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Robotic in situ bioprinting technology for the generation of functional engineered tissues

Montaser LM   
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Abstract:
Statement of the Problem: Bioprinting has provided several advantages to traditional tissue engineering approaches for fabricating scaffolds for organ/tissue regeneration. Nevertheless, this technology, also known as in vitro bioprinting, suffers from several limitations when considering its clinical application, such as scaffold handling difficulty, risk of contamination, need of a maturation period in a bioreactor and shape/morphology of the bioprinted construct not perfectly matching with the defect site. For these reasons, in situ bioprinting has emerged as a promising alternative technology. The aim is to report robotic-assisted in situ 3D bioprinting technology for tissue regeneration.
Methodology: In situ bioprinting consists in the direct deposition of biological material into the patient, following the complex geometry of the anatomical defect to achieve desirable mechanical properties suitable for tissue regeneration. This approach guarantees an enhancement in the maturation and differentiation of the bioprinted constructs, since the patient body itself works as a bioreactor.
Findings: 3D bioprinting could be a promising technique for the generation of functional engineered tissues. By 3D scanning, the shape of the damaged area can be easily assessed; then, the shape of the 3D printing object is determined with reverse engineering software in a few minutes. This technology makes it possible to repair defects with complex shapes in a short time. Advances in robotic surgery, fused imaging, and computer-assisted medical interventions could be integrated to develop future clinical in situ 3D bioprinting processes, which can be translated to products for a variety of surgical applications. Printing the devices directly onto organs (in a minimally invasive manner) could help to reduce the need for implant surgeries—so long as there’s a seamless integration between the printed material and the biological matter inside the body.
Conclusion: Intraoperative three-dimensional fabrication of living tissues could be the next biomedical revolution in patient treatment.
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About Research Topic
Three-dimensional (3D) bioprinting is an emerging biofabrication technology, driving many innovations and opening new avenues in regenerative therapeutics. The aim of 3D bioprinting is to fabricate grafts in vitro, which can then be implanted in vivo. However,the tissue culture ex vivo carries safety risks and thereby complicated manufacturing equipment and practice are required for tissues to be implanted in the humans. The implantation of printed tissues also adds complexities due to the difficulty in maintaining the structural integrity of fabricated constructs. To tackle this challenge, the concept of in situ 3D bioprinting has been suggested in which tissues are directly printed at the site of injury or defect. Such approach could be combined with cells freshly isolated from patients to produce custom-made grafts that resemble target tissue and fit precisely to target defects. Moreover, the natural cellular microenvironment in the body can be harnessed for tissue maturation resulting in the tissue regeneration and repair. We expect that this novel technology would find great attention in different biomedical fields in near future.
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