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Three- dimensional printing double- outlet right ventricle model based on different image seg-
mentation methods
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Abstract: Objective To analyze the accuracy of three- dimensional (3D) printing cardiac models with different image seg-
mentation methods, and to discuss on the value of 3D printing model in the diagnosis of double- outlet right ventricle by
segmenting CT image with region growing method and threshold method, and building a 3D printing model for congenital
heart disease (CHD). Methods A two-month-old child with CHD was scanned by 64-slice CT scanner (GE Discovery CT750
HD). The obtained CT image was reconstructed based on iterative algorithm. The DICOM data of CT were input into Mimics
17.0 software. Region growing method and threshold method were used for segmenting blood pool image and extracting
myocardial image, respectively. For model A, a 1 mm-thick wall was wrapped to the outside of the blood pool and the blood
pool was hollowed for creating a surface model. For model B, segmented myocardium image was used for model building and

smoothing. The 3D printer, OBJET 260, was utilized to print 3D models. Results Two 3D printing cardiac models with
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different segmentation methods demonstrated not only the anatomic abnormalities, but also the spatial position of

ventricular septal defect and two great arteries. No difference was found between model A and model B in the width of inner

diameter in the aorta (8.44 and 8.42 mm, respectively), and pulmonary artery (12.81 and 12.73 mm, respectively), and

ventricular septal defect (14.51 and 14.18 mm, respectively). The conus artery of model A was significantly longer than that of

model B (7.21 and 6.32 mm, respectively). Conclusion Model A clearly shows the spatial position of the great vessels through

hollowing and wrapping, but the 3D printing model A might hide or mislead some intracardiac information during the post-

processing. Model B precisely shows the intracardiac structure, including conus, the location of tricuspid valve, papillary

muscle, etc. Converting the DICOM data into accurate 3D printing cardiac models is the key of image processing. The 3D

printing model based on cardiac CT image is very effective for assisting the diagnosis of complex CHD.

Keywords: congenital heart disease; three- dimensional printing technology; image segmentation; region growing method;

threshold method
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a: Blood pool image segmented by region growing method; b: Myocardial image segmented by
threshold method; c¢: Anatomical structure of the heart of model A from the right ventricular
section); d: Anatomical structure of the heart of model B from the right ventricular section
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Fig.1 Comparison of the three—dimensional (3D) cardiac structure of two segmentation models

a: Measuring ventricular septal defect of CT transverse image; b: Measuring the size of ventricular septal
defect in model A with vernier caliper; c: Measuring the size of ventricular septal defect in model B with
vernier caliper
B2 S =B RERIRKE
Fig.2 Measuring the length of ventricular septal defect

F1 ICBRAEEGSE G EHEEGENHO3DEREBEE (mm)
Tab.1 Comparison of the accuracy of 3D double—outlet right ventricle models with different

image segmentation methods (mm)

Item Model A Model B Measurement of CT
Aortic inside diameter 8.44 8.42 8.45
Pulmonary artery 12.81 12.73 12.77
Ventricular septal defect 14.51 14.18 14.10

Conic 7.21 6.32 6.63
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