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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national stan

dards

bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical

committee has been established has the right to be represented on that committee. Interna
organizations, governmental and non-governmental, in liaison with ISO, also take part in the
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matt

tional
work.
ers of

electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenan
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteriatneeded f
different types of ISO documents should be noted. This document was drafted in accerdance wi
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the sub
patent rights. ISO shall not be held responsible for identifying any or all sueh patent rights. Det

te are
pr the
th the

ect of
hils of

any patent rights identified during the development of the document willhe in the Introduction and/or

on the ISO list of patent declarations received (see www.iso.org/patentsJ.

Any trade name used in this document is information given for the ¢onvenience of users and do
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific term
expressions related to conformity assessment, as weéll)as information about ISO's adherer
the World Trade Organization (WTO) principles in<the Technical Barriers to Trade (TBT
www.iso.org/iso/foreword.html.

This document was prepared by ISO/TC 26L~Additive manufacturing, in cooperation with
Committee F42, Additive Manufacturing Technologies, on the basis of a partnership agreement be

S not

s and
ce to
, see

ASTM
ween

ISO and ASTM International with the aimo create a common set of ISO/ASTM standards on additive

manufacturing. and in collaboration with‘the European Committee for Standardization (CEN) Tec
Committee CEN/TC 438, Additive manufacturing, in accordance with the Agreement on tec
cooperation between [SO and CENAVienna Agreement).

Any feedback or questions on this document should be directed to the user’s national standards b
complete listing of these bodies can be found at www.iso.org/members.html.

hnical
hnical
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Introduction

This document has been developed in close cooperation of ISO/TC 261 and ASTM F 42 on basis of a
partnership agreement between ISO and ASTM international with the aim to create a common set of
ISO/ASTM standards on additive manufacturing.

Digital imaging and communications in medicine (DICOM) image files cannot be used directly for 3D
printing; further steps are necessary to make them readable by additive manufacturing system. In

partidular, as the thickness of the computed tomography slice increases, there is a problem that the
error fin 3D reconstruction of the anatomical structure increases. Therefore, the focus of this technical
reportf is to automatically reconfigure the slice interval through the application of isotropic convernsion
technplogy to utilize the existing dicom file and visualization and editing software as it is. In dddition,
in order to present a method for optimized medical image data for additive manufacturing, tomography
metadata without compression is used by editing and processing the output format file without loss in
the AM equipment system, or tomography within the maximum allowable range of radiation. Consider
reducfing the spacing of slices as much as possible and increasing the resolution perfimage as much as
possible.

This dlocument benefits from the direction of development and high quality-additive manufacturing
output through the technical optimization of medical imaging for additive! manufacturing: medical
academics, clinic and industry fields for AM like as anatomical measurements, 3D analysis, finite
elemgnt analysis and surgical planning or simulation, patient-specificimplant and device design. There
are many affected stakeholder like as medical AM system manufacturer, AM feedstock manufacturer,
AM feedstock supplier and vendor, medical AM hardware jmanufacturer, medical AM software
manufacturer, medical AM system manufacturer, medical AM platform manufacturer, AM based medical
devic¢ manufacturer, medical 3D scanning and digitizing device manufacturer, surgical simulation AM
mode| manufacturer, AM surgical implant manufacturer, AM surgical guide manufacturer, AM physical
mode] for clinical education and diagnostic treatment, diSposable medical AM consumable devices.
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Additive manufacturing for medical — Data — Optimized
medical image data

1 anpp

This document includes the creation of optimized data for medical additive manufacturing (NNAM).
These data are generated from static modalities, such as magnetic resonance imaging (MRT), computed
tomography (CT). This document addresses improved medical image data, and medical imagg¢ data
acquisition processing and optimization approaches for accurate solid medical models; based op real
human and animal data.

Solid medical models are generally created from stacked 2D images output from medical infaging
systems. The accuracy of the final model depends on the resolution and accuracy of the original jmage
data. The main factors influencing accuracy are the resolution of the image,'the amount of image noise,
the contrast between the tissues of interest and artefacts inherent in thedimaging system.

2 Normative references

The following documents are referred to in the text in_such a way that some or all of their c¢ntent
constitutes requirements of this document. For dated~references, only the edition cited appli¢s. For
undated references, the latest edition of the referenced document (including any amendments) agplies.

[SO/ASTM 52900, Additive manufacturing — Genexal principles — Fundamentals and vocabulary

3 Terms and definitions

For the purposes of this document;the terms and definitions given in ISO/ASTM 52900 and the
following apply.

ISO and [EC maintain terminolegy databases for use in standardization at the following addresse$:

— ISO Online browsing-platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

31

CT

computed tomography
computediaxial tomography
radiographic scanning technique that uses a number of CT projections of an object at different angles in
ordeyto allow calculation of a CT image

[SOURCE: I1SO 15708-1:2017, 3.7]

3.2

MRI

magnetic resonance image

imaging technique that uses static and time varying magnetic fields to provide images of tissue by the
magnetic resonance of nuclei

[SOURCE: ISO 14630:2012, 3.5]
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3.3

polygon
planar surface defined by one exterior boundary and by zero or more interior boundaries

Note 1 to entry: Each interior boundary describes a hole in the surface.

Note 2 to entry: A single or group of polygons can be used to define a treatment zone.

[SOURCE: ISO 11783-10:2015, 3.13]

34
recor
proce

[SOUT

3.5
rendg
actior

[SOUH

3.6
ROI

struction
5s of transforming a set of CT projections into a CT image

2CE: ISO 15708-1:2017, 3.25]
bring
of transforming from a scene description to a specific output description/device

RCE: ISO 19262:2015, 3.213]

region of interest, sub-volume within an object or a CT image

[SOUT

3.7
segm
meth

[SOUT
in the|

3.8
volun
data ¢

Note 1
space.

[SOUH

3.9

voxel
voluny
three

[SOUH

RCE: IS0 15708-1:2017, 3.26]

ntation
d which partitions a surface or volume into distinct regions

XCE: SOURCE: ISO 25178-2:2012, 3.3.6, modified — ISO 25178-2:2012 had “scale-limited surface”
definition.]

e data
favolume in a 3D space

to entry: The description capbe'performed on the basis of density differences inside the three-dimensional

RCE: ISO 18739:2016,3/1.42]

e pixel
dimensienal cuboid representing the minimum unit comprising a three-dimensional image

RCEXISO/TR 16379:2014, 2.17, modified — "volume pixel" has been added as a second term.]

3.10
2D

geometry in a Xy-plane, where all the geometry's points have only x and y coordinates

[SOURCE: ISO 14649-10:2004, 3.1]
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3.11

DICOM

digital imaging and communications in medicine

international standard for medical images and related information

Note 1 to entry: It defines the formats for medical images that can be exchanged with the data and quality
necessary for clinical use.

Note 2 to entry: The Medical Imaging Technology Association (MITA), a division of NEMA, serves as the DICOM

Secretariat. The current DICOM standard may be found at: https://www.dicomstandard.org/current.

4 Medical images generation for AM

4.1 General medical image data generation

The start for image generation is to collect raw image data. This collects ragv<information abopt the
inside of the human body and becomes the basic object of all subsequent image processing tasks.|[n the
end, regardless of the image format, the data collection process detects physical factors, pre-pro¢esses
the collected signals and then digitizes them (see Figure 1).

Generation

B 4 N\ 4 M\ /S

Detecting Filtering Signaling Converting Dicom

J N J N % N

7

Segmentation Mesh Refinement —7
5

";2,4{ Repairing Smoothmg H Designing
Analysing Sorting [ Extracting [>|Presenting

( Segmentation Methods

AM
Q G ‘ Accuracy H Efficiency ||Compatibilft;
Visualization
2D Display 3D Display @
Qi Surface Volume Clinical preparation —
Projecting shading rendering prep

‘ Curing H Polishing H Sterilizing

Reconstruction Methods

Figure 1 — Process irom medical image to medical additive manufacturing

4.2 General error occurrence steps in medical images generation

With gradual technological advancement, many solutions for medical additive manufacturing are
emerging. However, research into the cause for resolving errors in medical additive manufacturing
output is still ongoing. The cause of additive manufacturing accuracy error occurs in the process
of converting the raw data to medical images and the process of converting 3D model data. Error
generation factors that occur during this conversion process are described in 4.3 for the most common
tomography systems.

© ISO/ASTM International 2022 - All rights reserved 3
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Additional errors may be generated by the process of converting DICOM or PACS data to the
computational formats used within segmentation editing software and saving the STL 3D mesh format
for use in additive manufacturing systems. When saving a customized STL file, all meta data that
defined colour, material, surface textures are lost. The lack of accuracy and precision for 3D data from
the scan systems, editing and modelling software can reduce the quality of an additive manufactured
medical device.

NOTE1 There can be other factors in creating errors when utilizing other image capture modalities, such as
ultrasound, digital microscopy, etc. not covered in 4.3.

4.3 |Medical image extraction

4.3.1| Introduction of medical image extraction

The gpality of a medical image depends on the degree to which the microscopic structure'of the human
body fan be accurately represented. According to the needs of the medical professional who requested
the tdmography, the layer spacing between the cross-sectional images is adjustediand photographed.
Based on the captured meta data, reconstruction through 3D visualization is petfermed to extract the
data ¢f the region of interest. In this process, the medical imaging tomography technology, imaging
condifions, and data conversion process will continue to affect the medi¢al additive manufacturing
output resolution.

4.3.2| CT image error generation factors

CT mpdality images use absorption coefficient parametersthat visualize the density of an image.
The cpntrast of hard tissue is more clearly expressed thanisoft tissue. Since sequential image layers
are olyitput as a series, 3D reconstruction is possible. Thekimportant factors that determine the image
qualitly are the accuracy of the CT reduction coefficient, which expresses the degree of attenuation
of a gubstance, noise, uniformity, spatial resolution,*contrast resolution, and radiation dose. It is
recompmended that the patient's exposure dose is-small, but it is very difficult to control the exposure
dose and image quality because it is directly related to image noise and density resolution. Adjustment
of radliation dose for each body part accordingito the patient's condition follows the clinical experience
and medical recommendations of the radiologist. This is an external factor that affects the medical
imagd data homogeneity.

— C[l matrix size: The digital medical image is stored as 2D pixels, and each pixel is converted into the
nhimber ofbits matched by thehtimber ofgraylevelsandrepresented. The CTimage size dependsonthe
ahatomy being examined¢sTypically, CT images have a matrix size of 512 pixels x 512 pixels x 8 bytes
(12 bits), and gray levelsrange from 512 pixels (28 bits) to 4 096 pixels (212 bits). A single CT section
r¢quires 512 pixels x:512 pixels x 2 bytes = 524,288 bytes of storage on the computer.

— C[f reduction cgefficient: The tissue weighting factor (W;) is a relative measure of the risk of
stochastic effects that might result from irradiation of that specific tissue. It accounts for the
variable radiosensitivities of organs and tissues in the body to ionizing radiation. To calculate the
effective-dosSe, the individual organ equivalent dose values are multiplied by the respective tissue
weighting factor and the products added. The sum of the weighting factors is 1.

— Bbhsed on the values of tissue mmighfing factors tissues are grmlppd into Fn]]nvving to assess the

carcinogenic risk:

high risk (W = 0,12): stomach, colon, lung, red bone marrow;

moderate risk (W; = 0,05): urinary bladder, oesophagus, breast, liver, thyroid;
low risk (W = 0,01): bone surface, skin.

— Spatial resolution: Ability to image small objects that have high subject contrast, CT has moderate
spatial resolution 20 Ip/cm.

4 © ISO/ASTM International 2022 - All rights reserved
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— Contrast resolution: Ability to distinguish between and image similar tissues, CT has excellent low
contrast detectability 0,25 % to 0,5 % difference in tissue attenuation.

4.3.3 MRIImage error generation factors

MRI uses a magnetic field that is harmless to the human body and radio frequency, which is non-ionizing
radiation. The principle is to image the density and physicochemical properties of the atomic nucleus
by causing nuclear magnetic resonance phenomenon in the atomic nucleus inside the human body. The

antag ] ifferefreea FrattE evera ‘; 0 a ,Such
as the density of the hydrogen atom nucleus, T1 relaxation time, T2 relaxation time, and bloodflojw, are
important parameters that determine the shading of the image. However, not only the distributiion of
the hydrogen atom nucleus, but also the molecular state of the contained tissue or the physical stjate of
the image varies. The MRI image looks at the distribution of spin density and is furtheraffected by the
T1 T2 relaxation time associated with the NMR (Nuclear Magnetic Resonance) phenothenon. Hoyever,
due to parameter elements for each MRI device, standard parameter settings are different for each MRI
imaging personnel and are external factors affecting image data homogeneity.

atrv a1t cl V 4 Datd O Ol C—0O Ot O

MRI image quality depends on resolution (matrix, field of view, slice thickness), signal noise|ratio,
contrast, artefacts. Especially contrast depends on the MRI scan parameter.

MRI resolution is the size of an individual pixel, the smaller it is/the higher the resolution. Thg MRI
matrix size is the number of pixels in the images. To improve the-MRI resolution, increase the matrix,
decrease the FOV, and decrease the slice thickness.

In the field of orthopedic surgery, MRI scan parameters areapplied in the following ranges of maxiimum
and minimum values of FOV, slice thickness, interslice gap;and matrix size.

Table 1 — Musculoskeletal MRI scan parameters

Scan section
Parameters - -
Shoulder Elbow Wrist Hip Knee Ankle
Field of view >16 1046316 61012 16 to 20 >16 >14
(cm)
Slice thickness >3 3 to 4 >3 3 to 4 >3 >3
(mm)
Slice gap (%) =10 >33 >33 >33 >10 >1(
Matrix size
(pixel) < 256 x192 <256 x 256 <256 x 192 <512 x 384 <256 x 192 <256 %192
pixe

— Signaldaioise ratio: The signal noise ratio is a measure that compares the level of a desired pignal
to the~level of background noise. For data acquired through magnetic resonance imaging, this
quantification is typically used to allow comparison between imaging hardware, imaging profocols
and acquisition sequences. In this context, the signal noise ratio is conceptualised by comparing the
signal of the MRI image to the background noise of the image. Mathematically, the signal nois¢ ratio
is the quatient of the signal intensity measured in a region of interest and the standard dewviiation
of the signal intensity in a region outside the anatomy of the object being imaged or the standard
deviation from the noise distribution when known. For example, field of view, scan parameters,
magnetic field strength and slice thickness, the signal noise ratio of MRI images can be increased
because these parameters influence the background noise.

— Image contrast: The repetition time (TR) and Echo time (TE) are basic pulse sequence parameters
and stand for ‘repetition time’ and ‘echo time’ respectively. They are typically measured in
milliseconds (ms). The echo time represents the time from the centre of the RF-pulse to the centre
of the echo. For pulse sequences with multiple echoes between each RF pulse, several echo times
may be defined and are commonly noted TE1, TE2, TE3, etc. The repetition time (TR) is the length
of time between corresponding consecutive points on a repeating series of pulses and echoes.

© ISO/ASTM International 2022 - All rights reserved 5
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Variations in the value of TR and TE have an important effect on the control of image contrast
characteristics. Short values of TR (less than e.g. 1 000 ms) and TE (less than e.g. 25 ms) are common in
images exhibiting T1 contrast. Long values of TR (greater than e.g. 1 500 ms) and TE (greater than e.g.
60 ms) are common in images exhibiting T2 contrast. Middle TR values (e.g. from 1 000 ms to 1 500 ms)
and middle TE values (e.g. from 25 ms to 60 ms) are common for density weighted contrast.

— Artifacts: Most common MRI artifacts were movement, Gibb’s, metal and slice overlap artifacts.

— Movement artifact correction: Breath holding, sedation, anesthesia, electrocardiographic trigger,

spatial RF pre-saturation, flow compensation.

— Gfbb’s Artifact (truncation, ringing, spectral leakage artifacts) correction: Softening filters, larger
agquisition matrix, smaller FOV.

Slice overlap Artifact correction: Avoid sharp angle changes between slice groups, increase a gap
between slices, apply different storage processes for images.

5 Image segmentation

5.1 |Introduction of segmentation

Imaggq segmentation is the process of partitioning an image into multiple labelled regions locating
objects and boundaries in images. It can be used to create patient-specific, highly accurate computer
models of organs and tissue. There are a number of image segmérntation techniques, which each have
advartages and disadvantages, but there is no single segmentation technique which is suitable for all
imagds and applications. Basic segmentation approaches rely*on the principle that each tissue type
has alcharacteristic range of pixel intensities. Hence, it isipossible to distinguish between tissues and
identify boundaries.

Imaggq segmentation refers to a process of grouping connected pixels having similar characteristics
among pixels constituting a given whole image. However, despite the many image processing methods,
there|are not many differences in the image.attribute information values of the anatomical human
strucfures, so there are many results that appear to be unclear or disconnected. If a modification is
made|to improve image quality, data corruption problems occur. In the end, it is necessary to improve
the sggmentation algorithm that can extract all ROI (Region of Interest) boundaries.

5.2 [Segmentation techniques

In thel 2D medical image, the,region of interest needs to be accurately divided so that the desired region
of int¢rest can be 3D visgalized. As a measure of image segmentation grouping, feature elements such
as corjtrast, colour compoenents, edges, texture, motion, and depth information are used. Many types of
segmentation algorithms are applied based on these indicators, and the image segmentation methods.
Thregholding-based algorithms, clustering-based algorithms, region-based algorithms, and level-set-
based algorithims are representative.

5.2.1| Thresholding algorithm

It is a method to divide into a thresholding range using a histogram. In this case, when a characteristic
of a pixel is a pixel value, a set of pixels with a result of 1 is called an object, and a set of results with a
result of 0 is called a binary image partitioning method. After determining the general threshold values
for bones and muscles, segments of all pixels larger or smaller are divided into groups, and segments
are sequentially processed. However, if there is no spatial characteristic of the image to make the noise
stronger, there is a method of segmentation using information associated with the local intensity.

5.2.2 Region growing algorithm

The region growing segmentation is a method of finally dividing the entire image by gradually
integrating and growing regions with the same characteristics from adjacent small regions. This is an

6 © ISO/ASTM International 2022 - All rights reserved
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algorithm that regards the starting point of region growth as a seed, and if the similarity is greater
than a certain threshold, it is regarded as the same region. In the case of an image in which adjacent
pixel values change very little continuously, an incorrect segmentation performed. Therefore, by using
the average feature of the entire integrated area to date, a boundary area larger than a threshold value
can be determined by comparing with the information of the next integrated object pixel.

5.2.3 Morphological image algorithm

hrimage-analysis;expressingtheregionshape tusestheconceptofmathematieatmorphologyasatool to
extract useful image elements. The language of mathematical morphology is set theory, and itprgvides
an intensive and useful method for image processing problems. Frequently used logical opératiofs are
AND, OR, NOT, and they are executed between pixels based on the corresponding pixels-of‘the image.
Useful methods in binary morphology are dilation and erosion opening and closing. In.the appli¢ation
stage, it serves to extract image components useful for expression and descriptionofthe form. [n the
image component extraction step for application, it is used together with the morphological algorithm to
extract the boundaries, the connected elements, and the skeleton of the region™¥or example, boupdary
extraction, area filling, and connection element extraction.

5.2.4 Level-set algorithm

The level set processing is a segmentation method that creates contour lines by connecting pijels of
the same characteristic in a 2D image surface with a curve andimaintains the natural shape through
grouping and connection algorithms of the same area. This miethod distinguishes more accuratg pixel
values and enables easy division by implementing grouping easily. This can be implemented easily and
smoothly when the polygon is applied to a 3D model through an extended application.

5.2.5 Other partial segmentation algorithm

There is a method of directly displaying an atea (clustering) on the input image. Conversely, there is
a method of moving to a specific space, dividing, and then extracting back to the original imdge. In
addition, there is a method of subdividing\a region in which features are not uniform, using the pntire
image as a starting point, and finally stopping the division in a region in which all pixels are unjform.
Finally, there is a method of defining a uniform region after extracting a closed curve using onlly the
extracted edge information.

6 Reconstruction

6.1 Introduction'of reconstruction

It is difficult to-distinguish the anatomical correct structure or the location of the lesion insidle the
human body by using only the basic data obtained by the medical tomography equipment and th¢ two-
dimensiona} cross-sectional image. Therefore, it is necessary to reconstruct in three dimensigns to
accuragely grasp the location and structure of the lesion, the structure and size of each organ, apd the
treatment site.

672 Reconstruction process

Reconstruction is a series of processes to scan the 2D medical image through CT MRI equipment to check
the lesions in the human body and visualize and extract the segmented data of the obtained 2D medical
image series in a 3D shape. In particular, it is defined as a process of removing the cause affecting the
sample shape measurement result from the image and obtaining an estimate of the measured sample
surface topography. Specifically, it is composed by filling the three-dimensional surface with triangular
polygons according to the phase difference, when the outline of the section of the visually divided region
is connected in the vertical direction, and the quality of the digital shape is determined. This implies
that it is necessary to perform a proper division process in multiple steps in the previous step, and the
visualization output process for confirming the result also be performed multiple times. However, it is
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neede

d to be distinguished from image reconstruction in 2D medical imaging and 3D reconstruction of

3D models.

7 Smoothing

7.1
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Marching cubes

r case the 3D function is defined point wise and is called Vxels). It works by “marching” over the
3D region which has been divided into cubes. The vertices of the cube are the voxels.

|gorithm then computes whether a triangular surface passes through this cube or not.,Through
arching cubes algorithm, the extracted region of the medical image consisting of vokels can be
rted into a mesh-type data structure.

Mesh smoothing

eral, since it was converted to a mesh through DICOM voxel, it basicallymaintains the shape of
hhedron. Therefore, it is necessary to apply a method of representing a’smooth surface through
ecification of a coarse polygon mesh. Smooth surfaces can be computed from coarse meshes as

a limitation of the iterative process of subdividing each polygon faceinto smaller faces closer to the

Smoo

h surface (see Figure 2).

a) Beforemesh smoothing b) After mesh smoothing

Figure 2 — Reconstruction of a) before and b) after by mesh smoothing

8 3

8.1

8.1.1

Dvisualization method
Surface rendering

Introduction of surface shaded rendering

The surface shaded rendering technique visually reconstructs the perspective of the anatomical
elevation of a shaded object through the reflection of light from the model surface, based on shape,

positi

on, light source, and viewpoint information. By analysing a combination of Hounsfield ranges

and segmentation techniques it calculates the location of surfaces separating anatomic tissue types. The
surface information is then used to calculate a perspective visualization based on selectable observer

8
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position and light source positioning. With the development of virtual lighting and shading technology,
it has been possible to create realistic anatomic images in real time.

8.1.2 Surface shaded rendering feature

Since specific scalar values are displayed as basic shapes on the volume data and rendering is partially
applied to the generated surface, the amount of data to be processed is not large and the speed of 3D
reconstruction proceeds rapidly. However, in displaying useful information of the entire cross-sectional
imvaaga datao xrfoca pma doi o 1102t nlircracific coalaw 2100 tolbacio clh o Th £ +h xz ernal
uuasc udid, ouridactt 1TIIvucTI 1115 ITIIIICO Ulll)’ DlJC\.lll\, olLdldl vdIutTo LU UdoIv DllalJCD. ITITICTCIULIC, UIIU TA

surface information is implemented, but it causes loss of information that cannot simultangously
express the independent shape of the interior, resulting in a reduction in the overall volume

8.2 Volume rendering

8.2.1 Introduction of volume rendering

Volume rendering is a visualization technique that creates an internal image. of a medical tomogjraphy
image using a volume data set, which is a set of 3D scalar intensity based on voxels. Voxels are[small
cuboid shapes in a three-dimensional space and have a colour density in that space. The vplume
information is a three-dimensional matrix structure of these voxels.'Data obtained by CT, MRI, CAD
(Computer aided design), CAM (Computer aided manufacturing)-and simulation can be transf¢rmed
into volume information.

8.2.2 Volume rendering feature

Volume rendering goes through the pre-processing.stage of data extraction, gradient applidation,
resampling to perform 3D interpolation, classification to emphasize the boundary by applying opacity,
and sequential synthesis process to combine numerous samples that assign colour to data into ope. As
a method of compositing, when a ray passes through each pixel and samples pixel values and positions,
there is a ray casting method, which is animage order that generates images by synthesizing the opacity
and intensity of voxels in which each ray lies in a straight line. In addition, there is an object|order
method in which voxels are searchedin the order in which the volume data is stored and synth¢sized
into pixels corresponding to eachvoxel. The basic unit on the 3D image, the voxel includes cooriinate
information on the X, Y, Z axis; eolour value information, density value, and opacity informati¢n. By
assigning opacity and shading to each voxel, and projecting and compositing these values, the¢y are
expressed in a three-dimensional image plane.

8.2.3 Ray castingteehniques

Ray casting is a-teechnique in which a virtual ray is shot at each pixel of the viewpoint plane in a[space
where volumeyinformation is located, and the result of blending voxels that the ray meets is §tored
in the pixelwhere the ray is started to generate the entire image. In this case, since the entire yoxels
are compared for each ray in order to determine which voxels the ray meets, the amount of wprk to
be performed is very large. Also, the larger the resolution of the image to be generated, the mofe the
amount of work is rapidly increased.

—8.24 3D texture mapping techmiques

This is a technique of applying a colour value corresponding to a 3D texture to a polygon in the space
when texture information about the 3D space is given. It uses a 3D texture mapping unit built into the
hardware. This creates a section at regular intervals in the space where the volume information is
located, and after mapping the volume information to the section in three-dimensional texture, it is
possible to obtain the final image alpha-blended the entire sections from behind.

The general method of execution is as follows. First, the volume information is stored in the graphic
memory as 3D texture data, and cross sections parallel to the viewpoint plane are generated at regular
intervals in the space where the volume information will be located. The generated cross-section
is mapped to a 3D texture stored in memory through a mapping unit. After that, the alpha-blended
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Cross

sections of the mapped sections are stored in the frame buffer and the contents of the buffer are

displayed on the screen. However, there are disadvantages in that the size of physical memory required
and the bus bandwidth inside the graphics hardware are very large, and it is difficult to apply a real-
time shading and early ray termination, anti-aliasing performance improvement technique.

9 Additional processing for additive manufacturing

In order to maximize the merits of medical additive manufacturing, it is necessary to convert, edit, and

proce
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Figur

5s visualization data. For patient-specific AM prosthetics, it is essential to design a 3D shape based
ual data inspection and consultation by medical experts. During the entire process of generating
al image-based data, data corruption is inevitable in the editing process. Data corruption i3 due
gap between the technician’s clinical anatomy knowledge and the medical professional's'data
ormation knowledge. Data transformation can continue to provide clinical anatomy»data and
ransformation optimal algorithms to examine how to solve them with machine learning.

[ethods

Image isotropic conversion

etically, getting more CT image enhances the quality of reconstruction since each CT data
tents information in the human anatomy. But, getting more data from CT scan is impractical due
fact that human body has the dose of x-ray radiation. Therefore, in most cases, CT images have
ent depth dimension, called anisotropic. This problem makes the voxel size not in a cubic shape,
causes:

air-step artifact reconstruction;
rinkled surface reconstruction;
boradation of original anatomy size, etc.

pic conversion is the method to normalize the CT volume voxel size. In order to make the same

spacing of CT data, this method ds-basically using a sampling method, by adopting specific
olation method such that the regulting volume has isotropic volume. In other words, this method
ing more data in between each slice such that the whole spacing size is the same. There are
il interpolation algorithms forisotropic conversion such as 1D nearest neighbour, linear, cubic, 2D
st neighbour, b-spline, bilinear and bicubic interpolation. We use b-spline interpolation because it
les more accurate interpelation in CT cases other than other interpolation methods.

e 3 and Figure 4-shows some examples of isotropic conversion. In Figure 3, the left image is

an anfisotropic CT data’ However, after isotropic conversion, as shown on the right of Figure 4, the

resolu
is pos
the is

tion of the imiage is increased, resulting smooth reconstruction from coronal view. In Figure 4, it
sible to see\that isotropic conversion also increases the surface smoothness of 3D modelling since
btropic data depth is larger than anisotropic one.

10
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Voxel

a) b)
Resolution: 512 pixels x 512 pixels x 94 images Resolution: 512 pixels x 512 pixels x 651 images
Spacing: 0,7 mm x 0,7 mm x 5,0 mm Spacing: 0,7 mm x 0,2 mm x 0,7 mm

Figure 3 — Reconstruction of a) before and b) after 3D medical data generated by isotropic
conversion

%)

Modality: MR
. Resolution: 320 pixels x 320 pixels x 94 im-
ages
Spacing: 1,19 mm x 1,19 mm x 3,0 mm
Interpolation Method: None

b)

) Modality: MR

| Resolution: 320 pixels x 320 pix-
els x 141 images

Spacing: 1,19 mm x 1,19 mm x 1,19 mn
Interpolation Method: B-Spline

Figure 4 — Isotropic 3D modelling result a) before and b) after

10.2 Image'enhancement

In medical imaging tomography, the noise is inevitable due to different imaging principles. Therefore, it
is necessary to remove these noises before segmentation to ensure a good quality segmentation result.

Gaussian low pass filter uses a normal distribution function to remove noise from the image, while the
Laplacian of Gaussian filter is a filtering method that highlights the edges ol the images. By doing So,
you can either remove the noise in the medical image or pre-processing the techniques that emphasize
certain areas to increase the quality of the final segmentation result.
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Figure 5 — Gaussian low pass filter a) visualization of 2D kernel b) before applying c) after

Figure 6 — Laplacian of Gaussi@t filter a) visualization of 2D kernel b) before applying c) after

applying

applying

C)O

10.3 Image segment{@l

Imag¢ segmentatio he process of partitioning a digital image into multiple segments. The goal of
medidal image s ntation is to simplify and change the representation of an image into something
that i more n@ ingful and easier to analyse.
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a) b)

Figure 7 — Soft tissue segmentation a) CT image b) Liver region of CT image

a) b)
Figure 8 — Soft tissue segmentation a) 3D visualization b) segmented vessel region of MR i
Extraction results inevitably include false positives (FP). Removal of these FP is necessary, whic

require different methods depending on the extraction algorithm.

For instance, in the-graphic to be shown the black area on the left a) is the FP area of the extr
of the bronchi,-and the results b) are effectively removed by tests. The importance of the FP re
process can beyfound in this example.

mage
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Figure 9 — Reduction the over segmented artifacts a) before applying b) after applying

11 Minimizing error of software and equipment

11.1 Introduction of software and equipment error

in regroducing the information on irregular real human body parts with organlc inflection pointscand
a plupality of sampled image data are inevitable. Assessing and reducing errors is ultimately rélated
to mefdical image quality, and therefore, a system that can be used for research and practical pubposes
needq to be established.

11.2 [Software error

11.2.1 Background

Imag¢ processing that utilizes an interpolation algorithm is applied to a section of an image composed
of several intervals; the algorithm is applied at intervals of no information. To interpolate a specific
sectign, the method of application of geometric information and slope or curve characteristics
deperlds on the number of shear and trailing slides referenced. The" error in interpolation without

are mfainly due to the uncertainty of the image informatién-itself that occurs during image acquisition
and inage processing. As image processing is performed during thresholding for segmentation, an

to a higher resolutionjmage and an X-ray image. The section profile is used as a verification reference. By
apply|ng the guidelines according to the characteristics of the anatomical structure to the certification
criterfa of the software created by the medical image enterprise, a basis for improvement of the quality
of 3D|medical’care can be provided. Methodically, it is possible to define error images by type and to
evaluite the quality through dimensional trueness evaluation between the result of correcting the
input jof Such error images and the actual standard data. The evaluation methods are based on volume
differpricé, maximum error of coordinates, average error, for intended of use and so on.

11.2.3 Improving accuracy and precision

An additional class of software errors is generated by the act of converting the image data from a
source capture system to DICOM PACs format to segmentation software to modelling software to print
preparation software to the MAM system software.

Lack of an automated method for recording and sending resolution, precision, colour, surface texture,
material and other key meta data affecting image quality from image source through the software
conversion process degrades MAM medical device quality. There is a need for an automated method to
maintain accuracy and precision as close to the original image accuracy and precision as possible.
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The following methodology can be used to optimize accuracy and precision of MAM produced medical

devices:

Replace use of the STL format with ISO/ASTM standard AMF format. Utilize the format’s extensible XML
meta data support to provide an integrated, accurate and reliable means of recording and transmitting

all relevant meta data from the image source system and each software application used to c
store, segment, edit and output the completed 3D image file to the MAM system.

reate,

Use segmentation and modelling software that can output the file and all related resolution, accuracy,

precision and functional parameter settings saved as meta data tags in the AMF file. Use mad
software applications to assign colours, materials, surface textures, multi-part assembly ofient
software parameter settings, application version history and any additional meta data created by
software application that may aid in improving the quality of the medical device.

The MAM system technician can utilize this meta data to optimize print preparation §oftware para
settings, select the most appropriate MAM system for producing the medical deyicé and configu
MAM system parameters to align with the meta data integrated within the imdge file. The MAM s
service provider can use this file meta data as input to its quality management system (QMS) req
by the FDA and EU for verifying and validating accuracy, precision and‘reliability of MAM pro
medical devices.

11.3 Equipment error

11.3.1 Background

Software error correction rate cannot reduce the erfor rate in an AM process. Even if the
equipment has different characteristics, it is necessary to have guidelines on individual calib
methods for the equipment. The calibration is performed by the phantom which the amount of
absorption is closely similar, it is needed to «¢alibrate the evaluation of each phantom model
phantom and simplified measurement drawing).

11.3.2 Standard computational mesh model data creation for an evaluation method

The printing result obtained through a series of processes is used as the phantom model entity
the medical image data (CT and,;MRI) generated in the foremost input step. After obtaining thg
output of the 3D data creatjon process and AM process and scanning this output and comparing i

elling
ation,
7 each

meter
re the
ystem
uired
duced

same
ration
X-ray
metal

from
» final
t with

the phantom mesh data, the final matching rate can be confirmed. In addition, the phantom mogtl can

confirm the accuracy for-data generation of medical imaging devices and optical scanning app
Therefore, calibration of equipment based on phantom model is also possible.

11.4 Tolerance'error situations

Although.thetolerance with regard to errors that may occur during the acquisition of the medical
data andythe allowable range from the AM device are described, in actual applications, dimen
toleranee is also important with regard to the material and post-processing.

= “data creation (segmentation);

atus.

mage
sional

— AM processing (mechanical tolerance);
— deformation and shrinkage (material properties);

— post-processing (polishing tolerance).
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A1l

The nmeasurements of Medical AM (additive manufacturing) output can provide a database liable
dimer]

and a
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Annex A
(informative)

Medical CAD for additive manufacturing tolerance

v

Purpose Q

)sional errors for each process. In order to perform it, it obtained a database by@mparing
halysing 3D model, AM model (scan data) and real model (scan data). Based on tl(g atabase, it
bped a standard phantom model for medical 3D printing not only to provide t portunity for

uipment or products of service provider but also to gain credibility (see Figuie ).

4. Standard « 5. Surgical Bio
1. Data Collection 2. Segmentation 3. 3D Modeling Medical 3D 3D System
Format Printing
{. | _J 7

Bio 3D System
Printing

A.2

ACT
precis
comp
scan 3

The p|
of mo
One t

Error
proce

hantom model, w can be a standard model, can be used with real human bones. Two types
del was prepared-for the phantom model from the actual human bone in the anatomy classroom.
pe of modelégnverted to STL by high-precision scanning of bone, and the other type of model
is conyerted fro e bone’s CT into STL by software.

5 occu gween the real bone and the data generated by software during the transformation

<
Figure A.1 — Standardization of me@\cal CAD for additive manufacturing
¥
xO
Procedure N
XS

scan was performed to acquirp@OM data of an Anatomy class’s real bone. By using the high-
ion scanning with the slice tof 0,01 mm, it obtained a standard model data of real bones to be
hred. We printed medicaléﬁlodel data from two types of data, which are CT scan and real bone

s shown in Figure A.2. C)

The r

mergingtw dt of CT nd stdrd oel teher. (Te stadr e acies e iheslvl f

ss,,(l eformations due to shrinkage occur in the material and equipment.
eSS

a¥alvVaa om 10 e A a 10 -Agn he ole a¥ala¥ilfa olo onto a a

high-precision scanning possibility.) Green means the exact match part with both of them, the part that
gets bigger in size than the real bone will turn red, and the part that gets smaller in size will turn blue.
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oy
O

Figure A2 »— Three (3D model, AM model scan data, real model scan data) file comparison
analysis process

A.3' Results

The results are atypical because of the difference between the instrument resolution and the image
quality of the CT. However, the CT data on the scapula-sized scale can range from 7 % to 8 % of the
real bone in general, which can reach to +4,0 mm in the maximum error area. The maximum error
of additive manufacturing is about +0,5 mm, and the error obtained by CT is much larger than the
tolerance of printer. See the figures from Figure A.3 to Figure A.8.
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A.3.1 Scapula: Real (ref) vs CT model
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Figure A.3 — Scapula: Real (ref) vs CT model deviation distribution

© ISO/ASTM International 2022 - All rights reserved


https://standardsiso.com/api/?name=f5c2eb8b8d705db2c0b2409872a271da

ISO/ASTM TR 52916:2022(E)

A.3.2 Scapula: Real (ref) vs AM model
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Figure A.4 — Scapula: Real (ref) vs AM model deviation distribution
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