hospital (missing equipment),
patient (surgery cancellation), and
surgeon/staff-related factors (missing team member) [4]. Several
strategies have been suggested to
solve these issues, ranging from
a designated preoperative anesthesia clinic, contacting patients
through phone calls by nursing
staff, and machine learning algorithms which could help to identify high-risk patients for cancelations [4,13]. Some suggested key
factors for improvement are:
a. Identify the leading causes of
cancellation for each particular institution. This may differ from one
hospital to another, and could be
related to patient population, type
of surgical procedures and hospital resources [4]. In one study, the
authors reported that about 20%
of patients missed their scheduled
surgeries, and that more than 40%
of the time, the hospital staff could
not contact the patients or their
caregivers [14]. This led to the
improvements in how the hospital
staff contacted the patients.
b. Electronic health records provide a platform for measuring the
patient data and to provide automated feedback; these data can

help to identify the risk factors for
patient cancellation. The collected
data can help improving machine
learning techniques to identify
specific areas of intervention to
lower the cancellation rates [13].
c. Clear communication: An example of improper communication
is failure to maintain NPO status
before surgery, leading to increase
cancellation rates. 15% of the total
surgical cancelations were due to
failed NPO status, and 80% of
these were due to improper communication [14]. This led the
authors to implement a multi-modal strategy using a standardized
sheet and infographics clearly
indicating the time to start fasting
and what is allowed, and to use
an automated message service as
a reminder. These maneuvers led
to a 17% improvement in the OT
utilization [14].

2. Case scheduling:
This could be a complicated task
to perform. It could be performed
on the basis of previous historical times for a specific surgeon.
However, it is better to be calculated based on service-specific
times; it should balance between
maximizing OR utilization and
maintaining team cohesiveness
and continuity. Effective scheduling will motivate the surgical
team, save time, and improve
patient’s satisfaction [8].

3. Inpatients:
Automated multiple steps involving patient preparation and efficient transfer to the OT area can
help remove the difficulties resulting from unnecessary phone calls
between the circulating nurse and
other OT staff. Inpatient preoperative anesthesia evaluation the
day before surgery is essential,
especially for patients with multiple comorbidities [8].

3.2 Intraoperative KPIs Interventions:
This phase starts as soon as the
patient enters the OT and extends
till the patient is transferred to the
recovery room or the post-anesthesia care unit (PACU). This
complex phase necessities the cooperation between all surgical team
MO JOURNAL EUROPE // 29

UPDATE
members, which benefits from
small steps such as team briefing
or “huddle” and a surgeon acting
as the team leader.

1. Redesigning Operative
Workflow:
Improving the intraoperative surgical workflow will improve OT
efficiency by reducing time and
wastage of resources. The surgeon
must have a clear plan. ‘Process
Mapping’ is useful to achieve
improved workflow of surgical
procedures through outlining
and revising each step of the surgical procedure with the surgical
team. This helps in decreasing
staff uncertainty and improving
anticipatory involvement. In fact,
process mapping has been shown
to reduce operative time by 12
to 20 % in some studies [15,16].
Another strategy is the implementation of a standardized case
cart and surgical setup, which
help in decreasing the operative
time by about 20% [17]. Using
evidence-based medicine can help
abandon methods which have
been shown to be of no value but
may add to unnecessary wastage of
time (tourniquets, drains, etc).

2. First Case Start Time:
A key target to improve OT efficiency is the consistent start time
of the first procedure. 50 to 80% of
the first cases in tertiary care hospitals were delayed for a period as
long as 30 minutes, thereby reducing operative room efficiency and
increasing costs [18,19]. This delay
is often preventable and mostly
resulted from the unavailability
of the surgeon or one of the staff
members, delayed patient registration, or transportation issues [20].
Introduction of the Six Sigma and
Lean strategies can improve the
percent of on-time first-case starts.
The DMAIC approach was useful in identifying barriers against
bringing the patient on time for
the first procedure and doubled
the percent of on-time first starts
from 49 to 92% [18]. Also, improved communication and team
briefings before each operative
case between surgeons, anesthesiologist, nursing staff, and technicians, significantly improved the
first case on-time starts [21].

3. Operative Case Duration
Accuracy
OT under- or over-utilization
could result from an improper
estimation of the operative case
duration [4]. Depending solely
on the surgeon to estimate the
operative time necessary for a surgical case led to about 75% inaccuracies in reporting the operative
time [22]. An innovative strategy
used to fix this problem is implementing artificial intelligence
and machine learning; by gathering the available data regarding
patients' demographic characteristics, preoperative milestones,
and hospital logistics, a machine
learning algorithm was developed,
and this reduced scheduling inaccuracies by 70% [23].

4. Surgical Tray Standardization:
For each surgical procedure, standardizing and reducing the surgical instruments could decrease the
cost, set up time, and improve the
turnover time leading to improving OT efficiency [4]. 13 to 22%
of the instruments in the surgical trays are used; the remaining
unused instruments represent a
waste of sterilization cost [24].
Implementing the Lean process
in this step enabled the reduction
of number of instruments for each
procedure by 19 to 70% [25,26].

5. OT setup:
The optimal setup for a TKA is
depicted in Figure 2. This enables
freedom of movement for the
scrub nurse, visibility of operative
field, reduced instrument handover time, correct ergonomics and
posture, correct staff flow and
maintains sterility. The scrub nurse
should be familiar with the instruments and their usage, assembly
and disassembly. Also, the layout
of instruments should be such as
to minimize handover time.

6. Surgical Team Standardization:
Working with the same OT staff
who are familiar with the procedure being performed and as per
surgeon preference showed a positive effect on OT efficiency. The
operative time decreased by up to
47 minutes [27,28]. It is important that the surgeon’s gaze should
not leave the operative field. Thus,
the scrub nurse must be positioned correctly (below) and the
instruments passed appropriately
as they will be held by the surgeon.
To examine the surgical team
efficiency during primary total
knee arthroplasty (TKA), Michnick et al. videotaped ten TKA
surgeries. They found that the
most time-consuming steps were
wound closure and performing

Figure 2: Optimum OT setup for TKA
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distal femoral cuts. Overall, they
reported 570 delaying events
with a mean of 57 per surgery.
Least frequently, the surgeon was
handed the wrong instrument (0.4
/case); most commonly, the surgeon diverted his attention from
the surgical field, (35.2 times/
case). Surgical team experience
correlated positively with efficiency: the mean score of surgeries of
teams with 5 years' experience was
81.2%, vs. only 71.9% when the
surgical tech had never operated
with the surgeon previously. They
concluded that the team experience is an important factor affecting OT efficiency during TKA
surgeries [29]. For new teams,
usually at the start of Fellowships,
the senior author organizes sawbone workshops for the entire
team to familiarize them with the
flow, instruments, and their usage.

7. ‘Conductor’:
The senior author has used a
method of appointing a ‘Conductor’ to announce the next step a
little in advance so that the person
who is to implement it is ready
to do so at the right time without any delay. This individual
may be a Fellow, Tech, Assistant
surgeon, or someone among the
team who is totally familiar with
all the surgical steps. This is more
valuable when the teams vary.
This concept allows the surgeon

UPDATE

Figure 3: ‘Swim lanes’ for each team member

to single-mindedly focus on the
surgery. The conductor changes to
another team member after a few
months.

8. Swim lanes:
Mudas can be minimized or
avoided by developing swim lanes
for each member of the team, so
each one knows when to perform
his or her task in time. (Figure 3)

9. Real-Time Locating Systems:
To identify the deficiencies in the
OT, a real-time locating system
using Bluetooth technology could
also be used to track and visualize
the OT flow and process; this
system could provide automated
responses related to stock insufficiencies [4]. Implementing this
real-time locating system to produce an automated alert indicating patient readiness for anesthesia induction, Yeoh et al. reported
a significant decrease in the duration between patient arrival and
anesthesia induction leading to an
overall operative time reduction
[30].

10. OT Turnover Time
Turnover time (TOT) is the time
between patient exiting OT to
the time the next patient enters
the OT. Turnaround time (TAT)

is the time between closure and
dressing of the previous case to the
time of incision for the next case.
Surgeons always complain about
the time wasted between cases!
During a usual operative day, a
surgeon spends less than 50%
of the time operating, Increased
TOT resulted in an increase in
the costs and a decrease in patient
satisfaction [32]. In an efficient
OT, average turnover time ranges
from 15 to 28 minutes [3,33].
If we round it off to 20 minutes,
extra 100 minutes can be saved in
a standard five cases list, enabling
time for an extra/emergency case
to be operated upon [34]. One of
the main barriers against improving this metric is the difference
in surgical team members' motivations, as for example, surgeons
are urged to increase their surgical
volume while the anesthesiologist
is being paid hourly [35]. Implementation of the Lean process
has shown a great improvement
regarding the turnover time; Cerfolio et al. reported decreasing
the median operating room turnover time from 37 to 14 min.
They allowed the anesthesiologist
to start their processing earlier
by meeting the next patient and
starting their intravenous line and
consent process; they improved
workflow issues with the circulator; they eliminated unnecessary
travel time needed to get supplies

by preparing a case cart for the
whole day filled with the required
supplies. Another strategy to
improve TOT is the availability
of a well-equipped post-anesthesia care unit (PACU) for recovery [4]. It should be well-prepared
and have enough beds to receive
patients. By proper planning - predicting the length of the surgery,
and length of stay in the PACU
one can improve OT efficiency.
Implementing a machine learning algorithm for prediction of
PACU time required for each surgical procedure reduced the total
stay by 76% which led to significant cost savings [37].

11. Parallel processing:
This implies having a separate
room for anesthesia induction
and/or emergence from anesthesia; this can save up to 60 minutes.
However, this method had been
criticized for leading to more
staffing requirements with an
increase in cost [38,33]. Mizumoto et al. carried a single-blinded,
randomized controlled study
to examine a working strategy
aiming at improving TOT. They
compared a surgeon-led team
using parallel processing (single
surgeon) versus routine patient
change-over model (four surgeons). The authors evaluated the
difference in TOT between both

strategies, the overall differences in
complications, and the incidence
of operative case cancellations.
Across 1265 patients subjected to
minor and major general surgery
procedures, the overall median
TOT was 17.9 ± 3.7 min. The
surgeon-led team-based strategy showed a significantly lower
median TOT of 12.1 ± 5.4 min
(p < 0.001), representing a 58%
reduction in median change-overtime compared to the other strategy. Also, no cases were canceled in
the first strategy compared to 37
in the other strategy due to lack of
time, and there was no difference
in complication rates. The authors
concluded that a surgeon-led
team-based model improved the
change over time without the need
for an extra cost, staff members, or
increase the number of operative
theaters [34].

3.3 Postoperative KPIs Interventions:
This phase starts immediately
after completion of surgery, with
the patient being transferred
to PACU, and thereafter being
transferred to the inpatient area.
Clearly, factors such as preparedness of the PACU, availability of
transport, beds and readiness of
the inpatient bed will also impact
MO JOURNAL EUROPE // 31
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the time the patient is needlessly
detained in the OT.

4. Further
Strategies To
Improve OT Efficiency Related
To The Surgical
Team
Teamwork, Motivation, Open
Communication, and Staff
Members’ Involvement.
Collaboration between OT personnel is paramount in the presence of a leader for efficiency, it
is essential to have clear communication, respect, accountability,
and everyone should be actively
involved in taking care of patients,
irrespective of the hierarchy. The
senior author also insists that all
instructions are acknowledged
loudly and clearly so that the surgeon knows that the action has
been performed without having to
take his gaze away from the operative field.
TOT and OT efficiency could
be significantly improved by the
active involvement of the surgical
registrar; early arrival of the registrar, his or her active involvement
in the patient nonoperative care,
and the open communication
with the surgical team members
[3]. Some studies show that in a
teaching facility, with the involvement of more junior staff and surgical and anesthetic trainees, there
may be an increase in the operative and TOT [1,39,40]. Mizumoto, et al., however, reported
that implementing a structured
strategy combined with careful
supervision of junior staff showed
a positive effect on patient TOT
[34]. For a junior surgeon during
the start of his training, thorough
exposure to the OT environment is paramount, the need for
leadership skills development is
also important, and having good
communication with other team
members had its positive effect
on team cohesion and motiva-
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tion, which eventually will leads to
improved OT efficiency [21].

and
could be used outside
the OT to hasten the patient flow.

Moreover, the active involvement
of the trainees in parallel processing allows him/her to communicate more efficiently with the
surgical team members, become
involved in the process of describing and observing the surgical
steps, and to be able to identify
problems within the process. In
the future, this experience will
allow the trainee to be more confident in coordinating the general
flow within the OT aimed at
improving efficiency [34].

b. Teaming: Working with a familiar, fixed team improved operative
speed, communication, and safety
with secondary improvement in
quality.

5. Guidelines for
OT efficiency
Fong et al. [41] provide some guidelines for OT efficiency based on
their systematic review. They have
divided these into three main categories based on the scale of intervention:

1. Small scale:
Which could be applied to a single
surgeon or small groups, and these
could be rapidly implemented
a. Redesigning the surgical workflow: including the use of surgical
checklists, parallel processing,
process mapping, and staff briefing.
b. Instruments and supplies standardization: by removing unnecessary or rarely used instruments.
c. Surgical team huddles: pre-and
post-operative huddles, which
could improve the workflow and
reduce errors.

2. Medium scale:
Which could be applied to larger
surgical groups
a. Checklists: this could be used
intraoperatively to reduce any
error in the routine surgical cases

c. Data tracking: this is important
to identify the reasons leading to
OT insufficiency and promote
transparency.
d. Costs Awareness: surgical team,
including surgeons and nursing
staff, should be educated regarding the financial impact of disposable items costs, and the financial
impact of OT time wastage

3. Large scale:

This involves cooperation between
different institutions with the
need for capital investment.
a. Supply-chain management:
as examples, the minimization
of stock shelving by removing
unused instruments, and simplifying the stockroom order to
speed up the localization of supplies.
b. Specialization: by assigning a
specifically trained team for a specific surgical procedure.
c. Space redesign: by what is called
an ‘intelligent design’ which helps
to minimize movement inside
the OT (patient, surgeon, and
nursing staff ). Although this step
needs massive investment, it is justified by the expected returns
after improving the flow with
lowering of the intraoperative
time lost.
d. Parallel processing: this strategy
will help in decreasing the time
lost between cases.

CONCLUSIONS
• Measure Key Performance
Indices (KPIs)
• Establish & follow plans,
protocols, process mapping,
manuals, and checklists
• Identify and avoid Muda, overlapping steps where feasible
• Efficient OR setup, standardization of carts, & correct instrument handling and passing
• Attention, anticipation, and
acknowledgment by the team
• Better teamwork by briefings, ‘huddles’, ‘Swim lanes’,
checklists, workshops, and
appointing a ‘Conductor’
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Introduction
Rotational alignment in Total
Knee Arthroplasty (TKA) is
the positioning of the components in the axial (transversal)
plane, which represents the
“third dimension” of the knee.
TKA surgeons usually think in
two planes (frontal and sagittal) only and the axial plane of
the knee can be visualized with
3-D imaging modalities like CT,
MRI or Sonography only. The
clinical importance of the third
dimension of the knee for TKA
had been already recognized by
J. Insall. He postulated that the
components have to be aligned
to the extensor mechanism
otherwise the patella will not
track properly [1]. It is surprising
that even after 40 years of TKA

surgery there is no evidence and
still controversy
which might be
PC-Angle
the right rotational alignment for
TKA components [2,3].
More than 25 years ago Rich
Berger performed the first CT
evaluation of a painful, not well
functioning TKA which showed
normal frontal and sagittal radiographs. Based on this experience
he published the basics for the
axial plane analysis for painful
TKA using CT imaging technique [4]. This was followed by
the classical paper on the clinical
relevanceATT-Angle
of malrotated components in TKA evaluated with
his CT evaluation protocol [5]
(Fig 1). Confirmed by multiple
further studies and reviews it is
well accepted that malrotation
of the components can cause
significant problems for patella
tracking and/or stability of the

C
PC-Angle

ATT-Angle

Figure
1: 1“Berger”
Figure
A to C CT protocol for evaluation of the rotational alignment
of TKA components (Posterior condylar angle – PCA and Anterior tibia tubercle angle – ATT angle) (from Berger et al, CORR 1998)
34 // MO JOURNAL EUROPE

Figure 2: Consequences of malrotation of the components; Tibia
and femur internal malrotation cause patella maltracking, suFigure
2 internal malrotation cause
bluxation or even dislocation.
Femur
also an asymmetric flexion gap with either medial tightness with
limited ROM or lateral instability with pain during flexion activities

flexion gap [2, 3, 6–8] (Fig 2).
In our experience, starting with a
standardized 3-D CT evaluation
for painful TKA 20 years ago [9],
malrotation of the components
represent one of the major causes
for early failures in painful TKA.
Instability, stiffness and patellofemoral problems are in many of
the cases not the primary cause
but a secondary problem due to
malpositioning of the components in the axial plane [10,11].
This important finding has been
confirmed in multiple studies
by several authors [5,8,12–18].
Furthermore, during the last 15
years malrotation of
components
Figure
2
showed a constant growing role
for early revision surgery in other
referral centres also [19].

Currently there is an ongoing
discussion on different new frontal alignment concepts [20] and
the value of computer assisted
surgery [28] as well as robotics
surgery remains controversial
[21]. It is important for these
new frontal alignment concepts
to accept that there is still no
consensus on the proper target
for rotational alignment of the
components. Many laboratory,
imaging and clinical studies tried
to identify the perfect tibia and
femur rotational alignment for
primary TKA during the last 20
years [2,3,6–8,22–27]. For rotational alignment of the femur
four different surgical techniques
have been promoted in the literature. For the rotational alignment
of the tibia a confusing number
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UPDATE
of different lines and techniques
have been proposed and they can
be separated in three different
groups of philosophies. Computer navigation promised to
deliver mega data to help solving
this problem but failed to do so
during the last 20 years [28]. An
insight in the high variability of
the third dimension of the knee
is now available with the routine
use of 3-D planning with CT
or MR-images for patient specific cutting blocks or robotics
[2,6–8,25,27,29–32]. This new
mega data has produced some
confusion, caused further controversies but also might explain the
difficulties we had in the past to
identify a proper solution for the
rotational alignment in TKA surgery. In this review the myth and
facts of rotational alignment in
TKA surgery will be described
and discussed. Furthermore, the
authors describe their technique
for rotational alignment, which
had been used successfully during
the last 20 years in their practice.

1.1. Femur first or measured
resection

dard femur rotational alignment
for most surgeons until now [2].
(Fig 3).

This technique was introduced
by John Insall more than 40 years
ago where the distal femur and
tibia are cut perpendicular to the
mechanical axis in 90° to gain a
neutral frontal mechanical axis.
The femur component is placed
parallel to the transepicondylar
axis (TEA) in the axial plane [1].
It is generally accepted that the
TEA represents the best compromise for the flexion axis in TKA
surgery [8]. This classical Insall
technique remains still the stan-

1.2 Tibia first or balanced
gap technique
This technique became popular with the introduction of the
Low Contact Stress (LCS) TKA
by Frederick Buechel and Mike
Pappas [33]. The tibia is cut first
in 90° to the mechanical axis and
very limited releases are performed. The femur rotational posi-

APL

APL

TEA
PCL 3°
TEA

PCL 3°

1. Controversies
on femur rota-

Four different surgical techniques
had been proposed for proper
rotational alignment of the femur
and their different concept will
be described and limitations discussed.

Figure 3: Femur first or measured resection technique; The femur is cut first using different bony
landmarks for the rotational alignment of the femur
component, ignoring the soft tissue frame

Figure 3 (needs redrawing)

Different surgical techniques
femur rotational alignment
(Figs 3 to 6)
1.1 Femur first or measured
resection
1.2 Tibia first or balanced gap
1.3 Combined or extension gap
first
1.4 Anatomical and kinematical
alignment
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Both of these two classical surgical techniques have stood the
test of time, but both have shown
some disadvantages and limitations [34]. For the measured
resection technique, the reliable
identification of the TEA during
surgery remains difficult. The
balanced gap technique is an easy
but less forgiving procedure since
small mistakes at the tibia cut or
soft tissue management will place
the femur component in malrotation to the TEA.

1.3 Extension gap first technique

tional alignment
techniques

tioning relies on the soft tissue
frame only and ignores any bony
landmarks. In 90° of flexion the
femur is then cut by placing the
femur cutting block parallel to
the tibia and tensioning of the
ligaments (balanced gap technique). Finally, the flexion gap is
then transferred to the extension
gap. Any asymmetry of the extension gap to the already balanced
flexion gap is then compensated
at the distal femur cut to adapt
for a rectangular extension gap.
This has an influence on the frontal alignment and the jointline
hight (Fig 4).

Figure 4: Tibia first or balanced gap technique;
The tibia is cut first and the tension of the soft tissue frame in 90° flexion is used for the rotational
alignment of the femur component, ignoring the
bony landmarks

Figure 4

This technique (also known as
combined or mixed technique)
combines landmarks and soft
tissues for the proper rotational
alignment and sizing of the femur
component. It was introduced
more than 15 years ago since
many surgeons recognized the
several limitations of the classical two techniques [34,35]. The
distal femur and proximal tibia
cut are performed perpendicular
to the mechanical axis and the
neutral frontal mechanical alignment is controlled. The extension
gap is balanced now by soft tissue
releases until it is rectangular and
stable (extension gap first technique). During the next step the
femur rotational alignment and
sizing is determined either by
the classical bony landmarks or
the balanced gap technique. By
either technique both the landmarks and ligaments are used
to control each other. Only if
both are matching the final anterior-posterior cuts for the femur
are performed (Fig 5). This was

Figure 5
(Fig 5 B

UPDATE

awing)

early loosening or poly wear [38].
Furthermore, it could be shown
in many CT and MRI studies
that the posterior condylar axis is
very variable to the TEA not only
in valgus but also in varus knees
[2,6,7,31,32]. These axial plane
deformities of the femur will not
be corrected with the anatomical and kinematical alignment
technique. Additionally, with
the kinematical alignment where
soft tissue releases are not recommended, any soft tissue insufficiency (varus or valgus thrust) in
more severe deformities will not
be corrected and will add to the
Figure 6
flexion gap asymmetry.

A

2. Basic
biomechanics of
the flexion gap

B

Figure 5 A & B
(Fig 5 B needs redrawing)

Figure 5: Extension gap first or combined technique;
After cutting the distal femur and proximal tibia the
extension gap is balanced now. Bony landmarks and
the tension of the soft frame are used together for the
rotational alignment of the femur component in 90°
of flexion

a big step forward for controlling
the proper rotational positioning
and sizing of the femur component before cutting the femur.

1.4 Anatomical and kinematical alignment
These two techniques include
varus cuts at the tibia which
allows to place the femur in the
axial plane parallel to the posterior condylar axis and ignore the
TEA. With the classical anatomical alignment concept introduced by Hungerford 35 years
ago for varus knees, the distal
femur cut is performed in 3° valgus and the proximal tibia cut 3°
of varus to the mechanical axis,
but the all-over frontal alignment
remains neutral mechanical axis
[36]. With the new kinematical

The natural flexion gap is not symmetric and shows a wide variation
of lateral gap opening (Fig 7)
[39]. This makes sense since for
deep flexion the lateral femur has
to roll back on the tibia to allow
full flexion (Fig 8). Nevertheless,
the natural knee is clinical not
unstable in the flexion gap due
to the lateral meniscus and both

cruciate ligaments. This very
complex asymmetric biomechanics of the natural flexion gap can
only be re-established by a medial
UNI with sufficient cruciate
ligaments. Bicruiate retaining/
substituting, medial pivoting and
CR designs also allow some lateral flexion gap opening, but the
threshold to lateral gap instability is not known until now. For
PS and especially mobile bearing
knee designs the flexion gap has
to be symmetric and stable [40].
In our experience any asymmetric opening in the flexion gap
for mobile bearing designs > 1
mm and for PS > 3 mm cannot
be tolerated and may cause pain
and instability during stair climbing and raising a chair. For all
knee designs the medial flexion
gap has to be stable and any opening might cause instability problems and pain during activities
in flexion [41]. On the other
hand, any tightness of the medial
extension gap will cause flexion
contracture and tightness of the
flexion gap will limit flexion and
cause pain also.
For the natural knee it is well
known that the femur flexion
axis represents a very complex
helical structure due to the asymmetric bones, menisci and both
cruciate ligaments. For TKA
surgery the transepicondylar

alignment concept introduced
by Howell 10 years ago the femur
and tibia are kept in the pre-arthritic alignment with the overall
frontal alignment accepted to
be in residual varus [37]. Several modifications of this classical
kinematical alignment concept
had been introduced during the
last few years (restricted, inverse
and functional alignment) [20].
Keeping the tibia in both techniques in varus the femur is placed
parallel to the posterior condylar
axis and the TEA is ignored. This
allows a pure resurfacing procedure for the posterior part of the
femur with a very easy and reliable
technique (Fig 6). The problem
of these two alignment concepts
is varus positioning of the tibia
component which might cause

Figure 6: Anatomical or kinematical alignment; The tibia is cut in varus
and therefore the femur component is placed parallel to the posterior
condylar axis, ignoring the TEA
MO JOURNAL EUROPE // 37
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Figure
Figure 7: The
flexion 7
gap in the natural knee is not symmetric and
opens lateral on average 4.6 mm (range 1.1 to 9.0) more compared to
theFigure
medial side 7
(From Tokuhara et al, BJJ 2004)

Figure 8 A & B

Figure 8 A & B

8A&B

Figure 8: Different roll-back of a natural and TKA
knee: In the natural knee the lateral femur condyle
rolls back even behind the tibia plateau with maximal posterior positioning of the lateral meniscus,
whereas in the TKA knee this roll-back is significantly less

Figure 9
38 // MO JOURNAL EUROPE

Figure 9: The four major femur
bony lines for rotational alignment in the axial plane: ATL Anterior trochlea line (orange),
sTEA – surgical trans epicondylar line (red), PCL – posterior
condylar line (yellow) and APL
– Anterior-posterior or “Whiteside” line (blue)

axis (TEA) represents the best
compromise for the knee flexion
axis [2,6]. The problem with the
TEA is, that intraoperative identification is difficult, and several
studies have shown wide interand intraobserver variability [8].
Therefore, many other different
landmarks had been described to
reduce this problem and increase
the accuracy to identify the TEA
[2,7] (Fig 9). Most of TKA instruments still use the most prominent point of both posterior
condyles (posterior condylar
axis) as reproducible landmarks
to set femur rotation.
For many decades standardized 3°
ER were used to bring the femur
component parallel to the TEA
by referencing to the posterior
condylar axis. The new 3-D mega
data clearly demonstrated that in
knees planned for TKA surgery
a wide rangeFigure
of internal9rotation
(minus 3 ER to 11° IR) of the
posterior condylar axis to the
TEA exists (Fig 10) [27,31,32].
For valgus knees it was well
known that due to the possible
hypoplastic lateral condyle the
posterior condylar axis might
be more than 3° of IR and many
surgeons routinely used 5° ER
to the TEA in valgus knees. A
wide range from 3° to 12° of IR
of the posterior condylar axis to
the TEA could be shown with
the new 3-D mega data for valgus
knees also [32]. For varus knees it
was long assumed that 3° of ER
will fit for rotational alignment.
Now we know that even
in varus
Figure
10
knees axial plane femur deformities are possible and show a wide
range from 3° of ER (worn out
posterior medial condyle) to 9° of
IR (hyperplastic medial condyle)
from the posterior condylar axis
to the TEA (Fig 11) [32]. 32 % of
femur needs more than 3-5° ER
(6-11), whereas 10 % less than 3°
ER (IR 3 to ER 2°) [31].
In our experience there are three
main scenarios which can lead to
a malrotated femoral component
after TKA. The first scenario is
when the surgeon always uses the
measured resection technique
with fixed 3° or 5 ° of ER and does
not identify axial plane deformities. In varus knees with worn out
medial condyle and already 3° of
ER the femur ends up with exter-

nal malrotation of 6°, causing a
medial flexion gap instability. In
varus knees > 3° IR and valgus
knees with > 5° IR standard 3°
or 5° of ER will cause an internal
malrotation of the components
with lateral flexion gap instability and patella maltracking. The
second scenario is when the surgeon is using the balanced gap
technique and the tibia cut is not
neutral and/or the medial or lateral soft tissue structures are not
well balanced. The Figure
third scenario
9
is when anatomical or kinematical alignment is performed with
Figure
pure resurfacing of the posterior
femur condyles and an existing
distal femur axial plane deformity
is neglected.

3. Preferred surgical technique
femur

In knees without distal femur
axial malignment all theseFigure
four
different techniques work quite
well for the femur rotational
alignment. It could never be
shown that any of these different techniques are superior
to achieve a balanced flexion
gap, better patella tracking or
gives better functional
outco!
me or long-term survival results
[35,42]. In non-deformed knees
we prefer a restricted kinematical alignment concept to balance
the extension gap and prevent
any soft tissue releases [43]. This
allows to place the femur component parallel to the posterior
condylar line in the axial plane.
Using a posterior referenced
system, the rotation pins are set
parallel to the posterior condylar
line and the proper size is chosen
without anterior undercutting or
overstuffing. After setting of the
4in1 block and before cutting
the bone the future flexion gap
can be checked by spacer blocks,
tensioner or laminar spreaders.
Without axial plane deformities
the future flexion gap should be
already natural (lateral 1-3mm
more than medial) and the same
size than the extension gap on the
medial side (Fig 12). Depending
on the implant constraint used

10

F
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Figure 10

Figure 10: The “Bell curve” of the PC-angle (angle between posterior
condylar line and TEA) shows the wide distribution from -3 (already
external rotation) to 11° of internal rotation. In 5 % the PCA is off more
than 2° from the average of 3.3° internal rotation (From Meric et al, J
Arthroplasty 2015)

igure 11

A

Figure 11: Series of different posterior condylar angles in varus knees: Wide
range from fig A with minus 3° (already external rotation with med post
condyle wear), fig B to E with 0, 3, 5 , 7 and fig F max 9° of internal rotation (medial condyle hyperplasia).

Figure 12

Figure
11 11
Figure

Figure 13

Figure 13: The three different combinations of frontal and dorsal axial
plane femur deformities; Fig A normal femur, Fig B normal anterior
femur and medial hyperplastic femur; Fig C hypoplastic anterior femur
(trochlea dysplasia) and normal posterior femur, Fig D combined anterior and posterior axial plane deformity with trochlea dysplasia and
posterior hypoplastic lateral – note the dislocated patella.

we either accept this slight lateral
opening (medial pivoting or CR)
or correct it with extra ER of the
femur component (PS or mobile
bearing design).

B

For severe deformities more 10°
of bony malalignment and/or
with contract soft tissues at the
concave and stretched out soft
tissues at the convex deformity
side (valgus or varus thrust) we
believe neutral alignment should
be the target [34]. Any bony
under correction of the deformity
to reduce the soft tissue releases
might decompensate over the
time and end up with severe
deformity and varus or valgus
thrust again. Soft tissue releases
have to be performed depending
on the bony correction cuts to
get neutral alignment. There is
no consensus which type, and
sequence of soft tissue releases is
the best, but depending
on the
A
soft tissue structure involved it
will have an effect on the extension or flexion gap only or both
gaps equal. Using the extension
gap first technique for these
severe deformities allows to place
the femur component parallel to
the TEA in the axial plane [34].
Without axial plane deformities the rotational positioning of
the femur component will range
from 0 to 3° ER in varus and from
3 to 5° ER in valgus knees from
the posterior condylar line.

A

Figure 12

Figure 12

Figure 12: Flexion gap with restricted kinematical alignment and extension gap first technique; The posterior femur condylar line is slightly internal
rotated to the TEA resulting in an asymmetry of 2 mm of the flexion gap,
which is accepted when using a medial pivoting or CR knee design.

4. Correction
of axial plane

C at
deformities
the femur

While torsional deformities of
the proximal femur seem to have
only little influence on the knee
joint kinematics because they
are compensated by the ball and
socket hip joint, the knees with an
axial plane deformity of the distalFigu
femur remain a problem. Torsional distal femur deformities
might be separated into the anterior and posterior part related to
the TEA and any combination of
deformity exists (Fig 13). Interestingly the angle between the
posterior condylar line (PCL)
and the Anterior Trochlea Line
B
(ATL) differ only little (2° +- 3°
IR ) [44]. This shows that the
posterior axial deformity (PCL)
and the anterior axial deformity
(ATL) are linked and this might
compensate for patella tracking
in knees with posterior knee axial
deformity [45]. On the other
hand, there is a wide variation
of the posterior condylar axis to
the TEA [2,6,7,27,29,31,32,46] Fig
showing that any posterior axial
deformity of the femur cannot be
compensated for the tibiofemoral joint and ends up with valgus

Figure 14 (A Ft

B
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malalignment under loading and
lateral flexion gap opening under
unloaded conditions. For these
cases with distal femur torsional
deformities, it needs to find a
compromise to correct the axial
plane by performing proper rotational bony correction cuts. The
key point to prevent rotational
malignment of the femur component is to identify axial plane
deformities of the distal femur
before and correct them during
TKA surgery. On standardized
AP and lateral radiographs these
axial plane deformities cannot
be identified. With special axial
kneeling views, they might be
identified, but are very depended
on the right technique used [47].
The golden standard for the identification of femur axial plane
deformities is still CT or MRI
imaging (Fig 1) [2]. Some surgeons recommend to routinely
perform 3-D analysis before surgery, and this is mandatory for
surgeons using patient specific
cutting blocks and robotic surgery. This 3-D planning allows not
only to identify any axial plane
deformity of the femur and tibia
before surgery but also makes
proper correction during surgery
easier and more reproducible. We
do not routinely plan the axial
plane with CT or MR imaging.
History, clinical examination and
axial weight bearing patella views
are routinely used to identify any
patella maltracking or asymmetric flexion gap. Only in cases
with complex patella dislocations,
we perform a rotational profile
with MR imaging, to identify
where the axial plane deformity is
located (femur, tibia or both) (Fig
14).
In our experience the best option
to correct axial plane deformities at the distal femur is by using
the extension gap first technique

A

B

[34]. After performing the extension gap bony cuts for neutral
alignment, a balanced extension
gap can be achieved by proper soft
tissue releases. After the proper
frontal alignment is controlled
and the extension gap is balanced
the knee is flexed to 90°. The
femur anatomy (anterior or posterior axial plane deformity) can
be easily identified, and several
anatomical combinations exist
(Fig 11 and 13). The AP and
TEA lines are drawn on the distal
femur and the natural flexion gap
can be checked by using tensioner
or spreaders. This allows to decide
how much ER will be needed to
bring the component parallel to
the TEA. For axial plane deformities we place the femur component always parallel to the TEA to
correct any anterior or posterior
axial femur pathology. With this
simple technique any axial plane
deformity of the distal femur can
be corrected (Fig 15).
After placing the 4in1 cutting
block the future flexion gap can
be checked again by using spacer blocks, tensioner or laminar
spreaders and will be already
symmetric. In cases with extensive releases necessary for the
extension gap the soft tissue frame
cannot be used anymore to check
the proper rotational alignment
of the flexion gap. After insertion
of the trial components and temporary closure of the arthrotomy
a dynamic testing of the flexion
gap has to be performed with the
number of 4 test. In the rare situation where the fix bearing PS is
dislocating and the flexion gap is
not stable anymore, we switch to
a super stabilized PS or semiconstraint implant with CCK insert.

Figure 13

Figure 15: Correction of distal femur axial plane deformity; Fig 15 A shows
anterior trochlea dysplasia and posterior lateral hypoplastic condyle, note the
subluxed patella (red arrow); Fig 15 B by positioning the right size femur
parallel to the TEA the anterior and posterior deformity is corrected. The
patella is still not recentred over the new trochlea, which will be managed by
correcting the axial plane deformity at the proximal tibia.

5. Controversies
on tibia rotational alignment
techniques

The axial plane deformity with
wide variable position of the
tibia tubercle (TT) to the proximal tibia anatomy remains an
unsolved problem for rotational
alignment of the tibia. Therefore,
many different lines and techniques have been described for
the tibia, but the most proper
rotational position of the component remains still controversial
(Fig 16) [3]. Three main different
surgical philosophies can be separated, which will be described,
and limitations discussed.
Different philosophies for proper
tibia rotational alignment (Figs
17 to 19)
Mechanical alignment - classical
Insall technique
• Tibia Tubercle Axis (TTA) ignores femur TEA

C

• Line mid-to-medial third TT
to posterior cruciate
• Allows perfect patella tracking
• Might end up with tibiofemoral mismatch of components

Figure 14: Case with permanent lateral dislocated patella (fig A) and
Figure
(A to C)
rotational profile of the knee (fig B and C);
Fig B14
combined
axial
plane femur deformity – anterior trochlea dysplasia and posterior lateral hypoplastic condyle; Fig C Tibia tubercle severe lateralized (red
arrow) to the proximal tibia plateau centre
40 // MO JOURNAL EUROPE

Functional alignment – femorotibial kinematic technique

• Tibia component perpendicular to TEA - ignores TT
• Many different lines described
• Allows perfect tibiofemoral
kinematics
• Might end up with patella
maltracking
Self-rational alignment – mobile
bearing technique
• Best bone coverage – ignores
TT and TEA
• Tibia baseplate always internal rotated to TT and TEA
• Compensated by self-rotational kinematics of mobile bearing
• Might cause patella maltracking and/or anterior soft
tissue impingement

5.1 Mechanical alignment
philosophy
This classical Insall technique
aligns the tibia component
parallel to tibia tubercle axis
(TTA) but ignores the TEA and
femur component positioning
[1] (Fig 17). With the constraint
of the PS insert the tibia tubercle
will stay under the femur trochlea
and allows perfect patella tracking
[34]. This rotational constraint
works less for CR and does not
work for mobile bearings. In cases
with proximal tibial axial deformity this technique will cause
a “functional internal rotation”
of the lower leg to bring the TT

UPDATE

Fig 16: Different lines for tibia rotational alignment (Modified from Saffarini et al, KSSTA 2019)

under the trochlea to guarantee
proper patella tracking. This technique might lead to femorotibial
mismatch between the tibia and
femur components, which can
cause additional poly wear and
problems with medio-lateral ligament tension [3].

5.2 Functional alignment
philosophy
The tibia component AP axis
is placed perpendicular to the
TEA of the femur and the TT is
ignored as landmark [22,48]. This
technique will prevent any rotational mismatch between femur
and tibia component and allows
proper tibiofemoral kinematics
(Fig 18). Since the projection of
the TEA onto the tibia plateau
intra operatively is difficult, many

Figure 17: Case with proximal tibia axial plane deformity where
the tibia component is placed according to the mechanical alignment
concept (medial third of the TT to PCL). Note the external rotation
of the tibia plateau in relation to the TEA leading to femur-tibia
mismatch

lines and landmarks are described, but the perfect axis remains
still controversial [3]. The “floating” technique which allows
free rotation of the tibia baseplate
during flexion and extension with
trial components in place represents also a functional alignment
technique. This floating technique is not very reliable and
depends on several factors which
can influence the result [49]. In
cases with proximal tibia axial
plane deformities the functional

alignment technique might produce patella maltracking and
anterior knee pain.

5.3 Self-rotational alignment
philosophy
Using mobile bearing designs
with self-rotational alignment
uses the “best bone coverage”
technique of the tibia component
but ignores the TT and the femur
TEA [33] (Fig 19). This will

Figure 18: Case with proximal tibia axial plane deformity where
the tibia component is placed according to the functional alignment
concept (perpendicular to the TEA). Note the external rotation of the
TT in relation to the TEA leading to patella maltracking
MO JOURNAL EUROPE // 41
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place the tibia component always
in internal rotation to the TT and
TEA, since the proximal tibia cut
is asymmetric. Asymmetric tibia
baseplates to reduce this problem
are not available with mobile
bearing designs. With the high
sagittal constraint of the mobile
bearing the poly insert will follow
the femur and prevents any rational mismatch between the poly
insert and the femur component.
In cases with proximal tibial axial
deformity this technique might
end up with patella maltracking
and/or anterior soft tissue impingement of the mobile bearing
[34].

Figure 19: Self rotational alignment
of a mobile bearing implant design.
The poly insert has to follow the femur component which can cause
anterior soft tissue impingement

and should be below 15 mm in
normal knees [50]. This ER of the
TT makes sense, since the natural
knee has a screw home mechanism in full extension to lock
the knee, which is driven by the
medial condyle anatomy, menisci and both cruciate ligaments.
After unlocking the knee during
flexion, the tibia is internal rotating and beyond 60 ° of flexion
the TT is under the trochlea of
the femur with TT-TG 0 mm.
In natural knees with patella
dislocation, it could be shown
that the TT-TG is significantly
higher compared to normal knees
[51]. During flexion the dynamic
TT-TG is reduced, but never gets
normal and in some patients, it
is decompensating and gets even
worse (Fig 20) [50]. This is the
rational why in natural knees
with pathological TT-TG more
15 mm, TT osteotomy with
medialization is performed to
bring the TT-TG back to normal
and prevent patella maltracking
or dislocation.

The complex screw home mechanism and self-rotational alignment of the natural knee during
flexion cannot be reproduced
with TKA implants. Only the
bicruciate
retaining/substituting and medial pivoting designs
show some screw home mechanism whereas for all other TKA
designs the TT-TG should be
less than 5 mm in extension (tibia

tubercle under the trochlea). This
allows perfect patella tracking
and brings the tibia component
perpendicular to the TEA of the
femur. In several biomechanical
studies it could be shown that the
rotational movements of all TKA
designs during flexion are not
natural, very variable and some of
them even show paradoxical tibia
external rotation [18]. Therefore,
femorotibial mismatch in TKA
between femur and tibia components during daily activities are
common and remains a concern
for bad function, early loosening
and PE wear [16]. On the other
hand, patellofemoral problems
with maltracking and anterior
knee pain are very common
after TKA and the main cause is
malrotation of the tibia and/or
femur components [5, 10].
Without knowing all the details
of this complex 3-D biomechanics of the patellofemoral joint,
Insall has recommended to realign the prosthesis to the extensor mechanism during TKA
surgery already 40 years ago. He
introduced the tibia tubercle axis
(TTA) for rotational alignment
(Fig 21) which brings the TT
under the trochlea from extension until deep flexion in all
cases [1]. Most surgeons follow
this simple technique but never
thought about the wide variation
of the TT to the proximal tibia
anatomy. During the last decade
several studies using 3-D imaging
have shown that proximal tibia

axial deformity is common in
TKA patients and the TT position to the proximal tibia anatomy is very variable [22,30,48]--.
Furthermore, it could be demonstrated that in varus knees external
torsional deformities showed a
clear correlation to the severity
of the frontal malalignment [52].
The most commonly used measurement technique for knees
with TKA is the anterior tibia
tubercle angle (ATTA), which
measures the angle between two
lines (Fig 1 B and C) [4,30]. On
average this angle is 25° with a
wide range from 4 to 50°. 49%
of knees show outliers > 5° and
15% more than 10°. Roughly 5° is
equal to 1 mm, which correlates
to the 5 mm of the TT-TG distance. Axial tibia component IR
malalignment of more than 5° to
the TT is clinically relevant [3].
Due to the wide variability of
the TT location some surgeons
prefer the functional alignment
philosophy and ignore the TT
as a landmark [22,48]. Most of
them use 3-D planning on CT
or MRI, computer navigation or
the floating technique to align
the tibia perpendicular to the
TEA of the femur in extension
[53]. During surgery it is difficult to project the TEA onto the
tibial plateau and therefore many
different lines and landmarks are
described to solve this problem.
Akagi first described a line perpendicular to the TEA which
ends at the medial border of the

6. Basic
biomechanics of

tibia axial deformity and patella
tracking
In the natural knee the TT is lateralized to the anatomical centre
of the proximal tibia. The most
common measurement of this ER
positioning is the tibia-tubercletrochlea groove (TT-TG) distance which on average is 7 mm
42 // MO JOURNAL EUROPE

Figure 20: The average reduction of the TT-TG distance for natural knees: normal knees
during flexion (blue line) and knees with recurrent patella dislocation (red line); Note that
the dynamic TT-TG declines but never gets normal for knees with patella dislocation (from
Seitlinger et al, KSSTA 2014)
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Figure 21: Classical Tibia Tubercle Axis (TTA) from Insall
– mid to medial third of the TT to the PCL insertion.

TT [54]. In several studies comparing different tibia lines and
axis this Akagi line represented
the most reliable bony landmark
to align the tibia component perpendicular to the TEA and is therefore used by many surgeons [3].
Nevertheless, all these published
lines show a wide variability and
range due the common proximal axial plane deformity of the
tibia [22,30,48]. Furthermore,
the Akagi line is misleading,
since he used natural knees with
screw home mechanism in his
study. This is why the Akagi line
recommends the medial third
of the tibia tubercle and not the
mid to medial third, described by
Insall [55]. The “curve on curve”
technique represents the second
reliable landmark to align the
tibia component perpendicular
to the TEA and is used by many
surgeons in combination with the
Akagi line [56].

7. Preferred surgical technique
tibia

Figure 22: Intraoperative identification of proximal tibia axial plane deformities: The center of the proximal tibia is marked by the mid-sulcus line
(MS-line: point between both tibia spines to the PCL insertion). The tibia
tubercle axis (TTA) is then marked according to the TT position. Any distance > 5 mm lateral represents a proximal tibia axial plane deformity.

nent overhang and drive the tibia
component in external rotation.
Therefore, the asymmetric anatomical shaped tibia components
are our preference.

they can make either the tibiofemoral joint or the patella tracking
happy and it needs to find a compromise to correct this tibia axial
plane deformities.

For every TKA we mark the tibia
tubercle axis (TTA) of Insall and
compare it with the anatomical
centre of the proximal tibia using
the mid-sulcus line (Fig 22 A and
B). The TTA should be max 5
mm or 25° external rotated to the
mid-sulcus line in normal knees,
and any proximal axial deformity
of the tibia can be easily identified. For the tibia rotational
alignment, we use two landmarks
only. The TTA of Insall (functional landmark) and the “curve
on curve” technique (anatomical
landmark). When performing a
medial pivoting knee, we combine the “floating technique”
with the two landmarks to find
the best rotational compromise to
allow a lateral rollback in flexion
without producing a patella lateralization in extension .

On standardized AP and lateral radiographs these axial plane
deformities cannot be identified.
The golden standard for the identification of proximal tibia axial
plane deformities is still CT or
MRI imaging (Fig 23 A and B)
[5,30]. Some surgeons recommend to routinely perform 3-D
analysis before surgery, which
allows not only to identify any
axial plane deformity of the
femur and tibia before surgery
but also makes proper correction
during surgery easier and more
reproducible [7]. We do not rou-

tinely plan the axial plane with
CT or MR imaging. Only in
cases with complex patella dislocations, we perform a rotational
profile of the knee with MR imaging, to identify where the axial
plane deformity is located (distal
femur, proximal tibia or both)
(Fig 14). When the hip or ankle
joint is involved also a rotational
profile of the whole leg is necessary to analyse a severe maltorsion syndrome. Any combination
of whole femur and tibia axial
deformity exist where either the
maltorsion is aggravated or compensated by the tibia (Fig 24 A
and B).
During surgery the proximal axial
plane deformity of the tibia can
be easily identified, by drawing

8. Correction
of axial plane
deformities at

In knees without proximal tibia
axial malignment all these three
different philosophies for the
tibia component axial alignment
work quite well. It could never be
shown that any of these different
techniques is superior or gives
better functional or long-term
survival results [3]. Asymmetric
tibia components allow better
bone coverage, reduce compo44 // MO JOURNAL EUROPE

the tibia
The problem are the axial plane
deformities of the proximal tibia
with the wide variation of the
TT position to the proximal tibia
anatomy [3,22,30,48] (Fig 23).
For these cases none of the described techniques are perfect and

Figure 23: wide variation of the tibia tubercle position in relation to the
proximal tibia centre: Average angle 25 +/-5°; 49 % of knees are > 5° and
15 % > 10° outliers (from Park et al, J Arthroplasty 2015)
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8.2 Functional derotation
inside the joint

Figure 24: Rotational profile of the whole leg in a patient with maltorsion
syndrome: The femur shows increased antetorsion of 35° (normal 15) and
the tibia 15° external rotation only (normal 25). Although this patient has
a complex maltorsion syndrome the patella is still tracking normal due to
the compensation of the femur torsion by the tibia.

the TTA of Insall and compare it
with the mid-sulcus line, as described above (Fig 21). Any deformity greater than 5 mm should be
corrected during surgery. There
are four options to correct this
tibia axial deformity.

8.1 Soft tissue realignment
Still many surgeons use lateral
retinaculum release or proximal
realignment procedures at the end
of surgery, when the patella is not

tracking perfect [57]. In our experience this is not indicated for
varus knees and very rare in valgus knees with tight lateral retinaculum only. With this technique a
bony deformity in the axial plane
is corrected by soft tissue releases,
which is weaking the extensor
mechanism. Furthermore, severe
tibia axial plane deformities cannot be corrected by soft tissue
procedures alone.

By using the TTA of Insall and
minimum PS constraint, the tibia
will make an internal rotation
with the trial components inside
(Fig 25 A and B). This brings the
TT under the trochlea and reduce
the pathological TT-TG to less
than 5 mm [34]. Sometimes
the insertion of the PE insert is
difficult and can be performed
only by forced internal rotation
of the lower leg. CR and mobile
bearing inserts do not work with
this technique. Maximum 30° of
functional derotation is possible,
otherwise the forefoot progression angle gets negative with
internal rotation of the forefoot
and the collateral ligaments tension is changed.

8.3 TT osteotomy
Like in native knees medialization
of the TT will solve the problem
of proximal tibia axial deformity
[58]. For TKA surgery this will
extend the surgery, increase the
complication rate and is therefore

rarely used for this indication.
Even in extraarticular deformities
in the frontal plane we prefer to
correct the deformity for TKA
inside the joint and try to prevent
correction osteotomies. This is
why we routinely use the functional derotation technique for
proximal torsional deformities for
TKA surgery.

8.4 Derotation osteotomy
Severe proximal tibia rotational
deformities > 30° are very rare
and need a rotational profile of
the whole leg to analyse the maltorsion syndrome (Fig 24 A and
B). Whereas rotational deformities at the femur are mostly
corrected in the hip joint severe
external torsional deformities
at the tibia might need proximal internal derotation osteotomy combined with TKA. This
remains a very complex surgery
including TT osteotomy, bony
derotation and use of stem and
external fixation [59] (Fig 26 A to
C). In our experience we use this
technique in young patients with
native knees only, but it was never
necessary for TKA patients. In
these severe tibial axial deformities, a combination of PS or CCK
constraint, TT osteotomy, lateral
retinaculum release and proximal
realignment can correct the deformity. Combined with the correction of the distal femur axial plane
deformity inside the joint this will
produce proper patella tracking
even in patients with permanent
patella dislocation before surgery
(Fig 14 and 27).

Figure 25 A to C: Case with proximal tibia axial plane deformity: Fig A shows placing the
tibia component with the mechanical philosophy in external rotation to the TEA. Note that
the symmetric tibia component had to be undersized to prevent posteriorlateral overhang.
Fig B and C shows the functional derotation of the tibia tubercle under the trochlea once the
components with the PS poly are in place

Figure 26 A to C: The correction of the femur and tibia axial plane deformity of case from
fig 14: By placing the right femur size parallel to the TEA (Fig A) and the tibia component
external rotated to the mid-to-medial third of the TT (Fig B) this complex deformity could
be corrected inside the joint . The elongated medial extensor mechanism was corrected with a
soft tissue proximal realignment procedure. Since the patella dislocation was flexible and not
contract no lateral retinaculum release was necessary to bring the patella in front.
MO JOURNAL EUROPE // 45
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Figure 27: Complex proximal tibia derotation osteotomy combined with TKA in severe
proximal tibia axial plane deformities > 30° on saw bones (from Ramaswany BJJ 2009)

Summary
Proper rotational alignment of
the femur and tibia components
in TKA surgery are still controversial. There is currently no
evidence that one of the several

techniques used for decades is
superior. At the femur currently four different techniques are
described, and they work well in
knees without distal femur axial
plane deformities. In knees with
distal femur axial deformities,
we prefer the extension gap first
technique which brings the femur
parallel to the TEA and sufficiently corrects these anterior and
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