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Introduction

2017 has been the sixth year since the inauguration of the 
CD-Laboratory for Restoration of Extremity Function. The 
foundations have been laid out wide and well providing a 
solid structure for the current tasks and future growth. In 
the life-cycle of the Lab we have reached a plateau and 
steady-state both in regards to the number of PhD students 
and projects that are under way. Including various colla-
borations, we currently supervise 10 PhD and 6 Diploma 
students in our Lab. Three of these will have finished their 
doctoral thesis by January 2018, with several publications 
listed, in press or in submission. Those who finished their 
MD-PhD Program (N790 or N094) in the past have easily 
found training positions here and abroad with highest 
rankings among their peers and I have no doubt will do 
extremely well in their respective academic careers.

Our Laboratory has steadily generated 40+ annual impact 
factor for the last 3 years, with a 5-year cumulative total 
of 175.50! This year yet another 16 Pubmed listed citations 
were added with an impact of just under 50. Some of the 
more prominent publications this last year (Science, Scien-
tific Reports, PlosOne and Nature) have given us continued 
international visibility and a great platform to work from, 
opening exciting new avenues of international research col-
laborations and patient care. Last year our collaborations 
with the Department of Biomedical Engineering at Imperial 
College, UK and the Center of Osseointegration Research at 
UCSF were intensified through PhD exchange, resulting in 
superb publications such as Nature Biomedical Engineering 
and most recently Science Robotics.

Furthermore, our expertise as a group caring for patients 
with critical loss of extremity function has been well ap-
preciated in national and international medical networks, 
resulting in numerous consultations and treatment re-
commendations so that we have indeed advanced to being 
The Reference Center for Bionic Reconstruction in Europe.
Some of the patients that were treated here through-
out the last years have been interviewed by Laura Hruby. 

With her special gift of writing she has compiled their 
amazing stories in our textbook “Bionische Rekonstruk-
tion – Wieder herstellung an der Grenze zwischen Mensch 
und Maschine”, which will be published by the Manz Verlag 
in March 2018. The psychological dimension of losing bodily 
integrity and finding restoration in mechatronic parts has 
also been explored scientifically together with Laura and 
clinical Psychologist Anna Pittermann – a report that was 
just published in PlosOne, proving the effectiveness of this 
treatment both in regards to functional restoration and 
psycho logical wellbeing.

Regaining function and replacing body parts via complex 
mechatronics require novel learning strategies – a task that 
is all but trivial. Here last year a major breakthrough has 
been achieved by the work of Agnes Sturma and Cosima 
Prahm, who have devised virtual, EMG-based rehabilita-
tion tools helping patients to make best use of their termi-
nal devices. Their work has been published in the renowned 
Journal of Medical Internet Research and recently won the 
Research Prize of the German Association for Microsurgery.
 
Along the same lines, Dr. Gesslbauer’s work demonstrated 
that from an organizational point of view movement control 
requires a lot more afferent feedback than efferent control 
and muscles are actually more intelligent than one would 
think. This work was published in Annals of Neurology and 
Dr. Bergmeister’s respective PhD thesis is currently under 
review in Nature Neuroscience.

A major challenge has been signal extraction and signal 
transmission. Drs. Aman and Sporer have devised various 
animal models to improve signal extraction for high fidelity 
prosthetic control. In a collaboration with Prof.  Hoffmann 
from the Fraunhofer Institut intraneural electrodes have 
been tested and with Drs. Ivan Vujaklija and Silvia Muceli 
from Imperial College, who have joined us for parts of 2017, 
various implantable epimysial high-density EMG electrodes 
were implanted in some of these animals. Preliminary 
experiments are promising and are a centerpiece of the 

Prof. O. C. Aszmann at the DGH Conference in Munich

Prof. O. C. Aszmann congratulating Dr. S. Salminger on receiving his PhD
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ERC  Synergy  Grant Proposal which we successfully sub-
mitted on November 14th. Clinically we have successfully 
implanted wireless sensors after nerve transfers in three 
human amputees in a pilot trial – a work that is currently 
under review in Science Translational Medicine. Dr.  Stefan 
Salminger who has been mainly involved in this work has 
been awarded the Theodor Billroth Preis of the Austrian 
Chamber of Physicians just a few weeks ago for his tre-
mendous work on prosthetic outcome studies. 

Throughout the entire last year, we have invested a lot of time 
in our Springer Book on “Bionic Extremity Reconstruction”. 
This work will have 25 chapters and will entail all aspects 
of this dynamic research field. Dr. Salminger has been very 
strict in collecting the material from the team, which will be 
compiled by me and Prof. Farina within the next few weeks, 
with a prospective first draft in March 2018 and final version 
in May 2018, just in time for the 2nd International Symposium 
on Innovations in Amputation Surgery and Prosthetic Tech-
nologies (IASPT) here in Vienna.

As you can tell this Annual Report looks quite different 
from the previous versions. This we owe to Dr. Clemens 
Gstöttner, who recognized some room for improvement 
in earlier reports, and Aron Cserveny, our faithful graphic 
artist who helps us illustrate and communicate our 
research work so beautifully. 

Krisztina Szalai and Anna Willensdorfer have worked hard 
on the research floors, helping to maintain clean infrastruc-
ture, data security, organizing regular lab meetings, jour 
fix, formal and informal PhD meetings, numerous meetings 
”across the hall” or in our small offices and thus keep a 
healthy, informative, encouraging spirit that make our Lab, 
despite the complexity of our work, so exciting.

Finally, a big thanks to Dr. Johannes Mayer, who, beside 
his research work helped me maintain structure and sanity 
in the midst of controversy and reminds me to buy flowers 
for my wife.

So have fun reading, or just browsing through these pages 
and witness the inquisitive spirit that permeates our lab 
and the scientific and clinical benchmarks that document 
its effectiveness.

Univ. Prof. Dr. Oskar C. Aszmann

Celebrations with C. Prahm MSc after winning the award for best clinical talk at the DAM conference

Press Highlights 2017

“…first Briton to choose to have his 
hand amputated and replaced with a 
bionic limb …”

“After learning of pioneering surgi-
cal techniques, he contacted the man 
behind them, Oskar Aszmann of the 
Medical University of Vienna,…”

“It all seemed to come 
together. I went for the 
fitting and I see my arm 
physically working. I’d 
had nothing there and 
all of a sudden my arm 
is bending and I could 
move the hand.”
First british patient about his elective amputation

“It’s amazing,” she said. “To be able to hold a tube of toothpaste and undo 
the lid instead of using my teeth. I’ve not stopped grinning. It’s like rebuild-
ing yourself and coming to the pinnacle of what you’ve always worked for.”
Prof. Aszmann’s patient describing her experience with bionic reconstruction

“...After the workshop in Professor 
Aszmann’s Laboratory a pupil from a 
primary school said: “I will definitely 
become a scientist”...”
From an article on ORF.at about the Open Science 

Project with school children

“Imagine having increased hand-like 
function and less deafferentation pain. 
Would you trade in your useless biolog-
ical hand for a bionic hand if one was 
offered? For some, the choice may be 
easier than you think.

When asked about the study, the senior 
investigator, Oskar C. Aszmann, M.D., 
Ph.D., stated, “For more than 25 
years, I have dealt with patients suf-
fering from devastating peripheral 
nerve lesions. Bionic reconstruction, 
as described in this paper, has been a 
real game changer since it offers hope 
and real help for patients who other-
wise have none.””
Science Daily about our work on bionic reconstruction

“...Oskar Aszman, together with his 
british colleague Dario Farina (Depart-
ment of Bioengineering, Imperial Col-
lege, London) managed to decode in-
formation from neurons in the spinal 
cord, which are responsible for the 
movements of the arm...”
Der Standard article on our man-machine-interface 

publication in Nature

“...For this a team led by Oskar Aszmann 
at the University Clinic for Surgery at the 
Medical University of Vienna has devel-
oped a psychosocial assessment proce-
dure that every patient has to complete 
before an elective amputation...”
Der Standard article on the psychosocial 

assessment process, published in PLOS ONE
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2017 – A Year in Numbers

49.53 Total Impact in 2017

3.54 Average Impact in 2017

175.50 Five Year Cumulative Impact

3 Specialist Textbooks

50 Talks at Conferences

7 Distinguished Awards

€ 250.000 in Grants 

95 Consultations in Our Special Clinic

26 New Patients

22 Patients from Abroad

14 Operations in 2017

17 Prosthetic Fittings

6 Osseointegrations*

*3 of these with Dr. Brånemark outside of Austria

16 Publications  
in international peer-
reviewed journals

Number of Publications

2012

1

2013

3

2014

5

2015

8

2016

12

2017

16

Diagnoses

21.3% 
Upper extremity 
amputations

6.6% 
Spastic patients

14.8% 
Lower extremity 
amputations

8.2% 
Multiple  
amputations

37.7% 
Brachial plexus 
lesions

3.3% 
Dysmelia

6.6% 
Complex Injuries

1.6% 
Nerve tumor
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At the heart of our successes lies 
an interdisciplinary setup, encom-
passing both basic research and 
patient care. This certainly puts us 
in a unique position within Europe.

9
Surgeon

Physio
therapist

Prosthetist

Programmer

Psychologist
PhD Student

Radiologist
Technician

Neuro
scientist

Engineer

Biologist

CTA

Vienna – Bionic Capital of Europe

We have come a long way since the very beginnings of the 
Lab in 2012. Our numerous achievements over the past 
six years have frequently gained international recogni-
tion, gradually establishing Vienna as the “Bionic Capital of 
Europe”. To support this notion, we have compiled some of 
the highlights of our lab on the next two pages.

2

As a result we received world-wide attention. 
Prof. Aszmann was invited to numerous interviews, con-
ferences and keynote addresses as well as a TED talk 
in Vienna. More recently he was awarded a permanent 
professorship at the St. Cyril University.

6

These ongoing achievements, 
which are reinforced by a number 
of recent projects, have gradually 
established us as an international 
reference center for advanced 
extremity reconstruction.

In light of our achievements in 
the last years we have to thank 
our many collaborators (see also 
page 32). We share an especially 
close partnership with the group 
of Prof.  Dario Farina at Imperial 
College, London, with whom we 
are constantly exchanging know-
ledge and establishing joint pro-
jects. Our combined efforts are 
now culminating in the applica-
tion for the ERC Synergy Grant, 
which we submitted together with 
our partners from the University 
of Pisa in late 2017. The proposal 
focusses on the advancement of 
a new concept in prosthetic in-
terfacing, which will be our main 
focus for years to come.

11

The idea of Vienna as the Bionic 
Capital of Europe will be further 
promoted by the 2nd International 
Symposium on Innovations in Am-
putation Surgery and Prosthetic 
Technologies (IASPT) with atten-
dees from over 20 Countries, which 
we are organising for May 2018.

8

4

As an acknowledgement of our international exper-
tise, we were even invited to contribute a chapter in 
the standard reference textbook for neurosurgery.

The widespread recognition of our 
work certainly kept us motivated, to a 
point where we decided to start writ-
ing our own books.

5

A crucial milestone in our development was the intro-
duction of elective amputation and subsequent bionic 
reconstruction in brachial plexopathy patients. This 
daring and innovative approach led to our most promi-
nent work so far, published in The Lancet in 2015 and 
followed by an international media uproar.

1

7

As a result, the term bionic reconstruction is now closely associated with 
our work and thereby Vienna, as shown by Google suggestions and Pubmed 
search results.

Outside of Europe, however, vari-
ous prestigious universities have 
recently recognised the potential 
of this interdisciplinary approach, 
sparking the establishment of 
similar centers in the US.

10

3

Our continuous basic and clinical research efforts won 
us numerous awards, like the Houska Prize, the Theodor-
Billroth-Prize from the Austrian Medical Association, 
the  Theodor Körner Fonds or the Award of the Austrian 
Economic Chambers to name but a few.
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Basic Science Projects

Improving Prosthetic Interface with Implantable Technology

Functional prosthetic limbs enable amputees to reintegrate 
into society and profession, thereby improving quality of 
life. Although such myoelectric prostheses are able to pro-
vide essen tial hand function, many users still abandon their 
prostheses due to a lack of reliability and intuitive ness. While 
modern prosthetic devices are highly capable, it is currently 
not possible to reliably extract signals from the body, which 
would allow for sophisticated extremity control.

Direct interfacing of peripheral nerves is a potential 
approach to provide complex control and feedback. In 

cooperation with the Fraunhofer Institute for Biomedical En-
gineering in Munich, Germany, we conducted an experimen-
tal animal study, led by Martin Aman. In 25 rats, longitudinal 
intra neural electrodes were implanted into the sciatic nerve 
and evaluated over different time periods of 4 to 12 weeks in 
comparison to a standard cuff electrode. The results showed 
significant changes in nerve and muscle archi tecture con-
cerning muscle weight, force and intraneural fibrosis, which 
have to be considered in future applica tions. In summary, our 
findings point towards a superiority of EMG driven interfaces.

In a perspective article published in Frontiers in Neuro-
science, Bergmeister et al. discussed an EMG based 
approach for a broadband prosthetic interface. Targeted 
muscle reinnervation (TMR) is commonly used in upper limb 
amputees, giving transected nerves the possibility to regrow 
into muscles and thereby provide signals for myoelectric 
control. As research by Konstantin Bergmeister has shown, 
transfer of the “intel ligent” ulnar nerve leads to a hyper-
reinnervation of the biceps muscle as well as an adaption 
of the fiber population to the quality of the new nerve (see 
below). Combining these effects of TMR with modern im-
plantable multichannel EMG sensors offers the possibility 
of creating a highly selective interface for prosthetic control, 
where signals up to the level of single motor neurons may 
be decoded. Such a system would enable the user to intui-
tively control a highly sophisticated prosthesis. Martin Aman 
is currently establishing a project to evaluate the viability of 
the described approach in a rat model.

Projects – An Overview

Basic research is the foundation of the CD-Lab. It allows 
us to explore unknown territories, seek promising ave-
nues and arrive at original conclusions that will guide our 
future clinical decisions.

Some of the questions we tried to answer this year:
•	Which	approaches	are	promising	in	prosthetic	interfacing?
•	What	happens	after	Cognitive	Nerve	Transfers?
•	 Is	fascicular	shifting	a	viable	alternative	for	nerve	
 reconstruction?
•	How	many	axons	constitute	the	nerves	in	our	arms?

Development of Novel Neurosurgical Concepts 
in the Rat Model

Throughout the last years we have investigated various 
approaches in peripheral nerve surgery in rats. Surgi-
cal options for selective nerve transfers (SNT) have de-
veloped greatly in the last years, giving nerve surgeons 
more possibilities than ever before. However, not much 
is known about the effects of motor nerve transfers on 
the receiving muscles. Konstantin Bergmeister investi-
gated these effects, using a high-capacity donor nerve. 
The ulnar nerve was selectively transferred to the long 
head of the biceps and subsequent evaluations were car-
ried out at 3, 6 and 12 weeks. Muscle force and motor unit 
number estimation (MUNE) progressively increased, with 
MUNE reaching higher levels than the contralateral con-
trol side at 12 weeks. Furthermore, retrograde labelling 
showed 172.3% motor neurons compared to control and 
muscle fibre types changed from predominantly fast to 
intermediate, similar to muscles innervated by the ulnar 
nerve. These results suggest, that reinnervated muscles 
adapt to the quality of the donor nerve. Especially the 
hyper-reinnervation is important in the context of signal 
extraction for prosthetic control (see above). The manu-
script reporting our findings is currently being finished. 

An area of special interest last year was experimental 
surgery in the neonate model. Obstetric brachial plexus 
lesions (OBPL) continue to be a heavy burden for affected 
patients, despite advances in obstetric monitoring and 
techniques. SNTs promise to be a powerful tool, but the 
neurophysiological effects on peripheral nervous sys-
tem and the motor unit have yet to be adequately inves-
tigated. Because of the tremendous capacity for nerve 
regeneration and plasticity of the central nervous system 
in the neonate, a comparison to studies available in the 
adult cannot be made. Matthias Sporer has decided to 
tackle these shortcomings. He is currently establishing a 
standardized nerve transfer model in the forelimb of the 
neonatal rat, transferring the ulnar to the musculocuta-

neous nerve. Dr. Sporer is also evaluating the effects on 
the neonatal motor unit system, as Dr. Bergmeister did 
for adult animals. As surgery in neonates is a scientific 
frontier, in which little experience has been gathered so 
far, a structured assessment of different anaesthesia 
methods is also being established.

Our third focus in experimental nerve surgery was fascicu-
lar shifting, a novel method to overcome large nerve de-
fects. Although various biological and synthetic matrices 
have been investigated in the last decades, the autologous 
nerve graft is still the gold-standard for nerve reconstruc-
tion. The use of pure sensory nerves for reconstruction 
of mixed or even pure motor nerves as well as a signifi-
cant mismatch of needed nerve tissue especially in large 
proximal nerve defects are undeniable shortcomings of 
this approach. In fascicular shifting a fascicle group of the 
nerve distal to the injury is harvested in appropriate length 
to bridge the nerve defect. Matthias Sporer has explored 
this concept in the rat model. The findings showed im-
proved motor axon regeneration compared to a sensory 
graft, equal to motor and mixed grafts, demonstrating the 
usefulness of this innovative concept. The manuscript has 

A cuff electrode next to the sciatic nerve of a rat

Cross sections of the biceps showing muscle fibre types changes after SNT

Dr. M. Sporer performing microsurgery
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been published in the Journal of Neurosurgery: Spine. A 
first clinical trial for patients with global obstetric brachial 
plexopathies is currently ongoing.

An essential aspect of our animal experiments is microsur-
gery. Training of good microsurgical skills in young surgeons 
seems crucial especially considering experimental out-
come, costs, and, in a clinical point of view, of course patient 
outcome. However, high cost of microsurgical instruments 
limits training possibilities. Looking for a more cost-efficient 
approach, Martin Aman evaluated new single-use microsur-
gical instruments for possible reusability in research and 
training. In a trial with 30 surgeons no significant difference 
for time needed for a practical test between single use and 
reusable instruments was found. The findings suggest, that 
these instruments can be used for training purposes and for 
low case-load animal trials as a cost-efficient alternative. 
The publication can be found in Plastic and Reconstructive 
Surgery – Global Open.

Axonal Quantification of Peripheral Nerves

Axons traveling within the brachial plexus are responsible 
for the dexterous control of human arm and hand move-
ments. Despite comprehensive knowledge on the topo-
graphical anatomy of nerves innervating the human upper 
limbs, the definite quantity of sensory and motor axons 
within this neural network were previously unknown, limited 
by existing techniques. Bernhard Gesslbauer established a 

procedure to perform quantitative analysis of the axonal 
components of human upper limb nerves based on highly 
specific molecular features. For this work, nerve speci-
mens were harvested from 9 human heart-beating organ 
donors. All plexus roots and cords as well as all major 
nerves originating from the brachial plexus innervating the 
arm and hand were included. The results showed that three 
hundred fifty thousand axons emerge from the spinal cord 
to innervate the human upper limb, of which 10% are motor 
neurons. In all nerves studied, sensory axons outnumber 
motor axons by a ratio of at least nine to one. The sensory 
axon contribution increases when moving distally, while 
only 1.700 motor axons reach the hand to innervate the 
intrinsic musculature. These findings suggest that motion 
control is much more dependent on sensory information 
than previously assumed, and may redefine our current un-
derstanding of motor execution and thus surgical concepts 
treating peripheral nerve injuries. The resulting paper was 
published in Annals of Neurology. In an effort to further ex-
pand the knowledge in this research area, Johannes Mayer 
is applying the technique on not yet quantified nerves in the 
hand and forearm, while Laura Hruby is investigating the 
fibre components of the facial nerve. Preliminary results of 
both projects show similar sensory to motor axon ratios in 
the examined nerves as described above.

Developing a Modular Lightweight Prosthesis

Current achievements for arm prostheses focus on criti-
cal factors for clinical use, such as weight, bulk, and con-
trollability. Especially for transhumeral amputees, light 
but still robust devices are important. In the scope of their 
PhD projects, Christoph Kast and Weerayot Aramphianlert 
are working on a new, modular system based on bionic 
design principles, the MARTEX (Multi Articulated Extremity). 
This novel prosthesis is deployable for transradial as well 
as trans humeral amputees, exhibits close to physiologi-
cal weight distribution, and shows very low movement- 
associated noise levels. Furthermore, Christoph Kast inves-
tigates various approaches for a sensory feedback system, 
with a special focus on non-invasive proprioception feed-
back from the elbow joint for closing the loop in prosthesis 
control. The feedback approach is based on “sensory substi-
tution”, where the user needs to re-interpret sensory input 
that codes different sensory information (e.g. vibration 
input for proprioceptive information). In an attempt 
to improve signal transmission at the myoelectric 
inter face, Weerayot Aramphianlert is developing a 
modular biosignal acquisition system.

Clinical Research Projects

Prosthetic Attachment

The mechanic interface between man and prosthesis is an 
essential area in prosthetic reconstruction and has been the 
focus of much research and innovations in recent years.

The ideal prosthetic attachment should provide a mecha-
nically stable connection, which allows for physiological 
weight bearing and full range of motion in the proximal joint. 
While sockets work well for some patients, they often lead 
to various problems connected to chronic pressure, and are 
difficult to fit on short stumps.

To overcome the various shortcomings of traditional sockets, 
Rickard Brånemark has pioneered the approach of osseo-
integration for upper and lower limb prosthetics. Through a 
transcutaneous titan implant into the bone of the stump, a 
secure attachment to the remaining limb is achieved, which 
results in improved stability and range of motion when 
compared to conventional sockets. Furthermore, socket- 
mediated problems such as excessive sweating, irri tation 
and skin ulcers are prevented, while also bearing specific 

benefits such as osseoperception, i.e. an improved ability 
to identify various sensations with the prosthesis. The first 
osseointegration in Austria was performed in early 2017 by 
Prof. Aszmann, together with Prof. Brånemark, in a trans-
humeral patient who had already undergone targeted 
muscle reinner vation (TMR) surgery. Johannes Mayer took 

care of the project management and follow-up, post- 
surgical rehabilitation was performed by Agnes Sturma 
according to the concepts described by Brånemark et al. 
In September 2017, the patient received a first test fitting, 
where he showed excellent stability and range of motion. 
Prof.  Aszmann also performed osseointegration in one 
transfemoral and one thumb amputee patient in Austria, 
and was involved in the surgery of three patients abroad, 
two of which received a simul taneous implantation of 

Clinical research is the heart of the CD-Lab. It prompts us 
to pursue innovative concepts and challenge current para-
digms, in order to constantly improve our patient care.

Some of the questions we tried to answer this year:
•	 Do	our	patients	benefit	from	osseointegration?
•	 Are	implantable	muscle	electrodes	feasible	in	the	long-term?
•	Which	patients	with	brachial	plexopathies	should	receive
 bionic reconstruction?
•	What	helps	patients	suffering	from	phantom	limb	pain?
•	 How	should	an	amputee	train	prosthesis	control?

Plexus root cross section at C8 The MARTEX fitted with a Michelangelo hand

X-Ray showing the osseointegration implant

Patient with osseointegrated thumb prosthesis
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muscle electrodes for prosthetic control (with Prof. Brånemark 
in Gothenburg, Sweden).

We explored another novel surgical concept for patients with 
knee exarticulation. Patients with this special subgroup of 
lower limb amputations have a strong weight-bearing stump 
and relatively good leg control for walking. However, pros-
thetic fitting remains a challenge for orthopaedic technicians, 
because of excess length of the leg together with the pros-
thetic knee joint. To overcome this problem, we performed 
a 10cm segment resection of the femoral diaphysis in our 
patients, while preserving the epicondyles. In this way, the 
patient retains his weight bearing stump end and has enough 
space for the artificial knee joint. The project led by Stefan 
Salminger is currently in the follow-up period for 6 patients, 
the results will be reported in 2018.

Interfacing the Neuromuscular System with 
Implantable Systems

When interfacing the neuromuscular system, for sig-
nal extraction or modulation, higher selectivity can be 
achieved by the use of implantable electrodes. Regarding 
prosthetic control, the most common approach is current-
ly the extraction of myoelectric signals through skin elec-
trodes. These signals are susceptible to noise introduced 
by the environment, movement between the electrode and 
the skin as well as crosstalk between different muscles 
and changes in the skin impedance due to perspiration. To 
overcome these limitations, the Alfred Mann Foundation 
has designed a fully implanted myoelectric sensor system 

(IMES) for wireless control of the prosthetic device. In a 
project coordinated by Stefan Salminger, we were among 
the first worldwide to implant such a system in patients. 
So far, three transhumeral amputees were implanted with 
IMES sensors while undergoing routine TMR surgery, in 
order to demonstrate functional benefits of intramuscularly 
recorded EMG signals for prosthetic control. In a follow-
up period of over 2,5 years post-operation, the patients 
showed no adverse effects such as infection or implant 
failure. Various assessment tests for hand function dem-
onstrated the superiority of implantable intramuscular 
sensors compared to standard surface pick-up. The man-
uscript reporting the first case series for such patients is 
currently under review in Science Translational Medicine.

In patients with drop foot, a frequent abnormality in gait after 
central nervous system lesions, the treatment goal is to re-
store dorsiflexion during swing phase. A possible approach 
is direct stimulation of the peroneal nerve with an implant-
able system. 

In a clinical trial managed by Agnes Sturma, 10 patients 
received an ActiGait stimulator, of which 8 completed 
baseline and follow-up testing. The assessments included 
a 10 m walking test and video-based gait analysis, and 
showed a global improvement in gait kinematics, which 
indicates a possible reduction of falls. Furthermore, 
patients rated their health better at the 1-year follow-up. 
The manuscript reporting our findings is currently under 
preparation.

Bionic Reconstruction in Brachial Plexopathy Patients

Global brachial plexus lesions with multiple root avulsions 
re present one of the most severe nerve injuries, leading to 
life-long disability. Fortunately, in most cases primary and 
secondary reconstructions provide a stable shoulder and re-
store sufficient arm function. Restoration of biological hand 
function, however, remains a reconstructive goal difficult to 
reach. The recently introduced concept of elective amputation 
and bionic reconstruction (Aszmann et al., The Lancet 2015) 
overcomes biological limitations of classic reconstructive sur-
gery to achieve hand function. 34 patients with post-traumatic 
global brachial plexopathies consulted our Center for Advanced 
Restoration of Extremity Function between the years 2011 and 
2015, of which sixteen patients (47%) qualified for bionic recon-
struction due to lack of treatment alternatives. Laura Hruby 
described the treatment algo rithm we employed in these 
cases. The corres ponding article was recently published in the 
Journal of Neurosurgery. In addition to elective amputations, 
many patients receive surgeries to improve the biotechnologi-
cal interface, such as selective nerve and/or muscle transfers. 
Follow-up assessments evaluating the usefulness of these in-
terventions in four patients are currently underway.

Many patients suffering from global brachial plexus lesions 
suffer psychosocial consequences including chronic pain, de-
creased self-sufficiency, and poor body image. When deciding 
whether bionic reconstruction is indicated, patient selection and 
psychological evaluation before such a life-changing procedure 
are crucial for optimal functional outcomes. The Vienna psycho-
social assessment procedure, developed by Laura Hruby and 
Anna Pittermann, offers guidance for such difficult decisions. It 
is based on a semi-structured interview, which helps identify un-
resolved psychological issues that could preclude or delay bionic 
reconstruction. The paper is currently in press at PLOS ONE.

Activity phases of the ActiGait System improving the gait pattern

X-Ray showing the IMES electrodes... ...and the radio-frequency coil used for signal transmission EMG-Biofeedback in a patient awaiting bionic reconstruction



Christian Doppler Laboratory for Restoration of Extremity Function | Annual Report 201718 19Christian Doppler Laboratory for Restoration of Extremity Function | Annual Report 2017

Selective Nerve Transfers

Translating our basic science research into patient care, we 
continuously explore innovative approaches in peripheral 
nerve surgery. Spinal accessory nerve palsy is a debilitating 
condition for affected patients, frequently caused by iatro-
genic damage during surgery in the posterior triangle of the 
neck. Due to late presentation and long regeneration dis-
tances, functional outcome after conventional reconstruction 
is often poor. In a project led by Johannes Mayer, five patients 
received reconstruction of the spinal accessory nerve with 
selec tive fascicular nerve transfer of the upper trunk. Out-
comes were assessed at 18 ± 8 months after surgery, show-
ing good to excellent trapezius function in all patients, as well 
as an average decrease in pain levels from 6,8 to 0,8 on the 
visual analogue scale (VAS). These findings demonstrate, that 
selective fascicular transfer from the upper trunk is a good 
and intuitive option for patients with accessory nerve lesion 
who do not qualify for primary nerve repair. The manuscript 
will be submitted to the Journal of Neurosurgery. Other novel 
concepts we are currently investigating include nerve transfer 
options for axillary and peroneal nerve lesions.

Motor recovery following nerve transfer surgery depends on 
the successful reinnervation of the new target muscle by re-
generating axons. Cortical plasticity and motor relearning also 
play a major role during functional recovery. Surface electro-
myographic (EMG) biofeedback can help in the cognitively 
deman ding process of establishing new motor patterns and 
has not yet been described for the rehabilitation of peri pheral 
nerve injuries. Therefore, Agnes Sturma and Laura Hruby 
developed a structured rehabilitation protocol in patients with 
upper extremity nerve injuries, using surface EMG biofeedback. 
Assessment of functional outcome in two patient populations 
that underwent the protocol showed significant improvements 
in motor function. The article describing their findings is cur-
rently under second review at Frontiers in Neuroscience.
 

Phantom Limb pain

Phantom limb pain (PLP) is a major psychosocial burden 
for amputees, with an incidence of 50-80% in patients with 
upper-limb amputations. No best practice in treatment 
has been described and neither standard drug therapy nor 
psycho logical interventions achieve satisfactory outcomes. 
As little is known about the occurrence of PLP and contri-
buting factors in above-elbow amputees, Agnes Sturma is 
exploring these factors in this particular patient group, using 
semi-structured interviews. First results indicate a tendency 
to develop PLP if the dominant hand was amputated and if 
someone else caused the amputation. No association with 
level of amputation or gender were found so far. In a second 
project on this topic, the influence of TMR on PLP is being 
investigated. TMR can be expected to alter the perception 
of painful and non-painful sensations, because it offers 
transected nerves new targets for innervation after amputa-
tion of the previous target muscles. Two intervention groups, 
one receiving TMR and prosthetic reconstruction and the 
other just TMR, and one control group are being compared. 
Preliminary results show an improvement of pain levels in 
both intervention groups.

A similar problem is deafferentation pain in patients 
with brachial plexus avulsion injury. In avulsion injuries 
of the inferior trunk the burden of pain is most intense 
and hand function that can be expected by reconstructive 
surgery is very poor. The concept of elective amputation 
and subsequent bionic reconstruction for such patients 
has been introduced by our lab in 2015. Currently, Laura 
Hruby is in charge of a project looking at the effects of 
this treatment approach on deafferentation pain levels. 
So far, the functional and cognitive reintegration of the 
bionic extremity into the patient’s body image leads to 
pain relief as well as markedly improved quality of life in 
all treated patients.

Fascicular nerve transfer from the brachial plexus to the distal portion of the damaged accessory nerve

Improving Prosthesis Control in Amputees

Patients with above-elbow amputations often receive TMR 
surgery, providing transected nerves with new muscular 
targets. If successful, the number of distinct myoelectric 
signals is increased, allowing for a more sophisticated pros-
thesis control. However, complex motor learning is needed 
to intuitively activate the reinnervated muscles in a selective 
manner and reliably control the prosthesis. Since there are 
currently no structured recommendations on rehabilitation 
after TMR, an effort in this direction was made by Agnes 
Sturma, physiotherapist by training. After a literature review 
and a 2-round Delphi exercise with 13 international experts, 
a consensus has been reached with 17 recommendations 
divided into five stages of rehabilitation. A key finding was, 
that muscle activation should be trained as soon as vol-
untary contraction can be detected, using surface EMG- 
biofeedback to gain selective and precise motor control. The 
manuscript is in preparation.

Videogame-based training systems offer an intuitive and 
enter taining alternative to conventional EMG methods. 
Cosima Prahm developed such a virtual training system, 
where the player can choose from three different gameplay 
modes, controlled via EMG signals from the arm. A trial 
with able-bodied participants and patients, with no or little 
prior experience in EMG control, showed a significant im-
provement in fine accuracy and electrode coordination after 
just one training session. The findings were published in 
JMIR Serious Games. This demonstrates, that game-based 
rehabilitation provides a viable training method, which can 
be used complementary to established rehabilitation pro-
tocols and continued at home for as long as needed. To 
further enable training at home, an Android application is 
currently being developed, containing a rhythmic, music 
based game with different play modes and features that 
motivate continuous exercising.

Once patients have learned to activate their signals selec-
tively, a training prosthesis can be fitted. Transcutaneous 
signal pickup allows amputees to continuously and simul-
taneously control multiple degrees of freedom in myoelec-
tric prostheses. However, this interfacing method is highly 
vulnerable to disturbances due to electrode shifts, posture 
changes, sweat, fatigue etc. In a project led by Cosima 
Prahm, a mathematical algorithm was devised that en ables 
rapid recalibration of the prosthetic controller after a shift 

in electrode positions. Under the assumption that the 
disturbance can be described by a linear transformation 
matrix, the aim was to find the inverse matrix to correct for 
the disturbances. This approach, labelled transfer learn-
ing, has shown to decrease the classification error, achiev-
ing an accuracy of 95% and more.

Outcome Research

Technical as well as surgical developments within the last 
years were able to enhance function of myoelectric pros thetic 
devices. However, it is not known whether these achieve-
ments also had an influence on outcome parameters such 
as rejection rate and quality of life. In cooperation with the 
AUVA (General Accident Insurance Austria), Stefan Salminger 
is conducting a survey of upper limb amputees of the last 
15 years. Based on an online survey containing 39 questions, 
relevant factors such as usage, rejection, satisfaction with 
their prosthetic device and phantom limb pain are being ex-
plored. The project is expected to be finished in 2018.

Agnes Sturma is leading a European multi-center study 
comparing prosthetic assessment tools and factors in-
fluencing the outcome. The goal is to explore possible 
linkage between self-reported and performance-based 
instruments and to develop state-of-the-art recommen-
dations on how to assess functioning in prosthetic care. 
Apart from the CD-Lab, two centers in Germany, one 
center in the Nether lands, two centers in Sweden and 
one center in Norway agreed to participate in the study, 
which is also regis tered at clinicaltrials.gov. The data 
will be gathered at our center by the end of March 2018. 
In a similar project, two commonly used tools to assess 
quality of life (QoL) in upper- limb amputees are being 
compared: the short form 36 Health Survey (SF  36), the 
gold standard for measuring overall health status, and 
the WHO Quality of Life, an international cross-culturally 
comparable QoL index. First results from amputees who 
filled out the questionnaires before and after successful 
prosthetic fitting indicate that the SF 36 might be more 
responsive to changes in QoL for this patient group.

Amputee using his prosthesis for a bimanual task

Patient during game-based rehabilitation
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Scientific Output

Man/machine interface based on the discharge timings of spinal motor neurons 
after targeted muscle reinnervation
Farina D, Vujaklija I, Sartori M, Kapelner T, Negro F, Jiang N, Bergmeister K, 
Andalib A, Principe J, Aszmann OC
Nature Biomedical Engineering 2017 Feb;1(2):0025 (new Journal, no Impact Factor)

Hand Transplantation versus Prosthetic Substitution in Upper Extremity Amputees: 
Current Practice and Future Prospects
Salminger S, Hruby LA, Sturma A, Mayer JA, Aszmann OC
International Journal of Physical Medicine & Rehabilitation 2017 Feb: 5:383

Game-Based Rehabilitation for Myoelectric Prosthesis Control
Prahm C, Vujaklija I, Kayali F, Purgathofer P, Aszmann OC
JMIR Serious Games 2017 Feb 9;5(1):e3

Translating Research on Myoelectric Control into Clinics – Are the Performance 
Assessment Methods Adequate?
Vujaklija I, Roche AD, Hasenoehrl T, Sturma A, Amsuess S, Farina D, Aszmann OC
Frontiers in Neurorobotics 2017 Feb 14;11:7

Nerve grafts bridging the thenar branch of the median nerve to the ulnar nerve 
to enhance nerve recovery: a report of three cases
Gesslbauer B, Furtmüller GJ, Schuhfried O, Roche AD, Sporer M, Aszmann OC
Journal of Hand Surgery (European Volume) 2017 Mar;42(3):281-285

A Rapid Automated Protocol for Muscle Fiber Population Analysis in Rat Muscle 
Cross Sections Using Myosin Heavy Chain Immunohistochemistry
Bergmeister KD, Gröger M, Aman M, Willensdorfer A, Manzano-Szalai K, 
Salminger S, Aszmann OC
Journal of Visualized Experiments 2017 Mar 28;(121)

Multiuse of Disposable Microsurgical Instruments as a Cost-Efficient 
Alternative for Training and Research
Aman M, Sporer ME, Riedl O, Wang WT, Kramer A, Aszmann OC, Bergmeister KD
Plastic and Reconstructive Surgery – Global Open 2017 May 19;5(5):e1320 
(new Journal, no Impact Factor)

Broadband prosthetic interfaces: Combining nerve transfers and implantable 
multichannel EMG technology to decode spinal motor neuron activity
Bergmeister KD, Vujaklija I, Muceli S, Sturma A, Hruby LA, Prahm C, Riedl O, 
Salminger S, Manzano-Szalai K, Aman M, Russold MF, Hofer C, Principe J, 
Farina D, Aszmann OC
Frontiers in Neuroscience 2017 Jul; 11: 421

Axonal components of nerves innervating the human arm: Arm Nerve 
Axonal Components.
Gesslbauer B, Hruby LA, Roche AD, Farina D, Blumer R, Aszmann OC
Annals of Neurology 2017 Sep;82(3):396-408

Algorithm for bionic hand reconstruction in patients with global 
brachial plexopathies.
Hruby LA, Sturma A, Mayer JA, Pittermann A, Salminger S, Aszmann OC
Journal of Neurosurgery 2017 Nov;127(5):1163-1171

Common synaptic input to motor neurons and neural drive to 
targeted reinnervated muscles.
Farina D, Castronovo AM, Vujaklija I, Sturma A, Salminger S, Hofer C, Aszmann OC
Journal of Neuroscience 2017 Nov 15;37(46):11285-11292

Home based Tactile Discrimination Training (TDT) reduces phantom limb pain
Wakolbinger R, Diers M, Hruby LA, Sturma A, Aszmann OC 
Pain Practice 2017 Nov 6, Epub

Fascicular shifting: a novel technique to overcome large nerve defects.
Hader M, Sporer ME, Roche AD, Unger E, Bergmeister KD, 
Wakolbinger R, Aszmann OC
Journal of Neurosurgery: Spine 2017 Dec;27(6):723-731

The Vienna psychosocial assessment procedure for bionic reconstruction 
in patients with global brachial plexus injuries.
Hruby LA, Pittermann A, Sturma A, Aszmann OC
PLOS ONE in Press

Decoding motor unit activity from forearm muscles: perspectives 
for myoelectric control
Kapelner T, Negro F, Aszmann OC, Farina D
IEEE Transactions on Neural Systems and Rehabilitation Engineering in Press

Novel demonstration of the anterior femoral cutaneous nerves using ultrasound
Pivec C, Bodner G, Mayer JA, Brugger P, Paraszti I, Moser V, Traxler H, Riegler G
Ultraschall in der Medizin / European Journal of Ultrasound in Press

Submitted Articles

Humans meet Robots: At the Frontier of a new Generation of Clinical Bionic Limbs 
Farina D, Vujaklija I, Brånemark R, Bull AMJ, Dietl H, Graimann B, Hargrove L, Hoff-
mann KP, Huang H, Ingvarsson T, Janusson HB, Kristjánsson K, Kuiken T, Micera S, 
Stieglitz T, Tyler D, Weir R, Aszmann OC
submitted in Science Robotics

Reconstruction of the Spinal Accessory Nerve with 
Selective Fascicular Nerve Transfer of the Upper Trunk 
Mayer JA, Hruby LA, Salminger S, Bodner G, Aszmann OC
submitted in Journal of Neurosurgery

Rehabilitation of upper extremity nerve injuries using surface EMG biofeedback
Sturma A, Hruby LA, Prahm C, Mayer JA, Aszmann OC
submitted in Frontiers in Neuroscience
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Engineering Conference Papers

Modular Multi-channel Real-time Bio-signal Acquisition System
Kast C, Krenn M, Aramphianlert W, Hofer C, Aszmann OC, Mayr W
International Conference on Advancements of Medicine and Health Care through Technology 
12-15 October 2016, Cluj-Napoca, Romania 

Increasing motivation, effort and performance through game-based rehabilitation 
for upper limb myoelectric prosthesis control
Prahm C, Kayali F, Vujaklija I, Sturma A, Aszmann OC
International Conference on Virtual Rehabilitation 
19-22 June 2017, Montreal, Canada 

Echo State Networks as Novel Approach for Low-Cost Myoelectric Control 
Prahm C, Schulz A, Paaßen B, Aszmann O, Hammer B, Dorffner G
16th Conference on Artificial Intelligence in Medicine 21-24 June, 2017, Vienna, Austria
Lecture Notes in Computer Science, 10259. Springer: 338–342.

Longitudinal high-density EMG classification: Case study in a glenohumeral TMR subject
Schweisfurth MA, Ernst J, Vujaklija I, Schilling AF, Farina D, Aszmann OC, Felmerer G 
IEEE International Conference on Rehabilitation Robotics 
17-20 July 2017, London, UK

Development of a modular bionic prototype arm prosthesis
Kast C, Rosenauer B, Meissner H, Aramphianlert W, Krenn M, Hofer C, Aszmann OC, Mayr W
44th ESAO and 7th IFAO Congress 6-9 September 2017, Vienna, Austria
International Journal of Artificial Organs 2017; 40(8): 382–428 

Annual meeting of the American Society for Peripheral 
Nerve ASPN, January 13-15, Big Island Hawaii, USA

Bionic Hand Reconstruction Successfully Reduces 
Deafferentation Pain in Patients with Brachial 
Plexus Avulsion Injury
Laura Hruby

Fascicular Shifting in the Reconstruction of Global Ob-
stetric Brachial Plexopathies – from Bench to Bedside
Matthias Sporer 

Symposium of the Center of Biomedical Research, 
January, Vienna, Austria

Implantierbare EMG Interfaces zur Steuerung 
bionischer Prothesen
Martin Aman

Annual meeting of the society of clinical psychology, KPFG, 
February 15, Vienna, Austria

Psychological Assessment before elective amputation
Anna Pittermann

Annual Meeting of the Austrian Society for Hand Surgery 
(ÖGH), March 3-4, Bad Radkersburg, Austria

Die Wertigkeit elektroneurographischer Messparame-
ter in der Diagnostik des Sulcus Nervi Ulnaris Syndroms 
Oskar C. Aszmann

Therapieoptionen bei schwerer Nervus Ulnaris 
Kompression
Johannes Mayer

7th International Conference Advances In Orthopaedic 
Osseointegration, March 12-13, San Diego, USA

Keynote address: Advances in Amputation 
Surgery and Science
Oskar C. Aszmann

6th Vienna Symposium for Surgery of Peripheral Nerves 
(PNS), March 17-19, Vienna, Austria

Axon Quantification of the Facial Nerve
Laura Hruby

Fascicular Shifting in the Reconstruction 
of Global Obstetric Brachial Plexopathies
Matthias Sporer 

Annual MAPRAS Symposium May 5-6, Skopje, Macedonia

Reconstruction at the Limit of Biology
Oskar C. Aszmann 

* Prof. Aszmann received a permanent Professorship at the
  St. Cyril University

ISPO (International Society for Prosthetics and Orthotics) 
World Congress, May 8-11, Capetown, South Africa

Wireless Intramuscular Myoelectric Sensors Allow 
High Fidelity Signal Transmission After Cognitive 
Nerve Transfers for Advanced Prosthetic Control: 
A Prospective Case Series 
Stefan SalmingerJ. Mayer speaking at the DGH Conference in Munich

Celebrating after a successful conference 

Talks
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13th Annual Meeting of the Young Scientific Association 
(YSA PhD-Symposium), June 8-9, Vienna, Austria

Game-Based Rehabilitation for Myoelectric 
Prosthesis Control
Cosima Prahm

Effects of Selective Nerve Transfers on the 
Neonatal Motor Unit
Matthias Sporer

9th Congress of World Society of Reconstructive 
Microsurgery (WSRM), June 14-17, Seoul, Korea

Report on Bionic Extremity Reconstruction
Oskar C. Aszmann

BAPRAS (British Association of Plastic, Reconstructive 
and Aesthetic Surgeons) & FAPRAS (Finish Association of 
Plastic, Reconstructive and Aesthetic Surgeons) Summer 
Scientific Meeting, June 15-17, Helsinki, Finland

Targeted Muscle Reinnervation and the Robotic Hand 
Stefan Salminger

ICVR 2017 (International Conference on Virtual 
Rehabilitation), June 19-22, Montreal, Canada

Increasing Motivation, Effort and Performance 
through Game-based Rehabilitation for Upper Limb 
Myoelectric Prosthesis Control
Cosima Prahm

22nd Annual Meeting of the Federation of European 
Societies for Surgery of the Hand (FESSH), 
June 21-24, Budapest, Hungary

Effects of Selective Nerve Transfers on the 
Neonatal Motor Unit
Matthias Sporer

AIME 2017 (Artificial Intelligence in Medicine), 
June 21-24, Vienna, Austria

Echo State Networks as Novel Approach 
for Low-Cost Myoelectric Control
Cosima Prahm

58th Annual Meeting of the Austrian Society for Surgery 
(Österreichischer Chirurgenkongress), 
June 28-30, Vienna, Austria 

Fascicular Shifting in the Reconstruction of Global Ob-
stetric Brachial Plexopathies – From Bench to Bedside
Martin Aman, Matthias Sporer

4th International Symposium on Peripheral Nerve 
Regeneration (ISPNR), July 6-8, Barcelona, Spain
 

Effects of Selective Nerve Transfers 
on the Neonatal Motor Unit
Matthias Sporer

Rehab Week London – International Neurorehabilitation 
Symposium, July 17-20, London, UK

Poster: Game-Based Rehabilitation for 
Myoelectric Prosthesis Control
Cosima Prahm

Poster: TechNeuroRehabilitation –Prosthetic 
Training After Targeted Muscle Reinnervation
Agnes Sturma 

Myoelectric Controls Symposium (MEC ‘17), August 15-18, 
Fredericton, Canada

The influence of Targeted Muscle Reinnervation 
on Phantom Limb Pain
Agnes Sturma

44th ESAO and 7th IFAO Congress, September 6-9, 
Vienna, Austria

Development of a Modular Bionic 
Prototype Arm Prosthesis
Christoph Kast

Joint Meeting of the Austrian and German Societies for 
Plastic, Reconstructive and Aesthetic Surgery 
(ÖGPÄRC, DGPRÄC), September 14-16, Graz, Austria

Plastisch-chirurgische Maßnahmen bei schwierigen 
Amputationsverhältnissen an der unteren Extremität
Oskar C. Aszmann 

Individualisierte Anwendung der Pectoralis-Lappen-
plasik zum Verschluss von sternalen Wunden und 
Trachealwanddefekten
Laura Hruby

Poster: Quantifizierung motorischer und sensorischer 
Axone des N. facialis
Laura Hruby

Die Luxation des N.tibalis als Ursache 
für ein Tarsaltunnelsyndrom
Johannes Mayer

2017 School and Symposium on Advanced Neuroreha-
bilitation (SSNR), September 17-22, Baiona, Spain

Plenary talk, Effects of Nerve Transfers 
in Bionic Reconstruction
Oskar C. Aszmann 

19th Anatomy Course of the International Society for Prosthet-
ics and Orthotics (ISPO), September 22-23, Innsbruck, Austria

Amputationen an der oberen 
Extremität – Targeted Muscle Reinnervation
Johannes Mayer

Preconference of the Meeting of Health Professionals, 
September 27, Vienna, Austria

Bionische Prothesen – 
Interdisziplinarität als Erfolgskonzept
Agnes Sturma 

Neurofibromatosis Day, October 6, Vienna, Austria

Rekonstruktive Nervenchirurgie bei NF1
Oskar C. Aszmann 

58th congress of the German Society of Hand Surgery (DGH) 
and 22nd congress of the German Society for Hand Therapy, 
October 12-14, 2017, Munich, Germany

Anatomie, Indikationen und Outcomes 
selektiver Nerventransfers
Oskar C. Aszmann

Rekonstruktive Versorgungsansätze und deren Out-
comes nach partiellen Amputationen im Handbereich
Oskar C. Aszmann 

Elektive transhumerale Amputation nach Plexus-
läsion als Vorbereitung auf bionischen Armersatz
Laura Hruby

Axonal componentry distaler Nerventransfers
Johannes Mayer

A. Sturma at the Vienna Meeting of Health Professionals

CD-Laboratory team members listening intently

M. Sporer speaking at the DGH Conference in Munich
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Interactive Videogames as New Method 
for Rehabilitation of Upper Limb Amputees
Cosima Prahm

Smart Rehabilitation: Android Game App 
for Improving Myoelectric Prosthesis Control
Cosima Prahm

Selektive Nerven Transfers und deren Effekt 
auf die Neonatale Motorische Einheit
Matthias Sporer

Motorische Re-edukation nach Nervenverletzung 
und Nerventransfers
Agnes Sturma

Annual meeting of the Austrian Society for Biomedical 
Engineering, November 8, Vienna, Austria

An Adaptive Learning Agent to Improve Myoelectric-
Controlled Prosthesis 
Weerayot Aramphianlert

Prototype Development of a Modular Bionic 
Upper Extremity Prosthesis
Christoph Kast

Prosthesis Day of the AUVA, November 9, 
Klosterneuburg, Austria

Konzepte für den schwierigen Stumpf an der unteren 
Extremität
Oskar C. Aszmann

ViCEM Inaugural Event TU Wien, November 10, Vienna, Austria

Cognitive Nerve Transfers in 
Prosthetic Reconstruction
Oskar C. Aszmann

DAM 2017 (German Society for Microsurgery), November 
16-18, Freiburg, Germany

Intraneurale Elektroden zur Steuerung 
bionischer Prothesen und ihre Effekte 
auf Nerven und Muskelarchitektur
Martin Aman

Rehabilitation der oberen Extremität mittels Ober-
flächen-EMG Biofeedback nach Nervenverletzung 
und Nerventransfers
Oskar C. Aszmann

Die Luxation des N.tibalis als Ursache für ein Tarsal-
tunnelsyndrom
Johannes Mayer

Ist die osseointegrierte Prothese eine Alternative zur 
mikrochirurgischen Daumenrekonstruktion? 
Klinische Fallanalyse und Review der 
aktuellen Literatur
Johannes Mayer

Hochauflösender Ultraschall (HRUS) zur Darstellung 
der Variabilität der Rr.infrapatellares n.sapheni – eine 
ideale Technik zur Diagnostik und Operationsplanung
Johannes Mayer

Virtual Rehab: Interactive Rehabilitation for 
Patients After Nerve Transfer or Amputation 
of the Upper Extremity
Cosima Prahm

Books

Bionic Limb Reconstruction
to be published in 2018, Springer
Oskar C. Aszmann, Dario Farina

Occupational Therapy for People Experiencing 
Illness, Injury or Impairment, 7th Edition
2017, Elsevier
Stamm T, Haider S, Luschin S, Sturma A: 
“Reasoning underpinning assessments for people 
experiencing musculoskeletal conditions”

Bionische Rekonstruktion – Wiederherstellung 
an der Grenze zwischen Mensch und Maschine
to be published in Spring 2018, MANZ Verlag 
in Cooperation with the Medical University of Vienna
Oskar C. Aszmann, Laura Hruby

Latest books by the Christian Doppler Laboratory

Coming soon!

A. Sturma speaking at the DGH Congress in Munich

J. Mayer, L. Hruby and M. Sporer enjoying a post-talk reception at the ÖGPÄRC 
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Contributions to specialist textbooks published over the past few years

Amputation und Prothesenversorgung, 4. Auflage
2016, Thieme
Salminger S, Aszmann OC: “Plastisch-chirurgische Verfahren 
zur Verbesserung der Stumpfqualität”

Wissenschaftliches Arbeiten und Schreiben für das 
Bachelor- und Masterstudium in den Gesundheitswissenschaften
2016, Springer
Sturma A, Ritschl V: „Vorbereitungen für die wissenschaftliche Arbeit“ 

Replace, Repair, Restore, Relieve – Bridging Clinical 
and Engineering Solutions in Neurorehabilitation
2014, Springer
Sturma A: “Advanced Rehabilitation for Amputees after selective nerve transfers: 
EMG-guided training and testing” 

Grundkurs Mikrochirurgie
2016, Springer
Salminger S, Aszmann OC: “Grund-
legende Techniken der Mikrochirurgie”

Youmans & Winn Neurological Surgery, 7th Edition
2016, Elsevier
Roche AD, Salminger S, Farina D, Aszmann OC: 
“Neuroelectronic Systems”

In addition to our annual budget of approximately 
400.000€, which is provided by Ottobock and the Christian 
Doppler Society, we are constantly looking for new op-
portunities in expanding our research budget. In 2017, we 
received an FFG Bridge Grant for the project “Feedback 
for Leg Prostheses (Feel)”, in cooperation with the FH 
Oberösterreich and Ottobock. Furthermore, much effort 
was put into the application for the ERC Synergy Grant, 
which we submitted in November together with our part-
ners at Imperial College and University of Pisa. 

Granted

FFG Bridge 250.000€
In spring/summer 2017 Oskar Aszmann 
and Agnes Sturma could obtain ad-
ditional third-party funding in a co-

operation project with the University of Applied Sciences 
FH Oberösterreich (Prof. Thomas Haslwanter) and the com-
pany Ottobock. The FFG Bridge Grant allows the realization 
of the project “Feedback for Leg Prostheses (Feel)”, which 
investigates the effects of sensory pressure feedback on 
gait, falls and phantom limb pain in transtibial amputees.

Planned

ERC Synergy Grant
Submission Date: 14th of November 2017
Volume: 10.000.000€
Funding Period: 2019-2025
Title: Natural Integration of Bionic Limbs 
via Spinal Interfacing
Running Title: Natural BionicS

PIs: Dario Farina, Imperial College London; Antonio Bicchi, 
Istituto Italiano di Tecnologia; Oskar Aszmann, Medical 
University of Vienna

Despite massive research efforts the bionic reconstruction 
of limbs currently faces important translational challenges. 
We aim at filling this gap between academic research and 
clinical impact with a patient-centric approach that syner-
gistically combines breakthroughs in surgery (Aszmann), 
neural interfacing (Farina), and robotic designs (Bicchi). We 
propose to surgically create bio-connectors (compacted in a 

bio-hub at the stump) to access the spinal cord circuitries by 
using biological pathways of encoding and decoding neural 
information. Neural interfacing with the bio-hub will deter-
mine an input/output information flow with the spinal cord 
by decoding the activity of spinal neural cells (output) and 
stimulating transplanted biological afferent organs (input). 
The accurate sensory-motor image of the missing limb 
emerging from this interfacing will be projected in soft ro-
botic arms/legs that will embed kinematic synergies and 
tactile-proprioceptive functions, intimately matched with the 
neural sensory-motor synergies extracted from the bio-hub. 

Natural BionicS aims at creating a fully integrated, symbiotic 
replacement of missing or damaged parts of the human body 
with artificial limbs that the user will feel and command as 
a true part of her/his body. We will achieve this goal with 
a revolutionary concept of bidirectional interfacing with the 
spinal cord circuitries that synergistically combines lead-
ing expertise in surgery (Aszmann, PI3), interfacing (Farina, 
PI1), and soft robotics (Bicchi, PI2). The novel concept con-
sists of surgically creating bio-connectors (compacted in a 
bio-hub at the stump) to access the spinal cord circuitries by 
using biological pathways of encoding and decoding neural 
information. The surgical bio-hub located at the stump will 
allow input/output information flow with the spinal cord cir-
cuitries. At the bio-hub, we will extract information from spi-
nal motor neurons and we will deliver information into the 
spinal circuitries by stimulating transplanted biological af-
ferent organs. The deciphered code will provide the ability to 
replicate the movement of the missing limb while the encod-
ed stimulation will re-establish sensory input as occurring 
during natural movements. The sensory-motor loop will be 
exploited through the development of soft robotic limbs that 
will embed kinematic synergies and tactile-proprio ceptive 
functions, intimately matched with the neural sensory-
motor synergies extracted from the bio-hub. 

INOPRO 250.000€
We are currently establishing a co-
operation on a project initiated by 
Prof.  Thomas Stieglitz from the Insti-

tute for Microsystem Technology at the University of Freiburg 
in Germany. The aim is to test a new implant concept with 
modular, capacitively coupled electrodes. The system is de-
signed to be used for selective stimulation of sensory nerves 
and bridges the skin barrier wirelessly without the need for 
complex implant electronics. A prototype optimized in size 
and efficiency will be tested in an animal model that ap-
proximates human proportions. Upon successful proof of 
concept, a following human pilot study is planned.

Funding
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Awards & Scholarships

Physio Austria Research Award 1st Place 
(Nov. 2016) – 1000€
Agnes Sturma

Theordor Billroth Prize 2017
Austrian Medical Association – 1500€
Stefan Salminger

DAM 2017 Award for Best Clinical Talk 
German Society for Microsurgery – 500€
Cosima Prahm 

YSA Science|Art 2017 Contest Award Winner
Category: Capture a moment
Cosima Prahm 

Veronika-Fialka-Moser-Diversity Award 2017
Category: Teaching, 2nd Place
Cosima Prahm, Anna Willensdorfer

ICVR Stipend for Best Student Papers
International Conference on Virtual Rehabilitation, 2017
Cosima Prahm 

Young Investigator Award 2017, Category PhD Projects 
Austrian Society for Biomedical Engineering (ÖGBMT) – 350€
Christoph Kast

ÖGBMT 2017 Travel Scholarship
Austrian Society for Biomedical Engineering
Konstantin Bergmeister

Royal Thai Government Scholarship (2014 – 2018)
Weerayot Aramphianlert

”Förderungsstipendium” Scholarship
Medical University of Vienna
Matthias Sporer

”Förderungsstipendium” Scholarship
Medical University of Vienna
Dieter Depisch 

”Leistungsstipendium” Scholarship 
Medical University of Vienna
Martin Aman

A. Sturma receiving the Physio Austria Research Award 1st Place 

C. Prahm and A. Willensdorfer with University Rector Prof. M. Müller (right) receiving the Veronika-Fialka-Moser-Diversity Award 2017
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Cooperations

Some say you can estimate the quality of a research group by looking at the quality of its collaborations. In that sense, 
we certainly don’t need to hide the following list of our partner institutions, which constantly help us explore new hori-
zons and foster knowledge and innovation through bilateral exchange.

Medical University of Vienna
Prof. Dr. Richard Crevenna, MBA, 
Department of Physical Medicine and Rehabilitation

Prof. Dr. Bruno Podesser 
Department for Biomedical Research

Prof. Dr. Reinhard Windhager
Department of Orthopaedic Surgery

Prof. Dr. Winfried Mayr
Biomedical Engineering and Rehabilitation Technology, Center for Medical Physics and Biomedical Engineering

Prof. Dr. Georg Dorffner
Institute for Artificial Intelligence and Decision Support

Prof. Dr. Michael Bergmann
Surgical Research Laboratories, Department of Surgery

Prof. Dr. Tanja Stamm
Institute for Outcomes Research, Center for Medical Statistics, Informatics and Intelligent Systems

Prof. Dr. Siegfried Trattnig 
Section of Neuroradiology, Department of Radiology 

Prof. Dr. Thomas Helbich
Department of Radiology

Austria
Prof. Dipl. Ing. Eugenijus Kaniusas
Institute of Electrodynamics, Microwave and Circuit Engineering, TU Wien

Prof. Peter Purgathofer, Dipl. Ing. Dr. Fares Kayali
Institute for Design and Assessment of Technology, Human Computer Interaction Group, TU WIen

Dipl.-Ing. Dr. Irena Paschkunova-Martic, Prof. Bernhard Keppler
Institute of Inorganic Chemistry, University of Vienna

Prof. Dr. Thomas Haslwanter
Rehabilitation Technology, University of Applied Sciences Upper Austria

International
Prof. Dr. Dario Farina
Department of Bioengineering, Faculty of Engineering, Imperial College London, United Kingdom

Norbert Kang, MD
The Royal Free Hospital, London, United Kingdom

Rickard Brånemark, MD, PhD
Visiting Professor at the Department of Orthopedic Surgery and Co-Director of the International Center for 
Osseointegration Research, Education and Surgery (iCORES) at University of California, San Francisco, USA 

Paul Cederna, MD
Professor in the Section of Plastic Surgery, Professor in the Department of Biomedical engineering and 
Associate Chairman of the Department of Surgery at University of Michigan, Ann Arbor, MI, USA

Hugh Herr, PhD
Head of Biomechatronics group at the MIT Media Lab, 
Massachusetts Institute of Technology, Cambridge, MA, USA

Tessa Gordon, PhD, Gregory Borschel, MD
The Borschel Lab, The Hospital for Sick Children, Toronto, Canada

Max Jair Ortiz Catalan, PhD
Associate Professor at the Biomedical Signals and Systems research unit, 
Chalmers University of Technology, Gothenburg, Sweden

Prof. Dr.-Ing Klaus-Peter Hoffmann
Medical Engineering & Neuroprosthetics, Fraunhofer Institute 
for Biomedical Engineering IBMT, Sankt Ingbert, Germany

Prof. Dr. Thomas Stieglitz
Biomedical Microtechnology, Department of Microsystems Engineering, 
University of Freiburg, Germany

Prof. Dr. Arndt Schilling
Institute of Neurorehabilitation Systems, University Medical Center Göttingen, Germany

Dr. Günther Felmerer
Department of Plastic and Reconstructive Surgery, University Medical Center Göttingen, Germany

Prof. Dr. Herta Flor
Institute of Cognitive and Clinical Neuroscience, Zentralinstitut für Seelische Gesundheit, Mannheim, Germany

Prof. Dr. Martin Diers
Department of Psychosomatic Medicine and Psychotherapy, Ruhr University Bochum, Germany

Prof. Aszmann with some of our main collaborators, including Prof. D. Farina, Prof. R. Brånemark and Dr. S. Wolfe
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Teaching & Public Relations

Our Lab is a space for collaboration and exchange of knowl-
edge. As such, we strive to participate in projects and events, 
that give us the opportunity to share our experience and ex-
pertise while encouraging open discussion. Aside from vari-
ous external teaching positions of our PhD students, we had 
certain events that stood out in 2017:

Cosima Prahm and Anna Willensdorfer are part of the pro-
ject Regional Talents, which is organised by the Open Science 
Association and funded by the Austrian Research Promotion 
Agency (FFG) with 130.000€. The intention is to enable school 
children and young adults to engage in exciting topics in sci-
ence, technology and research. Together with OTH Döbling 
and Studio Novo, the CD-Laboratory holds workshops within 
their own facilities and also visits the students at their own 
school to tutor alongside the teachers. Basic principles of 
the brain and motor system are explained, as well as pros-
thetic control and interaction between body and technology. 
Additional topics such as aesthetics, design, self-image and 
social perception of prosthesis users provide the opportunity 
for a holistic approach of research and technology.

As part of our close collaboration with the Clinical Depart-
ment of Plastic Surgery, Martin Aman organised a micro-
surgery course for employees of the CD-Laboratory and 
members of the department this year. Depending on the 
level of previous knowledge, participants performed exer-
cises ranging from knot techniques in the glove model, to 
dissection in the chicken thigh and microvascular anas-
tomoses in the rat under the supervision of ex perienced 
micro surgeons (Prof. Aszmann, Prof. Radtke). The practiced 
abilities will benefit the young surgeons in future clinical as 
well as animal experimental settings.

Following an invitation to the Fall Academy of the German 
Society for Microsurgery (DAM), Prof. Aszmann travelled 
to Ludwigshafen for a teaching surgery in October. The 
concerning patient had suffered a severe injury to his up-
per arm some months ago, with insufficient regeneration 
of the median und ulnar nerves. Based on a concept he 
devised together with Johannes Mayer, Prof. Aszmann per-
formed two nerve transfers in the forearm with the aim to 
improve hand function.

Regular teaching activities:

• Cosima Prahm and Agnes Sturma are teaching in the 
MSc  Curriculum for Health Assisting Engineering at 
the FH Campus Vienna.

• Cosima Prahm is tutoring in Biomedical Engineering 
at the TU Wien and holding a seminar for diploma 
students at the Medical University of Vienna.

• Agnes Sturma is a lector in the training program for cer-
tified hand therapists of Austria and a tutor in the MSc 
curriculum for Biomedical Engineering at the TU Wien.

• Matthias Sporer is giving a general anatomy dissection 
course at the Institute of Anatomy.

A. Willensdorfer working hard to nurture the spark of interest in a future generation of physicians

C. Prahm explaining the finer details of bionic prosthetics to an aspiring scientist

Prof .O .C. Aszmann and head of the Department of Plastic Surgery Prof. C. Radtke with the participants of the microsurgery course 2017
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Impressions of a Great Year

Members of the CD-Lab enjoying a well-deserved break after a long conference day

I. Vujaklija and C. Prahm during an intellectual exchange L. Hruby

A. Sturma enjoying lobster after the MEC17 Conference

J. Mayer and Prof. Aszmann visiting Iceland in true Viking manner

J. Mayer and C.Gstöttner after a run in Munich

Braving the Stubai Glacier together
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People

Oskar Aszmann
Prof. MD
Head of the Lab

Oskar C. Aszmann was born in Vienna, Austria. After a two year excursion into 
philosophy and biology, Dr. Aszmann entered Medical School at the medical 
faculty of the University of Vienna. From the very outset he discovered his love for 
anatomy. Early on he enrolled as tutor and scientific assistant at the Department 
of Anatomy and Cell biology with a major interest in neuroanatomy. The entrance 
into the fascinating world of plastic and reconstructive surgery he found via the 
fascinating subject of peripheral nerve reconstruction by Prof. Hanno Millesi. He 
went on to receive part of his training at the Johns Hopkins Hospital in Baltimore, 
Maryland where he learned the trade of peripheral nerve surgery from Prof. Lee 
Dellon and the basic science of peripheral nerve regeneration from Prof. Thomas 
Brushart. He then joined the Division of Plastic Surgery in Vienna, Austria in 1998 
where he now holds the position of Associate Professor of Plastic and Recon-
structive Surgery. Both his research and clinical focus have always been periph-
eral nerve reconstruction and extremity/hand rehabilitation. Since 2006 he has 
entered a close collaboration with the company Otto Bock to explore the possibili-
ties and limits of bionic reconstruction which has now led to the establishment of a 
Center for Extremity Reconstruction and Rehabilitation. This Center has at its core 
interest the recovery and rehabilitation patients with impaired extremity function. 
This goal is accomplished with a wide variety of surgical techniques of neuromuscu-
lar reconstruction alone or in combination with complex mechatronic devices.

Manuela Leibetseder
MA
Assistant

An archaeologist by training, Manuela Leibetseder joined the CD-Laboratory in 
2017 as an assistant to Professor Aszmann. After her studies in Salzburg she 
has lived and worked in Greece, before returning to Austria to pursue her post-
graduate education in cultural mediation.

Christian Hofer
PhD MSc
Project Coordinator & Industry Representative

Dr. Christian Hofer is a clinical research coordinator for Ottobock, where he cur-
rently leads the company’s TMR and TH-IMES projects, and coordinates collabo-
rations with clinical research institutions. He attended the Vienna University of 
Technology, where in 1995 he was awarded a Dipl.-Ing. (MSc) Degree in the field 
of Electrical Engineering and Electronics (Specialization: Industrial Electronics 
and Controls) and in 2008 a PhD in Biomedical Engineering. Since 1995 he is 
also a researcher at the Ludwig Boltzmann Institute for Electrical Stimulation 
and Physical Rehabilitation at the Institute of Physical Medicine and Rehabilita-
tion within the Vienna Wilhelminenspital. His research interests include restoring 
movement through advanced rehabilitation technology, development of diagnostic 
tools for assessing the status of skeletal muscle, restoring function in spinal cord 
injured patients through functional electrical stimulation (FES) of innervated and 
denervated muscles, and novel measurement techniques for biological signals.

Winfried Mayr
Prof.
Scientific Cooperation Partner

Prof. Winfried Mayr coordinates research and development contributions at the 
Center of Medical Physics and Biomedical Engineering, Vienna Medical Univer-
sity, with focus on a novel modular bionic arm prosthesis with proprioceptive and 
sensory feedback features and intuitive movement control. His primary university 
graduation was in Electronics and Control Engineering at the Vienna University 
of Technology, followed by a PhD in Biomedical Engineering. Currently he is As-
sociate Professor in Rehabilitation Engineering, his past and present research 
includes instrumentation for spinal cord injury rehabilitation, neural prostheses, 
functional electrical stimulation (FES), implant technology and biomechanical 
and electrophysiological test and measurement solutions.

Agnes Sturma
Degree: MSc BSc
Physiotherapist and PhD Student

Agnes Sturma is a physical therapist with an engineering background and joined 
the CD-Laboratory in 2012. In her clinical work, she is involved in the rehabili-
tation of patients with amputations or loss of function of their extremities. Her 
main research interests include phantom limb pain, outcome assessments and 
motor learning in patients with amputations or severe nerve injuries. After finish-
ing her master in “Health Assisting Engineering” in 2014, Agnes Sturma started 
her doctorate program at the Medical University of Vienna. Besides her work in 
the CD-Laboratory she is involved in teaching and research at the University of 
Applied Science FH Campus Wien and is a tutor at the Technical University of 
Vienna. She is a founding member of the international handsmart group that aims 
to improve amputation rehabilitation world-wide.

PhD Thesis: The influence of Targeted Muscle Reinnervation on Phantom Limb Pain
Status: Ongoing

Anna Pittermann
PhD MSc
Clinical Psychologist and Psychotherapist

Anna Pittermann is a Clinical Psychologist and Psychotherapist working at the 
Department of Plastic and Reconstructive Surgery at the Medical University of 
Vienna since 2006. She works with patients suffering from various medical and 
aesthetic conditions and teaches patient-doctor communication at the Medical 
University of Vienna. Anna joined the CD-Laboratory right at its beginning in 
2012. Since then she performs the psychological assessment before elective 
amputation and provides psychological treatment for patients who suffer from 
trauma or adaptation difficulties.

Hans Oppel and René Roggenhofer 
Orthopaedic Technicians

Hans Oppel and René Roggenhofer recently launched their own orthope-
dic technician company, Orthopädie-Technik-Haus-Döbling, in Vienna. They 
regu larly attend our special outpatient clinic and help provide patients with 
the best prosthetic treatment. The ultimate goal is multidisciplinary excel-
lence which ranges from patient evaluation to final prosthetic fitting and 
maintenance service. Hybrid hand fitting for every patient awaiting elective 
hand or arm amputation is a major contribution from their side. Experimental 
orthopedic technics include innovate socket technology designs and choice of 
prosthetic componentry.
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Krisztina Manzano-Szalai
PhD MSc
Post-Doc

Krisztina Manzano-Szalai, PhD MSc was born in Györ/Hungary and studied 
biology at the University of Pécs/Hungary, but acquired her diploma thesis at 
the University of Vienna. In 2003 she started to work in the research group of 
Prof.  Jensen-Jarolim at the Institute of Pathophysiology and Allergy Research, 
Medical University of Vienna in the field of allergy. In August 2008 she defended 
her dissertation with excellency in the study program of Medical Doctor of Science 
(DrMedSci). From April 2010 until December 2010 she was a Senior Scientist at 
the Biomedical International R+D GmbH team in Vienna and worked for vaccine 
development against allergy and tumor diseases with AAVLPs (adeno-associated 
virus-like particles). In April 2012 Dr. Manzano-Szalai joined the group of “Com-
parative Medicine” at the Messerli Research Institute of the University of Veteri-
nary Medicine, Vienna as Assistant Professor. From November 2013 she became 
a member of the CD-Laboratory and is responsible for the research focusing on 
the molecular details and development of visualization of nerves during surgery. 
Dr. Manzano-Szalai is working with Dr. Roche on the new project “Identification 
of motor and sensory nerve target membrane proteins by phage diplay”. She is 
responsible for the supervision and organisation of basic science in our group.

Anna-Maria Willensdorfer 
Chemotechnical Assistant

Anna-Maria Willensdorfer was born in Vienna and passed her professional 
training as a Chemotechnical Assistant at the Technical College of Chemistry 
in Rosensteingasse, Vienna, with merit in June 2009. She worked at the Bio-
medical International R+D GmbH team at the IPA, Medical University Vienna, 
from May 2010 to September 2011. During this time, she expanded her immuno-
logical repertoire in the field of allergy and oncology. In October 2011 she joined 
the “Comparative Medicine“ team at the Messerli Research Institute, Univer-
sity of Veterinary Medicine, as a lab assistant. Since Novermber 2013 Anna ha 
been a member of the CD-Laboratory as lab assistant under the supervision 
of Dr. Manzano-Szalai. Ms Willensdorfer supports all basic science laboratory 
projects with her scientific expertise.

Aron Cserveny
BA
Graphic Artist

Aron Cserveny is an illustrator and graphic artist. He graduated from the Uni-
versity of Wales, UK, in 2000 with first class honours. Over the ensuing years he 
worked as an illustrator, graphic designer and print production specialist for vari-
ous advertising agencies and major international clients. He has taught classes 
at Vienna’s University of Applied Arts and at a private school for illustration. His 
artistic style lends itself particularly well to scientific and medical depictions. It is 
in this capacity that he joined the CD-Laboratory for Bionic Reconstruction in 2017 
to support the team in visualising some of its groundbreaking research findings 
and methods and help explain them to a wider audience.

Stefan Salminger
MD PhD
Research Fellow

Stefan Salminger joined the Christian Doppler Laboratory in 2012. Since October 
2014 he has been working as a resident at the Division of Plastic and Reconstruc-
tive Surgery at the Medical University of Vienna. He has completed a two-year 
research fellowship at the CD-Laboratory and finished his PhD with the thesis 
“Prosthetic hand and arm replacement in upper limb amputees” in 2017. His re-
search focuses on the improvement of the stump socket interface, the clinical 
evaluation of the functional outcome after biologic and prosthetic reconstruction 
in upper limb amputees and especially the comparison of different methods of 
limb replacement. He is subinvestigator in a pilot study evaluating the use of im-
plantable sensors for prosthetic control.

PhD Thesis: Prosthetic hand and arm replacement in upper limb amputees
Status: Completed

Konstantin Bergmeister
MD PhD
Research Fellow

Konstantin Bergmeister was born in 1988 in Vienna and graduated from the 
Medical University of Vienna, Austria in 2013. He joined the CD-laboratory the 
same year to work on in-vivo models for the investigation of peripheral nerve 
regeneration and the testing of new prosthetic devices. During medical school he 
has worked in several research divisions (Rheumatology, Pediatric Surgery and 
Pediatric Nephrology) focusing on experimental in-vivo testing, with special re-
gards to product testing. Furthermore he has conducted studies abroad in China, 
Germany and the US. In 2016 he completed his PhD program “Neuroscience” and 
has started to work as a resident at the plastic surgery department of Heidelberg 
at the BG Ludwigshafen.

PhD Thesis: Prosthetic extremity reconstruction: Improving the prosthetic inter-
face to restore extremity function
Status: Completed

Bernhard Gesslbauer
MD MSc
PhD Student

After a six month residency at the University Department for Trauma Surgery, 
Bernhard Gesslbauer joined the Christian Doppler Laboratory in January 2012. 
His professional passion for extremity reconstruction arose after a research stay 
at the Karolinska Institute where he worked on the molecular basis of limb re-
generation. The detailed anatomy of the brachial plexus and its peripheral nerves 
of the upper extremity is his field of research in the Christian Doppler Laboratory. 
Results generated by his studies should help to improve the outcome of peri-
pheral nerve surgery. 

PhD Thesis: Axon quantification in the human arm reveals sensory fiber predominance
Status: Ongoing
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Johannes Mayer
MD
PhD Student

Johannes finished Medical School at the Medical University of Vienna in 2013. 
His passion for hand and peripheral nerve surgery arose during several rotations 
during medical school (Vienna, Capetown, New York, Baltimore). After one year 
of training in trauma surgery at the Lorenz Böhler Hospital, Vienna, he joined the 
CD-Laboratory in January 2015. Until October 2017 Johannes was responsible for 
patient coordination and organization of the specialist clinic. His main research 
interest includes selective nerve transfers, peripheral nerve/plexus lesions and 
the quantification of peripheral nerve fibers. Furthermore his research field was 
extended to osseointegration as a treatment option for limb amputation, as well 
as tendon transfer surgery for tetraplegia patients. 

PhD Thesis: Selective Nerve Transfers in Restoration of Extremity Function 
Status: Ongoing

Cosima Prahm
MSc BA
PhD Student

Cosima Prahm received her combined Master’s degree in Cognitive Neuroscience 
from the Medical University of Vienna and Medical University of Ljubljana with 
a focus on diagnostic imaging of neurodegenerative diseases. Since joining the 
CD-Laboratory in 2013, her main research focuses on various areas of medical 
informatics such as human-computer interfaces, machine learning approaches 
for simultaneous prosthesis control, virtual and augmented reality and game-
based rehabilitation systems.

PhD Thesis: Transition from Offline Analysis to Clinical Practice: Pattern Recogni-
tion Algorithms for Real-Time Simultaneous Control of Upper Limb Prostheses
Status: Ongoing

Matthias Sporer
MD
PhD Student

Matthias Sporer was born in 1990 and graduated from the Medical University of 
Vienna, Austria in 2015. Fascinated by human anatomy he started working as a 
tutor during his studies. Having already joined the Christian Doppler Laboratory 
in late 2012 his passion for peripheral nerve surgery further increased on several 
rotations in medical school (Vienna, Innsbruck, Basel, Durban, Auckland). In his 
diploma thesis he was focusing on the exploration of the fascicular shifting, a 
novel reconstruction technique for large proximal nerve defects. Joining the team 
as a PhD-student in October 2015, he continues this line of work. Furthermore, 
he is now focusing on neuronal plasticity and its usability for the control of pros-
thetic devices. This includes current work on selective nerve transfers, neonatal 
rat models, theranostic implants and its effects on the motor unit system.

PhD Thesis: Neuronal Plasticity and its Usability for the Control of Prosthetic Devices
Status: Ongoing

Laura Hruby
MD
PhD Student

Laura Hruby received her degree at the Medical University of Vienna in July 2015. 
She has been accepted to the MD-PhD Excellence Program during her 5th year 
of medical school, and officially joined the CD-Lab as a PhD student in July 2013. 
Her research fields include functional and psychosocial consequences in patients 
with global brachial plexopathies. The influence of selective nerve transfers and 
prosthetic hand replacement on deafferentation pain and body image is investi-
gated in these patients. Owing to her passion of fiction-writing a book on Bionic 
Reconstruction that she wrote together with Prof. Aszmann will be published in 
spring 2018 commenting on patients’ fates and possibilities of reconstruction.

PhD Thesis: Global brachial plexopathies beyond biological rehabilitation: func-
tional and psychosocial outcomes of bionic reconstruction
Status: Completed

Martin Aman
MD
PhD Student

Martin Aman joined the CD-Laboratory of Bionic Reconstruction in May 2014. 
He participated in research projects concerning nerve transfers and finished his 
diploma thesis project on the Effects of Selective Nerve Transfers on the adult 
motor unit in 2016 and finished Medical University in 2017. He was accepted for 
the Medical University’s program of Excellence MDPhD and started his thesis 
about implantable multichannel EMG systems to improve the prosthetic inter-
face in October 2016. Currently he is working on improving the prosthetic inter-
face with implantable technology combined with nerve transfers.

PhD Thesis: An implantable multichannel electromyography system to improve 
the myoelectric prosthetic interface
Status: Ongoing

Clemens Gstöttner
MD
PhD Student

Clemens Gstöttner joined the CD-Lab in September 2017, after finishing his 
medical studies at the Medical University of Vienna. Early on he developed a strong 
interest in anatomy, prompting him to become a tutor for dissection courses at 
the Institute of Anatomy. He first came into contact with peripheral nerve surgery 
and research during his time at the Ludwig Boltzmann Institute for Experimental 
and Clinical Traumatology, where he was involved in a project targeting peri pheral 
nerve regeneration for his diploma thesis. In the later years of his studies he 
started gaining an accentuated focus on the broad field of neuroscience, espe-
cially the use of technology for neurorehabilitation. The goal of his PhD project is 
the testing of novel approaches to improve signal transduction at the prosthetic 
interface. Furthermore, he is working on anatomical projects and, together with 
Cosima Prahm, establishing a 3D software for nerve surgeons. 

PhD Thesis: Evaluation of a Novel Approach for Peripheral Nerve Interfacing
Status: Ongoing
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Christoph Kast
Dipl.-Ing. BSc
PhD Student

Christoph Kast joined the CD Laboratory for Bionic Reconstruction in 2015 after 
graduating from the Technical University Vienna in Biomedical Engineering with 
the main focus on functional electrical stimulation (FES) of denervated muscles. 
At the center of his research interest at the CD Laboratory stands proprioception 
and sensory feedback for intuitive arm prosthesis movement control. Ongoing 
projects include hard- and software development of a modular multi-purpose 
real-time biosignal and sensor acquisition system, a synchronization module that 
allows accurate control applications and a motion capture device that tracks the 
arm in space and delivers the necessary data to generate a feedback signal.

PhD Thesis: Proprioception and sensory feedback instrumentation for intuitive 
arm prosthesis movement control
Status: Ongoing

Weerayot Aramphianlert
MEng 
PhD Student

Weerayot Aramphianlert graduated his Masters Degree in Biomedical Engineering 
from Mahidol University, Thailand. The master thesis was the development of a 
robot-assisted developmental stimulation for children with autism spectrum dis-
order. In 2014 he joined the CD-Laboratory for Bionic Reconstruction. He is inter-
ested in the myoelectric control of the arm prosthesis. Ongoing projects include 
the development of a modular biosignal acquisition system with its interfacing 
software and signal analysis to investigate the influences in EMG signal for the 
implementing of an adaptive myoelectric control system.  

PhD Thesis: Adaptive Learning Agent – Assisted Myoelectric Control for Upper 
Extremity Prosthesis
Status: Ongoing

Stephanie Rassam
MD Student

The diversity and finesse of surgery has always fascinated Stephanie, which is why 
she joined the CD lab within the scope of her diploma thesis in 2015. So far, she 
has focussed on pudendal nerve irritation with the aim of a better understanding 
of its pathology, treatments’ benefits and its impact on the quality of life. To main-
tain and intensify her dexterity during her clinical research, she assisted during 
orthopaedic and visceral surgeries besides her studies and is a tutor in our uni-
versity for surgical skills during the OSCE. 

Diploma Thesis: Treatment Algorithm of Pudendal Neuropathy – A Cross-sectional 
Study with Questionnaire on 119 Patients
Status: Ongoing

Anna-Lisa Pignet
MD Student

Since Anna-Lisa Pignet had always been passionate about biomedical sciences, 
she enrolled in Biology at the University of Vienna in 2011. Two years later she 
started studying Medicine simultaneously. During her studies at the MUW she 
developed a deep interest for anatomy and reconstructive surgery and started 
working as a tutor at the Departement of Anatomy. Now she is involved in re-
search about axon quantification via nerve imaging for her diploma thesis at the 
CD-Laboratory.

Diploma Thesis: Axon quantification of the facial nerve
Status: Ongoing

Simon Wiedemann
MD Student

Simon Peter Wiedemann is a medical student and joined the CD-Lab in 2015. To-
gether with his diploma thesis supervisor, Dr. Johannes Mayer, he is working on 
absolute axonal quantification of peripheral nerves within the human forearm. He 
takes part in nerve specimen harvesting, staining peripheral nerve cross sections 
and Tissue Taxs analysis.

Diploma Thesis: Axon quantification in the human forearm
Status: Ongoing

Dieter Depisch
MD Student

Dieter Depisch started studying Medicine at the Medical University of Vienna in 
2013. Since he has always been interested in surgery and joined the CD-Lab in 
December 2016. Currently he is working on his diploma thesis, regarding the ef-
fects of selective nerve transfers on the neonatal motor unit.

Diploma Thesis: Histomorphologic assessment of the neonatal motor unit 
following nerve reconstruction
Status: Ongoing
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Eric Mörth
Master Student (Medical Informatics)

Eric graduated the Electronics department of the HTL in Pinkafeld in 2012. He 
received his Bachelor of Science in Medical Informatics of the Technical Univer-
sity of Vienna, where his Bachelor thesis addressed the 3D printing of fetal ultra-
sound investigations. The chosen focus of his Bachelor program was on visual 
computing. He currently attends his Master study of Medical Infor matics at the 
Medical Universtiy of Vienna and the Master program of Biomedical Engineering 
at the Technical University of Vienna. His focus at the CD-Laboratory is the 
implementation of game-base virtual rehabilitation. He also works in the field 
of game design and human computer interaction.

Vlad Tereshenko
MD Student

Vlad Tereshenko is a fourth-year student at the Medical University of Vienna. His 
fascination with medicine and natural science started with participating and win-
ning a bronze medal as a high school student at the Inernatinal Biology Olym-
piad in Singapore 2012. After moving to Austria from Belarus, his home country, 
and entering the university he expanded his interest into anatomy and joined the 
Center of Bionic Reconstruction at the Christian Doppler Laboratory in December 
2016. Currently he is passionately engaged in research projects related to nerve 
imaging and sensory feedback in prosthetic devices, as well as qualitative and 
quantitative analysis of nerves innervating the forearm.

Diploma Thesis: Novel contrast media for visualization of peripheral nerves in 
magnetic resonance imaging
Status: Ongoing

Christopher Festin
MD Student

Christopher Festin joined the CD-Laboratory for Bionic Reconstruction in the 
summer of 2017. He is a fourth year MD student at the Medical University of 
Vienna. He currently participates in research projects regarding different types of 
electrodes and their effects on the nerve and muscle architecture, being mainly 
involved in the histological analysis of nerve and muscle samples. 

Diploma Thesis: Effects of intraneural electrodes on the nerve and muscle architecture
Status: Ongoing

Group photo of the Christian Doppler Laboratory and friends
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2018 – An Outlook

2017 has been a year of harvest and continued investment 
at the same time. As the major work packages within the 
scientific framework of this Lab are coming to a conclu-
sion, new questions are arising with new collaborations 
on the horizon. As the PhD students and their respective 
pro posals are the substance and power of any Laboratory, 
I have ascertained that the continuity of information trans-
fer has been smooth and that funds are available for the 
next generation of students. Last year two PhDs have con-
cluded their work and three more will follow throughout 
2018. Some stay within the framework of our University by 
assuming a physician-scientist position maintaining the 
high level of expertise for the coming years, others are 
spreading their wings to put their training to the test at 
other institutions. 

Last year the majority of our published papers were con-
ducted in a collaborative effort either within the University 
or with Institutions abroad. This tendency will be continu-
ing and increasing also in 2018, since the substance of our 
research is and always has been interdisciplinary. In the last 
years trust and mutual understanding of each others re-
search capabilities has steadily increased, so that our com-
mon projects are more focussed and have gained thrust and 
visibility in the scientific community. Through many travels 
we have established a global research network that allows 
to pick the best ideas and join efforts.

One of these efforts has been the ERC Synergy Research 
Proposal together with Dario Farina at Imperial College and 
Antonio Bicchi from the Università di Pisa. This proposal 
has the prospect of revolutionizing prosthetic control and, 
if granted, will permit the establishment of a long-term 
research structure here at the Medical University of Vienna.

Another common effort has been the compilation of our 
research projects of the last years in a comprehensive book 

on “Bionic Extremity Reconstruction”, which will be con-
cluded mid 2018 and published by Springer.

A lot of preparation last year has been invested toward the 
organisation of the second international Symposium on 
“Innovations in Amputation Surgery and Prosthetic Tech-
nologies”, which will be hosted by our Lab in May 2018 here 
in Vienna. This symposium truly reflects the global interest 
and surge in advanced prosthetic reconstruction and reha-
bilitation. Twenty-six nations from all over the world and all 
relevant Centers in the field will be present revealing the sig-
nificance of our Center in the community.

Together with Virtual Reality Specialists, a novel cloud based 
interactive topographical atlas of the peripheral nervous 
system is being devised as a valuable tool for peripheral 
nerve surgeons to help in the decision making in the recon-
struction of difficult nerve lesions.

Finally, an App-based rehabilitation tool has been developed, 
which will be tested in a cohort of patients after cognitive 
nerve transfers. This tool should be available later this year.

With the recently established Center for Extremity Recon-
struction (ZER) the Laboratory will be able to provide its 
continued support with innovative concepts in the face of 
devastating extremity injuries and limb loss. 

Univ. Prof. Dr. Oskar C. Aszmann
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Basic Science Projects

Improving Prosthetic Interface 
with Implantable Technology
Theranostik implants for interfacing bionic prostheses
Aman M, Sporer M, Festin C, Schmoll M1, Lanmüller H1, Wil-
lensdorfer A, Manzano-Szalai K, Ruff R2, Hoffmann KP2, Hofer 
C3, Russold MF3, Aszmann OC
1 Department for Biomedical Engineering, Medical University of Vienna, Austria
2 Fraunhofer Institut
3 Otto Bock Healthcare Products

Interfacing bionic limbs is a remaining bottle neck in so-
phisticated prostheses control. Current intraneural in-
terfaces are a promising tool to provide control and feed-
back. Therefore, our aim was to evaluate longitudinal 
intra neural electrodes for possible implementation. In 25 
Sprague Dawley rats, ds FILE electrodes were implanted 
in the sciatic nerve and evaluated over different time pe-
riods of 4 to 12 weeks and compared to a standard cuff 
electrode. Results show significant changes in nerve and 
muscle architecture concerning muscle weight, force and 
intraneural fibrosis. These changes have to be considered 
in future applications. In summary findings indicate a su-
periority of EMG driven interfaces.

Status of Project: In Progress

An implantable multichannel electromyography system 
to improve the myoelectric prosthetic interface
Aman M, Sporer M, Vujaklija I1, Bergmeister KD, 
Farina D1, Aszmann OC
1 Department of Bioengineering, Imperial College London, London, UK

To improve amputee’s quality of life and enable reintegration into 
society and profession, a sophisticated extremity replacement is 
required. For this purpose, modern myo electric prostheses are 
used, which are capable of executing essential hand function. 

Prosthetic function highly depends on signal acquisition. 
Despite highly capable prosthetic devices, the currently 
extractable signals are insufficient to provide complex 
extremity control. With limited function patients tend to 
abandon their prostheses due to a lack of reliability and 
intuitivity. Therefore a better interface and more intui-
tive control could help to improve prosthetic function and 
reduce prosthesis’ abandonment. A recently developed 
multi channel high-density (HD) EMG electrode has shown 
high potential for better signal acquisition by decom-
posing single motor units. Based on these single motor 
unit recordings, it has been shown that the complete neu-
ral drive can be reliably estimated. Combination of this 
powerful technique with our findings from TMR research 

and motor unit modulation could help to improve pros-
thetic function to a high degree of functionality.

Therefore, our aim is to evaluate the multichannel HD 
EMG electrodes by comparing it to current standard pro-
cedures of motor unit evaluation and to investigate the 
potential of this recent technology for improvement of 
prosthetic function. 

Status of Project: In Progress

Development of Novel Neurosurgical 
Concepts in the Rat Model
Effects of selective Nerve Transfers on the adult 
Motor Unit System
Bergmeister KD, Aman M, Manzano-Szalai K, Riedl O, Salm-
inger S, Unger E1, Byrne R2, Scheinecker C2, Aszmann OC
1 Center for Medical Physics and Biomedical Engineering, 

 Medical University of Vienna
2 Division for Rheumatology, Clinic for Internal Medicine III, 

 Medical University of Vienna

Introduction:
Selective nerve transfers (SNTs) have been used exten-
sively for the past decade to treat slow nerve regeneration, 
neuroma pain and improve prosthetic control. SNTs change 
the motor unit extensively by connecting motor neurons to 
new functional targets. Good outcomes have been reported 
but little is known of the structural and functional effects. 
This experimental study investigates the effects of SNTs, 
using a high capacity donor nerve, on the different motor 
unit levels.

Methods:
In rats (male Sprague Dawley 6-8 weeks) the ulnar nerve 
(UN) was selectively transferred to the long head of the bi-
ceps after neurotomy of the biceps motor branch. After 3, 
6 or 12 weeks (each N=15, Sprague Dawley), muscle force 
and motor unit number estimation (MUNE) were analyzed 
and both biceps processed for muscle fiber typing. Motor 
neurons were labeled with Fluoro-Ruby in additional ani-
mals with or without SNT (N=17). In Thy1-GFP rats (N=15), 
the same nerve transfer was conducted to analyze forma-
tion of neuromuscular junctions.

Results:
All SNTs were functional (neurotomy reaction and muscle 
force analysis) and no dropouts occurred. Visual inspec-
tion and Bertelli tests revealed no functional elbow deficit 
at 3, 6 or 12 weeks. Muscle force, muscle weight and 
MUNE increased progressively from 3 to 6 to 12 weeks. 
At 12 weeks muscle force was 88%, muscle weight 97.5% 
and MUNE 116.8%, all compared to contralateral control. 
Retro grade labeling showed 172.3% motor neurons com-
pared to control (p= 0.006;two-sided t-test). Only 18.75% 

of the UN’s motor neurons innervated the muscle after 12 
week. Formation of neuromuscular junctions was present 
at 3, 6 and 12 weeks. Muscle fiber types changed from pre-
dominantly fast to inter mediate similar to muscles inner-
vated by the UN.

Conclusion:
This study shows the course of reinnervation and good 
functional outcome after a SNT using a high capacity 
donor nerve. The different motor unit composition led to 
impressive changes on all levels, most interestingly to 
functional and structural hyperinnervation of the muscle 
by the ulnar nerve. 

Status of Project: In Progress

Effects of selective nerve transfers on the 
neonatal motor unit system
Sporer M, Aman M, Bergmeister KD, Depisch D, Willensdorfer 
A, Manzano-Szalai K, Podesser B1, Aszmann OC
1 Department of Biomedical Research, Medical University of Vienna

Introduction: 
Selective nerve transfers have become an important tool for 
the restoration of extremity function. In a previous project 
we have investigated the effects of selective nerve transfers 
(SNT) on the motor unit in adult rats. First results show that 
following a SNT, all levels of the motor unit adapt to the ana-
tomical changes. This information might finally provide us a 
better understanding of the physiological processes and the 
ability to modify current techniques for optimized outcomes. 
The SNT’s principle of changing the wiring between nerves 
and muscles is also applied in neonatal patients suffering 
from obstetric plexus brachialis palsy (OPBL). OPBL is a 
condition that results from traumatic injury during birth to 
the brachial plexus, thus leading to a serious loss of function 
in the upper extremity. Hence, research on neuronal plas-
ticity seems to be even more essential. 

Methods: 
A total of 46 neonatal Thy1-GFP rats is divided equally into 
two three groups (A and B, N=23). 16 animals are allocated 
to group A2. Surgeries of group A, A2and B are performed 
within 24 hours of birth. A SNT is performed in group A and 
A2. In B the surgery is identical to group A but instead of 
the SNT the MCN is crushed for 5 seconds. In C (control) 
no surgery is performed and the animals are used to obtain 

control results. For this group five animals are used. In total 
67 Thy1-GFP rats are used.

Results: 
The aim of this study is to investigate the effects of SNT on 
the motor unit in neonates. In this adapted model, a SNT is 
applied by transferring a high capacity fiber nerve to a nerve 
of lower capacity (ulnar nerve to musculocutaneous nerve). 
This leads to hyperreinnervation of the muscle targets thus 
altering overall motor unit composition. 

Conclusion: 
Functional and structural analysis of the after nerve regene-
ration will identify the role of neonatal plasticity and the dif-
ferences compared to the mature systems of adult animals. 
This information will help to provide better understanding of 
neonatal plasticity and improve surgical treatment of OPBL.

Status of Project: In Progress

Experimental Plexus Surgery in the Neonatal Rat Model
Sporer M, Aman M, Willensdorfer A, Manzano-Szalai K, 
Podesser B1, Aszmann OC
1 Department of Biomedical Research, Medical University of Vienna

Introduction: 
Despite advances in obstetric monitoring and techniques, 
the incidence rate of obstetric brachial plexus lesions 
(OBPL) has remained constant over the last decades. 
Although recovery occurs in the majority of cases, satisfying 
long-term rehabilitation cannot always be achieved. Hence, 
research on the reconstruction of OBPL and techniques to 
bridge severe proximal nerve defects remain urgent. Selec-
tive nerve transfers (SNT) promise to be a powerful tool, but 
the neurophysiological effects on peripheral nervous system 
and the motor unit have not been adequately investigated. 
Furthermore, the tremendous capacity of nerve regenera-
tion and plasticity of the central nervous system in the neo-
nate cannot be compared to studies available in the adult. 
Therefore, we specifically designed an experimental nerve 
transfer model in the forelimb of the neonatal rat.

Methods: 
Operating on pups within 24 hours after birth need adapta-
tions and preparations of dam, cub handling, anaesthesia, 
operation procedures, and analgesia methods. Handling and 
olfactory conditioning of the dam for about 10 days prior to 

Annex – Project Abstracts
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birthing, was performed to reduce cannibalizing and neglect 
of pups. Inhalative anaesthesia (isoflurane) was used to 
anaesthetize neonatal rats sufficiently. In the experimental 
groups, ten male Sprague-Dawley neonates, the ulnar nerve 
was transferred to the musculocutaneous nerve. In a nega-
tive control group (n=5), the musculocutaneous nerve was 
dissected and a 10 mm nerve defect was created. Sham sur-
gery was performed in another five rats (exposure/closure). 
These groups were compared against five animals, which 
were not removed from the dam at all. Weight was measured 
twice a week, in order, to depict the burden of surgery to the 
pups, and the recovery process. After 12 weeks of nerve re-
generation, muscle force and functional test (Bertelli) were 
performed and evaluated. 

Results: 
The nerve transfer successfully reinnervated the musculo-
cutaneous nerve in all animals, as indicated by muscle 
force and functional outcome. No aberrant reinnervation 
occurred from the original motor source and no sponta-
neous regeneration was found in the negative control group. 
By applying the described protocol dam canni balizing, 
neglecting pups was reduced and overall survival reached 
a satisfying level of over 88%. Initially, weight dropped 
significantly in all operated groups, but when pubs were 
weaned at 3 weeks weight has already recovered. 

Conclusion: 
Applying this neonate model will help to attain a deeper 
under standing of the neurophysiologic effects of SNT new-
borns. Additionally, neonatal plasticity can be investigated 
in the peripheral nerve system. Ultimately, these advances 
might be used to further understand neuronal regeneration 
and improve treatment options in the reconstruction of OBPL.

Status of Project: In Progress

Fascicular Shifting: a novel technique to overcome 
large nerve defects
Hader M, Sporer ME, Roche AD, Unger E1, Bergmeister KD, 
Wakolbinger R, Aszmann OC
1 Center for Medical Physics and Biomedical Engineering, 

 Medical University of Vienna

Introduction: 
A number of models have investigated different biologi-
cal and synthetic matrices as alternatives to conventional 
nerve grafts. However, the autologous nerve graft remains 
the gold-standard, even though here a pure sensory nerve is 
being used to reconstruct mixed or even pure motor nerves. 
Furthermore, limited donor sites often necessitate a signifi-
cant mismatch of needed nerve tissue especially for large 
proximal nerve defects. Here we present a new concept that 
overcomes this problem: the fascicular shift procedure. 

Methods: 
A fascicle group of the nerve distal to the injury is harvested 
in appropriate length to bridge the nerve defect. In this study, 
the fascicular shift was compared to nerve reconstruction 
with sensory, motor and mixed nerve grafts in rats. 

Results: 
This procedure provided sufficient guidance to over-
come nerve defects, had higher (P<0.1) motor neuron 

counts (1958.75±657.21) compared to sensory graft 
(1263.50±538.90) and was equal to motor (1490.43±794.80) 
and mixed grafts (1720.00±866.421). This tendency 
of improved motor regeneration was confirmed in all 
analysis. None of the analysis revealed an impairment on 
nerve regeneration despite of the partial defect elonga-
tion induced by the fascicular shift distal to the repair site.

Conclusion:
This study demonstrates that harvesting a transplant from the 
nerve segment distal of the injury site offers a mixed graft with-
out causing additional donor-site morbidity. These grafts per-
form statistically better than a standard sensory graft in regards 
to motor recovery. The fascicular shift presents a novel method 
to reconstruct large proximal nerve defects, and thus makes it 
immensely attractive in brachial plexus reconstruction.

Status of Project: Completed

Fascicular Shifting in the Reconstruction of 
Global Obstetric Brachial Plexopathies
Sporer M, Johannes Mayer JA, Paternostro-Sluga T, Aszmann OC
1 Department of Physical Medicine, Rehabilitation and Occupational 

 Medicine, Medical University of Vienna

Introduction: 
A number of models have investigated different biologi-
cal and synthetic matrices as alternatives to conventional 
nerve grafts. However, the autologous nerve graft remains 
the gold-standard, even though here a pure sensory nerve 
is used to reconstruct mixed or pure motor nerves. Further-
more, limited donor sites often necessitate a significant 
mismatch of needed nerve tissue. Especially in the recon-
struction of large proximal nerve defects, such as obstetric 
brachial plexopathies, we are facing these challenges. Here 
we present a new concept that overcomes these problems: 
the fascicular shift procedure. A fascicle group of the nerve 
segment distal to the injury site is harvested in appropriate 
length to bridge the injury site.

Methods: 
At our department a total amount of eight large, proximal 
nerve defects have been reconstructed by applying fascicular 
shifting. The presentation of first clinical results will be limited 
to a long term follow-up of four obstetric brachial plexopathies.

Results: 
Satisfying sensory and functional recovery was found in all 
patients, which was evaluated amongst others by the Modi-
fied Mallet Score (in avg. 3.9 out of 5), the Gilbert Shoulder 
(in avg. 4 out of 5) and Elbow Scale (in avg. 2.5 out of 3) and 
the Raimondi Score (in avg 2.4 out of 5). 

Conclusion: 
Experimental investigations and clinical results both show 
that harvesting a transplant from the nerve segment dis-
tal of the injury site provides a mixed graft without causing 
additional donor-site morbidity. These grafts perform sta-
tistically better than a standard sensory graft in regards to 
motor recovery. The fascicular shift presents a novel method 
to reconstruct large proximal nerve defects, and thus make 
it immensely attractive in brachial plexus reconstruction.

Status of Project: In Progress

Single Use Instruments for Microsurgical Training and 
Research – an Alternative? A Systematic Comparison 
to current Standards
Aman M, Bergmeister KD, Sporer M, Riedl O, 
Wang W1, Aszmann OC
1 Department of Neurosurgery, Medical University of Vienna, Austria

Microsurgery is an important part of various surgical 
fields and surgical research projects. Therefore, acquisi-
tion and training of good microsurgical skills seems crucial 
especially considering experimental outcome, costs, and, in 
a clinical point of view, of course patient outcome. Various 
cost efficient training methods have already been described; 
still microsurgical instruments are expensive limiting 
training possibilities. Therefore, we evaluated new single-
use micro surgical instruments for possible reusability for 
research and training. 

Handling, abrasion, weight and various important factors 
of surgical instruments were evaluated by 30 surgeons in 
a survey during microsurgery training. Also a practical test 
(Five single knots performed on a rubber plate) was per-
formed and evaluated.

The results show no significant difference (p=0,61) for time 
needed for the practical test between single use (460 ± 187 
sec) and reusable instruments (433 ±142 sec).

Although reusable instruments were considered better 
in terms of quality, size and weight, participants strongly 
recommended reusing single-use instruments for training. 

As a conclusion, these instruments can be used for training 
purposes and for low case-load animal trials as a cost- 
efficient alternative, especially for small laboratories and 
clinics without reusable instruments.

Status of Project: Completed

Axonal Quantification of 
Peripheral Nerves
Axonal Components of Nerves Innervating the Human Arm
Gesslbauer B, Hruby LA, Roche AD, Farina D1, 
Blumer R2, Aszmann OC
1 Department of Bioengineering, Imperial College London, London, UK
2 Devision of Anatomy, Center for Anatomy and Cell Biology, 

 Medical University of Vienna

Objective: 
Axons traveling within the brachial plexus are respon-
sible for the dexterous control of human arm and hand 
movements. Despite comprehensive knowledge on the 
topographical anatomy of nerves innervating the human 
upper limbs, the definite quantity of sensory and motor 
axons within this neural network remains elusive. Our 
aim was to perform a quantitative analysis of the axonal 
components of human upper limb nerves based on highly 

specific molecular features from spinal cord level to the 
terminal nerves at wrist level.

Methods: 
Nerve specimen harvest at predefined harvesting sites (plexus 
roots and cords as well as major nerves originating from the 
brachial plexus innervating the arm and hand) was performed 
in 9 human heart-beating organ donors. Double immuno-
fluorescence staining using antibodies against choline-acetyl-
transferase and neurofilament was performed to differentiate 
motor and sensory axons on nerve cross sections.

Results: 
Three hundred fifty thousand axons emerge from the spi-
nal cord to innervate the human upper limb, of which 10% 
are motor neurons. In all nerves studied, sensory axons 
outnumber motor axons by a ratio of at least 9:1. The sen-
sory axon contribution increases when moving distally, 
whereas only 1,700 motor axons reach the hand to inner-
vate the intrinsic musculature.

Conclusion: 
Our results suggest that upper limb motor execution, and 
particularly dexterous coordination of hand movement, re-
quire an unexpectedly low number of motor neurons, with 
a large convergence of afferent input for feedback control.

Status of Project: Completed

Quantitative analysis of nerve fibers in the human forearm
Mayer JA, Gesslbauer B, Hruby LA, Willensdorfer A, 
Wiedemann S, Salminger S, Aszmann OC

Introduction: 
Quantifying the motor and sensory portions of peripheral nerves 
has previously been limited by existing techniques. The ratio of 
sensory and motor axons in each branch is unknown. Here we 
want to quantify the absolute number of afferent and efferent 
fibers in the human forearm/hand based on molecular features. 

Methods: 
In this study nerve biopsies are harvested from the fore-
arm and hand from organ donors immediately after death. 
Choline acetyltransferase (ChAT) and neurofilament (NF) 
immunofluorescence is applied and quantification is per-
formed using a software allowing automated quantifi-
cation. This method was developed by one of the co-authors 
(B. Geßlbauer), to quantify the total sum of nerve fibres and 
to differentiate between efferent and afferent axons.

Hypothesis: 
The authors assume, as former studies have shown, that 
afferent axons of nerves of the human forearm/hand far 
outnumber the efferent axons.

First Results: 
Quantification of the anterior interosseus nerve showed a mean 
axon count of 794; only 23 % of these axons were efferent. 

Status of Project: In Progress
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Axon quantification in the facial nerve
Hruby LA, Gesslbauer B, Pignet A, Mayer JA, Willensdorfer A, 
Aszmann OC

Background: 
Facial nerve palsy can have various causes and has a 
devas tating effect on patients. Despite comprehensive 
knowledge on the anatomical course of the facial nerve and 
its branches, little is known about the definite quantity of 
motor and sensory axons within the nerve.

Methods: 
To analyze the sensory and motor axon contribution of the 
facial nerve, the main nerve trunk is harvested at its emer-
gence from the skull base in human heart-beating organ 
donors. Sensory and motor axons are visualized via immu-
nofluorescence double staining. The neurofilament (NF) 
antibody labels all neurons present within a nerve, where-
as the antibody targeting acetylcholine transferase (ChAT) 

exclusively labels motor axons, allowing for the first time a 
detailed quantification of all nerve fibers in the facial nerve. 

Results: 
Preliminary data on so far completed analyses show that the 
total axon count within the facial nerve adds up to 10.000 
axons. The motor axon contribution was found to be 25%.

Conclusion:
The sensory axon contribution of more than 75% within the facial 
nerve allows the preliminary conclusion that rich proprioceptive 
feedback is of utmost importance for the smooth motor control 
of mimetic muscles. Mimetic muscles, however, lack classic 
proprioceptive organs such as muscle spindles. Future research 
should thus aim at identifying structures within the mimetic 
muscles, which are supplied by the facial nerve’s sensory axons.

Status of Project: In Progress

Developing a Modular 
Lightweight Prosthesis
Development of a modular bionic prototype arm prosthesis
Kast C1, Rosenauer B1, Meissner H1, Aramphianlert W1, Krenn 
M1,2, Hofer C3, Aszmann OC, Mayr W1

1 Center for Medical Physics and Biomedical Engineering, 

 Medical University of Vienna, Austria 
2 Institute of Electrodynamics, Microwave and Circuit Engineering, 

 Vienna University of Technology, Austria
3 Otto Bock Healthcare Products GmbH, Vienna, Austria

Introduction: 
Current achievements for arm prostheses focus on critical 
factors for clinical use, such as weight, bulk, and control-
lability. Especially for transhumeral amputees, light but still 
robust devices are important. 

Here, we present a new concept of a modular system, based 
on bionic design principles, that is adaptable to the specific 
level of amputation of an arm. Additionally, the prosthetic 
arm mimics the weight distribution of a human arm.

Methods: 
The design concept follows three basic rules. First, the 
actuators are driving the joints by wires, which allows 
placement of the driving components within the prosthetic 

shaft or on other comfortable body areas outside of the 
artificial arm. This ensures a relief of contact pressure on 
the stump and potential side effects.

Second, the prosthesis is deployable for transradial and 
transhumeral amputees. Third, lightweight and silent 
operation. The construction materials are AlCu4Mg1, 
Titan Grade 5, and carbon fiber enforced epoxy. These 
material have similar load capacities as stainless steel, 
but less weight. The developed cam belt gear and low 
noise servo motors with optimized control patterns keep 
movement associated noise levels as low as possible.

Results: 
The ranges of motion are 120° for the elbow joint and 270° 
for the wrist joint. The elbow joint can lift a weight of maxi-
mal 3.3 kg with a lever of 30 cm through the entire range of 
motion within two seconds.

Discussion: 
The system provides a novel bionic design that allows usage 
not only for transradial but also transhumeral amputation. 
The proximal weight distribution and the used materials in-
crease the wearing comfort in daily tasks and mimic to a 
high extent physiological conditions.

Status of Project: In Progress
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Clinical Research Projects

Prosthetic Attachment
Osseointegration for patients with transhumeral amputation
Sturma A, Salminger S, Mayer JA, Oppel H1, Aszmann OC
1 OTH Döbling, Vienna, Austria

Introduction: 
The conventional approach for mechanical attachment of 
a prosthesis is to put the patient’s residual limb in a spe-
cially crafted socket. The prosthesis is then mounted on it. 
Osseo integration describes a method in which a titanium 
rod is anchored into the bone, to achieve the fusion of the 
titanium oxide layer with the living bone and therefore 
become inseparably. The bone tissue forms around the 
implant without any growth of adverse fibrous tissue at 
the bone-implant interface. There is no unwanted move-
ment between the implant and the corresponding bone.

Methods: 
In January 2017, the first transhumeral amputee underwent 
osseointegration surgery in the CD Lab. Post-surgical rehabili-
tation derived the approaches described by Branemark et al. 
In September 2017 the patient got a first test fitting.

Results: 
Osseointegration allowed the patient to have full shoulder 
movement while controlling a myoelectric prosthesis.

Discussion: 
Osseointegration was a safe and reliable way for prosthetic 
attachment and more cases are planned within the next 
years. Future research will also include combinations of os-
seointegration with novel pattern recognition approaches, 
innovations in EMG signal transduction and the development 
of rehabilitation protocols for optimal outcomes.

Status of Project: In Progress

Improving gait and prosthetic fitting with a 
bone segment resection in through-knee amputees
Salminger S, Roche AD, Sturma A, Mayer JA, 
Hasenörl T1, Aszmann OC
1 Department of Physical Medicine and Rehabilitation, 

 Medical University of Vienna, Austria

Abstract:
The knee-exarticulation represents a special level of lower 
limb amputations. As the musculus adductor magnus and the 
epicondyles are preserved, the patient has a weight bearing 
stump end as well as a better control of the leg during gait. 
However, the main problem in these amputations is the 
excess in length together with the prosthetic knee joint. We 
report about a new concept of shortening the stump with a 
10cm segment resection while preserving the epicondyles. In 
this way, the patient remains his weight bearing stump end 
and has enough space for the artificial knee joint.

Status of Project: In Progress

Interfacing the Neuromuscular 
System with Implantable Systems
Long-term Implant of Intramuscular Sensors and 
Targeted Muscle Reinnervation for Natural Wireless 
Control of Prosthetic Arms in Above Elbow Amputees: 
A Prospective Case Series 
Salminger S, Sturma A, Hofer C1, Evangelista M2, 
Perrin M2, Bergmeister KD, Roche AD, Hasenoehrl T3, 
Dietl H1, Farina D4, Aszmann OC
1 Otto Bock Healthcare Products GmbH, Vienna, Austria
2 Alfred Mann Foundation, California, United States
3 Department of Physical Medicine and Rehabilitation, 

 Medical University of Vienna, Austria
4 Department of Bioengineering, Imperial College London, London, UK

 
Introduction:
Prosthetic fitting in transhumeral amputees is challenging. 
The conventional 2-signal control limits speed and natural 
fluency of movements. Additionally myoelectric signals picked 
up from the skin surface are susceptible to noise introduced 
by the environment, movement between the electrode and the 
skin as well as crosstalk between different muscles as well as 
changes in the skin impedance due to perspiration. Therefore, 
the Alfred Mann Foundation has designed a fully implanted 
myoelectric sensor system (IMES) for wireless control of the 
prosthetic device.

Methods:
Three transhumeral amputees were implanted with IMES sen-
sors while undergoing routine TMR surgery to demonstrate 
functional benefits of intramuscular recorded EMG used as 
signals in prosthetic control. Global upper extremity function 
was evaluated using the Southampton Hand Assessment Pro-
cedure (SHAP), the Clothespin-Relocation Test (CPRT) and the 
Box and Blocks Test (BBT), which monitor hand and extremity 
function closely related to activities of daily living.

Results:
Successful implantation of the myoelectric sensors combined 
with targeted muscle reinnervation was performed in the 
three participants. Full use of the implanted system with 5-6 
myosignals was achieved already at 4 months postoperatively. 
The clinical evaluations were done over a period of 2.75 ± 0.25 
years, during which the participants showed a mean improve-
ment in Southampton Hand Assessment Procedure from 
33 ± 7.94 to 47.00 ± 4.36, in Clothepin Relocation Test from 
84.45 ± 33.88 to 27.58 ± 13.76 s, and in Box and Block Test from 
7.67 ± 5.13 to 12.33 ± 2.52. Additionally, outcome scores using 
the implanted system were superior to those obtained with 
surface electrodes.

Discussion:
This is the first report of a longitudinal analysis of implanted 
myoelectric sensors together with targeted muscle reinnerva-
tion to reach natural control of multiple degrees of freedom in 
above elbow amputees. The implanted system does not have 
a percutaneous interface, thus eliminating the constant risk of 
infection and was tested over a 2.5-year period. The outcome 
measures demonstrated the superiority of implantable intra-
muscular sensors compared to standard surface pick-up.

Status of Project: Completed/Manuscript in Submission

ActiGait – Implantable electrical stimulation 
for drop foot treatment
Sturma A, Schuhfried O1, Hasenoehrl T1, Ambrozy C1, 
Salminger S, Mayer JA, Götz-Neumann K2, Crevenna R1, 
Pinter M3, Aszmann OC
1 Department of Physical Medicine, Rehabilitation and Occupational 

 Medicine, Medical University of Vienna, Vienna, Austria
2 Observational Gait Instructor Group (O.G.I.G.), Los Angeles, 

 United States of America
3 Department for Clinical Neurosciences and Preventive Medicine, 
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Introduction: 
Drop foot is a frequent abnormality in gait after central 
nervous system lesions. Different treatment strategies are 
available to functionally restore dorsiflexion during swing 
phase in gait. If the condition cannot be controlled by ther-
apy, orthoses as well as surface and implantable devices 
for electrical stimulation of the peroneal nerve can be used. 
While several studies investigated the effects of implanted 
systems on walking speed and gait endurance, only a few 
studies have focussed on the system’s impact on kinematics 
and long-term outcomes. Therefore, our aim is to further in-
vestigate the effects of the implanted system ActiGait on gait 
kinematics and spatiotemporal parameters with a 1-year 
follow-up period.

Methods: 
10 patients were implanted with an ActiGait stimulator, with 
8 patients completing baseline and follow-up assessments. 
Assessments included a 10 m walking test, video-based 
gait analysis and a Visual Analogue Scale (VAS) for health 
status. At baseline, gait analysis was performed without 
any assistive device and with surface electrical stimulation, 
during follow-up patients walked with the ActiGait system 
switched off and on.

Results: 
The maximum dorsal extension of the ankle at initial contact 
increased significantly between baseline and follow-up with 
ActiGait (p= 0.018). The maximum flexion of the knee during 
swing phase on the affected leg increased as well (p= 0.028). 
While the spatio-temporal parameters did not seem to 
change much with the use of ActiGait, patients did walk 
faster when using surface stimulation or ActiGait compared 
to no stimulation at the 10 m walking test. Patients rated 
their health better at the 1-year follow-up.

Discussion: 
A global improvement in gait kinematics was observed 
which might reduce the risk of falls and lead to a better over-
all health status.

Status of Project: Project Completed/Manuscript in Preparation

Bionic Reconstruction in 
Brachial Plexopathy Patients 
Algorithm for bionic hand reconstruction in 
patients with global brachial plexopathies
Hruby LA, Sturma A, Mayer JA, Pittermann A1, 
Salminger S, Aszmann OC
1 Department of Psychology, General Hospital of Vienna

Introduction: 
Global brachial plexus lesions with multiple root avulsions 
represent one of the most severe nerve injuries, leading 
to life-long disability. Fortunately, in most cases primary 
and secondary reconstructions provide a stable shoulder 
and restore sufficient arm function. Restoration of bio-
logical hand function, however, remains a reconstructive 
goal difficult to reach. The recently introduced concept of 
bionic reconstruction overcomes biological limitations of 
classic reconstructive surgery to achieve hand function. 
Here, the treatment algorithm for bionic hand recon-
struction in patients with global brachial plexopathies 
and the long term functional outcome is reported.

Methods: 
34 patients with post-traumatic global brachial plexo-
pathies consulted our Center for Advanced Restoration 
of Extremity Function between the years 2011 and 2015, 
of which sixteen patients (47%) qualified for bionic recon-
struction due to lack of treatment alternatives. The treat-
ment algorithm included progressive steps with the intent 
of improving the biotechnological interface to allow best 
prosthetic hand replacement. Five patients were available 
for final functional outcome measurements, using the Ac-
tion Arm Research Test (ARAT), the Southampton Hand 
Assessment Procedure (SHAP) and the Disabilities of the 
Arm, Shoulder and Hand (DASH) questionnaire.

Results: 
In all five patients partial hand function could be restored 
with bionic reconstruction. Mean ARAT scores improved from 
3.4 ± 4.3 to 25.4 ± 12.7 (p-value = 0.043). Mean SHAP scores 
increased from 10.0  ±  1.6 to 55  ±  19.7 (p-value  =  0.042). 
DASH scores decreased from 57.9  ±  20.6 to 32  ±  28.6 
(p-value = 0.042).

Discussion: 
Here we present an algorithm for bionic reconstruction 
leading to useful hand function in patients with a stiff, 
functionless and insensate hand resulting from global 
brachial plexo pathies who lack biological treatment alter-
natives. 

Status of Project: Completed
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Global brachial plexopathy: High-level upper limb 
amputation and prosthetic rehabilitation after surgical 
improvement of the biotechnological interface 
LA Hruby, A Sturma, JA Mayer, A Pittermann1, 
S Salminger, OC Aszmann
1 Department of Psychology, General Hospital of Vienna

Introduction: 
Global brachial plexus lesions with multiple root avulsions 
represent one of the most severe nerve injuries, leading to 
life-long disability. In some patients primary and secondary 
reconstructions fail to improve arm and hand function. 
The recently introduced concept of bionic reconstruction 
overcomes biological limitations of classic reconstructive 
surgery to achieve hand function. Surgeries to improve the 
biotechnological interface include selective nerve and/or 
muscle transfers to increase the number of electromyo-
graphic signals. Here, functional outcomes in five patients 
are presented in whom high-level upper limb amputation 
and prosthetic arm replacement were performed. The 
prosthetic arm was controlled with residual myoactivity that 
was detected at the proximal arm and shoulder girdle level.

Methods: 
In four of five patients surgeries were performed to improve 
the future biotechnological interface. Global upper extremity 
function was assessed twice, before amputation and after 
final prosthetic fitting, using the Action Arm Research Test 
(ARAT), the Southampton Hand Assessment Procedure 
(SHAP) and the Disabilities of the Arm, Shoulder and Hand 
(DASH) questionnaire.

Results: 
Follow-up assessments have not been conducted in all 
patients yet.

Discussion: 
The higher the level of amputation the more cumbersome 
the prosthetic control of a multifunctional, myoelectric pros-
thesis. Prosthetic control in patients with global brachial 
plexopathies is further complicated by the reduced neuronal 
count and the limited viable muscle tissue in the affected 
arm. However, prosthetic reconstruction of minimal arm 
and hand function is appreciated much by patients who have 
lived without hand function for years or even decades. 

Status of Project: In Progress

The Vienna psychosocial assessment procedure 
for bionic reconstruction in patients with global 
brachial plexus injuries
Hruby LA, Pittermann A1, Sturma A, Aszmann OC
1 Department of Psychology, General Hospital of Vienna

Introduction: 
Global brachial plexopathies cause major sensory and 
motor deficits in the affected arm and hand. Many patients 
report of psychosocial consequences including chronic 

pain, decreased self-sufficiency, and poor body image. 
Bionic reconstruction, which includes the amputation and 
prosthetic replacement of the functionless limb, has been 
shown to restore hand function in patients where classic 
reconstructions have failed. Patient selection and psycho-
logical evaluation before such a life-changing procedure 
are crucial for optimal functional outcomes. In this pa-
per we describe a psychosocial assessment procedure for 
bionic reconstruction in patients with complete brachial 
plexopathies and present psychosocial outcome variables 
associated with bionic reconstruction. 

Methods: 
Between 2013 and 2017 psychosocial assessments were 
performed in eight patients with global brachial plexopa-
thies. We conducted semi-structured interviews explor-
ing the psychosocial adjustment related to the accident, 
the overall psychosocial status, as well as motivational 
aspects related to an anticipated amputation and ex-
pectations of functional prosthetic outcome. During the 
interview patients were asked to respond freely. Their 
answers were transcribed verbatim by the interviewer and 
analyzed afterwards on the basis of a pre-defined item 
scoring system. The interview was augmented by quanti-
tative evaluation of self-reported mental health and social 
function ing (SF-36 Health Survey), body image (FKB-20) 
and deafferentation pain (VAS). Additionally, psychosocial 
outcome variables were presented for seven patients be-
fore and after bionic reconstruction.

Results: 
Qualitative data revealed several psychological stressors 
with long-term negative effects on patients with complete 
brachial plexopathies. 88 % of patients felt functionally limi-
ted to a great extent due to their disability, and all of them 
reported constant, debilitating pain in the deafferented 
hand. After bionic reconstruction the physical component 
summary scale increased from 30.80 ± 5.31 to 37.37 ± 8.41 
(p-value  =  0.028), the mental component summary scale 
improved from 43.19 ± 8.32 to 54.76 ± 6.78 (p-value = 0.018). 
VAS scores indicative of deafferentation pain improved from 
7.8 to 5.6 after prosthetic hand replacement (p-value = 0.018). 
Negative body evaluation improved from 60.71  ±  12.12 to 
53.29 ± 11.03 (p-value = 0.075). Vital body dynamics increased 
from 38.57 ± 13.44 to 44.43 ± 16.15 (p-value = 0.109).

Discussion: 
Bionic reconstruction provides hope for patients with 
complete brachial plexopathies who have lived without hand 
function for years or even decades. Critical patient selec-
tion is crucial and the psychosocial assessment procedure 
including a semi-structured interview helps identify unre-
solved psychological issues, which could preclude or delay 
bionic reconstruction. Bionic reconstruction improves over-
all quality of life, restores an intact self-image and reduces 
deafferentation pain. 

Status of Project: Completed

Selective Nerve Transfers 
Reconstruction of the Spinal Accessory Nerve with 
Selective Fascicular Nerve Transfer of the Upper Trunk 
Mayer JA, Hruby LA, Salminger S, Bodner G1, Aszmann OC
1 Private Ultrasound Center Vienna (PUC) 

Background: 
Spinal accessory nerve palsy is frequently caused by iatro-
genic damage during neck surgery in the posterior triangle 
of the neck. Due to late presentation, treatment often neces-
sitates nerve grafts, which often results in a poor outcome of 
trapezius function, due to long regeneration distances. Here 
we report of a distal nerve transfer using fascicles of the up-
per trunk related to axillary nerve function for reinnervation 
of the trapezius muscle. 

Methods:
In this study five cases are presented where accessory nerve 
lesions were repaired using selective fascicular nerve trans-
fers from the upper trunk of the brachial plexus.

Outcomes were assessed at 18  ±  8 months after surgery, 
documenting active and passive range of motion as well as 
pain levels using the visual analogue scale (VAS).

Results:
All five patients regained good to excellent trapezius function 
(four patients M5, one patient M4). The AROM of shoulder 
abduction improved from 55° ± 18 before to 151° ± 37 ° after 
nerve reconstruction. In all patients unrestricted shoulder 
arm movement was restored with loss of scapular winging 
when abducting the arm. Pain levels decreased from 6,8 to 
0,8 on the visual analogue scale (VAS) and subsided in four 
of the five patients. 

Discussion:
Restoration of accessory nerve function with selective fasci-
cle transfers related to axillary nerve function from the up-
per trunk of the brachial plexus is a good and intuitive option 
for patients who do not qualify for primary nerve repair or 
present with a spontaneous idiopathic palsy. This concept 
circumvents the problem of long regeneration distances 
with direct nerve repair and has the advantage of cognitive 
proximity to the target function of shoulder movement.

Status of Project: Completed

Rehabilitation of upper extremity nerve injuries using 
surface EMG biofeedback
Sturma A*, Hruby LA*, Prahm C, Mayer JA, Aszmann OC
* both authors contributed equally to the preparation 

 of the submitted manuscript

Introduction: 
Motor recovery following nerve transfer surgery depends on 
the successful re-innervation of the new target muscle by re-
generating axons. Cortical plasticity and motor relearning also 
play a major role during functional recovery. Successful neuro-
muscular rehabilitation requires detailed afferent feedback. 
Surface electromyographic (EMG) biofeedback has been widely 
used in the rehabilitation of stroke, however, has not been 
described for the rehabilitation of peripheral nerve injuries

Methods: 
The aim of this paper was to present structured rehabili-
tation protocols in patients with upper extremity nerve in-
juries using surface EMG biofeedback. These are intended 
to guide rehabilitation in patients following nerve transfers 
to restore biological arm and hand function. In patients in 
whom primary and secondary reconstructions have failed 
to improve biological function, sEMG biofeedback is used 
to promote training with a prosthetic hand. The principles 
of sEMG biofeedback are explained and its application in a 
rehabilitation setting is described. As soon as first volitional 
muscle activation occurs sEMG biofeedback may be used to 
visualize and feedback otherwise unnoticed muscular activ-
ity to the patient and the therapist. Later, sEMG biofeedback 
helps to improve the patient’s ability to selectively activate 
different muscle groups as needed for fine motor control of 
the biological arm as well as for prospective prosthetic hand 
function. Finally, training efforts should translate into useful 
upper extremity function.

Results: 
To illustrate feasibility and possible effects of these rehabilita-
tion protocols two different patient populations received struc-
tured surface EMG training to facilitate motor learning. All 
patients completed rehabilitation. Functional outcome scores 
were assessed with standardized upper extremity outcome 
measures showing significant improvements in motor function.

Discussion: 
Surface EMG biofeedback can help in the cognitively de-
manding process of establishing new motor patterns. After 
standard nerve transfers individually tailored sEMG biofeed-
back can facilitate early sensorimotor re-education and thus 
improve clinical outcomes.

Status of Project: Project Completed / Revised Manuscript 
Resubmitted to Frontiers in Neuroscience

Phantom Limb pain  
Phantom Limb Pain in above-elbow amputees
Sturma A, Hruby LA, Diers M1, Stamm T2, Prahm C, Aszmann OC
1 Department of Psychosomatic Medicine and Psychotherapy, 

 LWL-University, Ruhr-University Bochum, Bochum, Germany
2 CeMSIIS – Center for Medical Statistics, Informatics and Intelligent 

 Systems, Institute for Outcomes Research, Medical University of Vienna

Introduction: 
Since most of the amputations in western countries con-
cern the lower limb, many studies (especially those with 
high numbers of participants) focus on this group of am-
putees or investigate mixed groups of upper and lower limb 
amputees. While most of the mechanisms for the develop-
ment of post-amputation pain seem to be the same for all 
extremity losses, one must keep in mind that the reasons 
for amputation differ a lot between arms and legs. Addition-
ally, most studies that solely include upper limb amputees 
focus on transradial amputation and very little is known 
about above-elbow amputees. Therefore, the aim of this 
study is to explore the occurrence of PLP and contributing 
factors in patients with above-elbow amputation.
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Methods: 
Transhumeral and glenohumeral amputees visiting the 
“Christian Doppler Laboratory for Restoration of Extremity” 
at the Medical University of Vienna, Austria, are asked to 
participate in the study. Upon giving their consent, they are 
interviewed concerning their PLP. Patients with peripheral 
nerve injuries or cognitive impairments are excluded. We 
use semi-structured interviews and analyse them with 
qualitative content analyses. All patients are asked about 
their age, gender, time since amputation, PLP, PLS, level 
of amputation, factors they consider as decreasing and in-
creasing pain and their perception if the amputation was 
through to third-party fault. The advantage of interviews 
over questionnaires is that patients are more likely to add 
whatever they consider as important. This might lead to 
new ideas concerning PLP in above-elbow amputees and a 
new understanding of their perception.

Preliminary Results: 
First results indicate that PLP is not influenced by the level 
of amputation and the time since amputation. In addition, 
no gender differences in the occurrence of PLP were found. 
We observed a tendency to develop PLP if the dominant 
hand was amputated and if someone else was respon-
sible for the amputation. Many different types of pain (burn, 
electric shock, squashing, itching, explosion, molten iron 
on the skin, pressure…) and pain triggers were described 
by the patients. Only 3 of 16 patients with PLP reported that 
their pain medication caused a real relief. Interestingly, the 
factor that was most often named as increasing pain was 
cold and rainy weather. Since data collection is still going 
on, we have not drawn any conclusion yet.

Status of Project: In Progress

Phantom Limb Pain after TMR
Sturma A, Hruby LA, Diers M1, Flor H2, Stamm T3, Prahm C, 
Mayer J, Aszmann OC
1 Department of Psychosomatic Medicine and Psychotherapy, 
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3 CeMSIIS – Center for Medical Statistics, Informatics and 

 Intelligent Systems, Institute for Outcomes Research, 

 Medical University of Vienna, AUSTRIA

Introduction: 
Phantom Limb Pain (PLP) is very common in upper limb am-
putees with an incidence of 50-80%. It is usually classified as 
neuropathic pain, mediated by changes in the peripheral and 
central nervous system and is further complicated by psy-
chological factors. Even though a lot of research is focusing 
on PLP, it remains a challenging problem for both, the pa-
tient and the clinician. Standard drug therapies have shown 
limited benefit and no best practice is described. Also, psy-
chological interventions have not succeeded in improving 
pain intensity and subsequent quality of life in the majority 
of affected patients. New treatment methods include bio-
feedback training, mirror therapy and rubber hand illusion 
(RHI) training, that all seem to positively influence phantom 
pain. TMR can be expected to alter the perception of pain-
ful and non-painful sensations, because it offers transected 

nerves new targets for innervation after amputation of the 
previous target muscles. Therefore, an inversion of peri-
pheral changes is expected. Furthermore, it has already 
been shown that TMR can prevent neuroma pain. Addition-
ally, increased intensity levels of PLP in amputees have been 
associated with cortical remapping in certain brain areas. 
Because selective nerve transfers (after nerve injury) trigger 
cortical reorganization, it is reasonable to expect that TMR 
alters cortical reorganization processes subsequent to am-
putation and therefore decreases PLP.

Methods: 
To investigate the influence of TMR on PLP a cohort study 
with two intervention groups and one control group was con-
ducted. While the first intervention group only had a TMR 
surgery, the second intervention group also received post-
surgical rehabilitation and a prosthetic fitting controlled by 
the re-innervated muscles. Pain levels were assessed before 
surgical intervention and then every 6 months. Patients were 
included if they reported of mean pain levels of VAS 3 and 
above, had no nerve injuries and no psychiatric conditions.

Results: 
At the current time, the following number of patients were 
assigned to the groups and completed at least the one-year 
follow-up: 2 to the control group, 3 to the first interven-
tion group, and 4 to the second intervention group. While 
the control group reported higher pain levels over time 
(mean VAS 4.3 in the beginning vs. 5.8 at one-year follow-
up), the pain levels of the first intervention group improved 
from 6.8 to 5 and the pain levels in the second intervention 
group changed from 5.1 at baseline to 4.0 when using the 
prosthesis for six months.

Discussion: 
This study shows that TMR is a promising method for treat-
ing phantom limb pain, if combined with a prosthetic fitting.

Status of Project: In Progress

Bionic hand reconstruction successfully reduces 
deafferentation pain in patients with brachial plexus 
avulsion injury
Hruby LA, Sturma A, Mayer JA, Salminger S, Pittermann A1, 
Aszmann OC
1 Department of Psychology, General Hospital of Vienna

Introduction: 
Root avulsions of the brachial plexus represent one of the 
most severe nerve injuries. Next to apparent sensorimotor 
deficits, the avulsion injury often leads to unbearable pain in 
the arm and hand, frequently referred to as deafferentation 
pain. In avulsion injuries of the inferior trunk the burden of 
pain is most intense and hand function that can be expected 
by reconstructive surgery (intra-/extraplexual nerve transfers) 
is less than poor. Here, we report the impact of bionic hand 
reconstruction on hand function, deafferentation pain and 
quality of life in all patients with brachial plexopathies who 
approach our specialist center of extremity reconstruction. 

Methods: 
Pain is assessed with the Visual Analogue Scale (VAS). 
Additionally pre-and post-interventional pain medication is 

documented and quality of life as well as general health 
were assessed on a regular basis (Health Survey SF-36). 
Patients are evaluated pre-interventionally, during the re-
habilitative process and after amputation as well as after 
final prosthetic fitting.

Results: 
Bionic hand reconstruction leads to pain reduction compared 
against pre-interventional pain conditions. Pain medication 
intake can be reduced in many patients after the prosthetic 
hand has been incorporated into the user’s activities of daily 
living. Quality of life, subjectively perceived health state, and 
psychological role functioning also improve significantly. 

Discussion: 
The functional and cognitive re-integration of the extrem-
ity into the patient’s body image leads to pain relief as well 
as markedly improved quality of life in all so far treated pa-
tients. In some patients even a re-entry into working life 
is permitted by the functional gain of the prosthetic hand, 
which also comes along with social and economic benefits. 

Status of Project: In Progress

Improving Prosthesis Control 
in Amputees
Recommendations for Therapy after 
Targeted Muscle Reinnervation
Sturma A, Stamm T1, Hruby LA, Bischof B2, Herceg M3, 
Prahm C, Pittermann A, Wakolbinger R, Hofer C2, Aszmann OC
1 Institute for Outcomes Research Center for Medical Statistics, 

 Informatics and Intelligent Systems, Medical University of Vienna, Austria
2 Otto Bock Healthcare Products GmbH, Vienna, Austria
3 Medical practice for Electrodiagnostic Medicine, Vienna, Austria

Introduction: 
A surgical technique called TMR used in patients with above-
elbow amputations allows intuitive control of a prosthetic arm 
with up to six possible signals. This is achieved by rerouting 
nerves from the arm and hand to muscles of the residual limb 
and/or the chest and back. After the selective nerve transfers 
and nerve regeneration, complex motor learning is needed 
to intuitively activate the reinnervated muscles in a selective 
manner and reliably control the prosthesis.

Methods: 
Since there are currently no structured recommenda-
tions on rehabilitation after TMR available, we developed 
such recommendations based on a literature review and a 
2-round Delphi exercise with 13 international experts.

Results: 
17 recommendations were formed and divided into five stages 
of rehabilitation. They describe therapy before and after sur-
gery until final prosthetic fitting and follow-up exami nations. 
During the first months after TMR surgery, the nerves re-
generate and muscle activation should be trained as soon 
as voluntary contraction (even if clinically irrelevant) can be 
detected. Surface EMG-biofeedback presented to the patient 

is used to gain selective and precise motor control. There-
after, direct control of the prosthesis can be trained e.g. in 
the activities of daily living focusing on easy movements in 
the beginning and manipulating complex objects in the end.
Discussion: Structured rehabilitation is needed for good 
prosthetic function after TMR surgery. This paper describes 
such an approach based on a systematic literature review 
and an experts’ consensus.

Status of Project: Project Completed / Manuscript in Preparation

Game Based Rehabilitation for Myoelectric Prosthesis Control
Prahm C, Vujaklija I1, Kayali F2, Sturma A, Aszmann OC
1 Department of Bioengineering, Imperial College, London, UK
2 Institute for Design and Assessment of Technology, 

 Human Computer Interaction Group, Technical University of Vienna, Austria

Introduction: 
A high number of upper extremity myoelectric prosthesis 
users abandon their devices due to difficulties in prosthesis 
control and lack of motivation to train in absence of a physio-
therapist. Virtual training systems, in the form of videogames, 
provide patients with an entertaining and intuitive method for 
improved muscle coordination and overall better control.

Methods: 
Able-bodied participants and patients, with no or little prior 
experience in EMG control, were asked to perform three 
short EMG tests evaluating their provisional maximum 
muscle contraction, fine accuracy and coordination, and en-
durance. This battery of tests was carried out at three time 
points: before, during and after gaming. At the end of the 
gaming session, participants were given a questionnaire re-
garding their intrinsic motivation and a survey for the as-
sessment of the played games and the input mechanisms. 

Results:
Results show a significant improvement in fine accuracy 
and electrode coordination. Participants had most fun play-
ing the games when needing to pick up items and having a 
challenging gameplay. The preferred game control method 
was playing with EMG input only.

Discussion: 
Most upper limb amputees use a 2-channel myoelectric 
prosthesis control. This study has shown that this control 
can be effectively trained by employing a videogame based 
rehabilitation protocol.

Status of Project: Completed

Smart Rehabilitation: Android App for Improving 
Myoelectric Prosthesis Control
Prahm C, Kayali F1, Mörth E2, Aszmann OC
1 Institute for Design and Assessment of Technology, 

 Human Computer Interaction Group, Technical University of Vienna, Austria
2 Center for Medical Statistics, Informatics and Intelligent Systems, 

 Medical University of Vienna, Austria 

Introduction: 
A high number of upper extremity myoelectric prosthesis 
users abandon their device due to difficulties in prosthesis 
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control. This can be attributed to a deficit in muscle coor-
dination, which patients need to train not only with their 
physiotherapist, but also at home. Exergames can provide 
patients with long term motivation for otherwise repetitive 
movements, such as those needed in prosthesis control. The 
aim of this study is to support exercising at home by giving 
entertaining and motivational incentives through an Android 
game application.

Methods: 
The application is a rhythmic, music based game and con-
sists of different play modes and features that motivates 
continuous exercising. Similar to the standard control method 
of commercially available prostheses, two surface electrodes 
are used to control the game. Patients receive feedback of 
performed exercises in the form of user statistics highscores. 
Moreover, timed Pop-up tests will evaluate the training 
progress achieved by playing the game. 

Results: 
It is expected that patients train more often at home and also 
on a regular basis. They should feel motivated to exercise 
even in the absence of a physical therapist. Their EMG signal 
quality should increase and subsequently improve perfor-
mance in controlling a prosthesis.

Discussion: 
The Android game application does not only provide cor-
rect execution of myoelectric commands, but also keeps 
the patient motivated through varying degrees of gameplay. 
For an overview of the rehabilitation progress, user statis-
tics can be accessed and compared. It is expected that this 
study will show that a two-channel prosthesis control can be 
effectively trained by employing a game based rehabilitation 
application.

Status of Project: Ongoing

Transfer Learning for Re-calibration of a Myoelectric 
Prosthesis after Electrode Shift
Prahm C, Paaßen B1, Schulz A1, Hammer B1, Aszmann OC
1 Cognitive Interaction Technology CITEC, Bielefeld University, 

 Germany, Bielefeld

Introduction: 
For decades, researchers have attempted to provide patients 
with an intuitive method to control upper limb prostheses, 
enabling them to manipulate multiple degrees of freedom 
continuously and simultaneously using myoelectric sig-
nals. However, such controlling schemes are still highly 
vulne rable to disturbances due to electrode shifts, posture 
changes, sweat, fatigue etc. Recent research has demonstra-
ted that such robustness problems may be alleviated by rapid 
recalib ration of the prosthetic controller once a day, using 
only very small amounts of training data.

Methods: 
An upper limb prostheses was controlled under the 
influence of electrode displacement. Under the assumption 
that the disturbance can be described by a linear transfor-
mation matrix, the aim was to find the inverse matrix to cor-
rect for the disturbances and afterwards apply this model 
to a Generalized Matrix Vector Quantization classifier, which 
describes the data by representative prototypes.

Results: 
Transfer learning decreases the classification error, 
achieving an accuracy of 95% and more. The difference 
between the accuracy after electrode shift without transfer 
learning and with transfer learning is highly significant for 
all subjects and motions. 

Discussion: 
In a pilot study with able-bodied subjects it was demonstrated 
that high controller accuracy can be re-obtained after strong 
electrode shift, even for simultaneous movements in multiple 
degrees of freedom.

Status of Project: Ongoing
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Abstract:
Abandonment of upper limb prosthetics poses a major 
problem. Technical as well as surgical developments 
within the last years were able to enhance function of 
myo electric prosthetic devices, however, it is not known if 
these achievements also had an influence on the rejection 
rates of upper limb prostheses. The most recent studies 
on this topic are no more than 10 years old and new data 
is needed, especially in Austria.

All major upper limb amputees (excluding digit amputations) 
of the last 15 years who are registered in the database of the 
AUVA (General accident insurance Austria) should be included 
in a web-based survey. This survey contains 39 questions about 
usage, rejection, services and satisfaction with their prosthetic 
device as well as questions about phantom limb pain. 

Status of Project: In Progress
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Introduction: 
A large number of instruments exists to assess upper limb 
prosthetic function. However, they differ substantially in terms 
of psychometric properties and content. Furthermore, there 
is no “gold standard” and nearly every single center uses a 
unique set of instruments. This fact prevents the linking of 
the commonly small (due to the limited number of patients in 
each center) data sets of different centers and makes com-
parisons between different fittings or treatment protocols 
difficult. To generate accepted evidence, we need large data 
sets with similar outcomes. With remarkable progress made 
in prosthetic research and rehabilitation in the recent years, 
the need to evaluate the impact of this intervention on daily 
life, including productivity, self-care and leisure becomes 
increasingly relevant. Moreover, self-reported instru-
ments and observation-based instruments exist, but there 
is a lack of data if, for example, the self-reported instru-
ment (which is easier and less health-professional’s-time- 
consuming to perform) could “replace” a performance or 
observation-based instrument.

Methods: 
To determine psychometric properties of the existing instru-
ments in a large international data set, this study is carried out 
as a European multi-center study. Using descriptive statis tics, 
correlation, principal components analyses and Rasch analy-
ses we plan to explore possible linkage between self-reported 
and performance or observation-based instruments and to 
develop state-of-the art recommendations/points to consider 
on how to assess functioning in prosthetic care.

Preliminary results: 
Apart from the CD Lab, two centers in Germany, one center 
in the Netherlands, two centers in Sweden and one center in 
Norway agreed to participate in the study. It is also registered 
at clinicaltrials.gov. All centers will send their data files to our 
center by the end of March 2018. So far, about 50 patients 
could be tested.

Discussion: 
Many leading experts in the field are convinced that pro-
jects exploring outcome assessments should have a broad 
basis and target different patient populations. Therefore, 
6 centers agreed to participate in the study, which allows 
a generalization of the outcomes for the European popu-
lation. Furthermore, having enough subjects to calculate 
statistical relationships is otherwise not possible due the 
limited number of patients being treated at most centers.

Status of Project: In Progress
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Introduction: 
The aim of most medical interventions is to improve the 
quality of life of patients. As this is also true for upper limb 
amputees measuring quality of life is important in assessing 
outcomes after prosthetic fittings. While a variety of assess-
ment tools exist, there are no recommendations on how to 
measure quality of life in amputees.

Methods: 
To discover potential questionnaires for the evaluation 
of quality of life in this patient population two commonly 
used tools are compared in this study: The “short form 36 
Health Survey” (SF 36) is the golden standard for measur-
ing the health status. It includes 8 sections: vitality, physical 
functioning, bodily pain, general health perceptions, physi-
cal role functioning, emotional role functioning, social role 
functioning and mental health. The “WHO Quality of Life” is 
an international cross-culturally comparable quality of life. 
The analysis included the responsiveness to changes in QoL 
through prosthetic fitting.

Results: 
First results from patients, who filled out the questionnaires 
before and after successful prosthetic fitting indicate that 
the SF-36 might be more responsive to changes in QoL. 

Discussion: 
Quality of life is a complex construct and its evaluation 
is a comprehensive task. This study indicates that the 
SF-36 might allow to detect relevant changes in QoL after 
prosthetic fitting.

Status of Project: In Progress
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