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Medical Image Analysis to Determine the
Effectiveness of 6&teoporosis Treatment
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Abstract. This paper proposes a method for determining the
effectiveness of osteoporosis treatment by analyzinmedical
images. Osteoporosis is a bone disease that leadsah increased
risk of fracture. This method analyses bone densitghanges over
a time period, by extracting cortical and trabecula bones from
medical images and comparing their density on a méchl image
taken at the beginning of treatment and after theitme period.
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. INTRODUCTION

Osteoporosis is a bone disease that leads to aeased
risk of fracture. In osteoporosis the bone minetahsity is
reduced and bone microarchitecture deteriorates. dffect
that osteoporosis has on a bone is displayed in Eigrhe
areas of the bone architecture that are most affedty
osteoporosis are the trabecular (spongy) bone fanddrtical
(compact) bone, where the trabecular bone is tbagglike
bone in the ends of long bones and vertebrae, lenddrtical
bone is the hard outer shell of bones. Osteoporasises the
thinning of the cortical bone and deteriorationt@becular
bone structure.

The diagnosis of osteoporosis can be made usimgachines,

conventional radiography and by measuring the buimeral

density (BMD). The most popular method of measuBhgD
is dual energy x-ray absorptiometry (DXA or DEXAD][ In
addition, the diagnosis of osteoporosis requirgestigations
into potentially modifiable underlying causes; thimy be
done with blood tests.

An important part of treating osteoporosis is lijds
changes (aerobics, weight bearing and other exs)ciand
there are several medications used to treat ostesipp
depending on gender. Now finding out whether tresimis
effective is another issue, because it has beenwrskimat just
knowing bone mineral density is not enough to deiee the
risk of a fracture [2]. Thus, to determine the efifleeness of
treatment it is also necessary to analyse the @saimgbone
structure during treatment. Although there are wdshthat
perform this analysis, they use sophisticated imggi
equipment like high-resolution peripheral quaniiat
computed tomography (HR-pQCT) or high-resolution
magnetic resonance imaging (MRI) [3], but so faesth
machines are very rare.

This paper proposes a method
effectiveness of osteoporosis treatment by anaymiedical
images acquired using conventional computed tonpdgra
which can be found in most hospitals.

to determine the
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Il.  THE PROPOSEDMETHOD

The proposed method analyses the medical imagesredq
by computed tomography and saved in DICOM forméuictv
stores additional information about the patient atie
radiodensity of all the pixels.

The areas of the bone that are most affected l@ppestosis
and are visible on the medical images are the ¢rdhe and
cortical bones, so that the proposed method focosethese
areas. The analysis of the medical image consisteweral
stages: the cortical and trabecular bone extraciot bone
density comparison.

A. Cortical Bone Extraction

The first step in extracting the cortical bone frahe
medical image is the segmentation of the medicaginto
find which parts belong to the cortical bone. Tisislone by
analyzing the radiodensity of pixels in the imagehe
radiodensity of a cortical bone is usually morentd@0Hu on
a Hounsfield scale, but an operator can also defieg own
radiodensity threshold. Using these values we sagrie
image to find which pixels belong to the corticainle and
blacken all other pixels, so that only the cortitane is
visible. Fig. 2 shows the segmented medical imageijt is
seen on the segmented medical image (b), the segtioen
process also leaves some of the pixels that dbelong to the
cortical bone, this happens because the radiogeosithese
pixels is similar to the radiodensity of the bone.

To remove all of these pixels that do not belongthe
cortical bone, all of the pixels in the image aoing¢d into

separate clusters by using a region growing algworitwhich
joins all the adjacent pixels into clusters. Thers inecessary
to find which clusters contain the cortical bona.iAAis seen in
the medical image (Fig. 2.), most of the pixelsttbda not
belong to the cortical bone are located on theobotbf the
image and belong to the motorized platform, on Wwhice
patient lies, and the cortical bones are locatethertop. As a
result, the proposed method picks the four topnobssters
(two tibia bones and two fibula bones), that cantad less
than 50 pixels, and these clusters are consideredritain the
cortical bone and they are saved so that theyatan be used
in the trabecular bone extraction and bone dewsityparison.

B. Trabecular Bone Extraction

The first step in extracting the trabecular bonenfrthe
medical image is the selection of all the pixekst thre located
inside the cortical bone. That is done by using ¢betical
bone clusters found during the cortical bone exmacAll the
pixels that are located inside the cortical bonestelrs are
selected using the region growing algorithm: stagrtat the
centers of the cortical bone cluster, all of theets that do not
belong to the cortical bone and do not go outsidedortical
bone are selected.

All that is left is to remove the pixels that dot ti@long to
the trabecular bone from the selection. This is eddoy
defining a radiodensity threshold of the trabecudane and
removing all of the pixels from the selection tffiat outside
this threshold. Fig. 3 illustrates the trabeculand extraction

process.

Fig. 2. Cortical bone extraction, a) initial medicaage, b) segmented medical image
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Fig. 3. Trabecular bone extraction, a) all of tlie[s inside the cortical bone are selected, b)pilxels that do not belong to the trabecular baieeramoved

from the selection

C. Bone Density Comparison

To determine the effectiveness of osteoporosidrresat, it
is necessary to compare the cortical and trabedotare
densities on medical images taken at the beginrofg
treatment and after a certain time period (thregb>omonths).

To measure the bone density, we need to countuhwer
of pixels that belong to the cortical and trabectlanes that
were extracted from medical images. Then we sirapipare
the number of pixels on the medical images takernhat
beginning of treatment with the number of pixels te
medical images taken after a certain time period.

If within a certain time period the number of pxébas
increased, it means that the bone density hasaseceand the
bone has become stronger, in which case we carudEnthat
treatment has been effective. However, if withicegtain time
period the number of pixels has decreased, it mézatsthe
bone density has decreased and the risk of fracha®

increased, in which case the treatment has not bffective,
and the doctors should adjust their treatment ptawork out
a different plan.

Il.  EXPERIMENTS

The proposed method has been tested using a s200of
medical images acquired with conventional
tomography. The medical images contain the
extremities of a human being, and the experimest been
focused on the tibia and fibula bones.

The proposed method has enabled us to successhathct
the cortical and trabecular bones from the medinaljes and
to measure the bone density by counting the nurmbpixels
that belong to the extracted bones. Fig. 4 dematestrthe
results of extracting the cortical and trabeculamds from six
different medical images.

Fig. 4. Cortical and trabecular bone extractisuts
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Mihails Kovalovs, Aleksandrs Glazs. Medimisko attelu analize, lai noteiktu osteoporozearsteSanas procesa efektivitti

Petijums apraksta metodi, ar kurasigdbu var noteikt osteoporozéssteSanas procesa efekttit analizjot medi@niskos attlus. Osteoporoze ir smaga kaulu
slimiba, kas nemami atistas daudzu gadu laik Osteoporozes rezaté kauli Klast poraini un dobumaini, i€vojami samazias kaulu masa, tielist trausli un
viegli lust.

Piedivata metode veic cilska kajas kaulu medimisko atélu anaizi, lai apgkinatu kortikalo (bfivie kaulaudi) un trabekato (irdenie kaulaudi) kaulu iMumu.
Lai atrastu kaulu Bfumu, vispirms ir nepiecieSams segngembedidanisko atélu péc rentgencauskamibas, balstoties uz Haunsfilda skalada veidi atela
tiek atrasti piksk, kuri pieder kaulam, betep segmeriicijas uz attla parasti @ paliek dazi piksk, kuri nepieder kaulamapéc ka vipu rentgencaurskaiiba ir
lidziga kaulam. 3péc visi pikséi uz attla, kas paliek gc segmeriicijas, tiek apvienoti klasteros, uglak tiek atrasti tie klasteri, kuri satur tikai kayiksdus.
Talak, lai noteiktu kaulu Bumu, fsaskaita, cik daudz pikiseir Sajos klasteros. Lai noteiktu osteoporaus&Sanas procesa efektisitatliek tikai saidzinat
kaulu bivumu uz medimiskajiem attliem, kas bija izveidotiarstSanas procesalaima un [Ec kada laika (3 vai 6 @neSiem). Ja kaulu ums [gEc kada
laikabis palielirgjies, tadarstSanas metode ir bijusi efeka, pretja gadjuma, - ja kaulu bivums samazijies,- arsttSanas process nav bijis efefstunarstiem
ir jamainaarsttSanas metode.

Piedivata metode tika frbaudta uz 300 mediaiskajiem ailiem, un & spEja seknigi segmerit medidniskos attlus un noteikt kaulu Brumu. $s metodes
galvera priekSrodba ir ida, ka tai nav vajadiga saregita tomogifijas aparaira un var stdat ar parasto datortomagu.

Muxaui Kopanés, Anexcanap '1a3. AHaIu3 MeAHIIMHCKHX H300paskeHUl 1151 OLleHKH 3()(peKTHBHOCTH JIeueHHsI 0CTe0Nnopo3a

Jlannast pabota omuchIBaeT MeToJ ompenencHus 3(P(EKTUBHOCTH JEYCHHsI OCTEONOpo3a C MOMOLIBIO aHalM3a MEIMIMHCKUX H300paxkeHuit. Ocrteomnopos
SIBIISIETCST 3a00JIeBaHMEM, KOTOPOE CBSI3aHHO C TIOBPEXKICHHEM (MCTOHYCHHEM) KOCTHOW TKAHW W TPHBOJsINEe K mepeioMaM u aedopmaiu Kocreil. B
pe3yJIbTaTe OCTEONOPO3a KOCTH UCTOHYAIOTCSI, CTAHOBSITCS MEHEE IIPOYHBIMU U YIIPYTHMH.

TpeaoKeHHbBIH METOJ] WCIOABb30BAICA s aHadu3a MEAUIMHCKAX H300paKEHH KOCTeH HOT, sl TOrO YTOOBI ONPENCeIHTh O0BEM KOPTHKAIBHOM IUIACTHHBI U
TpabekysspHoro (rybuaroro) Bemiectsa. [l 5TOro cHavana HEOOXOAMMO CETMEHTUPOBATH MEAULMHCKAE M300paKEHHUsI [0 PEHTTEHONPO3PAYHOCTH B COOTBETCTBUH CO
mikasoit Xayacohuana. Takum 00pa3oM, Ha H300PAKCHUSIX HAXOSTCS MUKCETH, KOTOPhIE OTOOPAKAIOT KOCTH, HO MOCJIC CETMEHTAIMN HA W300PAKEHUAX YaCTO OCTAIOTCS
JIMIIHEE MUKCENH, MOTOMY YTO UX PEHTICHONPO3PAavyHOCTh COBMAJACT C PEHTIEHONPO3PAavyHOCThIO KocTeil. [109TOMy BCe NMUKCENM, HalJeHHBIE B XOJE CErMEHTAIHH,
00BEMHSIOTCS B KJIACTEPhI | Jlajlee HaXOJATCs KIIACTePhl, KOTOPBIE COZEPIKAT TOJIBKO MUKCEIN KocTeil. Jlanee Juis Toro 4tobbl HAWTH 00beM KOCTeH, Halo COCYUTATS,
CKOJIBKO MHKCeleil HaXoITesl B 9THX Kiacrepax. [ onpeneneHnst 3QGpeKTHBHOCTH JIeYeHHsI OCTEOINIOP03a OCTAeTCsl TOIBKO CPAaBHUTH 0OBEMBI KOCTEH Ha MEAMIIMHCKHUX
HU300pOKEHHAX, CACIAHHBIX B HAUYAJIE JICUYEHHs M MIOCJIE ONPEIEICHHOr0 MPOMEXYTKa BpeMenH (3 win 6 Mecses), Toraa eciu Iociie MPOMEXYTKa BpeMEeHH 00beM KOCTH
YBEIUUYMIICS, TO JiedyeHHe 3(GEKTUBHO, B MPOTHBHOM Cllydae, €Cli 00beM KOCTH YMEHBIIMICS, 3HAYUT JedeHHe Heda(h(eKTHBHO, U BpadaM ClIeLyeT W3MEHHTb METOJ
JICUCHUSI.

IpeiokeHHblit MeTox 6buT poBepeH Ha 300 MEAMIMHCKUX M300paXKEHHSX, M OH YCIICIIHO CMOT OTCErMEHTHPOBATh MEAMIMHCKHE H300PaXEHUS U PacCUMTaTh 00beM
KocTeil. ['71aBHOE MPENMYIIECTBO MPEUIOKEHHOTO METO/Ia 3aKIF0YAETCsl B TOM, YTO OH He TpeOyeT CII0KHON ToMorpaduu  criocobeH paboTaTh ¢ 0OBIYHOM KOMITBIOTEPHON
TOMOrpaduei.
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