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Fig.4 Longitudinal sections of mass flow rate and temperature distribution during single-track deposition at different time (a); vectorial
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Fig.5 Schematic diagrams of different types of scanning strategies™: (a) unidirectional scan; (b) bi-directional/zigzag scan; (c) helix scan;

(d) variation of scanning sequences based on unidirectional scan; (e) variation of scanning sequences based on bi-directional scan; (f) island

scan; (g) contour scan; (h) bi-directional, single pass of laser beam (90° rotation of scan vector between layers); (i) bi-directional, double

pass of laser beam; (j) bi-directional, double pass of laser beam (90°rotation scan vector between layers); (k) cross scan; (1) 45°rotation of

scan vector between successive layers; (m) 90°rotation of unidirectional scan between successive layers; (n) point melting scan (arrows:

different direction; numbers: scan in sequence)
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Fig.6 Powder-related parameters: (a—b) OM images of LPBF AlSi10Mg with coarse and fine powders'*®”; (c—d) microstructural evolution near the

melt pool boundary of LPBF-processed AlSil0Mg using coarse and fine powders®; (e) surface roughness vs. scanning speed of LPBF
Ti6Al4V fabricated with different layer thicknesses”"; (f) density vs. scanning speed of LPBF Ti6Al4V fabricated with different layer

thicknesses'™”
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Table 1 Different process parameters in LPBF
Parameter category Key parameter Effect/issue Ref.
Laser power Density/keyhole appeared [35]
Spot size Porosity/cracks appeared [43]
Laser-related

Pulse duration Density/lack of fusion [31]
Pulse frequency Density/pores appeared [32]

Bed temperature Ductility, solidification changed/cracks appeared [35,46]

Temperature-related Feeder temperature Residual stress/yield strength decreased [31,49]
Temperature uniformity Grain characteristics/microhardness changed [50]
Scanning speed Density/lack of fusion [51]
Scan-related Scan spacing Density/balling effect appeared [52]
Scan strategy Density, residual stress/ microstructure changed, lack of fusion [59]
Powder size Manufacturing quality/surface roughness increased [66]
Powder shape and distribution Porosity/flowability decreased [67]

Powder-related

Material properties Porosity/production cost increased [71]
Layer thickness Building efficiency/surface roughness increased [70]
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Fig.9 Effects of process parameters on density: (a) variations of porosity within LPBF AlSi10Mg alloy struts as a function of laser scanning speed

at a given laser power”™; (b) comparisons of vertical AISi10Mg struts produced by the default LPBF process parameters and the contour

strategy™; (c) internal porosity distributions in three Ti6Al4V Gyroid lattice structures””; (d) S-N curves of the Gyroid lattice structures

with different internal porosities shown in Fig.9¢"”!
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Fig.10 Effects of process parameters on dimensional accuracy: (a) formation mechanism of powder adhesion on struts””; (b) schematic diagram of

the laser track filling strategy and laser beam compensation mode; (c) optical microscope images of the strut regions of NiTi scaffolds

obtained using different LBC values; (d) comparison between the actual and designed thicknesses of LPBF Ti6Al4V horizontal struts
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Fig.12 Effects of process parameters on microstructures: (a) schematic diagram of two laser scanning modes, namely continuous laser (CL)

scanning and pulsed laser (PL) scanning!*; (b) EBSD inverse pole figure (IPF) maps of vertical (along the build direction, BD) and

106].

horizontal struts in LPBF Ti6Al4V specimens produced using CL and PL scanning"*; (c) MTT proliferation assay results of 1.929 cells

cultured for 24 h in extracts from LPBF 316L stainless steel specimens prepared at three different scanning speeds"'”; (d) fluorescence

micrographs showing fibronectin immunocytochemical staining (left) and DAPI staining (right) of pre-osteoblasts cultured for 48 h on

austenitic stainless steel with different grain sizes!""
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Fig.13 Effects of process parameters on surface roughness: (a) peak-to-valley height roughness (R)) of the lower surfaces of LPBF AlSil0Mg

[113].

struts under different processing parameters' ; (b) schematic diagram of the variation in lower-surface roughness caused by laser

penetration and infiltration effects""”; (c—d) details of the maximum principal stress distributions in the micro-CT and CAD models of

deformed Gyroid structures!'”;

(e) surface morphologies of LPBF Ti6Al4V alloy samples before and after post-treatment!';

() normalized S-N curves of lattice Ti6A14V alloy structures subjected to different post-treatments (AP: as printed; SB: sand blasted; CE:

chemical etching; HIP: hot isostatic pressing; T800, T1050: heat treatment)"'®
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119].
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(b) histological staining images of Ti6Al4V implant samples with different surface treatments after 4 and 8 weeks of implantation, in

which the blue, light yellow, and black regions represent bone tissue, fibrous tissue, and Ti6Al4V implants, respectively (AM: as-built,

AE: acid etching, AN: anodization)"”; (c) influence of local topographical features on MSC morphology(GO: grid, 0 min etching; G12:

grid, 12 min etching; G30: grid, 30 min etching)"*"; (d) confocal images of mesenchymal stem/stromal cells on the surfaces of plate

constructs (cell nuclei: blue, F-actin: red, vinculin: green, all scale bars (white) are equal to 250 pm; P12: plate, 12 min etching; P30: plate,

30 min etching; P105: plate, 105 min etching)!'*!
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Fig.15 Interplay between structure design and process parameters: (a) schematic diagram of the strut inclination angle!'"; (b) compressive stress-

strain curves of LPBF 316L stainless steel Gyroid porous lattice structures under the normal and worst orientations'*"; (c,, c,) probability

density distributions of the normalized dimensional deviations of LPBF-fabricated AlSi10Mg struts with different build orientations'
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(d) typical optical and SEM images of the microstructure of tilted struts and EDS point analysis results of the cellular-dendritic network

(the inset showing the upper region A and lower region B)!'*”!
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Research Progress on Effect of LPBF Process Parameters on Porous Metallic Biomaterials

Ren Yongheng', Shi Yixuan'?, Zheng Yuzhe', Huang Chengcong', Zhao Shangyan', Li Xuan', Lu Yuchen',
Wu Yuzhi', Li Peipei**, Li Yageng'?, Wang Luning'?
(1. Beijing Advanced Innovation Center for Materials Genome Engineering, School of Materials Science and Engineering,
University of Science and Technology Beijing, Beijing 100083, China)
(2. Institute of Materials Intelligent Technology, Liaoning Academy of Materials, Shenyang 110004, China)
(3. School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)
(4. Beijing Key Laboratory of Lightweight Metal Forming, Beijing 100083, China)

Abstract: Laser powder bed fusion (LPBF) has emerged as a powerful additive manufacturing technique for fabricating architected cellular
metallic structures with precisely tailored properties, making it particularly attractive for biomedical applications such as bone implants, scaffolds,
and load-bearing devices. By enabling lightmass designs, complex geometries, and tunable mechanical behavior, LPBF offers unique
opportunities for matching implant performance with biological and mechanical requirements. However, the intricate coupling between LPBF
process parameters and the resulting structural, microstructural, and mechanical properties remain a major challenge for achieving the consistency
and reliability demanded in clinical practice. This review comprehensively analyzed the effects of key LPBF parameters, such as laser power,
scanning speed, and layer thickness on dimensional accuracy, relative density, microstructure, and surface roughness of metallic cellular
structures. Their subsequent influence on mechanical performance, such as strength, fatigue resistance, and functional behavior, was critically
discussed with a focus on biomedical relevance. In addition, the role of lattice design variables, including topology, unit cell size, and build
orientation, was examined, highlighting their importance in optimizing mechanical integrity and biocompatibility. Current challenges, such as
surface defects, geometric deviations, and microstructural heterogeneity, were identified as critical barriers to broader biomedical adoption.
Finally, future perspectives emphasize process optimization and the integration of advanced computational approaches, particularly machine
learning, to accelerate the design and manufacturing of complex, patient-specific biomedical architectures.
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Corresponding author: Li Yageng, Ph. D., Professor, School of Materials Science and Engineering, University of Science and Technology Beijing,
Beijing 100083, P. R. China, Tel: 0086-10-62332609, E-mail: yagengli@ustb.edu.cn



