
Modern Hand- and Arm Rehabilitation

A rapid development has occurred in recent years particularly for the treatment of up-
per extremities in the area of robotic- and computer-assisted therapy as well as virtual 
reality therapy. This applies to research and also, in the meantime, to broadly dispersed 
offers for various arm rehabilitation therapy devices. Computer- and robotic-assisted 
forms of therapy have proven to be an important component for optimising the reha-
bilitation of upper extremities. The »TYROSOLUTION concept« offers a solution from 
one source that fulfils the various requirements in this area. The therapy systems by 
TYROMOTION GmbH with headquarters in Graz, wAustria are extremely versatile, so-
phisticated and compatible but also quite affordable.

THE TYROSOLUTION CONCEPT

Systematic investigations in recent ye-
ars have revealed that »traditional« 

physiotherapeutic and ergotherapeutic 
treatment approaches are in no way su-
perior to computer- and robotic-assisted 
arm- and hand rehabilitation [7, 10, 14, 
16, 21, 22, 24]. In fact, device-assisted the-
rapy incorporates and integrates many 
elements that have proven to be signi-
ficant and effective in clinical studies for 
traditional physiotherapy and ergothera-
py practices; i.e. it is an evidence-based 
approach [17, 21, 28]. The treatment in-
cludes 

 ■ Repetition (high number of repeti-
tions) [2, 31]

 ■ »Forced use« of the affected extre-
mity [27, 32]

 ■ Use of visual- or acoustic »cues« [29]
 ■ External instead of internal focus of 

attention [4, 33, 34]
 ■ »Shaping« (successively increasing 

difficulty) [32]
 ■ Exercising up to the determined per-

formance limit of the patient (high 
intensity) [3, 15]

 ■ High-frequency exercise [3]
 ■ Feedback (acoustic, visual, tactile, 

somatosensory)
 ■ Context-relevance-computer-assis-

ted systems with integrated »virtual 
reality« compensate for the lack of 
relevance to everyday situations

 ■ of attention [4, 33, 34]
 ■ »Shaping« (successively increasing 

difficulty) [32]
 ■ Exercising up to the determined per-

formance limit of the patient (high 
intensity) [3, 15]

 ■ High-frequency exercise [3]

 ■ Feedback (acoustic, visual, tactile, 
somatosensory)

 ■ Context-relevance-computer-assis-
ted systems with integrated »virtual 
reality« compensate for the lack of 
relevance to everyday situations

In addition to these undisputed and 
promising core items of motor learning, 
modern computer-assisted therapy also 
provides significant advantages over con-
ventional therapy approaches:

 ■ Automated assessment, documenta-
tion and follow-up monitoring

 ■ High motivation and the “fun factor” 
due to »serious gaming« [6, 20]

 ■ Cost reduction due to group and cir-
cuit training

 ■ Cost reduction due to self-controlled 
training

FROM TYROMOTION TO 
TYROSOLUTION

TYROMOTION GmbH with headquarters 
in Graz, Austria was founded in 2007 by 
the graduate engineer David Ram and Dr. 
Alexander Kollreider as a spin-off com-
pany from the Graz University of Techno-
logy. In the meantime, the company has 
expanded internationally and employs 
a large team of therapists, medical pro-
fessionals and IT specialists. Practical im-
plementation has become the core em-
phasis of conceptual development, which 
D. Sackett has described as evidence 
([24], p. box).  This means that the latest 
research results, technical expertise and 
decades of clinical therapeutic experi-

ence are interlinked in order to optimally 
support the rehabilitation process. The 
result – TYROSOLUTION – is a system 
comprised of four different and mutually 
complementary computer-, robotic- and 
virtual reality-assisted therapy devices 
called AMADEO®, DIEGO®, PABLO® and 
TYMO®. 
An additional comprehensive and adap-
table work place, the »TYROSTATION®« 

»Evidence-based rehabilitation is defined as 
the conscious, explicit and well-deliberated 
usage of the best available information for 
making decisions related to the care of an 
individual patient. For clinical practice this 
means the integration of individual clinical 
expertise with the best available external evi-
dence from systematic research. Professional 
therapists use clinical expertise and the best 
available external evidence since neither of 
these factors is sufficient by itself« 
(D. Sackett).

was developed for the latter two devices. 
Together but also individually, the sys-
tems provide holistic rehabilitation for 
the upper extremities for patient groups 
with various conditions such as spasticity, 
hypertension, bio-mechanical and mu-
sculoskeletal deficits. TYROSOLUTION 
is also exceptionally well-suited for the 
treatment of associated problems such 
as restrictions of postural control, balan-
ce and cognition. The team placed great 

Fig.: Group therapy with TYROSOLUTION in small spaces
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emphasis on a broad spectrum of treat-
ment options during the development 
phase to ensure a targeted usage of re-
sources while at the same time providing 
the highest possible results quality for 
rehabilitation. 

The four named devices are exceptionally 
well-suited for group therapy in small 
spaces (cf. Fig.). Due to high mobility and 
practicability, the systems can perform all 
usage options from individual bedside 
treatments to treatments during house 
calls. In addition to being useful for in-
patient rehabilitation, especially PABLO® 
and TYMO® constitute foundational pil-
lars for outpatient- and home treatments 
as well as for self-training. A contributing 
factor is the user-friendly, lucid, fast and 
simple handling.

UNIQUE SOFTWARE OPTIONS

What does the TYROSOLUTION concept 
offer specifically for professional users?
The systems are built on three foundati-
onal pillars:

 ■ Objective, reliable, valid and practi-
cal assessments or results based on 
ICF

 ■ Comprehensive variants for inter-
active motor- and cognitive therapy 
but also for maintaining the patient’s 
condition as well as mobility-enhan-
cing treatment options

 ■ Professional documentation and re-
port preparation for performed as-
sessments and therapies with mini-
mal expenditure (e.g. automatically 
created final report with process 
charts)

The therapeutically coordinated soft-
ware Tyros® makes this possible; it incor-
porates all core items for optimally (re)
learning motor skills. Depending on the 
determined goal, the software can switch 
between previously determined superior 
control modes (strength or muscle tone 
control or mobility mode).  Bio-feedback 
variations in real time (acoustic, tactile, 
visual), external focus, the option for nu-
merous active and, if necessary, passive 
repetitions and intensive shaping play an 
important role in the different often play-
fully designed therapy modules.

All of these functions are complemented 
in the TYROSOLUTION concept by even 
more evidence-based therapy options. 

One- and multi-dimensional therapy mo-
dules provide training options for single- 
or multi-jointed training movements and 
activities or even task-oriented interven-
tions. Depending on requirements, the 
attending professional can determine be-
forehand in the therapy module whether 
the patient is to perform the game with 
strength dosage, strength, tone- or spas-
ticity control or active or assistive move-
ments. It can also be configured which 
movements or grip types are to be used 
or how much strength or strength control 
is applied during training. The software 
interprets the entries of the attending 
professional so that the selected therapy 
module can only be performed according 
to the desired goal-oriented settings. The 
patient learns to repetitively use the up-
per extremity including hand and fingers 
in a targeted manner according to the 
automatic prompts. As soon as the pati-
ent compensates or fails to comply with 
the required entries, the game progress 
stops, and the system no longer responds 
to the »wrong« movements. The motor 
learning process can occur in a targeted 
manner while integrating the learning 
technique »knowledge of results«, which 
is very important for the patient’s rehabi-
litation. Among other things, the above-
mentioned aspects substantially distin-
guish the TYROSOLUTION concept from 
traditional devices, which do not provide 
adjustment settings for strength- or mo-
vement parameters to compensate for 
the patient’s respective deficits and re-
sources.

Other absolutely unique software options 
make it possible to perform an evidence-
based training for cognitive deficits in 
connection with concurrent motor trai-
ning. Therapeutic treatment for cognitive 
problems such as attention-, memory- 
and orientation disorders and speech de-
ficiencies such as Broca’s aphasia as well 
as exploration training for visual neglect 
(based on optokinetic stimulation) or the 
treatment of deficits caused by alexia and 
acalculia are also possible. As a novelty, 
the current software also incorporates 
comprehensive treatment components 
for brain capacity training according to 
Verena Schweizer. 

A uniform concept-oriented design was 
selected for all devices especially for 

documentation, process illustration, re-
porting and therapy games. The assess-
ments for the respective device are based 
on ICF and located in the automatically 
created final report with process charts 
e.g. for all hand functions, active joint 
mobility of the upper extremity, strength 
dosage, active balance, weight compen-
sation for position changes, finger- and 
hand strength and the results of the pro-
ven neutral zero method.  Of course, the 
results- and report options also provide 
space for customised comments; each 
documentation or report can also be ad-
justed to the administrative concerns of 
the respective clinic or individual practi-
ce. Processing, the export as a PDF- or 
text document as well as adaptation to 
possible interfaces is also easily possible.

HARDWARE

Yet, what would be the use of all these 
functions without precisely coordinated 
and versatile hardware?  The TYROSOLU-
TION concept provides diverse practice- 
and patient-oriented options. Depending 
on the functional operating principle, the 
individual therapy systems incorporate 
various additional components such as 
Multiboard, Multiball and the belts for the 
PABLO® system, multiple configurations 
for the »hand unit« of AMADEO®, the dy-
namic rolling mechanism for TYMO® and 
finally the flexibly usable hand- and arm 
loops for DIEGO®. The operator can ar-
bitrarily choose between a proximal- and 
distal approach for motor training; howe-
ver, the TYROSOLUTION concept priori-
tises the significantly more effective distal 
approach.

The consistently attractive design of the 
devices should also be mentioned for 
which TYROMOTION GmbH received 
the Design Management Europe Award 
2012.
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AMADEO® (ROBOTIC- AND COMPUTER-ASSISTED 

HAND- AND ARM REHABILITATION)

PABLO® (COMPUTER-ASSISTED REHABILITATION 

OF SHOULDER, ARM AND HAND)

The robotic-assisted hand- and finger 
trainer AMADEO® provides targeted trai-
ning for hand and fingers including exact 
assessments of finger- and hand strength 
and active finger mobility. The patented 
mechanism simulates the natural grip-
ping movement of the hand. After fas-
tening the finger supports to the finger 
tips and thumb, bending and stretching 
movements can be performed with the 
fingers either (1) individually in a conse-
cutive and alternating manner or all at 
once in a passive, assistive (2) or active/
interactive manner (3) . The device always 
provides the exact supportive intensity, 
which requires the patient to work up to 
determined individual performance li-
mit. Various therapy modifications with 
shaping, intensive repetitions, external 
focus, task-oriented training of hand- and 
finger strength, muscle tone control and 
selective movements are integrated. The 
passive mode primarily provides spasti-
city reduction. Visual, acoustic and tac-
tile bio-feedback in real time is included 
within the treatment- and assessment 
modules. The system ensures a high mo-
tivation factor due to therapy games and 
also provides targeted exercise in »abs-
tract modules« as well as proprioception 
training. Depending on the configured 
goal, the strength- and movement mode 

can be arbitrarily selected.  The system 
has 10 difficulty settings and many other 
shaping variants as well as training pro-
grammes for cognitive- or attention de-
ficits with active finger usage.

The AMADEO® system is rounded off 
with additional manual configuration 
options for the »hand unit«, which allows 
an outer rotation of the shoulder joint up 
to 90°, variable dorsal extension for the 
wrist and abduction or adduction of the 
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fingers as well as treatment in a seated or 
standing position.

MODE OPTIONS

Passive therapy (CPM = conti-
nuous passive motion)

Passive mobilisation for the optimisation of musculoskeletal condi-
tions and for spasticity reduction

CPM+ (continuous passive 
motion plus)

Passive finger training with feedback for proportionately active move-
ment requirement including external focus; among other things, ideal 
for distal tone regulation and -control

Assistive therapy: Patient works actively with all or individually selected fingers in flexion 
or extension.
Further movement is taken over by AMADEO® if the activity is not 
performed, includes bio-feedback in real time and external focus.

Active therapy/Single movement: Targeted repetitive movement of an individual finger; strength or 
mobility range can be trained with various shaping variants, includes 
visual and acoustic feedback as well as deactivation of the visual 
display for proprioception training.

Active therapy: Memory: Increasingly longer finger sequences are displayed, which the patient 
must memorise and copy. Among other things, the system trains cog-
nitive performance and shaping by omitting the visual display.

Interactive therapy: Therapy 
games:

Active functional therapy with external focus and prompts for auto-
matic movements in various difficulty settings; training of hand-eye 
coordination; adjustable movement- and display direction (neglect 
syndrome)

(1) (2) (3)

PABLO® Plus is an extremely flexible 
computer-assisted therapy system for tre-
ating the entire upper and, in part, lower 
extremities. The basic device consists of a 

sensor grip including hand loop, which 
contains strength- and movement sen-
sors; it can be connected to a PC via a 
USB interface.  The PABLO® sensor grip 

(1) makes it possible to perform and mea-
sure the resulting forces of various grip 
patterns of the human hand such as stret-
ching and bending as well as cylinder- 
and pinch grip movements. The device 
measures the mobility range of the arm 
via built-in position sensors. Additionally, 
Multiboard, Multiball, a balance pad and 
belts for attaching the hand grip to the 
torso, arm or leg are also provided.



TYMO® (COMPUTER-ASSISTED REHABILITATION OF 

EXTREMITIES WITH BALANCE AND POSTURE CONTROL)

The PABLO® Multiball (2) trains forearm 
pronation and supination as well as wrist 
extension and flexion.  It offers targeted 
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application options during early rehabi-
litation phases e.g. for limp hemiparesis 
of the arm.

The PABLO® Multiboard (3) provides re-
petitive training for single and multiple 
joints in a selectable distal or proximal 
approach and can be used unilaterally as 
well as bilaterally.

Due to the deficit-relevant design, Mult-
iboard and Multiball can treat highly im-
pacted patients with massive hypertensi-
on or spastic paresis. The hand grip with 
integrated sensors is simply inserted into 
the board or ball. The software offers 

many one- or two dimensional therapy 
modules, which are used to practice mo-
vements required in everyday activities. 
Additionally, the already described mo-
dules for cognitive training can be per-
formed in direct combination with func-
tional training. The assessments provided 
by PABLO® are exceptional. Rough grips 
(cylinder grip/hand strength), all precision 
grips, finger extensions, strength dosage 
but also the active mobility of the upper 
extremity joints can be measured in a 
short period of time and then documen-
ted automatically and displayed in pro-
cess charts.

(1) (2) (3)

TYMO® SUPPORT FUNCTION
Suitable for therapy of upper 
extremities

•	 Depiction and control of 
active strength usage for 
the upper extremity

•	 Performance of support 
activities, also for 
hemiplegia

•	 Weight distribution for 
bi-manual support

TYMO® SITTING FUNCTION 
The patients sits either directly 
on TYMO® or places the feet on 
TYMO® while performing the 
following training.

•	 Functional free sitting
•	 Symmetric weight 

distribution
•	 Torso- and pelvic 

activities
•	 Control of weight 

distribution for position 
change

TYMO® STANDING FUNCTION 
The patient performs the fol-
lowing training while standing.

•	 Standing leg phase
•	 Improvement of active 

knee control
•	 Weight distribution
•	 Building up of muscle 

strength
•	 Coordination of the 

lower extremity and 
red muscles (holding 
muscles)

TYMO® is the thinnest therapy platform 
worldwide and much more than a conven-
tional balance pad. It is an all-in-one pa-
ckage for treating arms, torso and lower 
extremities in various initial positions. The 
computer-assisted system offers any con-
ceivable training variation for improving 
balance, posture control, active strength 
usage as well as support activities for the 
upper extremity (1).

TYMO® can be used unilaterally or bila-
terally as well as statically or dynamically. 
Except for a few exceptions, the therapy 
modules are designed similar to the mo-
dules for the PABLO® system and, there-
fore, provide the same treatment options. 
TYMO® also offers static and dynamic 
measurements and therapies. Movement 

transitions, strength usage, position 
change, weight distribution and shifting, 
stability while standing, walking speed 
etc. can be easily measured. The TYMO® 
design makes it possible to perform the-
rapy in the (wheel)chair, at the bedside, 
on the table for arm-supported activities 
(2) or while standing. The static support 
surface becomes dynamic (3) by simply 
attaching a one- or two-dimensional 
»rolling mechanism« under  TYMO®. The 
high practicability and uncomplicated 
transport are additionally complemen-
ted by cable-free handling (Bluetooth 
interface) and a very long battery life of 
over 12 hours.

TYMO®  and PABLO® have proven to be 
especially valuable in outpatient care.

(1) (2) (3)



DIEGO® (ROBOTIC-, COMPUTER- AND VIRTUAL REALITY-AS-

SISTED REHABILITATION OF THE PROXIMAL UPPER EXTRE-

MITY)

TYROSTATION® (ADAPTABLE WORK PLACE FOR 

PABLO® AND TYMO®)

DIEGO® is the latest and possible the 
most exclusive TYROSOLUTION »high-
light«; it is a robotic- and computer-as-
sisted virtual reality system developed for 
treating one or both arms. DIEGO® pro-
vides realistic therapy in a virtual three-
dimensional space. The two »arm ropes«, 
which ensure complete freedom of mobi-
lity for the upper extremity joints, provide 
sufficient space for qualitative training of 
the shoulder and arms without strenuous 
guidance (1). Patients can perform unila-
teral and bilateral exercises with virtual 
reality modules or with the integrated 
software from other TYROSOLUTION 
systems or simulate movements from 
everyday activities.

The virtual reality module for DIEGO® 
creates functionally relevant and realis-
tic virtual scenarios such as hanging up 
laundry or swimming (2), which the pati-
ent can effectively use to transition back 
into everyday activities.  These exercises 
ensure high motivation and concentra-
tion, which in turn promote the learning 
process. 

Especially three-dimensional but also 
two-dimensional tracking, the creation 
of an ego-perspective, high multi-mo-
dality for feedback quantity and quality, 
real and consistent environments, a re-
alistic interaction as well as instantane-
ous system responses ensure successful 
high-intensity learning experiences.

Of course, DIEGO® with its functionally 
coordinated design offers more than just 
virtual reality. The attending physician 
can measure the respective initial postu-
re- or joint position at therapy begin. DI-
EGO® can also prescribe the movements 
that are to be learned. Individualised 
handling of arm- and hand loops provide 
active training options for the respecti-
ve proximal or distal joints or the entire 
upper extremity. The complete natural 
mobility range of joints can be trained 
without an impeding outer restriction.

Intelligent weight easing (IGC) is an ext-
remely useful core function of DIEGO®; 
it actively compensates for the gravi-
ty affecting the extremity. The weight 
of the arm can be smoothly decreased 
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proximally and distally (3). Among other 
things, this creates optimal treatment 
conditions for deficits such as limp hemi-
paresis, hypertension/spasticity, restric-
ted joint mobility or pain and subluxation 
problems. »Hands-off« therapy, possibly 
with assisted gravity compensation as an 
alteration of the physical environment, 
is provided, which also ensures effective 
motor learning.

In the area of ICF assessments, DIEGO® 
can measure the mobility range of the up-
per extremity joints (based on the neutral-
zero method). These measurement values 
are then depicted as a process chart and 
documentation.

(1) (2) (3)

The total concept is rounded off with 
the TYROSTATION®, an efficient, well-
thought out »work place« for TYMO®  and 
PABLO®. The height-adjustable therapy 
table includes a large work surface, an 
integrated multi-adaptable PC with the 

complete software and a training stool 
adjusted for TYMO®. TYROSTATION® is 
designed so that both systems including 
all accessory parts can be stored proper-
ly and accessibly.



CONCLUSION

In the described constellation, the TYRO-
SOLUTION concept is a one-of-a-kind 
treatment concept in the area of robotic-, 
computer- and virtual reality-assisted re-
habilitation. In small spaces the system 
provides high results quality for holistic 
treatment options with an evidence-
based background for various neurolo-
gical and orthopaedic deficits. Important 
technical aspects and evaluation options 
have been achieved through cooperation 
with worldwide renowned universities, 
clinical institutes, rehabilitation centres 
and therapy practices. Meanwhile clinical 
studies have provided independent evi-
dence for the systems AMADEO®  and 
PABLO® [8, 18, 27, 28].

An overview of the advantages:
 ■ Varied, targeted, evidence-

based therapy modules
 ■ Automated, assessment-, do-

cumentation- and reporting options
 ■ High motivation factor due to 

appealing system design and therapy 
modules

 ■ Concurrent treatment for asso-
ciated problems

 ■ Fast, user-friendly application
 ■ Short treatment times
 ■ High system mobility and 

practicability (application for outpatient 
care, house calls, individual training and 
inpatient care)
The systems form a cohesive unit due to 
the common software, but can also be 
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used individually in versatile ways. Espe-
cially PABLO® and TYMO® constitute an 
important bridge between computer-
assisted therapy for inpatient- and outpa-
tient rehabilitation. The cost-benefit ratio 
for the individual systems and the total 
concept is more than convincing on ac-
count of the provided contents.
The operating premises of TYROMOTI-
ON in Schweinfurt (Germany) also inclu-
de an integrated Tyromomentum therapy 
institute; the institute offers seminars, 
workshops and informational tours in 
state-of-the-art practice rooms for anyo-
ne who is interested. Upon consultation, 
demonstration events or workshops in-
cluding patient treatments in clinics and 
practices performed by TYROMOTION 
experts are possible at any time.

| Maik Hartwig |

LITERATURE

1. Adamovich SV, Fluet GG, Tunik E, Merians AS. 
Sensorimotor training in virtual reality: A Re-
view. NeuroRehabilitation 2009; 25: 29-44.

2. Bütefisch C, Hummelsheim H, Denzler P, Mau-
ritz KH. Repetitive training of isolated move-
ments improves the outcome of motor rehabili-
tation of the centrally paretic hand. J Neurol Sci 
1995; 130: 59-68.

3. Byl NN, Pitsch EA, Abrams GM. Functional out-
comes can vary by dose: learning- based senso-
rimotor training for patients stable poststroke. 
Neuroreha

4. Carr JH, Shepherd RB. A motor relearning pro-
gramme for stroke. Butterworth –Heinemann 
Oxford / Aspen Systems Corporation, Rockville 
Maryland 1987.

5. Enzinger C, Pargfrieder C, Pegritz S, et al. Effect 
of therapeutic intervention for the hemiplegic 
upper limb in the acute phase after stroke. A 
single-blind randomised, controlled multicen-
ter trial. Stroke 1998; 29: 785-792.

6. Hartwig M. Fun and evidence – computer-
based arm rehabilitation with the PABLO® Sys-
tem. Neurol Rehabil 2001; 17(1): 42–46.

7. Hwang CH, Seong JW, Son DS: Individual finger 
synchronized robot-assisted hand rehabilitation 
in subacute to chronic stroke: a prospective 
randomized clinical trial of efficacy. Clin Reha-
bil. 2012 Jan 19.

8. Katz N, Ring H, Naveh Y, et al. Interactive virtual 
environment training for safe street crossing of 
right hemisphere stroke patients with unilateral 
spatial neglect. Disability and Rehabilitation 
2005; 27: 1235-1243.

9. Kollen BJ, Lennon S, Lyons B, et al. The effec-
tiveness of the Bobath concept in stroke reha-
bilitation: what is the evidence? Stroke 2009; 40 
(4): 89-97.

10. Kwakkel G, Kollen BJ, Krebs HI. Effects of robot-
assisted therapy on upper limb recovery after 
stroke: a systematic review. Neurorehabil Neu-
ral Repair 2008; 22 (2): 111-121.

11. Lucca LF. Virtual reality and motor rehabilitation 
of the upper limb after stroke: a generation of 
progress? J Rehabil Med 2009; 41 (12): 1003-
100? 

12. O’Dell MW, Lin CCD, Harrison V. Stroke Rehabi-
litation: Strategies to Enhance Motor Recovery. 
Annu Rev Med 2009; 60: 55-68.

13. Majsak MJ. Application of motor learning prin-
ciples to the stroke population. Topics in Stro-
ke Rehabilitation 1996; 3 (2): 27-59.

14. Mehrholz J, Platz T, Kugler J, Pohl M.: Electro-
mechanical and robot-assisted arm training for 
improving arm function and activities of daily 
living after stroke. Cochrane Database Syst 
Rev. 2008 Oct 8;(4):CD006876.

15. Ng SSM, Shepard RB. Weakness in patients 
with stroke; implication for strength training in 
neurorehabilitation. Physical Therapy Reviews 
2000; 5: 227-238.

16. Nica AS, Brailescu CM, Scarlet RG. Virtual 
reality as a method for evaluation and thera-
py after traumatic hand surgery. Stud Health 
Technol Inform. 2013: 191: 48-52.

17. Oujamaa L, Relave I, Froger J, et al. Rehabili-
tation of arm function after stroke. Literature 
review. Ann Phys Rehabil Med 2009; 52 (3): 
269-293.

18. Ortner R, Ram D, Kollreider A, et al. Human-
computer confluence for rehabilitation purpo-
ses after stroke. 15th International Conference 
on Human-Computer Interaction 2013.

19. Paci M. Physiotherapy based on the Bobath 
concept for adults with post-stroke hemiple-
gia: a review of effectiveness studies. J Rehabil 
Med 2003; 35: 2-7.

20. van Peppen RP, Hendriks HJ, van Meeteren 
NL, Helders PJ, Kwakkel G. The development 
of a clinical practice stroke guideline for phy-
siotherapists in The Netherlands: a systematic 
review of available evidence. Disabil Rehabil. 
2007; 29 (10): 767-783.

21. Platz T, Roschka S. rehabilitative Therapie bei 
Armparese nach Schlaganfall. S2e-Leitlinien 
der DGNR. Neurol rehabil 2009; 15(2): 81-106

22. Piron L, Turolla A, Tonin P, Piccione F, Lain L, 
Dam M. Satisfaction with care in post-stroke 
patients undergoing a telerehabilitation pro-
gram at home. J Telemed Telecare 2008; 14: 
257-260.

23. Prange GB, Jannink MJ, Groothuis-Ouds-
hoorn CG, et al. Systematic review of the effect 
of robot-aided therapy on recovery of the he-
miparetic arm after stroke. J Rehabil Res Dev 
2006; 43 (2): 171-184.

24. Ropele S, Loitfelder M, Neuper C, et al. A 
proof-of-concept study on the effects of a ro-
botic-assisted hand rehabilitation program af-
ter stroke on central movement control. (2008).

25. Sackett DL, Rosenberg WMC, Gray JAM, et al. 
Evidence-based Medicine: What It Is and What 
It Isn’t. British Medical Journal. 312, 1996, S. 
71–72.

26. Sale P, Lombardi V, Franceschini M. Hand ro-
botics rehabilitation: feasibility and preliminary 
results of a robotic treatment in patients with 
hemiparesis. Stroke Res Treat 2012: 820931.

27. Sale P, Mazzoleni S, Lombardi V, et al. Recovery 
of hand function with robot-assisted therapy in 
acute stroke patients: a randomized-controlled 
trial. Int J Rehabil Res. 2014 Apr 24. [Epub 
ahead of print]

28. Stein J, Bishop L, Gillen G, Helbok R: Robot-
assisted exercise for hand weakness after 
stroke: a pilot study. Am J Phys Med Rehabil 
2011;90:887-894.

29. Taub E, Miller NE, Novack TA, et al. Technique 
to improve chronic motor deficit after stroke. 
Arch Phys Med Rehabil 1993; 74: 347-354.

30. Whitall J, McCombe Waller S, et al. Repetitive 
bilateral arm training with rhythmic auditory 
cueing improves motor function in chronic he-
miparetic stroke. Stroke 2000; 31: 2390-2395.

31. Winstein CJ, Rose DK, Tan SM, et al. A rando-
mized controlled comparison of upper-extre-
mity rehabilitation strategies in acute stroke: A 
pilot study of immediate and long-term outco-
mes. Arch Phys Med Rehabil 2004; 85: 620-628.

32. Woldag H, Waldmann G, Heuschkel G, Hum-
melsheim H. Is the repetitive training of com-
plex movements beneficial for motor recovery 
in stroke patients? Clinical Rehabilitation 2003; 
17: 723-730.

33. Wolf SL, Winstein CJ, Miller JP, et al; EXCITE In-
vestigators. Effect of constraint-induced move-
ment therapy on upper extremity function 3 to 
9 months after stroke: the EXCITE randomized 
clinical trial. JAMA 2006; 296 (17): 2095-2104.

34. Wulf G, Höß M, Prinz W. Instruction for motor 
learning: differential effects of internal versus 
external focus of attention. J Mot Behav 1998; 
30 (2): 169-179.

35. Wulf G, Shea C, Lewthwaite R. Motor skill lear-
ning and performance: a review of influential 
factors. Med Educ 2010; 44 (1): 75-84.

36. Yip BC, Man DW. Virtual reality (VR-) based 
community living skills training for people with 
acquired brain injury: A pilot study. Brain Inj 
2009; 23: 1017-1026.


