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INTRODUCTION: Bone substitute materials 

made of β-tricalcium phosphate and 

hydroxyapatite must fulfil the requirements of 

ISO 13175-3:2012. One fundamental change 

that will occur once the revised version of this 

standard has been approved is that the impurity 

limits set by the standard are not concentration-

based anymore (e.g. maximum 50 ppm heavy 

metals), but release-based (maximum tolerable 

daily exposure). This is a paradigm shift in the 

way the biocompatibility of a bone graft 

substitute is assessed, but is in line with recent 

changes introduced for the biological assessment 

of medical devices (e.g. ISO 10993). The revised 

ISO 13175-3 standard will request to determine 

the impurity levels of β-tricalcium phosphate 

and hydroxyapatite according to the United State 

Pharmacopeia (USP) chapters USP 232 

(product-specific risk analysis) and USP 233 

(test validation). The two USP chapters were 

written based on the recommendations of the 

International Council for Harmonization (ICH 

Q3D) and therefore are not only decisive for the 

USA, but also for other authorities, in particular 

the European. Standards as ASTM and ISO start 

to refer to the new USP guidelines as well. RMS 

Foundation has faced a number of new 

challenges during this method validation using 

ICP-MS since the element threshold 

concentrations drop significantly when more 

implant material biodegrades in a shorter amount 

of time (consequence of the product specific risk 

analysis). 

METHODS: Inductive coupled plasma mass 

spectrometry (ICP-MS) is an extremely sensitive 

technique that allows simultaneous 

quantification of all target heavy metal elements 

in calcium phosphates (CaPs) down to trace 

levels in the μg/L or sub-μg/L range. Target 

elements according to USP 232 are: Cd, Pb, As, 

Hg, Co, V, Ni, Tl, Au, Pd, Ir, Os, Rh, Ru, Se, Ag, 

Pt, Li, Sb, Ba, Mo, Cu, Sn, and Cr. 

RESULTS: According to USP 233, 

quantification of heavy metals has to be proven 

by showing an accuracy between 70 – 150 % at 

the target concentration of the corresponding 

heavy metal element. Within this validation 

study, it could be shown that this requirement 

could be met (Fig. 1). The corresponding target 

concentrations based on the performed risk 

analysis for CaP bone substitute materials had a 

range as low as 0.08 µg/L for Cd up to 

60.00 µg/L for Mo. 

 

 
Fig. 1: Recovery rate of the 24 target elements 

at the target concentrations achieved at the 

RMS laboratory. 

 

DISCUSSION & CONCLUSIONS: The 

resulting LODs were at least 3 times lower (LOD 

for Co: 0.066 µg/L) than the respective threshold 

limit (Co: 0.2 µg/L). The least sensitive analyte 

was copper with a validated LOD of 0.179 µg/L. 

In conclusion, the method meets the 

requirements of USP 232 and USP 233 when 

testing the elemental impurities present in 

calcium phosphate products according to a risk 

assessment assuming 2.875 g of CaPs dissolved 

in the body per day. 
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