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1. The purpose of the project and 
subjects of the investigation



Ex Professo - With knowledge of the matter

•Intelligent decision-making support in the design, additive

manufacturing and application of bone substitutes based on

apatite-biopolymer composites with controlled composition,

structure, porosity and mechanical strength by creating adaptive

methods and models of machine learning in the analysis of

images of bone tissue taking into account its spatial structure

obtained by sensors of different physical nature
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2. Tasks of the project



Ex Professo - With knowledge of the matter

Tasks of the project are
• Samples of bio-mimicked composite trauma plates printed by 3D composite 

printer, Markfroged composite printers x7.

• Assessment of 3D printed medical composite trauma plates completed by 
mechanically tested in university lab under static loading. 

• Markfroged composite printers x7 and FX20 are selected for 3D printing 
apatite-biopolymer composites, including short carbon fibre reinforced onyx 
and PEEK polymers as bone substitutes.

• Information and analytical materials, recommendations, proposals, etc. have 
been developing and transferred for use in decision support for military-civilian 
applications in orthopedics and traumatology.

• One or two draft papers will be ready in or after December 2023 for publishing 
in journals, e.g., composite structures and biomedical engineering, etc.
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3. Waiting for project results



Ex Professo - With knowledge of the matter

• Samples of bio-mimicked composite trauma plates printed by 3D composite printer, Markfroged

composite printers x7; 3D printing bio-mimicked composite human bone implant joints with required

biomechanics compatibility.

• Assessment of 3D printed medical composite trauma plates completed by mechanically tested in

university lab under static loading.

• Markfroged composite printers x7 and FX20 are selected for 3D printing apatite-biopolymer

composites as bone substitutes.

• Information and analytical materials, recommendations, proposals, etc. have been developing and

transferred for use in decision support for military-civilian applications in orthopedics and traumatology.

• One or two draft papers will be ready in or after December 2023 for publishing in journals, e.g.,

composite structures and biomedical engineering, etc.
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Ex Professo - With knowledge of the matter

• Energy dispersive X-ray spectroscopy (EDS) spectra and elemental mapping of C, P, O, Al are

shown.

• The analyzed samples for in vitro toxicity using laboratory and analytical studies generally accepted in

microbiology on model systems with typical intestinal microflora (probiotic strains of Lactobacillus

acidophilus, Bifidobacterium Bifida and Escherichia coli isolated from an aqueous environment). The

obtained data may indicate that after long-term contact with the test culture with the studied material,

the microflora changes its adhesive properties, reducing the adhesive potential. These results indicate

the suppression of the initial stage of biofilm development, namely the attachment of bacteria to a biotic

or abiotic surface, which prevents the transition to a biofilm lifestyle. Thus, the surface of the implant

meets the requirements of a multifunctional system that responds to microbiological signals by

releasing antimicrobial substances and other emollient compounds.
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4. Road map of the project



Ex Professo - With knowledge of the matter

• 1) Image acquisition phase

• 2) Segmentation phase

• 3) 3D modeling phase

• 4) 3D printing phase

• 5) Post-processing phase

•6) Quality control (QC) phase.

• 7) Clinical application and verification
phase

10



5. Obtained project results



Ex Professo - With knowledge of the matter

• 3D Printed Bio-Mimicked multi-Layered Composites (BMLC)
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Ex Professo - With knowledge of the matter

The Main Features of 3D Printed BMLC

• 3D printing in cost-effective way

•Continues carbon fibre reinforced onyx composites

•Bio-mimicked (graded multi-layered) composites

•High strength and stiffness

•High damage resilience and fracture toughness

•High wear resistance

•Excellent heat resistance

•Excellent surface finish

•Excellent chemical resistance
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Ex Professo - With knowledge of the matter

• 3D printing in cost-effective way
• --- Save 90% manufacture costs comparing to traditional composite technology 

in producing laminated composites.
• --- 50 times faster
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Ex Professo - With knowledge of the matter

•Printing materials: 

• Continuous carbon fibre filament: diameter 1.75mm, bending strength 540 

MPa and bend stiffness 57 GPa. 

• Onyx matrix filament: diameter 1.75mm, short carbon fibre reinforced nylon 

thermoplastics, provides stiff,

• strong and precise parts, above 1.4 times stiffer than ABS, can also be 

reinforced

• with carbon continuous fibres, bending Strength 81 MPa and bend stiffness 

2.9 GPa.
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Ex Professo - With knowledge of the matter

• Through thickness failure modes in laminated composites
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Ex Professo - With knowledge of the matter

• Schematic through thickness construction of bio tubules
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Ex Professo - With knowledge of the matter

•Scientifically predicting enhanced through thickness performance of composites 

•– Advanced extended cohesive damage element (ECDE) method for predicting 

mechanical performance of bio-mimicked continuous carbon fibre reinforced multi-

layered composites (BMLC)
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Ex Professo - With knowledge of the matter

3D composite printers Markforged x7 and FX20
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Ex Professo - With knowledge of the matter

• Validate the excellent performance of the BMLC by mechanical test 
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Ex Professo - With knowledge of the matter
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Ex Professo - With knowledge of the matter

• Design of Bio-mimicked Composite Trauma Plates 
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Ex Professo - With knowledge of the matter

• 3D Printed Bio-mimicked Composite Trauma Plates 

23



Ex Professo - With knowledge of the matter

• Mechanical test results from three point bending 
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Ex Professo - With knowledge of the matter

• The future work
Investigate 3D printing technology to produce apatite-

biopolymer composites with required mechanical parameters to 
be bone substitutes
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Ex Professo - With knowledge of the matter

• Investigate 3D printing technology to produce apatite-biopolymer 
composites with required mechanical parameters to be bone 

substitutes
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Ex Professo - With knowledge of the matter

• Investigate 3D printing technology to produce apatite-
biopolymer composites with required mechanical parameters to 

be bone substitutes
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6. Summary of the results



Ex Professo - With knowledge of the matter

• Providing the medical market of Ukraine with competitive domestic, first of

all, biomaterials for performing reconstructive and restorative surgery is

extremely relevant and acute.

• Carbon fibre composite medical products, e.g. trauma plates and implants

as an internal or external fixator and sustainable orthopaedical products for

the treatment of bone fractures or damaged bone growing up is largely

needed because of huge demanding due to an ongoing war in Ukraine.

• This project provided solutions to meet the requirements in coving the

shortage of composite medical products using the developed cost-effective

3D printing technology.
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Ex Professo - With knowledge of the matter

• Searching for opportunities to manage reparative processes, studying the

features of newly formed bone tissue under the conditions of plasticity of defects

with various materials, shortening the terms of reconstruction of the latter by

modifying the physical and chemical properties are important tasks.

• In connection with the increase in the level of household and industrial injuries,

receiving injuries as a result of military operations, the problem has not only

socio-economic significance, but is also important, including in the field of

national security and defense of Ukraine, which emphasizes its relevance. The

economic and social effect of the implementation of the project results will

exceed the costs.

• The developed technology is 50 times faster, more than 90% costs saving

compared to traditional manufacturing composite technology. This technology

has been transferring to project partners in Ukraine to produce medical

composite products in the cost-effective way.
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Ex Professo - With knowledge of the matter
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