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Abstract: Guided Bone Regeneration (GBR) is a standard surgical procedure to augment jawbone volume, conventionally using tita-

nium meshes or collagen membranes - each with inherent limitations such as stress shielding, imaging artifacts, or insufficient me-

chanical stability. Here, we introduce a novel 3D-printed, patient-specific biodegradable mesh fabricated via Arburg plastic freeform-

ing (APF) using PLDLLA/β-TCP composite. Three design variants were fabricated: A solid configuration for maximal strength and 

porous or gyroid structures (50% infill) to promote cell integration. Our results demonstrate high dimensional accuracy (<1% devia-

tion) and pore sizes of 243±17 µm (porous) and 620±64 µm (gyroid). Mechanical testing revealed that the solid design achieved a 

biaxial flexural strength of 129±13 MPa, significantly outperforming the porous (26±5 MPa) and gyroid designs (23±2 MPa). Surface 

roughness (Ra) characterization yielded significantly higher values for porous (2.27±0.38 µm) and gyroid (1.3±0.2 µm) samples, 

potentially improving protein adhesion and osseointegration. These results lay the foundation for further optimization, including hybrid 

designs that integrate robust mechanical support with favorable biological properties, ultimately eliminating the need for secondary 

surgery. 

I. Introduction 
Oral- and Maxillofacial Surgery (OMFS) often necessi-

tates bone augmentation before procedures like dental im-

plantations. Traditional Guided Bone Regeneration (GBR) 

meshes – whether metallic (e.g. titanium) or biodegradable 

(e.g. collagen) – present challenges [1]. Titanium is me-

chanically robust but may induce stress shielding and re-

quire removal surgery, whereas collagen lacks sufficient 

stability for some augmentations [1,2]. We propose a three-

dimensionally (3D)-printed, patient-specific biodegradable 

mesh produced using Arburg plastic freeforming (APF) 

technology to overcome these limitations. Utilizing a med-

ical grade Poly(L-lactide-co-D,L-lactide) (PLDLLA) and 

β-tricalcium phosphate (β-TCP) composite, our approach 

combines adequate mechanical integrity with controlled 

biodegradation, reducing patient morbidity and healthcare 

costs by eliminating a second surgical intervention.  

 

Using β-TCP alongside a biodegradable polymer may in-

crease the osteogenic ability and degradation rate of the 

composite, making it more suitable for matching tissue re-

generation needs [3,4]. 

Triply periodic minimal surface patters like gyroid have 

been shown to improve cell proliferation [5]. Applying 

them to a GBR mesh could lead to an enhanced surgery 

outcome by improving the bone regeneration into the im-

plant.  

This study aims to investigate APF printing parameters that 

enable dimensionally accurate 3D printing of designs and 

subsequent suitability for later application as a mesh in 

GBR. 
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Figure 1: Schematic image of a GBR mesh. Applying different 

designs into a hybrid mesh could combine advantages of each de-

sign. 

 

II. Materials and methods 
A medical grade composite material made of PLDLLA and 

β-TCP (Resomer Composite LR 706 S β-TCP, Evonik, Es-

sen, Germany) was used to fabricate specimens using APF 

(Freeformer 300-3X, Arburg, Lossburg, Germany). Three 

design types were developed:  Solid disks with a diameter 

of 12 mm and height of 1 mm were created as standard tes-

sellation language (STL) files with Inventor 2024 (Auto-

desk, San Rafael, USA). Porous samples were derived 

from the solid design by applying a 50% infill using the 

Arburg slicer. Given the fixed nozzle diameter, this value 

was expected to result in a osteoconductivity-promoting 

pore size. Gyroid samples with the same porosity were gen-

erated using a gyroid function in nTop (nTopology, New 

York, USA) with an added 0.4 mm rim to enhance edge 

stability. Key parameters (e.g., nozzle temperatures, print 

bed temperature, droplet aspect ratio and discharge rate) 

were optimized to achieve high dimensional accuracy 

(<1% deviation in both XY and Z directions) and the de-

sired pore architecture. To assess this, cubes (n=3) with 15 

mm edge length were 3D-printed using the same three de-

signs and subsequently imaged with light microscopy and 

measured using a caliper (WZ0031, Logilink GmbH, Ger-

many; resolution: 10 µm). Detailed parameters are summa-

rized in Table 1.  

 

Table 1: Arburg plastic freeforming printing parameters. 

Design Solid Porous Gyroid 

Print temperatures 

(Tnozzle,T2,T1,Tinput) [°C] 

190, 185, 

170, 45 

190, 185, 

170, 45 

190, 185, 

170, 45 

Print bed temperature [°C] 50 50 50 

Layer height [µm] 200 200 200 

Droplet aspect ratio (DAR) 1.32 1.25 1.27 

Discharge rate (DR) 69 % 70 % 54 % 

 

For subsequent material characterizations, the disk-shaped 

specimens were used (n=15). The surface wettability with 

water was assessed using the sessile droplet method and a 

drop shape analyzer (DSA30, Krüss, Hamburg, Germany). 

The arithmetical mean height surface roughness parameter 

(Ra) was acquired using a confocal laser scanning micro-

scope (Keyence VK-X1050, Osaka, Japan). The speci-

mens’ biaxial flexural strength was obtained at a 1 mm/min 

cross-head speed with a universal testing machine 

(Zwick/Roell, Ulm, Germany).  

III. Results and discussion 

Dimensional accuracy and pore characteristics  
The 3D-printed samples exhibited excellent fidelity, with 

deviations of less than 1% (Table 2 and Fig. 2). Porous de-

signs showed pore sizes averaging 243±17 µm - ideal for 

reducing fibrous tissue ingrowth - while the gyroid design 

yielded significantly larger pores (620±64 µm, p<0.0001), 

which may promote angiogenesis [6,7].  

Although earlier studies favored 300-500 µm pores, recent 

evidence supports larger pore sizes (up to 1200 µm) for 

vascularization or around 600 µm in mandibular applica-

tions [7-9]. 

 

Table 2: Dimensional accuracy of 3D printed cubes with a 15 mm 

edge length, measured with a caliper in XY (width) or Z direction 

(height). The pore size was calculated using light microscopy im-

ages from atop and appropriate software. N = 3. 

Sample Design Solid Porous Gyroid 

Dimensional Accuracy XY 0.84% -0.33% 0.23% 

Dimensional Accuracy Z 0.20% 0.54% 0.18% 

Pore Size [µm]  243±17 620±64 

 

 

 

Figure 2: Morphologies of solid (A), porous (B) and gyroid (C) 

specimens imaged with light microscopy. 

 

Surface properties 
Surface roughness parameter Ra of porous samples was 

2.27±0.38 µm (Fig. 3A), potentially favoring protein ad-

sorption and subsequent cell adhesion [10]. Osteoblast in-

tegration on titanium surfaces has been shown to be opti-

mal between 1-2 µm, suggesting that gyroid samples 

(1.3±0.2 µm) present an ideal roughness for osseointegra-

tion [11].  

Interestingly, the solid design demonstrated lower Ra val-

ues - possibly due to a slower cooling rate allowing im-

proved droplet fusion. This effect merits further investiga-

tion and may have caused the lower contact angle for solid 

samples (92°, Fig. 3B). More hydrophilic surfaces (contact 

angle ≤ 80°) are reported to improve further cell adhesion 

on a synthetic polymer [12]. 
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Figure 3: A) Surface roughness parameter Ra obtained on top of 

a sample’s strand. B) The contact angle of water is different for 

each design. Statistical differences using Kruskal-Wallis and sub-

sequent Dunn’s test are indicated with *(p<0.05), ** (p<0.01) or 

**** (p<0.0001). Each box indicates the sample’s interquartile 

range and median. The mean is indicated by an X. N=15. 

 

Mechanical Performance 
Biaxial flexural testing showed that the solid configuration 

achieved a strength of 129±13 MPa, significantly higher 

than the porous (26±5 MPa) and gyroid (23±2 MPa) de-

signs (Fig. 4). Under physiological conditions, loads of 

circa 30 N can be expected, leading to a simulated maxi-

mum stress of 9.9 MPa in solid Polycaprolactone scaffolds 

[13].  

While titanium meshes are expected to endure higher bend-

ing strengths in the range of 267-512 MPa, and PEEK 

meshes yield 20-30 MPa, our biodegradable composite of-

fers a competitive balance between mechanical strength 

and bioresorbability [14,15].  

The observed trade-off between mechanical strength and 

pore-mediated biological potential suggests that a hybrid 

design - integrating solid beams with targeted porous re-

gions - could optimize load-bearing capacity for low-load 

applications and tissue integration. 

 

Figure 4: Biaxial flexural strength displayed in MPa was ob-

tained at a cross-head speed of 1 mm/min. Each box indicates the 

sample’s interquartile range and median. The mean is marked by 

an X. Statistical differences using Kruskal-Wallis and subsequent 

Dunn’s test are indicated with ***(p<0.001) or ****(p<0.0001). 

N =15.  

 

IV. Conclusions 
This study presents a promising proof-of-concept for APF-

3D-printed, patient-specific biodegradable meshes in GBR 

applications. The solid design provides exceptional me-

chanical strength, while the porous and gyroid structures 

offer pore architectures conducive to tissue integration. Fu-

ture research will focus on developing hybrid designs, as-

sessing the impact of sterilization techniques, and conduct-

ing in vitro/in vivo evaluations to determine cellular re-

sponses and degradation behavior. The results of this study 

were obtained in vitro and may not reliably reflect in vivo 

behavior, as the complex environment may significantly 

alter the material’s performance. Ultimately, our approach 

aims to improve GBR outcomes by merging mechanical 

and biological advantages while eliminating the need for 

secondary surgical procedures. 
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