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1.  Introduction

3D printing technology is a type of technology to 
manufacture the digital data acquired through three-
dimensional scan or three-dimensional modeling by the 
additive manufacturing method. In the 1980s, Stereo 
Lithography (SLA) and Fused Deposition Modeling 
(FDM) were devised. Since then, derivative technologies 
have been developed and utilized not only at the level 
of prototype manufacturing but also as functional parts 
in various industrial fields1,2. The utilization of this 
3D printing technology has recently been expanded 

into the manufacturing of customized prosthetic legs, 
dental prosthetics, artificial vessels, bio chips other than 
tissue engineering scaffolds. In particular, 3D printing 
technology in medical fields utilizing the function of 
visualizing digital data can be efficiently utilized for 
advance planning for surgical operation and the tools 
for actual practice3. Siamese twin separation surgery 
performed in the U.S. UCLA Hospital in 2002 is the first 
typical case of the application of visualization4. 

The separation surgery depending on existing medical 
imaging took about 100 hours because of the complex 
structure of cerebrovascular and nervous systems, 
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whereas an operation was successfully finished in 22 hours 
by printing out MRI images via 3D printer, establishing 
a surgical plan and performing preliminary practices. 
In complex surgical operation, surgical simulation 
application based on this CT and MRI medical imaging 
technology has been utilized in preventing medical 
malpractices and increasing surgical efficiency.

This research intends to apply 3D printing technology 
using the visualization of medical images to this research, 
to output the 3D printing shape of carpus composed of 
several bones, which are the smallest and complex bones 
among human body joints and to confirm whether or 
not the shape is equivalent to the form. This can improve 
the quality of education by using a phantom equivalent 
to human body for medical education and training and 
clinically contribute greatly to establishing a diagnosis 
and treatment plan for patients.

2.  Materials and Methods

2.1 Methods 
DICOM (Digital Imaging and Communication in 
Medicine) image of carpus acquired using medical image 
was image-processed into three-dimensional data and 
converted into STL (Stereo Lithography) file that could be 
perceived by 3D printer. Photo Sensitive Liquid Polymer 
in a liquid state was irradiated and laminated by layer 
and a technology for building three-dimensional shape 
structure was applied5. To compare the precision of an 
output shape, the length of an output shape to medical 
image was measured using a measuring instrument for 
engineering. To compare the identity with the form 
of shape surface, a survey of five radiologists and five 
radiological technicians was conducted and the results 
were derived [Figure 1] [Figure 2].

Figure 1.   3D image of carpus by DICOM file.

Figure 2.   3D image of carpus converted into STL file.

2.2 Materials
The 0.5 mm Volume data of 640 Multi Slice Computed 
Tomography (640 MSCT, Aquilion ONE, Toshiba, Japan) 
was used in acquiring the image of carpus using medical 
image. Objet30 Pro-Desktop 3D Printer (Stratasys, USA) 
was used in outputting the shape via 3D printer [Table 
1]. Photo Sensitive Liquid Polymer in a liquid state was 
used as material for 3D printer. To embody 3D image for 
medical image, STL (Stereo Lithography) conversion file 
was created using Terarecon (USA) 3D program. The size 
of the output shape of carpus was measured using Digital 
Vernier Calipers (Mitutoyo, Japan).

Table 1.    3D printing used in outputting the image of 
carpus
Specification Size
Output bed  
Nozzle diameter  
Layer thickness 

300 mm x 200 mm x 150 mm   
mm  
28 μm (16 μm and more)

3.  Results

3.1 Measurement of the Size of Shape
To measure the size of an output shape, the length of the 
shape of carpus output after setting the 120 mm X 100 
mm original-sized bed using 3D image program was 
directly measured using Digital Vernier Calipers [Figure 
3]. The length of the longitudinal plane of carpal bones 
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was equally 120 mm and a transverse plane was 94.25 
mm, which represented the length measured actually 
within the size of the bed. This means that the size of a 
shape output by 3D printer in this experiment was the 
same as the length represented by medical image.

Figure 3.   The length of the longitudinal plane of carpal 
bone shape output by 3D printer.

3.2 �Evaluation of Anatomical Structure 
of the Shape and Articular Surface of 
Carpus

It was compared and evaluated whether or not the shape 
of carpus output by 3D printing was appropriate as the 
form seen on medical image. Each bone was described in 
terms of human anatomical features. 

Looking into the posterior and anterior of the 
output shape, five radiologists and five radiological 
technicians responded to presented questions [Figure 4]. 
A questionnaire was prepared that, among five responses 
established in terms of anatomical features of eight carpal 
bones, one response could be selected and evaluated. 
Eight among ten items included questions about whether 
or not anatomical boundary is made clear against the 
forms of each carpal bones and the neighboring articular 
surface. Two items included questions about whether or 
not the array of metacarpal bone and forearm bone and 
the differentiation of the overall articular surface are made 
clear. In the evaluation of overall sub-items, radiologists 
represented 16% for Good and 84% for Very Good and 
radiological technicians represented 2% for Mediocre, 
20% for Good and 78% for Very Good. In particular, 
all the two groups of radiologists and radiological 
technicians represented the projecting feature of medial 
hamate bone as Very Good. However, in the evaluation as 
to whether or not the articular surface of carpus is clearly 
differentiated, radiologists represented 80% for Good and 
20% for Very Good. Radiological technicians represented 
20% for Mediocre and 80% for Good. These are relatively 
low compared with other items. Five items to radiologists 
and four items to radiological technicians were evaluated 
as Very Good by all the evaluators. No item was evaluated 
as bad and the below by either of two groups [Table 2] 
[Table 3].

Table 2.    Questionnaire item for image specialists to compare output shapes18

Item Radiologists (Radiological technicians)  N =  5(5) 
Very bad  Bad   Mediocre   Good   Very Good

Is scaphoid the largest in body-side array and ship-shaped and jointed 
with trapezium, trapezoid, capitate, lunate and radius?

                                                   2(1)         3(4) 

Is lunate half moon-shaped and jointed with scaphoid, capitate, hamate, 
triquetrum and radius?

                                                                   5(5)

Is triquetrum pyramid-shaped and jointed with capitate and pisiform on 
palm? 

                                                    2(1)        3(4)

Is pisiform bean-shaped?                                                       (1)        5(4)
Is trapezium saddle-shaped and jointed with the 1st and 2nd   metacarpus, 
trapezoid and scaphoid?

                                                                   5(5)

Is trapezoid jointed with 2nd metacarpus, trapezium, capitate and 
scaphoid? 

                                                      (2)        5(3)

Is capitate jointed with the 2nd, the 3rd and the 4th metacarpus, trapezoid, 
scaphoid, lunate and hamate?  

                                                                   5(5)

Is hamate wedge-shaped and does it have coronoid process on palm?                                                                    5(5)
Is each articular surface of carpal bones clearly differentiated from each 
other?

                                 (1)              4(4)            1

Are metacarpus, carpus, radius and ulna in proper three-dimensional 
arrangement?

                                                      (1)        5(4)
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Figure 4.   Posterior and anterior of carpal bone shape 
output by 3D printer.

4.  Discussion

The CT equipment used in this research is medical 
diagnosis equipment used for different purposes6 such 
as diagnosis of various diseases, the selection of the 
scope of mass excision before surgical operation and 
the evaluation of surgical site after operation. 3D printer 
using the method of laminating polymer (or resin) in a 
liquid state on layer-by-layer basis and manufacturing a 
shape7 was selected to output the shape of DICOM data 
acquired by medical equipment. With the development of 
3D printer, the clinical usefulness of the model of broken 
bone for surgical operation was proved by numerous 
previous studies8–11. Conducted a study on applying the 
model of real shaped bone to surgical planning, the study 
of prosthetic techniques and the pre-education of surgical 
operation has been done using CT data12.

Carpal bones are very small and irregular in form 
and different in size. Also their several joints are adjoined 
to each other. So, carpal bones are advantageous in 
confirming the precision of 3D printer. The effects of 
learning about different forms are high in manufacturing 
a phantom. That is the reason why carpus was selected as 
the experiment target. However, there was a limitation that 

image specialists check the precision indirectly because 
of the absence of tools to measure the precision. Besides, 
there was also a limitation that a clear classification could 
not be made when the floating articular surface of human 
body was represented in a fixed shape. Eight shapes of 
carpal bones were output in a complete form without 
being separated. The three-dimensional shape structures 
of metacarpal bones and palm bones were difficult to 
visually differentiate from the shapes seen on medical 
image. 

In particular, the three-dimensional shape structures 
of scaphoid, lunate, triquetrum, pisiform, trapezium, 
trapezoid, capitates and hamate were properly represented 
consistent with each characteristic of the eight bones in 
convex and concave surfaces13. Since a human hand plays 
an important role in the human body, many researchers 
and engineers are trying hard to develop a robot hand 
with the function similar to the function of a human 
hand14.15. Further, the materialization of bone structures 
outside the human body and the resultant expansion of 
understanding are expected to benefit assistive technology 
area, exoskeleton robot area and rehabilitation area16–18.

5.  Conclusions

Based on a study on outputting the images of carpus 
represented using diagnostic medical imaging in the same 
shapes through 3D printer, the following conclusion was 
derived. This research identified that the size and shape of 
carpus seen on medical image was manufactured in the 
same form and real shape. As the results of measurement 
using Digital Vernier Calipers, it was found that the 
length was exactly consistent. Also, according to the 
results of an investigation of the anatomical form and 
structure of carpus by medical image specialists, all items 
were evaluated as Good and the above. This will increase 
an expectation of phantom learning in medical education 
and training by manufacturing a real shape of carpus 
of human body and furthermore, contribute greatly to 
establishing a clinical diagnosis and treatment plan.

Table 3.    Results of two groups’ evaluation of the overall items 
					                                                            (unit: %) 
Classification Very bad     Bad      Mediocre       Good       Very Good
Radiologists  
Radiological technicians 

0                     0              0                   16                 84 
0                     0              2                   20                 78
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