Research Journal of Recent Sciences _________________________________________________ ISSN 2277-2502
Vol. 2(3), 87-91, March (2013)
Res. J. Recent Sci.

Bone Mineral Density Correlation against Bone Radiograph Texture
Analysis: An Alternative Approach
Abdul Basit Shaikh1, Muhammad Sarim1, Sheikh Kashif Raffat1, Mansoor Khan2 and Amin Chinoy2
1

Department of Computer Science and I.T, Federal Urdu University of Arts, Sciences and Technology, Karachi, PAKISTAN
2
The Indus Hospital, Korangi Creek, Karachi, PAKISTAN

Available online at: www.isca.in
Received 1st December 2012, revised 18th January 2013, accepted 18th February 2013

Abstract
Osteoporosis is the “Silent disease” in which the microarchitecture of bones becomes weak due to the low bone mass density.
This common public health problem has lack of symptoms, and at the moment can only be diagnosed using a technique called
dual-energy x-ray absorptiometry (DEXA). The DEXA scan of a bone provides bone mineral density (BMD), which is compared
against the standard BMD values for diagnoses. The availability of DEXA machine in a third world country like Pakistan is an
issue because of its high cost and the high percentage of population living in rural areas with limited health care facilities. The
aim of this paper is to review the published work on this subject and suggest a solution that aids early diagnosis of osteoporosis
using x-ray radiographs only. An associated problem is the use of T-score and Z-score reference values that are not based on
the local population.
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Introduction
Osteoporosis (OP)1 has now become the epidemic2-3.
Osteoporosis causes approximately 8.9 million fractures per
year worldwide. In Pakistan, this “silent disease” affects 6.7
million peoples and it will increase to in excess of 7.1 million
by 20204. According to the World Health Organization (WHO),
osteoporosis is referred to as faulty and weakened bone
structure due to low bone mineral content per unit volume 5.
Reduction of bone mass increases fragility and minor stress can
cause fracture. The WHO has declared the DEXA scan as a gold
standard to diagnose osteoporosis. The DEXA6 machine directly
determines the bone mineral content. The DEXA machine and
scans are expensive resulting in it being an infeasible solution
for the people of third world regions like the Asian subcontinent. The BMD values are presented as T and Z scores,
these being the number of standard deviations the measurement
is above or below an age matched population (Z-score) and
above or below a young healthy adult population (T-score).

Current Techniques
Osteoporosis

Employed

to

Diagnose

Singh Index (SI)7 is one of the traditional techniques in the
radiograph used to determine the extent of osteoporosis. It has
much to do with the patterns seen in radiographic imaging of the
bones. Osteoporosis is a pathological condition of the bone
wherein the density of the bone decreases to very lower levels.
The end result of osteoporosis is the bone becomes abnormally
porous, just like a sponge, and is prone to fracture. The problem
with the technique is that no apparent change in the plain X-ray
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is seen until there is loss of about 40% of bone, which in many
cases is too late.
A typical SI describes the patterns of trabeculae in the bone at
the top of the femur. These patterns categorized into six
different scales or grades corresponding to the degree of bone
loss as, grade 6 (normal), grade 4 (osteopenia), grade 3
(osteoporosis) and grade 1 (severe osteoporosis) 7. This
evaluation of Singh index has been subject of number of studies.
In some studies, the plain radiographic studies are used for
assessment of Singh index while in some digital radiography is
take to improve the reliability and validity of the assessment.
In Pakistan, in the absence of DEXA machines, osteoporosis is
diagnosed using X-Rays. The Figure-1 shows an osteoporotic
femur.
Fracture risk requires that, if X ~ 3Y, the bone is deemed to be
heavily osteoporotic. However, by this stage, it is too late to
prescribe any medication that will reverse the disease, and the
patient remains a high fracture risk candidate. Identification of
osteoporosis using this process can only be done when the
disease is at its advanced stage, as the detection using the above
formula is only visible after extensive osteoporosis.
Therefore, barring the use of DEXA machine to evaluate BMD,
the above technique and Singh’s Index is the only state of the art
process employed in Pakistan. And as mentioned earlier, it
shows the presence of OP at an advanced stage.
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the diagnosis is accurate and the subsequent medication
appropriate. All DEXA suppliers are from the West, and
therefore, have not developed local population based T and Z
scores databases. Hence, the T-score and Z-score for the
population of Asian sub-continent have not been established.

X
Y

Figure-1
Osteoporotic Femur

Issues in Diagnosis of OP in Third World
Countries
Primarily, osteoporosis is prevalent in elderly people as the bone
mineral density decrease with age, but factors like poor
nutrition, socio-economic conditions, ethics and lack of
awareness puts a large number of Pakistani young females at
higher risk of secondary osteoporosis in future8-9.
The result of DEXA scans yield BMD values, in what are
defined as T-score and Z-score10. T-score is the number of
standard deviations (SD), of the measured BMD for the patient,
above or below the peak bone mass for young adult. The Zscore describes the same statistic in a matched population
according to gender and age-group11. Z-score plays a vital role
in diagnosis of osteoporosis in children, male age below 50 and
pre-menopausal women, in contrast to T-score which is used to
identify osteoporosis in post-menopausal women and men age
above 5012.
The expense associated with DEXA scans renders them
unavailable to the bulk of the population. In addition even if the
DEXA scans were available to all, there is another problem
associated with the DEXA scans.
The important point is that the referenced T and Z scores values,
against which measurements are compared, are based on a
measured set of values for a defined population. This reference
population must be similar to the patient, in order to ensure that
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The WHO defined the criteria for diagnosis of osteoporosis13,
shown in table-1 but these may not applicable for the South East
Asian population14, due to the different body size, weight,
height and life style, like no or less consumption of alcohol
etc.15-16. Literature also shows that the Asian population has low
bone mass density as compare to black and white
population17-19. The question that arises is what if the reference
age matched and young adult matched values for an Asian
population are different to those provided by the DEXA
machine supplier? Is not the diagnosis erroneous and also the
subsequent corrective action?
Table-1
T-score for low Bone Mass defined by WHO
Diagnosis
T-score Relative to Bone Mineral Density
Normal
BMD value with in 1 SD, (T-score  -1)
BMD value more then 1 SD below the mean
Osteopenia
& less then 2 SD below the mean, (-1 > Tscore > -2.5)
BMD value 2.5 SD or more below the mean,
Osteoporosis
(T-score ≤ -2.5)
Severe
BMD value 2.5 SD or more below the mean
Osteoporosis with fragility fracture, (T-score ≤ -2.5)

Factors Affecting Fracture Risk
The risk of osteoporotic fracture is not just related to BMD 20-21,
but also to bone microarchitecture. The strength of the bone is
not just related to the quantity of bone, but also to its structure.
Trabecular bone has a spongy like structure, often referred to as
microarchitecture, which provides strength to the bone. Any
degradation in this structure increases the likelihood of fracture.
This spongy structure (microarchitecture) gives the texture in
the X-ray images. This structure is shown in figure-2.
It is this structure that gives the texture in the x-ray image.
Microarchitecture appears as a unique texture in the X-ray
images22. This is shown in the highlighted region in figure-3.
Most osteoporotic diagnostic techniques focus on assessing
BMD only, and very little attention has been given to the effect
of microarchitecture. This is most likely due to the fact that the
research associated with osteoporosis is undertaken in countries
where DEXA machines are widely available. The following
literature survey discusses the extent of the research in
establishing a correlation between texture and fracture risk, with
bone mineral density as an intermediate variable.
The literature review concentrates on evaluating the published
work on correlation between the texture analysis of trabecular
bone pattern and fracture risk. It has been established early on
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within the medical circles that fracture risk is associated with
low bone mineral density (BMD), but recently there has been
focus on the bone structure and its effect on the texture of
radiographic images.

Figure-2
Spongy like Structure of Normal Bone

methodology is layed out. From title, it is clear that the
objective was to investigate and develop some correlation. It
seems to be the first comprehensive work on correlation
between BMD and Bone Texture. Their findings laid the basis
for other subsequent work on correlation between BMD and
radiographic trabecular bone pattern.
They present some interesting conclusions: “Results of the study
indicate that BMD correlates significantly with fracture stress
(FS) r=0.82 (p<O.OOI, N=24) and r=0,94 (p<O.OOI, N=43) for
female and male vertebrae,respectively, Correlation coefficients
of the investigated texture features were as high as 0,80
(p<O.OOI) and 0.69 (p<O.OOI) for the female and male
vertebrae, respectively. Multiple regression analysis showed that
in female vertebrae the addition of one texture feature to BMD
results in a better prediction of strength. The multiple
correlation coefficient was 0,87 (p <0. 001) in this case. In male
vertebrae BMD was the best predictor of fracture stress. These
results suggest that texture features, as measured in
magnification radiographs, can predict bone strength. Whereas
in all cases BMD is the best single predictor of bone strength,
for women texture features contain useful additional
information.”
Two points arise from that PhD work that: i. First, there is
correlation between texture features and fracture stress, albeit in
female vertebrae, and ii. Secondly, different texture features
yield different results. That is, there will be a need to investigate
a wide range of texture features as well as fractal analysis to
indicate which features give the best correlation.
In conclusion, this PhD thesis proves without doubt that there is
correlation between texture features and fracture stress and
BMD. Similar findings have been reported by other independent
and more recent publications. In the paper25, the authors R.
Karunanithi et al used the dataset of 70 females, 25
premenopausal (mean age ± SD: 39.4 ± 3.8) and 45
postmenopausal (mean age ± SD: 57.9 ± 7.9) women. The
DEXA was used to measured the BMD of those women and
also they took the radiograph of same as well. By using the
Fourier transform and the power spectral density (PSD), they
concluded that age has a significant influence in BMD and on
the texture of the trabecular bone.

Figure-3
Region of Interest in x-ray Radiograph
One of the first works published on the correlation between Xray film and BMD was by researchers in Korea23, who
concluded that Singh’s index, Calcaneal index, and Meunier
index had statistical correlation with the BMD. Given that the
original image was on X-ray film, the relative accuracy of the
study would be weak.
In a PhD thesis entitled 'Texture Analysis of the Radiographic
Trabecular Bone Pattern in Osteoporosis'24, the basic
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M. Rachidi et al26 provides evidence of correlation between
bone texture features and BMD, which is independent of
gender, but the sample was small only consisted of 16 men and
24 women.
The study of C. Chappard et al27 provides evidence of
correlation between texture analysis and BMD, but that the
sample consisted of 16 men and 24 women, suggesting that the
correlation is not restricted to females only as implied by the
Veenlands thesis. According to M.J. Pitt et al28 the presence of
bone bars were definitive in terms of correlating to lower BMD.
In their study they found 60% to 91% Osteoporosis or
osteopenia in bone bars. Again, this indicates that texture
features are correlated to BMD. In a study by A. Maiti et al29,
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the authors similarly pursue a study to evaluate osteoporosis
using digital radiographs. Their study is limited by the fact that
they only used 10 samples, but even with their limited samples
size, their results are encouraging. In another study V.
Sapthagirivasan et al30 used the radiographs of 50 patients and
extract the texture features using the dual-tree complex wavelet
transform (DT-CWT). The technique proposed the steps to
diagnose osteoporosis using the energy obtained through DTCWT from the trabecular texture of digital radiographs.
Pramudito et al31, attempted to develop the rudimentary
elements of an expert system. They used expert physicians to
define the traditional Singh's index and then correlated this to
the texture features extracted from the radiographs. The
correlation between the texture features and the Singh’s Index is
very high, even though the number of patients was only 41. The
correlations between the texture features and the Singh’s Index
as published in their paper are reproduced in table-2.
Table-2
Cross-correlation between Singh indexes, Gabor features,
Wavelet features and Fractal dimensions (p = 0.001)
Singh
Index
Singh Index
Gabor
Feature
Wavelet
Feature
Fractal
Dimension

Gabor
Feature

Wavelet
Feature

Fractal
Dimension

1
0.87

1

0.84

0.95

1

0.79

0.80

0.86

1

A significant relationship between the SI and BMD among
females was also reported by O. Karabulut et al32 based on 47
osteoporotic women. There are some weakness of SI in
diagnosing osteoporosis suggested by different studies like N.
Shankar et al33 concluded that, SI is not reliable and has a
limited significance to diagnoses femoral neck osteoporosis.
The study of N. Shankar is based on limited female patients; 11
were pre-menopausal and 39 were postmenopausal, and no one
had previous osteoporosis fracture. M.R. Salamat et al 34 also
criticized SI for its poor reliability. In a study on 68 women and
4 men suspected with osteoporosis, they found no significant
correlation between SI and BMD and concluded that patients
with different BMD have same SI and there is no change in SI
due to age and other factors.

Applications of Image Features
We suggest that texture features and fractal features, extracted
from digital X-ray images, are in essence reflection of the bone
microarchitecture. The results reported above show a strong
correlation between various texture and fractal features and
BMD. Texture analysis comprises of four main steps; feature
extraction (compute texture properties), texture discrimination
(image segmentation), texture classification (classifying the
segments), and shapes from texture (reconstruct geometry) 35.
Texture features extracted from X-Ray radiographs are
reflective of the trabecular bone structure. In general these
features are derived from texture using fractal dimensions,
entropy, energy, skewness, standard deviation, mean value and
coefficient of linear correlation. These feature values are
correlated to BMD to determine fracture risk and has been
proven based on the above literature review. This then naturally
suggests that in regions where DEXA machines are not
available, image features extracted from digital X-rays could be
used as a diagnostic aid as an early osteoporosis warning tool
and even a fracture risk prediction tool.

Conclusion
The cost of DEXA machines is high, and very few hospitals in
Pakistan possess them. Hence, for the bulk of the population,
routine DEXA scans are not possible. Current medical
knowledge and technology using traditional X-ray machines
will diagnose osteoporosis well after it has progressed to an
advance stage, leading to increased fracture risk. However, all
hospitals will have X-ray machines. The above review and
conclusion suggests that an alternative, cheaper but just as
accurate solution may exist in the correlation between the X-ray
feature set and BMD values. What is required is a practical
study to correlate using a large number of patients and apply
some intelligent computational procedure. The ontological
classification36-37 of these data will also help to manipulate it in
semantically.

References
1.

Kanis J.A., Diagnosis of osteoporosis, Osteoporosis Int., 7,108116 (1997)

2.

Khuwaja A.K., Nasir A. and Mithani Y., Preventing Osteoporosis
Epidemic by Exercise Interventions, Med. today, 3, 140-142
(2005)

3.

Kanis J.A., Melton L.J., Christiansen C., Johnston C.C. and
Khaltaev N., The Diagnosis of Osteoporosis, J. of Bone and
Mineral Res., 9(8) (1994)

4.

“6.7m suffering from osteoporosis,” Daily Times, Oct 24, (2010)

5.

World Health Organisation [WHO], Chronic diseases and health
promotion, http://www.who.int/chp/topics/rheumatic/en, (2011)

6.

Adams J.E., Single and dual energy X-ray absorptiometry, Euro.
Radiology, 7(2), S20–S31 (1997)

7.

Singh M., Nagrath A.R., Maini P.S., Changes in trabecular pattern
of the upper end of the femur as an index of osteoporosis, J. Bone
Joint Surg. Am., 52(3), 457–467 (1970)

Results and Discussion
The above review indicates the following: i. Texture features
extracted from X-Ray radiographs are reflective of the
trabecular bone structure. ii. The texture features correlate with
fracture risk. The bulk of the studies focus on female fractures.
This is because mature females at the onset of menopause are
more prone to osteoporosis due to hormonal changes then men.
However, there is evidence that the correlation also exists with
male fractures. iii. The texture features correlate with BMD.

International Science Congress Association

90

Research Journal of Recent Sciences ______________________________________________________________ ISSN 2277-2502
Vol. 2(3), 87-91, March (2013)
Res. J. Recent Sci.
8.

Mamji M.F., Hasan J.A. and Sabri M.S., Risk Factors for
Osteoporosis in Post-Menopausal Women with Hip Fractures, J.
of Surgery Pak., 15(2), (2010)

23. Lee S.H., The Study of the Correlation between Osteoporosis
indices using Simple Bone X-ray Film and Bone Mineral Density
using Dual Photon Absorptimetry, 1(2), 209-215 (1994)

9.

Fatima M., Nawaz H., Kassi M., Rehman R., Kasi P.M., Kassi M.,
Afghan A.K. and Baloch S.N., Determining the risk factors and
prevalence of osteoporosis using quantitative ultrasonography in
Pakistani adult women, Singapore Med. J., 50(1), 20-28 (2009)

24. Veenland J.F., Texture analysis of the radiographic trabecular
bone pattern in osteoporosis, PhD Thesis, Erasmus University
Rotterdam, ISBN: 90-75655-04-5 (1999)

10. The Joint Commission, Improving and Measuring Osteoporosis
Management, National Pharmaceutical Council, (2008)
11. Yung C.K., Fook-Chong S. and Chandran M., The prevalence of
recognized contributors to secondary osteoporosis in South East
Asian men and post-menopausal women. Are Z score diagnostic
thresholds useful predictors of their presence?, Arch.
Osteoporosis, (2012)
12. World Health Organisation [WHO], Prevention and management
of osteoporosis: report of a WHO scientific group,
http://whqlibdoc.who.int/trs/WHO_TRS_921.pdf, (2003)

25. Karunanithi R., Ganesan S., Panicker T.M.R., Korath M.P. and
Jagadeesan K., Assessment of bone mineral density by DXA and
the trabecular microarchitecture of the calcaneum by texture
analysis in pre and postmenopausal women in the evaluation of
osteoporosis, J. Med. Phys., 32(4), 161–168 (2007)
26. Rachidi M., A. Marchadier A., Gadois C., Lespessailles E.,
Chappard C. and Benhamou C.L., Laws’ masks descriptors
applied to bone texture analysis: an innovative and discriminant
tool in osteoporosis, Skeletal Radiol, 37, 541–548 (2008)

13. World Health Organisation [WHO], Assessment of fracture risk
and its application to screening for postmenopausal women, WHO
Technical Report Series 843, (1994)

27. Chappard C., Bousson V., Bergot C., Mitton D., Marchadier A.,
Moser T., Benhamou C.L. and Laredo J.D., Prediction of Femoral
Fracture Load: Cross-sectional Study of Texture Analysis and
Geometric Measurements on Plain Radiographs versus Bone
Mineral Density, Radiology, 255, 536-543 (2010)

14. Roy D., Swarbrick C., King Y., Pye S., Adams J., Berry J., Silman
A. and O’Neill T., Differences in peak bone mass in women of
European and South Asian origin can be explained by differences
in body size, Osteoporos Int., 16, 1254–1262, (2005)

28. Pitt M.J., Morgan S.L., Lopez-Ben R., Steelman R.E., Nunnally
N., Burroughs L. and Fineberg N., Association of the presence of
bone bars on radiographs and low bone mineral density, Skeletal
radiology, 40(7), 905-911 (2011)

15. Alekel D.L., Peterson C.T., Werner R.K., Mortillaro E., Ahmed N.
and Kukreja S.C., Frame size, ethnicity, lifestyle, and biologic
contributors to areal and volumetric lumbar spine bone mineral
density in Indian/Pakistani and American Caucasian premenopausal women, J. Clinic Densitometry, 5, 175–186 (2002)

29. Maiti A., Roy S. and Tibarewala D.N., An Approach of Bone Loss
Estimation Through Digital Radiography, Int. J. of Engin. Sci. and
Tech., 3(6), 5194-5199 (2011)

16. John J.C., Thomas E.L., Bradford J.R., Miriam F.D., Barbara
A.C., Paul D.M., Martha M.M., Steven A.L., Charles L.T. and
Angelo A.L., DXA-Generated Z-Scores and T-Scores May Differ
Substantially and Significantly in Young Adults, J. of Clinical
Densitometry, 10(4), 351-358 (2007)

30. Sapthagirivasan V. and Anburajan M., Analysis of trabecular
proximal femur bone in diagnosing osteoporosis using digital xray: A comparison with DXA, IEEE-ICRTIT, (2011)
31. Pramudito J.T., Soegijoko S., Mengko T.R., Muchtadi F.I. and
Wachjudi R.G., Trabecular Pattern Analysis of Proximal Femure
Radiographs for Osteoporosis Detection, J. of Biomed. and
Pharma. Engin., 1(1), 45-51 (2007)

17. Shakil A., Gimpel N.E., Rizvi H., Siddiqui Z., Ohagi E., Billmeier
T.M. and Foster B., Awareness and Prevention of Osteoporosis
Among South Asian Women, J. of Community Health, 35, 392–
397 (2010)

32. Karabulut Ö., Tuncer M.C., Karabulut Z., Hatipoğlu1 E.S.,
Nazaroğlu H. and Akkuş Z., Evaluation of the Singh index and
Femur Geometry in Osteoporotic Women, Central Euro. J. of
Medicine, 5(5), 601-610 (2010)

18. Malhotra N. and Mithal A., Osteoporosis in Indians, Indian J.
Med. Res., 127, 263-268 (2008)

33. Shankar N., Vijay A., Ligesh A.S., Kumar A. and Anburajan M.,
Comparison of Singh’s Index with Dual energy x-ray
Absorptiometry (DXA) in Evaluating Post-menopausal
Osteoporosis, IEEE-ICRTIT (2011)

19. Cromer B.A., Binkovitz L., Ziegler J., Harvey R. and Debanne
S.M., Reference values for bone mineral density in 12- to 18-yearold girls categorized by weight, race, and age, Pediatr. Radiol.,
34, 787–792 (2004)
20. Benhamou C. L., Poupon S., Lespessailles E., Loiseau S., Jennane
R., Siroux V., Ohley W. and Pothuaud L., Fractal Analysis of
Radiographic Trabecular Bone Texture and Bone Mineral
Density: Two Complementary Parameters Related to Osteoporotic
Fractures, J. of Bone and Mineral Res., 16(4), 697–704 (2001)
21. Cortet B., Computed Tomography Image Analysis of the
Calcaneus in Male Osteoporosis, (2002)
22. Lespessailles E., Gadois C., Lemineur G., Do-Huu J.P. and
Benhamou L., Bone Texture Analysis on Direct Digital
Radiographic Images: Precision Study and Relationship with Bone
Mineral Density at the Os Calcis, Calcified Tissue Int., 80, 97-102
(2007)

International Science Congress Association

34. Salamat M.R., Rostampour N., Zofaghari Sh. J., Hoseyni-Panah
H. and Javdan M., Comparison of Singh index accuracy and dual
energy X-ray absorptiometry bone mineral density measurement
for evaluating osteoporosis, Iran. J. Radiat. Res., 8(2), 123-128
(2010)
35. Materka A. and Strzelecki M., Texture Analysis Methods – A
Review, Tech. Uni.of Lodz, Inst. of Elec., COST B11 report,
Brussels, (1998)
36. Raffat S.K., Siddiqui M.S., Shaikh Z.A. and Memon A.R.,
Ontology: A Scientific Classification Technique, Sindh Uni. Res.
J., 44(2AB), 63-68 (2012)
37. Raffat S.K., Siddiqui M.S., Siddiq M., Shaikh Z.A. and Memon
A.R., HBVO: Human Biological Viruses Ontology, Res. J. Recent
Sci., 1(10), 45-50 (2012)

91

