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Comparison of crystalline and amorphous versions of a magnesium-based alloy: 

corrosion and cell response 

J. H. Byrne1, E.D. O Cearbhaill1, D.J. Browne1 

1School of Mechanical and Materials Engineering, University College Dublin, Ireland 
 

INTRODUCTION: Mg-Ca-Zn alloys have been 

identified as potential materials for bioresorbable 

orthopaedic implants – e.g. for bone fixation. It is 

important, however, to tailor the resorption rate of 

the alloy to the healing rate of the bone and the 

rate at which the metal ion release can be tolerated 

by the human body. Recent work has shown that 

bulk metallic glass (or amorphous) alloys corrode 

more slowly than their conventional crystalline 

counterparts1, and the rate may be more suited to 

orthopaedic applications. It has also indicated a 

slower evolution of hydrogen gas during 

resorption2. This paper presents an experimental 

study on the casting of a Mg75-Zn22-Ca5 into 

bulk amorphous form, and testing of the resultant 

material in vitro for corrosion and cytotoxicity.     

METHODS: The material was received as a pre-

alloyed crystalline ingot. Samples were cast using 

a conventional muffle furnace flooded with argon 

gas to prevent magnesium oxidation and to keep 

the alloy pure. The molten alloy was poured into a 

 3mm copper mould. XRD was carried out on the 

samples to ensure they were amorphous.  

Twelve 3mm x  3mm samples of both crystalline 

and amorphous forms of the alloy were prepared, 

as well as copper and stainless steel control 

samples. All were immersed in 6ml of DMEM for 

24 h, at 37ºC, and 5% CO2 to form an elution 

medium. This medium was aspirated and 

transferred to wells containing healthy human 

dermal fibroblasts. The cells were cultured for 24 

and 48 h for indirect exposure. The samples were 

transferred to separate wells for 24 and 48 h direct 

cell exposure.  

The corrosion samples were removed and soaked 

in alcohol to remove any biological contamination, 

then cleaned in soapy water and acetone to remove 

loose corrosion products before being examined. 

Cytotoxicity testing was carried out using CytoTox 

96® assay, which measures the release of lactate 

dehydrogenase (LDH) signalling the loss of 

membrane integrity and thus levels of cell death.  

RESULTS: The BMG samples corroded 

significantly slower than crystalline counterparts 

as can be seen in figure 1 for both the 48 and 72 

hour immersion tests. The BMG samples produced 

significantly less hydrogen gas.  

The material was not as biocompatible as expected 

for similar materials1. The crystalline material 

showed results statistically similar to those of the 

amorphous samples.   

 

Fig. 1: Samples used for cytotoxicity testing (A) 24 

hour BMG, (B) 48 hour BMG, (C) 24 hour 

crystalline alloy, (D) 48 hour crystalline alloy. 

DISCUSSION & CONCLUSIONS: The 

amorphous material exhibited a more appropriate 

corrosion rate, as well as a reduced rate of 

hydrogen evolution. This points towards the 

usefulness of BMG in controlling the resorption 

rate of bioresorbable implants. Further analysis of 

the composition of the material showed traces of 

praseodymium, neodymium as well as aluminium, 

copper and lead. Trace amounts of these materials 

may be the cause of the adverse cell response. 

Future work is suggested   
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