
References: 
1.	 Eichhorn S, Steinhauser E, Gollwitzer H, et al. Ceramic macrostructured acetabular liner integrating directly into bone: implant design, manufacturing, and in vitro investigations. J 
Med Biol Eng. 2014;34:76-81. doi:10.5405/jmbe.1170.
2.	 Stanciuc A-M, Flamant Q, Deheuvels K, et al. Human primary osteoblast behaviour on microrough zirconia-toughened alumina and on selectively etched microrough zirconia-tou-
ghened alumina. J Eur Ceram Soc. 2017;38(3):927-937. doi:10.1016/j.jeurceramsoc.2017.06.022.
3.	 Asif IM. Characterisation and biological impact of wear particles from composite ceramic hip replacements. [PhD thesis]. Leeds, UK: University of Leeds; 2018. https://etheses.
whiterose.ac.uk/20563/. Accessed July 7th, 2023.
4.	 Porporati AA, Mödinger Y, Fischer S, et al. Zirconia-toughened alumina ceramic wear particles do not elicit inflammatory responses in human macrophages. Int J Mol Sci. 
2023;24(7):6482. doi:10.3390/ijms24076482.
5.	 Maccauro G, Bianchino G, Sangiorgi S, et al. Development of a new zirconia-toughened alumina: promising mechanical properties and absence of in vitro carcinogenicity. Int J 
Immunopathol Pharmacol. 2009;22(3):773-779. doi:10.1177/039463200902200323.
6.	 Maccauro G, Cittadini A, Magnani G, et al. In vivo characterization of zirconia toughened alumina material: a comparative animal study. Int J Immunopathol Pharmacol. 
2010;23(3):841-846. doi:10.1177/039463201002300319. 
7.	 Spinelli MS, Maccauro G, Graci C, et al. Zirconia toughened alumina (ZTA) powders: ultrastructural and histological analysis. Int J Immunopathol Pharmacol. 2011;24(1 Suppl 
2):153-156. doi:10.1177/03946320110241S229.
8.	 Cunningham BW, Hallab NJ, Hu N, McAfee PC. Epidural application of spinal instrumentation particulate wear debris: a comprehensive evaluation of neurotoxicity using an in vivo 
animal model. J Neurosurg Spine. 2013;19(3):336-350. doi:10.3171/2013.5.SPINE13166. 
9.	 Bhaskar N, Sarkar D, Basu B. Probing cytocompatibility, hemocompatibility, and quantitative inflammatory response in Mus musculus toward oxide bioceramic wear particulates 
and a comparison with CoCr. ACS Biomater Sci Eng. 2018;4(9):3194-3210. doi:10.1021/acsbiomaterials.8b00583.
10.	Kurtz SM, Holyoak DT, Trebše R, Randau TM, Porporati AA, Siskey RL. Ceramic wear particles: can they be retrieved in vivo and duplicated in vitro? J Arthroplasty. 2023;S0883-
5403(23)00285-1. doi:10.1016/j.arth.2023.03.057. 
11.	Thomas P, Stea S. Metal Implant Allergy and Immuno-Allergological Compatibility Aspects of Ceramic Materials. Heidelberg, Germany: Springer-Verlag Berlin Heidelberg; 2015.
12.	Kretzer JP, Mueller U, Streit MR, et al. Ion release in ceramic bearings for total hip replacement: results from an in vitro and an in vivo study. Int Orthop. 2018;42(1):65-70. 
doi:10.1007/s00264-017-3568-1.
13.	Willert HG, Buchhorn GH, Fayyazi A, et al. Metal-on-metal bearings and hypersensitivity in patients with artificial hip joints. A clinical and histomorphological study. J Bone Joint 
Surg Am. 2005;87(1):28-36. doi:10.2106/JBJS.A.02039pp.
14.	Campbell P, Shimmin A, Walter L, Solomon M. Metal sensitivity as a cause of groin pain in metal-on-metal hip resurfacing. J Arthroplasty. 2008;23(7):1080-1085. doi:10.1016/j.
arth.2007.09.024.
15.	Kosukegawa I, Nagoya S, Kaya M, Sasaki K, Sasaki M, Yamashita T. Revision total hip arthroplasty due to pain from hypersensitivity to cobalt-chromium in total hip arthroplasty. J 
Arthroplasty. 2011;26(6):978.e1-978.e9783. doi:10.1016/j.arth.2010.09.003.
16.	Walsh AJ, Nikolaou VS, Antoniou J. Inflammatory pseudotumor complicating metal-on-highly cross-linked polyethylene total hip arthroplasty. J Arthroplasty. 2012;27(2):324.e5-
324.e3.24E8. doi:10.1016/j.arth.2011.03.013.
17.	Bergschmidt P, Bader R, Mittelmeier W. Metal hypersensitivity in total knee arthroplasty: revision surgery using a ceramic femoral component - a case report. Knee. 2012;19(2):144-
147. doi:10.1016/j.knee.2011.01.001.
18.	Meftah M, Nicolaou N, Rodriguez JA. Metal allergy response to femoral head-neck corrosion after total hip replacement. Curr Orthop Pract. 2010;21(5):530-533. doi:10.1097/
BCO.0b013e3181e56d7d.
19.	Shimmyo A, Takeda Y, Fukunishi S. Difficult preoperative diagnosis of suspected metal hypersensitivity in a case with early failure of bipolar hemiarthroplasty. Case Rep Orthop. 
2023;2023:8656265. doi:10.1155/2023/8656265.
20.	van der Merwe JM. Metal hypersensitivity in joint arthroplasty. J Am Acad Orthop Surg Glob Res Rev. 2021;5(3):e20.00200. doi:10.5435/JAAOSGlobal-D-20-00200.
21.	Piconi C, Ionescu A, Cochis A, Iasi E, Brambilla E, Rimondini L. Bioceramic materials show reduced pathological biofilm formation. Key Eng. Mater. 2015;631:448-453. doi:10.4028/
www.scientific.net.KEM.631.448.
22.	Trampuz A, Maiolo EM, Winkler T, Perka C. Biofilm formation on ceramic, metal and polyethylene bearing components from hip joint replacement systems. Orthop Proc. 2016;98-B(-
SUPP_10):80-80. doi:10.1302/1358-992X.98BSUPP_10.ISTA2015-080.
23.	Porporati AA, Spriano S, Ferraris S, Rimondini L, Cochis A. Ceramic materials show reduced bacteria biofilm formation, because of their surface chemico-physical properties. 
Orthop Proc. 2016;98-B(SUPP_9):150-150. doi:10.1302/1358-992X.98BSUPP_9.ISTA2015-150.
24.	Sorrentino R, Cochis A, Azzimonti B, et al. Reduced bacterial adhesion on ceramics used for arthroplasty applications. J Eur Ceram Soc. 2018;38(3):963-970. doi:10.1016/j.
jeurceramsoc.2017.10.008.
25.	Lee R, Essner A, Wang A, Jaffe WL. Scratch and wear performance of prosthetic femoral head components against crosslinked UHMWPE sockets. Wear. 2009;267(11):1915-1921. 
doi:10.1016/j.wear.2009.03.034.
26.	Piconi C, Porporati AA, Streicher RM. Ceramics in THR bearings: behavior under off-normal conditions. Key Eng Mat. 2014;631:3-7. doi:10.4028/www.scientific.net/KEM.631.3.
27.	Moussa ME, Esposito CI, Elpers ME, Wright TM, Padgett DE. Hip dislocation increases roughness of oxidized zirconium femoral heads in total hip arthroplasty: an analysis of 59 
retrievals. J Arthroplasty. 2015;30(4):713-717. doi:10.1016/j.arth.2014.10.036.
28.	De Fine M, Terrando S, Hintner M, Porporati AA, Pignatti G. Pushing ceramic-on-ceramic in the most extreme wear conditions: a hip simulator study. Orthop Traumatol Surg Res. 
2021;107(1):102643. doi:10.1016/j.otsr.2020.05.003.
29.	Caravaca C, Porporati AA, Streicher R. Wettability of bearing couples: how to prepare the surfaces. Orthop Proc. 2016;98-B(SUPP 7):67-67. doi:10.1302/1358-992X.98BSUPP_7.
ISTA2015-067. (with internal report)
30.	Sorrentino R, Cochis A, Azzimonti B, et al. Reduced bacterial adhesion on ceramics used for arthroplasty applications. J Eur Ceram Soc. 2018;38(3):963-970. doi:10.1016/j.
jeurceramsoc.2017.10.008.
31.	Kurtz SM, Kocagöz S, Arnholt C, Huet R, Ueno M, Walter WL. Advances in zirconia toughened alumina biomaterials for total joint replacement. J Mech Behav Biomed Mater. 
2014;31:107-116. doi:10.1016/j.jmbbm.2013.03.022.
32.	Porporati AA, Gremillard L, Chevalier J, Pitto R, Deluca M. Is surface metastability of today’s ceramic bearings a clinical Issue? Journal of Composites Science. 2021; 5(10):273. 
doi:10.3390/jcs5100273.
33.	Kretzer JP, Mueller U, Streit MR, et al. Ion release in ceramic bearings for total hip replacement: results from an in vitro and an in vivo study. Int Orthop. 2018;42(1):65-70. 
doi:10.1007/s00264-017-3568-1.
34.	Beraudi A, Stea S, De Pasquale D, et al. Metal ion release: also a concern for ceramic-on-ceramic couplings?. Hip Int. 2014;24(4):321-326. doi:10.5301/hipint.5000132.
35.	Li J and Hastings GW. Oxide bioceramics: inert ceramic materials in medicine and dentistry. In: Handbook of Biomaterial Properties, Chapter 5, Springer New York. 2016. 
doi:10.1007/978-1-4939-3305-1 _21.
36.	Magnetic Susceptibility Measurements of CeramTec Alumina Matrix Composite Ceramic Material and Medical-Grade Cobalt-Chromium and Titanium Alloys. Study report by MED 
Institute, US. Dec 12th, 2022. 
37.	Mödinger Y, Anttila ED, Baker GM, Gross DC, Porporati AA. Magnetic resonance safety evaluation of a novel alumina matrix composite ceramic knee and image artifact comparison 
to a metal knee implant of analogous design. Arthroplast Today. 2023;22:101170. doi:10.1016/j.artd.2023.101170. 
38.	Guyer RD, Bae H, Coric D, Nunley PD, et al. Five-year follow-up of a prospective Food and Drug Administration investigational device exemption trial evaluating a PEEK-on-Ceramic
cervical disk replacement. Spine (Phila Pa 1976). 2025;50(1):1-9. doi:10.1097/BRS.0000000000005123. 
39.	Ganko R, Madhavan A, Hamouda W, et al. Spinal implant wear particles: Generation, characterization, biological impacts, and future considerations. iScience. 2025;28(4):112193. 
doi:10.1016/j.isci.2025.112193. 

CeramTec GmbH  
Medical Products Division 
CeramTec-Platz 1–9  
D-73207 Plochingen
www.biolox.com

BIOLOX®delta ceramic cores used in total disc replacements are registered by CeramTec GmbH’s customer. The 
products are not registered / available in all countries. Information is provided for educational purposes. For product, 
safety, and risk information, always refer to the labeling of the legal manufacturer. All content including photos, 
illustrations, and the like, herein is protected by copyright, trademarks, and other intellectual property rights, as 
applicable, owned by, or licensed to, CeramTec Group unless otherwise indicated. BIOLOX®delta and Feldmühle logo 
are registered trademarks of the CeramTec Group Germany.
© 2025 CeramTec GmbH 

MT-00907 Version 2.0, 11.2025

BIOLOX®delta 
TECHNOLOGY 
IN SPINE

Y E A R S  A H E A D     S I N C E  1 9 7 4



METAL
HYPERSENSIVITY

BIOLOX®delta ceramic is safe in terms of metal ion 
release and demonstrates  high chemical stability 
in physiological environments. It reduces the risk of 
metal hypersensitivity and adverse reactions,  
a significant benefit for metal-sensitive patients.

MECHANICAL
PERFORMANCE

BIOLOX®delta is a zirconia-toughened 
alumina.  Due to its high hardness and toughness, 
BIOLOX®delta ceramic exhibits very high wear 
resistance and scratch resistance.

INFECTION

BIOLOX®delta ceramic has shown in hip 
arthroplasty to be combined with excellent 

biocompatibility, with very low inflammatory 
response and a surface that resists bacterial 

adhesion. Ceramic in hip arthroplasty has 
been also associated with a lower risk of 
revision for infection in comparison with 

metal bearings.

WEAR 
RESISTANCE

BIOLOX®delta ceramic provides unmatched 
durability, backed by over two decades of 
clinical performance in high-load applications 
such as hip arthroplasty.

PROVEN CLINICAL
OUTCOMES

Ceramic technology brings lasting value to 
motion-preserving spinal solutions. Guyer 

et al.: 91.1% success rate with the Simplify® 
Disc vs. 74.6% with ACDF at 5 years. As part 
of the device’s advanced material design, the 

usage of alumina matrix composite contributes 
to clinical superiority at one and two levels 
compared to anterior cervical discectomy 

and fusion (ACDF), with benefits reflected in 
primary outcomes such as pain reduction, 

improved mobility, and long-term performance.

BIOCOMPATIBILITY

There is no known clinical evidence indicating the 
occurrence of adverse reactions directly related to 
BIOLOX®delta material, demonstrating its excellent 

biocompatibility.  BIOLOX®delta is a high-performance
ceramic free from toxic metal ions, with excellent  

biocompatibility proven in millions of hip 
implantations worldwide.

IMAGING 
COMPATIBILITY

BIOLOX®delta is electrically non-conductive, 
non-metallic, and non-magnetic, allowing 
for excellent visualization through magnetic 
resonance imaging (MRI) postoperatively, with 
little to no artifact.


