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Abstract: In this study we demonstrate an overview about possibilities in using additive 

manufacturing for tissue engineering and orthopedic prosthesis. We show the possibilities to 

produce scaffolds by using a low cost commercial stereolithography system under the use of 

biocompatible hydrogels like Poly(ethylene glycol) diacrylate. We also demonstrate that it is 

possible to use a low cost selective laser sintering system to produce individual prostheses to 

support the healing process in many orthopedic issues. 
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1. INTRODUCTION 

Additive Manufacturing (AM) in the field of 

health technology offers a wide range of patient 

individual product applications. For example, on the 

one hand, it is possible to print implants or their 

prototypes by using biocompatible materials like 

biocompatible synthetic polymers, materials of natural 

origin or biocompatible hydrogels. In this scope, 

stereolithography [1, 2] or Diode Laser Curing (DLC) 

[3] are excellent suitable manufacturing processes and 

they offer extensive possibilities in generating 

geometries for tissue engineering [4-6]. On the other 

hand, AM technologies allows a production of 

individual orthopedic aids [7, 8], especially effective 

by using selective laser sintering, e.g. [9, 10]. 

In our group we focus on two applications in 

health technology: in the field of tissue engineering 

and in the field of orthotics. In these two directions, 

we see the possibility of relieving and supporting 

patient-specific implants during the healing process 

with patient-specific orthoses. In our vision, both 

individually implant and individually postoperative 

orthosis are customized and matched to each other. 

2. MATERIALS AND METHODS 

For research in the field of health technology 

special requirements are placed on the materials to be 

used. In principle, all materials should be having 

a biocompatibility. On a closer view, however, 

biocompatibility must be de-fined according to the 

application. When used in orthoses completely 

different conditions apply than with implants that 

remain in the organism.  

2.1. Stereolithography (SLA) 
Stereolithography is an AM technique based on 

photo-polymerization of a resin by using UV laser 

radiation (e.g. 405 nm). In our case we us 

a commercial printer (Nobel 1.0, XYZprinting, Inc. 

Taiwan) with some technical modifications, shown in 

Figure 1. The setup follows the colamm principle with 

laser irradiation trough a transparent window on the 

bottom of the chamber [11].  

Figure 1 shows the modified Nobel 1.0. The 

commercial machine setup (fig. 1; A) received in fig. 

1; B & C) a new building platform (9) including a new 

connector (2) to z-stage. Due to the magnetic 

mechanism (16) between metallic building platform 

and connector we are able to dis-mount the platform 

and also print specific small and filigree samples (8). 

The chamber (10) was modified geometrical to reduce 

the resin (5) volume and is fixed by a 3d-printed 

special unit (19). All other components, like beamline 

(6, 7, 11, 12, 13) or mechanical moving system (1, 3) 

are original components from Nobel 1.0. Also the 

bottom of the chamber, the optical window (17+18) is 

made by original material like the chamber from the 
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Nobel 1.0 printer. In this way it is possible to use the 

original detachment mechanism of the system. 

 

Fig. 1. Schematic principle of the used stereolithography 
configuration A) machine setup Nobel 1.0; B) CAD 
data modified chamber + modified building 
platform; C) photo-graph of the modified setup at 
Nobel 1.0 including a sample (8) 

2.2. Synthesis of the resin 
The resin is based on Poly(ethylene glycol) 

diacrylate (PEGDA) with an average molecular weight 

of Mn 700 bought from Sigma Adrich, Inc.. The 

PEGDA was inter-mixed for 6 h at 500 r.p.m. with 

bis(2,4,6-trimethylbenzoyl)-phenyl- phosphineoxide / 

2-hydroxy-2-methyl-1-phenyl-propan-1- one (Omni-

rad 2022, IGM Resins B.V.) as photoinitiator (PI) 

including a subsequent rest period of 1 h. The best 

resin properties contain a PI content of 0.005 wt-%. To 

reduce the curing depth on a suitable value, a UV 

radiation absorber (2,2'-Dihydroxy-4,4'-dimethoxy-

benzophenone) from TCI Deutschland GmbH was 

added in a value between 0.4 mg/ml and 10 mg/ml. 

The powder was intermixed at the PEGDA+PI resin 

for 12 h at 40 °C and 1000 r.p.m. PEGDA based resin 

offers the opportunity of biocompatible and non-toxic 

implants [16]. The applicability of PEGDA in 

pharmaceutical research has already been successfully 

proven in various studies [17]. 

2.3. Selective Laser Sintering 
Selective Laser Sintering (SLS) of thermoplastic 

polymer is a process so called Liquid Phase Sintering 

or Partial Melting [12]. The powder of polyamide 12 

(PA12) is applied in thin layers and partially melted by 

in-frared laser radiation (e.g. 808 nm). In our case we 

use a system called LISA from Sinterit sp. z o.o. 

(Poland) including a heated chamber. Technical 

changes were not made to this system. With LISA 

a layer height between 0.075 mm and 0.175 mm and 

a X and Y accuracy of 0.5 mm is achievable. This 

production resolution is completely sufficient for the 

desired applications in orthopedic technology [cf. 13, 

14]. When using the SLS with PA12, the orientation in 

the installation space must be observed. However, the 

achievable mechanical properties are very suitable for 

our application [cf. 15]. 

3. RESULTS AND DISCUSSION 

The background of the activities in Additive 

Manufacturing in Health Technologies is the 

combination of patient individual implants and with 

orthoses adapted to the patient and the placed implant. 

So we use stereolithography to develop materials and 

geometries for implants and selective laser sintering to 

design orthoses. 

3.1. PEGDA based geometries by SLA 
During the development of the resin, we use 

a small cone to characterize the layer quality and 

following to verify the curing parameters (see figure 2). 

All microscopic pictures in chapter 3 are done by 

a digital microscope (Keyence VW-9000D). In figure 

3 details of such a cone is shown (machine parameters: 

layer height 100 µm, step height 500 µm, laser 

radiation power 5 mW, PI = 0,005 wt-%). The lower 

arrow in fig. 3; A) points to a sharp edge with a nearly 

90-degree angle between horizontal and vertical 

planes. In opposite, the upper arrow points on an edge 

with a “blooming” effect, which results either from the 

swelling polymerized PEGDA and/or a damage during 

the post-processing. Figure 3; B) shows an effect 

within a step which includes a displaced layer (maybe 

a printing failure). During the processing of the layers, 

some voxel outside the designed geometry where 

cured. That probably can happen during the tilting 

process of the chamber for a new layer (machine 

dependent). The sample was deformed due to its 

flexible properties and one or two layers are 

polymerized outside the designed geometry. After 

a few layers the machine properties restored the 

original geometry and the layer are cured in the 

intended geometry. In addition, Figure 4 shows the 

layer structure within a step of the cone. The insights 

gained from the cone experiments serve to develop 

scaffold or other implant geometries from 

biocompatible material. A special challenge is to 

create geometries with fine channels and structures. 

There, vessels are later to be given the opportunity to 

grow through the implant in order to be able to supply 

cells. Also allow the channels an establishment of 

structures for metabolism. The scaffold in figure 5 is 

such a structure. Based on a cube with an edge length 

of approximately 15x15x15 mm³ we demonstrate oval 
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and rhomboid channels in different directions (lowest 

edge length approx. 500 µm). These structures allow 

a development of complex implant geometries like e.g. 

menisci or stent like tubes, see figure 6. 

 

Fig. 2. Sample picture of the reference geometry “cone” 

 

 

Fig. 3. Sample of the stair-steps of the cone A) upper arrow 
edge with blooming, lower arrow with relatively 
sharp edge; B) effect of a displaced layer 

3.2. Orthosis sample 
After an operation or implantation on joints, 

orthoses are needed in most cases as a supporting 

structure. Due to this fact, we decide to design 3d-

printable, patient individual orthoses to produce by 

selective laser sintering. Selective laser sintering 

enables the generation of complex geometries. This 

makes it possible to produce very light but stable 

orthopedic products which can also be adapted exactly 

to the individual body geometry.  

 

Fig. 4. Details of the layer structure within the steps 

 

Fig. 5. A) PEGDA based Scaffold with B) horizontal oval 
channels in x and y, C) diagonal rhomboid channels 
and D) vertical rhomboid channels in z direction 
(all: 0,006 wt-% UV radiation absorber) 

 

Fig. 6. Examples based on materials science and technical 
knowledge from the preliminary tests for possible 
applications; A) + B) possible geometries to replace 
a meniscus in the knee, C) stent based on polymer 

A 

B 
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As a sample we demonstrate the possibilities on 

a wrist orthosis including a hinge (CAD, see figure 7). In 

our case, the function of the wrist orthoses focused on the 

immobilization after fractures or soft-tissue trauma, as 

well as arthritis. The design is a reverse engineering 

from a scan of human arm. Reverse engineering 

technology has already proven itself in orthopedic 

technology for the manufacture of orthoses [21]. 

 

Fig. 7. Geometrical Set (CAD) of a wrist with a hinge and 
limited movement angle 

 

Fig. 8. photographs of 3d-printed (SLS) arm orthoses with 
a hinge for e.g. immobilization after fractures or 
soft-tissue trauma 

Other possible functions of the wrist orthosis 

include the treatment of inflammation (e.g. 

tendovaginitis), postoperative conditions, paralysis, 

carpal trough syndrome (CTS), wrist pain or the 

improvement of the function by stabilization and the 

prophylaxis of contractures and axial deviations [19, 20]. 

To produce our samples, we used SLS with 

following parameters: layer thickness 0.125 mm, laser 

power ratio 1.05 %, chamber temperature 178 °C and 

a material PA12 (bought directly from Sinterit sp. 

z o.o.). In fig. 8, the result of our test print of the 

geometrical set from fig. 7 is shown. As can be seen, 

the orthosis has a light weight structure and fits well to 

the 3d-printed arm (Replicator Z18, Makerbot, Ink.). 

The stability of individual segments has not yet 

reached the desired level. Further studies on 

compressive and tensile strengths will be carried out. 

4. CONCLUSIONS 

Summarizing the activities, it could be shown that 

additive manufacturing is a suitable technology to 

manufacture different patient individual implants and 

orthoses.  

The scaffold printed with the described formula 

shows that a commercial SLA system makes it 

possible to generate thin-walled and elastic 3D objects 

in one production step. The designed lightweight 

structure (only ≈ 15 % material in vol.) corresponds in 

structure to the scaffold produced on the SLA system 

(≈ 0.26 g/cm³). To develop filigree but also 

mechanically resilient structures, from our point of 

view, further tests have to be done in structure design 

and in addition in chemical composition of the resin. 

In order to make the sample parts even more filigree, 

the power intensities of the laser should be gradually 

increased from 5 mW to 55 mW in 5 mW steps.  

The area of application has only been touched on 

here and, from our point of view, is much more 

extensive. In further experiments we will improve the 

material for SLA (PEGDA) and we will do toxicity 

studies.  

Simultaneously we will improve our orthopedic 

geometries and we will test different materials for SLS 

to improve stability and durability under a wide 

variety of using scenarios. The sample in this study can 

be used to show that an orthosis can be produced 

without special requirements for the 3D printer and 

with basic CAD knowledge. Selective Laser Sintering 

allows a setup without any supporting structures. The 

results received with the low cost printer are in 

a comparable quality as presented in literature [e.g. 13, 

14]. We will do further research with different 

commercially available powder materials with respect 

to flexibility, durability and mechanical load.  
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Nomenclature 

Acronyms 

AM – Additive Manufacturing 

CAD – Computer aided design 

CTS – Carpal trough syndrome 

DLC – Diode Laser Curing 

Mn  –  Molecular weight 

PA  –  Polyamide 

PEGDA– Poly(ethylene glycol) diacrylate 

PI –  Photoinitiator 

SLA – Stereolithography 

SLS – Selective Laser Sintering 

UV – Ultra violett (wavelenth < 400 nm) 
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