yCAM 2024 S ~T’) Tampere University

Vat photopolymerization of biomimetic bone scaffolds based on Mg, Sr, Zn-substituted hydroxyapatite:
Effect of sintering temperature
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Introduction: The incidence of bone fractures is globally increasing, with substantial economic implications. Bone grafting, performed at a global scale with

over 2 million cases annually, ranks as the second most common tissue transplantation procedure after blood transfusions. Autografts, allografts, and bone

graft substitutes are the primary categories used for treating critical-sized bone defects (> 2 cm), but they come with limitations and risks such as donor site 2 Faculty of Engineering and Natural Sciences, Tampere University,
morbidity, postoperative pain, and infection. In response, the development of synthetic bone scaffolds has been actively pursued, aiming to provide Korkeakoulunkatu 6, P.O. Box 589, 33014 Tampere, Finland.

temporary mechanical support for tissue regeneration while promoting osteogenesis. Despite challenges in replicating bone's intricate characteristics, recent ” Lithoz GmbH, Mollardgasse 85a/2/64-69, 1060 Vienna, Austria
advancements in printing technologies offer breakthroughs in biomimetic scaffold development for bone regeneration, allowing precise recreation of bone- ;;icggy?)%g';":ﬁgmgeﬂdFH"?;';ZTec““O'Ogy’ Tampere University, Arvo Ylpon
I|ke: structures ar_ld Integration of_ biological fac_tors. Ceramic vat_pho_topol)_/merlzatlon enab_les fabrlcatl_on of intricate porous st_ructures clqsely mimicking ¢ Faculty of Chemical Engineering and Technology, University of Zagreb, HR-
native bone architecture. Synthetic hydroxyapatite (HAp), due to its similarity to bone constituents, particularly stands out as an ideal material for scaffolds. 10000 Zagreb, Maruli¢ev trg 19, Croatia.

Incorporating trace elements into HAp can enhance its properties (e.g. promoting bone regeneration). Present study explores novel HAp-based scaffolds e Tays Research Services, Wellbeing Services County of Pirkanmaa, Tampere
substituted with trace elements and fabricated using ceramic vat photopolymerization. The effects of the selected trace elements (Sr, Mg and Zn) and the University Hospital, Elamanaukio, Kuntokatu 2, 33520, Tampere, Finland.
sintering temperatures (900, 1000, 1100, 1200, and 1300 °C) were investigated regarding the crystalline phase content, elemental distribution, microstructure,

thermal stability, and mechanical properties

Materials and Methods

Phase composition and microstructure of fabricated scaffolds The multi-substituted (Sr2*, Mg?* and

Zn2*) and non-substituted reference HAp
powders were synthesized by the wet
precipitation method.
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The selected (Sr + Zn + Mg)/(Ca + Sr + Zn
+ Mg) ratios were 1 and 5 mol%, and these
samples were labeled as HAp _1MIX and
HAp 5MIX, respectively, while non-
substituted powder was labelled as HAp.

 The XRD peaks of the as-prepared powders closely match
the line patterns for HAp. After heat treatment at 800 °C,
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HAp_800 powders exhibited a strong resemblance to the

HAp_SMIX._1000) HAp pattern, while in the case of HAp 1MIX 800 and

W HAp 5MIX 800 powders, additional peaks corresponding
M - - — to B-tricalcium phosphate (8-TCP) were observed (Fig. 2a).
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A CAD model (Fig. 1a-d) of the desired
structure that mimic natural bone tissue
was designed by using nTopology 3.35.2
software.

Obtained HAp 800, HAp 1MIX 800 and
HAp 5MIX 800 powders were mixed
with a commercial photocurable resin
premix supplied by Lithoz GmbH in a
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Figure 2. (a) X-ray diffraction data of as-prepared and sintered powders at 800 °C. (b) EDS element

mapping of the HAp_ 800, HAp_1MIX 800, and HAp 5MIX 800 powder samples. Scale bar: 5 §, b
um. (c) X-ray diffraction data of fabricated scaffolds sintered at different temperatures. = SRS e The micro-CT analysis of scaffolds (Fig. 4a) "“ HAp_SMIX 1300
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Figure 6. (a) Compressive strength and (b) pore size ranges to address cleaning challenges.
Young’s modulus of sintered scaffolds as a

function of sintering temperature. The significant
difference between two groups: * p < 0.05
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Figure 5. (a) Experimental stress-strain response. (b) Microstructures of the cracks
after compressive strength analysis. Scale bar: 20 and 1 pm.
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