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Motivation 
Several studies point out the crucial role of surface topography on cell adhesion, migration, and proliferation. Nanotexture can promote 

osteoconduction and osteoinduction in bone implants.1 Chondrocyte density and protein production have been also shown to be promoted on 

cartilage nanoembossed scaffolds compared with conventional, plain polymer scaffolds.2 In general, surface modification can be critical to increase 

the compatibility and integration of implants in the host tissue. Some developments aim at incorporating nanoscale features directly on the surface of 

3D fabricated implants (e.g. chemical etching or plasma surface modification).  

Nevertheless, it is still a challenge to produce controlled patterned nanostructures on the surface of complex 3D objects. In this work, we describe an 

effective and simple method via soft UV-NIL for the surface functionalization of 3D implants,3 as well as on complex lenses in order to reduce 

reflection losses by means of direct imprinting of well-defined patterned nanostructures onto complex geometries. 

 
 
 
 
 
 
 
 
 

Soft UV-nanoimprint lithography 

Figure 1: UV-nanoimprint lithography process 

UV-nanoimprint lithography (UV-NIL) is a simple and low-cost patterning process to 

replicate nanostructures. A nanostructured stamp is pressed at room temperature 

into soft (UV-curable) polymer on a substrate (Fig.1a). While the stamp is in contact 

with the polymer, the material is cured by UV-irradiation (Fig.1b). Finally the stamp is 

removed, resulting in a nanostructured hard polymer on the substrate (Fig.1c). 

 

To perform NIL on non-flat surfaces, stretchable and soft stamps were used (soft UV-

NIL). A flexible PDMS (polydimethylsiloxane) stamp (Fig.2a), exhibiting periodically 

distributed nanofeatures, was selected to achieve a conformal large area contact with 

the surface. A self-built air-pressure based imprint tool as shown in figures 2b and c 

was employed. It consists of two flexible foils, enclosing the substrate-resin-stamp- 

stack. The gap between the sample and the cover foil is evacuated using a vacuum 

pump.  

 
 
 
 
 
 
 
 
 

Nanostructuring of 3D objects 

Nanostructuring of  3D implants prepared by SLA 

Figure 3a  shows a photograph of a diffraction grating imprinted on a 

Polyactic acid (PLA) cylinder segment fabricated by Fused Deposition 

Modeling (FDM).  AFM images of imprinted pillars at two positions, where 

the curved surface reaches 0° and 20° (Fig. 3b and c respectively), prove 

the replication fidelity of the imprinted nanostructures. The UV-curable hybrid 

polymer Ormocomp® was used as imprint material 

 
 
 
 
 
 
 
 
 

The process feasibility has been also demonstrated for objects with 

curvature in several directions. Figure 4a shows an image of nanoimprinted 

areas on a PolyJet printed lampshade for optical effects. Figure 4b shows a 

imprinted multiply curved plastic part. To demonstrate the outstanding 

capability of PDMS for strong deformations, Figure 4c shows localized 

bending of a stamp over small spheres (Ø < 50 µm).  
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Figure 2: PDMS stamp (a) and imprint tool for soft UV lithography on 3D objects (b and c)  

Figure 3: Imprinted curved substrate (a) and AFM images of the imprinted pattern (b, c) 

Figure 4: Imprinting on 3D objects (a,b), pattern deformation on small objects (c). 

First attempts for nanostructuring of complex shape objects were carried out. A  knee 

femoral prosthesis model was printed by Stereolithography (SLA) using a 

photoreactive biocompartible resin for dental applications (Formlabs). In Figure 5, a 

photograph of the object before and after imprinting is shown. Two imprint materials 

were tested, OrmoComp® and the same dental material used for the SLA printing.  

Figure 5: SLA  3D printed 

implant before (left), and after 

(right) imprinting of 

nanostructues. 

A sucessful imprint was achieved in both cases, 

although replication fidelity was better when 

OrmoComp® material was used. Figure 6a shows a 

microscope image of the imprinted nanostructures 

on the implant material using a stamp with a 

hexagonal hole array.  The nanostructures give rise 

to the diffraction pattern when illuminated with a 

green laser (Fig.6b). Cross cutting tests (Fig.6c) 

revealed very good adhesion of the layer on the 

surface when the same material was used for the 

implant and for the imprint material (dental).  

 

Figure 6: Microscope image of the implant surface after imprinting with OrmoComp® (a); 

photograph of the imprinted object illuminated with a green laser (b);  cross cut 

procedure  (top) and surface after the test of a implant imprinted with dental material 

(c) 

Conclusions: 
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                              In the current work, a simple and effective process via soft 

UV-NIL to direct imprint of micro- and nanostructures on 3D objects is 

described. A successful nanopattern transfer from flexible stamps is shown in 

several examples. The potential of this process for nanostructuring of 3D-

printed implants. Further experiments to evaluate the effect on 

nanostructuring on cell growth and implant integration in the host tissue will 

be carried out. Additionally the nanostructuring of complex objects for 

antireflective purposes is demonstrated. 
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Figure 5: AFM image of AR-structures (a). Photograph of AR on half sphere (b). 

Transmission enchantment of AR-Structures on flat glass slide (c). 


