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INTRODUCTION: While an increasing range 

of possibilities for 3D-printed medical implants 

is implied by the latest 3D design and 

engineering methods, they are far from 

unlocking the full potential offered by this new 

production route, failing to address main 

requirements on the internal structure of 

implants, whilst maintaining structural stability: 

easy access for cleaning, maximum surface area 

for osseointegration or internal coatings with 

slowly degrading substances, open-porous 

structures allowing high fluid-flow for fast 

vascularization and bone growth. Also, the 

impact of suboptimal design on the additive 

manufacturing of titanium implants limits their 

competitiveness toward traditionally produced 

implants: tedious removal of support structures, 

thus non-controllable surface texture and 

residues from mechanical removal, and shape 

sacrifices to avoid closed powder pockets. 

Additive manufacturing offers new possibilities 

for a change of minds in the design of medical 

implants thanks to the (relative) freedom of 

shape and the complexity for free ruleset, thus 

paving the way for implants where all of the 

afore-mentioned requirements are addressed. 

METHODS: To this purpose we developed a 

freely configurable 3D-structure with an 

Adaptive Density Minimal Surface geometry 

(ADMS), which is able to computationally 

emulate both the plate- and rod-type geometry of 

trabecular bone (Fig. 1), as well as the near-solid 

cortical bone. ADMS structures feature open 

channels through the entire implant, maximized 

inner surfaces and allow for support-free 

printing and easy cleaning [1]. 

 
Fig. 1: ADMS geometry (left) vs. trabecular 

bone structure. 

RESULTS: Locally configurable ADMS 

parameters include load case, thickness, channel 

diameter and porosity or structural density. As 

minimal surfaces, ADMS exhibit a smooth 

curvature distribution and are thus exceptionally 

stable using the minimal amount of material [1]. 

A variety of ADMS samples with different 

gradients applied on structural density and 

surface thickness have been designed. On both 

top and bottom, solid endplates have been added 

for a defined load application during mechanical 

testing. 

 
Fig. 2: Support-free 3D-printed titanium 

samples with different generation parameters. 

The designed ADMS-samples have been 3D-

printed by Selective Laser Melting (SLM) on a 

SLM Solutions 250HL system (SLM Solutions, 

Lübeck, Germany) out of titanium grade II 

powder with a d50-value of 40 μm (Fig. 2). 

We were able to show that all proposed ADMS 

sample structures can be successfully 

manufactured by SLM without build supports. 

DISCUSSION & CONCLUSIONS: It was 

shown that scaffolds based on ADMS 

microarchitectures can be successfully produced 

out of titanium by SLM. In particular, support 

structures are not necessary, which is of great 

advantage during production and post-treatment.  
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