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Abstract
The DXA Bone Density Scan is the most commonly used test to measure the bone
mineral density in the lower spine and hip joints using an improved form of x-ray
technology. This is the most accurate method available for diagnosing osteoporosis
and is also considered an accurate estimate of fracture risk. Our study aims to
determine the symptoms of osteoporosis by measuring bone mineral density using
the DEXA method in patients by gender, BMI, and age.
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Chapter One
Introduction
1.1 Background of the study
Double X-ray absorptiometry (DXA), in addition, known as densitometry or double
energy X-ray absorptiometry (DEXA), can recognize different body structures.
Axial bone densitometry of the lumbar spine and hip is the methodology most
commonly utilized in clinical practice. This strategy is valuable for measuring bone
mineral density (BMD), and from this information, the chance of fracture can be
assessed, therapeutic choices can be taken and the reaction to treatment can be
evaluated (Cummings, Bates, and Dark, 2002). On the other hand, DXA, the
slightest known strategy for entire body imaging, permits us to survey the entire
body composition. Usually especially valuable in patients with weight disorders
auxiliary to endocrine diseases and in pediatric patients with deferred development
(Bachrach, 2000). Entire body DXA can too be useful to survey lipodystrophy
related to retroviral infections (Yang, Zhu, and Paton, 2004). Within the checking of
arthroplasties (Baim et al., 2008) or to decide the cardiovascular risk (Wiklund et al.,
2008). DXA is still little known among radiologists, who consider this method to be
more ordinary than other specialties. In addition, DXA is unlikely to be optimized
and tends to be misunderstood as a planning and robotized strategy that does not
require radiation reporting. DXA, like several other symptomatic methodologies,
requires satisfactory signs, cautious strategy, and an exact translation, which is as it
were conceivable with suitable preparation and interaction between professionals
and radiologists (Ramos et al., 2012). With an increment in life expectancy, the
frequency of osteoporotic fractures has too expanded. Common osteoporosis
fractures are hip fractures, compression fractures of the thoracic and lumbar spine,
and distal fractures (Wiklund et al., 2008). Obsession surgery for osteoporotic breaks
tends to result in a powerless obsession with the screw and moderate or uncertain
fusion of the fractures.
Hence, more cautious treatment and method determination are required for
osteoporotic breaks than for breaks with ordinary bone density. As of late, proximal
humerus break (PHF) has been recognized as a major osteoporotic break (Yoo et al.,
2015). Thinks about the relationship between osteoporosis drugs (Seo et al., 2016)
and ideal treatment strategies are effectively conducted (Chen, Zhou, and Liu, 2017).
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Foreseeing and deciding the seriousness of the break is vital when selecting the
treatment strategy and guessing expectations. Finding out whether statistic
characteristics, bone mineral density (BMD), and local bone density estimations are
related to the break seriousness may offer assistance in deciding the ideal treatment
of PHF (Kim et al., 2020). Bone quality is decided by bone geometry, turnover,
microarchitecture, displaying and remodeling, and fabric substance (which
incorporates mineral, collagen, crystal structure, and micro-damage). In patients
with osteoporosis, low-trauma fractures, moreover known as insufficiency breaks,
happen most commonly within the wrist, spine, and hip (Cummings and Melton,
2002). Such breaks, particularly those of the hip, cause impressive dreariness and
mortality with the resulting personal and societal effects (Compston, 2010). In
childhood, osteoporosis can happen as a result of flawed or diminished bone
arrangement that results in low peak bone mass. Genetic disease, such as
osteogenesis imperfecta, and obtained chronic diseases that cause immobilization or
need for healthy food can result in low peak bone mass. In adults, osteoporosis is
caused by disarranges that result in an imbalance in bone turnover—either expanded
osteoclastic bone resorption, which can be caused by diminished estrogen levels in
postmenopausal ladies, or reduced osteoblastic bone formation, which can happen
as a result of verbal glucocorticoid therapy (Adams, 2013). Vertebral fractures are
the foremost common osteoporotic fractures and their presence is an imperative
indicator of future breaks. An individual’s hazard of subsequent vertebral break
increases fivefold, and their chance of hip fracture increases twofold, taking after a,
beginning with, a vertebral break with 20% of breaks occurring within 12% months
of the primary (Melton Iii et al., 1999). In this manner, in case vertebral fractures are
shown, they ought to be detailed clearly and unambiguously, and separated from
vertebral distortions inferable to other aetiologies such as spondylotic renovating,
Scheuermann malady, or brief vertebral stature (Interface et al., 2005)
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1.2 Research Objectives
1.

To look at the current status of DXA, especially emphasizing its basics,
fundamental modalities, technique, and clinical applications

2.

The Effect of weight and gender on bone mineral density in obese women
and men (T-score and Z-score)

3.

The Effect of age on bone mineral density (T-score and Z-score)

1.3 Thesis Organization
The thesis is organized as follows:
Chapters 1: Introduction and some general information about DEXA, along with a
statement of the problem and research objectives.
Chapter 2: Theoretical foundations of DEXA. A brief description of the Historical
viewpoint of DEXA, Physics of X-ray Imaging, Dual-energy absorptiometry, Basics
and modalities of double energy X-ray absorptiometry, and T score & Z-score.
Chapter 3: Describing the DEXA device and its applications in measurement BMD.
Chapter 4: Show the result of the study: The Effect of weight, ages, and gender on
bone mineral density in obese women and men (T-score and Z-score) in Erbil
teaching hospital.
Chapter 5: The conclusion of the reported research, alongside suggestions for
possible future works, are presented in this chapter.

9

Chapter Two
Theoretical background
2.1 Introduction
This chapter gives an overview of the hypothetical establishments of DEXA. A
brief portrayal of the Historical point of view of DEXA, Physics of X-ray Imaging,
Dual-energy absorptiometry, Fundamentals and modalities of double energy X-ray
absorptiometry, and T score & Z-score.
2.2 History of Dual energy X-ray absorptiometry (DEXA)
Axial DXA of the lumbar spine and hip shows the method of choice to think about
osteoporosis,(Dasher, Newton, and Lenchik, 2010) although other imaging
procedures are possibly valuable to evaluate and Measure bone structure and
examine its quality (Cummings, Bates, and Dark, 2002) (Table 2.1). Still, BMD
cannot be measured, simple radiography can help examine bone structure. Some
developers have tried to use dual-energy computer radiography to get estimates of
BMD. Quantitative computed tomography (QCT) of the lumbar spine (central QCT)
is performed utilizing routine computed tomography (CT) frameworks. Radial or
tibial QCT (peripheral QCT) can be performed on less sophisticated equipment.
QCT provides volumetric measurements that can estimate BMD. Central QCT has
points of interest over DXA, since it permits us to distinguish between cortical and
trabecular bone, survey the geometry of the vertebrae, and assess the BMD
volumetrically, communicated in g/cm3.m.The downsides of central QCT are the
radiation dosage and the requirement for affirmed illustrative criteria (Adams, 2009).
High-determination magnetic resonance (MR) imaging may be utilized for the
evaluation of the trabecular structure of peripheral bones (calcaneus, distal span, and
phalanx) (Lang et al., 1998). The bone design inspected utilizing CT or MR, was
assessed in terms of scale, shape, anisotropy, and arrange licenses for the assessment
of bone quality without considering the BMD. Advanced MR methods such as
dissemination, perfusion, and spectroscopy will most likely provide useful extra data
in the future. Quantitative ultrasound (QUS) is used to measure the BMD of the
peripheral skeleton, usually the calcaneus. The photonic absorption assay using
iodine-125 (I125) was initially used to study the peripheral skeletons (radius and
calcaneus). It was in this way supplanted by double photonic absorptiometry that
employments gadolinium-153 and may be utilized to consider the pivotal skeleton
(hip, spine, and entire skeleton) (Chun, 2011).
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These modalities were afterward substituted by X beam-based innovation, at first
by plain X-ray and hence by DXA, which permitted for the estimation of the axial
skeleton.
Table 2.1 Densitometry modalities.
X-ray
QCT

Plain X-ray
Quantitative computed tomography

X-ray
X-ray (CT)

MR
QUS
SPA

Magnetic resonance
Quantitative ultrasound
Single photon absorptiometry

MR
Ultrasound
Radioisotope 125-I

DPA

Dual photon absorptiometry

Radioisotope Gd-153

SXA

Single X-ray absorptiometry

X-ray

DXA/DEXA Dual X-ray absorptiometry/Dual energy X-ray X-ray
absorptiometry

2.3 Dual-energy absorptiometry
Photon absorptiometry strategies for measuring BMD were, to begin with, presented
in 1963 (Cameron and Sorenson, 1963). In single-photon absorptiometry, a 125I
radionuclide photon source was utilized to measure BMD within the forearm, and a
dual-energy transmitting 153Gd radionuclide was used for checking the entire body
(Mazess and Barden, 1988). Double X-ray absorptiometry (DXA) is the favored
procedure for measuring bone mineral density (BMD). DXA has moreover been
called double energy X-ray absorptiometry, or DEXA. DXA is moderately simple
to perform and the amount of radiation presentation is low. A DXA scanner could
be a machine that produces 2 X-ray beams, each with distinctive energy levels. One
beam is high energy whereas the other is low energy. The sum of X-rays that pass
through the bone is measured for each beam. This will shift depending on the
thickness of the bone. Based on the contrast between the two beams, the bone
thickness can be measured. At present, DXA scanning centers on two primary
regions the hip and spine (Marshall, Johnell, and Wedel, 1996). These procedures
had confinements. The radionuclide decayed and had to be supplanted, and checking
was moderate (15 min for the forearm, 30–45 min for the entire body). During the
1980s, DXA was created and the radionuclide within the scanners was supplanted
with a low-dose X-ray tube (Cullum, Ell, and Ryder, 1989). DXA is presently the
foremost broadly utilized strategy for bone densitometry in inquiring about thinks
and clinical determination (Blake and Fogelman, 2009). The measures given by
11

DXA are bone mineral substance (BMC; in g), bone zone (in cm2), and areal BMD
(in g/cm2). Areal BMD accounts for around 60–70% of bone quality and is utilized
as a surrogate measure of bone quality in fracture risk forecast when utilizing DXA.
Critical focuses to note when utilizing DXA are that the estimation of areal BMD at
the locale of interest is ideal for the forecast of fractures in that location (Marshall,
Johnell, and Wedel, 1996).
2.4 Physics of X-ray Imaging
Amid DXA scanning, the subject lays in a supine position on the table that's between
the X-ray source and the locator, Fig. 2.1. X-rays created by the source travel through
the body. Along with their ways, a few of the X-rays are retained or Scattered, as
outlined in Fig. 2.2, and the rest X-rays reach the locator and a DXA picture is
shaped. As a result of retention and scrambling, the escalated or vitality level of the
X-rays will be decreased after passing through the body.
For a homogeneous material, the relation between the attenuated and un-attenuated
X-ray intensity is described by the
Beer-Lambert’s law,(Luo, 2017)
𝐼 = 𝐼0 𝑒 −µ𝑡
Where Io and I are separately the X-ray intensity sometime recently and after it
passes through the material; t (cm) is the thickness of the material; µ (cm-1) is the
straight constriction coefficient of the material. The attenuation coefficient is
primarily decided by the following two variables

Fig. 2.1 DXA scanner

12

Fig. 2.2 DXA scanner work principle

The mass density of the material. Coefficient µ increases with expanded mass
density, a denser material is less penetrable by X-rays as more particles exist per unit
volume of the material.
Table 2.2 Mass attenuation coefficients of selected elements
Element
H
C
O
Na
P
K
Ca

Atomic
number
1
6
8
11
15
19
20

X-ray energy intensity
30 keV
40 keV
0.3570
0.3458
0.2562
0.2076
0.3779
0.2585
0.7197
0.3969
1.7000
0.8096
3.4130
1.5410
4.0800
1.8300

50 keV
0.3355
0.1871
0.2132
0.2804
0.4916
0.8679
1.0190

60 keV
0.3260
0.1753
0.1907
0.2268
0.3494
0.5678
0.6578

80 keV
0.3091
0.1610
0.1678
0.1796
0.2324
0.3251
0.3656

The energy level of X-rays. Coefficient µ decreases with the expanded energy
intensity of the X-rays, as they are more capable to enter. The mass attenuation
coefficient is a critical radiological property of chemical components. Photon mass
attenuation coefficients of components and their compounds were decided by tests
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and accessible for utilization Table 2.2 records the mass attenuation coefficients of
chosen components to appear how the coefficients are influenced by the nuclear
number and X-ray intensity. Mass attenuation coefficient increases with nuclear
number, as a ‘heavier’ component can absorb more photonic energy. The increase is
nonlinear. Higher nuclear number components attenuate X-ray to a greater degree
than lower nuclear number components; A lower intensity X-ray is attenuated to a
greater degree than the next energy one. Tissues within the human body are made of
numerous sorts of chemical components. Their X-ray attenuation property is decided
by the overwhelming components within the tissues. Tissues made of components
of littler nuclear numbers, for example, air and water, have littler mass thickness and
hence have littler straight attenuation coefficients, and vice versa. To establish a
direct relationship between material attenuation and mass density,
Eq. (2.1) is reformulated as
µ
( )𝜌𝑡

𝐼 = 𝐼0 𝑒 𝜌 = 𝐼0 𝑒 −µ𝑚𝜎
Where ρ (g/cm3) is mass density of the material:µ𝑚 =

µ
𝜌

, is mass attenuation

coefficients of ordinary tissues/materials within the human body are recorded in
Table 2.3. Tissues have comparative attenuation properties as components. The mass
attenuation coefficient of tissues decreases with expanded photon energy. For the
same photon energy, a denser fabric, for case cortical bone, has a larger mass
attenuation coefficient than less thick fabric such as soft tissue.
Table 2.3 Mass attenuation coefficients for human-body tissues
Material

Air

Mass density
(ρ,g/cm3)
Photon
energy
intensity
(keV)
30
40
50
60
80

0.0012

Adipose
(Air)
0.95

Water

Soft Tissue

1.0

1.06

Bone
(cortical)
1.92

0.3790
0.2688
0.2264
0.2048
0.1823

1.3310
0.6655
0.4242
0.3148
0.2229

Mass attenuation coefficient (µ, cm2/g)

0.3538
0.2485
0.2080
0.1875
0.1662

0.3063
0.2396
0.2123
0.1974
0.1800

0.3756
0.2683
0.2296
0.2059
0.1837

14

If a beam of X-ray passes through N layers of tissues, characterized by mass
attenuation coefficients µ𝑚(𝑖) and areal mass density (σi), (i D 1, 2,…. ;N), the
attenuated X-ray intensity is
𝑁

(𝑖)

𝐼 = 𝐼0 𝑒 − ∑𝑖=1 µ𝑚 𝜎(𝑖)
2.5 Fundamentals and modalities of dual energy X-ray absorptiometry
DXA is based on variable absorption of X-rays by various body components and
uses high-energy and low-energy X-ray photons. Depending on the equipment used,
these photons can be obtained using two mechanisms(Adams, 1998).In some cases,
the generator emits alternating radiation of high (140 kVp) and low (70---100 kVp)
Kilovolt while moving across the surface of the body to be inspected. In others, the
generator radiates a constant beam whereas a rare-earth filter isolates high energy
(70 keV) from low energy (40 keV) photons. The DXA systems available include
different types of hardware (filters, collimators, detectors) and software (analytic
algorithms) (Genant, 1998). The X-ray source can emit a pencil beam (pinhole
collimator), which is recorded by a single detector, or fan beam (slit collimator), also
recorded by multiple detectors. The latter system reduces the acquisition time and
improves image quality (Blake and Fogelman, 1997). At the same time, the analysis
algorithm discriminates bone from soft tissue in a variable way. (Genant et al.,
1994). The main modalities of DXA in clinical practice are axial bone densitometry
with a stationary scan table, the modality of choice to measure the BMD, and wholebody densitometry used to assess body composition
2.5.1 Equipment
Peripheral DXA performed with convenient units (such as AccuDXA®) centers on
the ponder of phalanxes. It isn't exceptionally precise, but it's taken a toll and is
additionally low (Cummings, Bates, and Dark, 2002). AccuDXA can be utilized to
choose patients likely to be evaluated with central DXA (Blake et al., 2005), on a
stationary table, or as a substitute where central DXA isn't available (Picard et al.,
2004). Axial DXA of the lumbar spine and femur (central DXA) is the favored
method to measure BMD since of its great determination and unwavering quality,
quick securing, and small radiation. A few gadgets are commercially accessible
(Lunar, Hologic, Norland) with distinctive characteristics. This truth makes it fitting
15

to perform the take after up of each persistent continuously within the same unit.
Bone mineral density measurements performed on the static table DXA system are
highly accurate with an error rate of 12% (Albanese, Diessel, and Genant, 2003).
2.5.2 Indications
The main utilization of DXA is to diagnose of osteoporosis. It may also predict the
risk of fractures, help determine the treatment, and monitor the response to treatment
(Cummings, Bates and Black, 2002). Its indications are set out in the official
guidelines of the International Society for Clinical Densitometry, which are revised
every two years (Table 2.4) (Baim et al., 2008).Osteoporosis is the ‘‘reduction in
bone mass and increase of bone fragility which in turn increases the risk of
fracture’’.(Peck, 1993), Osteoporosis is a common, often silent disease that can lead
to an increased risk of fractures, sometimes atraumatic. Osteoporosis poses a serious
public health problem due to its prevalence and associated costs of comorbidities.
According to the National Osteoporosis Foundation (NOF), osteoporosis affects 10
million Americans, but another 34 million are at risk of developing the disease. It is
estimated that approximately 50% of women over the age of 50 will suffer an
osteoporic fracture during their lives. In Europe, the International Osteoporosis
Foundation (IOF) collects data and promotes initiatives in every country. In Spain,
approximately two million women have osteoporosis (26.1% prevalence in
women≥50 years) (Curiel et al., 2001).In 1994, the WHO introduced the
measurement of BMD with DXA as the reference standard to quantify osteoporosis.
Based on a study performed on postmenopausal white women that revealed a
correlation between BMD and risk of fracture,(Leib et al., 2004) osteoporosis was
defined as a ‘‘T-score of −2.5’’. Other values of reference for potentially useful
parameters were also determined (Table 2.5) (Group, 1994) Thus, axial DXA
became the reference standard for osteoporosis.
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Table 2.4 Indications for bone densitometry
Females

Males

Both sexes

Older than 65 years
Younger than 65 years (postmenopausal
or premenopausal)
Older than 70 years
Younger than 70 years with risk factors
of fracture
Unexplained fracture
Diseases or chronic treatments
Any patient to whom possible treatment
is considered and to monitor the
response to treatment

Table 2.5 Parameters evaluated in dual energy X-ray absorptiometry.
BMC
BMD
SD
T-score

Z-score

Osteopenia
Osteoporosis
BMI
A/G ratio

Bone mineral content
Bone mineral density
Standard deviation
Difference in number of standard deviations
between the mean BMD value of the patient and the
mean of a young adult reference population of the
same sex
Difference in number of standard deviations
between the mean BMD value of the patient and the
mean of a reference population of the same race,
sex and age
T-score between −1 and −2.5
T-score ≤−2.5
Body mass index
Ratio of android and gynoid A/G pelvic fat
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2.6 T score & Z-score
A collection of ratio data usually reflects a specific pattern or distribution in
statistical terminology, one of which is the 'normal' or 'Gaussian' distribution. A 'z'
distribution or ‘standard normal distribution' exists when such a pattern exists and
has a mean of '0' and a standard deviation of '1' (Dawson and Trapp, 2004). Any
value in such a set of data can be given a 'z score' by dividing the difference from
the mean by the standard deviation (SD) value:
‘𝐳 𝐬𝐜𝐨𝐫𝐞’ =

𝐒𝐭𝐮𝐝𝐲 𝐯𝐚𝐥𝐮𝐞 _ 𝐦𝐞𝐚𝐧 𝐯𝐚𝐥𝐮𝐞
𝐒𝐭𝐚𝐧𝐝𝐚𝐫𝐝 𝐃𝐞𝐯𝐢𝐚𝐭𝐢𝐨𝐧

When the data are equally symmetric, the mean is '0,' but the SD varies depending
on the number of data samples and their values, a 't' distribution is present (Dawson
and Trapp, 2004). The 'T score' and 'Z-score' are terms used in clinical densitometry
to derive values equivalent to a 'z score' from a patient's BMD measurement.
𝐙 − 𝐬𝐜𝐨𝐫𝐞 =

𝐦𝐞𝐚𝐬𝐮𝐫𝐞𝐝 𝐁𝐌𝐃 _ 𝐦𝐞𝐚𝐧 𝐁𝐌𝐃 𝐨𝐟 𝐚𝐠𝐞 _ 𝐦𝐚𝐭𝐜𝐡𝐞𝐝 𝐫𝐞𝐟𝐞𝐫𝐞𝐧𝐜𝐞 𝐠𝐫𝐨𝐮𝐩
𝐒𝐭𝐚𝐧𝐝𝐚𝐫𝐝 𝐃𝐞𝐯𝐢𝐚𝐭𝐢𝐨𝐧

Your Z-score is the number of standard deviations above or below what would be
predicted for someone your age, gender, weight, ethnicity, or race. If your Z-score
is -2 or lower, it could indicate that abnormal bone loss is caused by something other
than aging. (RABA'A, 2013).
Your T-score is your BMD compared to a healthy 30-year-average old's score. It's
expressed as a standard deviation (SD), which is a statistical measure of how near
each individual in a group is to the group's average (mean). A large group of healthy
30-year-olds' bone density is measured to estimate the average BMD (young adult
reference range). The standard deviation of BMD readings from the mean of this
reference group is then provided. Almost everyone over the age of 30 has a BMD
that is within two standard deviations of the mean. The World Health Organization's
definitions of osteoporosis based on bone mineral density T-scores are listed in the
table below. (RABA'A, 2013)
𝐓 − 𝐬𝐜𝐨𝐫𝐞 =

𝐦𝐞𝐚𝐬𝐮𝐫𝐞𝐝 𝐁𝐌𝐃 _ 𝐦𝐞𝐚𝐧 𝐁𝐌𝐃 𝐨𝐟 𝐲𝐨𝐮𝐧𝐠 𝐡𝐞𝐚𝐥𝐭𝐡𝐲 𝐫𝐞𝐟𝐞𝐫𝐞𝐧𝐜𝐞 𝐠𝐫𝐨𝐮𝐩
𝐒𝐭𝐚𝐧𝐝𝐚𝐫𝐝 𝐃𝐞𝐯𝐢𝐚𝐭𝐢𝐨𝐧
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T-score

Diagnosis

+1.0 to -1.0

Normal

<-1.0 to >-2.5

Low bone mass(Osteopenia)

≤2.5

Osteoporosis

<-2.5 +Prevalent fragility fracture

Severe (Established)osteoporosis

Table 2.6 Value of T-score in dual energy X-ray absorptiometry.
T-scores in densitometry are commonly defined as a value stated on an SD scale
taken from a young healthy reference population at peak bone mass (Carey et al.,
2007).
1994 DXA diagnostic standards of the World Health Organization (WHO)
(Organization, 1994)
As BMD reduces with age, one would expect the associated T-score to reduce
relative to peak bone mass, whereas the Z-score, which measures BMD relative to
age-matched peers, may not (Bates, Black, and Cummings, 2002). Figure 1 shows
an 80-year-old white female with a total hip BMD that is normal for her age (Zscore = +0.2) but low when compared to a young reference population (T-score = 1.8).

Figure 2.3: DXA report of an 80-year-old white female's BMD value, as well as
her T- and Z-score values determined from reference population curves.
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Fig. 2.4 BMD varies with age, race and gender (Looker et al., 1998)
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Chapter Three
Experimental Techniques
1.1 Introduction
This chapter describes the description of the experimental techniques used through
this work.
3.2 Experimental Techniques
In addition to detailed patient information, both the referral doctor's medical report
and the preliminary questionnaire filled out at the Diagnostic Center are required to
develop an accurate study plan. The application should include the indications for
the study so that you can determine the area to be tested. Bone disorders that can
change the shape and density of bone, such as osteoporosis and ankylosing
spondylitis, should be excluded. Previous fractures or joint replacements that may
change the plan should also be excluded.
Contraindications to DXA include pregnancy, recent (<5 days) oral administration
of contrast media, and recent (<2 days) isotope studies (Lenchik, Rochmis, and
Sartoris, 1998). The patient does not require any special preparation other than
removing metal objects placed in areas of the body for imaging. Figure 3.1 DXA
scan at Erbil Teaching Hospital to measure BMD

Fig.3.1.The DXA in Erbil teaching hospital
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3.3 Patient positioning
Optimizing the patient's position on the DXA table is essential. Mispositioning is
one of the main causes of BMD estimation errors. (Lentle and Prior, 2003) In a
lumbar PA study, patients lie on their backs on a table, bending their legs on a
support pad that reduces BMD lumbar lordosis, and the spine approaches the table
(Fig.3.2). For hip examinations, the patient slightly abducts the leg in the supine
position, straightening the femoral axis and keeping it inward rotation (15---30◦),
to prevent the lesser trochanter from appearing in the image (Fig.3.3).

Fig.3.2.Dual energy X-ray absorptiometry of the spine.

Fig.3.3.Dual energy X-ray absorptiometry of the hip.
22

3.4 The Quality Control (QC) of DEXA
DXA quality control depends on the characteristics of each device manufactured by
different companies. Daily quality control, which takes place daily before BMD
inspection, requires the use of the appropriate phantom for each device. In addition,
mechanical malfunctions, radiation quality, absorption coefficient, and tissue
equivalent materials are checked and calibrated. You can run the BMD test only if
the calibration values are within the normal range. However, it is not easy to detect
anomalies in BMD measurements, so unless a malfunction is clearly detected,
accuracy and accuracy consistency should be maintained according to trends in
measured BMD values.

Fig.3.4.Steps of the Quality Control (QC) of DEXA
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3.5 IBM SPSS Statistics
SPSS Statistics is a suite of statistical software developed by IBM for data
management, advanced analysis, multivariate analysis, business intelligence, and
crime investigation. Manufactured for a long time by SPSS Inc. and acquired by
IBM in 2009. The brand of the current version (since 2015) is IBM SPSS
Statistics.
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Chapter Four
Result and Discussion
1. Dexa room and Radiation

DEXA scans are generally safe. While DEXA scans do contain small amounts of
radiation Fig 4.1 show DEXA room with radiation.

Fig.4.1 DEXA room with radiation
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2. Scan Spine and Femur
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3. The Effect of gender on bone mineral density in obese women and men

(T-score and Z-score) in Erbil teaching hospital
Detailed description of patients with osteopenia and osteoporosis is shown in Figure
4.1. Of the 646 osteopenia patients in 2021, 87% were women and the other 13%
were men suffering from osteoporosis and osteopenia. In 2020, of the approximately
136 patients, 79.4% were female and the other 20.6% were male, indicating that they
suffered from osteoporosis and osteopenia.

Fig.4.2 Distribution of the patients according to Gender (Osteopenia and
Osteoporosis Patients) in 2019, 2020 and 2021
The results of Dexa's analysis in 2019 showed that out of about 65 patients, 70%
were female while the remaining 30% were male with osteoporosis and osteoporosis.
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4. The Effect of age on bone mineral density (T-score and Z-score) in Erbil

teaching hospital
Women's bones are generally smaller and less dense than men's bones, so the risk of
osteoporosis and low bone density osteopenia is higher in women, but not yet in the
range of osteoporosis. The bone feels solid, but the inside of the bone is actually
filled with honeycomb-like holes. Bone tissue is constantly being decomposed and
reconstructed. Some cells build new bone tissue, while others destroy bone and
release the minerals it contains. As we grow older, we begin to lose more bone than
we build. The small holes in the bone grow larger and the outer layer of the solid
becomes thinner.

Fig.4.3: Age-wise distribution of osteopenic and osteoporotic patients confirmed
using radiographic indices 2019
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Fig4.4: Age-wise distribution of osteogenic and osteoporotic patients confirmed
using radiographic indices 2020

Fig.4.5: Age-wise distribution of osteogenic and osteoporotic patients confirmed
using radiographic indices 2020
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Based on a study completed in 2008, there was approximately 58% of people over
the age of 50 had either low bone mass, osteoporosis, or both. Osteoporosis, if it
occurs, usually occurs after the age of 50. The exact age depends how on strong your
bones are when you're young. If they are resistant, you may never develop
osteoporosis. Bone loss in low. But by the age of 65 or 70, men and women have
lost the same proportion of bone. The osteoporosis group included women aged 7079 years with recorded osteoporosis. The risk factor arm included women 80 years
and older (mean age 83 years) with either one non-skeletal risk factor for hip fracture
or osteoporosis In our studies shown in The Fig (4.2,4.3 and 4.4) show the number
of patients in Erbil teaching hospital in 2019,2020 and 2021, the analyzation leads
us to realize that patients above the age 50 are more likely to osteoporosis and
osteopenia conditions Used incrementally DXA scans tell a more accurate story than
BMI, in terms of progress for muscle development and fat loss. Scanning can take
3-12 minutes, depending on the size of the device and body. The patient then
receives a report detailing the amount of bone, fat, and adipose tissue (including
organs and muscles).
5. The Effect of body-mass index (BMI) on bone mineral density (T-score

and Z-score) in Erbil teaching hospital
The Body Mass Index (BMI) is currently used as the primary indicator of obesity,
but it can be misleading when calculated based on height and weight. Ann abstract
647-patient study presented at the annual meeting of the Erbil teaching hospital in
2021 reported that 32 percent of women and men with normal BMI had osteogenic
and osteoporotic as shown in Fig. 7. And also shows data isn't of the obese class
category about 52% had osteoporosis condition but in 2020 and 2019 patients of the
obese class category about 44.9% and 91.8% had osteoporosis condition as shown
in Fig.4.5 and fig.4.6 respectively.
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Fig.4.6 the Effect of weight (BMI) on bone mineral content and bone mineral
density (2019)

Fig.4.7 the Effect of weight on bone mineral content and bone mineral density
(2020)
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Fig.4.8 the Effect of weight on bone mineral content and bone mineral density (2021)
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Chapter Four
Conclusions and Future Work
5.1 Conclusion
➢ DXA is a fast and reliable technology with low radiation exposure. It is the
best way to diagnose and monitor osteoporosis because it objectively
measures the most relevant parameters.
➢ Distribution of respondents by gender and BMI. The results of the DEXA
scan of 647 respondents show that 87% of females and 13 % of males had
osteopenia and osteoporosis.
➢ Among patients with osteopenia and osteoporosis, about 89% were
overweight or obese for females and %1 had underweight and 99% had
overweight for males in 2021
➢ Patients of the obese class category are more prone to osteoporosis. We
realized that patients above the age of 50 are more prone.

5.2 Future Works
However, the following suggestions for future work could be investigated further.
➢ We will establish representation of osteoporosis, by measuring mineral bone
density using the DEXA method, in patients, by gender, BMI and ages the
DXA in different Kurdistan reign hospital
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