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Medical imaging plays a crucial role in modern medicine, including disease diagnosis, treatment planning, treatment response
assessment, and prognosis prediction. With the increasing demand for quantitative imaging analysis and the rapid development of
artificial intelligence-based image analysis techniques, the reproducibility and standardization of imaging data have become
increasingly important. However, patient imaging data often exhibit anatomical variability, differences in acquisition conditions, and
ethical limitations, making it difficult to establish controlled and repeatable validation environments. To address these limitations,
physical phantoms that mimic the anatomical and physical properties of human tissues have been widely used in medical imaging
research. Recently, 3D printing technology has attracted considerable attention for phantom fabrication because it enables the
reproduction of realistic anatomical structures derived from medical imaging data. By combining various printing technologies and
Tissue-mimicking materials, 3D printed phantoms have been applied to multiple imaging modalities, including CT, MRI, and PET/
SPECT, for system performance evaluation, quantitative imaging validation, and algorithm testing. This review summarizes
fabrication techniques, material characteristics, major applications, and recent research trends of 3D printed phantoms in medical
imaging and discusses their future research directions.
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Fig. 1. (Color online) Workflow of medical image data-based 3D printing phantom modeling.
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Table 1. Comparison of representative materials used for 3D printing-based medical imaging phantoms.

. Typical . N Imaging
Material Type Materials Main Purpose Advantages Limitations Applications
Thermoplastic PLA, ABS, Structural frame, Low .cost, easy printing, Llrr}lted surfa.ce.resollutlon, CT, X-ray

adjustable infill for anisotropy, limited tissue structural
(FDM) PETG outer shell, molds . .
density control equivalence phantoms
. . . . . Usually single-material, .
Photopqumer SLA/DLP resin ngh-resolutlon High spatial resolut}on, post-curing required, CT, surglcal
Resin anatomical structures smooth surface finish e e . . simulation
limited imaging equivalence
Gel-based . Soft tissue Tunable TI/T2 ! elaxation Mechanical instability,
. Agar, Gelatin . . properties, adjustable . . MRI, Ultrasound
materials simulation . .. dehydration over time
acoustic characteristics
Silicone-based ~ Silicone Durable soft- Mechanical stability, Limited CT
. . elastic properties similar . Ultrasound, MRI
materials elastomer tissue structures . attenuation control
to soft tissues
. Gel + additives .. CT / MRI /
Hybrid / (Ba, Ca, I), Multimodal tissue- Adjustable CT, MRI, Complex fabrication, Ultrasound
Composite e . . material compatibility .
. polymer mimicking phantoms  and acoustic properties . multimodal
materials . issues
composites phantoms
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Fig. 3. (Color online) 3D printed thorax phantom and corresponding
CT image. (A) External view of the printed phantom. (B) CT slice
showing internal anatomical structures and radiopaque inserts [27].
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Fig. 4. (Color online) Synthetic monoenergetic images of a 3D printed line-pair phantom used to evaluate spatial resolution and material

decomposition performance across different reconstruction [33].
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Fig. 5. (Color online) Agar-based tissue-mimicking phantoms. (A) composition and arrangement of the samples, (B) T1 relaxation time map, and

(C) T2 relaxation time map [37].
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Fig. 8. (Color online) AR-PAM imaging of 3D printed vascular constructs (1.5 wt.% photoabsorber). (A) Photographs of printed Y-shaped and
single-loop structures. (B-E) MAP images acquired by OR-PAM and AR-PAM (top view, side view, and depth-coded). (F-G) Comparison of SNR

and contrast [42].
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