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Abstract - In early days, morphometric methods were used to evaluate bone density. Initially, only by the visual interpretation of 
radiographs the bone density was assessed qualitatively. Quantitative analysis of bone density was given by Radiographic 
Absorptiometry(RA). Scientists are interested in BMD measurement using absorption technique. Photon absorptiometric 
techniques (SPA and DPA) used radionuclides to generate photon energy. Then, to overcome the limitations of photon 
absorptiometry techniques such as high cost and radiation safety considerations, X-ray tube was introduced as the radiation 
source as it has high photon output. It led to the development of SEXA (Single Energy X-ray Absorptiometry) and DEXA (Dual 
Energy X-ray Absorptiometry). A brief review of these techniques augments the appreciation of the capabilities of modern testing 
and provides a background for the understanding of modern technologies. Latest improvement in bone mineral densitometry 
techniques result in precise and accurate methods of estimating bone mineral density. Yet, with a focus on the limitations of the 
current gold standard method DEXA, paves way for future research for better methodology for estimation of bone density more 
precisely, easily and accurately.  
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1. INTRODUCTION  
 
Bone mineral loss in early stage is estimated by the densitometry methods in bone which provides accurate quantitative 
measurement of BMD. Measurements in bone density is separated into two types: assessments of fracture risk or quantification 
of bone mineral content or density (BMC or BMD). Assessments of fracture risk can be further divided into global fracture risk 
assessments or site specific fracture risk assessments. [1] 

Researchers have developed densitometers to detect bone loss that determines bone density by measuring changes in the 
absorption of energy passing through bone. This enabled physicians to detect osteoporosis in its early stages, well before 
fractures occur. The bone mineral content (mass per centimetre) as measured by SPA method and areal density (mass per 
square centimetre) as measured by DPA.  Bone densitometry comprises the art and science of measuring the bone mineral 
content (BMC) and bone mineral density (BMD) of particular skeletal sites or the whole body. The bone measurement values 
are used to measure bone strength, helps to  diagnose diseases associated with low bone density particularly osteoporosis, 
monitor the effects of treatment for such diseases, and predict risk of future fractures. BMD denotes the amount of mineral 
matter (mostly calcium and phosphorous) per square centimetre of bones. To balance for differences in bone size, the 
measurements of bone mineral were divided by the bone width to give a ratio (g/cm 2). Bone density is used as an indirect 
predictor of osteoporosis and fracture risk. The relation between BMD and fracture risk is well established. In particular, hip 
fractures are strongly associated with BMD. [2] To treat, prior to the incidence of first fracture, it is necessary to evaluate 
absolute fracture risk by BMD measurements and inclusion of other risk factors. BMD value alone can be used for a fine distinct 
assessment when desired. Literature review shows that bone mineral density values are affected by many factors, such as age, 
sex. Also, there is much argument on which site BMD should optimally be measured.  The principle of bone densitometry is 
detailed below: 

The interaction of electromagnetic radiation with tissue is considered as small packets of energy called photons. In both cases, 
energy is absorbed by tissue through the electron as it loses kinetic energy in ionising atoms of the tissue. If all the photons 
initially have monoenergetic or monochromatic, the attenuation of a radiation beam by a thickness ‘x’ of a single tissue is given 
by an expontential law: 

                                                                (1) 

where Ii , Ir are the incident and transmitted intensities and υ is the linear attenuation coefficient which is a property of the 
tissue. If a monoenergetic radiation beam is passed through part of the body that has bone surrounded by soft tissue, the 
transmitted intensity is given by: 

                                          (2) 

where b,s  represent bone mineral and soft tissue respectively, xb is equivalent thickness of bone mineral and xs is the 
equivalent thickness of some average soft tissue. This equation is the basis for bone densitometry by experimental 
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measurement of the incident and transmitted intensities and assumed values are used for the attenuation coefficients. The 
tissue thickness x is replaced by its area density (in g cm-2). 

                                             (3) 

x= 1/ ρ. m/A where m is the mass of tissue in the beam and A is the area of the beam. Thus in eqns 1 and 2, the product vx can 
be replaced by µM, where µ is the mass attenuation coefficient (in cm2g-1) and M is the area density (m/A).  X-ray tube produces 
radiation with a continuous spectrum of photon energies from low values up to a well defined high value. [3] 

Thus, in bone mineral density (BMD) scan by SXA and DXA, the energy of X- ray beams are used. Some energy that is passed 
through bones is absorbed, and the non-absorbed energy is detected on the other side of the body. For denser bones more 
energy is absorbed, and the less energy detected at the other side of the body. Fig-1: depicts the basic principle of bone 
densitometry. The radiation energy per pixel is detected and converted into an “areal density” measured in g/cm. The number 
of pixels in the area is added up, and then the amount of bone in each pixel is calculated. Thus the bone density is calculated 
based on the amount of X-ray energy absorbed by the bone. 

        

 

 

 

 

 

                                                          

 

 

 

Fig-1: Basic Principle of bone densitometry 

There is a correlation between BMD measured by different techniques for a same person. It is variously correlated around 
r=0.2-0.9. The reason for such variable correlations is the techniques measure in various skeletal sites and different types of 
bone such as cortical, trabecular and integral of bones. On contrary, due to the dispersion around regression line of correlations 
between techniques, BMD results obtained by one method cannot be used to predict the result that was got by using method in 
the same or a different anatomical site. The ideal time interval between BMD measurements in a patient would be associated to 
the method used, the site of measurement such as axial or appendicular skeleton, the type of bone measured such as cortical, 
trabecular or integral, its precision, and the expected rate of change in bone density.[4] To assess a technique, it must be both 
accurate and precise, so that medical opinion can be based on single test values and measured changes over time can be 
significant. Thus, to diagnose and monitor the treatment of osteoporosis needs accurate and precise BMD measurements.  

This article discusses the various techniques for BMD assessment and along with the procedure aspects as well as the 
advantages and limitations of each technique. The overall presentation of the survey is made on the radiologic methods for 
evaluation of osteoporosis such as morphometric or photon absorptiometric techniques. These methods give either qualitative 
or quantitative measurements. Fig-2: depicts the various types of bone densitometry methods.  Bone densitometry is a non-
invasive test that measures the density of bone quickly and accurately. There are various techniques developed to estimate the 
bone mineral density and thereby evaluate the condition of osteoporosis.  There are morphometric methods and photon 
absorptiometric methods. Each method is discussed elaborately in the following sections. Nevertheless, a brief review of these 
techniques should both enhance the appreciation of the capabilities of modern testing and provide a background for the 
understanding of modern technologies. 
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Fig.2: Various techniques for Bone Density measurement 

The paper is organized as Section 1, Introduction – gives brief outline on osteoporosis and its impact, along with a summary on 
principles of how BMD will be calculated and its significance, Section 2, discusses the morphometric techniques of bone 
densitometry, Section 3, discusses Photon Absorptiometry methods, Section 4 describes the comparison of various 
Absorptiometry methods, Section 5 gives the summary and conclusion of the advantages and disadvantages of Absorptiometry 
methods. 

2. MORPHOMETRIC TECHNIQUES 
Morphometric techniques have been used to assess the bone density in early days. It gives either qualitative or quantitative 
analysis of skeletal structure from the plain radiographs. [5,6] 
 

2.1 Qualitative methods 
Qualitative analysis is given as gradings based on the visual interpretation radiographs by the radiologist.  
 

2.1.1 Conventional Radiographs 
As early as in the 1930s and 1940s, conventional radiographs were used to determine bone mineral density. It used ivory edges 
for calibration. Radiography is a cheap and widely available modality that gives a simple clear-cut way to assess the bone 
health. Conventional Radiograph is commonly used in evaluation of back pain. Osteoporosis is one of the common causes of 
back pain in post menopausal women and elderly patients. Thus conventional radiographs aids in subjectively assess the bone 
density and detect fractures and changes in morphology. The basic principle behind X-rays is, the amount of X-ray energy 
absorbed increases with the third power of atomic number therefore the absorption is directly proportional to the amount of 
calcium. If the bone mass is reduced less energy is absorbed that increases lucency of the bones.[5,6] Thus as the bone mass is 
lost, changes in bone structure occurs and that can be observed radiographically. Radiography image results are very poor in 
early days. With maximum destruction in bone only, osteopenia is noticed. Early methods didn’t give much more good results 
due to the deformation in the image features. Being a generalized disease, osteopenia may be seen all over, but spine and femur 
may show special characteristics of osteopenia. Several grading and scoring systems have been established for defining 
osteoporosis. Some of them are Singh’s Index for femur neck and Saville’s Index for femur spine. 
 

2.1.1.1 Singh’s Index 
Singh’s index is a qualitative morphometric technique. It is an index for femur proposed to diagnose osteoporosis. It is based on 
the assumption that the trabeculae in the proximal femur disappear in a predictable sequence that is, as trabecular bone loss 
occurs, those trabeculae that are subject to less mechanical stress are lost first. X-rays are graded 1 through 6 according to the 
disappearance of the normal trabecular pattern. The classification was given as: 
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Grade VI: All the bones are visualized;  
Grade V: Predominant ward feature. 
Grade IV: Traced from the lateral cortex to the upper part of the femoral neck. 
Grade III: Continuity of the principal tensile trabeculae is broken opposite the greater trochanter.  
Grade II: Predominant trabeculae stand out clearly; others are nearly absorbed. 
Grade I: This grade indicates severe osteoporosis. [7,8] 
Later Grade VII was added to the scale for individuals with dense bone that is the Ward’s triangle.[8] 
Studies were made to compare spinal radiography with DPA. Test was carried in 132 women; films of lumbar spine were 
graded for osteopenia, spondylosos and calcification of the abdominal aorta based on morphologic criteria. Results show that 
there were highly significant inverse correlation between radiographic grade of osteopenia and BMC of the 2nd, 3rd and 4th 
lumbar vertebrae. Also, the mineral content at each radiographic grade of osteopenia differed considerably. Thus spinal 
radiography and dual photon absorptiometry (DPA) can be regarded as complementary rather as alternate diagnostic 
procedures.Quantitative digital radiography is faster and cheaper than DPA and involves less radiation exposure. Also 
quantitative digital radiography has greater image resolution and better short and long term reproducibility [9]. Thus, 
measurement of the SI in radiographs correlates with histological findings in osteoporosis.[10] 
The advantages of SI are it is simple, inexpensive, and the availability. These gradings are made based on the visual 
interpretation of the radiologists thus SI cannot replace bone densitometry measurements for individual bone assessment. Also 
it lacks in the consistent interpretation, as there is a wide deviation in the reproducibility and the overlapping of the 
parameters. SI might be used as an alternative technique for a rough estimation of the mechanical quality of the femur if 
densitometry is not available. But, recent studies suggest that Singh’s index doesn’t correlates well with hip fractures and DXA 
measurements.[11-13] 
 

2.1.1.2 Saville’s Index 
Osteopenia score for vertebrae was given  by Saville. The classification is as follows: 
Grade 0 as Normal bone density 
Grade 1 as minimal loss of density that is endplates begin to stand out giving a stencilled effect 
Grade 2 as vertical striation is more obvious and endplates are thinner 
Grade 3 as more severe loss of bone density than grade 2 and endplates is becoming less visible  
Grade 4 as density is no greater than soft tissue and no Trabecular pattern is visible.[14] 
 
Several studies were made on plain radiographs of spine to diagnosis osteopenia and osteoporosis. It was also compared with 
the results from DXA. Also, relationship between vertebral deformity and BMD was examined. In an analysis 200 subjects of 
which 107 are men and 93 are women of averaged between 52 and 82, radiographs of14 vertebrae ie, between T4 and L5 were 
analysed. The osteopenia score was given based on Saville’s Index. BMD was measured in AP lumbar spine and femoral neck 
(left hip) using DEXA. Both the results were compared. Results show that lateral spine scans show stronger correspondence 
with radiologic osteopenia. There was overlap between gradings, but the BMD was in fact significantly related to visually 
estimated osteopenia. Also, the BMD measured at the hip and spine was related to vertebral deformity in women but not in 
men. Yet, radiographic results of bone density can only used to provide a broad guide to BMD even under optimal conditions. 
Though it has also been utilized in other investigations, the Saville index has not been widely implemented because the 
radiographs are uncalibrated and interpretation is affected by interobserver variability.[15] 
 
Studies were made to show radiographic evidence of osteopenia as a strong predictor of osteoporosis. The patients were 
compared to a group of one or more age and sex matched patients with one or more low impact vertebral fractures. However, 
plain film estimation could not differentiate specifically between osteopenia and osteoporosis. In a work, 3530 referrals of 
women were reviewed for bone density measurements of the spine and femur to determine the relationship between BMD 
measurements and the initial reason to recommend performing a BMD screening service.[16] 
 
However, some researchers have provided contradictory results. It was suggested that there  was little ability to accurately 
diagnose osteopenia by chest film and proposed that it was unjustified to comment on the presence or absence of osteopenia 
on the basis of chest films. In [17], the estimated degree of bone density on 45 lateral chest films was read by nine radiologists, 
was compared with DXA of only the lumbar spine taken within the same 6 month period. One likely limiting factor of this study 
was that the radiologists reported an overall impression of bone density rather than referring to specific criteria which would 
have justified their impression. Furthermore, the bone density values were not reported as T and Z-scores but were as grams of 
hydroxyapatite/square centimetre. At last in another work, it was recommended that this study was underpowered. 
In [18], routine radiographs and PA DXA of the lumbar spine were compared in the diagnosis of osteopenia using a T-score of -
2SD as the threshold for the diagnosis of osteopenia. They found a poor correlation between BMD, as measured by DXA, and a 
lumbar spine index (LSI). Also, in this study, radiographs of the lumbar spine obtained in both the anterioposterio and lateral 
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planes were evaluated by nine observers in order to verify observer variation. The readers were not given specific training or 
criteria. Results show that osteopenia can reliably be detected from lumbar spine radiographs by all readers only after a 
substantial amount of BMD is lost i.e., more than 60%. Also, it was noted that the most inconsistency between DXA and 
observers occurred in cases where the reduction in BMD was between 10% and 20%. 
 

2.2 Quantitative Methods 
Quantitative methods compute the bone density in almost every region of the skeleton. 
 

2.2.1 RADIOGRAPHIC ABSORPTIOMETRY (RA) 
The above discussed indexes are given based on the visual interpretation of radiologist which may results in interpretation 
errors thus may lead to wrong diagnosis of diseases. Photo densitometry or radiographic absorptiometry, is one of the first 
quantitative techniques developed.  
 

2.2.1.1 Procedure 
The basic principle for quantitative method for measurement of integral that is, cortical and trabecular bone, Bone mineral 
density is,  the photographic density of a bone on a plain radiograph is approximately proportional to the mass of bone located 
in the beam of X-ray. It measures the X-ray absorption on radiographs. 
 
Standardized radiographs of various bones of the peripheral skeleton are obtained together with an aluminium or calcium 
hydroxyapatite reference wedge for calibration. RA measures bone mass in the peripheral skeleton sites, usually 
metacarpals,phalanges,radius,ulna,femur and tibia. RA can also be applied to measure bone density in calcaneus. This method 
requires standard, film x-ray device to capture radiographs of the hand, together with an aluminium wedge, by direct exposure 
at two different exposure settings using a single x-ray film. The film is then transferred to a central reading facility where the 
image is digitized using a high resolution video camera. The result is then compared to that of the aluminium wedge to compute 
the equivalent aluminium thickness of each bone which gives the bone density.[19,20]Fig-3. X-ray of hand along with the 
aluminium wedge.[19] 

 
Fig-3: X-ray of hand and the aluminium wedge[19] 

 

2.2.1.2 Correlation of RA with other methods 
Though the correlation between different sites as measured by other methods are statistically significant, the correlations are 
too weak to allow prediction of bone mass or density at one site from measurement at another. To predict hip fracture risk, 
data of NHANES I was analysed, which had 1559 hand radiographs of Caucasian women taken using photodensitiometry. [21] 
Some studies have shown that Radiographic Absorptiometry (RA) is useful in population screening of postmenopausal women 
for osteoporosis. A small, low cost RA scanner were introduced in Denmark to measure bone density in the phalangeal bone of 
the hand.178 patients were studied with fracture of wrist, hip or vertebra out of which 136 had low energy fractures and in 76 
patients both RA and DXA was performed. Results of BMD from RA and T-score of Spine from DXA were compared.  Some 
studies show, RA has high precision and a significant correlation to data obtained by DXA scan.[22] 
 

2.2.1.3 RA- Precision and Accuracy 
Correlation with BMD of spine is in order of r=0.6 to 0.8. A good precision was obtained with original techniques with short 
term coefficient of variation of 1-2%. The site at which RA is performed also affects the precision. Finger bones measurement 
instead of forearm reduces scatter and beam-hardening effect. Thus RA has been used as a screening technique for primary-
care physicians as they need to access only to conventional radiographic equipment and a small aluminium wedge. Yet, the use 
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of computed RA is limited to appendicular bones as it is sensitive to changes in overlying tissue. Studies show that RA seems to 
be suitable for BMD measurement to be with excellent precision and accuracy in the phalanx.[23] 
 

2.2.2 RADIOGRAMMETRY 
Radiogrammetry is a quantitative morphometric technique that measures dimensions of bones using skeletal radiographs . In 
Metacarpal Radiogrammetry the dimensions of the metacarpals were measured using a plain radiograph of the hand and rulers 
or fine callipers was also used. It used cortical width as the measure of bone strength.Calculations such as metacarpal index(MI) 
and the hand score(HS), percent cortical area(%CA), the cortical are(CA) and cortical area to surface area ratio(CA/SA) was 
done. The MI is calculated as cortical width divided by the total width. HS is the percent cortical thickness which is nothing but 
MI expressed as percentage. Thus to calculate bone density, these measurements along with the knowledge of the gravimetric 
density of bone was used. There were good correlation between such measurements and weight of ashed bone. Metacarpal 
Radiogrammetry also showed a reasonable good correlation with photon absorptiometric techniques to bone density at other 
skeletal sites. Radiogrammetry can also be performed at other sites such as femur, phalanx and distal radius.  Radiogrammetry 
measurement of combined cortical widths of second metacarpal and distal radius showed high correlation with bone density in 
the spine measured by dual photon absorptiometry. Cortical measurement in Radiogrammetry is metabolically less active than 
trabecular bone.[24] 
 
Analysis in digitized image is done by Digital Radiogrammetry(DXR). The image is digitized. The metacarpals are identified 
using algorithm of active shape models(ASMs).ASM algorithm identifies points on the boundaries of the metacarpals. There is 
no operator activity involved in placing the regions. Cortical thickness plays a main role.[25] 
 
Several studies were done to evaluate the correlation between BMD measured by DXR and other techniques.  DXR-BMD of the 
metacarpal was strongly correlated with the distal and proximal radial BMD measured by single-photon absorptiometry. The 
correlation values are 0.68 and 0.75 respectively. There was a more unassuming correlation with femoral neck and lumbar 
spine BMD measured by DXA. The values of correlation are 0.50 and 0.44 respectively. Metacarpal DXR-BMD predicted fracture 
risk at spine and wrist.[26] 
 

3.  PHOTON ABSORPTIOMETRIC TECHNIQUES 
Photon absorptiometric techniques are based on the quantification of the degree of attenuation of the X-ray photon energy. It 
enables to quantitatively assess the tissue density also. The earliest photon absorptiometric techniques used radio nuclides to 
generate photon energy, which later used X-ray sources. Yet, the basic principles on which they operate are same. 
 

3.1 RADIONUCLIDE BASED TECHNIQUES 
Initially radio nuclides isotopes such as Iodine 125, Americium 241, Gadolinium 153 were used to generate energy.  
 

3.1.1 SINGLE PHOTON ABSORPTIOMETRY (SPA) 
Single photon absorptiometry (SPA) was acknowledged by Cameron and Sorenson in 1963.SPA is the first method employed 
after the conventional X-ray, to overcome the drawbacks in the use of photo densitometry, such as non-uniformity of sensitivity 
of the film and development, by using single energy gamma ray source.[27,28] 
 

3.1.1.1 Principles 
In this method, a radionuclide source (125I) generates a monoenergetic photon beam of 27.5 keV is used. A scintillation detector 
is positioned on opposite sides of the structure to be evaluated and the detector is passed over the tissue to be evaluated. 
Attenuation can be measured as it passes through a region of the skeleton. The amount of attenuation of the photon beam is 
evaluated with the attenuation caused by standards produced from ashed bone. In this way, the bone mineral content can be 
quantified for the region of interest. For regions of large and irregular soft tissue masses, water or tissue equivalent material is 
used to maintain constant thickness across the measuring path.[32,33] Fig-4, shows the working principle of SPA. Here the 
thickness ‘x’ is given by Equation Eqn.4 

(4) 
 

where ρ is the density of bone mineral,  µb ,  µs,  are the linear attenuation coefficients of bone mineral and soft tissue for the 
primary beam energy, I0 is the transmitted count rate for the soft tissue next to the bone, and I is the transmitted count rate for 
the path containing bone and soft tissue. I is measured over the regions containing both bone and soft tissue in which the total 
tissue thickness is the same fixed thickness. Thus area density of bone mineral at a point is given by the equation eqn.5  
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 (5) 
Mb is the bone mineral density at a measurement point that corresponds to a particular path of the radiation beam through the 
body. Ib is the measured transmitted intensity at a point through bone surrounded by water and soft tissue and Is is the 
measured transmitted intensity through a point adjacent to bone comprising only soft tissue and water. The values are 
assumed for the physical density and mass attenuation coefficients of bone mineral and soft tissue. If the thickness of soft issue 
is constant throughout the scanned region, then single gamma-ray energy is sufficient for the calculation.[27,30] 
 

 
 

Fig-4: Working Principle of SPA[27] 
 

3.1.1.2 BMD Measurement 
The signal was graphically displayed on a cathode-ray tube or X-Y plotter. This display was a logarithm of the count rate 
observed by the detector. A collection of points is obtained representing a plot of transmission versus position. The intensity is 
noted at each position for a preselected time interval which was usually one second. The count rate which is counts per minute 
was determined over regions of soft tissue and bone.[27,29] Fig.5, sample SPA printout of cortical bone site.The printout 
contains the information on the scan site and values of bone width, bone density ,BMC and the constant values used for 
calculation[34]. 

 
Fig-5: Sample SPA printout[34] 

 

3.1.1.3  Region of Interest 
The method is only relevant to appendicular bones such as forearm, specially the radius and legs. The SPA method has been 
considered the gold standard method for the determination of the BMD of the forearm due to its relatively high precision.[37]. 
SPA method was used for differential estimate of rate of loss in trabecular and cortical bones. Since female bone contains about 
900mg of calcium, the changes in bone mass is very small. Since there was a need for methods, that has high reproducibility in 
order to access differential rates of bone loss, SPA was more suitable.[31].In post menopausal women, on a group basis, bone 
loss at forearm site by SPA closely corresponded to that at spinal site by DPA. Measuring set-ups suitable for repeated 
measurements would have to be quick and convenient. Thus single photon absorptiometry scan procedure in the most distal 
part of the forearm was more appropriate. Positioning of the patient is crucial for accuracy and reproducibility. The precision 
depends on the calibration procedure, if calibration is not done, reproducibility error increases two or threefold[30]. Single-
photon absorptiometry was employed to make precise measurements of hand BMC and therefore to study local bone loss. It is 
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relatively insensitive to variations in placing and replacing the marker band, the effect of which is included in the estimation of 
precision. Fat deposits around the hand or wrist will result in a small inaccuracy in some patients. The early apparatus used a 
horizontal scan with the hand in a pronated position. Later, vertical scans with the hand gripping a rod in a water bath resulted 
in enhanced precision.[32] 
 

3.1.1.4  SPA for neonates and children 
SPA was widely used to determine bone mineral content in neonates and children.SPA was considered as a valuable tool in the 
study of the prenatal bone mineralization. SPA was used to determine bone mineral content in human fetus where scanning is 
performed in five sites along the length of the specimens. Results show that midshaft site produced minimum positioning error 
for BMC measurements. The radius was preferred as a suitable bone to measure BMC in infants and very low radiation dose 
was used. Single photon absorptiometry was used to monitor and treat children with disorders of bone growth and 
mineralization.[34,35,36,37]. 
 

3.1.1.5 SPA for Prediction of Fracture Risk 
SPA was used to assess future fracture risks too. SPA was a widely used and recognized bone density method, the results of 
which were able to predict fracture risk in the appendicular skeleton, hip and spine. Studies show the risk of all non-spine 
fracture can be estimated from the single measurement of radius and also it is independent of age. The calcaneus 
measurements and femoral neck measurements predicted intertrochanteric fractures. Thus the measurement by SPA at radius 
and calcaneus can predict risk of future fractures. Using fracture risk values as the criteria for normal and osteopenia, the 
midradial site is less sensitive than the distal radial site up to the age of 60 years.[39,40,41] 
 

3.1.1.6 Precision and Accuracy 
SPA had a very low radiation dose, effective dose equivalent EDE approximately 0.6 mSv. Precision or coefficient of variation 
CV% for BMC in the mid shaft and distal metaphysic was 1%.The precision of SPA depends on the site either ultradistal or 
proximal and the type of measurement such as BMC or BMD.The scanning time was 10–15 min. The SPA method has been 
considered the gold standard method for the determination of the BMD of the forearm due to its relatively high precision.[28] 

 
3.1.2 DUAL PHOTON ABSORPTIOMETRY(DPA) 

Cameron and Somersen suggested that two or more different photon energies can be used at transmission measurements to 
determine the relative amount of elements in tissue. [DPA1]DPA was developed to overcome the limitations of SPA. Also, to 
determine bone content of bones such as spine. [42] 

3.1.2.1 Principles 

DPA scanners employed photon energies higher than I-125 or Am-241. A number of radionuclide sources were used for DPA 
such as Ba-133, Gd-153.Thus using DPA, Trabecular bone sites and major fracture sites are evaluated, that overcome the 
limitations of SPA. A high-intensity source of 153 Gadolinium is mounted below the scanning table and a scintillation detector on 
the yoke above the subject. The detector has a slit collimator. The intensity of the attenuated beam was measured by a 
collimated scintillation counter, and the bone mineral was quantified. Fig-6, depicts the working principle of DPA. 

 

Fig-6: Working Principle of DPA[43] 
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Two absorption curves are obtained from which bone mineral density is calculated. The principle of dual photon 
transmission can be stated as follows: if the transmission measurements made at two different energies, then at each point are 
given by the equations 6 and 7. 

                              (6) 

                              (7) 

Where µ’s are the mass attenuation coefficients for tissue and bone at two different given energies, Mt and Mb is the mass of 
tissue and bone in the beam in g/cm2 and I0 is the unattentuated beam. Thus measuring I, I0, and taking the known values of µ’s, 
yields two equation with two unknowns Mt and Mb, which solves for Mb. 

                          (8) 

The value of Rs is calculated as equation 9. 

                                       (9) 

In Equation eqn.9  H and L represent high and low photon energies respectively. Ratio Rs measured for individual subjects. Mb 
is the mineral mass in the beam at each point of the scan, when expressed as amount of mineral per square centimetre scanned, 
is called bone mineral density (BMD) in g/cm2. DPA doesn’t not require the soft tissue that was used to maintain uniform 
thickness as in SPA. In simple words, fundamental principle on which DPA is based involves the differential attenuation by bone 
and soft tissue, of transmitted photons at two energy levels.[43] 

3.1.2.2  BMC Measurement and ROI 

DPA was used for precise and accurate measurement of bone mineral content in spine and total body . The scan on the spine 
is usually performed from L1 to L5. Region of Interest (ROI) is selected from L2 to L4. Calculations for BMC are done by the 
computer. If previous studies were done on a patient, the ROIs must be the same to assess good precision and test accuracy. The 
final BMC is compared with a normal range that is adjusted for age and sex. The normal range for females and males (Fig- 7(a) 
and Fig-7(b)) must be obtained for a scan area routinely used, and race must be considered in scan interpretation. A normal 
range for white persons cannot be applied to black or Asian persons. Fig-8. Shows a sample printout of DPA.[44] 

 

(a)                (b) 

Fig-7: Normal BMC in L-2-L-4 region in 105 women (a) and 82 men (b) of various ages from a study performed. Data are 
expressed as g/cm2[44] 
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Fig-8: Sample Printout of DPA[44] 

This is not the actual bone density, but represents the total mineral in a column 1cm in cross-sectional area. Thus large bone 
would yield large value of bone density than the small bone would for the same average density. Hence wide range of normal 
values was available for DPA methods. Measurements were made on radius, ulna and vertebrae for same subjects. Results show 
that there were only moderate correlations of 0.6-0.7 between bone content of radius and ulna. In lumbar vertebrae the standard 
error of estimate was about 15 – 17%. The rate of bone loss with age was greater in peripheral sties than spine. By scanning the 
total body it was possible to specify the distribution of bone mineral in specific areas such as limbs or trunk. Lumbar spine is an 
great interest for bone metabolic disease as fractures occurs the most in post menopausal women. DPA was used to analysis the 
Total Body Bone Mineral which was a good indicator as of spine.[45] 

Total body bone mineral (TBBM) can be measured using DPA. A computer program was developed that provided an estimate 
of the fat-lean ratio, which was necessary for calculation of TBBM. The errors appeared quite small.[46] 

3.1.2.3  DPA Scanners 

Many investigators developed instruments to measure bone mineral content by DPA. The first apparatus built for patient 
measurement was in 1965 by G.W.Reeds using Am-241 and Cesium-137 to measure calcium content in various bones. In late 
1975, a modified scanner with source of Gd-153 was used to measure in vivo bone mineral of the spine. Later scanners were 
specially designed for lumbar vertebrae measurements. [6]Then scanners were modified to make calibrated measurements on 
three areas of the femur. Fig-9. Lunar DPA scanner. 

 

 

Fig-9:Lunar  Dual-Photon Absorptiometer. Photo courtesy of GE Medical Systems, Madison, WI. 

3.1.2.4  Accuracy and Precision 

DPA in body composition studies showed relatively high precision, but it takes long scanning time and the counting efficiency 
reduces for obese persons. The accuracy of DPA in vertebrae and femur is adequate to assess the true bone mineral mass and 
hence to access the fracture risk. Hence for a better analysis of vertebrae, a gamma camera was fitted with the collimator 
assembly, to diverge the beam. This produces a magnified image. But the region of interest is uncertain that prevents accurate 
calculation of BMC and use of fixed ROIs in follow-up measurements. Hence, the precision of DPA with a gamma camera is 
insufficient compared to DEXA, so this method cannot be suggested for follow-up of individual patients. [47] 

3.2 X-RAY BASED TECHNIQUES 

Due to high cost and radiation safety considerations  led to the USE of X-ray tube as the radiation source as it has high photon 
output. 
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3.2.1SINGLE ENERGY ABSORPTIOMETRY (SEXA) 

3.2.1.1 Principles 

The method of SEXA is similar to that of SPA [52].The equipment photon source is the X-ray system which emits X-rays at an 
energy level of 40kVp and 0.2mA with k-edge filtration and solid state detectors .SEXA measures bone density in the regions of 
distal radius, ulna, and calcaneus, with the region of interest Forearm. As a single energy x ray beam is used, the arm has to be 
placed in a water bath or tissue-equivalent gel for correction for the soft tissue overlying the bone being measured. [44] Fig- 10. 
Sample scan printout of BMD measurement of  distal radius with BMD plotted in reference range.[6] 

 

Fig-10: Sample scan output of SEXA scanner[6] 

3.2.1.2 SEXA- Comparison with other methods 

Studies were made to compare the performance characteristics of SEXA with other measurement techniques. In a work, 
Evaluation was made on the distal forearm of  377 subjects. Results showed that SXA device has a precision error somewhat 
lower than that of the SPA, also in ultradistal site there were only minor differences between SPA and SXA measurements. Thus 
based on the performance characteristics of SEXA, it was suggested that SEXA can be used for diagnostic purposes and the 
follow-up of treatment. 

In another work the spine measurement by DEXA, was compared with forearm measurement using SEXA. Study was made on 
three groups of women such as normal premenopausal women, elderly women with fracture and elderly women without 
fracture. Here, the  Forearm measurement with SEXA gave diagnostic values comparable to that of measurement of the spine by 
DEXA.[53] 

Studies were made to establish reference ranges of calcaneus in various ethnics. In a work, 7428 people from Chinese 
population were taken for study. BMD in the calcaneus was correlated with the BMD in the spine and hip. Data such as age, sex, 
date of birth, height and weight were also considered. The linear regression equations were used derived to measure BMD. The 
equations of BMD for women and men were given as equations 10 (a) and 10 (b) [48]. 

BMD = 353.8 –3.852 * age +3.304 * weight (women)     10(a) 

BMD = 275.3 –1.419 * age +3.434 * weight (men)          10(b)[ 54] 

Similarly, in another work, 605 Japanese women were taken for study to establish the reference range. The calcaneus BMD 
measured by SXA showed a high correlation with the spine BMD by DXA thus the measurement of calcaneus BMD using SXA has 
almost the same value in diagnosing osteoporosis as that of spine BMD using DXA. The BMD value after menopause is indicated 
as equation 11. 

calcaneus BMD = −6.489 × YSM + 371.56                           (11) 

where YSM is years since menopause.   

There was a high correlation between calcaneus BMD measured by SXA and spine BMD measured by DXA in the 420 cases. 
The relation between Spine BMD and Calcaneus BMD was given as equation eqn 12[49]. 

Spine BMD = 1.839E-3 × Calcaneus BMD + 0.356.               (12) 

SXA reference data were generated by measuring non-dominant forearm of 151 healthy causcasian American women with 
age range of 23-85 years. A relationship between SXA BMC and DXA BMC was given as SXA_BMC = 0.9169±0.031 X DXA_BMC + 
0.1100±0.109 (r=0.972) and the relationship between SXA BMD and DXA BMD was given as SXA_BMD = 0.9639±0.038 X 
DXA_BMD + 0.0090±0.109 (r=0.961).[55] 
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Studies were made, to compare methods such as cross sectional BUA (Broadband Ultrasound Attenuation), DEXA and Single 
Energy X-ray Absorptiometry measurements of BMD at the calcaneus in 259 healthy postmenopausal women. Measurements 
were made on the heel. A coefficient of variation (CV) was calculated for each individual for each methods.BUA and BMD of the 
heel were also compared to BMD of the lumbar spine and femoral neck measured using DEXA. Results show that BUA was 
significantly correlated with BMD at the calcaneus. Heel BUA was also correlated with lumbar spine BMD and femoral neck BMD, 
but the correlations were lower than those between heel BMD and spine or femoral neck BMD.[50] 

From the above literature, it is suggested that the calcaneus can be an efficient skeletal site for screening and diagnosing 
osteoporosis and also for long term follow ups.  

3.2.1.3 Accuracy and Precision 

The accuracy and precision of SXA were equivalent with SPA. Scanning of the forearm takes about 5 minutes in the standardised 
position.Accuracy is 3% and precision is better than 1% in distal site. Radiation dose, effective dose equivalent (EDE) is less than 
0.1uSv. There are SXA scanners to measure BMD in os calcis with scanning time of two minutes and precision is better than 
1%.[55] 

3.2.2 DUAL ENERGY X-RAY ABSORPTIOMETRY(DXA) 

 Dual Energy X-ray Absorptiometry(DEXA), is based on x-ray spectrophotometry, that uses a dual-energy X-ray source to 
eliminated problems associated with decaying isotopes, that were used in previous methods. It has been considered as the ‘gold 
standard’ technique to measure Bone Mineral Density(BMD).[57] 

3.2.2.1  Principles of DXA 

DEXA uses two energies to find the bone density. Individual image pixels of the human body can be described with two 
components  i.e. soft tissue and bone mineral. The equations can be derived for two  X -ray beams with a high and low energy. 
The attenuation equation for each beam is given by equations: Eqn 14 (a) and Eqn 14(b). 

                                 14 (a) 

                 14(b) 

where the H and L superscripts represent the high and low energy X ray beams, respectively, I0 is the initial intensity of the x-
ray beam; μ, mass attenuation coefficient   (cm2g–1)  and σ is the areal density in units of g/cm2 .where s denotes for soft tissue 
and b for bone.[60] 

DXA systems are similar to X-ray imaging systems, with many of the common components. DXA system includes the X ray 
tube, filtration, pre-patient aperture, examination table or surface, pre-detector aperture and detector. Schematic diagram of a 
DXA system is shown in Fig-11. The various tissue densities are separated based on the higher and lower attenuation levels. 
These are shown in Fig-12. 
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        . 

Fig-11: Schematic diagram showing the components      Fig-12: Tissue Density based on the attenuation of a DXA System 

Various techniques is used to produce X-ray beams of two peak energies which differs with manufacturers. The energies are 
selected to optimize separation of mineralized and soft tissue components of the scanned regions which allow an estimate to be 
made for soft tissue absorption separately from that of the bones. Top manufacturers of DEXA scanners are Hologic, Lunar 
Corporation and Norland Medical Systems. In some scanners energy switching system is used in which the X-ray tube potential is 
switched rapidly with an internal rotating disc of calibration materials, while some other manufacturers’ uses a constant 
potential X-ray source combined with a rare earth filter with energy specific absorption characteristics. Filters separate the X-ray 
beam into two components of high energy of 70-80 keV and low energy of which is 40-50keV.[61,62,63] 

3.2.2.2  DEXA Regions of Interest 

To determine the bone density, regions with higher contents of cancellous bone is considered as they are more sensitive to 
osteoporotic changes. Studies suggest that regions such as spine, femur, radius and calcaneus are useful for predicting general 
fracture risk. DEXA helps to determine BMD,BMC and AREA. OF these, BMD is the best for assessment of risk of osteoporosis. 
Also, the whole body scan mode can measure fat, lean and bone mass. The regions analyzed in DEXA are lumbar spine(L1-L4) 
and in the proximal femur(femoral neck, trochanter,Ward’s area and total hip). DXA also helps in the evaluation of bone quality 
such as for analysis of hip structure and trabecular bone score. Also, for vertebral fracture assessment, Detection of a typical 
femur fracture.[64,65] 

Spine: 

Spine is the most common Region of Interest for diagnosis of osteoporosis. The scan includes the inferior portion of T12 and 
the superior portion of L5. But, the aBMD measure of interest is usually the total of L1 – L4 in the posterioanterior projection. 
This region may be considered as the source of error for older patients due to extraneous calcifications in the walls of the aorta 
or any deformations. This may result the aBMD to be falsely high.But by combining the lateral scan with the vertebral width from 
the PA scan, the true volumetric density of the vertebral bone can be determined. But, due to the overlap of the iliac crest and L4 
and the ribs with L1,ROI of L2-L3 is used.[53] Fig.13: The figure includes labels showing numbering of the vertebrae. For 
accurate numbering, a lumbar spine radiograph can be used. Hence correct numbering of the vertebrae is important for accurate 
interpretation. Especially, when a scan is being repeated, numbering of the vertebrae should be consistent. The BMD is 
determined in the area that includes the outlines of the four lumbar vertebrae.[66] 
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Fig-13: DXA scan image of spine with vertebrae numbering 

Proximal Femur 

The proximal femur is another scan site because most fractures occur at this site and it may cause mortality.The scanning of 
the proximal femur, involves slightly abducting the leg and rotating internally using a positioning device so that the projection of 
the femoral neck is maximised. Each DXA manufacturer has a different and unique positioned to carry out this. If the femur is not 
rotated effectively, the femoral neck is foreshortened and this will falsely increases the BMD. Positioning of the femoral neck is 
vital for accurate results. The regions included for analysis are the total and  femoral neck.. There should be no artefacts within 
the measured regions of interest. Fig.14(a) and Fig.14(b) DXA scan images of left and right femur.[67] 

 

(a)                                     (b) 

Fig-14:DXA scan image: (a)right femur (b) left femur 

Forearm 

The regions in forearm includes the ultradistal, distal (mid-radius) and shaft (one-third radius) regions. The ultradistal site 
and shaft are useful as it contains the highest percentage of trabecular bone and cortical bone respectively. Mostly forearm is 
considered only when spine and hip cannot be measured and also during conditions such as hyperparathyroidism and very 
obese. Fig.15. DXA scan image of  a forearm.[69] 

 

Fig-15: DXA scan image of a forearm 
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Total Body 

Total body DXA for bone mineral is of interest because it offers a broad view of total body mineral. This can be useful for 
calcium balance studies and paediatric studies interested in developmental bone mass. DXA measures integral (trabecular and 
cortical) bone mass with cortical/trabecular ratios of 50/50 in the lumbar spine, 10/90 in the lateral spine projection, 60/40 in 
the proximal femur and 80/20 in the whole body. Fig.16. DXA scan of a whole body.[70,75] 

 

 

Fig-16: DXA scan of a whole body 

3.2.2.3 Accuracy and Precision 

The accuracy of DEXA is 3-8%. Precision which is expressed as CV%, of spine (PA) is better than 1%, of proximal femur is 
between 1-5% which depends on the site analysed, in the neck and trochanter is 1-2% and Ward’s area is 2.5-5%.[56] The scan 
time is approximately 10-15 minutes per site scanned. Radiation dose, for pencil beam DXA it is around 1 uSv upto 6 uSv 
depending on the site scanned and for fan beam it may be upto 62uSv.[71,72] 

3.2.2.4   DXA Printout Analysis and Interpretation 

The printout of DEXA scan report, contains the patients details, region of interest the area analysed for each region of 
interest(expressed in cm2), the  Bone Mineral Content(expressed in grams) and Bone Mineral Density(expressed in g/cm2). A 
table with the BMD in gm/cm , the T-score and the Z-score is also given. BMD results states the mass of bone mineral per unit 
projected area averaged over the ROI take in the analysis box. BMD is also expressed as the value of T-score and Z-score. The 
BMD results are compared with appropriate race or sex matched reference ranges generally given by the manufacturers. 
Comparisons can be made with either age match reference data or peak bone mass which is the BMD of young normals.  It also 
contains a graph of where the patient fits within the reference population.[71,72] For diagnostic classification, the region with 
the lowest T-score is identified from among the lumbar spine, hip, or radius. For the spine, the L1–L4 region is used but a single 
vertebra should not be used. For the hip, the lower T-score between the femoral neck and total hip is used. For the forearm, the 
mid third radius (also called 33 % or 1/3) is used. It is also suggested that BMC and BMD of the femoral neck and lumbar spine 
must be normalized to avoid under diagnosis in tall ones and over diagnosis of osteoporosis in persons of short body structure. 
[76] 

The bone mineral content (BMC) is expressed as grams. This value is divided by the area of bone scanned to provide BMD in 
g/cm2.Values for bone density are converted into values related to the average female (or male) peak bone mass or to the bone 
mass related to the patient’s age. These are T scores and Z scores, and involve the following calculations: 

T score = (BMDpatient –Mean-BMD young normal population) / SD-BMD young normal population 

Z score = (BMDpatient –Mean-BMD age-matched group)/SD-BMD age-matched group 

The concept of T-score simplifies the interpretation of BMD measurement results and allows comparability among different 
DXA devices. T score is calculated by taking the difference between patient’s measured BMD and the mean BMD of the young 
normal population that is matched for ethnicity and gender. T-score along with the patient’s age helps to estimate the number of 
fractures expected in a patient’s remaining lifetime. The T-score enables classification of patients into one of three diagnoses: 
normal, low bone mineral density, or osteoporosis. Assuming a normally distributed population, if 0 is the mean, then a T-score 
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of -1 is one standard deviation below the mean, a T-score of -2 is two standard deviations below the mean, etc. According to 
World Health Organisation (WHO),T-scores, with a BMD T-score >=1 SD being normal, between  -2.5 and -1.0 SD being 
osteopenic (or low bone mass), and <= -2.5 SD being osteoporotic. To have a T-score of -2.5, a patient must fall within the lowest 
two percent of the reference population. Fig.17. Shows a pictorial representation of values of T score and the catergory. 

 

Fig-17: T score and corresponding categories 

Z score describes the number of SDs by which the BMD in an individual differs from the mean value expected for age matched 
group. Z score is used for clinical decision-making and estimation of fracture risk. Z scores may be used to monitor long term 
follow up of treatment. Z score helps to investigate the cause of osteoporosis unrelated to age. For children, young adults, 
premenopausal women and men younger than 50 years, the WHO criteria should not be used. For these groups diagnosis is 
based on the Z-score. Patients with Z-scores below -2 are categorized a ‘‘low bone density for age’’.[58,59,73] 

3.2.2.5 Standardization of manufacturers 

BMD measurements for the same patients made on different DXA scanners of same or different manufacturers are different. 
The differences are caused by different edge detection algorithms, scanner design and calibration. Results with Lunar DPX 
scanner are approximately 12% higher than those with Hologic QDR or Norland XR26. Thus, the IDSC ( International DXA 
Standardization Commitee) was set up to counsel appropriate cross-calibration procedures. Conversion equations were 
obtained to standardize posteroanterior spine(L2-L4) BMD results. The standardization is denoted as sBMD. The equations are: 

For Hologic DXA scanners: 

sBMD=1000[BMD Hologic x 1.0755] 

For Lunar DXA scanners: 

sBMD=1000[BMD Lunar x 0.9522] 

For Norland  DXA scanners: 

sBMD=1000[BMD Norland x 1.0761] 

Scanners with specialized software provide the physician with the sBMD results.  There are differences in normative data 
between manufacturers as they have their own reference database. Thus it is recommended to perform serial measurements 
using same DXA scanner.[77] 

Values differ with different manufacturer, that is with Lunar instruments there was reduction in total body mineral density 
with loss of weight, whereas with the Hologic scanners it appears to increase. For the diagnosis of osteoporosis, BMD of the spine 
and hip are more commonly used than the total-body BMD, thus possible errors due to anomalies during weight change need to 
be considered for those regions also.[78] 

Differences in interpretation of lumbar spine BMD Z-score results from different scanners of the manufacturer Hologic, were 
found as it has used non-sex specific reference data. Whereas no changes were found when sex-specific datasets were compared. 
Even with same manufacturer comparison between sex and age specific hologic DXA databases for the most frequently scanned 
regions such as Lumbar Spine(LS) and total body(TB) are largely scarce. This may complicate DXA interpretation and may 
results in misdiagnosis and unnecessary treatments when BMD in children is falsely calculated too or too high for their age and 
size.[79] 

3.2.2.6 BMD Measurements in Pediatrics 

Pediatric BMD measurements present several technical problems. One such is certain algorithms designed for adults may not 
be suitable for pediatric studies. Hologic provided alternative algorithms for low bone density studies. Several studies were 
made to study the BMD measurements in pediatric cases. In a work, Study was made with 450 normal children. A subgroup of 
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103 children was selected and the group was distributed evenly between males and females and in age group of 5-17 years. Scan 
was taken for whole body and lumbar spine. Both scans were analysed with the standard adult protocol. Using adult protocol 
only two of the selected vertebrae were analysed. In pediatric protocol all four selected vertebrae were analysed. Results show 
BMD increases with age and thus, for spine,pediatric algorithm is used and for whole body, adult algorithm shows no major 
failures. A low density spine(LDS) software was developed to assess bone mineral density in children as the standard software 
failed to identify the bon edges of low density vertebrae. One hundred children were studied their height and weight were also 
noted. BMD of lumbar spine is measured by DXA and each scan was reviewed and analysed for both softwares for identical 
region of Interest. Results show that the LDS software increases the detection of low density bone in children. But reference data 
to analyze children with osteopenia needed to be developed. Studies were made to provide reference values for bone mineral 
density and body composition measured with DXA for white children and young adults. The mean and standard deviation are 
given for boys and girls from age of 4 to 23 years, which enables calculation of age and sex matched standard deviation scores. 
Studies were made to examine comparability of BMD Z-scores generated by the largest currently available pediatric DXA 
reference data on different hologic scanners. Six reference database were included in the study. Also, Z-score for interdatabase 
differences among age groups are assessed. Also how well Z-scores correlate among databases are tested. BMD Z-scores 
computed from the six age- and sex-specific databases were highly correlated but differed considerably in both scan regions and 
sexes among almost every database pairing. In addition, Z-score differences between databases vary largely depending on the 
child’s age. Hence, these six pediatric databases are not interchangeable with each other. The main prediction parameter was 
height, followed by age. But with adjustments needed for gender and ethnicity. Studies with 982 healthy children showed the 
prediction accuracy of the model for an individual child within that population. There are limited reference data available for 
children of all ethnic groups. As DEXA is not a true volumetric, density is very much dependent on size, thus limits the application 
in children. But, the extremely low doses and the high spatial resolution involved in DXA make it a suitable tool in the 
investigation of skeletal development in children.[68,74,83,84] 

3.2.2.7 Inconsistency with database 

There are various factors influences the effective diagnosis of osteoporosis by DXA. Of which the type of normal reference 
range is very important. As it vary in accordance with the genetic makeup, the environmental set up, personal habits, life style, 
etc. of that particular geographical area/race/sex. In DEXA, most of the reference data are Caucasian races; there is a lack of 
suitable reference data for other ethnic groups.[93] Even small differences between ranges might have a large effect on the 
number of individuals with BMD below a diagnostic threshold. Calibrations for average bone densities are often based on a 
database of the upper femur called the NHANES database. Currently, National Health and Nutrition Examination Survey 
(NHANES) III reference database in women aged 20–29 years as the reference range is recommended by International 
Osteoporosis Foundation and the World Health Organization. These data collected from the Caucasian race ofUS population. [84] 

The Lunar scanners use this Caucasian-based BMD normative data for the calculation of the T-score. Caucasian female 
reference database is used for T-score calculation in men also. As, at the same areal BMD (g/cm2), men and women have an 
approximately similar fracture risk even though having the difference in T-score.[65] 

The DXA output gives the areal BMD which gives the actual bone strength. Hence, the classification of osteoporosis is based 
on the T-score, which is derived from areal BMD using normative data. Hence, T-score is dependent on both areal BMD and 
reference data. Many studies showed that there is a discrepancy in T-score when different normative data were used.[73] 

Studies by Indian Council of Medical Research( ICMR) show that Indians have lower bone mineral density than North 
Americans. Therefore, ICMR has published a reference data for BMD in the Indian population derived from the population-based 
study conducted in healthy 808 Indian individuals aged 20– 29 yr in different parts of the country. Studies were made to 
compare the Indian Council of Medical Research database (ICMRD) and the Lunar ethnic reference database of DXA scans in the 
diagnosis of osteoporosis in male patients. Study was made with 238 male patients. Results show that there is discrepancy in the 
results. That is, out of the 250 sites of the DXA scan, 28.8% and 60% of the cases classified as osteoporosis by Lunar database 
whereas, as  normal and osteopenia by ICMRD respectively. Thus the decision on the treatment of osteoporosis should be based 
on the multiple fracture risk factors and less dependable on the BMD T-score.[81] 

Studies were made to determine the normal reference values for Indian women aged 20-80. In this study, 50 women from 
each decade were included. Scan of lumbar spine and left hip neck were considered for each women. The mean and standard 
deviation were calculated for the BMD in each group. The values were compared with the reference values for European and US 
populations. The study indicates mean spinal BMD in Indian Females in the 20-60 years age group is about 30% less than that in 
the European/American references, which means the mean Indian BMD is about 2SD lower than the Western BMD. Also, mean 
hip BMD in Indian Females in the 20-60 years age group is about 27% less than that in the European/American references, 
which means the mean Indian BMD is about 2SD lower than the Western BMD, which  means This means that the mean hip neck 
BMD is about 1.5SD lower than the Western BMD.[80] 

A normal reference of BMD for Southeast Asian children was also proposed. Studies also show that BMD values of Chinese 
and Japanese individuals are lower than that of Caucasians. Also, African American men have higher BMD than Caucasian men. 
Though Normative BMD data for children are available for Caucasians from different parts of the world including US, Spanish, 
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Dutch and Swedish children, BMD references for Asian children are limited.Only little attention has been paid to the 
comparability of reference databases.[82] 

4.  COMPARISONS OF DENSITOMETRY METHODS 

RA provides advantages of low cost, rapidity and easiness in use in wide variety of clinical settings. Thus RA has been used as 
a screening technique for primary-care physicians as they need to access only to conventional radiographic equipment and a 
small aluminium wedge. Numerous physical factors influence the radiographic images such as inconsistencies in beam quality, 
instability of the X-ray source, film response, processing conditions, radiation scattering conditions and beam hardening effects 
also have an adverse effect on precision and accuracy of the method. When X-ray beam is passed through the tissue, there is loss 
of low energy spectrum which causes hardening of the beam. These errors may cause miscalculations of the BMD. Yet, newer 
computer aided calibration and analysis methods enhanced the suitability of the method. RA was labor intensive and highly 
operator dependent, thus it was unsuitable for routine diagnostic use. With the introduction of nonradiographic absorptiometric 
methods, RA became obsolete. But, recent advances in the ability to capture and digitize high resolution radiographic images and 
computerized methods for analysis of images that can correct for differences in factors such as soft tissue thickness, degree of 
radiographic exposure, have resulted in better enhanced precision yet less sophisticated forms of RA. SPA was considered as a 
suitable method for bone mineral quantization for it was simple, less radiation and uniformity of radiation field intensity. Also, 
SPA helps in early determination of trabeculae osteopenia and hence for osteoporosis screening.[38] But, the radionuclide 
source needs to be replaced two or three times a year, which increased the maintenance cost. Also, SPA has limited ability to 
discriminate between normal and osteoporotic and cannot be applied on spine and proximal femur.DPA had greater accuracy in 
measuring the BMD of central skeletal bones. With regard to distinction between normal and abnormal subjects, data from Dual 
Photon Absorptiometry of lumbar spine was superior to that from Single Photon Absorptiometry of radius and ulna. DPA did 
have several limitations also. Machine maintenance was expensive. The 153Gd source had to be replaced yearly at a high cost. 
The decay of radioactive source affects the values obtained with DPA. Although mathematical formulas were developed to 
compensate for the effect of source decay, it remained a cause for concern, as it affects both accuracy and precision. The forms of 
errors in DPA may be technical, operational and during interpretation. Technical problems such as wear and tear on the disk 
drive, terminal, and mechanical parts of the device. Operator errors include incorrect positioning of the patient, failure to remove 
all metal objects from the abdominal area, incorrect entry of patient data. Interpretation errors may occur from vertebral 
fractures, severe degenerative disease and spinal fusion in the lumbar spine area, such physiological problems may lead to false 
BMC values. Later, photon source is replaced by X-ray energy source. With regard to SEXA, equipment is relatively compact and 
portable. Though SEXA was considered to be superior than SPA, in measuring bone density in sites such as wrist, heel and 
calcaneus, but with the advance of portable DXA devices for the measurement of forearm and heel bone density that do not 
require a water bath or tissue-equivalent gel, SXA is largely outdated. DXA is simple, precise and safe as it uses less radiation, 
hence can be used for children, elderly and weak persons. Scanning time is less when compared with other methods.  It is the 
only diagnostic method to detect osteoporosis before a fracture occurs. Precision of all DXA measurements is excellent but varies 
with the region under investigation. Precision is best for young healthy subjects (coefficient of variation is about 1% for the spine 
and whole body bone measurements) but is less good for osteoporotic and obese subjects.[64] Though DXA is considered as a 
gold standard method it has its own limitations too. The accuracy of DXA measurements, still, can be problematic. Marked 
systematic differences in bone and soft tissue values are found between the three commercial systems due to differences in 
calibration, bone edge detection, and other factors. In addition, differences in reference data provided by each manufacturer can 
lead to an individual appearing normal on one machine but at risk of osteoporosis on another. It is sometimes difficult to 
interpret results of a DXA scan. For instance, it may be difficult to interpret the result of a scan of a spine with condition such as 
osteoarthritis. Thus, abnormalities or previous spine fractures may give false result. DXA scan doesn’t indicate the cause for low 
Bone density.[63] 

 

Irjet Template sample paragraph .Define abbreviations and acronyms the first time they are used in the text, even after they have 
been defined in the abstract. Abbreviations such as IEEE, SI, MKS, CGS, sc, dc, and rms do not have to be defined. Do not use 
abbreviations in the title or heads unless they are unavoidable. 

 
Table -1: Comparision of Densitometric methods 

 
Method Source of 

Energy 

Principles Amount of 

Radiation/ 

Scan Time 

Area of Scan 

RA 

(Radiographic 

Absorptiometry) 

 Measurement of BMD is based on 

the aluminium or ivory phantom 

 Hand 
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SPA (Single 

Photon 

Absorptiometry) 

Gamma ray 

energy. 

Measurement of BMD is based on 

the gamma rays. Bone density is 

calculated by means of subtraction 

of the photons attenuated by the 

soft tissue from the photons 

attenuated by bone and soft tissue. 

Radiation dose: 2-

5 mrems 

Scan time:10-15 

min 

 

Wrist 

DPA (Dual 

Photon 

Absorptiometry) 

Gamma ray 

energy 

Based on the Concurrent 

transmission of gamma rays with 

photon energies of 44 keV and 100 

keV from Gd-153. 

 spine, hip or total 

body 

SXA (single 

Energy X-ray 

Absorptiometry) 

X-ray 

energy 

Based on the photon source as a X-

Ray system with solid state 

detectors 

radiation dose 

EDE is 0.1 m5v 

scan time: about 

5 min 

wrist or heel 

DEXA (Dual 

Energy X-ray 

Absorptiometry) 

X-ray 

energy 

Based on the measurement of the 

transmission of x-rays, produced 

from a stable x-ray source, at high 

and low energies 

Less; 

Radiation dose:1-

3 mrems 

Scan time: 

2-3 mins  

spine, hip or total 

body 

 

5. SUMMARY AND CONCLUSION 

This survey elaborates the various techniques that have been used for the measurement of bone mineral density. Bone 
densitometry was first described more than 100 years ago in the field of dental radiology where the bone density was 
determined in mandible. With today’s techniques, bone density can be quantified in almost every region of the skeleton. The 
earlier attempts to quantify bone mineral density(BMD) used plain skeletal radiography. But, only after 40% or more bone 
density has been lost, it was visually apparent in radiographs. Qualitative morphometric techniques for the measurement of bone 
mineral density used the grading systems for the spine. It relied on the appearance of the trabecular patterns within vertebral 
body and appearance and thickness of the cortical shell. Singh Index was based on the patterns on proximal femur. Both of these 
qualitative morphometric techniques are highly subjective. Radiogrammetry is the quantitative morphometric technique that 
measures the dimensions of the bones using skeletal radiographs.  Metacarpal Radiogrammetry measures the dimensions of the 
metacarpals using a plain radiograph of the hand. It demonstrates a reasonably good correlation to bone density at other skeletal 
sites measured with photon absorptiometric methods. Digital Radiogrammetry system performs the computerized analysis of 
the digitized images. DXR-BMD of the metacarpals was strongly correlated with distal and proximal radial BMD measured by 
SPA.   Later, SPA and DPA were the techniques that were used for bone mineral analysis which allowed proper selection of the 
measuring site on the basis of bone composition, high accuracy and precision. SPA method was applied only to appendicular 
bones. To overcome the limitations of DPA, SEXA was introduced which differs with radiation source. SEXA was considered 
advanced than SPA that measures bone density in sites such as wrist, heel and calcaneus. After the introduction of DXA, this 
doesn’t use water bath or tissue-equivalent gel, SEXA become obsolete. The best evaluation method for osteoporosis continues to 
be densitometry. 

Though there are various other methods such as Computed Tomography(CT), Quantitative ultrasound(QUS), Currently, Dual 
energy X-ray Absorptiometry (DXA) has become the most common method for measuring bone mineral density (BMD). Dual-
energy X-ray absorptiometry (DXA) was the first imaging tool developed to assess fracture risk, especially in postmenopausal 
women. DEXA is based on differential attenuation by tissues of two levels of X-rays. DXA is able to differentiate body weight into 
components of lean soft tissue, fat soft tissue and bone. This method is considered to be precise, accurate and reliable. It uses a 
very small dose of ionizing radiation to produce pictures of the inside of the body. The method is simple, quick and non-invasive. 
DXA is also effective in tracking the effects of treatment for osteoporosis and other conditions that cause bone loss. 

Although indications for measuring BMD have been increasing day by day, using dual-energy X-ray absorptiometry (DXA) 
method to determine the risk of fracture is still controversial. Although osteoporosis in adults is diagnosed based on a T-score 
equal to or below − 2.5 SD, most individuals who sustain fragility fractures are above this arbitrary cutoff. DXA scanners generate 
2 dimensional images of complex 3 dimensional structures, and report bone density as the quotient of the bone mineral content 
divided by the bone area. An obvious pitfall of this method is that a larger bone will convey superior strength, but may in fact 
have the same bone density as a smaller bone. The reference data used in DXA scan is based on Caucasian race. Racial differences 
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in bone mineral density values have been well recognized. Africans-Americans have a higher bone density than Caucasians. It is 
thus important to compare women to the appropriate ethnic normative reference data. The relationship between bone mineral 
density and fracture risk is not well defined in the non-Caucasian population. Although Asians have a lower bone density than 
Caucasians, data from the National Health and Nutrition Examination Survey (NHANES) study in fact have demonstrated that 
Asian women actually have a lower risk of hip fractures. This may be explained on the basis of differences in skeletal size 
between Asians and Caucasians. It is important for the technologist to ensure that the appropriate race is identified when 
scanning a non-Caucasian patient as misidentification will affect the results of the study. Also, the equipment is expensive, hence 
not widely available in developing countries like India. Often requires trained personnel to perform the scan. 

Thus a new methodology that measures BMD without the influence of other factors such as race, height, weight and gender, 
need to developed. Even better, having as a device that is affordable and appropriately sized allowing clinicians to assess fracture 
risk in the clinic is the future of osteoporosis care. Also, Bone mineral density (BMD) should be considered in conjunction with 
independent clinical risk factors for fracture, including: low body weight, history of postmenopausal fracture, family history of 
fracture, and other data such as age.race and gender The World Health Organization (WHO) diagnostic criteria for osteoporosis 
and osteopenia are appropriate for postmenopausal Caucasian women and are applicable to DEXA assessments at the hip, spine, 
or forearm. But, a standardized method can be developed and assessments at various other sites such as neck, clavicle can also 
be considered. 

Digital Xrays are one of the common imaging techniques for diagnoses of several diseases. Digital Xrays can be used to 
measure the bone mineral density and thereby determine the condition of risk of osteoporosis. Image processing algorithms and 
deep learning algorithms can be used for effective measurement of bone density. Mathematical model can be developed for the 
determination of bone density and T-score, based on the features of the image and independent of the factors such as age, 
gender, height, weight and race. Thus, a low cost, handheld device can be proposed for the diagnose of the condition of risk of 
osteoporosis. 

Although bone density is currently the best method for assessing and quantifying fracture risk, it is important to interpret bone 
density assessments with caution, being aware of the limitations of current densitometry technology.  As the correct diagnosis is 
fundamental for the identification of persons who need treatment and are at risk for complications. Advanced and 
complementary technologies are being developed in an attempt to help diagnose osteoporosis in its early stages, thereby 
reducing social and economic costs and preventing patient suffering. Osteoporosis can be prevented with an early diagnosis of 
this disease before fractures occur and by assessing the bone mineral density and with early treatment. Therefore, increasing 
awareness among doctors and  the normal population, will be effective in preventing this epidemic. 
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