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Abstract: Laser microfabrication has the characteristics of ultra fast, ultra precision, etc. It has unique advantages
in the field of medical equipment by contrast with traditional processing technology. Especially, it plays an
irreplaceable role in the surface processing of biological materials to improve the biocompatibility of materials. The
latest application of laser microfabrication in the field of medical equipment manufacturing and processing in recent
years is reviewed. The structure and surface manufacturing of vascular stents and bone stents, and the surface
modification of biomaterials and antibacterial treatment are emphatically introduced. Finally, the limitations of the
current laser micromachining technology are discussed, and the application and development of laser
micromachining technology in medical equipment in the future are prospected.

Keywords: laser micromachining; vascular stent; bone stent; biological materials; antibacterial
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Table 1 Laser processing and forming technology in the field of medical devices

BT fe bt HWOLZA! IR
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[EpE s HWot3DFTEp SR, AV
A2 LR TAHE T
Table 2 Materials and methods for laser processing of vascular stent
SR Wotin L5k B /am
316LANEEMN Nd:YAGHDE, MENEDE, SRMOE, RO 355~1064
BREHA G RO 1064
Berrd RO B 1064
T AR OB UK, RO 1030~1064
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St D) A R MRS FE G N . Erika 1 3 KR
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B 1 SS316L R454m %
Fig. 1 SS316L stainless steel stent™

B2 n¥d| SEM BGM,

(a) NiTi &4 (b) Ptir &4

Fig. 2 SEM image of cutting face'. (a) NiTi alloy; (b) Ptir alloy
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B 3 316L remad L £, (a) ZHE; (b) HHAKE; (c) #HhiLLHMH

Fig. 3 316L stainless steel vascular stent . (a) Physical objects; (b) Amplification; (c) Drug storage hole

B4 kAL E PLLAP. (a) ##M=AHAk o PLLA & 4 ; (b) B#rsh

Fig. 4 Femtosecond laser cutting PLLA®”. (a) Sheet with triangular notch structures; (b) Local structure
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Fig. 5 Laser processing of PLA®". (a) Structure of PLA scaffold; (b) 574x micrograph

A3 LD AR AR
Table 3 Laser 3D printing bone stent

B R 3DFTENH A (AIFMHOE)
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Fig. 6 Orthopaedic Implants by the laser 3D printer. (a) Artificial joint; (b) Forehead bone; (c) Intervertebral fusion cage
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Fig. 7 Laser manufacturing of bioceramic stent™. (a) Selective laser sintering along a predetermined path 8-TCP powder;
(b) Porous B-Macro morphology of TCP bioceramic stent; (c) Microstructure of a single sintering path

L]

BJ 8 DLP #li% HA AR L R K. (a) BikesM; (b) AAKBA
Fig. 8 Photo of HA bioceramic stent manufactured by DLP". (a) Structure; (b) Enlarged photo
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Fig. 9 PPy-based active catheter
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[44]

B 10 3D bR,

(a) it AL e B, () LA HALE

Fig. 10 3D optical fiber structure™. (a) Processed by laser processing; (b) Structural micrograph
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(b) The shape of hMSCs on the surface of three structures
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Fig. 12 Micro nano structure produced on TC4 surface by laser processing and pickling
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Application of laser microfabrication
in medical equipment

Du Shuai', Zhang Chenglin’, Sun Wenming®, Ma Yuping', Yao Yansheng"*

SS316L stainless steel stent

Overview: In recent years, the manufacturing industry has been developing in the direction of precision and high
precision. In order to improve machining accuracy, scholars at home and abroad have carried out a lot of research on
micro-machining. As a high-precision, green, and environment-friendly non-contact processing technology, laser
processing has good flexibility and controllability. Because of its high accuracy, fast speed, small damage, and high
power density, it has a broad application prospect in the biomedical field. Laser micro-processing technology endows
biomaterials with new structures and functions, fully mobilizes the human body's self-repair ability, and realizes the
permanent rehabilitation of damaged tissues or organs, which has become the development direction of contemporary
biomedical science.

In order to systematically demonstrate the achievements of laser micromachining technology in the field of
biomedicine, this paper analyzes the advantages of laser micromachining in the precision forming and surface
modification of medical components from the manufacturing process and surface microstructure of medical devices,
and summarizes the latest progress of laser micromachining technology in the manufacturing and processing of typical
biomedical components. The influence of surface microstructures on the biocompatibility and antibacterial properties of
medical components was explored. Furthermore, the achievements of laser micro-processing technology in the field of
medical equipment manufacturing were systematically demonstrated.

Finally, the limitations of laser processing at present are summarized, and the application and development of laser
micromachining technology in the field of medical equipment in the future are prospected. Although laser micro-
processing technology can micro-process a new generation of implantable medical devices with extremely fine structure,
making the commercial use of the next generation of implantable medical devices feasible, the development of laser
micro-processing technology in the biomedical field is not mature enough, the production efficiency is low, and the
work stability needs to be improved. For the laser micromachining process, a complete set of theories has not yet been
formed to explain the physical nature of the interaction between the laser and material under the extreme conditions of
ultra-fast, ultra-short, and ultra-strong, nor can the impact of laser micromachining on the material structure and
physical and chemical properties be well evaluated. The next work still needs a lot of basic and regular research. At the
same time, according to the characteristics of laser micromachining and the properties of the processed materials, it is
also necessary to develop simulation analysis software to simulate the micromachining process and optimize the
parameters of the laser micromachining process.
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