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	 Emerging Applications of Machine Learning in 3D Printing  
Authors: Izabela Rojek, Dariusz Mikołajewski, Marcin Kempiński, Krzysztof Galas and  
Adrianna Piszcz

Abstract: Three-dimensional (3D) printing techniques already enable the precise deposition 
of many materials, becoming a promising approach for materials engineering, mechanical 
engineering, or biomedical engineering. Recent advances in 3D printing enable scientists 
and engineers to create models with precisely controlled and complex microarchitecture, 
shapes, and surface finishes, including multi-material printing. The incorporation of artificial 
intelligence (AI) at various stages of 3D printing has made it possible to reconstruct objects 
from images (including, for example, medical images), select and optimize materials and 
the printing process, and monitor the lifecycle of products. New emerging opportunities 
are provided by the ability of machine learning (ML) to analyze complex data sets and learn 
from previous (historical) experience and predictions to dynamically optimize and individuate 
products and processes. This includes the synergistic capabilities of 3D printing and ML for 
the development of personalized products. 

https://doi.org/10.3390/app15041781 

	 Review of 3D Printing of Polyaryletherketone/Apatite Composites 
for Lattice Structures for Orthopedic Implants
Authors: Reshma McMullan, Atefeh Golbang, Kristine Salma-Ancane, Joanna Ward,  
Krzysztof Rodzen and Adrian R Boyd

Abstract: Neck and lower back pain, often caused by spinal disorders such as scoliosis and 
degenerative disc disease, affects over 80% of the global population, with an estimated from 
250,000 to 500,000 spinal cord injuries occurring annually according to the WHO. As the 
demand for spinal procedures continues to rise, advancements in implant materials have 
become essential. Orthopedic implants play a vital role in restoring mobility and improving 
the quality of life of patients with musculoskeletal disorders. Metallic implants, such as 
stainless steel, titanium, and its alloys, are commonly used to make fixation devices for 
spinal fusion surgery due to their excellent mechanical properties. However, complications 
such as stress shielding have been recorded. Polymeric materials offer new prospects as 
an alternative to metal-based materials such as those based on Polyaryletherketone (PEAK). 
Among the advanced materials used in these implants, PAEK has emerged as the preferred 
choice due to its exceptional mechanical strength, thermal stability, and chemical resistance. 
Polyetheretherketone (PEEK) and Polyetherketoneketone (PEKK) offer notable advantages, 
such as radiolucency and mechanical properties resembling those of natural bone, reducing 
stress shielding and facilitating postoperative imaging....  

https://doi.org/10.3390/app15041804 



	 Aluminum Laser Additive Manufacturing: A Review on Challenges 
and Opportunities Through the Lens of Sustainability 
Authors: Mohammad Javad Yadegari, Alessandra Martucci, Sara Biamino, Daniele Ugues,  
Laura Montanaro, Paolo Fino and Mariangela Lombardi

Abstract: The manufacturing sector is a major contributor to global energy consumption and 
greenhouse gas emissions, positioning sustainability as a critical priority. Aluminum, valued 
for its lightweight and recyclable properties, plays a vital role in advancing energy-efficient 
solutions across transportation and aerospace industries. The processing of aluminum 
alloys through laser-based powder bed fusion of metals (PBF-LB/M), a cutting-edge additive 
manufacturing technology, enhances sustainability by optimizing material usage and enabling 
innovative lightweight designs. Based on the published literature, the present study analyzed 
the ecological impacts of aluminum PBF-LB/M manufacturing through life cycle assessment, 
circular economy principles, and eco-design strategies, identifying opportunities to reduce 
environmental footprints. The study also stated the critical challenges, such as the high 
energy demands of the aluminum PBF-LB/M process and its scalability limitations. Potential 
sustainable solutions were discussed starting from powder production techniques, as well 
as optimized processes and post-processing strategies. By adopting an interdisciplinary 
approach, this research highlighted the pivotal role of PBFed aluminum alloys in achieving 
sustainable manufacturing goals. It provided actionable insights to drive innovation and 
resilience in industrial applications, offering a roadmap for balancing environmental 
stewardship with the demands of high-performance standards.  

https://doi.org/10.3390/app15042221 

	 Critical Review of LPBF Metal Print Defects Detection: Roles of 
Selective Sensing Technology 
Authors: Donna Guillen, Scott Wahlquist and Amir Ali

Abstract: Additive manufacturing (AM) is the fabrication process of generating precise 
geometrical shapes through the sequential deposition of incremental layers. The application 
range of AM is incredibly vast and continues to garner increased industry attention due to its 
rapid prototyping potential. It offers flexible design freedom, short lead times, and reliable 
manufacturability of dense parts. AM of metals is accomplished by fully melting either powder 
or wire feedstock using the energy input from a laser or electron beam. The energy strategically 
lays the melted metal in a specific configuration for the current layer. The deposition of each 
layer is repeated until the physical part is completed. The various AM methodologies can 
be taxonomized by the binding mechanism(s) between the joined layers of material and 
the aggregate state and nature of the feedstock material composition. Metal AM binding 
mechanisms can be classified into three main processes: laser beam melting (LBM), electron 
beam melting (EBM), and laser metal deposition (LMD).... 

https://doi.org/10.3390/app14156718  
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