Shoulder Arthroplasty

Digital animated 3D planning for the
glenohumeral joint - now and in the future

Dr. Wolfgang Vogt,
a shoulder arthroplasty specialist at the Orthopedic Surgery Center
(Orthopädischen Fachzentrum, OFZ) in Weilheim - Garmisch - Starnberg - Penzberg
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An Interview with
The knee and hip are the two joints that are most frequently replaced by prosthetics in Germany. However, endo-

prosthetic management of the shoulder joint has also increased significantly in recent years, because of current modern
implants, a more refined understanding of the joint, improved options for surgical planning and optimized surgical

techniques that continue to improve outcomes. If specialized surgery is performed at the optimal point in time, shoulder
function and the associated quality of life can largely be restored in many patients. As a result, an average of 25,000
prosthetic shoulder joints are implanted in Germany each year.

Preoperative planning is not legally mandated for shoulder arthroplasty as it is for operations on the knee and hip joints.

In spite of this, two-dimensional digital preoperative planning for shoulder arthroplasty is widespread and well-established in Germany and throughout Europe, and is virtually considered the norm.

Dr. med. Wolfgang Vogt, an orthopedic surgeon at the Orthopedic Surgery Center (Orthopädischen Fachzentrum,
OFZ) and head of a three-person "upper limb, shoulder and elbow“ team talked to us about some of the fundamentals
of shoulder arthroplasty, the future of digital planning and why traditional planning using templates is now old-fashioned.

Shoulder arthroplasty has undergone extensive advancement in recent years. Increasingly sophisticated prosthetic models en-

able us to achieve increasingly impressive outcomes. Approximately 200,000 hip replacements and 170,000 knee replacements are performed each year, in contrast to 25,000 shoulder replacements, although the number of shoulder replacements

is increasing significantly.*

*Source: https://www.bvmed.de/de/technologien/bewegungsapparat/schulterprothese-nicht-zu-lange-warten
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The interview
mediCAD Hectec GmbH:
Dr. Vogt, despite the fact that there is no legally mandated obligation for it, two-dimensional digital planning for shoulder arthroplasty in orthopedic surgery is already widespread and well-established in Germany and throughout Europe,

and is frequently used. By contrast, digital planning for hip and knee arthroplasty has been legally mandated for a long
time. Why has this regulation not become established for the planning of shoulder arthroplasties?

Dr. med. Wolfgang Vogt:
It is inexplicable to me, because the dimensions in the
shoulder area are greatly distorted on X-ray films. It is
practically impossible to precisely depict the dimen-

sions of size and the angles due to the fact that the
images are taken while the patient is standing, the different positions of the head on X-ray images, the sub-

stantial differences in size due to the distance from the
X-ray film, and the absence of accurate depiction of the

affected bones in the required standard planes. Moreover, we currently live in an increasingly digital world,
so planning with normal one-dimensional X-ray images
is simply old-fashioned!
© mediCAD Hectec GmbH
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An Interview with
Increased precision during planning decreases the
duration of surgery
mediCAD Hectec GmbH:
Why do you plan digitally even though you don‘t have to?
Dr. med. Wolfgang Vogt:
I have been planning all of my shoulder replacement surgeries digitally for over 10 years - since 2007, to be precise - to
have reproducible and accurate plans available during surgery that I can rely on, and on which the planned size corresponds to the actual conditions. This gives me fundamental assurance during surgery and helps me to avoid errors
that frequently occur during shoulder arthroplasty, such as overstuffing due to selecting an implant that is too large.

It is considerably easier to resect the humeral head, which entails resection of
osteophytes, and to position the glenoid components. These procedures can
be performed more precisely with a better knowledge of the size ratios. In the
end, that is beneficial to the patient, because outcomes in terms of mobility
and survival time of the shoulder joint prosthesis are improved. I have also
noticed that it decreases the duration of surgery. The more precise the planning, the less time the patient spends on the operating table.
© mediCAD Hectec GmbH

Before, I initially used to plan the alignment of the prosthesis. Since the planning software packages continued to improve, and thanks to the availability of the digital prosthetic templates that also include the shoulder area, it is now
possible to plan the implant sizes exactly. This process is extremely effective and efficient, since it reduces the amount
of effort and time that was previously spent trying different prosthesis sizes during surgery.

Surgical planning approximately 10 years ago, 2D digital, using MRI/CT section image
© Dr. Wolfgang Vogt
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mediCAD Hectec GmbH:
How would you convince a colleague who was still planning using the conventional method to use digital planning
software?

Dr. med. Wolfgang Vogt:
I would go through the process of digitally animated 3D shoulder arthroplasty planning with them, including the determination of impingement-free mobility by means of ROM analysis. I would then take them with me into the operating

theater to show them how the planning simplified the surgical procedure by improving the knowledge of the anatomical
relationships. The ability to skip surgical steps (e.g. determining the size of the implant), which would be mandatory in

conventional surgery, would still lead to more accurate surgery in a shorter period of time. The reduction of surgery
duration is also beneficial for patients, e.g. as a result of lower blood loss, a lower risk of infection, or a shorter duration of anesthesia. The surgeon also operates more cost-effectively. Obviously the surgeon factors in the planning time

before the operation, although during this time, the surgeon is alone - the other surgical team members (ranging from
assistants to anesthetists) who are usually involved in the surgical procedure are not present.

© mediCAD Hectec GmbH

mediCAD Hectec GmbH:
What prerequisites do you think are necessary to ensure that digital planning is established as a legally mandated component of shoulder arthroplasty?
Dr. med. Wolfgang Vogt:
This is a difficult question; There are a lot of issues where the legislature and health insurance funds have different views

to those affected. On the one hand, mandatory specifications that must be fulfilled are stipulated, although on the other
hand, the increased effort that the specifications entail is not shown or reimbursed as part of the diagnosis-related

groups (DRG) or health insurance system. A digital planning system will involve a financial investment on the part of a

hospital department or medical practice to facilitate the planning. However, the money for this purpose comes from
“a different silo”, i.e. from the budget available for electronic data processing. Savings will have to be made elsewhere

in order to invest these funds. In my opinion, this silo mentality must come to an end, and the end result for the patients should be considered instead. Increased quality automatically improves customer satisfaction levels, which in turn

is associated with improved cost-effectiveness. This is particularly obvious if you calculate the costs of a less accurate
operation, which may result in a malpositioned prosthesis, protracted follow-up care, unfitness to work, dependency on
nursing care, or even a repeat operation.
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Better outcomes despite a shorter duration of surgery
mediCAD Hectec GmbH:
How does digital planning differ from planning with templates, and what are the advantages?
Dr. med. Wolfgang Vogt:
As I have already mentioned, our environment is becoming increasingly digital, even in the field of medicine. Copies and
X-ray films are now considered old-fashioned!

A modern orthopedic surgeon no longer uses X-ray film images. I use digital X-ray images to explain arthritic changes
to a patient. When there are substantial bone defects, I measure these directly on a digital image using the DICOM

calibration with the symbol measurement program. I then explain the changes that are caused by wear and tear, as well

as the relevant consequences, to the patients using X-rays, or cross-sectional diagnostic MRI or CT images, which are

even better. If the planning system is connected to a PACS network, the implant can then be shown immediately, and

if needed, it is possible to explain to the patient that bone augmentation of the joint socket will be required to ensure
correct joint reconstruction, for example. This earns the patient‘s trust, because they see how we tackle their pathology,

plan the operation intensively and prepare ourselves.

For approximately three years, I have submitted individual planning to my patients, and immediately after the operation,

they also receive numerous postoperative X-ray images that correspond with the planning. On these images, patients

can see that the surgery corresponds with the planned position of the prosthetic, primarily in terms of the positioning,

and in 95% of cases, also in terms of the implant size. That gives the patients an enormous sense of security. Ultimately,
every patient wants to know "how it went“ during the appointment after surgery. If the surgeon can tell them that "ev-

erything went according to plan, there were no complications, and when I tested your joint at the end of the

operation, it was stable and moved seamlessly“, and then even prove this using images and documents, then patients
are put at ease and satisfied.

© mediCAD Hectec GmbH

6

th Dr. med. Wolfgang Vogt

Another essential point of preoperative digital planning is the gradual reduction of surgery duration for the surgeon,
which is a relevant surgical metric and included when the duration of surgery is calculated.

As with every step during surgery, digital planning has a certain learning curve and becomes faster with increasing
experience. For example, it takes me between 5 and 10 minutes to do normal planning for the shoulder joint. If I
use 3D planning with a 3D joint reconstruction, including the animated 3D ROM analysis, and examine the joint from
various viewing angles, which is currently enabled by the mediCAD® Shoulder 3D software, it takes me approximately 30
minutes at present.

© mediCAD Hectec GmbH

At the moment, I find the 3D reduced joint, particularly in the case of the inverse total shoulder arthroplasty - which

makes the implant prosthesis visible and allows observation from every angle in the space - to be quite an exciting new
aspect with several potential variables. I am trying to explore them by playing around to find the optimal prosthetic po-

sition known to date, and then use new options to test and validate this, ideally taking account of the soft tissue stress

ratios due to changes in length. In the beginning, it took me an hour to perform these planning steps, but as I have just
mentioned, it now takes me 30 minutes. This shows how the learning curve allows time that is purely for planning to be
shortened as experience increases, as well as facilitating improved outcomes.
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Even "simple“ cases can be planned
mediCAD Hectec GmbH:
Do you use the software for every upcoming operation, or do you only use it for particularly difficult and complicated
cases? How do you plan "standard“ surgeries?

Dr. med. Wolfgang Vogt:
I think preoperative planning is the most normal thing in the world. Every building contractor receives a plan from an
architect before they start building a house. First they receive pre-construction plans, and then they receive more precise

working drawings. I don‘t think there is anyone alive today who would build a house without planning first. Most modern

architects even simulate 3D spatial planning by creating a virtual house tour to gain a sense of the space. That is similar
to what we do. Whether the patient is considered to be a particularly "complex case“ or whether we will perform a
rou-tine procedure is irrelevant. In my opinion, the "easiest“ cases are actually the most difficult. They have fewer

restrictions and less pain than patients with advanced arthritis with substantial bone and soft tissue defects. Improving
this type of pathology surgically and ensuring long-term satisfaction is, therefore, more difficult and requires

maximum precision. This is why I do not understand why many of my colleagues only advocate or perform planning

for complex cases. I think planning should be performed for every case. This ensures a certain routine and reliability in
the supposedly easy cases that is carried over into the more difficult cases. If I wanted to try something out in my

everyday life, I would not start with the most difficult thing!

© mediCAD Hectec GmbH
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The benefits of 3D planning
Dr. med. Wolfgang Vogt:
I try to at least perform digital 2D planning for every upcoming surgery, although ideally, I will also perform 3D planning.

However, 3D plans are based on CT images, and unfortunately, I don’t always have a suitable CT image available with the
appropriate thin-film resolution and dimensions (the entire shoulder blade and epicondyles), since many patients only

come with an MRI image, and the majority of these images do not depict the endpoints of the affected bones that are

actually required - the image that is available is simply assumed to be sufficient. Approximate digital 2D planning can be
performed using an MRI image, although the information that can be obtained is limited compared to 3D planning with
reproducible reference planes at the level of the shoulder blade and along the humeral axes.

This is why I am working with local radiologists to create a mediCAD® CT protocol and explain the benefits of 3D planning when humeral retrotorsion is established by capturing the epicondylar axes. As always, the issue is remuneration.
The CT scans required will take radiologists more time to produce, and they are not paid for this time, so performing CT
scans that require more effort relies on their goodwill.

As you will recall, I already mentioned "silo mentality“. An investment in planning software would entail an
additional cost for medical practices or hospital departments (electronic data processing budget). This investment

may enable other costs to be reduced (the cost of surgery). However, radiologists do not benefit from a shorter
surgery duration.

© mediCAD Hectec GmbH

Additional costs to the patient cannot be offset by the clinic or the surgeon. According to the law, all of the costs for

an arthroplasty are dictated by the DRG system and involve a flat fee. The cost of preoperative planning for surgery
is not included as an independent item in the calculation. Even private health insurance funds frequently refuse to
recognize the completely outdated service rating 3321 in the physician‘s scale of fees (analog 3D total shoulder arthro-

plasty planning, value at a 3.5-fold increase 20.38 EUR, for approximately 30 minutes of planning time by a specialized
and experienced surgeon) for creating a construction plan for a major orthopedic aid. Meanwhile, the patient expects

their surgeon to provide an optimal diagnosis, explanatory discussion and depiction of the current state, as well as
planning for the upcoming operation. However, I believe that optimal preoperative planning based on the latest
technology is a quality standard and should be legally mandated.
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An Interview with
mediCAD Hectec GmbH:
You already use the mediCAD® Shoulder 3D software module from mediCAD Hectec GmbH for your work. The software
is brand new and has just been launched. How long have you been using the new module? Why did you choose to use
animated 3D planning software with ROM movement analysis? Wouldn’t 2D planning be sufficient? Why did you choose
mediCAD®?

Dr. med. Wolfgang Vogt:
I have been using mediCAD® Shoulder 3D since March 2019. I have performed 2D planning for over 10 years, which was
previously considered innovative.

Similar to every other joint in the body, the shoulder joint consists of a pair of joint surfaces that move against each other
and are connected by soft tissues. It is only possible to guarantee that the patient will have proper and satisfactory longterm function after surgery using certain prosthetic joint sizes and positions. Given that it is currently possible to use
the animated mediCAD® 3D joint planning with ROM analysis preoperatively to select the optimal prosthesis size and
alignment - and even include the technical freedom of movement afforded by the bones and the implant - I obviously

want to simulate and test this in advance at my leisure without incurring surgical risk. This way, I can go into the operation feeling relaxed and with a clear idea in my head, as well as a clear conscience in terms of what I am offering the
patient.

© mediCAD Hectec GmbH
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Decreased frequency of revision due to more accurate
planning
mediCAD Hectec GmbH:
Arthroplasty is always associated with revisions. In your opinion, what are the benefits of using digital planning software
in terms of revisions?

Dr. med. Wolfgang Vogt:
Based on my experience, shoulder arthroplasty failure and the required revision operations can be divided into two main

categories: First we have the so-called "early failures” that occur approximately two years after the primary surgery. Examples include rotator cuff tears due to overstuffing, instability, stiffness, persistent pain, restricted range of movement
and reduced load-bearing capacity, which are predominantly caused by erroneous primary implantation (size selection

and orientation of the glenoid or humeral components). The second category are known as the "late failures“, which
occur approximately 10 to 20 years after the primary surgery due to continued wear and tear of the joint, PE disorders
or cases of trauma, such as periprosthetic fractures, all of which require revision.

In my opinion, more accurate surgical planning, particularly with the animated ROM 3D planning for the shoulder region

that can still be manipulated as an image on a screen, leads to more precise primary implantation with a significantly
better average outcome and presumably also reduces the frequency of revision.

However, in the case of the aforementioned "early failures“, the complexity of the revision surgery after poor implantation during a previous shoulder arthroplasty often has an unclear outcome. Despite digital planning, the ability to

achieve better outcomes in the future is limited. Revision operations are more challenging than initial operations and
are often avoided. From the surgeon‘s perspective, this is particularly due to the complexity and the unknown outcome.

Although from the patient‘s perspective, it is due to the anticipation of a long period of pain, another operation and

further rehabilitation. However, detailed preoperative planning is extremely helpful and unequivocally recommended for
revision surgeries after 10 to 20 years.

The mediCAD® implant database
In my opinion, mediCAD® is the most modern commercially available planning software. There are very few other companies (e.g. Materialise, Medacta, Blue Print, etc.) who offer combined planning for the humerus-, and, therefore, for
the entire joint. mediCAD® even makes this possible based on the individual preferences of the surgeon with regard to
movement specifications. Some other packages offer standardized movement patterns for functional analysis, but
without ROM movement analysis. In addition, when compared to the competitors, mediCAD® is independent of the
prosthetic manufacturer. This allows prosthetic planning to include a comparison of different products and implant
manufacturers. Without a doubt, mediCAD® has the largest, most comprehensive and best maintained implant database available, and this database continues to grow and is regularly updated. All implant manufacturers have the option
to provide their implant data for inclusion into the database.
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Automatic bone segmentation
Another advantage of mediCAD® Shoulder 3D is that the surgeons themselves (rather than an engineer employed by

the implant manufacturer) can use the software to perform segmentation of the CT dataset, based on their medical experience and interpretation of the CT images. It is also possible to create a 3D model, and plan the glenoid and humerus

individually one after the other. Planning for the entire joint after repositioning it with implanted components is also a
feature that will be of great benefit to physicians. Obviously, the 3D ROM analysis of the reduced joint with an in situ
prosthesis is also beneficial.

© mediCAD Hectec GmbH
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Desired future functionality
mediCAD Hectec GmbH:
Is there any functionality that you feel is still missing from the software that is necessary for optimal planning?
Dr. med. Wolfgang Vogt:
At the moment, one of the drawbacks of mediCAD® Shoulder 3D is the fact that there are no PSI templates, which would
enable the implementation of precise preoperative planning intraoperatively. Various studies have shown that the use

of joint planning software and the resulting patient-specific guides/instruments may increase implantation accuracy to
within 5° and 2 mm. From my own experience with postoperative CT scans to check positioning, the deviation when

planning is used alone, i.e. without the additional use of a guide, is twice as large as when planning and a PSI guide are
used together. However, I know that mediCAD Hectec GmbH is already working on a solution for this and I am hopeful
that PSI functionality will also be available in mediCAD® soon.

Another tool that I would like to see as a user would be standardized ROM analysis movement for the glenohumeral

joint derived from the typical movements during everyday life (clasping the hands behind the waist, clasping the hands
behind the neck, grasping the opposite shoulder) that can be executed individually one after the other, starting from
the neutral null position. This would help to determine the required extent of movement of the glenohumeral joint and

help us to recognize conflict areas (notching, subacromial impingement), and would allow visualization of the coupled
“parasitic” movements in the scapulothoracic joint that also contributes to shoulder function.

© mediCAD Hectec GmbH
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mediCAD Hectec GmbH:
You are currently working on a book article for orthopedic surgeons who specialize in shoulder surgery and perform

digital preoperative planning for the shoulder. You have also highlighted why two-dimensional planning is not sufficient
for orthopedic surgery on the shoulder. Could you give us a brief summary of what led you to this conclusion? Why do
you believe that 3D planning is mandatory for the shoulder?
Dr. med. Wolfgang Vogt:
The correct implant position has a significant impact on postoperative functional outcomes, including instability, wear
and tear, and secondary issues with the soft tissues, such as rotator cuff lesions, and ranging right up to prosthetic failure

with loosening of the prosthesis. For this reason, preoperative prosthetic planning is imperative. Pure two-dimensional

planning using a conventional X-ray image is simply not adequate for the shoulder joint. Three-dimensional planning
using CT data with standardized reference planes as a starting point for reproducible planning offers a good option for

exact positioning including preoperative dynamic simulation of the movements that are relevant and required in everyday life. The drawback of this bone-based planning is the fact that the soft tissue elements (deltoid tension, contractors)

are not considered, but the surgeon has to evaluate these intraoperatively, and the hardware planning may need to be

adapted to the soft tissue conditions. However, this demands an experienced surgeon. In order to carry out the preoperative hardware planning, some prosthesis manufacturers already supply a number of patient-specific instruments
that are primarily for the glenoid, but there are also a number of options available for the humerus. I am convinced that

future clinical and imaging studies - which are undoubtedly required to test these modern planning methods and the
resulting surgical techniques - will prove the overall economic benefits of this, and particularly the benefits for the
patient.

mediCAD Hectec GmbH:
Dr. Vogt, thank you very much for your support.
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Approximately 750 shoulder operations are performed at the OFZ Weil-

heim - Garmisch - Starnberg - Penzberg each year, and approximately
100 of these are arthroplasty surgeries. The Orthopedic Surgery Center

is a cross-regional joint orthopedic practice with four locations, five cooperating hospital departments, and its own outpatient surgery center,
as well as a total of 13 surgeons in orthopedics, orthopedic trauma and
other surgical fields. The OFZ team for the “upper limb, shoulder and

elbow” is made up of three specialized surgeons who focus on each of
these areas:

Dr. Wolfgang Vogt, Dr Johann Wasmaier and Assistant Professor Dr.
Stefan Buchmann.

Dr. med. Wolfgang Vogt

Orthopedic surgeon for the “upper limb, shoulder and elbow“ team at the OFZ in Garmisch

mediCAD Hectec GmbH

mediCAD Hectec GmbH has been developing software solutions for orthopedic surgeons since 1994. Our objective is to

facilitate efficient and safe digital planning of joint operations in hospital departments, as well as in clinics, in all respects.

As a world leader in this regard, mediCAD Hectec GmbH released a software program in 1999 that allowed complete
professional preoperative planning of joint arthroplasty in a digital environment with the minimum of data entry and

clicks. The mediCAD® solution represents an innovative milestone in the support of orthopedic surgery around the
world. Automated archiving of all required information and continuous insight into all findings, surgical preparation

and follow-up care makes mediCAD® the ideal choice for optimal, professional surgery that is planned in advance and
ensures minimal revision, and even ensures appropriate follow-up care.

As a result of close cooperation with leading medical technology companies, as well as the successful use of mediCAD®

in over 3,500 hospitals and clinics, mediCAD Hectec GmbH - with its 50 employees - is considered one of the global
players in medical software solutions.
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