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Extended Reality

– history, facts, trends and areas of application –
The term Extended Reality (XR) is used to describe any combination and fusion of real and virtual  
environments as well as human-machine interactions. Extended Reality is the representative  
umbrella term for Augmented Reality (AR), Virtual Reality (VR) and Mixed Reality (MR). It offers 
users the experience of visually, acoustically and haptically entering other places and worlds. This 
is made possible by innovative computer technology and the use of specific wearables.  

Did you know that the origin of Extended Reality goes back to the 1st9 century? As early as 1838, 
Sir Charles Wheatstone outlined the basis of stereopsis, on the basis of which the first stereos-
copes were developed. With the help of these devices, pairs of images could be converted into 3D 
images that gave the viewer an illusion of depth. To this day, stereoscopic displays are used in VR 
systems to add depth to digital images and allow the user to be immersed in the situation. 

In the 1950s-70s, VR and AR technologies could be seen in practical use for the first time. Morton 
Heilig Sensorama developed the first VR machine. This made it possible to display a colour video 
in three dimensions using stereoscopic technology and at the same time to immerse viewers in 
the depth of the film using smells and movement. In 1961, Philco produced the first VR headsight 
headset with integrated motion tracking technology for military use. The MIT was the first to 1978  
that created a computer-generated tour based on photos taken during a drive through the city. 
With the help of the „Aspen Movie Map“, it was possible for users to experience going to another 
place through VR for the first time. 

In the 80s and 90s, the technology was further optimised. The first VR glasses and gloves were 
sold on the market by VPL Research Inc. and the first VR arcade machines like the SEGA VR-1 
motion simulator. But extended reality didn‘t make its real breakthrough until 2010, when the  
prototype Oculus Rift VR headset was created, offering users a 90-degree field of view. In 2014, 
Sony and Samsung announced they were developing their own VR headsets. Google also intro-
duced its first Cardboard device as well as the Google Glass AR glasses, which were, however, 
only sceptically received by consumers. The introduction of Microsoft‘s HoloLens headset in 2016, 
which gave users an interactive experience through AR, was a game changer in terms of extended 
reality. Today, the use of extended reality solutions is spreading to a variety of industries, including 
medicine and healthcare.

The digitalisation of society and the economy is revolutionising medicine in its individual fields. 
The use of extended reality solutions is becoming increasingly important, especially in surgical  
medicine. Among other things, the technology is used in surgery simulation and operation  
planning. It is also used for preoperative surgical training and for intraoperative navigation  
through patient-specific 3D reconstruction and preoperative sectional imaging. Extended  
Reality is also increasingly gaining demand in clinical aftercare and rehabilitation due to promising  
treatment approaches. 

Extended reality -
VR, AR & MR in medical technology 
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Extended Reality can be divided into the following technological categories and 
areas of application:

Extended reality -
VR, AR & MR in medical technology 

The market for AR, VR & MR applications currently generates a global turnover of 30.7 billion USD (as 
of 2021). By 2024, a market volume of USD 296.9 billion is already forecast. Focusing exclusively on 
the healthcare sector, forecasts for the global market are around USD 11.4 billion by 2025, according  
to BIS Research. Compared to the turnover of 2.54 billion generated worldwide in 2020, this  
corresponds to growth of around 503%. These are mainly tools that support medical professionals in surgical  
simulation, training and routine patient care.  

CATEGORY DESCRIPTION FUNCTION 

Virtual  
Reality (VR) 

Representation of a completely simulated digital  
environment that has no points of contact with the 
real world. By means of a VR headset, the user‘s brain 
is deceived, enabling him or her to explore the virtual 
environment in a 360-degree view.

• Operating theatre  
    training &  
    simulation
• OP planning
• Treatment of  
   phobias 

Augmented 
Reality (AR)

Superimposition of real objects with detailed digital  
information. This state is achieved with the help of  
special AR glasses, displays or smartphones. In contrast 
to virtual reality, the user is not isolated from the real en-
vironment, but is able to perceive and interact with the 
real world.  

• Rehabilitation 
• Visualisation &  
   navigation during  
   operations
• Laboratory work 

Mixed  
Reality  
(MR)

Immersive technology allows real and digital environ-
ments to coexist and interact together. This requires an 
MR headset and significantly more computing power 
than the other two types of technology. MR enables, for 
example, to place digital objects virtually in the existing 
space, and further to rotate and interact with them. 

• Medical training 
• Intraoperative  
   visualisation  
   through  
   holograms 
• OP planning 
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Current main trends in the health sector are: 

1) Extended Reality for surgical operation simulation, anatomical  

visualisation and clinical training 

Extended reality tools are increasingly being used in medical student education. By using VR  
headsets, students and surgeons can gain a deeper understanding of the anatomy and functioning 
of the human body. Simulating specific surgeries can also train precision and execution without  
endangering patients or requiring medical cadavers. With the help of VR technology, surgical  
treatment concepts are presented in an intuitively understandable way. The three-dimensional  
experience is based on complex 2D representations from imaging MRI or CT procedures. 

2) Extended Reality in behavioural and pain therapy 

VR applications can not only support processes, but can also be used for medical treatments. In  
cognitive behavioural therapy, extended reality solutions are used primarily in the therapy of  
autism, phobias and addictive disorders. The treatment is carried out by immersing patients in virtual  
stressful situations and exposing them to fear-inducing stimuli while allowing them to process them 
in a safe, real and non-threatening environment. Fears and disturbed behaviour patterns can be  
specifically addressed while the patient learns to control their own emotions and reactions in the acute  
situation and to cope with the challenge. The treatment is a gradual process in which the user is slowly 
introduced to their own fears and behavioural disturbances and the therapy is adapted according to 
individual progress. 

3)  Extended Reality in the operating theatre 

During surgical interventions, extended reality technologies can support in various ways. 

On the one hand, AR technology supports the surgical procedure as a visualisation and navigation 
aid. By means of optimised visualisation, surgeons receive real-time information about what they see 
and can even share the views and information with specialists or students for training purposes, if  
necessary. The data is transmitted either via a tablet, a projector or directly via data glasses. Optical 
tracking systems allow the surgeon to receive information about the patient and live images of the 
body via monitors, optimising the surgical procedure to achieve the best possible results. 

On the other hand, surgeons can be supported by the use of holograms in the operating theatre. 
In this way, surgeons can prepare themselves specifically for the operations. In addition, holograms  
serve to provide a more vivid and better understanding when informing the patient about the  
upcoming operation. The 3D models of organs, blood vessels or tumorous tissue created in advance 
enable precise planning of the procedure during the operation and help surgeons to precisely assess 
and localise the anatomical conditions. With the help of mixed reality, the surgeons can have the  
patient images from MRI and CT scans displayed holographically on the data glasses and thus  
recognise which tissue is affected. 

Extended reality -
VR, AR & MR in medical technology 
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Gamechanger

COMPANY FIELD OF APPLICATION WEBSITE 

Medivis • AR surgical system https://www.medivis.com/

Proprio Vision Inc. • Surgical navigation & visualisation https://www.propriovision.com/

apoQlar GmbH • Holomedicine https://apoqlar.com/

EchoPixel Inc • Holomedicine https://echopixeltech.com/

SentiAR • Holomedicine https://sentiar.com/

SyncThink • Medical software platform https://syncthink.com/

Holomed / UID Labs • Medical training platform https://uidlabs.de/projekt/augmen-
ted-reality-im-op/

Fundamental VR • Medical training platform https://fundamentalsurgery.com/de/

Osso VR Inc • Medical training platform https://www.ossovr.com/

Immersive Touch Inc • Medical training platform https://www.immersivetouch.com/

Surgical Theater Inc • Medical training platform https://surgicaltheater.com/

Touch Surgery Labs • Medical training platform https://www.touchsurgery.com/

Augemedics Ltd • Medical training platform https://augmedics.com/

Surgical Science Sweden AB • Medical training platform https://surgicalscience.com/

Health Scholars • Medical training https://healthscholars.com/

VirtaMed AG • Medical training & simulation https://www.virtamed.com/de/

Vireed UG • Medical training & simulation https://www.vireed.de/

Vantari VR • Medical training & simulation https://www.vantarivr.com.au/

PrecisionOS Technology Inc • Preoperative planning https://www.precisionostech.com/de/

Medical Augmented Intelligence • Preoperative planning & med. training https://www.mai.ai/

Brainlab AG • Preoperative planning & med. training https://www.brainlab.com/de/

CAT Production GmbH • Preoperative planning & med. training https://www.cat-medic.de/

ReHub Gmbh • Rehabilitation https://rehago.eu/

CUREosity GmbH • Rehabilitation https://www.cureosity.de/cureo

InMotion VR • Rehabilitation https://inmotionvr.com/

Rewellio GmbH • Rehabilitation https://www.rewellio.com/

Penumbra Inc • Rehabilitation https://www.realsystem.com/

KineQuantum SAS • Rehabilitation https://www.kinequantum.com/

VR Coach GmbH • Rehabilitation & psychology https://www.vr-coach.at/

Vtplus GmbH • Rehabilitation & behavioural therapy https://www.vtplus.eu/

HypnoVR • Pain therapy https://hypnovr.io/de/

Karuna Labs Inc • Pain therapy https://karunalabs.com/

Applied VR • Pain therapy https://appliedvr.io/

Reducept • Pain therapy https://www.reducept.com/

Limbix • Stress Management  https://www.limbix.com/

Oxford VR • Behavioural & pain therapy https://ovrhealth.com/

Psious • Behavioural & pain therapy https://psious.com/

Extended reality -
VR, AR & MR in medical technology 

The rapid development and rapid technological progress in the field of Extended Reality (VR/AR/MR) 
requires dynamic adaptations to the requirements and needs of the market. Below you will find a list 
of national and international companies that have established themselves in the field of extended 
reality in medical technology and/or are continuously advancing innovative research approaches.
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In the following, we would like to introduce you to some of the companies on the list. The selected  
companies are international big players in medical technology and each specialises in different  
medical fields. Years of experience, extensive expertise, visionary innovative thinking as well as the  
willingness to take risks and the desire to sustainably and continuously improve the healthcare  
system are what drive these companies: 

apoQlar GmbH

Founding year: 1668

Location: Hamburg, Germany 

CEO: Sirko Pelzl 

Number of employees (worldwide): ≈ 50

Medical speciality: Mixed Reality / Holomedicine 

Product: VSI HoloMedicine   

Osso VR Inc. 

Founding year: 2016

Location: San Francisco, USA (CA)  

CEO: Justin Barad

Number of employees (worldwide): ≈ 200

Medical speciality: Virtual Reality 

Product: medical VR training platform

PrecisionOS Technology Inc 

Founding year: 2017

Location: Vancouver, Canada

CEO: Danny P. Goel 

Number of employees (worldwide): < 50

Medical speciality: Virtual Reality / medical training & preoperative planning

Product:  InVisionOS (software platform)

Extended reality -
VR, AR & MR in medical technology 
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CUREosity GmbH

Founding year: 2018

Location: Düsseldorf, Germany 

CEO: Thomas Saur 

Number of employees (worldwide): ≈ 50

Medical speciality: Virtual Reality / rehabilitation

Product: Cureo 

Karuna Labs Inc

Founding year: 2016

Location: San Francisco, USA (CA) 

CEO: Lincoln Nguyen 

Number of employees (worldwide): < 50

Medical speciality: Virtual Reality / pain therapy 

Product: Karuna Labs Virtual Embodiment Training

Hypno VR 

Founding year: 2016

Location: Strasbourg, France 

CEO: Nicolas Schaettel

Number of employees (worldwide): < 50

Medical speciality: Virtual Reality / behaviour & pain therapy  

Product: HypnoVR

Medivis

Founding year: 2016

Location: Brooklyn, USA (NY) 

CEO: Osamah Choudhry

Number of employees (worldwide): < 50

Medical speciality: Augmented Reality / surgical system

Product: SurgicalAR 

Extended reality -
VR, AR & MR in medical technology 
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Interview 
With the intention of gaining deeper and more personal insights into what is happening in the 
industry, we have made it our mission to engage with industry experts to get their perspective 
and thoughts on key medical technology innovations and to explore the background background. 
This time we had the opportunity to talk to Mr. Johannes P.G. Atze from CAT PRODUCTION GmbH. 
Learn more on the following pages about 3D-Animation and XR solutions, future prospects and 
challenges of the industry.

Name: Johannes P.G. Atze  
Company: CAT PRODUCTION GmbH / CAT MEDIC 
Fachgebiet: 3D Animation solutions  
Position: Executive Director  
In the company since: 1996

What is your vision for your company?

We have been part of the animation business for decades and have had one overriding goal from 
the beginning, namely to translate things that are difficult to explain into an easy-to-understand 
visual language that cannot be reasonably explained with words. A few years ago, we saw a strong 
need for action in medicine and the entire health sector, and since then we have been focusing 
our knowledge on this industry. Nowadays, patients want to be better educated, but are often not  
sufficiently picked up by doctors or do not understand medical terminology. Animation can provide 
doctors with great new ways of medical education, allowing them to visually and vividly explain 
the problems, needs and concerns of patients or relatives with less medical vocabulary. This vision 
has been our drive and aspiration for over 10 years to optimise doctor-patient communication and 
promote health literacy. 

What motivated you to develop VR solutions for medical applications and from which 
original industries were your approaches adapted? 

At the beginning, we did many projects in the field of technology, science and architecture, while 
medical projects initially only made up a small part. After we had recognised the need for action in 
medicine, it was possible for us to transfer the technology and knowledge of 3D visualisations and 
animations 1:1 to medicine. The challenge was initially to develop an exact 3D anatomy. In the first 
few years, we carried out many projects with Springer Medizin on the basis of an exclusive contract 
and thus established ourselves in the industry. In the meantime, we are concentrating exclusively 
on medicine, which offers diverse possibilities and still a lot of untapped potential. Among other 
things, we are involved in the „Befunddolmetscher“ and „Washabich.de“ with our image material.  
The „Befunddolmetscher“ is a portal where patients can send in their medical reports. The medical  
reports are then translated into a comprehensible language and illustrated for a better understan-
ding of the content.

Extended reality -
VR, AR & MR in medical technology 



Health Wearables

arcoro.de 10

In addition to education, however, extended reality solutions also offer exciting possibilities in  
medical education. As soon as a medical technology company develops a new system, users 
are often dependent on a theoretical booklet and left to their own devices. For example, when it  
comes to a new method of inserting something into the human body, XR solutions can help show 
doctors the procedure in an anatomically correct way and also point out problems with adjacent  
vessels, nerves or organs. This methodology is clearly more memorable than traditional text  
descriptions and sketches. 

Where do you see your USP in the context of 3D animations and XR applications?

First of all, it has to be said that we are not the ones programming the VR solution. Our task 
is to prepare the anatomy for the corresponding applications in such a way that it is displayed 
correctly in context and functions biomechanically accurately. Extended Reality is now a broad 
umbrella term that ranges from 360° applications and thus pre-calculated scenarios to real-time 
applications that change based on the user‘s actions. For the 360° applications, we don‘t need any  
support, because we have excellent software that works like authoring systems for that. However,  
if an application needs specific programming, we work with partners or then they call us in for 
your project and the 3D anatomy you need. We are the absolute specialists in the field of 3D  
anatomy and there are only a few companies apart from us that have delved so far into the  
anatomical and biomechanical aspects of medicine that they can represent everything exactly. 

Which institutions are you working with on the HIPS project and how did the idea for 
the virtual milling process come about? 

The idea for the hip implant cup-milling simulator (HIPS) originated at Chemnitz University of 
Technology, which maintains close ties with Leipzig University Hospital. As a rule, operations are 
trained directly on living humans, which is not without increased risk for the patient. Even though 
the milling process for hip operations does not take long, it can lead to considerable consequen-
ces if performed incorrectly. According to statistics, a doctor needs about 100 operations to be able 
to perform them safely and routinely, but very few junior doctors can prove this number before 
they perform operations on their own. 

There are already several surgical simulators, but the real challenge is to get haptic feedback. In 
our case, the surgeon holds the bone cutter, which is connected to a robotic arm. The robot‘s initial 
task is to simulate the weight of the cutter and follow the surgeon‘s movements. Thanks to the 
programming, the robot knows when the milling head has reached the body and immediately 
increases the resistance that the surgeon would also feel during a real operation. The robot‘s task 
is to convert the data it continuously receives into real time and return it as a force to the user who 
is in the virtual operation. 

In our project, we are working with a Kuka lightweight robot because it is able to reproduce the 
necessary force that has to be applied in a real milling process. Our project partners are the TU 
Chemnitz as specialists in robot programming, the University of Bremen, which is responsible 
for analysing the material properties, and FAKT Software GmbH as a software specialist. They are 
responsible for bringing together all the components: the virtual 3D world and the 3D anatomy, 
the control of the robot or the tapping of the robot values and the conversion of this data into a 
real-time representation. The French company Haption, which also develops lightweight robots, 
and Use GmbH, which supports the project in terms of user experience and user research, are also 

Extended reality -
VR, AR & MR in medical technology 
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involved. The aim of the first round of the research project was to obtain real haptic feedback while 
the user is in a virtual operating environment. We have already succeeded in this and are now in 
the second round of research. 

In your opinion, what potential does XR have for medical care as a whole? 

In my opinion, there are three major areas: Prevention, education and awareness, with the latter 
posing the greatest challenges in implementation. In the area of prevention, I see XR applications  
mainly in the context of company health management or at health fairs. In this way, various  
medical topics can be vividly presented. One project we have done in this area with Kern, the  
competence centre for nutrition, is the „miracle pill exercise“. Here you can take a virtual journey  
through the body and receive information on the individual organs about why it is important to  
exercise regularly and take preventive measures. This form of communication, in which the user 
can actively control and experience what is seen, promises an internalisation rate of around 70  
percent, while only 10 to 15 per cent of users absorb information in text form. A lot could be achieved  
in prevention by means of VR, but companies and health insurance companies would have to call 
for it more actively. 

XR applications can also make a lot possible in medical education and training. In addition to 
training new surgical techniques or system applications, virtual seminars can also be held. We 
are already rolling out a first project with the LMU Munich, in which all seminar participants  
receive VR glasses and an invitation from the chair and then meet in a virtual teaching room. 
Our project is about patient case studies that can be discussed together and processed  
in 3D views and repeated as often as desired. The system works excellently and is excellently  
accepted by the students, although it is still in the proof-of-concept phase. In medicine in par-
ticular, VR or AR applications also offer a great virtual alternative to pathological dissection  
courses and help to make teaching more independent in terms of time and location. 

How long do you think it will take for XR applications to become really widespread in 
medicine?

I think that this will happen step by step. We are currently in the process of developing an inter- 
active surgical education (2D), which could also be transformed into the 3D world. Patients would 
be able to prepare better for surgery and know better what to do after surgery to get back to full fun-
ction as soon as possible.It has been proven that good surgery preparation leads to faster recovery.  
Being able to visually demonstrate what happens when you do or don‘t do different things would 
be useful not only for patients, but also for insurers and employers. Insurers could save treatment 
costs through shorter treatment times and fewer treatment cancellations. In addition, if patients 
are still in the regular work process, employers also benefit from a faster recovery. 

The question is once again who should pay for it. In the end, hospitals are only interested in their 
reputation, quick discharge and proper billing. For this, new billing codes would first have to be 
provided by the health insurance funds. Health insurance companies could finance VR therapies, 
because in the end it is they who can save money. Employers and employers‘ liability insurance  
associations could also include VR therapies in their company health management with the  
corresponding financial resources. So there would be different approaches, but all actors would 
have to get together and develop a strategy. 

Extended reality -
VR, AR & MR in medical technology 
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How do you see the future and the challenges of this technology that we can expect 
in the next 5-10 years? 

I see the biggest hurdles in the cost coverage, the acceptance of the applications and in the  
current architecture of the glasses. The Google Glasses, which were taken off the market, repre-
sented a good basis for this, because it was possible to display the desired content directly in 
the glasses. Many people shy away from VR because they are vulnerable in the real world when 
they are isolated by the glasses and the VR world. Currently Apple is working on a new operating  
system, the Reality OS, which will again be based on normal glasses. In my eyes, this will move the 
whole XR scene forward. A „normal“ pair of glasses with integrated speakers and microphones in 
the temples and in whose lenses content can be projected without any problems and, at best, 
it is possible to switch between full view and AR view. In this way, more people would certainly  
integrate it into their everyday lives and the systems could establish themselves more quickly in 
the individual industries. 

What is the craziest use case you can imagine in the field of Medical Extended Reality 
in the future (in the next 10 years)?

We are still pretty much at the beginning with XR in medicine. I see a crazy use case in the context 
of capsule colonoscopy. Here, you swallow a capsule in which two cameras are integrated and with 
the help of which you can record the gastrointestinal track. The images are sent to an external 
storage device. The next step in this process could be that you no longer have to go to the doctor, 
but buy a complete set and you can then follow the path through the body virtually in real time 
via your own glasses. Artificial intelligence is now so advanced that it can exceed the hit rate of  
diagnoses made by doctors by up to 20 percent. So when the capsule camera takes the images 
and AI evaluates them, this message can be forwarded to the patient and, if necessary, to a doctor.  
In this way, diagnostics can possibly be outsourced more and more to the patient. If the  
applications also become cheaper over time, many examinations that are associated with a certain  
reluctance, such as gastrointestinal endoscopies, can also be used more regularly and conveni-
ently.

Extended reality -
VR, AR & MR in medical technology 
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Deep Dive 
Extended Reality solutions and innovations in medical technology in general are driven by tech-
nological advances. A dynamic market that determines people‘s health and lives requires conti-
nuous optimisations and making the impossible possible! In our „Deep Dive“ category, we dedi-
cate ourselves to successful and innovative key technologies that are in the context of HealthCare 
Wearables. We offer you insights into the core of smart wearables, explain how they work and refer 
to companies that use the technology. Are you familiar with the key technologies of extended re-
ality applications? Compact and aggregated. Learn more now and stay up-to-date.  

1. Holomedicine

The term holomedicine stands for the fusion of hologram and  
medicine. The innovative approach extends reality with additional 
holograms that are based on real medical data and can map and 
move them in space as a three-dimensional model.  This approach  
promises the medical technology industry new breakthroughs 
and a wide range of application fields. Currently, holomedicine is  
primarily used as a simulator in surgical training, but the first  
operations on living humans have already been performed using 
mixed reality technology. 

But how can this work? The holomedical application requires  
software and mixed reality glasses to make a three-dimensional 
model visible in space. 

The user is shown their real environment through the AR glasses  
and also the 3D scan based on information from a computed  
tomography (CT) or magnetic resonance imaging (MRI) scan. This 
3D scan is projected onto the glasses display, giving the user free 
access to a comprehensive, spatial understanding of the scan 
and more structural details. In addition, the three-dimensional  
anatomical image can be placed anywhere in space and streamed 
live so that it can be used simultaneously by other doctors or for 
lecture purposes. 

VSI HoloMedicine by apoQlar offers a mixed reality telemedicine  
network as well as a platform for patient education and a  
collaboration platform within a care centre. The platform solutions  
can be easily integrated into everyday clinical workflows. The  
interoperable communication system also ensures secure data  
storage and transmission as well as 3D DICOM and STL display.

Three-dimensional visualisation with automatic image enhancement allows diagnostics to be  
optimised and operations to be performed more precisely. Surgeons receive exact information 
about physiological and anatomical structures, which means that the individual characteristics of 
each patient can be better taken into account. 

 
INNOVATIVE  
APPROACH

• company:  
apoQlar GmbH &  
Microsoft Corp.  

• technological basis:  
AR glasses + software 

• Product:  
VSI HoloMedicine with   
MS HoloLens  

•   Field of application:   
simulations &  
surgical operations  
& medical lectures /  
training   

•   Places of operation:  
Practices and care 
centres in the fields of 
radiology, orthopaedics, 
cardiology, surgery, ENT 
medicine and dental 
practices 

•  Website:  
https://apoqlar.com/

Extended reality -
VR, AR & MR in medical technology 
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2. Intraoperative 3D Augmented Reality Imaging and Navigation Technology    

The use of a new technology based on a minimally invasive  
approach through intraoperative imaging and navigation now  
makes it possible to increase clinical accuracy, reduce postoperative 
pain and decrease injury to adjacent soft tissues. 

The technology behind ClarifEye Augmented Reality Surgical  
Navigation is an innovative pioneer in the industry. It represents the 
world‘s first solution for advancing minimally invasive spine therapy 
procedures in a hybrid operating room. 

The procedure is a combination of detailed two- and three- 
dimensional visualisations that, when combined with 3D augmented  
reality, provide the operating surgeon with live visual feedback to  
optimise the procedure and the placement of pedicle screws. 

The system consists of an operating table, a motorised flat detec-
tor with four high-resolution cameras integrated into a C-arm. The  
cameras are used for augmented reality navigation and are able to 
automatically and non-invasively detect patient markers. Further-
more, the C-arm allows 3D conebeam CT scans for planning and 
confirming the exact position of the pedicle screws. The vertebrae 
and the corresponding pedicles are automatically segmented on 
the planning scan. The surgeon then only needs to determine the  
optimal screw path through the vertebra and screw dimensions. The 
intraoperative CT and the planned screw placement paths are added  
to the video images of the surgical field. The screws are then  
navigated to the desired location by displaying them on a medical 
monitor. 

The solution is fully integrated with Philips‘ image-guided therapy  
platform Azurion, enabling an efficient workflow with intra- 
procedural navigation and control for accurate screw placement. 
This reduces the need for post-operative CT or X-ray imaging.

 
INNOVATIVE APPROACH

• Company:  
Koninklijke Philips N.V.  

• Product:  
ClarifEye  

• Areas of application:  
minimally invasive  
spine-therapy  
procedures 

• Advantages: 
Imaging & navigation 
in one  
 
High-quality intra- 
surgical cone-beam CT 
imaging at low  
radiation dose 
 
Improved workflow 
through non-invasive 
patient tracking 
 
Live AR needle guidan-
ce for higher precision

•   Website 
https://www.philips.de/
healthcare 

Extended reality -
VR, AR & MR in medical technology 
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3. Virtual Reality Technology in Rehabilitation   

Smart and compact - virtual reality therapy systems consist of a 
combination of hardware and software. The hardware components 
are special VR goggles, a controller for performing the exercises and 
a control tablet that the therapist can use to regulate the intensity 
and duration and to track the situation. 

Virtual reality expands the real life world with a virtual environment 
and content with the help of VR glasses. The technology enables 
therapy to be carried out without the need for a contract. The user is 
shown computer-generated images on a display in front of the eyes 
via the head-mounted display. Through the complex interaction  
of visual, tactile and acoustic cues, the user receives multi-sensory  
feedback. This is done by guiding patients to perform immersive 
tasks in the virtual world via acoustic cues from the therapist, while 
simultaneously receiving tactile responses via the controller.  

The technology also takes advantage of the concept of neuro- 
plasticity, which can reactivate impaired cognitive and motor  
functions. 

By integrating smart cognitive techniques during the performance  
of immersive tasks, where the patient is exposed to extraordinarily  
low time delays and thus does not experience discomfort or  
motionsickness, the patient‘s nervous system is stimulated and  
neural pattern formation is activated. 

Through individual, fine-grained adjustment, impaired areas can 
be successively addressed and trained. Via a biomechanical avatar,  
patients can perceive their own body through multi-sensory stimuli 
in the virtual world. In parallel, the motor movement tracking, which 
serves the sensorimotor feedback, supports movement rehabilitati-
on and neuroregulation. The image and the movement sequences 
of the avatar help the patient‘s motor system to prepare and carry 
out optimal reactions based on the mirror therapy approach. 

 
INNOVATIVE APPROACH

• Company:  
CUREosity GmbH  

• Product: 
CUREO 

• Technical basis:  
VR googles, controller & 
control tablet  

•   Indications: 
Strokes 
 
Spinal cord injuries  
 
Traumatic brain injury 
 
Musculoskeletal  
diseases 
 
Neurodegenerative 
diseases  
 
Ataxia of the upper 
limbs and trunk 

•  Website: 
https://www.cureosity.
de/

Extended reality -
VR, AR & MR in medical technology 
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Challenges & prospects
Extended Reality solutions cover a wide range of applications. With their innovative functions, 
they undoubtedly offer medicine fantastic opportunities that can revolutionize the entire health-
care sector, from prevention to surgical applications and therapeutic measures to rehabilitation.

The benefits of immersive technologies can be seen in non-contact therapy and enhanced  
visualization through complementary patient information. Advanced medical devices also enable 
risk-free surgery simulations for training and education purposes, as well as new treatment  
procedures for psychological behavioral disorders or rehabilitation. 

Another opportunity to optimize healthcare lies in the barrier-free or location-independent  
collaboration of various specialists and experts on unusual projects, rare operations or the exchange  
of information on specialist topics based on specific patient data. With the help of innovative XR 
applications, operations at a distance are also conceivable in the future.  

Although new technologies always come with a cost factor, this can be set against the current 
cost of surgical training sessions and the savings in personnel costs for therapies. 

Despite the forward-looking potential and the associated versatile applications, virtual reality,  
augmented reality and mixed reality solutions still have a long way to go and numerous challenges 
ahead of them in widespread practice. 

Hardly any other industry is subject to stricter regulatory requirements than medical technology. 
In order to be allowed to use the new technologies, you too must first undergo various regulatory 
tests and studies. 

Another challenge that arises from this in Germany, among other countries, is the ban on 
transmitting patient data via WLAN. Since most applications have various components whose  
information is exchanged wirelessly, the legal basis must be examined in each individual case. 

Innovative medical devices and innovative technologies are also often initially met with  
skepticism and mistrust by medical professionals. In an industry guided by a conventional  
character, one of the biggest hurdles is to establish oneself in everyday operational business and 
to gain the recognition of medical associations and decision-making bodies, as well as physicians, 
therapists and nursing staff. After all, only if they are behind the technology can the roll-out be 
pushed forward and become irreplaceable in the individual specialties. 

How long do you think it will take for extended reality solutions to cultivate in the everyday use of 
doctors‘ offices, urban hospitals and therapy centers, far from research institutions and university 
hospitals?  

Extended reality -
VR, AR & MR in medical technology 
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Market insights
arcoro has set itself the task of actively shaping the future of medical technology by bringing  
together medtech companies and experts. Through our large network and personal exchange 
with industry experts in medical technology, we are able to deliver results that also  
offer you real added value and exciting insights into the current environment but also into the  
future. Thanks to surveys of specific target groups, the concentrated expertise of specialists and  
comprehensive research, you are able to stay close to the market. The result: international  
aggregated and detailed insider knowledge summarised compactly for you. Candidates gain 
the opportunity to share their own perspective and compare themselves with colleagues in the  
industry. Companies get an additional, independent source to gain valuable impressions of the medical  
technology market and to follow its development with regard to various areas of innovation. 

Innovations in medical technology: Extended Reality

Survey background:  

Period of the survey: 03.01.2022 bis 11.02.2022 
Number of participants: 53 
Survey type: Questionnaire (focus on open questions) 
Tool: Survey Monkey 
Participant profile: international experts in the field of Extended Reality applications

1. Development of health care through medical robots or robotic assistance  
systems

• Improvement of preventive treatment and patient care 
• contactless therapies 
• simultaneous patient treatment possible 
• time & cost savings for therapeutic staff 
• Development of new benchmarks (e.g. in surgeon training) lead to an increase in quality  

assurance 
• quality assurance (e.g. proof of a minimum number of trainings per year/ per surgeon)
• new non-invasive therapy approaches 
• optimization of routine interventions / tasks through targeted training 
• support during medical interventions 
• reduction of trauma after medical interventions 
• Improvement in production processes
• Improvement in patient education 
• Alternatives to traditional study content e.g. pathological dissection courses 
• Better understanding of diseases and medical interventions 
• preoperative planning 
• early medical education also in schools etc. through interactive, virtual solutions

Extended reality -
VR, AR & MR in medical technology 
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2. Extended Reality - which solutions promise high success potential?

3. Gamechangers and research institutes - who is shaping the market at national 
and international level?

Operation simulation for visualization & training  ★ ★ ★ ★  
User-centered intuitive assistance systems ★ ★ ★ ★
Integration into rehabilitation procedures  ★ ★ ★ ★
Virtual reality for interactive training   ★ ★ ★ ★
Phobia & anxiety therapies                                                    ★ ★ ★
Virtual Reality for patient education                            ★ ★ ★
XR applications for occupational health management ★ ★ ★
AR for optimized visualization / navigation during surgeries ★ ★
Preventive therapies ★ ★
Neural training ★
Augmented Reality for contact lenses ★
XR applications in combination with AI to support diagnostic  
processes ★

GAMECHANGER

CUREosity 

ReHub GmbH  

Microsoft Corp 

VR Coach 

Apple 

Extended reality -
VR, AR & MR in medical technology 

GAMECHANGER

apoQlar GmbH

Brainlab AG  

GigXR

OPEcloudVR  

HypnoVR  

GAMECHANGER

Immersive Touch 

Anima RES GmbH  

Osso VR

Humboldt Innovation GmbH

Proprio Vision Inc. 
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RESEARCH INSTITUTES

Virtual Reality Medical Center 

King´s College Institute of Psychatry  

DIVR- Deutsches Institut für Virtual Reality 

VRVis Zentrum für Virtual Reality und  
Visualisierung Forschungs-GmbH

Center for Devices and Radiological Health 
(CDRH)

NYU Institute for Innovations in Medical 
Education 

4. Opportunities and risks of medical technology through the use of XR  
solutions

 

Opportunities

• Generating added value along the en-
tire healthcare care pathway  
(diagnosis - therapy - follow-up)

• Improvement of surgical training
• Optimization of medical rehabilitation 

and psychological therapy through 
multifaceted offerings

• Reduction of costs for surgical training
• Location and time-independent trai-

ning options for patients at home
• Development of a safe learning  

environment for medical students
• Reduction of trauma after surgery  

through more precise surgical  
execution (preoperative planning &  
navigation)

• Improved visualization capabilities  
during surgeries

• Increased safety of surgical  
interventions

 

Risks

• Technological hurdles / complexity of 
VR/AR/MR ecosystems (hardware, soft-
ware/data storage/content production)

• Legal regulations in Healthcare
• Inacceptance of digital technology by 

payers in terms of reimbursement for 
therapies, etc.

• Implementation and costs of clinical 
studies for therapeutic applications

• Skepticism of physicians and thera-
pists towards digital applications

• Data protection and cybersecurity with 
regard to vulnerable patient data

• Accessibility to the masses (so far pri-
marily used for entertainment and 
advertising, but not for medicine and 
education)

• Hygiene issues & convenience of HMDs
• labor law challenges 

Extended reality -
VR, AR & MR in medical technology 

FORSCHUNGSINSTITUTE

UKD / Digital Health Lab Düsseldorf

University of Cambridge 

Johns Hopkins University 

Otto von Guericke Universität Magde-
burg / VAR Group 

RWTH Aachen University / Virtual Reality 
& Immersive Visualization Group 

Ohio University’s Game Research and 
Immersive Design (GRID) Lab
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5. High Potentials - Extended Reality solution of the future? 

Extended reality -
VR, AR & MR in medical technology 

XR-APPLICATIONS ... FUTURE POTENTIAL

... for medical simulation                                                              97 Procent 

... by means of holograms in 
surgery                                          

94 Procent

... for preoperative planning                      89 Procent

... for surgical visualization & 
navigation                      

85 Procent

... in therapy of phobia & 
anxiety disorders

80 Procent

... for behaviour therapy                                          75 Procent

... for medical rehabilitation                        75 Procent

... in the laboratory                                            53 Procent

... for pain therapy                                32 Procent

... in medical diagnosis  19 Procent

7. Use cases that could be part of everyday life in the near future

• Remote group therapies where a therapist takes control of the played seqences and partici-
pants are confronted with their fears in a safe space. 

• Remote rehabilitation via telehealth approaches 

• Expanded training programs for medical caregivers and physicians in all departments while 
establishing new quality assurance standards for surgeons. 

• Nearly autonomous performance of minimally invasive surgeries by combining AR and  
robotics 

• Error-free diagnosis using AR and AI or incorporating medical apps that submit an accurate 
symptom description from the patient‘s perspective to the physician.

• Virtual collaboration between physicians during surgeries that are georgraphically separated 
from each other.
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ABOUT arcoro
arcoro is a renowned, highly specialised HR services boutique with the visionary goal of „connecting  
MedTech companies of the future“. To this end, we offer flexible and diverse solutions for medical  
technology companies and medical technology experts. We see ourselves as a facilitator of  
expertise and years of experience of our industry experts in companies pursuing significant,  
innovative and exciting projects in the industry. 

In doing so, we focus on different areas of expertise, covering Clinical Affairs, Regulatory Affairs,  
Research and Development as well as Production and Quality Management. We provide companies  
with access to more than 3000 medical technology experts from our database. We offer  
candidates new development opportunities and impulses through deployment in innovative  
projects of the future in a constantly growing environment of renowned companies with high 
innovative strength. 

What drives us? Personal contact, years of expertise in the dynamic environment of the medical  
technology industry and the pursuit of innovation. Let‘s revolutionise medical technology  
together. 

© arcoro GmbH

We are available for you at 2 arcoro locations!  

We are happy to help you out!

Office Munich 
arcoro GmbH 
Innere Wiener Straße 36 
81667 Munich

Tel  +49 89 2620 9940 
E-Mail: info@arcoro.de

 
Office Heidelberg 
arcoro GmbH 
Ziegelhäuser Landstraße 39  
69120 Heidelberg 
 
Tel  +49 6221 4784 20 
E-Mail: info@arcoro.de
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