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Zusammenfassung

                

          
Hintergrund Die Kontrolle einer myoelektrischen Prothese erfordert ein
                    umfangreiches rehabilitatives Training, welches auf repetitiven Übungen basiert,
                    angeleitet unter physiotherapeutischer Aufsicht. Doch zuhause fehlt vielen
                    Patienten die Motivation, die Übungen aus der Physiotherapie weiterzuführen.
                    Mobile Spiele auf dem Smartphone können zu einer Langzeit-Motivation beitragen,
                    das Heimtraining mit der notwendigen Intensität fortzuführen.

                

          
Patienten und Methodik Wir entwickelten ein Trainingssystem, welches aus
                    einer spielbasierten mobilen Rehabilitationsanwendung besteht, die mit dem
                    Muskelsignal des Patienten gesteuert wird, außerdem einem Tablett zum Spielen
                    der App, einem Elektrodenarmband und einem Handbuch. Bisher haben zwei Patienten
                    an dieser Studie teilgenommen. Sie wurden gebeten die App für 4 Wochen zu Hause,
                    5 Mal pro Woche, für 10 bis 15 Minuten zu benutzen. Gemäß eines Prä- und
                    Post-Test-Designs wurden die neuromuskulären Parameter der Patienten vor und
                    nach dem mobilen Training untersucht. Evaluiert wurden u. a. die maximale
                    Kontraktionskraft, Muskelseparation, proportionale Ansteuerung und
                    Muskelausdauer, sowie die Nutzerstatistiken während der App-Benutzung.

                

          
Resultate Nach dem Training mit der App konnte eine signifikante
                    Verbesserung (p < .01) aller untersuchten klinischen Parameter zur
                    myoelektrischen Steuerung einer Prothese erzielt werden. Die Nutzerstatistiken
                    ließen eine hohe Motivation zur Benutzung des Spiels und dem zusätzlichen
                    Ausführen eines diagnostischen EMG-Tests bei einem Patienten erkennen, der
                    andere teilnehmende Patient jedoch hatte zwar das Spiel gespielt, jedoch den
                    EMG-Test vernachlässigt und diesen nur zur Hälfte absolviert.

                

          
Conclusio Die Trainings-App „MyoBeatz“ bietet nicht nur Anleitung und
                    Feedback zur korrekten Ausführung von myoelektrischen Kommandos, sondern erhält
                    auch die Motivation des Patienten durch verschiedene Spielmodi und
                    Feedbackelemente. Durch eine Übersicht des Trainingsfortschritts in Form von
                    Nutzer-Statistiken und Highscores kann der Rehabilitationsprozess überwacht und
                    verglichen werden. Es konnte gezeigt werden, dass Patienten mit Amputation der
                    oberen Extremität nach der Nutzung der spielbasierten App ihre neuromuskuläre
                    Kontrolle, Kraft und Koordination signifikant verbessern konnten, so dass sie
                    das Potential einer myoelektrischen Prothese voll ausschöpfen können.
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Abstract

                

          
Background Control of a myoelectric prostheses entails rehabilitative
                    training, based on repetitive exercises with a physiotherapist. However, many
                    patients lack the motivation to continue the exercises in their home
                    environment. Mobile games on the smartphone can provide patients with long-term
                    motivation to continue the repetitive exercises that prepare the muscles for
                    controlling a prosthesis at home. The aim of this study was to confirm the
                    feasibility of a myoelectrical controlled mobile application and the impact of
                    this game-based rehabilitation on the patient’s maximum voluntary contraction
                    strength, proportionally activated muscle contraction and ability to separate
                    muscle groups.

                

          
Patients and Methods We developed a training system that consisted of a
                    game-based mobile rehabilitation application that is controlled by the patient’s
                    muscle signal, a tablet to play on, an electrode armband and a manual. So far
                    two patients have participated in this study. They were asked to use the app for
                    4 weeks at home, 5 times a week, for 10 to 15 minutes. The intervention was
                    designed in a randomised controlled pre-test/post-test design and patients were
                    measured for neuromuscular parameters before the intervention and afterwards.
                    Evaluated parameters included maximum voluntary contraction force, muscle
                    separation, proportional control and muscle endurance, as well as user
                    statistics.

                

          
Results After training with the app, a significant improvement
                    (p < .01) in all examined clinical parameters for myoelectric control of a
                    prosthesis could be achieved. The user statistics showed a high motivation to
                    play the game and ran an additional diagnostic EMG-Test on one patient; the
                    other participating patient, however, had played the game but neglected the EMG
                    test and only completed half of it.

                

          
Conclusion The training app not only provides instruction and feedback on
                    the correct execution of myoelectric commands, but also maintains patient
                    motivation through various game modes and feedback elements. The rehabilitation
                    process could be monitored and compared through an overview of training progress
                    in the form of user statistics and high scores. It could be shown that patients
                    with upper extremity amputation could significantly improve their neuromuscular
                    control, strength and coordination after using the game-based app so that they
                    can fully benefit from the potential of a myoelectric prosthesis.

            


                
[bookmark: N10AEB]
Schlüsselwörter

                Prothese - 
                Handchirurgie - 
                Chirurgie der peripheren Nerven - 
                Rehabilitation - 
                Sonstige Aspekte - 
                obere Extremität - 
                Körperregion und Anatomie
            


                
[bookmark: N10B07]
Key words

                EMG - 
                Game-based Rehabilitation - 
                Prosthesis Control - 
                Mobile App - 
                Upper Limb Amputee
            


 

[bookmark: ]

[bookmark: N10FB5]
	
Literatur


	
[bookmark: R7476037-0001]1 
                    
                        Soyer K, 
                    
                    
                        Unver B, 
                    
                    
                        Tamer S. 
                    
                et al. The importance of rehabilitation concerning upper extremity amputees: A
                    systematic review. Pakistan Journal of Medical Sciences; 2016 





CrossrefGoogle Scholar





	
[bookmark: R7476037-0002]2 
                    
                        Sturma A, 
                    
                    
                        Herceg M, 
                    
                    
                        Bischof B. 
                    
                et al. Rehabilitation Following Targeted Muscle Reinnervation in Amputees. Replace,
                    Repair, Restore, Relieve--Bridging Clinical and Engineering Solutions in
                    Neurorehabilitation. Springer; 2014: 775-779 





CrossrefGoogle Scholar





	
[bookmark: R7476037-0003]3 
                    
                        Dudkiewicz I, 
                    
                    
                        Gabrielov R, 
                    
                    
                        Seiv-Ner I. 
                    
                et al. Evaluation of prosthetic usage in upper limb amputees. Disabil. Rehabil. 2004; 26: 60-63 





CrossrefPubMedGoogle Scholar





	
[bookmark: R7476037-0004]4 
                    
                        Biddiss EA, 
                    
                    
                        Chau TT. 
                    
                Upper limb prosthesis use and abandonment: A survey of the last 25 years.
                    Prosthet. Orthot. Int. 2007; 31: 236-257 





PubMedGoogle Scholar





	
[bookmark: R7476037-0005]5 
                    
                        Lloréns R, 
                    
                    
                        Alcañiz M, 
                    
                    
                        Colomer C. 
                    
                et al. Effectiveness of a Wii balance board-based system (eBaViR) for balance
                    rehabilitation: a pilot randomized clinical trial in patients with acquired
                    brain injury. J. Neuroeng Rehabil. 2011; 8: 30 





CrossrefPubMedGoogle Scholar





	
[bookmark: R7476037-0006]6 
                    
                        Reinkensmeyer Dj, 
                    
                    
                        Housman SJ. 
                    
                ‘If I can’t do it once, why do it a hundred times?’: Connecting volition to
                    movement success in a virtual environment motivates people to exercise the arm
                    after stroke. Virtual Rehabilitation 2007; 44-48 





PubMedGoogle Scholar





	
[bookmark: R7476037-0007]7 
                    
                        Herz NB, 
                    
                    
                        Mehta SH, 
                    
                    
                        Sethi KD. 
                    
                et al. Nintendo Wii rehabilitation (‘Wii-hab’) provides benefits inParkinson’s
                    disease. Park. Relat. Disord. 2013; 19: 1039-1042 





CrossrefPubMedGoogle Scholar





	
[bookmark: R7476037-0008]8 
                    
                        Tatla SK, 
                    
                    
                        Shirzad N, 
                    
                    
                        Lohse KR. 
                    
                et al. Therapists’ perceptions of social media and video game technologies in upper
                    limb rehabilitation. JMIR serious games 2015; 3: e2 





CrossrefPubMedGoogle Scholar





	
[bookmark: R7476037-0009]9 
                    
                        Flores E, 
                    
                    
                        Tobon G, 
                    
                    
                        Cavallaro E. 
                    
                et al. Improving patient motivation in game development for motor deficit
                    rehabilitation. Proceedings of the 2008 International Conference on Advances in Computer
                    Entertainment Technology. 2008: 381-384 





PubMedGoogle Scholar





	
[bookmark: R7476037-0010]10 
                    
                        Abellard P, 
                    
                    
                        Abellard A. 
                    
                Virtual Reality and Serioues Games for Rehabilitation. 2015: 117-118 





PubMedGoogle Scholar





	
[bookmark: R7476037-0011]11 
                    
                        Lohse K, 
                    
                    
                        Shirzad N, 
                    
                    
                        Verster A. 
                    
                et al. Video Games and Rehabilitation: Using Design Principles to Enhance
                    Engagement. Physical Therapy 2013; 166-175 





PubMedGoogle Scholar





	
[bookmark: R7476037-0012]12 
                    
                        Annett M, 
                    
                    
                        Anderson F, 
                    
                    
                        Bischof WF. 
                    
                Activities and Evaluations for Technology-Based Upper Extremity
                    Rehabilitation. Virtual Real. Enhanc. Robot. Syst. Disabil. Rehabil. 2016; 307 





PubMedGoogle Scholar





	
[bookmark: R7476037-0013]13 
                    
                        Anderson F, 
                    
                    
                        Bischof WF. 
                    
                Augmented reality improves myoelectric prosthesis training. Int. J. Disabil.
                    Hum. Dev 2014; 13: 349-354 





PubMedGoogle Scholar





	
[bookmark: R7476037-0014]14 
                    
                        Oppenheim H, 
                    
                    
                        Armiger RS, 
                    
                    
                        Vogelstein RJ. 
                    
                WiiEMG: A real-time environment for control of the Wii with surface
                    electromyography. Proceedings of 2010 IEEE International Symposium on Circuits and Systems
                    (ISCAS). 957-960 





PubMedGoogle Scholar





	
[bookmark: R7476037-0015]15 
                    
                        Van Dijk L, 
                    
                    
                        Van Dijk H, 
                    
                    
                        Bongers R. 
                    
                et al. Serious Gaming for Prosthesis Use. 2014 





PubMedGoogle Scholar





	
[bookmark: R7476037-0016]16 
                    
                        Bouwsema H, 
                    
                    
                        van der Sluis CK, 
                    
                    
                        Bongers RM. 
                    
                Effect of Feedback during Virtual Training of Grip Force Control with a
                    Myoelectric Prosthesis. PLoS One 2014; 9: e98301 





CrossrefPubMedGoogle Scholar





	
[bookmark: R7476037-0017]17 
                    
                        Armiger RS, 
                    
                    
                        Vogelstein RJ. 
                    
                Air-Guitar Hero: A real-time video game interface for training and evaluation of
                    dexterous upper-extremity neuroprosthetic control algorithms. Biomed. Circuits Syst. Conf. 2008; 121-124 





PubMedGoogle Scholar





	
[bookmark: R7476037-0018]18 
                    
                        Al-Jumaily A, 
                    
                    
                        Olivares RA. 
                    
                Electromyogram (EMG) Driven System Based Virtual Reality for Prosthetic and
                    Rehabilitation Devices. Proceedings of the 11th International Conference on Information
                    Integration and Web-based Applications & Services. 2009: 582-586 





PubMedGoogle Scholar





	
[bookmark: R7476037-0019]19 
                    
                        Garcia-Hernandez N, 
                    
                    
                        Garza-Martinez K, 
                    
                    
                        Parra-Vega P. 
                    
                Electromyography Biofeedback Exergames to Enhance Grip Strength and
                    Motivation. Games Health J 2018; 7: 75-82 





CrossrefPubMedGoogle Scholar





	
[bookmark: R7476037-0020]20 
                    
                        la Rosa R, 
                    
                    
                        Alonso A, 
                    
                    
                        de la Rosa S. 
                    
                et al. Myo-Pong: a neuromuscular game for the UVa-Neuromuscular training system
                    platform. Virtual Rehabilitation 2008; 15: 61 





PubMedGoogle Scholar





	
[bookmark: R7476037-0021]21 
                    
                        Dawson MR, 
                    
                    
                        Carey JP, 
                    
                    
                        Fahimi F. 
                    
                Myoelectric training systems. Expert Rev. Med. Devices 2011; 8: 581-589 





CrossrefPubMedGoogle Scholar





	
[bookmark: R7476037-0022]22 
                    
                        Roche AD, 
                    
                    
                        Rehbaum H, 
                    
                    
                        Farina D. 
                    
                et al. Prosthetic Myoelectric Control Strategies: A Clinical Perspective. Curr. Surg. Reports 2014; 2: 1-11 





PubMedGoogle Scholar





	
[bookmark: R7476037-0023]23 
                    
                        Prahm C, 
                    
                    
                        Vujaklija I, 
                    
                    
                        Kayali F. 
                    
                et al. Game-Based Rehabilitation for Myoelectric Prosthesis Control. JMIR Serious Games 2017; 5: 13 





CrossrefPubMedGoogle Scholar





	
[bookmark: R7476037-0024]24 
                    
                        Prahm C, 
                    
                    
                        Kayali F, 
                    
                    
                        Vujaklija I. 
                    
                et al. Increasing motivation, effort and performance through game-based rehabilitation
                    for upper limb myoelectric prosthesis control. 2017 International Conference on Virtual Rehabilitation. 2017: 1-6 





PubMedGoogle Scholar





	
[bookmark: R7476037-0025]25 
                    
                        Prahm C, 
                    
                    
                        Kayali F, 
                    
                    
                        Sturma A. 
                    
                et al. Recommendations for Games to Increase Patient Motivation During Upper Limb
                    Amputee Rehabilitation. Converging Clinical and Engineering Research on
                    Neurorehabilitation {II}. Springer Nature; 2017: 1157-1161 





CrossrefGoogle Scholar





	
[bookmark: R7476037-0026]26 
                    
                        Johnson SS, 
                    
                    
                        Mansfield E. 
                    
                Prosthetic training: Upper limb. Physical Medicine and Rehabilitation Clinics of North America; 2014 





Google Scholar





	
[bookmark: R7476037-0027]27 
                    
                        Novak CB. 
                    
                Rehabilitation Following Motor Nerve Transfers. Hand Clinics; 2008 





Google Scholar










 









    
  

  
    
      
        

      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

  
    
      ©  Georg Thieme Verlag KG | 
      
      
        Imprint |
        Privacy policy statement |
      
      Smartphone Version
      

      
        Your Current IP Address: 44.203.176.234
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  