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                    Abstract
Morphology, phase and chemical compositions of atmospheric plasma-sprayed (APS) hydroxyapatite (HAp) coatings were investigated by scanning electron microscopy (SEM), X-ray powder diffraction (XRD), proton-induced X-ray emission (PIXE) and Rutherford backscattering spectrometry (RBS). The study involved as-sprayed coatings and coatings incubated in simulated body fluid (rSBF) for up to 56 days. The results obtained using combined contributions from three complementary analytical techniques confirm that secondary Ca-deficient defect hydroxyapatite precipitated by a biomimetic process from the simulated body fluid onto the HAp coating surface after a prolonged induction time. Owing to its sensitivity proton-induced X-ray emission (PIXE) provides information on in vitro resorption of calcium phosphate ceramics and dynamic dissolution/precipitation events occurring during the incubation process.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The deposition of strontium and zinc Co-substituted hydroxyapatite coatings
                                        
                                    

                                    
                                        Article
                                        
                                         14 February 2017
                                    

                                

                                L. Robinson, K. Salma-Ancane, … A. R. Boyd

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Structure of Biocompatible Coatings Produced from Hydroxyapatite Nanoparticles by Detonation Spraying
                                        
                                    

                                    
                                        Article
                                         Open access
                                         01 December 2015
                                    

                                

                                Valentyna Nosenko, Nataliia Strutynska, … Volodymyr Temchenko

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Comprehensive Characterization of Plasma-Sprayed Coatings Based Silver- and Copper-Substituted Hydroxyapatite
                                        
                                    

                                    
                                        Article
                                        
                                         01 September 2016
                                    

                                

                                A. V. Lyasnikova, O. A. Markelova, … S. P. Shpinyak

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	K. DeGroot, R.T.G. Geesink, C.P.A.T. Klein, P. Serekian, Plasma-sprayed coatings of hydroxyapatite. J. Biomed. Mater. Res. 21, 1375–1381 (1987)
Article 
    CAS 
    
                    Google Scholar 
                

	R.B. Heimann, Plasma-Spray Coating. Principles and Application (Weinheim, Wiley-VCH, 2008)

	Y.C. Tsui, C. Doyle, T.W. Clyne, Biomaterials 19, 2015–2029 (1998)
Article 
    CAS 
    
                    Google Scholar 
                

	Y.C. Tsui, C. Doyle, T.W. Clyne, Biomaterials 19, 2031–2043 (1998)
Article 
    CAS 
    
                    Google Scholar 
                

	M. Topić, T. Ntsoane, R.B. Heimann, Surf. Coat. Technol. 201(6), 3633–3641 (2006)
Article 
    CAS 
    
                    Google Scholar 
                

	D.F. Williams (ed.), Concise Encyclopedia of Medical and Dental Materials. Advances in Materials Science and Technology (Pergamon Press, Oxford, 1990)

                    Google Scholar 
                

	G. Heimke (ed.), Osseo-integrated Implants (CRC Press, Boca Raton, 1991)

                    Google Scholar 
                

	L.L. Hench, J. Am. Ceram. Soc. 74(7), 1487–1510 (1991)
Article 
    CAS 
    
                    Google Scholar 
                

	R.Z. LeGeros, J.P. LeGeros, in Phosphate Minerals, ed. by J.O. Nriagu, P.B. Moore (Springer, New York, 1984), pp. 351–385

                    Google Scholar 
                

	R.B. Heimann, Mat-wiss u Werkstofftechn. 30, 775–782 (1999)
Article 
    CAS 
    
                    Google Scholar 
                

	H.M. Kim, T. Miyazaki, T. Kokubo, T. Nakamura, Bioceramics 13, 47–50 (2001)

                    Google Scholar 
                

	R.B. Heimann, in Engineering Mineralogy of Ceramic Materials, ed. by M. Mellini, B. Messiga (University Press, Siena, 2002), pp. 117–134

                    Google Scholar 
                

	E. Jallot, H. Benhayoune, G. Weber, G. Balossier, P. Bonhomme, J. Phys. D: Appl. Phys. 33, 321–326 (2000)
Article 
    CAS 
    
                    Google Scholar 
                

	T. Huettel, Mechanical and microstructural characterisation of plasma-sprayed bioconductive hydroxyapatite coatings on Ti6Al4V. Unpublished Master Thesis, Technische Universitat Bergakademie Freiberg, Freiberg, Germany, 2003

	V.M. Prozesky, W.J. Przybylowicz, E. van Achterbergh, C.L. Churms, C.A. Pineda, K. Springhorn, J.V. Pilcher, C.G. Ryan, J.H. Kritzinger, T. Schmitt, Nucl. Instr. Meth. B. 104, 36–42 (1995)
Article 
    CAS 
    
                    Google Scholar 
                

	W.J. Przybylowicz, J. Mesjasz-Przybylowicz, C.A. Pineda, C.L. Churms, C.G. Ryan, V.M. Prozesky, R. Frei, J.P. Slabbert, J. Padayachee, W.U. Reimold, X-ray Spectrometry 30, 156–163 (2001)
Article 
    CAS 
    
                    Google Scholar 
                

	W.J. Przybylowicz, J. Mesjacz-Przybylowicz, C.A. Pineda, C.L. Churms, V.M. Prozesky, X-ray Spectrometry 28, 237–243 (1999)
Article 
    CAS 
    
                    Google Scholar 
                

	C.G. Ryan, E. van Achterbergh, C.J. Yeats, T.T. Win, G. Cripps, Nucl. Instr. Meth. B. 189, 400–407 (2002)
Article 
    CAS 
    
                    Google Scholar 
                

	L.R. Doolittle, Nucl. Instr. Meth. B. 9, 344–351 (1985)
Article 
    
                    Google Scholar 
                

	J.F. DeRooi, J.C. Heughbaert, G.H. Nancollas, J Colloid Interface. Sci. 194(100), 350–358

	T.P. Feenstra, P.L. DeBruyn, J. Phys. Chem. 83, 465–479 (1979)
Article 
    
                    Google Scholar 
                

	J.L. Heughebaert, S.J. Zawacki, G.H. Nancollas, J. Cryst. Growth 63, 83–90 (1983)
Article 
    CAS 
    
                    Google Scholar 
                

	P. Koutsoukos, Z. Amjad, M.B. Tomson, G.H. Nancollas, J. Am. Chem. Soc. 102, 1553–1557 (1980)
Article 
    CAS 
    
                    Google Scholar 
                

	X. Lu, Y. Leng, Biomaterials 26(10), 1097–1108 (2005)
Article 
    CAS 
    
                    Google Scholar 
                

	M.H. Salimi, J.C. Heughebaert, G.H. Nancollas, Langmuir 1, 119–122 (1985)
Article 
    CAS 
    
                    Google Scholar 
                

	E.D. Eanes, S.L. Ratner, J. Dental Res. 60, 1719–1723 (1981)
CAS 
    
                    Google Scholar 
                

	E. Landi, A. Tampieri, G. Celotti, S. Sprio, M. Sandri, G. Logroscino, Acta Biomater. 3(6), 961–969 (2007)
Article 
    CAS 
    
                    Google Scholar 
                

	H.J. Meyer, The influence of impurities on the growth rate of calcite. J. Cryst. Growth 66(3), 639–646 (1984)
Article 
    CAS 
    
                    Google Scholar 
                

	R. Rosmaninho, L.F. Melo, The effect of citrate on calcium phosphate deposition from simulated milk ultrafiltrate (SMUF) solution. J. Food Eng. 73(4), 379–387 (2006)
Article 
    CAS 
    
                    Google Scholar 
                

	C.E. Fowler, M. Li, S. Mann, H.C. Margolis, Influence of surfactant assembly on the formation of calcium phosphate materials—A model for dental enamel formation. J. Mater. Chem. 15, 3317–3325 (2005)
Article 
    CAS 
    
                    Google Scholar 
                

	P.F. Schofield, E. Valsami-Jones, I.R. Sneddon, J. Wilson, C.A. Kirk, N.J. Terrill, C.M. Martin, D. Lammie, T.J. Wess, Nucleation and growth of nano-apatite: applications to biomineralisation. Geochim. Cosmochim. Acta 69(10), A 72 (2005)

                    Google Scholar 
                

	S.I. Stupp, P.V. Braun, Molecular manipulation of microstructures: biomaterials, ceramics, and semiconductors. Science 277, 1242–1248 (1997)
Article 
    CAS 
    
                    Google Scholar 
                

	K. Onuma, A. Oyane, T. Kokubo, G. Treboux, N. Kanzaki, A. Ito, Precipitation kinetics of hydroxyapatite revealed by the continuous-angle laser light-scattering technique. J. Phys. Chem. B. 104, 11950–11956 (2000)
Article 
    CAS 
    
                    Google Scholar 
                

	S. Mann, Mineralization in biological systems. Struct. Bond. 54, 125–174 (1983)
Article 
    CAS 
    
                    Google Scholar 
                

	S. Mann, Molecular recognition in biomineralization. Nature 332, 119–124 (1983)
Article 
    
                    Google Scholar 
                

	J. Goetze, H. Hildebrandt, R.B. Heimann, Charakterisierung des in vitro-Resorptionsverhaltens von plasmagespritzten Hydroxylapatit-Schichten. BIOmaterialien 2, 54–60 (2001)

                    Google Scholar 
                

	M.T. Carayon, J.L. Lacout, Study of the Ca/P atomic ratio of the amorphous phase in plasma-sprayed hydroxyapatite coatings. J. Solid State Chem. 172, 339–350 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	R.B. Heimann, O. Grassmann, T. Zumbrink, H.P. Jennissen, Biomimetic processes during in vitro leaching of plasma-sprayed hydroxyapatite coatings for endoprosthetic applications. Mat-wiss u Werkstofftech. 32, 913–921 (2001)
Article 
    CAS 
    
                    Google Scholar 
                

	H.V. Tran, Investigation into the thermal dehydroxylation and decomposition of hydroxyapatite during atmospheric plasma spraying: NMR and Raman spectroscopic studies of as-sprayed coatings and coatings incubated in simulated body fluid. Unpublished PhD Thesis, Technische Universitat Bergakademie Freiberg, Freiberg, Germany, 2004

	R.B. Heimann, in Trends in Biomaterials Research, ed. by P.J. Pannone (Nove Science Publishers Inc., Hauppauge, NY, 2007), pp. 1–81

                    Google Scholar 
                

	K.A. Gross, V. Gross, C.C. Berndt, J. Am. Ceram. Soc. 81(1), 106–112 (1998)
CAS 
    
                    Google Scholar 
                

	R.B. Heimann, R. Wirth, Biomaterials 27, 823–831 (2006)
Article 
    CAS 
    
                    Google Scholar 
                

	R.B. Heimann, H.V. Tran, P. Hartmann, Mat-wiss u Werkstofftech. 34(12), 1163–1169 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	O. Grassmann, R.B. Heimann, J. Biomed. Mater. Res. 53(6), 685–693 (2000)
Article 
    CAS 
    
                    Google Scholar 
                

	F. Fazan, R.M. Marquis, J. Mater. Sci.: Mater. Med. 11, 787–792 (2000)
Article 
    CAS 
    
                    Google Scholar 
                

	K. DeGroot, Biomaterials 1, 47–52 (1980)
Article 
    CAS 
    
                    Google Scholar 
                

	H. Monma, S. Ueno, T. Kanazawa, J. Chem. Tech. Biotechnol. 31, 15–24 (1981)
CAS 
    
                    Google Scholar 
                

	P. Ducheyne, S. Radin, L. King, J. Biomed. Mater. Res. 27, 25–34 (1993)
Article 
    CAS 
    
                    Google Scholar 
                

	C. Liu, Y. Huang, W. Shen, J. Cui, Biomaterials 22, 301–306 (2001)
Article 
    CAS 
    
                    Google Scholar 
                

	R.Z. LeGeros, G. Daculsi, I. Orly, T. Abergas, W. Torres, Scan Microsc. 3, 129–138 (1989)
CAS 
    
                    Google Scholar 
                

	R.B. Heimann, J. Thermal Spray Technol. 8(4), 597–604 (1999)
Article 
    CAS 
    
                    Google Scholar 
                

	Q.Q. Hoang, F. Sickeri, A.J. Howard, D.S.C. Yang, Nature 425, 977–980 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	P.G. Robey, Connect. Tissue Res. 35, 185–190 (1996)
Article 
    
                    Google Scholar 
                

	A.S. Posner, F. Betts, Acc. Chem. Res. 8, 273–281 (1975)
Article 
    CAS 
    
                    Google Scholar 
                

	Y. Mu, T. Kobayashi, M. Sumita, A. Yamamoto, T. Hanawa, J. Biomed. Mater. Res. 49, 238–243 (2000)
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
The authors are indebted to Ms. Margitta Hengst and Dr. Reinhard Kleeberg, both at the Department of Mineralogy, Technische Universität Bergakademie Freiberg for providing the hydroxyapatite coatings and the Rietveld refinement analyses, respectively. The authors are also grateful to Associate Professor Margit Härting, Department of Physics, University of Cape Town for discussions. The project was jointly sponsored by the German Federal Ministry of Education and Research (BMBF) and the National Research Foundation of the Republic of South Africa (NRF), Project Code 39.6.G0B.6.A.


Author information
Authors and Affiliations
	University Center of Medical Technology (UZMT), Ruhr-Universität Bochum, Bochum, Germany
R. B. Heimann

	Materials Research Group, iThemba Labs, Somerset West, South Africa
T. P. Ntsoane, C. A. Pineda-Vargas, W. J. Przybylowicz & M. Topić

	Department of Physics, University of Cape Town, Cape Town, South Africa
T. P. Ntsoane

	Groote Schuur Hospital, Observatory, South Africa
C. A. Pineda-Vargas


Authors	R. B. HeimannView author publications
You can also search for this author in
                        PubMed Google Scholar



	T. P. NtsoaneView author publications
You can also search for this author in
                        PubMed Google Scholar



	C. A. Pineda-VargasView author publications
You can also search for this author in
                        PubMed Google Scholar



	W. J. PrzybylowiczView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. TopićView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                R. B. Heimann.


Additional information
W. J. Przybylowicz: On leave from the Faculty of Physics and Applied Informatics, AGH University of Science and Technology, Krakow, Poland.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Heimann, R.B., Ntsoane, T.P., Pineda-Vargas, C.A. et al. Biomimetic formation of hydroxyapatite investigated by analytical techniques with high resolution.
                    J Mater Sci: Mater Med 19, 3295–3302 (2008). https://doi.org/10.1007/s10856-008-3466-6
Download citation
	Received: 31 January 2008

	Accepted: 25 April 2008

	Published: 16 May 2008

	Issue Date: October 2008

	DOI: https://doi.org/10.1007/s10856-008-3466-6


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
	Hydroxyapatite
	Simulated Body Fluid
	PIXE
	Rutherford Backscatter Spectrometry
	Atmospheric Plasma Spray








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.92.194.96
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    