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Abstract — This paper proposes a method of bone structure
analysis that could be used to determine if a person has
osteoporosis by analysing the cortical bone on medical images.
Osteoporosis is a bone disease that leads to an increased risk of
fracture. This method automatically extracts the cortical bone
form medical images and measures its thickness. The proposed
method was tested on medical images of healthy people and
people with osteoporosis, to see if it could extract the cortical
bone from both patient groups and to analyse the cortical bone
thickness measurements.
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|. INTRODUCTION

Bone structure analysis is needed to determine bone
strength and assess the damage to the bone micro-architecture
that appears due to such bone disease as osteoporosis (see
Fig. 1). Bone structure analysis on a living person (in vivo) is
easier and more effective to perform by using medical images.
Medical images acquired by computed tomography are
divided into slices. Traditionally, the medical image analysis
is performed by a radiologist, who visually looks through all
the two-dimensional images. Such an analysis is subjective
and takes a considerable amount of time. To speed up the
analysis and acquire reproducible measurements, it is
necessary to use automatic medical image processing
methods.

At present, osteoporosis is mostly diagnosed by measuring
the bone mineral density (BMD), which is usually obtained
using dual-energy x-ray absorptiometry (DXA) [1]. DXA is a
two-dimensional, projection-based radiographic technique that
measures integral BMD of both cortical and trabecular bone.
BMD only explains about 70 % to 75 % of the variance in
bone strength [2], while the remaining variance is due to the
cumulative and synergistic effect of other factors such as bone
architecture, tissue composition and micro damage [3]-[5].
One of the important factors that contributes to bone fragility
is the thinning of the cortical bone and increased cortical bone
porosity [6].

Medical image analysis is a very topical issue; recently
many new methods have been developed for various medical
objects and tasks [7]-[9], as well as methods that are intended
specifically for a bone structure analysis and osteoporosis
[10]-[12]. Most existing medical image processing algorithms
are manual or semi-automatic algorithms. Such algorithms
often require a physician to intervene in the medical image
segmentation process, to set or edit the segmentation
parameters, or manually outline the segments. Such operations
require technical knowledge that the physician might not have,
and they also require extra time, which is not desirable if the
physician has to see many patients.

Another disadvantage of the existing medical image
segmentation methods is that they use images that were
acquired using high resolution medical imaging devices [13],
[14] that are not available in ordinary hospitals and diagnostic
centres. The methods proposed in this paper were developed
using the images that were acquired using computed
tomography, because medical images acquired by means of
this method are widely used in clinical practice when
diagnosing patients.

The proposed method was described in detail in previous
publications [15], [16]; it was also tested on medical images of
people with osteoporosis to see whether it could be used to
evaluate the changes in bone structure [17]. In this paper, the
proposed method was tested on medical images of two patient
groups — healthy people and people with osteoporosis. The
main goal was to find out whether the proposed method could
be used to determine whether the patient has osteoporosis by
analysing the cortical bone thickness measurements.

Il. THE PROPOSED METHOD

One of the main objectives was to develop a fully automatic
algorithm that would not require input from the user. This is
necessary in order to ease and speed up the job of the doctor,
who will be working with the medical images. However, the
user still has the option to change the main parameters of the
algorithm in order to increase the precision of the
segmentation algorithm for a specific patient.
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Fig. 2. Bone structure extraction from medical images of human vertebra.

A. Bone Structure Extraction

Bone structure extraction consists of five steps:
1. A medical image (see Fig. 2a) is divided into segments,
which could contain the cortical bone.
2. Segments created in the previous step are combined into
clusters (see Fig. 2b).
3. Clusters are classified to find those clusters that contain
the cortical bone and discard all other clusters.
4. A contour is created inside the cortical bone that adapts
to the inner edges of the cortical bone (see Fig. 2¢).
5. Trabecular bone is extracted from the inside of the
previously created contour (see Fig. 2d).
The first three steps apply to the extraction of the cortical
bone and the last two steps apply to the extraction of the
trabecular bone.

B. Cortical Bone Thickness Measurement

The average thickness of the cortical bone is measured
using the inner and outer contour of the cortical bone. The
inner contour is created automatically during the bone
structure extraction. The outer contour is created as a copy of
the inner contour (see Fig. 3a), which then expands and
shrinks until it perfectly describes the outer edge of the
cortical bone (see Fig. 3b).

The average thickness of the cortical bone is measured as an
average distance between the control points of the inner and
outer contours (see Fig. 3c). In case of medical images of the
vertebra, it is only necessary to measure the upper part of the
cortical bone, where the control point’s vector y value is
positive. That is done because the bottom part of the vertebral
cortical bone contains growth (spinous and transverse process)
that does not affect the average thickness of the cortical bone.
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The average thickness (Timg) Of the cortical bone on one
medical image is calculated using the following formula:

1 n
Timg = _Zdl ) (1)
Nz
where
Tavg — the average thickness of the cortical bone on one image,
pixels;

di — the distance between a control point on the inner and outer
contour, pixels;
n — the amount of control points in the inner contour.

C. Experiment

A developed bone structure extraction algorithm was used
to extract the cortical and trabecular bone from the medical
images. The algorithm was tested on sets of medical images
from two patient groups. The first group consisted of eight
healthy patients aged 18 to 26 years, and the second group
consisted of six patients with osteoporosis aged 55 to 86 years.

Before the extraction of the bone structure can begin, it is
necessary to choose the value of the cortical bone density
threshold. This threshold is used in the first step of the bone
extraction algorithm to find the pixels that might contain the
cortical bone on the medical image. The cortical bone
threshold value is the only parameter that is set by the user.
However, that is not always necessary, since it is usually
assumed that the cortical bone density of healthy people is
greater than 300 Hu. For people suffering from osteoporosis,
cortical bone density is considerably lower. Therefore, in
order to compare both patient groups, it is necessary to select
the cortical bone threshold value that would suit both groups.
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Fig. 3. Cortical bone thickness measurement, a) inner contour is expanded, b) inner and outer contour, c) distances between inner and outer contour.
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Fig. 4. Examples of extracted cortical bones, using different threshold values.

To select the appropriate threshold value, the developed
bone extraction algorithm was applied to several medical
images from both patient groups, using different threshold
values. An example of the extracted bone structures can be
seen in Fig. 4, where the top row contains the medical images
of the healthy patients, and the bottom row contains the
medical images of patients with osteoporosis.

Several threshold values were considered: from 250 Hu up
to 350 Hu. For healthy patients, the threshold of 250 Hu was
too small, because using this threshold value the cortical bone
was not accurately extracted. Several objects, inside the
cortical bone, were incorrectly assigned to the cortical bone.
These objects are highlighted with a yellow circle in Fig. 4b.
The best result for healthy patients was achieved using the
threshold value of 350 Hu. For patients with osteoporosis, the
threshold value of 350 Hu is too high, because the extracted
cortical bone had large holes, the upper part of the cortical
bone almost completely disappeared, which is highlighted in
figure 4h. The best result for patients with osteoporosis was

achieved using the threshold value of 250 Hu. However, as
previously stated, such a threshold does not work with healthy
patients. The only threshold value that was capable of
extracting the cortical bone for both patient groups was
300 Hu.

The average thickness of the cortical bone was measured in
all patients in order to verify that the proposed algorithm could
be used to distinguish the healthy patients from patients with
osteoporosis, based on their measurements. The average
cortical bone thickness (Tavg) was calculated for each patient
from all the measurements from their L4 vertebra images.

1 n
Timg = _ZT| ) (2)
N
where Tayg — average cortical bone thickness, pixels;
T; — cortical bone thickness measurement on one

medical image, pixels;
n — the amount of images that contain the L4 vertebra.
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TABLE |
BONE STRUCTURE MEASUREMENTS OF HEALTHY PATIENTS

Patient Age Cortical bone average
number (years) thickness (pixels)
1 25 4.333
2 26 7.566
3 18 4.252
4 19 9.059
5 22 7.344
6 21 14.684
7 24 30.572
8 23 6.172
Average 7.630

Table | shows the cortical bone average thickness and
trabecular bone average density measurements of eight healthy
patients. The developed bone structure extraction and analysis
algorithms successfully managed to extract the bone structure
and measure the cortical bone thickness trabecular bone
density from the medical images of almost all eight healthy
patients. The only exception, where the developed algorithms
failed, was the medical images of the 7th patient. This patient
had a very high bone density and the chosen cortical bone
density threshold was too small, because of that the developed
algorithm incorrectly extracted some regions of the bone that
could not belong to the cortical bone (see Fig. 5). The tissue
density in this region was higher that the chosen cortical bone
threshold value.

% bato SGONIG

Fig. 5. The medical image and the extracted cortical bone of the 7th patient.

It was decided to exclude the measurements of the 7th
patient from the average measurements of all patients.
Otherwise, to correctly extract the bone structure of the 7th
patient it would be necessary to increase the cortical bone
threshold value, but then it would be difficult to extract the
bone structure from patients with osteoporosis, whose bone
density was low.
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TABLE Il
BONE STRUCTURE MEASUREMENTS OF PATIENTS WITH OSTEOPOROSIS
Patient Age Cortical bone average
number (years) thickness (pixels)
1 56 5.306
2 55 1.936
3 79 2431

4 83 1.317
5 75 1.474
6 56 2.460

Average 2.487

Table Il shows the cortical bone average thickness and
trabecular bone average density measurements of six patients
with osteoporosis. The measurement results of all patients
were roughly similar, with only one exception. The cortical
bone average thickness of the 1st patient was significantly
greater than that of other patients, because this patient had a
tumour on the cortical bone (Fig. 6). Based on the results of
the experiment, it can be concluded that the developed bone
structure extraction algorithm is able to successfully extract
the cortical and trabecular bone from both the healthy patients
and patients with osteoporosis.

Fig. 6. The medical images of the 1st patient showing the tumour on the
cortical bone.

By comparing Tables | and I, it can be seen that the
cortical bone average thickness measurements in healthy
patients are significantly higher (almost 4 times higher) than
that in patients with osteoporosis. However, the trabecular
bone average density measurements are approximately the
same for both patient groups. Based on the results of the
experiment, it can be concluded that it is possible to
distinguish the healthy patients from patients with
osteoporosis on the basis of their cortical bone thickness
measurements that are provided by the developed bone
structure analysis algorithms.

I1l. CONCLUSION

The main objective was to develop methods, which could
be used for a bone structure analysis, and to automatically
evaluate changes in bone structure after a time period. The
developed methods are capable of extracting the cortical and
trabecular bones from medical images. The extraction process
is fully automatic; however, the operator has the option of
editing the main parameters, to increase the precision of the
extraction algorithm.

New methods of evaluating the changes in bone structure
have been developed. The developed methods can measure the
cortical bone average thickness and the trabecular bone
average density. The changes in bone structure can be
evaluated by comparing the measurements that were
performed on medical images taken at various time intervals.
The developed bone structure analysis methods would be
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useful when treating patients with osteoporosis, where by
analysing the changes in bone structure it would be possible to
evaluate the effectiveness of the treatment plan.
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Mihails Kovalovs, Aleksandrs Glazs. Osteoporozes noteik$anas iespéja, analizéjot kortikala kaula medicinas attélus

Dotaja darba tiek aprakstita kaulu medicinas attélu automatiska analizes metode, kur attéli tika iegiiti ar datortomografijas palidzibu, lai var&tu noteikt
osteoporozi pacientiem péc kortikala kaula biezuma mérjjumiem. Dot0o metodi var izmantot kaulu struktiras analizei. Tas var bit lietderigi arstiem, kuri arsté
pacientus, kuriem ir osteoporoze, un kur ir nepiecieSams analiz&t izmainas kaulu struktira.

Sobrid jau eksisté daudzas medicinas attélu analizes metodes, tatu liela dala no §Tm metodem ir pusautomatiskas un ir nepiecieSsama operatora iejauk3anas
segmentacijas procesa, kas nozimigi palielina laiku, kas tiek patéréts uz medicinas attéla segmentaciju. Dotaja darba piedavata metode ir pilnigi automatiska un
taja tiek izmantoti medicinas attéli, kas iegiti ar parastas datortomografijas palidzibu.

Piedavata metode tika parbaudita uz pacientu medicinas attéliem, kurus var sadalit divas grupas: veseligi pacienti un pacienti, kuriem ir osteoporoze. Izmantojot
piedavato metodi, var automatiski izdalit kortikalo kaulu un izmerit kortikala kaula vid&jo biezumu pacientiem no abam grupam. P&c kortikala kaula biezuma
merijumu rezultatiem var viegli atskirt veseligos pacientus no pacientiem, kas slimo ar osteoporozi, jo vidgjais kortikala kaula biezums veseligiem pacientiem
vidgji ir gandriz 4 reizes lielaks neka pacientiem, kas slimo ar osteoporozi.

Muxauna Koanés, Anexcanap I'nas. Bo3mo:kHOCTb onpe/ie/ieHHsI 0CTEONOPO3a M0 AHAJIU3AM MeIUIUHCKUX N300paKeHHH KOPTHKAIBHOM KOCTH

B nanHO# paboTe OMUCHIBACTCS METO]] aBTOMATHYECKOrO aHaIM3a MEIULIHHCKUX H300paKeHHH KOCTH, MOTYYCHHBIX C IIOMOIIBIO KOMIBIOTEPHOH ToMorpaduu,
JUISL OIPENENIeHUs] OCTeONopo3a y IAIMeHTOB MO W3MEPEHHSM TOJIIWHEI KOPTHKAIGHOH KOCTH. J[aHHBIH METOX MOXKET OBITh HCIIONB30BAaH IUIl aHAIH3a
CTPYKTYPBI KOCTH, YTO MOXET OBITh IOJIE3HO [UIS Bpaueii, Je4alux MalieHTOB, OONBHBIX OCTEONMOPO30M, I/ie HEOOXOAMMO aHAIM3UPOBAaTh M3MCHEHHUS B
CTPYKTYpPE KOCTH.

Ha paHHBI MOMEHT YK€ CYLIECTBYET MHOXKECTBO METOJOB aHAJIM3a MEOUIMHCKAX H300paXeHWH, HO OONBIIMHCTBO OTHX METOIOB SIBIISIOTCS
MOJTyaBTOMaTHYECKHMH U TPEOYIOT BMEIIATENILCTBA ONIEPAaTOpa B MPOIIECCE CETMEHTAIINH, YTO 3HAYUTENILHO YBEIMYUBACT BPEMs, IOTPAYCHHOE Ha CErMEHTAIHIO
MEIUIMHCKOro u3o0paxeHus. [IpeuioxkeHHbli B JaHHOH paboTe METOA SBJISCTCS MOJHOCTHIO aBTOMATHYECKUM U UCIONb3YeT MEIULUHCKUE H300paKeHHs,
TMIOJTy9YEHHBIE C TOMOIIBIO OOBIYHOIN KOMITBIOTEPHOH TOMOTpadu.

TpennoxxeHHBI METOJI TPOBEPSUICS HAa MEAMIMHCKUX H300paKCHUSX MALUCHTOB, KOTOPBIX MOXKHO Ppa3/ClUTh Ha JBE TPYIIBI: 3I0POBBIC MAILMEHTBI U
MAIMEHThI, OOJILHBIE OCTEONOpO30M. IIpe/IoKEeHHbIH METOA CyMen aBTOMATHYECKH BBIICIUTh KOPTUKAJIBHYIO KOCTh M U3MEPUTh CPEAHION TONIIMHY
KOPTUKAJBHOW KOCTU HAa MEIULMHCKHAX H300paKeHHAX NAallMEeHTOB U3 00oux rpymi. [1o pesyiabrataM U3MepeHHil TOIMHBI KOPTUKATIBHOH KOCTH MOYKHO JIETKO
OTJIMYUTH 3I0POBBIX MAMEHTOB OT OOJBHBIX OCTEONOPO30M, TaK KaK CPEIHSS TOJIIMHA KOPTUKAIBHOW KOCTH Y 3I0POBBIX MALIMEHTOB ObLIA B CPEIHEM TIOUTH B
4 pa3a OosibllIe, 4EM y TTALUEHTOB, OOJIBHBIX OCTEOIIOPO30M.

17


http://dx.doi.org/10.1007/978-3-662-05235-8_6
http://dx.doi.org/10.1359/jbmr.2000.15.12.2305
http://dx.doi.org/10.1097/00002142-200210000-00005
http://dx.doi.org/10.1359/jbmr.1999.14.7.1167
http://dx.doi.org/10.1359/JBMR.040124
http://dx.doi.org/10.1007/s004050050138
http://dx.doi.org/10.1016/j.media.2005.02.002
http://dx.doi.org/10.1016/0262-8856(94)90059-0
http://dx.doi.org/10.1210/jc.2005-1258
http://dx.doi.org/10.1016/j.bone.2007.07.007
http://dx.doi.org/10.1007/s11999-010-1766-x
http://dx.doi.org/10.1016/j.rcl.2010.02.015

