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Automatic pelvis segmentation from x-ray images of a mouse model

Omar M. Al Okashi, Hongbo Du, Hisham Al-Assam
Department of Applied Computing, University of Buaftham,
Buckingham, MK18 1EG, UK

ABSTRACT

The automatic detection and quantification of skélstructures has a variety of different applicasi for biological
research. Accurate segmentation of the pelvis feray images of mice in a high-throughput projegttsas the Mouse
Genomes Project not only saves time and cost I3t la¢lps achieving an unbiased quantitative arsalydhin the
phenotyping pipeline. This paper proposes an auionsmlution for pelvis segmentation based on s$tmat¢ and
orientation properties of the pelvis in X-ray imag&he solution consists of three stages inclugiegprocessing image
to extract pelvis area, initial pelvis mask prepiaraand final pelvis segmentation. Experimentalits on a set of 100
X-ray images showed consistent performance of lfperithm. The automated solution overcomes the wesges of a
manual annotation procedure where intra- and iolbserver variations cannot be avoided.
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1. INTRODUCTION

The Mouse Genetics Project [1] was initiated tdeystically knock-out mammalian genes and screea firoad range
of resulting traits. Over many years of researcbuse has been considered and accepted as a key toaaksess
mammalian gene functions because of its similaritiehuman ones in terms of genetics and physiolo@ddition to

the feasibility of manipulating and analysing mogsnome [2]. One of essential element to monita assesses
alterations in mouse model in the phenotyping figeis through using X-ray images. The skeletothef mouse may
involve important changes that may relate to diseafonsidering the number of images generatedhéyhigh-

throughput screening process, an automated appfoaemnotating and triaging X-ray images will reduprocessing
time and costs on human resources, and eliminaglplities of human error and inconsistency in o@measurement.

In the literature, the work dedicated to the mopeskis, especially in terms of automatic segmeoiasind annotation of
mouse pelvis from X-ray images, if not at all notiseent, seems very limited. However, our previausks in [3] and
[4] discussed the automatic phenotyping of différparts of mouse body in X-ray images. In [3] weganted an
automatic method to segment and count the ribsaafse from X-ray images to discover any abnormahttesulting
from gene knock-out. Another previous work in [4pposed a fully automatic method to segment andtifyathe
curvature of the spine from the mouse X-ray imagiis aim to classify the scoliotic cases from noruze.

Some proposals to segment pelvis in different humadical images are existed. Xie et al. in [5] dibgd framework
based on SSM and statistical appearance model (S&Mully automatic pelvis segmentation from ragtiaph image.
The method started by construction SSM and SAM fi@® manually annotated images. For a test imageSEM was
then registered coarsely with the pelvis and théMSspplied to select a candidate landmarks. Next,dbformation
stage of the SSM was applied and repeated witbutmut landmarks from SAM until the algorithm coryes. As those
solutions could not achieve a satisfactory segntientéor some area in pelvis, they proposed usewgsl anatomical-
specific information processing techniques suchadaptive threshold, median filtering, B-spline ip@ation and
geometric projection to enhance final segmentatsalts. Another framework to segment the pelvicebfsom CT scan
images was presented by Chandar and Satyasawitf@].iTo enhance the image, the Gamma transfoomatias used
to increase the contrast followed by median andathiing filters to reduce the noises. Finally, aelafiitering was used
to select relevant contour and utilize them to segnthe pelvic bone.
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This paper proposes an automatic solution for pedeigmentation based on structural and orientatioperties of the
mouse pelvis in the X-ray images. In this proposa,interested in the segmentation of the two ggdiones of the
pelvis. Experimental results on a data set of Xinagges confirmed the effectiveness of the propaesethod with an
overall accuracy up to 85%.

2. METHODOLOGY

Our proposed solution consists of three main stafjles process starts with pre-processing the degstral 2D X-ray
image that includes alignment, cropping of the {geROI and then enhancing it. This is followed lBgmenting an
initial pelvis mask from the surrounding bones aber artefacts within the ROI. The method finglisepares an
enhance pelvis image before masking it with inipalvis mask to extract the final pelvis shape. Tdllowing sub-
sections explain each step of solutions in moraildet

2.1 Pre-Processing

The pre-processing step prepares the image foratecpelvis segmentation. This step involves tloperations: (a)
aligning the mouse skeleton in a given image, (bpping the ROI, and (c) to enhancing the contodighe cropped
ROI. The inconsistent initial position of the mous&ly in the input image as shown in Figure 1.ahma@mplicate the
later stages. The alignment operation is intenaetiring the mouse body to a vertical position idesrto enable
accurate cropping of ROI. To perform the alignmeve, adopt the method developed in our previous vimi{k]. The
method is based on locating two points on the mdwasky after applying initial rotation (Figure 1.&hd then aligning
the body by the angle that bring the line betwdenpoints P and Q to the vertical position as shwthe Figure 1.c.
Further details of this method can be found in [4].

After aligning the mouse body to a vertical positive followed the method developed in our previaosk [3] to crop

the pelvis ROI from the aligned image. The maimpstef the method as follows. First, a limb-and-Ekesk similar to

that in Figure 1.d is obtained by applying the Higfmphasis-Butterworth High Pass Filter followedtbg region grow
segmentation [7]. After that, four reference pairts highlighted by the blue points in Figure ivere annotated by
using the limb-and-skull-mask to estimate the R&drther details of this method can be found in [3].

(@)
Figure 1 Alignment of mouse body.
(a) Input mouse X-ray image of full body dorso-vahwiew before alignment, (b) P and Q key alignieoints and the
line between them annotated on the initially ratatgouse body, (c) Mouse body after rotating it oy bbtained angle of
rotation (d) limb-and-skull-mask and (e) four aratetl landmarks to crop the pelvis ROI

As shown in Figure 2.a, the cropped ROl may havey ymor contrast that may affect the accuracy dvipe
segmentation. To increase the contrast of the gelé use the grey scale morphology operationsufid] the result as
shown in Figure 2.b.
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Figure. 2 Enhancing the contrast of the pelvis ROL.
(a) Initial cropped ROI before the enhancemente(itjanced ROI by using grey-scale morphology operstio

2.2 Prepare pelvis mask

This stage aims to prepare a binary mask for thaso@ order to use it in the next stage to extthe pelvis. First, the
Gabor filters with the set of angles between (&BfJ (95°) is used to estimate the initial locatdnhe pelvis girdles as
shown in Figure 3.a. Gabor filters are bandpatsrsilwhich obtained by modulating a Gaussian emeefanction with

a sinusoidal wave and they are employed for feadnteaction, edge detection and texture analysimage processing
[8]. The Gabor filter is chosen because in the aligneabe the two girdles are most likely to be vettiddext, the

image in Figure 3.a is transformed to binary forsng the threshold value generate by Otsu methpdgd%hown in

Figure 3.b. To denoise this image, non-pelvis dkjece filtered out by comparing its features agfasome known
feature values for the pelvis (i.e. Size, positima rotation angle) and. Finally, a closing binamgrphology operations
with 0° and 90° are applied to the binary imagbuidd an initial pelvis mask shown in Figure 3.c.

Figure 3. Initial pelvis mask preparation.
(a) Result of applying Gabor filter; (b) Result ofidiy transformation; (c)Initial pelvis mask

2.3 Pelvis segmentation

The last stage of the pelvis segmentation starth Mrther processed the image in Figure 2.a withm®&a
transformation [7] to increase its contrast as shawrigure 4.a. Next, to exclude unwanted backgdonoises around
the pelvis, the grey scale morphology enhancenseapplied on the image of Figure 4.a and the résws shown in
Figure 4.b. As it could be seen from Figure 4.lg tWwo girdles of the pelvis are very clear andinisive from its
background and all what is needed is to removeéhéc vertebrae in the middle. To do so, a bitemisultiplication is
done between the initial mask of Figure 3.c andethieganced version of the pelvis of Figure 4.b twpce the pelvis as
shown in Figure 4.c. Finally, that segmented pealvisansformed to binary mask using Otsu methaoglre 4.d shows
the original image with pelvis girdles superimposedop.
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Figure 4. Final pelvis segmentation
(a) Result of applying Gamma transformation on enbdrcontrast pelvis, (b) result of applying grestecmorphology
operations, (c)final segmented pelvis, (d) the saged pelvis superimposed on the original aligneakje

3. RESULTS

We have tested our method on a dataset of 10®daly dorsoventral view X-ray images. These 100 esagclude a
variety of images of different degrees of difficedt in image analysis. For the purpose of this pap& concern is to
perform accurate segmentation of the pelvis giriteevaluate the segmentation of the results, wgestively rated the
quality of each image result as ‘good’, ‘acceptabtepoor’ by referring to several manually annieé images provided
by an expert. Table 1 below shows the percentagadtf level for each measurement.

Table 1. Accuracy of pelvis segmentation

Good Acceptable Poor
Pelvis segmentatio 85% 9% 6%

The result is said to be ‘good’ if all or almost af the pelvis girdles are segmented without eximéses as shown in
Figure 5.a. In some cases, the whole required gfatie pelvis is well segmented but with some sreatta noise or
some unwanted object segmented also. Such casestedeas ‘acceptable’ quality as shown in Figuie $he final
‘poor’ level happens when one or both girdles aigsing either completely or partially as shown igufe 5.c.

L SRR |
@ (b) (©
Figure 5 Accuracy of pelvis segmentation
(a) Good level pelvis segmentation, (b) Acceptddlel pelvis segmentation, (c) Poor level pelvigmentation

4. DISSCUSION

In general, all the proposed methods in this chisgitewed good level of accuracy. Even with the that the quality
check was done subjectively, the obtained resudt®wonsidered as very encouraging, demonstrdtangitial success
of the proposed methods. Because of the bone segtioenfrom the X-ray images is not easy task, we see that the
accuracy of the pelvis segmentation is reasonaltiedt as high as we expected. One of the posmglhksons that cause
the ‘poor’ segmentation is the inaccurate croppimgpelvis ROI. One of the possible phenotypingtthaeded to
measure from the pelvis is the flaring in the iactthe base bone of the pelvis. Following the gebagmentation, this



measure can be estimated automatically by calagidtie distance between the lowest points of eatlispgirdle as
shown in Figure 6. The figure shows the differeatéhe distance between unflared normal pelvis ftaréd one at the
ischium pelvis.
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Figure 6 Measure the distance between the ischfypsluis girdles

(a) The distance from unflared pelvis, and(b) tistathce from flared pelvis

5. CONCLUSION

Accurate segmentation of the pelvis is important dssessing skeletal phenotype. We proposed a-dutlymated
algorithm that segments pelvis in X-ray images.ifitial evaluation of the proposed methods on aténh collection

100 images indicates the promises of the propossttiads. The aim of this study was to locate theipehther than
extracting measures from it. We are now workingniprove the level of accuracy of the segmentatur. future work

also includes a more in-depth analysis for the psegd schemes on a larger set of images. Once apegad method is
well tested and further finalised by using a mudlgbr data set, it can provide valuable informatadoout specific
phenotyping in the pelvis. Further investigatiotvimen the phenotyping results and genes will heligentify the genes
responsible for the changes in pelvis shape betieemutant and wild type mice.
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