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Contour
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Abstract — This paper proposes a method for extracting a
trabecular bone region from medical images of bones, which can
be later used for diagnosing patients suffering from osteoporosis.
This approach is fully automatic and does not require operator
input; it can be used on two types of bones: long bones and
vertebrae. The first step is segmenting the medical image, which
leaves only the cortical bone, then a contour is created inside the
cortical bone, which adapts to the edges of the cortical bone and
ignores the holes that could appear in the cortical bone, thus
extracting the trabecular bone that is located inside the cortical
bone.
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I. INTRODUCTION

There are two major kinds of bones: cortical and trabecular
ones (see Fig. 1). The hard outer layer of bones is composed
of cortical bone tissue. This tissue gives bones their smooth,
white, and solid appearance, and accounts for 80% of the total
bone mass of an adult skeleton. Filling the interior of the bone
is the trabecular bone tissue (an open cell porous network also
called cancellous or spongy bone), which is composed of a
network of rod- and plate-like elements that make the overall
organ lighter and allow room for blood vessels and marrow.
Trabecular bone accounts for the remaining 20% of total bone
mass but has nearly ten times the surface area of compact
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bone. The trabecular bone is usually found at the ends of long
bones and inside the vertebra.

Osteoporosis is a bone disease, in which the bones become
brittle and fragile from loss of tissue, typically as a result of
hormonal changes, or deficiency of calcium or vitamin D. At
present, osteoporosis is mostly diagnosed by measuring the
bone mineral density (BMD), which is usually obtained using
dual-energy x-ray absorptiometry (DXA). 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].

In recent years there has been an increased interest in
developing techniques to analyse a medical image to evaluate
bone microstructure [6], [7]. Most of these techniques use
medical images acquired by high resolution computed
tomography [8], [9] and magnetic resonance imaging tools
[10], [11] that are fairly expensive and not available in most
clinics.

Most of the existing methods of extracting the trabecular
bone from medical images are semi-automatic ones, i.e., at a
certain point during the medical image analysis an input from
the operator is required.
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Fig. 1. Long bone showing different bone types on the left, and a human vertebra showing different stages of osteoporosis on the right.
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II. THE PROPOSED METHOD

In this paper, a method of automatic trabecular bone
segmentation by using an adaptive contour is proposed. This
method uses medical images that were acquired using
conventional computed tomography. It automatically finds and
defines the trabecular bone region of interest and this method
also works in cases, when the cortical bone has holes in it that
appear due to cortical bone thinning (see Fig. 2).

The proposed method consists of three steps: medical image
segmentation, creating a contour that adapts to the inner edge
of the cortical bone, extracting the trabecular bone from inside
the created contour.

A. Medical Image Segmentation.

The first step in extracting the trabecular bone is the
medical image segmentation. In this step the medical image is
processed, so that the medical image contains only the cortical
bone.

In a medical image, the light intensity of each pixel
represents the radiodensity of the matter [12], [13], where the
bright pixels represent more dense matter, and darker pixels
represent less dense matter. Thus, to extract the cortical bone
from the medical image we need to define a radiodensity
threshold that corresponds to the radiodensity of the cortical
bone, and then all of the pixels that fall outside this threshold
are blackened, which leaves only the cortical bone on the
image. The radiodensity threshold of the cortical bone can be
defined by using the Hounsfield scale [14], which provides a
scale of matter based on their radiodensity, where the

Fig. 2. Medical image of the human vertebra with an extracted cortical bone,
the circles show holes in the cortical bone.

radiodensity of air is -1000 HU, water is 0 HU and the radio
density of the cortical bone is above 300HU.

When extracting the cortical bone from the medical image
by using a radiodensity threshold it is possible that the image
still contains pixels that do not belong to the cortical bone,
but they have a similar radiodensity; this may be seen in
Fig. 3, where the threshold procedure has left some parts
of the table on the image. In this case it is necessary

Fig. 3. Medical image segmentation of legs (top row) and vertebra (bottom row), where the left column demonstrates the input medical images, the middle
column shows the images with the applied radiodensity threshold, and the right column shows the extracted cortical bones.
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to process the image by joining pixels into clusters and
classifying these clusters to figure out which of these clusters
represent the cortical bone and to remove all other clusters
[15]. In the case of the medical images of vertebra, it was only
necessary to join pixels into clusters, to find the largest cluster
and to remove all other clusters.

B. Creating the Adaptive Contour

The second step in extracting the trabecular bone from the
medical image is the creation of a contour that adapts to the
inner edge of the cortical bone.

To create this contour it is first necessary to find a centre
point of the cortical bone. In the case of long bones, the centre
point can be found by looking through all the pixels that
belong to the cortical bone and finding the minimum and
maximum values on the x and y axis, and the centre point will
be right in the middle between the minimal and maximal
values (Fig. 4).

The same approach cannot be used with the vertebra,
because, by using that approach, the centre point might be
outside the cortical bone. Thus, in the case of the vertebra the
centre point is found by horizontally scanning the image from
the top to bottom and counting how many times each
horizontal line intersects the cortical bone (Fig. 4). If the
number of intersections equals 4 then a centre point for this
line is calculated, which is located in the middle of all the
intersections. When the number of the intersections for a line
becomes more than 4 then scanning stops and the centre point
of the cortical bone is calculated as an average point of all the
centre points of the horizontal lines that have four
intersections.
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Fig. 4. Finding the centre point of the cortical bone, on the tibia bone (left)
and the vertebra (right).

When the centre point is found, the first four points of the
adaptive contour are placed at this centre point. Each point is
assigned a movement vector with the opposite directions (Fig.
5a). Then each point of the contour starts moving in the
direction of its vector, one pixel at a time. If a distance
between any two neighbouring points of the contour surpasses
a set distance (10 pixels), then a new point is created between
these points; the movement vector of this point is calculated as
an average vector of the movement vectors of its neighbouring
points (Fig. 5b). When a point reaches the cortical bone, it
stops moving, the algorithm stops when all the points stop
moving (Fig. 5¢).

If the cortical bone has holes in it, then a point of the
contour might go through it (Fig. 5d), then this point needs to
be removed. This is done in the following way. When a point
reaches the cortical bone, it stops moving, after that no new
points can be created between the given point and its
neighbouring points, even if the distance between them
surpasses 10 pixels. If the distance between any two
neighbouring points surpasses 20 pixels, then the point that is
not located on the cortical bone is removed (Fig. Se).
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Fig. 5. a, b, ¢ — Creation of the adaptive contour; d, e — ignoring the holes in the cortical bone.
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Fig. 6. Extracting the cortical bone from inside the contour, input medical image (left), inverse Laplace filter applied to the medical image (in the middle).

C. Extracting the Trabecular Bone

The final step is the extraction of the trabecular bone from
inside the previously created contour. The inverse Laplace
filter [16] is used to extract the trabecular bone. The Laplace
filter is an edge detection filter and here the inverse version is
used to highlight the trabecular bone in the image. To extract
the trabecular bone from the medical image, the inverse

Laplace filter is applied to the area inside the previously
created contour (Fig. 6).

III. EXPERIMENTS

The proposed method was tested on the medical images of
tibia bones and vertebra of several patients acquired using
conventional computed tomography. The results of applying
the proposed method may be seen in Fig. 7.

Fig. 7. The proposed method used on the medical images of a tibia bone and vertebra.
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IV. CONCLUSIONS

The method proposed in this paper was tested on multiple
medical images of tibia bones and vertebra from several
patients and it proved capable of extracting the trabecular bone
from the medical image.

The main advantage of the proposed method is that it is
fully automatic, the only time it may need an operator input is
if the operator chooses to change the radiodensity threshold
that is used to extract the cortical bone.

The proposed method can be used when analysing the
medical images of patients with osteoporosis, where it is
necessary to analyse the changes in the microstructure of the
trabecular bone. This method can also be used in studies,
where it is necessary to analyse a large number of medical
images.
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Mihails Kovalovs, Aleksandrs Glazs. Trabekulara kaula segmentacija, izmantojot adaptivo kontiiru

Dotaja darba ir aprakstita trabekulara kaula segmentacijas metode medicinas att€los, izmantojot adaptivo konttiru. Trabekulara kaula segmentacijas metode var
bt lietderiga kaulu iek$€jas struktiiras analizei, ar osteoporozi slimojosiem pacientiem un kaulu mediciniskos pétijumos, kur jaanaliz€ liels daudzums medicinas
attelu.

Paslaik ir vairakas metodes, kas saistitas ar medicinas att€lu segmentaciju, tacu daudzas no tam izmanto att€lus, kuri iegiiti, izmantojot augstas izskirtsp&jas
datortomografiju vai izmantojot magnétiskas rezonanses metodi, tacu §ada veida tomografija ir loti darga un nav pieejama visas slimnicas. Ka arT daudzas no
piedavatajam metodém ir pusautomatiskas, tapéc ir nepiecieSama operatora iejaukSanas segmentacijas procesa, kas pagarina medicinas att€lu segmentacijas
laiku. Saja pétijuma piedavata metode ir pilnigi automatiska un izmanto medicinas attélus, kuri tika iegiiti, izmantojot datortomografiju.

Piedavata metode sastav no trim posmiem: pirmaja - medicinas attéla tiek izcelts kortikalais kauls. Balstoties uz Haunsfilda skalu, tiek uzdots kortikala kaula
radioblivuma slieksnis un visi pikseli, kuri atrodas aiz $T sliekspa, tiek iekrasoti; otraja posma, ieprieks izceltaja kortikalaja kaula tiek veidots konttrs, kur§
adaptgjas kortikala kaula iekSpusé. Pedgja posma agrak izveidotaja kontiira tiek izcelts trabekularais kauls, §im noliikam tiek izmantots inversais Laplasa filtrs.

Muxauni Kosanés, Auexcanap I'mas. CermeHTHpPOBaHMe TPAOEKYJISIPHOI KOCTH € IOMOLIBIO aJANTHBHOIO KOHTYpa.

JlanHast paboTa ONKMCHIBAET METOJ CErMEHTHPOBAHMS TPaOEKyNSAPHOH KOCTH HAa MEAMIMHCKMX H300PaXCHHMAX C IIOMOIIBIO aJalTUBHOTO KOHTYpA.
CerMeHTHpOBaHHE TPAOEKYIIPHOH KOCTH MOXET OBITh IIOJE3HO IS aHANIU3a BHYTPEHHOH CTPYKTYPHI KOCTH y NMAlEHTOB C OCTEONOPO30M M B MEIUIIHHCKUX
HCCIIeJOBAaHHUAX KOCTEH, TIe He0OXOIMMO aHATHM3UPOBATH OOJIBIIOE KOIHMIECTBO MEUIIMHCKUX N300paKeHHUH.

Ha naHHBII MOMEHT Y€ CyINECTBYeT MHOXKECTBO METOJOB CErMEHTAlUHM MEJHUIMHCKUX H300pa)keHHi, HO OOJBIIMHCTBO 3TUX METOJIOB HCIOJIB3YIOT
HN300pa)KeHNUs, KOTOpble OBUIM IOMYYeHBl C MOMOILIBIO KOMIBIOTEPHOH ToMOrpaduu BBICOKOTO pa3pelleHds HIM C HOMOLIBI0 MAarHHTHO-PE30HAHCHOU
TOMOrpaduy, Takoro popa Tomorpadus OYeHb NOpOoras W JOCTYIIHA HE BO BCeX OOJBHHIAX. BONBIIMHCTBO NPELIOKEHHBIX METOJOB TAKXKE SBIISIOTCS
I0JTyaBTOMAaTHIECKUMHU U TPeOyIOT BMEIIATENIbCTBA OIIEPaToOpa B MPOIECCe CETMEHTAIHH, YTO 3HAUUTEIbHO YBEIUUHBACT BPEMsI, IOTPAYCHHOE HA CETMEHTAIHIO
MEJHIMHCKOr0 H300paxkeHHs. [Ipe/uioxkeHHbIH B JTaHHOW paboTe METO[ SIBISETCS IIOJHOCTHIO aBTOMATHYECKUM M HCIIONB3YeT MEIHUIMHCKUE H300paXKeHUs,
MOJTy4eHHBIE C IIOMOIIBIO OOBIYHOI KOMITIOTEPHOH TOMOTpadu.
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IpennoskeHHBI METOA COCTOMT U3 TpeX dTamoB. Ha mepBoM 3Tame Ha MEAUIMHCKOM H300pa)KeHHH BBIICISETCS KOpPTHKalbHAs KOCTh. Ha ocHOBe mIKaisl
XayHcduinaa 3aaercs Mopor paJMoIIOTHOCTH KOPTUKAIBHOW KOCTH M BCE IMHMKCEIIH, KOTOPbIe HAaXO/ATca 3a STHM MOPOroM, 3akpamusaioTca. Ha BTopom stane
BHYTPH paHee BBIIEICHHOH KOPTHKAIbHOI KOCTH CO3/1aeTCs KOHTYP, KOTOPBII afanTupyeTcs K BHyTpeHHEeH CTOpOHe KOpPTHKaIbHO kocTu. Ha mocnennem stame
BHYTPH paHHEe CO3/[aHHOTO KOHTYpa BbIIEISETCs TpabeKyIspHas KOCTb, JUIs 3TOTO HCIOJIb3yeTca HHBEPCUPOBaHHbIN (uiibTp Jlamnaca.
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