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Editorial

How will digitalisation affect patient treatment in arthroplasty? Part I: Intraoperative aspects

A B S T R A C T

We cannot deny that technology has become an important part of our daily life, not only in automobiles, houses or cellphones but also in hospitals. In the OR, in
particular for knee arthroplasty, image free navigation has proven to reduce the number of outliers and by that the revision rate in younger patients. Over the last
years robotics has again been introduced into the operation theatres. However, in their present version they add time and costs, but only minimal benefits to the
procedure. Therefore, future robots should be faster and instrumentation free. Beside those more economical aspects, the goal of this digital technology must be an
improvement in clinical outcome. To achieve that, additional steps for analyzing the pre-, and intra-OP quantitative data is key. With the use of artificial intelligence
and/or machine learning a data based algorithm will probably be developed, which helps the surgeon to integrate all parameters into his individual cutting and
releasing plan for each patient. Digital data therefore, might become the key to enable the surgeon to treat patients more individual and by that hopefully deliver
better outcome.

1. Introduction

In all parts of our daily life digital solutions have already changed or
will change our lives dramatically. Just remember a world without
worldwide web, mobile phones, robots in production streets of auto-
mobiles, and so on. In the world of medicine this change has also
started, but has not reached all hospitals and all fields of patient
treatment. While imaging in radiology departments has become digital
more than a decade back and fusion of different imaging modalities
became available and standard of care for example in tumor surgery of
the brain, orthopaedics is still in a starting phase.

While some steps like navigation had been made a while ago, others
just started (e.g. 2nd generation robotics) and for others we need to
wait for some more years to come (e.g. AI for TKA). Not only inside the
OR, but also outside, in OPD or on the ward we will see more and more
digital technologies to come within the next years.

In this Editorial, different aspects of digitalisation inside the OR are
demonstrated; of course the editor does not know today which of all the
promising options definitely will become the new gold standard in
patient treatment. In the next Editorial, the options and aspects for
digitalisation outside the OR will be demonstrated.

2. Digital solutions in the OR

2.1. Navigation/robotics/AI

More than 10 years back, the first navigation machines had been
introduced in orthopaedics. In the beginning 2 modalities ran parallel,
nowadays in extremity surgery image free navigation has become the
method of choice. In the first years, navigation could show that it is able
to improve coronal alignment from 61% to 75% up to 91%–96% within
the 3° corridor.1–3 Even in Indian population with severe deformities
those results could be confirmed.4 Over the following years alternative
techniques, like patient specific instrumentation had been introduced
however never reached this high accuracy.5,6 This made navigation the

method of choice regarding alignment. However, this improvement in
accuracy of alignment was not automatically leading to an improve-
ment in patient results. This factor and the additional problems of costs
and learning curve restricted the expansion of navigation in the fol-
lowing years in most parts of the world.7 By introducing more modern
navigation software, it became possible to perform an advanced soft
tissue balancing in real time.8,9 For the first time, it became possible to
perform quantitative TKA surgery, meaning that all cutting steps and
their effects on soft tissue balance can be visualized, planned and
controlled. However, also this modern navigation technology still has to
prove whether it really will help to improve patient outcome. Some
studies have shown a reduced revision rate and improved knee scores at
least if a gap balanced technique was used.10,11 This is accordance to
the results of the Australian Arthroplasty Register. From 2015 on, the
register could show that the survival rate of navigated TKA in younger
patients (< 65 years) is higher compared to other techniques'.12 This is
leading to an increased acceptance of the method in Australia so that
nowadays around 40% of all knees are navigated.

Navigation technology is the basis for all modern technologies, such
as robotics. While some companies favour an image-based, others again
use an image free approach. Image-based technologies are advanta-
geous in complex anatomical scenarios like spine- or brain-surgery. In
total hip or knee arthroplasty, however, this extra information seems
not be necessary to achieve good results. An additional CT or MRI for
referencing just adds costs and is time consuming. That's why this
Editor believes that image free robotics will finally succeed in total hip
and knee arthroplasty. Until now, the quality of the robotic procedure is
based on the quality of the navigation data and by that finally on the
experience of the surgeon with that technology. The robot is just pre-
forming the bone cuts. So, an improved knowledge of the algorithm
behind the navigation and prevention of typical navigation mistakes
(e.g. imprecise anatomical referencing) is important. The robot itself, at
least in its present form, will not improve quality. It will just make very
precise cuts, but the planning of the specific cutting plane and angle
depends still on the surgeon's experience and knowledge.
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This is leading to the following important question: What are the
potential benefits that can convince me as a surgeon to use a robot
instead of my current technology? Of course, it is a marketing tool,
however this effect will not last for long and if it is not accompanied by
further more fundamental advantages, such as improvement of clinical
outcome, reduction of process time and process costs it will not become
the new Golden Standard. Currently, this is not guaranteed because all
robots on the market are expensive and time consuming. So it is very
important to develop a next generation of robots that will really help
the surgeon to reach their goals.

Regarding process costs, the robot in its present form needs re-
flectors, Steinman pins and fixation tools. This causes extra costs. This
extra money can be compensated if other instrument trays may become
redundant. Therefore, the robot should be able to perform bone cuts
“free hand”. However, at the moment all robots available still need
conventional cutting blocks. The newer generation of robots hopefully
will be able to get rid of the cutting blocks and by that the number of
trays can be significantly reduced. Due to that development the daily
costs per case will be reduced. The investment for the robot itself is still
enormous, although the newer generations seem to get cheaper.
However, only with a number of more than 250 TKA per year or even

more, the investment for a robot is making sense. The current robots do
not help to speed up surgery. Like in navigation, extra time for pin
placement and registration of the anatomical landmarks is needed.
After a learning curve on handling of cutting block placement, a sur-
geon can save time during surgery as no opening of the intramedullary
canal of mounting of cutting jigs is required. One actual robot system
uses drill burrs, which need a lot more time for cartilage and bone re-
moval, so that saws finally will be the power tool of choice. However,
only without cutting blocks the use of a robot can be faster than a
conventional procedure. Simulations at that point described a save of
time of around 10–15 minutes. This will indirectly help to reduce
complications like infection and to reduce daily costs even further.

The most important argument for using a robot would still be an
improved precision of the surgical process and an increased clinical
outcome. Those 2 success parameters are not automatically coming
along together. This fact has also been shown for navigation is the past.
Navigation has shown to reduce the number of outliers regarding
alignment and gap balancing compared to conventional techniques.1,2,9

On a planning screen the relationship between the different cuts and the
gap widths (medial/lateral and extension/flexion) is quantitatively vi-
sualized (Fig. 1). This enables the surgeon to plan an optimized

Fig. 1. Planning screen for femoral component
placement. All parameters are visualized and
can be altered according to the individual plan.
A change in cutting will automatically affect the
gaps (right side of the screen). In that way a
balanced knee as one important goal can be
achieved. This planning is performed before any
femoral cut is made.

Fig. 2. All steps of the surgery are defined, including the instruments needed. This work flow will then be visualized on a monitor.
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alignment, implant position and balanced joint in the same approach.
Although this is demonstrating an optimized surgical process quality
until now it is still not fully proven whether this is automatically
leading to an improved quality in patient outcome. To achieve this most
important objective, a huge amount of data sets might be necessary.
Knees are showing a huge variability regarding the amount of defor-
mity, bony morphology, ligament imbalance, ligament laxity. Beside
the individuality of the knee all patients show specific factors (e.g. BMI,
activity level, …) that also influence the final outcome. Performing the
same work flow in all those variations in the same way might not be the
solution to achieve increased patient satisfaction.13–15

Only with quantitative intra-OP data on bone cuts and gap sizes and
their correlation, we will understand how good we are as a surgeon to
achieve our goals in patient treatment. By additionally analysing pre-
OP and post-OP knee scores we will finally understand in which knees
we are able to achieve our goals and which are the ones in which we
fail. This will help to answer the question whether our goals should be
the same for all knees equally or maybe different for specific subgroups.

Only with that kind of data, we will be able to answer the questions of
preferred alignment. While mechanical alignment within a 3° corridor
was defined as the goal for coronal alignment, we have nowadays the
concept of anatomical as well as that of kinematic alignment.16–18

Again, only with the help of larger data sets we will be able to under-
stand which knees are favourable for which approach. The same dis-
cussion is whether really all knees should have equal medial and lateral
gaps as well as equal extension and flexion gaps. As by nature this is not
the case in most of the knees, some surgeons argue that it should not be
the goal after TKA.19–22 Maybe there are some knees that need larger
flexion gaps than extension gaps, while some others might need lateral
gaps to be a bit larger than medial gaps. How does alignment and
stability correlate? All those questions can only be answered with the
help of huge quantitative data sets.

Learning from complex data is bringing another field of digital
technologies into the focus: machine learning and artificial intelligence.
In this future field, the data sets will be analysed taken all different
parameters into account. Based on the individual parameters the

Fig. 3. Intra-OP monitor showing the actual and the next step including the instruments that are required. On the lower part of the screen, the time planning is
shown. So a difference between planning and actual time is visualized.

Fig. 4. Analysis of surgical time before and after introduction of standardisation (SPM). It is shown that directly after implementation a positive effect can be
measured. Over time this effect is even more pronounced.
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computer will recommend an individual surgical plan for cuts and soft
tissue balancing. In this TKA 4.0 the surgeon is still deciding whether
the plan is adequate or whether another modification should be ap-
plied. However, his decision will be based more on data than on ex-
perience only.

To summarize that part of navigation, robotics and artificial in-
telligence: We have started a long journey, which will not be stopped
until the new technologies offer us benefits in all parts of surgery (time,
costs, process quality and outcome). Only with an increased, data-based
knowledge of knees and the TKA procedure itself, we will be able to
develop the next steps of digital surgery successfully. The time of magic
hands being the reason for success will be replaced by standardised and
quantitative surgery. Understanding the data will become more im-
portant and makes the difference in the future. Finally, it has to be
pointed out, that the technique is made to support us as a surgeon al-
lowing us to achieve best surgical outcome in every single case.

3. Standardised patient workflows

Another field in which digital technology can support the surgical
team is that of workflow standardisation. This technology can be ap-
plied in 2 different areas of arthroplasty: 1. In primary THA/TKA as
optimisation tool and 2. in complex revision arthroplasty as a tool for
reducing the learning curve.

3.1. Primary THA/TKA

In this area, the great advantage of this digital technology is that a
team is performing the same workflow in all of their routine cases. This
is helping to reduce a) process time, b) instrument sets, c) complications
and d) to increase employee's satisfaction.

Before a workflow can be implemented in a Hospital, it is very
important to sit together as a Team. This Team should include all senior
surgeons as well as the experienced scrub nurses and doctors from
Anaesthology. Each step from team time out until final wound closure
and draping is described in the work flow, and all instruments used for
each step are defined. At that point the surgeons need to agree on one
standard (Fig. 2).

After this individual digital standard has been defined, it can be
implemented in the OR. Each step is announced by a voice and shown
on the monitor (Fig. 3). The instruments needed for that step are also
shown. To improve interaction between the nurse and the surgeon and
within the surgeon team, the following step is also shown on the
monitor (Fig. 3). With a foot pedal, the next step of the standard is
selected. In case of an exception, for example based on a specific pa-
thology, the surgeon can leave the standard workflow, shortly describe
the reason for leaving it and later can return to it.

By using a standard workflow, mean surgical time for primary THA
or TKA can be reduced by around 10–20%, even in experienced ar-
throplasty teams23 (Fig. 4). Time reduction is automatically reducing
the potential of complications such as infection. After finishing the
work flow, the report can be stored in the patient file. This again safes
time and extra work. Additional images or videos can be attached to the
file. This makes the documentation easier, faster and more individual.

The same digital technology has been introduced for complex
Revision TKA. In this scenario not every surgical step is defined, but all
implant related steps. As a revision can be performed in a lot of dif-
ferent ways, all of them are defined and can be selected by the surgeon.
While in some cases a cemented stem is favourable, in others the stem
should be cementless, with or without offset. Or even sleeves might be
necessary to achieve good fixation. As all those different options need
different instruments and handlings and as revisions are not as fre-
quently performed as primary TKA, this concept of standard process
manager (SPM) is very appealing. Even smaller videos for example for

implant assembling can be integrated. All that helps to reduce the
learning curve of the Team, when a new revision system is introduced.
Additionally, it minimizes the potential of making mistakes.

4. Conclusion

Digital technology is part of our daily lives and will also become
more and more a part of orthopaedics. We already have collected some
experience with digital technology in the OR over the past years. The
current robots are a next step on the long way to quantitative TKA and
THA. Future developments in robotics should help to speed up surgery
and get rid of cutting blocks. By that the costs per procedure can be
reduced, however the investment for a robot will still be high.

Improving outcome and minimizing the number of outliers are the
final goals for this field of digital technology. The great chance of this
technology will be the fact that a huge number of data will be collected
case by case. With this kind of data we will be able to find out the
relevant parameters of the process; and by that we will learn to develop
a more individualised arthroplasty surgery.

As all health care systems over the world are short on money (except
a few), it is not sure whether this technologic progress will continue
everywhere in the same speed. And in huge arthroplasty centres the
introduction of modern and expensive technology will be easier than in
smaller ones. However, if the technology can finally prove an im-
provement for patient outcome, it has the potential to become the new
Golden Standard.
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