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Abstract

Background: Low bone mineral density increasing with age is a universally observed phenomenon. This leads to osteoporosis, which is
a regressive change that occurs in the bone and it is diagnosed before the occurrence of fractures. The dual energy x -ray absorptiometry
(DXA) is considered to be the standard measurement for the detection of bone mineral density (BMD).

Objectives: To measure the various bone mass indices in the clavicle bone by radiogrammetric method from a posterior-to-anterior (PA)
view of chest digital X-ray using semi- automated method.

Methods: Forty women whose mean age was found to be 46.05+15.53 years were included in this study. For the total population (n=40),
the right femur BMD was acquired by DXA scanner. The digital chest radiographs were taken for all the subjects. In all cases, the geo-
metrical variables such as periosteal width (CLr-D), endosteal width (CLr-d), cortical thickness (CLr-CT) and percentage cortical thick-
ness %(CLr-CT) were measured in the right clavicle bone region by semi-automated method approach developed in MATLAB software.
Results: The CLr-CT (r=0.77) as well as with % CLr-CT (r=0.72) has provided statistically significant correlation (p < 0.01) with the
total hip BMD in the total population studied. The pre-menopausal and post-menopausal of the studied population demonstrated a high
significance value of (p < 0.01).

Conclusion: The semi-automated measurement of low bone mass indices in clavicle radiogrammetry will be useful in the evaluation of
low bone mass in post-menopausal women and elderly aged population. This method can be used as a screening tool for mass popula-

tion, especially in rural India.
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1. Introduction

Osteoporosis is a metabolic disorder which will reduce the bone
thickness and bone mineral content which produce a weaker spot
that leads to risk of fracture, mainly over the spine, pelvis, hip,
wrist or upper arm. This ailment or its related fractures are a vital
reason concerning mortality and morbidity. The Asians were most
prevalently affected by vertebral fractures similar to Caucasian
populations. It was estimated that more than 50 % people will be
affected by osteoporosis in Asia by the year 2050.In India, minori-
ty of people having health insurance where the hip fractures are
not considered in insurance scheme [1].

Long et al [2] a have done a calculation to assess the cortical bone
thickness of femur from area bone mineral thickness from clinical
dual energy x-ray absorptiometry (DXA). The endocortical diame-
ters and cortical thickness have been assessed by using the estima-
tions regarding cross-range or the vile cortical thicknesses which
depend on the structure model of hip [3]. Different enhancement
has been suggested in conformity with the preliminary radio-
grammetric method, includes the averaging other sites in the same
bone [4]. The computerized technique primarily based about radi-
ogrammetric than textural evaluation of the ternary middle meta-
carpal bones showed excessive precision [5].

The various semi-quantitative methods which is ranged from easy
traditional radiography in conformity with sophisticated photon
absorptiometry [6,7]. DXA is considered as a standard measure-
ment technique for bone mineral density (BMD) which is availa-

ble only in multi specialty and super-specialty hospitals. This
technique is not affordable by the rural population due to high
cost. The measurement related to cortical width of tubular bone
which reflects with age in the bone formation and resorption.

2. Literature work

Several authors have performed the segmentation methods such
active shape models, canny edge detection algorithm to segment
the regions of hand bones, trabecular bone, femoral neck, femur
region using digital x-ray radiogrammetry (DXR) for the evalua-
tion of the osteoporosis [8-10]. Rosholm et al established auto-
mated method for estimation of BMD from hand radiograph and
fore arm. They found that the BMD DXR was closely correlated
with the BMD at distal forearm, total hip, spine and femoral neck.
Finally they suggested that the DXR BMD provided good correla-
tion with distal forearm BMD [11]. Bouxsein et al determined that
the DXR-BMD measurement predicts the fracture risk in various
regions such as wrist, hip and vertebral. They compared the DXR-
BMD, proximal and distal BMD, lumbar spine and femoral BMD
of vertebral fracture with healthy controls and predicted the frac-
ture risk in various regions of the body [12]. Bach-Mortensen et al
in their follow-up study found that DXR-BMD negatively corre-
lated with the age, fracture and smoking. They obtained the statis-
tically significant correlation between the DXR-BMD and the
wrist fractures, humeral fractures and vertebral fractures. They
concluded that the estimated BMD from DXR at metacarpal re-
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gions predicted the later risk of osteoporotic fractures [13]. Kal-
vesten et al compared the performance of DXR with FRAX with
DXA in differentiating the osteoporotic fracture with the various
regions such as hip, spine, forearm, shoulder and femoral neck.
They observed that the DXR-BMD predicted the femoral neck
osteoporosis at higher rate compared to FRAX [10].

To the best of the knowledge, this study is the first study to seg-
ment the clavicle bone region by semi-automated method for es-
timation of low bone mass. Clavicle radiogrammetry by digital
chest X-ray will be useful in evaluation of osteoporosis [14].The
main aim and objective of this study was to measure the various
bone mass indices in the right clavicle bone by radiogrammetric
method from a standard digital chest X-ray using semi-automated
method.

3. Materials and methods

3.1. Subjects

A medical camp was conducted for osteoporosis during the month
of august and December 2010 at Sri Ramaswamy Memorial
(SRM) Hospital and Medical Research Centre, SRM University,
Chennai, India. The exclusion criteria were participants with
known bone cancer, renal impairment and kidney diseases. Forty
Indian women (pre menopausal and post menopausal) with a mean
age of 46.05+15.53 years were included. None of the subjects had
previous fractures due to osteoporosis.

3.2. Methods

Clavicle bone mass indices measurements

A standard digital X-ray was taken in posterior to anterior (PA)
view of chest using an digital X-ray machine with standard tube
voltage of and tube current conditions in all the subjects.

The clavicle bone mass indices were calculated in a semi-
automated way by developing an algorithm using MATLAB
R2013a software. In this method, clavicle bone mass indices were
estimated by using multi-threshold based segmentation algorithm.
The algorithm for semi-automated clavicle bone segmentation was
given as follows:

1) The chest x-ray image using digital x-ray radiogrammetry is
taken as input image.

2) The lung region was segmented using level set algorithm for
identifying region of interest (ROI) of clavicle bone area

3) The binary mask is applied over the lung area using pixel
based histogram thresholding.

4) The binary masks were generated from input gray-level im-
age using an iterative thresholding algorithm.

5) From that binary formation, the segmented lung region was
labeled and considered as ROI for our process.

6) The optimal thresholding technique was implemented to ex-
tract a region of bone area which is high intensity and low
intensity area of lung region is neglected..

7) The right and left clavicle were segmented semi-
autoamtically by selecting the ROI and the periosteal and
endosteal width were calculated by using the pixel differ-
ence between bone pixel intensity.

8) The obtained output value of periosteal and endosteal width
are in terms of number of pixels, hence the pixel value was
converted to millimeter by multiplying by value of 0.2646

9) The bone mass indices such as periosteal width of right
clavicle (CLr-D); (b) the endosteal width of right clavicle
(CLr-d) were measured, from which cortical thickness of
right clavicle is computed. Fig. 1 shows the sample chest X-
ray measurement in clavicle bone.

The bone mass indices were calculated as given below:

1) Cortical thickness of right Clavicle (CLr-CT) = (D-d);

2) Percentage of cortical thickness of right Clavicle % (CLr-
CT) = (D-d/D) * 100.

X: 912¥: 443 Val: 2320
WL: 2047 WW: 1095 1D1

Fig. 1: Sample Chest X-Ray Measurement in Clavicle Bone.

The total hip BMD (T-BMD) was measured by the DXA Scanner.
The classification by T-score was done using a measured mean +
SD (1.06 £ 0.15) for T- BMD in young normal south Indian wom-
en aged 25-35 years. The study subjects were subdivided based on
calculated T score and the values were measured according to
world health organization (WHO) diagnostic criteria as follows:
(1) normal - (n =19, mean + SD age = 37.38 + 9.82 years) (those
with T score > -1); (2) low bone mass (n = 21, mean + SD age
55.63 + 15.19 years) combining osteopenia and osteoporosis
(those with T score above -1);

3.3. Statistics

Statistical analysis was done using SPSS software package version
17.0 (SPSS Inc., Chicago, IL, USA). The relationship between
cortical measurements and DXA were obtained by Pearson corre-
lation. The difference between the studied groups was analyzed
using student’s t-test.

4. Results

4.1. Statistical correlation

Table 1 depicts the Statistical correlation of radiogrammetry
measurements and DXA in total population. The T-BMD meas-
ured by DXA negatively correlated with age (r = - 0.71, p < 0.01)
and the cortical measurement parameters of CLR-CT (r = 0.77)
and % CLr-CT (r = 0.72) are correlated significantly at level of (p
< 0.01). Table 2 illustrates the Statistical correlation of radio-
grammetry measurements with DXA in post-menopausal women.
The T-BMD measured by DXA negatively correlated with age (r
= - 0.56, p < 0.01) and the measured parameters CLr-CT (r =
0.73) and % CLgr-CT (r = 0.78). Fig.2 and 3 showed Correlation
between CLr-CT (mm) and % CLr-CT with T-BMD (g/cm?) in
total women studied.
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Table 1: Statistical Correlation of Measured Radiogrammetry Variables with DXA in Total Studied Population
DXA -Right proximal femur (n = 40)
Description Parameters Neck-BMD Ward-BMD Trabecular-BMD Shaft-BMD Total hip-BMD
(glcm ?) (glcm ?) (glcm ?) (glcm ?) (glcm ?)
Age(years) -715™ -.640™ -6777 -.695™ -718™
Baseline variables Height(cm)  .337" 280 .260 304 313"
Weight(kg) ~ .385" 416™ 456" 519" 510"
BMI(kg/m? 257 317" 377" 4257 .408™
CLg -D(mm)  .007 .001 -.030 -.051 -.044
Chest digital x-ray (right clavi- ~ CLg -d(mm)  -.508"" -.509™ 541" -.560" -572"
cIe(CLR)) C R™ ok ok o ok ok
CT(mm) .735 729 743 747 771
Semi-automated method 8/&;- CT 671 670" 692" 702" 793"
*p<0.05, **p<0.01.
Table 2: Statistical Correlation of Measured Radiogrammetry Variables with DXA in Post-Menopausal Population
DXA (Right proximal femur N=20)
Description REETTEEE Neck-BMD Ward-BMD Trabecular-BMD Shaft-BMD Total hip-BMD
(g/cm ?) (g/cm ?) (g/cm ?) (g/cm 2) (g/cm 2)
Age(years) -.585" -.463" -.499" -.529" -562™
Base line variables Height(cm)  .308 226 112 .189 211
Weight(kg) .666™ 6217 .636™ 718" 7137
BMI(kg/m?  .624" 599" 668" 734" 715"
CLg-D(mm) -.261 -.278 -310 -.367 -.368
Chest digital x-ray (right clavi-  CLg -d(mm)  -.630™ -.653™ -.653™ -.681™ -701™
cIe(CLR)) CLg- ok o - ok ok
CT(mm) .750 .768 729 .705 737
Semi-automated method g/I;)R- CT 748" 775 751" 750 781"
*p<0.05, **p<0.01.
s ™
y =3.6536%+ 0.3016
E R?=0.595
E’ P<0.01)
o
—
O
T.BMD (g/cm?)
o /
Fig. 2: Correlation between CL&.CT (Mm) and T-BMD (G/Cm?) in Total Women Studied.
e ™\
y =3.6536x+ 0.3016
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Fig. 3: Correlation between CLr-CT (%) and T-BMD (G/Cm?) in Total Women Studied.
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Table 3: Statistical Differences between Pre-Menopausal and Post-Menopausal Women

Method Variables Pre-menopausal (n=20) Postmenopausal (n=20) Statistical significance
Age(years) 32.60+4.17 59.50+9.83 0.00
Demographic features Height(cm) 152.30+7.16 148.70+6.02 0.09
Weight(kg) 55.70+8.94 53.45+10.52 0.47
BMI(kg/m? 24.01+£3.56 24.09+4.06 0.94
Neck-BMD(g/cm ?) 1+0.18 0.72+0.14 0.00
Ward-BMD(g/cm 2) 0.81+0.23 0.53+0.16 0.00
DXA(Right proximal femur) Trabecular-BMD(g/cm 2) 0.78+0.15 0.56+0.15 0.00
Shaft-BMD(g/cm ?) 1.20£0.20 0.87+0.23 0.00
Total hip-BMD(g/cm ?) 1.01+0.17 0.72+0.18 0.00
CLg -D(mm) 8.79+1.28 8.92+1.28 0.71
- . . CLg -d(mm) 4.72+1.77 6.05+1.77 0.00
Chest digital x-ray (right clavicle(CLg)) CLg- CT(mm) 4.07+1.04 2874104 0.00
CLg- CT (%) 46.41+£12.97 32.96+£12.97 0.00

Table 4: Statistical Differences between Control Subjects and Low Bone Mass Women

Method Variables Control (n=21) Low bone mass (n=19) Statistical significance
Age(years) 37.3849.82 55.63+15.19 0.00
Demographic features Height(cm) 152.76+6.37 148 £6.47 0.02
Weight(kg) 58.52+9.12 50.21+8.55 0.01
BMI(kg/m? 25.12+4.01 22.87+3.18 0.06
Neck-BMD(g/cm 2) 1.01+0.17 0.70+0.10 0.00
Ward-BMD(g/cm 2) 0.84+0.21 0.49+0.10 0.00
DXA(Right proximal femur) Trabecular-BMD(g/cm ?) 0.80+0.13 0.52+0.11 0.00
Shaft-BMD(g/cm 2) 1.24+0.16 0.81+0.16 0.00
Total hip-BMD(g/cm 2) 1.04+0.14 0.68+0.12 0.00
CLg -D(mm) 8.80+0.99 8.91+1.31 0.78
. . . CLg -d(mm) 4.60+0.88 6.25+1.64 0.00
Chest digital x-ray (right clavicle(CLg)) CLe- CT(mm) 4214070 2654078 0.00
CLg- CT (%) 47.92+6.87 30.59+10.47 0.00

4.2. Statistical difference between the groups

Table 3 and 4 shows the statistical differences between pre-
menopausal and post-menopausal women and in normal and low
bone mass population. In this study, it was found that 47.5% of the
women studied were found to have low bone mass. The measured
mean T-BMD values in normal women was 1.04 g/cm?, whereas,
in low bone mass women, it was 0.68 g/cm? and its percentage
decrease was found to be 34.61%. In low bone mass women, the
percentage decrease in height and weight was decreased by 3.1%
and 14.2% respectively, when compared with normal women.

4.3. Radiogrammetric measurements on the Digital
chest X-ray PA view radiograph using semi-automated
method

The mean values of periosteal width and endosteal width were
found to be increased in the low bone mass women than in the
normal women. It was observed that the mean values of CLr-CT
and % CLr-CT were found to be decreased by 37.05% and 36.1%
respectively in the low bone mass women than in the normal
women. The measured radiogrammetry variables from the semi-
automated approach at the clavicle region was statistically signifi-
cant at the level of (p < 0.01) with CLr-CT and % CLr-CT in both
groups. The algorithm was implemented for measuring the clavi-
cle bone mass indices of the x-ray images. Fig. 4 showed the de-
tailed output of the measurement of cortical bone measurements in
right clavicle region.
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Fig. 4: The Detailed Output of the Measurement of Cortical Bone Measurements in Right Clavicle Region.

5. Discussion

In the total population, the variables measured by radiogrammetry
method such as CLr-CT and % CLr-CT showed a significant
correlation (p < 0.01) with T-BMD which are in agreement with
Kumar et al findings [15]. In our study, it was predicted that the T-
BMD values have a strong correlation with cortical thickness and
percentage cortical thickness of clavicle respectively. The results
from this study coincides with two earlier studies which showed
that BMI and weight loss are the variables which are the two inde-
pendent factors considered for risk of fracture due to osteoporosis
and for hip bone loss in both genders [16-19]. It was also found
that 47.5% (19/40) and 80% (16/20) of the total studied population
and post-menopausal group were predicted as low BMD. The
previous study shows that about 58.6% of the post-menopausal
women were predicted to be osteoporosis [6].

The semi—automated approach using radiogrammetry techniques
has been tested in the various region of interest especially in meta-
carpal and femoral shaft region which shows a high degree of
correlation with T-BMD [15]. Roberts et al performed semi-
automated segmentation to detect the vertebral fracture in DXA
vertebral fracture assessment (VFA) images using statistical ap-
pearance model in evaluation of osteoporosis [20]. Puri et al im-
plemented the semi-automated method in segmenting the bone
regions of femoral shaft, total hip and a femoral neck region [21].
Santhoshini et al computed the segmentation techniques such as
canny edge detection algorithm and thresholding to segment the
femur bone regions semi- automatically [22]. Hence various au-
thors have performed the segmentation techniques in different
regions of interest such as vertebrae, femoral shaft, hip, femoral
neck to evaluate the osteoporosis. To the best of our knowledge,
this is the first study to perform the correlations between T-BMD
by DXA, CLr-CT and % CLr-CT of the clavicle in a semi-
automated manner. One of the main limitations of the study was
locating the region of interest in the clavicle bone. The bone seg-
mentation is to be done carefully in both the clavicle, where there
is possibility of overlapping of other bone regions in the segmen-
tation process.

6. Conclusion

The semi-automated measurement of low bone mass indices in
clavicle radiogrammetry of chest x-ray was found to be useful in
evaluation of low bone mass in post-menopausal women and el-
derly aged population. This method can be used as screening tool,
especially in rural population of India.
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