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Abstract

        

          
Introduction Acoustic distractions have been shown to increase the level of stress and workload in the operating room (OR). Noise significantly reduces surgical performance, but experienced surgeons are able to reduce the acoustic perception of their surroundings to maintain a high level of performance in complex surgical tasks. However, music has been shown to improve learning and performance of complex motor skills. The aim of this study was to evaluate the influence of music on transferability and long-term acquisition of laparoscopic suturing skills.

        

          
Materials and Methods To evaluate the effects of music on training, subjects were asked to perform four surgeon's square knots on a bowel model within 30 minutes—prior and post 3 hours of hands-on training. To examine long-term skills, the same students were asked to perform a comparable, but more complex, task (four slip knots in a model of esophageal atresia) 6 months post initial training, as a follow-up measurement. Total time, knot stability (evaluated via tensiometer), suture accuracy, knot quality (Muresan scale), and laparoscopic performance (Munz checklist) were assessed.

        

          
Results Twenty-four students were included in the study; after simple randomization, 16 were trained while exposed to music (eight to Bach and eight to Bushido) and eight with traditional methods. Seven were lost due to follow-up. Both groups had comparable baseline characteristics and significantly improved after training, in all parameters assessed in this study. Subjects that trained with classical music were superior in terms of speed (p = 0.006), knot quality (p = 0.014), and procedural performance (p = 0.034) compared with controls.

        

          
Conclusion Music during acquisition of complex motor skills, like laparoscopic suturing and knot tying, is superior to traditional training. Especially music considered nondisturbing significantly improved speed, knot quality, and performance. Thus, incorporation of pleasant music into surgical skills training and the OR should be considered.

      


        
[bookmark: N10DF5]
Keywords

        laparoscopy - 
        suturing - 
        surgery - 
        training - 
        learning - 
        music - 
        bach - 
        bushido
      

[bookmark: N1101C]
Authors' Contributions

[bookmark: FN195044oa-1]
        
S.M. conceptualized and designed the study, acquired the data, acted as course instructor, and approved the final manuscript as submitted. R.B. acquired the data, acted as course instructor, and approved the final manuscript as submitted. J.B. conceptualized and designed the study, acquired the data, performed statistics, and approved the final manuscript as submitted. L.K. acquired the data, acted as course instructor, and approved the final manuscript as submitted. J.W. acquired the data, acted as course instructor, and approved the final manuscript as submitted. K.R. conceptualized and designed the study and approved the final manuscript as submitted. M.B. conceptualized and designed the study, acquired the data, acted as course instructor, performed statistics, drafted the initial manuscript, and approved the final manuscript as submitted. All authors approved the final manuscript as submitted and agree to be accountable for all aspects of the work.

      


[bookmark: N11029]
Note

[bookmark: FN195044oa-2]
        
Olympus Europe provided a location and the equipment to conduct the study, but no consumables.

      


[bookmark: N11036]
Ethical Approval

[bookmark: FN195044oa-3]
        
The Medical Ethics committee of the Medical Association of Hamburg (Ethik-Kommission der Ärztekammer Hamburg) declared that no formal ethical approval was needed for this study.

      




      
[bookmark: N11043]
Supplementary Material

      
	
Supplementary Material



    








[bookmark: info]
Publication History

Received: 11 July 2019


Accepted: 01 November 2019


Article published online:
07 January 2020



© 2020. Thieme. All rights reserved.

Georg Thieme Verlag KG
Rüdigerstraße 14, 70469 Stuttgart, Germany




 

[bookmark: ]

[bookmark: N1105A]
	
References


	
[bookmark: JR195044oa-1]1 
          
            Shapiro RA, 
          
          
            Berland T. 
          
        Noise in the operating room. N Engl J Med 1972; 287 (24) 1236-1238 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-2]2 
          
            Wheelock A, 
          
          
            Suliman A, 
          
          
            Wharton R. 
          
          et al. 
        The impact of operating room distractions on stress, workload, and teamwork. Ann Surg 2015; 261 (06) 1079-1084 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-3]3 
          
            Moorthy K, 
          
          
            Munz Y, 
          
          
            Undre S, 
          
          
            Darzi A. 
          
        Objective evaluation of the effect of noise on the performance of a complex laparoscopic task. Surgery 2004; 136 (01) 25-30 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-4]4 
          
            Siu KC, 
          
          
            Suh IH, 
          
          
            Mukherjee M, 
          
          
            Oleynikov D, 
          
          
            Stergiou N. 
          
        The effect of music on robot-assisted laparoscopic surgical performance. Surg Innov 2010; 17 (04) 306-311 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-5]5 
          
            Siu KC, 
          
          
            Suh IH, 
          
          
            Mukherjee M, 
          
          
            Oleynikov D, 
          
          
            Stergiou N. 
          
        The impact of environmental noise on robot-assisted laparoscopic surgical performance. Surgery 2010; 147 (01) 107-113 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-6]6 
          
            Nakamura PM, 
          
          
            Pereira G, 
          
          
            Papini CB, 
          
          
            Nakamura FY, 
          
          
            Kokubun E. 
          
        Effects of preferred and nonpreferred music on continuous cycling exercise performance. Percept Mot Skills 2010; 110 (01) 257-264 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-7]7 
          
            Bartolomei S, 
          
          
            Di Michele R, 
          
          
            Merni F. 
          
        Effects of self-selected music on maximal bench press strength and strength endurance. Percept Mot Skills 2015; 120 (03) 714-721 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-8]8 
          
            Ballmann CG, 
          
          
            McCullum MJ, 
          
          
            Rogers RR, 
          
          
            Marshall MM, 
          
          
            Williams TD. 
          
        Effects of preferred vs. nonpreferred music on resistance exercise performance. J Strength Cond Res 2018; DOI: 10.1519/JSC.0000000000002981. 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-9]9 
          
            Belkhir Y, 
          
          
            Rekik G, 
          
          
            Chtourou H, 
          
          
            Souissi N. 
          
        Listening to neutral or self-selected motivational music during warm-up to improve short-term maximal performance in soccer players: effect of time of day. Physiol Behav 2019; 204: 168-173 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-10]10 
          
            Staum MJ, 
          
          
            Brotons M. 
          
        The effect of music amplitude on the relaxation response. J Music Ther 2000; 37 (01) 22-39 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-11]11 
          
            Boettcher J, 
          
          
            Klippgen L, 
          
          
            Mietzsch S. 
          
          et al. 
        Spaced education improves the retention of laparoscopic suturing skills: a randomized controlled study. Eur J Pediatr Surg 2019; DOI: 10.1055/s-0039-1681022. 





Article in Thieme ConnectPubMedGoogle Scholar





	
[bookmark: JR195044oa-12]12 
          
            Boettcher M, 
          
          
            Boettcher J, 
          
          
            Mietzsch S, 
          
          
            Krebs T, 
          
          
            Bergholz R, 
          
          
            Reinshagen K. 
          
        The spaced learning concept significantly improves training for laparoscopic suturing: a pilot randomized controlled study. Surg Endosc 2018; 32 (01) 154-159 



Google Scholar





	
[bookmark: JR195044oa-13]13 
          
            Hibbeler B, 
          
          
            Korzilius H. 
          
        Arztberuf: Die Medizin wird weiblich, doch gilt dies nur bis zu einer bestimmten Hierarchiesrufe. Dtsch Arztebl 2008; 105: 609 



Google Scholar





	
[bookmark: JR195044oa-14]14 
          
            Bitterman N, 
          
          
            Shalev I. 
          
        Profile of graduates of Israeli medical schools in 1981−2000: educational background, demography and evaluation of medical education programs. Isr Med Assoc J 2005; 7 (05) 292-297 



Google Scholar





	
[bookmark: JR195044oa-15]15 
          
            Muresan III C, 
          
          
            Lee TH, 
          
          
            Seagull J, 
          
          
            Park AE. 
          
        Transfer of training in the development of intracorporeal suturing skill in medical student novices: a prospective randomized trial. Am J Surg 2010; 200 (04) 537-541 



Google Scholar





	
[bookmark: JR195044oa-16]16 
          
            Munz Y, 
          
          
            Almoudaris AM, 
          
          
            Moorthy K, 
          
          
            Dosis A, 
          
          
            Liddle AD, 
          
          
            Darzi AW. 
          
        Curriculum-based solo virtual reality training for laparoscopic intracorporeal knot tying: objective assessment of the transfer of skill from virtual reality to reality. Am J Surg 2007; 193 (06) 774-783 



Google Scholar





	
[bookmark: JR195044oa-17]17 
          
            Dorsey JH, 
          
          
            Sharp HT, 
          
          
            Chovan JD, 
          
          
            Holtz PM. 
          
        Laparoscopic knot strength: a comparison with conventional knots. Obstet Gynecol 1995; 86 (4 Pt 1): 536-540 



Google Scholar





	
[bookmark: JR195044oa-18]18 
          
            Goldenberg EA, 
          
          
            Chatterjee A. 
          
        Towards a better laparoscopic knot: using knot quality scores to evaluate three laparoscopic knot-tying techniques. JSLS 2009; 13 (03) 416-419 



Google Scholar





	
[bookmark: JR195044oa-19]19 
          
            Faul F, 
          
          
            Erdfelder E, 
          
          
            Lang AG, 
          
          
            Buchner A. 
          
        G*Power 3: a flexible statistical power analysis program for the social, behavioral, and biomedical sciences.  [Computer software] Behav Res Methods 2007; 39 (02) 175-191 



Google Scholar





	
[bookmark: JR195044oa-20]20 
          
            Purcell Jackson G, 
          
          
            Tarpley JL. 
          
        How long does it take to train a surgeon?. BMJ 2009; 339: b4260 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-21]21 
          
            McCaskie AW, 
          
          
            Kenny DT, 
          
          
            Deshmukh S. 
          
        How can surgical training benefit from theories of skilled motor development, musical skill acquisition and performance psychology?. Med J Aust 2011; 194 (09) 463-465 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-22]22 
          
            Vincent C, 
          
          
            Neale G, 
          
          
            Woloshynowych M. 
          
        Adverse events in British hospitals: preliminary retrospective record review. BMJ 2001; 322 (7285): 517-519 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-23]23 
          
            Leape LL. 
          
        A systems analysis approach to medical error. J Eval Clin Pract 1997; 3 (03) 213-222 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-24]24 
          
            Gaba DM, 
          
          
            Howard SK. 
          
        Patient safety: fatigue among clinicians and the safety of patients. N Engl J Med 2002; 347 (16) 1249-1255 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-25]25 
          
            Sexton JB, 
          
          
            Thomas EJ, 
          
          
            Helmreich RL. 
          
        Error, stress, and teamwork in medicine and aviation: cross sectional surveys. BMJ 2000; 320 (7237): 745-749 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-26]26 
          
            Banbury SP, 
          
          
            Berry DC. 
          
        Office noise and employee concentration: identifying causes of disruption and potential improvements. Ergonomics 2005; 48 (01) 25-37 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-27]27 
          
            Judkins TN, 
          
          
            Oleynikov D, 
          
          
            Narazaki K, 
          
          
            Stergiou N. 
          
        Robotic surgery and training: electromyographic correlates of robotic laparoscopic training. Surg Endosc 2006; 20 (05) 824-829 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-28]28 
          
            Ullmann Y, 
          
          
            Fodor L, 
          
          
            Schwarzberg I, 
          
          
            Carmi N, 
          
          
            Ullmann A, 
          
          
            Ramon Y. 
          
        The sounds of music in the operating room. Injury 2008; 39 (05) 592-597 



Google Scholar





	
[bookmark: JR195044oa-29]29 
          
            Conrad C, 
          
          
            Konuk Y, 
          
          
            Werner P. 
          
          et al. 
        The effect of defined auditory conditions versus mental loading on the laparoscopic motor skill performance of experts. Surg Endosc 2010; 24 (06) 1347-1352 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-30]30 
          
            Miskovic D, 
          
          
            Rosenthal R, 
          
          
            Zingg U, 
          
          
            Oertli D, 
          
          
            Metzger U, 
          
          
            Jancke L. 
          
        Randomized controlled trial investigating the effect of music on the virtual reality laparoscopic learning performance of novice surgeons. Surg Endosc 2008; 22 (11) 2416-2420 



Google Scholar





	
[bookmark: JR195044oa-31]31 
          
            Romero P, 
          
          
            Brands O, 
          
          
            Nickel F, 
          
          
            Müller B, 
          
          
            Günther P, 
          
          
            Holland-Cunz S. 
          
        Intracorporal suturing—driving license necessary?. J Pediatr Surg 2014; 49 (07) 1138-1141 



Google Scholar





	
[bookmark: JR195044oa-32]32 
          
            Verdaasdonk EG, 
          
          
            Dankelman J, 
          
          
            Lange JF, 
          
          
            Stassen LP. 
          
        Incorporation of proficiency criteria for basic laparoscopic skills training: how does it work?. Surg Endosc 2008; 22 (12) 2609-2615 





CrossrefPubMedGoogle Scholar





	
[bookmark: JR195044oa-33]33 
          
            Larsen CR, 
          
          
            Soerensen JL, 
          
          
            Grantcharov TP. 
          
          et al. 
        Effect of virtual reality training on laparoscopic surgery: randomised controlled trial. BMJ 2009; 338: b1802 



Google Scholar





	
[bookmark: JR195044oa-34]34 
          
            Strandbygaard J, 
          
          
            Bjerrum F, 
          
          
            Maagaard M. 
          
          et al. 
        Instructor feedback versus no instructor feedback on performance in a laparoscopic virtual reality simulator: a randomized trial. Ann Surg 2013; 257 (05) 839-844 



Google Scholar





	
[bookmark: JR195044oa-35]35 
          
            Dawe SR, 
          
          
            Pena GN, 
          
          
            Windsor JA. 
          
          et al. 
        Systematic review of skills transfer after surgical simulation-based training. Br J Surg 2014; 101 (09) 1063-1076 





CrossrefPubMedGoogle Scholar










 

	
Supplementary Material





	
Supplementary Material











    
  

  
    
      
        


      

    

    
      
        
        


      

    

  


  

  
  
    
      
      
    
    
      
        
        
      

    
  




  
  
    
      
      
    
    
      
        
        
      

    
  



  







    
    


















  






      

      

  
    Top of Page
  

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

      
        Your Current IP Address: 3.234.213.197
      

    

    

  




      


  
    
  
  
  
    
    
      
        
        
        
        
      
      
      
      
    
  
  




    

    






    

    
      
        
      
    

    
    


    
      
      
      
    

  