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Project Summary

Development of a fusion diagnosis method of multimodal skeletal

Title of Project . . .
images and its supporting software frameworks

Key Words Nuclear skeletal imaging, image registration, image fusion

Project Leader Kim Tae Sung

Associated Company

[Final goall

- Development of new method to diagnose bone lesions in images which are obtained from
nuclear and radio—graphic devices

- Development of the software framework to support clinical trials and researches based on|

the developed method

[Contents]

- Inter-working between lesion image extracted from the bone scan, and three-dimensional
volume(CT, PET) images

- Development and sharing of new software framework to support clinical researches.

- Verification of accuracy and feedback of 2D and 3D fusion system

- Evaluation of bone scan visualization

- Distribution of the developed software framework

[Products]

— Quantitative product
- SCI paper : 1
- Conference proceeding : 3
- Intellectual property : 2

- Qualitative product
- Reduction of monitoring and diagnosis time for bone scan images, and improvement of]

accuracy.

- Development of phantom analysis software to control quality of PET/CT images
- Persistent data management and improvement of additional functionalities
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> Attenuation coefficientE WF 3t MIP(maximum intensity projection) ¥ & A&

2

sted W PET®] AWl $HR 239l 44 85
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{coef. =0.154+(1.52x 10" ") x HU (HU<0)
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DICOMSDL Comparison

Build database of 48,000 DICOM files in 5.7 gigabtes 79 sec 190sec”

Extract values from 1,800 files in 130 megabytes 1.53 sec 357sec”

1) Conquest DICOM software based on UCDMC DICOM code
(http://www.xs4all.nl/“ingenium/dicom.html)
2) Grossroots DICOM(http://sourceforge.net/projects/gdcm)
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Introduction agsung ange

Digital Imaging and Communications in Medicine (DICOM) is a standard for managing informations in medical imaging developed by American
Callege of Radiology (ACR) and Natianal Eleetrical Manufacturers Association (NEMA). t defines a fle format and a communication protocal over
network.

DICOM SDL is a sftware developed libraries for easy and quick development of an application managing DICOM formatted files. DICOM SDL is
writen in C++ and it allows to make programs that read. modify. write DICOM formatted fles without in depth knowledge of DICOM

DICOM SDL provides an extension madule for python and you may build scripts with pythan
DICOM SDL can

- read/modfy/write DICOM formatted files
- read/modify/write medical images in DICOM fle. i fle encodes in raw format, jpeg/jpeg2000 format

DICOM SDL s especially optimized for reading lots of DICOM formatted fles quickly. and would be very useful for scanning and processing huge
numbers of DICOM fles

DICOM SDL eannot

« sendireceive DICOM over network.
« read files encodes in RLE format and JPEG-LS format

Get codes
You can get sources and binaries from hitp-//code google com/p/dicomsdl.
Installing

DICOM SDL needs cmake (www. cmake.org) to compile. DICOM SDL was successfully compiled and ran on following enviranments

- Microsoft Windows x86/x64 using Microsoft visual studio 2008
- Linux x64 (CentOS) using gec
- MacOS (ppc) using xcade 312
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> 7} 9% 3 point subjective scale ©]-&
-1 = poor quality, 2 = Equivocal quality, 3 = Excellent quality
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c ing Quality of i Enhancement method
omparing Quality of image IE EIM CLANE
Consistency 136 161 157
Soft tissue 126 158 153
visualization
Quality S
uaily | Bone to soft 150 144 143
factor tissue ratio
Abnormal to 133 164 152
normal ratio
Total score 554 627 605

%2 9% 4 9% 2

7 o T = 4—\
A i
s % 8
¢ : ¢ .4
- - - -4 - - -
Original ' 4 HN (score = 1)
R G g e WETR T T T
t t 1 % 1 t ] ] & 1
- 'y - - .
EHM (score = 3) CLAHE (score = 2)
a9 18 9 FAE B
H7b g 2 4 Ut
> Bt 7%
- interval ¥ 8}o] i g blind test
- Gold standard : consensus of 2 senior observer
> 37} 9% 3 point subjective scale ©]-&
1 = Decreased uptake
-2 = No change or equivocal
- 3 = Increased uptake or new lesion
> W7} A3 : CLAHE ¢i18]Z0] gold standardell 714 335+ 23S vehy
Kappa p value
HE 0.476 <.001
EHM 0.687 <.001
CLAHE 0.884 <.001
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Conventional DICOM dataset implementation

malloc ()

DICOM dataset implementation in DICOMSDL

A single memory chunk

Data element :'—b| String value “PATID”

Data element

malloc ()

[T =i

Data element :'—b| String value “201106”

Data element

malloc ()

Data element :\—»‘ Numeric value ‘512‘

Data element

malloc()

Data element Numeric value ’60.1"

malloc ()

~|_\\) 201106
’__|_’__’/) 512

: | pixel data

et ssenen | o

Data element :|—>| Binary data - pixels

New element (malloct) )
Data element String value “SECOND. |
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Hard-disk drive*  DICOMSDL
DCMTK

Grassroots DICOM
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* JPEG-2000 codec from OpenlPEG library was used; T JPEG-2000 codec from Intel® IPP library was
used; ¥ JPEG-2000 option is not available in free DCMTK version.
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dicomfile *dcmfile

demfile = open_dicomfile ("img001.dcm");
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; PatientName;
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return; if (cond.bad())

PatientName =

g

> to

close_d

file return;

string ("}

if (df.g
DemTagKey

icomfile (demfile) ;

()->findAndGetString (

A A A elnee) g o

zZzaggel Fege el

Grassroots DICOM —

std: j PatientName;
gdem: :Reader reader;

reader. 1 ( "img001.dcm"
if ( !reader.Read()

return;

&ds =

ataElement &de =
gdem:

if (de != ds.G
de .G 0)
PatientName = std
de. ()->GetPointer (),
de.GetBy ()->GetLength () ;
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Successive Whole-Body Bone Scans,

Comparison of Image Enhancement Methods for the Effective Diagnosis
in Successive Whole-Body Bone Scans

Chang Bu Jeong,' Kwang Gi Kim." Tee Sung Kim,? 2nd Seok i Kim?

Whole-body bone scan is one of the most frequent
diagrostic procedures in nuclear medicine. Espacially, it
plays & significant role inimpartant procedunes such as the

ag
tumor response ta chemotherapy and radiation therapy. It

osseous metestasis end evaluation of osseous temor
response to chemotherapy and radiation therapy, It
can elso be used to monitor the possibility of any
recurrence of the wmor, Most patients with bone

: passibility of any
of the tunor. However, it is & very tims-consuming effart
for radialogisss to quantify subtls intarval changes betwsen
successive whole-body bone scans because of many
varintians sush as intansity, gscmetry, and morghalagy. In
this paper, we presant the mast effective mathod of imags
erihancement basad on histograms, which may assist
radiclogists in interpreting successive whols-bady bone
scans gt i ¥ bone
stans from 10 patients ware chisined and avalusted wsing
six methods of image snhancament based on histegrama:
Histogeam AT ” B 5 bi-histog
iz adaptive hi egualiza-
tion, end-in search, histogram matching, and sxact histo-
gam matehing [EAM|. Carmparison of the rasults of the
Sfferent methods wes made using three similarity mes-
sures peak sig ise ratio, hi [ ion, and
structural similarity. Image erhancement of successive
bane scans using EHAM showed the best rasuits out of the
six methads measured far il similedty measures. EHM is
the best method of imege enhancement based on histo-
grama for disgnosing successive whole-body bone scana
The method for successive whols-body bons scans has the
potential to grestly assist radiclogists quantily interval
chenges mors end guickly by ing far

regularly receive @ whole hody bone
scan within & months to 1 yeer, in order to identify
the extent of the increase or decrease in bone
shnormalitics by detecting and/or quenti
chenges in successive bone scans. Thereft
ABGISL N & more ac i 3
ment of 8 new bone ebrormality or any changes to
the existing ebnormality,

However, 3 major drawback to the disgnosis of
successive bone scans is that they display varne-

of the patient and/or the gamma camera throughout
the entire series of scanning sessions. This vane-
tion in intensity is caused by changes in the
accumuistion of radioisotopes during esch exami-
nation, the image guality of the gamma cemera,
and the volume of water intake or the response to
drug treatment of each patiest. The verdation in
morphology is caused by changes i the image

the varisble nature of intensity infarmation. Consequently,
it can improve radiclogists’ dagnastic sccurasy as well as
reduce reading time for detacting interval changes.

KEY WORDS: Successive whole-body bone scans,
Image Exact hi i
Sirmilerity measura

INTRODUCTION

hole-body bone scan or bone scintigraphy
15 one of the most disgnostic pro
nuclear medicine. It plays a significant role in

ures In
importent procedures such s the dingnosis of
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Fig 1. Diagram of “virtual bone scan” reconstruction algorithm

. wAa e
PET £
SRR .
ey n
"‘4§$A)H gy ‘
‘ cr }_.‘ o
HaHe
A

Fig 2. Conversion equation between HU value from CT and coefficient for gamma-
ray with 141 keV (Tc-9am)

coefflinj.k) = HU
— HI

+0.08 HU(Gd) < 090 44,
015, HUGjk) = 09) 3%

|~I1J

I Result
# PET/CTE 01B310 e s
T BB Zuw HHRSY N3 A2
oiM TEE £ loiCh HAD TN 5
AT R4S BAIEIAC (g 3)
Fig 3A.

1t T 1

Fig 3A. Source Image (F-18 Bone PET and CT). B. Maximal Intensities
Projection View C.D. Anterior and posterior projection view with simulated
attenuation

[l Conclusion
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Comparison ofimage enhancement methods for the effective evaluation of interval changes in successive whole-body bone scans
: Clinical study of nuclear physicians'performance

Hai-jeon Yoon', Tae-sung Kim', Seok-ki Kim', Chang Bu Jeong?, Kwang Gi Kim?
Department of Nuclear Medicine, 2From the Biomedical Engineering Branch, Division of Basic & Applied Sciences,

National Cancer Center, Goyang, Republic of Korea

Introduction

+ Whole-body bone scan is the most frequently used in

of i

- e p ‘method of imags

based on hi

, whi assistradit in
ty; HE, EHM, and CLAHE

body bone scans

“The purpose of this study was to assessand compared
WBES among 3 methods

o

Waterial and method
@ Subjects °

per interpreting

Results

Inthe 1stsession

- WBBS images of 29 patients
- From 4 to 12 successive WWBES per patients

+ Comparieg Quatiy o imsge
cane

o Methods
: Observer performance study
- Image enhancement methods
> Histogram equalization (HE)
» Exact histogram matching {EHM)
» Contrastlimited adaptive HE (CLAHE)
 All successive images processed with 3 methods|

- In the 1% session; Comparing quality of image.

Qunty Tactor Cansitangy 18

@ Example case of 1" session
i Excellent outcome of EHM method in the aspect of “Consistency maintenance”

1l 1 {HN (scors= 1)

ottt wismamtion| 125 | mm | 1

Bome o soft s el 202 | 12 | 1

ionormai 1o namat 13t
a

o e ss2 | s | s

» Consistency of intensity

> Degree of softfissue visualization

> Bone to softissue rafio

> Abnormal o normal lesion ratio
% By 3 point subjectivescales

+ EHM method maintained the most similar quality
level

@ In the 27 session

+ 1=Poar quality
+ 2=Equivocalquality

+ 3=Excellentquality

« Inthe 2° session; Comparing observer's performance
» Blindly assessed interval change
» Gold standard; consensus of 2 senior observer

+ By 3 point subjectivescales
< 1=lec
 2=Mo change or equivocal
v 3=Increased uptakeor newlesion

g sk

HE a47s aom
e nss «aom
s Qs <ase

- CLAHE method showed the most paweriul
agreementwith gold standard

Conclusion
-All 0f 3 methods sfficiently maintained the important quality factors and reflected interval changes in the
successiveWVBBS.

- EHM was the bestmehad in the quality maintenance, however CLAHE was the most reliable method for
ascurate inferval change detestion.
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