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Repairing critical size segmental load-bearing bone defects (Fig.1) requires more than 2.2

million gold standard autologous bone grafts annually. This often exceeds the supply and

results in complications in up to 40% of cases [1]. This necessitates biomaterial development,

among which metal implants appear to have most suitable properties [1].

properties [3] and high daily allowances (700mg), in contrast to Fe

(10-20mg) and Zn (15mg) [4], respectively, makes Mg most suitable

for orthopedic biodegradable scaffold development.

Aim: AM and characterization of Mg-based porous orthopedic

scaffolds.
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Additive manufacturing (AM) allows for cost-efficient

prototyping of personalized implants (Fig. 2), with porous

scaffolds having obvious advantages for bone regeneration [2].

While e.g. selective laser melting (SLM) allows for AM of such

permanent scaffolds, biodegradable implants would be

desirable for specific applications. The ideal bone grafting

material is:

Figure 1. The problem.

i) biocompatible

ii) provides mechanical support and is

iii) osteoconductive, osteoinducative, osteogenic

iv)biodegradable
Figure 2. Bone regeneration using
porous Ti-6Al-4V scaffolds in a 6 mm
femoral defect in a rat.

SLM process: ytterbium fiber laser (IPG YLR-200), galvanometric scanner (SCANLAB hurrySCAN 20),

and f-theta focusing lens (SILL S4LFT 3254/126), 10ppm oxygen [5,6]. Atomized powder (Fig. 4,

Magnesium Elektron) of WE43, Y 4%, rare earths 3%, Zr 0.4% for excellent corrosion resistance, was

used for AM of 10x11 mm scaffolds with diamond lattices (Fig. 5). Post-process polishing: 2 min, 5%HCl,

5%HNO3, and 90% C2H5OH.
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Figure 4. Schematic of SLM principle
(on left), primary biodegradable
metal elements (on top) and
magnification of WE43 powder
particles (25-60mm).

Adults contain 20-30mg of magnesium (Mg), 60% of which

in the bones. Unique mechanical (Fig. 3) and osteoinductive

Fig. 3. Material properties.

Compression tests: Instron machine (10 kN), crosshead speed: 2 mm/min;

ISO 13314:2011.

Topological characterization: µCT (Quantum FX, Perkin Elmer), 180 µA/90 kV, scan time 3 min

@ 30 µm. Automatic reconstruction of 2D images using Analyze (11.0, PE) and Fiji (NIH,

Bethesda) for ROIs selection; 2 thresholds (80, 119). Upon segmentation, BoneJ plugin (in

ImageJ) calculated ratios of void volume to 3D ROI volume, strut size, and pore size. Routine

SEM, back-scattered EM (BSE).

Figure 5. SLM manufactured WE43 scaffolds. Unit cell (A), CAD design (B), as-built (C). Note that design (400 mm
struts, 600 μm pores and 67% density) matches nicely with product characterization (420 mm struts, 64% density).
Surface appearances: as-built (D), polished (E) and magnification thereof (F).
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Figure 7. Corrosion behavior of WE43. In vitro degradation test
set-up (A), macroscopic appearance of scaffolds over time (B) and
hydrogenevolution (beneath).) Long term pH development (proximate
to vs. distant from scaffold) (C) with 3D reconstructions from mCT

analyses (in green, corrosion products in blue) and volume change (D).

Microstructural characterization: SEM (JSM-IT100, JEOL) with energy-disperse

spectrometer (EDS), X-ray diffractometer (XRD, Bruker D8 Advance diffractometer Bragg-

Brentano geometry, Lynxeye position sensitive detector) @ 40 kV, 40 mA.

Cytocompatibility: mod. ISO 10993 [6] in vitro tests (CellTiter 96 AQueos One, MTS 

formazan @ 490nm; LDH, live-dead staining, MG-63 (ATCC). Stats: 2-way ANOVA and 

post-hoc Tukey's test. For details, see [7].

Ti64                       WE43Figure 6. :Biocompatibility in vitro.
Cytotoxicity screening of extracts from
randomly chosen scaffolds; WE43,
n=5; Ti-6Al-4V, n=3 up to 72h post
incubation (A). Low magnification
fluorescent images of MG-63 cells on
Ti64 and WE43, next to higher
magnification SEM (B), 24h after
seeding (arrows indicate cells: live,
green; dead, red).
p<0.0001, ****; p<0.001, ***; p<0.01,
**; p<0.05, *; n.s. = not significant.
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Figure 8. Ion release and

mechanical properties.

Increase in [Mg2+] in time
(A), next to change in yield
strength (B) and stiffness
(C) with immersion time.
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Mechanical properties (E = 700-800 MPa) of AM porous WE43 scaffolds fell into the range of values

reported for trabecular bone, even after 4 weeks of biodegradation. Biodegradation starts with uniform

corrosion, followed by mainly central localized corrosion. Yield strengths decreased <10% during first 14

days. Hydrogen evolution and pH change in vitro is unfavorable for biocompatibility, while 10X diluted

extracts of WE43 scaffolds appear cytocompatible. AM of porous Mg scaffolds nicely follow CAD design

parameters and provides possibilities to adjust biodegradation through topological design and holds

potential as multi-functional bone substitute material for critical size load-bearing defects.


