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Abstract 
     The third generation of the fluidic hand currently is in the process of clinical 
trial. The new hand combines functionality and cosmesis. It has the natural shape 
of a human hand and multiple new functions. The grasping operation is built in an 
adaptive way according to the biological example. This means that objects are 
enclosed with positive locking. The big contact area and soft passive elements 
considerably reduce the grasping force required to hold an object securely. Starting 
from a natural basic hand position, all actuators can be controlled individually by 
two myoelectrodes in the socket. The software allows for a quick selection of the 
most important grasping patterns. Besides the multifunctional control, features of 
the new hand like the force feedback system which gives the patient a sense of 
feeling and operation of a (computer) keyboard with the index will be depicted. 
 
 
INTRODUCTION 
     After upper limb amputation, a basic part of the rehabilitation process for many 
patients is a vocational retraining from skilled manual work to office work, including 
the use of computers. Additionally, the use of electronic devices like computers and 
game consoles is playing a growing role in the adolescents' recreational behavior 
[1]. A survey of the use of computer keyboards by adolescent prosthetic hand users 
revealed that at the age of 11 to 15 years a computer is used up to 180 min on an 
average day with a mean value of 77 min [2]. The prosthesis is used by 5 out of 11 
(45%) adolescents for typing on the keyboard and if they do so, they rotate the 
hand by 180° in order to type with the tip of the thumb. From the interviews, it is 
reported that this type of keyboard writing is exhausting. The desire of prosthetic 
hand users for an improved functionality was expressed in several surveys [3,4]. 
 
 
TYPING WITH THE INDEX 
     The new hydraulically driven prosthesis is a further development of our hands 
presented in [5]. It is made of a carbon-fiber composite and a high-strength 
aluminum alloy. The index finger, middle finger, and thumb can be operated 
independently. This allows for two different options to operate a keyboard with the 
new prosthesis (Fig. 1a and b). 
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Fig. 1a and 1b: Options to operate a keyboard with the new prosthesis. 
Either the index is extended and the other fingers flexed, or vice versa. 
 
 
FORCE FEEDBACK 
     An important feature to implement when designing a prosthetic hand with 
increased functionality is a force feedback system to the user. We have chosen a 
small vibrator unit to transmit information to the wearer of our electric hand [6]. As 
a result, different levels of grip force applied can be detected and allows for better 
control of the grip force. The levels of feedback to the wearer are applied at user-
selected levels of force. In order to avoid adaptation to the signal the vibration 
stops automatically after a predefined time and only restarts when a different level 
of grip force is applied. 
 
 
MULTIFUNCTIONAL CONTROL 
     The aim of the development was to have a robust, simple-to-learn control of 
multiple grasping patterns of low complexity for the user. Unlike other research 
groups [7], we decided to use only two standard surface myoelectrodes (Myobock 
13E125) placed over the flexor and extensor muscles of the residual limb. During a 
short period of training (about 15-30 minutes), the sensors were scanned with a 
frequency of 100Hz and each subject generated 10-15 repetitions of 5-8 different 
replicable natural movements (virtual movements). Each movement represented a 
different switch signal for a grasping pattern. To classify the signals, a new 
classification scheme was applied. All subjects were able to operate the 
automatically adapted system with a signal reproduction reliability (classification 
rate) of 90.4 to 99.5 per cent [8]. Hence, a more physiological control was 
introduced, as the switch signals do not have to be learned by the individual, but 
are taught to the control software that automatically adapts to the abilities of the 
individual. First experiments that evaluate the control system in repeated sessions 
proved that training leads to even increased classification rates and shorter switch 
durations. It was also shown that small variations of the electrodes placement (i.e. 
by taking off and putting on the prosthesis again) do not lead to significantly 
different results, if two training sessions are used for classifier training [9]. 
Examples of different switch signals are depicted in Fig. 2 a-c. 
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Fig. 2a-c: Three different examples of switch signals. 
 
 
ACKNOWLEDGMENT 
     This work received major support from the limb fitting center of the Heidelberg 
Orthopaedic University Hospital, Pohlig Orthopädietechnik, Traunstein, Germany, 
and Brillinger Orthopädietechnik, Tübingen, Germany.  
 
 
REFERENCES 
1.  Lampert T, Sygusch R, Schlack R.: Use of electronic media in adolescence. Results of 

the German Health Interview and Examination Survey for Children and Adolescents 
(KiGGS) [in German]. Bundesgesundheitsbl - Gesundheitsforsch -Gesundheitsschutz 
50:643–652, 2007. 

2. Pylatiuk C, Kargov A, Werner T, Schulz S, Bretthauer G.: Entwicklung einer 
multifunktionalen Handprothese für Kinder. [in German], Annual Conference of the 
German Society for Biomedical Engineering (DGBMT 2007), Aachen, Sep. 26-29, 
2007. 

3. Kyberd PJ, Wartenberg C, Sandsjö L, Jönsson S, Gow D, Frid J, Almström C, Sperling 
L: Survey of Upper Extremity Prosthesis Users in Sweden and the United Kingdom. J 
Prosthet Orthot. 2007;19:55–62. 

4. Pylatiuk C, Schulz S, Döderlein L.: Results of an internet survey of myoelectric 
prosthetic hand users. Prosthetics and Orthotics International, Vol. 31 No. 4, 
December 2007, 362-370. 

5. Schulz S, Pylatiuk C, Reischl M, Martin J, Mikut R, Bretthauer G.: A Lightweight 
Multifunctional Prosthetic Hand. Robotica, 23(3), 293-299, 2005. 

6. Pylatiuk C, Kargov A, Schulz S.: Design and evaluation of a low cost force feedback 
system for myoelectric prosthetic hands. JPO 18(2), S. 57-61, 2006 

7.  Parker PA, Englehart K, Hudgins B.: Myoelectric signal processing for control of 
powered limb prostheses. Journal of Electromyography and Kinesiology 16 (2006) 
541–548. 

8.  Reischl M, Gröll L, Mikut R.: EMG-control of prostheses by switch signals: Extraction 
and classification of features. In: IEEE International Conference on Systems, Man and 
Cybernetics, Den Haag, 2004. 

9. Reischl M, Mikut R, Bretthauer G.: Robust Training and Control Strategies for the 
Grasp Type Selection of Hand Prostheses. In: Proc., 4th IFAC Symposium on 
Mechatronic Systems, Heidelberg, S. 478-483, 2006. 

S
en

so
r 

o
u
tp

u
t 

[V
] 

Time [ms] 

From “MEC '08 Measuring Success in Upper Limb Prosthetics,” Proceedings of the 2008 MyoElectric Controls/Powered Prosthetics 
Symposium, held in Fredericton, New Brunswick, Canada, August 13–15, 2008.

Distributed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 United States License by 
UNB and the Institute of Biomedical Engineering, through a partnership with Duke University and the Open Prosthetics Project.




