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                    Abstract
Purpose
Biological reactions against wear particles are a common cause for revision in total knee arthroplasty. To date, wear has mainly been attributed to polyethylene. However, the implants have large metallic surfaces that also could potentially lead to metal wear products (metal ions and debris). The aim of this study was to determine the local release of cobalt, chromium, molybdenum and titanium in total knee arthroplasty during a standard knee wear test.
Methods
Four moderately conforming fixed-bearing implants were subjected to physiological loadings and motions for 5×106 walking cycles in a knee wear simulator. Polyethylene wear was determined gravimetrically and the release of metallic wear products was measured using high resolution-inductively coupled plasma-mass spectrometry.
Results
A polyethylene wear rate of 7.28 ± 0.27 mg/106 cycles was determined and the cumulative mass of released metals measured 1.63 ± 0.28 mg for cobalt, 0.47 ± 0.06 mg for chromium, 0.42 ± 0.06 mg for molybdenum and 1.28 ± 0.14 mg for titanium.
Conclusion
For other metallic implants such as metal-on-metal total hip arthroplasty, the metal wear products can interact with the immune system, potentially leading to immunotoxic effects. In this study about 12 % by weight of the wear products were metallic, and these particles and ions may become clinically relevant for patients sensitive to these materials in particular. Non-metallic materials (e.g. ceramics or suitable coatings) may be considered for an alternative treatment for those patients.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Particles and Ions Generated in Total Hip Joint Prostheses: In Vitro Wear Test Results of UHMWPE and XLPE Acetabular Components
                                        
                                    

                                    
                                        Article
                                        
                                         27 May 2017
                                    

                                

                                Hamoon Zohdi, Benjamin Andreatta & Roman Heuberger

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        How Has the Introduction of New Bearing Surfaces Altered the Biological Reactions to Byproducts of Wear and Modularity?
                                        
                                    

                                    
                                        Article
                                        
                                         19 June 2014
                                    

                                

                                Paul H. Wooley

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The Mechanism of Metallosis After Total Hip Arthroplasty
                                        
                                    

                                    
                                        Article
                                         Open access
                                         29 July 2021
                                    

                                

                                Chinedu C. Ude, Caldon J. Esdaille, … Cato T. Laurencin

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Ethgen O, Bruyere O, Richy F, Dardennes C, Reginster JY (2004) Health-related quality of life in total hip and total knee arthroplasty. A qualitative and systematic review of the literature. J Bone Joint Surg Am 86-A:963–974
PubMed 
    
                    Google Scholar 
                

	Labek G, Thaler M, Janda W, Agreiter M, Stockl B (2011) Revision rates after total joint replacement: cumulative results from worldwide joint register datasets. J Bone Joint Surg Br 93:293–297. doi:10.1302/0301-620X.93B3.25467
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	MacDonald DW, Higgs G, Parvizi J, Klein G, Hartzband M, Levine H, Kraay M, Rimnac CM, Kurtz SM (2013) Oxidative properties and surface damage mechanisms of remelted highly crosslinked polyethylenes in total knee arthroplasty. Int Orthop 37:611–615. doi:10.1007/s00264-013-1796-6
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Amstutz HC, Campbell P, Kossovsky N, Clarke IC (1992) Mechanism and clinical significance of wear debris-induced osteolysis. Clin Orthop Relat Res 276:7–18
PubMed 
    
                    Google Scholar 
                

	Hallab NJ, Vermes C, Messina C, Roebuck KA, Glant TT, Jacobs JJ (2002) Concentration- and composition-dependent effects of metal ions on human MG-63 osteoblasts. J Biomed Mater Res 60:420–433. doi:10.1002/jbm.10106
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cohen D (2012) How safe are metal-on-metal hip implants? BMJ 344:e1410. doi:10.1136/bmj.e1410
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Rizzetti MC, Liberini P, Zarattini G, Catalani S, Pazzaglia U, Apostoli P, Padovani A (2009) Loss of sight and sound. Could it be the hip? Lancet 373:1052. doi:10.1016/S0140-6736(09)60490-6
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Kwon YM, Thomas P, Summer B, Pandit H, Taylor A, Beard D, Murray DW, Gill HS (2010) Lymphocyte proliferation responses in patients with pseudotumors following metal-on-metal hip resurfacing arthroplasty. J Orthop Res 28:444–450. doi:10.1002/jor.21015
                
CAS 
    PubMed 
    
                    Google Scholar 
                

	Matthies AK, Skinner JA, Osmani H, Henckel J, Hart AJ (2011) Pseudotumors are common in well-positioned low-wearing metal-on-metal hips. Clin Orthop Relat Res 470(7):1895–1906. doi:10.1007/s11999-011-2201-7
                

                    Google Scholar 
                

	Xia Z, Kwon YM, Mehmood S, Downing C, Jurkschat K, Murray DW (2011) Characterization of metal-wear nanoparticles in pseudotumor following metal-on-metal hip resurfacing. Nanomedicine 7:674–681. doi:10.1016/j.nano.2011.08.002
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Glyn-Jones S, Pandit H, Kwon YM, Doll H, Gill HS, Murray DW (2009) Risk factors for inflammatory pseudotumour formation following hip resurfacing. J Bone Joint Surg Br 91:1566–1574. doi:10.1302/0301-620X.91B12.22287
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Willert HG, Buchhorn GH, Fayyazi A, Flury R, Windler M, Koster G, Lohmann CH (2005) Metal-on-metal bearings and hypersensitivity in patients with artificial hip joints. A clinical and histomorphological study. J Bone Joint Surg Am 87:28–36. doi:10.2106/JBJS.A.02039pp
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Rau C, Thomas P, Thomsen M (2008) Metal sensitivity in patients with joint replacement arthroplasties before and after surgery. Orthopade 37:102–110. doi:10.1007/s00132-007-1186-0
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Que L, Topoleski LD, Parks NL (2000) Surface roughness of retrieved CoCrMo alloy femoral components from PCA artificial total knee joints. J Biomed Mater Res 53:111–118. doi:10.1002/(SICI)1097-4636(2000)53:1<111::AID-JBM15>3.0.CO;2-Y
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kretzer JP, Jakubowitz E, Sonntag R, Hofmann K, Heisel C, Thomsen M (2010) Effect of joint laxity on polyethylene wear in total knee replacement. J Biomech 43:1092–1096. doi:10.1016/j.jbiomech.2009.12.016
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Andriacchi TP, Stanwyck TS, Galante JO (1986) Knee biomechanics and total knee replacement. J Arthroplasty 1:211–219
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Harrington IJ (1983) Static and dynamic loading patterns in knee joints with deformities. J Bone Joint Surg Am 65:247–259
CAS 
    PubMed 
    
                    Google Scholar 
                

	Krachler M, Heisel C, Kretzer JP (2009) Validation of ultratrace analysis of Co, Cr, Ni and Mo in whole blood, serum and urine using ICP-SMS. J Anal Atom Spectrom 24:605–610
Article 
    CAS 
    
                    Google Scholar 
                

	Kretzer JP, Jakubowitz E, Krachler M, Thomsen M, Heisel C (2009) Metal release and corrosion effects of modular neck total hip arthroplasty. Int Orthop 33:1531–1536. doi:10.1007/s00264-009-0729-x
                
Article 
    PubMed Central 
    PubMed 
    
                    Google Scholar 
                

	Kretzer J, Krachler M, Reinders J, Jakubowitz E, Thomsen M, Heisel C (2010) Determination of low wear rates in metal-on-metal hip joint replacements based on ultra trace element analysis in simulator studies. Tribol Lett 37:23–29. doi:10.1007/s11249-009-9486-7
                
Article 
    CAS 
    
                    Google Scholar 
                

	Heisel C, Streich N, Krachler M, Jakubowitz E, Kretzer JP (2008) Characterization of the running-in period in total hip resurfacing arthroplasty: an in vivo and in vitro metal ion analysis. J Bone Joint Surg Am 90(Suppl 3):125–133. doi:10.2106/JBJS.H.00437
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Kretzer JP, Kleinhans JA, Jakubowitz E, Thomsen M, Heisel C (2009) A meta-analysis of design- and manufacturing-related parameters influencing the wear behavior of metal-on-metal hip joint replacements. J Orthop Res 27:1473–1480. doi:10.1002/jor.20921
                
Article 
    PubMed 
    
                    Google Scholar 
                

	Scholes SC, Unsworth A (2006) The effects of proteins on the friction and lubrication of artificial joints. Proc InstMechEng [H] 220:687–693
Article 
    CAS 
    
                    Google Scholar 
                

	Lu Z, McKellop H, Liao P, Benya P (1999) Potential thermal artefacts in hip joint wear simulators. J Biomed Mater Res 48:458–464
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gilbert JL, Buckley CA, Jacobs JJ (1993) In vivo corrosion of modular hip prosthesis components in mixed and similar metal combinations. The effect of crevice, stress, motion, and alloy coupling. J Biomed Mater Res 27:1533–1544. doi:10.1002/jbm.820271210
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Savarino L, Tigani D, Greco M, Baldini N, Giunti A (2010) The potential role of metal ion release as a marker of loosening in patients with total knee replacement: a cohort study. J Bone Joint Surg Br 92:634–638. doi:10.1302/0301-620X.92B5.23452
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Willis-Owen CA, Keene GC, Oakeshott RD (2011) Early metallosis-related failure after total knee replacement: a report of 15 cases. J Bone Joint Surg Br 93:205–209. doi:10.1302/0301-620x.93b2.25150
                
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Luetzner J, Krummenauer F, Lengel AM, Ziegler J, Witzleb WC (2007) Serum metal ion exposure after total knee arthroplasty. Clin Orthop Relat Res 461:136–142. doi:10.1097/BLO.0b013e31806450ef
                
PubMed 
    
                    Google Scholar 
                

	Garrett S, Jacobs N, Yates P, Smith A, Wood D (2010) Differences in metal ion release following cobalt-chromium and oxidized zirconium total knee arthroplasty. Acta Orthop Belgica 76:513–520

                    Google Scholar 
                


Download references




Acknowledgments
The current study was funded through an internal research grant of the Department of Orthopaedics & Trauma Surgery, Heidelberg University Hospital, Germany. There are no conflicts of interest directly related to this study.


Author information
Authors and Affiliations
	Laboratory of Biomechanics and Implant Research, Department of Orthopaedics & Trauma Surgery, Heidelberg University Hospital, Heidelberg, Germany
Jan Philippe Kretzer, Joern Reinders, Robert Sonntag, Sebastien Hagmann, Marcus Streit, Sebastian Jeager & Babak Moradi


Authors	Jan Philippe KretzerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Joern ReindersView author publications
You can also search for this author in
                        PubMed Google Scholar



	Robert SonntagView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sebastien HagmannView author publications
You can also search for this author in
                        PubMed Google Scholar



	Marcus StreitView author publications
You can also search for this author in
                        PubMed Google Scholar



	Sebastian JeagerView author publications
You can also search for this author in
                        PubMed Google Scholar



	Babak MoradiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Jan Philippe Kretzer.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Kretzer, J.P., Reinders, J., Sonntag, R. et al. Wear in total knee arthroplasty—just a question of polyethylene?.
                    International Orthopaedics (SICOT) 38, 335–340 (2014). https://doi.org/10.1007/s00264-013-2162-4
Download citation
	Received: 09 July 2013

	Accepted: 20 October 2013

	Published: 12 November 2013

	Issue Date: February 2014

	DOI: https://doi.org/10.1007/s00264-013-2162-4


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Corrosion
	Metal ion
	Total knee arthroplasty
	Wear








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					44.211.243.107
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    