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Convergent Study of Personalized Modeling and 5-Axis Machining
Technology Using Patellofemoral Bone DICOM Image
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Abstract DICOM images of patellofemoral bones were converted into a stereolithography file, and a Unigraphics
CAD program was used to create a CAD modeling in which there exists point, line and facet information. The
modeling extraction of joint facets was performed by linking two adjacent points into lines in the stereolithography
file by using the Unigraphics rapid spacing function and then linking the lines into facets to complete the entire
modeling. This modeling extraction was performed based on the anatomical knowledge of joint facet directions. As
a result, a personalized space modeling and solid modeling were produced for the joint facets of patellofemoral
bones. This was followed by a CAM control computing operation of solid modeling on graphite materials and 5-axis
machining of patellofemoral bones. That is the description of a method for a personalized implant modeling by using
DICOM images of patellofemoral bones.
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Fig. 1. DICOM volume data of Patellofemoral bones
and volume rendering images.

F=d doElFem s 593 o] 2 A
ady] s ddstn Fehe fuagdes
(Unigraphics) ZZ130l|A] & E(solid) ZES A
AskSith. Fig. 2 @733hd Sel= 2y 9)=aqA
(Work NC) Z2a#le|x] FFAZE #|o(tool)d}2L 5
% 7S Eotol w48 55 rheesinh

o8 4

HEHED+>F ]

This figure shows (a) volume rendering, (b) stl file and (c)

Unigraphics import file.

Fig. 2. A shape of patellofemoral bone extracted
in the 3D image
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Table 1. Machining materials, tools and machining methods

information Graphite material Material Size (mm)

FLAT Tool number

BALL Tool number

Processing method

Contents ELLOR + 25 85 x 73 x 65

6, 10

6

5-axis

=
Ao AHEE 9594 E52 640 Multislice
CT(Aquilion ONE, Toshiba, Japan)#x], &4 7}&-2 5
% 78X (RXP 600 DSH, Roders GmbH, Germany) &
A3 Fig. 3

Fig. 3. Computer Tomography equipment &
5—axis machining unit!™®

SAAE A doEFEM gy FES
Terarecon(AquariusNET, TERARECON, USA)Z=1
e AMgsGon, mdy AAel REuus
Unigraphics(NX11, Siemens, Germany), 5% 7}& 4%
Ao]= WorkNC(Auto 5, Vero Software group, France)
Z2 S ALS SISt drkE]FE P S
2 2AA7)E 8 x 73 x 66 mm otk 7H e
e 0w Aaketgl oM AREE Tt H(flat)

This figure shows a process of (a) extracting lines that link two points, (b,c) arbitrary facets formed by linking the lines; and (d,e) the facet of the

same surface on the entire joint facet.
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Fig. 4. A modeling process of the surface of a joint facet using the Unigraphics program
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This figure shows a precess of (a) modeling an extracted surface of the joint facet and (b,c) modeling a three—dimensional solid shape, and (d,e)
a process of comparing the original stereolithography modeling and a newly created solid modeling.

Fig. 5. A process of designing surface modeling with solid modeling and confirming the designed surface
modeling
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3.3 CAM(Computer—Aided Manufacturing) tool
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This figure shows (a) a modeling with setting facets created (arrowhead-machining support, arrow-setting facets), (b) a CAM tool for 5-axis
machining control (yellow ling), and (c,d) the shape of 5-axis machined graphite.

Fig. 6. Setting facets for solid modeling machining, a CAM control tool and 5—axis machining shapes
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This figure shows (a) graphite materials (yellow box), (b) tools under machining conditions (red arrow), (c) 5-axis machining shapes and (d) tools
used in the experimentation

Fig. 7. A process of 5—axis machining that uses graphite materials and the tools used

Table 2. Comparison of the Computer Aided Manufacturing(CAM) work computation time for the modeling

unit: time
» time(hour : minute : second)
process condition CAM calculation time manufacturing time

rough manufacturing 00 :01:51 00 :33:21

manufacturing semi-finishing 00:07:26 00:09:33

finishing 00:38:29 01:23:01

total time 00 : 47 : 56 02 :05:55
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