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General Procedu

Creating Medical

RP is a technology that produces models and prototype parts from 3D
CAD model data, CT and MRI scan data, and model data created from 3D
object digitizing systems
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Partial Volume
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d The DICOM image contains number of pixels.

1 Pixel value represents the proportional amount of x-ray energy
that passes through anatomy and strikes the detector.

The information contained in each pixel is averaged so that one
density number (or Hounsfield unit [HU]) is assigned to each
pixel.

O If an object is smaller than a pixel, its density will be averaged
with the information in the remainder of the pixel.

O This phenomenon is referred to as the partial volume effect or
volume averaging. It results in a less accurate image.

O Partial volume effect arises due to matrix size, field of view
(FOV), voxel size, Layer Thickness and Interval Thickness.
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» Generally 256x256, 512x512, 1024x1024 matrix sizes are used.
» Based on this matrix size the image is constructed, while tissue size is constant

» DICOM image errors depend on length of the square. Because after converting
stl file from this DICOM images, each square is divided into two triangles. These
triangles height gives the error of RP model

» Example: 512 x 512 mm?area of the tissue is considered for constructing the
Image
O If selecting 512x512 matrix. In this each square the tissue is selected with 1
mm? . Here error is Imm

O If selecting 256x256 matrix. In this each square the tissue is selected with 2
mm?. Here error is 2mm

O If selecting 1024x1024 matrix in this each square the tissue is selected with
0.5 mm? from this error is observed 0.5 mm

» From the above example to minimize the error we have to choose 512x512 or
1024x1024 matrix size
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- HU Selected Area ‘ Tissue Area

« Partial Volume effect is reduced by decreasing the pixel size
* In the RP process the RP model error depends on pixel size because these
pixels are divided into two triangles inthe “.stl” file .
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> Field of View (FOV): area of the tissues covered to construct
the image Is called Field of View (FOV)

»Based on this area the image Is divided into number of pixels
» Field of View (FOV)= Matrix size X Pixel size

» Example: Suppose while taking the CT Scan of the mandible
height of 10cm, a radiologist considers the full skull height of
30cm.

» If the image is constructed in both cases by 512x512 matrix , for
10cm FOV the pixel size assigned is 0.19 mm. similarly for same
matrix size for 30cm FOV the pixel size assigned is 0.58 mm.

> If Pixel size increases accuracy of the RP model decreases

» From the above observation we have to choose less FOV to
construct the image in order to capture the required coverage area.
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Voxel size: It represents a volume element . VVoxel is the volume
of pixel size area and X-Ray beam attended (Z — Axis direction)
distance or slice thickness.

The voxel is a cube of data. All of the data within the voxel are
averaged together to result in one HU. So Voxel size also plays a
vital role in partial volume effect.

Volume element
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In the voxel element Z axis—will be longer than either the X or Y
dimensions. Therefore, the slice thickness will play an even
larger role in volume averaging than matrix size.

2 mm slice thickness voxel Two 1 mm slice thickness
element voxel elements

March 2013 DICOM International Conference & Seminar



Partial Volume Effect due to
Thickness and Interval Thic

|layer thickness \/

IISsMg areas
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From the above observation to minimize the errors in RP model, we
have to choose smaller layer thickness and interval thickness.



Dumb-bell effect

—— Proper threshold value
—————— Larger threshold value
— Smaller threshold value

External measurement

Digital Imaging and Communications in Medicine

Internal
measurement

Neutral measurement

-

A smaller (or larger) threshold value than the true value ends up adding
(subtracting) an additional layer to (from) the original boundary it is called

dumb — bell effect.
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Linear measurements of mandible
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Actual
Dimensions
Matrix Size

Layer Thickness

Interval
Thickness

Field of View

threshold value
in MIMICS
software

Measured with
vernier
256 X256

512X512
1024X1024
0.6 mm
1 mm

5 mm
0.6 mm
1 mm

5 mm

30 cm

10 cm
220 HU
226 HU
230 HU

96.62

95.58
96.60
96.81
96.42
94.55
93.11
96.22
93.51
91.12
96.45
96.58
94.12
96.11
98.21
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93.29

93.10
93.15
93.50
92.90
91.10
90.11
92.70
91.12
90.26
92.10
93.15
91.21
93.12
96.57

23.85

23.16
23.72
24.21
23.15
21.48
20.67
23.24
20.54
19.38
23.12
23.65
21.11
23.15
25.69

23.45

22.12
23.33
23.87
23.11
21.35
20.39
23.12
21.11
19.73
22.84
23.12
21.21
21.10
25.19

14



Conclusions
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J While taking CT image the following parameters are considered to produce
good quality RP model

v'Select 512x512 matrix size to construct the DICOM image

v'Partial Volume effect is reduced by decreasing the pixel size, selecting
smaller volume element and chooseing smaller layer thickness and interval
thickness

v'Choose less FOV to construct the image and capture the required coverage
area.

dFor CT scanning to reduce the Partial volume effect, for a matrix size of
512x512, pixel size being 0.463mm x 0.463 mm, voxel size 0.463mm X
0.463mm x 0.6 mm, layer thickness is 0.6mm and interval thickness is 0.6
mm. similarly to reduce the Dumb-bell effect, the threshold value for bone
tissue 1000 HU, in MIMICS software 226 HU.

Qin this study, it is observed that a dimensional error of £0.4 mm occurrs by
comparing human anatomy and 3D model generated in MIMICS software
using DICOM images.
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