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Abstract

Purpose of review Osteoporosis, the most common metabolic bone disease and a global health problem, is the result of
abnormal bone architecture and bone loss, leading to bone fragility and an increased risk of fractures. A fragility or low-
trauma fracture is the first clinical sign of osteoporosis and is typically associated with a significant risk of future fractures.
Practical screening tools and guidelines are critical for fracture prevention. Dual X-ray absorptiometry (DXA) is the gold
standard for risk stratification and diagnosis of osteoporosis. In this review, we report recent advances in in DXA screening
and bone density evaluation for patients at risk of fragility fracture.

Recent Findings DXA measures bone density as an absolute measure (g/cm?2) and also reports the patient’s bone mineral
density (BMD) as a comparison to a standard population, which is the basis of the World Health Organization (WHO) clas-
sification for osteoporosis. DXA also provides vertebral fracture assessment (VFA), an additional tool to assess vertebral
fracture presence and increased fracture risk. Understanding the methodology, reporting, and limitations of DXA use is criti-
cal for appropriate utilization of the test. BMD is validated as a predictor of fracture risk and may be used with or without
clinical risk factors as part of the FRAX fracture risk assessment tool to accurately assess an individual’s fracture risk. In
this review, we discuss the role of DXA in screening, diagnosis, and treatment of osteoporosis. We include FRAX and its
limitations, trabecular bone score (TBS), quantitative computed tomography (qCT) the American College of Rheumatology
(ACR) updates on the management of glucocorticoid-induced osteoporosis, the updated International Society of Clinical
Densitometry (ISCD) Position Statements, and report the key features of DXA testing, reporting, and utilization in clinical
practice.

Summary DXA plays a critical role in BMD evaluation and fracture risk assessment. Appropriate utilization of this tool
in clinical practice, through accurate interpretation and application of results, is essential for effective fracture prevention.

Keywords Dual x-ray absorptiometry (DXA) - Bone mineral density (BMD) - FRAX - Fragility fracture - Risk
assessment

Introduction

Osteoporosis, a common metabolic bone disease, results
from bone loss and abnormal bone architecture over time,
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Epidemiology

Osteoporosis is a national and global public health problem.
It is projected that 12.3 million Americans are diagnosed
with osteoporosis, with 2 million fragility fractures per year
[1, 2]. Among White adults, 1 in 2 postmenopausal women
and 1 in 5 men >50 years will sustain a fragility fracture in
their lifetimes [3]. With an aging population, the incidence
and prevalence of osteoporosis are expected to increase sub-
stantially. Annual fracture incidence is expected to increase
to 3.2 million by 2040 [4]. Clinically, osteoporosis presents
as fragility or insufficiency fracture(s), defined as those sus-
tained with minimal to no trauma. The most common fra-
gility fractures include vertebrae (lumbar spine), proximal
femur (hip), and distal forearm (wrist).

Societal Impact

Fragility fractures impose a significant socioeconomic bur-
den on society related to high morbidity, fracture-related
costs, and health care utilization. Hip fractures are associ-
ated with significant one-year mortality and are highly pre-
dictive of further fractures. An estimated 20% of patients
with a hip fragility fracture require nursing home care [5].
Vertebral fractures are associated with considerable pain
and disability as well as a 5-fold increase in risk of sub-
sequent vertebral fractures. Wrist fractures, associated with
a negative impact on quality of life, are seen more com-
monly in younger postmenopausal women, and these indi-
viduals are often not evaluated for underlying osteoporosis
following this fragility fracture [6]. Fractures also impose
a significant economic burden, resulting in increased hos-
pitalizations, medical visits, and nursing home admissions.
Annual fracture-related costs are estimated at $17.9 billion
in the United States (US) and are expected to rise to over
$95 billion worldwide by 2040 [4, 7].

Osteoporosis Screening

Since osteoporosis is often asymptomatic, screening tools to
detect low bone mass are crucial for identifying individuals
at risk of fracture. DXA is the most commonly used method
to measure bone mass or bone mineral density (BMD).
Bone mineral density (BMD) is derived by dividing the
amount of mineral content scanned by the area measured
[8]. It is reported in absolute terms as grams of mineral per

Table 1 World health organization (WHO) definition of osteoporosis
and osteopenia
Normal

T-score >—1.0
T-score —1.0 to —2.5
T-score <-2.5

Low bone mass
Osteoporosis
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square centimeter scanned (g/cm2) and in relative terms in
comparison to a defined population. Bone density measured
at a specific site best correlates with fracture risk at that site
but is also predictive of fracture risk at other sites [9]. Cen-
tral or axial DXA measures BMD at the lumbar spine, total
hip, and femoral neck. BMD measurement at the hip is con-
sidered most accurate [9] and reflective of the risk of hip
fracture. BMD measurement at two sites is recommended
in all patients, and the most predictive sites include the lum-
bar spine and hip [10]. Peripheral DXA measures the radius,
which is recommended when two sites are otherwise not
feasible, such as in patients with bilateral hip arthroplasty,
prior spine surgery, or those with advanced lumbar degen-
erative disease. The radius is also recommended for DXA
in conditions specifically affecting forearm BMD, such as
hyperparathyroidism [11].

DXA Interpretation

DXA is the preferred method for assessing bone density and
is considered the gold standard for diagnosing osteoporosis.
The diagnosis of osteoporosis is widely based on the World
Health Organization (WHO) criteria established in 1994
[12], which utilize T-scores to define normal bone mass, low
bone mass, and osteoporosis. Each patient’s BMD is com-
pared to a standard population — an age-, sex-, and ethnic-
ity-matched reference population (Z-score) or a young adult
reference population (T-score). The International Society of
Clinical Densitometry (ISCD) recommends a white (non-
race/ethnicity adjusted) young female normative database
for all populations, irrespective of race and gender [10].
T-scores and Z-scores are calculated by obtaining the dif-
ference between the patient’s BMD and that of the reference
population and dividing the difference by the standard devi-
ation (SD) for the reference population [13]. A Z-score of
— 2.0 or lower in premenopausal women indicates low bone
mass for age and should prompt an evaluation for second-
ary causes of bone loss. The reference standard for T-score
is the female, white, age 20—29, NHANES II database. For
individuals over 50 years old, low bone mass is defined as a
T-score between — 1.0 and — 2.5, and osteoporosis is defined
as a T-score of <—2.5 (Table 1). Pharmacologic therapy
for fracture prevention is recommended in patients with a
T-score < —2.5, irrespective of their prior fracture history.
While this classification helps identify populations at
risk for fracture based on BMD, several studies have shown
that most women presenting with fragility fractures have a
BMD higher than 2.5 SD below the mean and would thus
not be classified as having osteoporosis based on these crite-
ria alone [14—16]. Several factors contribute to an increased
risk of fractures, including abnormal bone architecture,
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bone loss, and a higher likelihood of falls. There are modifi-
able and non-modifiable risk factors contributing to fracture
risk, including age, parental history of hip fracture, certain
medications such as glucocorticoids or aromatase inhibi-
tors, and chronic medical conditions. The Fracture Risk
Assessment Tool (FRAX) is a validated tool that utilizes
several risk factors to predict the 10-year probability of hip
and major osteoporotic fracture, providing a framework to
distinguish those patients with osteopenia who may be at
high fracture risk.

FRAX

FRAX, developed by the University of Sheffield [17], is a
widely used, readily available fracture risk assessment tool
[17]. It incorporates the femoral neck BMD and clinical risk
factors to assess fracture risk [17]. FRAX was developed
based on primary data from 9 population-based cohorts
derived from North America, Europe, Asia, and Austra-
lia. FRAX was subsequently validated in 11 independent
cohorts with a similar geographic distribution [18]. Several
clinical risk factors were identified through meta-analyses
of these population-based studies [19]. These factors are
weighted differently in the FRAX calculation, as each fac-
tor affects fracture risk to a varying degree. Importantly, the
FRAX tool is also validated for use without BMD infor-
mation; thus, in areas without easy access to DXA cans, a
fracture risk assessment can be calculated based solely on
risk factors [17].

FRAX integrates clinical risk factors with femoral neck
BMD to calculate the 10-year probability of a major osteo-
porotic fracture and hip fracture, enabling more accurate
risk assessment in patients with low bone mass. Risk factors
included in FRAX are listed in Table 2. FRAX has been

Table 2 FRAX risk factors —

Age Prior osteopo-
rotic fracture

Sex Rheumatoid
arthritis
Alcohol
intake (>3
units/day)

Parental history of hip fracture

Oral glucocorticoids Smoking

(current)
Bone Mineral
Density at
femoral neck
Secondary causes of osteoporosis (type I (insulin dependent)
diabetes, osteogenesis imperfecta in adults, untreated long-standing
hyperthyroidism, hypogonadism or premature menopause (<45
years), chronic malnutrition or malabsorption and chronic liver
disease)

Body Mass Index

evaluated by multiple studies and is integrated into several
osteoporosis guidelines worldwide [20].

FRAX is validated for use in men and women aged 40-90
years and was tested in treatment-naive patients. While not
indicated for patients currently on therapy, it may be used to
assess fracture risk in patients who have been off bisphos-
phonate therapy for at least 2 years, or off non-bisphospho-
nate treatment for 1 year [21, 22]. The FRAX score provides
a quantitative estimate of fracture risk and is particularly
helpful in guiding therapy in patients with osteopenia. A sig-
nificant proportion of postmenopausal women sustain a hip
fracture with a T-score greater than — 2.5 [23]. In a study of
149,524 White postmenopausal women, while fracture rates
in patients with a T-score of —2.5 or less were the highest,
they experienced only 18% of the osteoporotic fractures,
and 26% of the hip fractures. While T score <—2.5 is associ-
ated with high fracture risk, majority of fragility fractures
are seen in patients with T scores higher than — 2.5 [24].

An important limitation of FRAX is that the clinical risk
factors are binary inputs, which do not account for dose-
response relationships. For example, the number of prior
fractures, glucocorticoid dose and duration, and amount of
alcohol consumed have a dose-response relationship to frac-
ture risk. Furthermore, many factors that contribute to frac-
ture risk are not included in the FRAX calculation, including
other relevant details such as the recency of fractures, his-
tory of falls, medical conditions associated with fracture
risk (such as diabetes mellitus and sarcopenia), and certain
medications (aromatase inhibitors, proton pump inhibitors,
and seizure medications). Similarly, the lumbar spine bone
mineral density is not included in the FRAX calculation.

FRAX is country-specific, as fracture epidemiology
and mortality rates vary among different racial and ethnic
groups, and fracture rates exhibit global variability. There-
fore, FRAX models need to be calibrated to specific coun-
tries based on unique epidemiological data of fractures and
fracture-associated mortality [18]. To address several limi-
tations of the FRAX tool, FRAXplus incorporates fall his-
tory [25], high steroid dose (>7.5 mg daily) [26], fracture
recency [27], concurrent data on lumbar spine BMD [28],
diabetes duration [29], trabecular bone score (TBS) [30] and
hip axis length, providing a better assessment of fracture
risk.

Glucocorticoid-induced Osteoporosis
Updated Guidelines 2022

The updated American College of Rheumatology guide-
lines for the prevention and treatment of glucocorticoid-
induced osteoporosis (GIOP) are applicable to patients on
either high-dose or long-term glucocorticoid (GC) therapy

@ Springer
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Table 3 Glucocorticoid induced osteoporosis risk Stratification
(Adapted from American college of rheumatology Glucocorticoid-
Induced osteoporosis guidelines 2022)
Risk Definition

GC dose<7.5 mg/day AND

T score >—2.0 OR Z score >—3.0 AND
No additional clinical risk factors
>7.5 mg/day for >6 months AND
Z-score <—3.0 OR

Significant bone loss over 1-2 years
FRAX 10-year MOF risk 10-20% OR
Hip fracture risk 1-3% OR

T-score between — 1.0 and —2.4

Low risk

Moderate risk (<40 years)

Moderate risk (>40 years)

High risk T score<2.5 and >—3.5 OR
FRAX 10-year MOF risk 20-30% OR
Hip fracture risk 3-4.5.5%

Very high risk Prior OP fracture(s) OR

T-score<3.5 OR

FRAX 10-year MOF risk>30% OR
Hip fracture risk>4.5% OR

High GC>30 mg/day for >30 days OR
Cumulative GC dose>5 g/year

Fracture risk assessment for patients on long-term or high dose GC
therapy

MOF major osteoporotic fracture

[31]. Significant bone loss has been shown to occur within
the first 3 to 6 months of glucocorticoid therapy [32], and
risk stratification is recommended for all patients on pred-
nisone equivalents of 2.5 mg or more per day for 3 months
or longer. Initial fracture risk assessment including FRAX
(age >40 years) and BMD assessment with VFA or spine
X-ray is recommended for all patients initiating GC therapy.
Risk assessment is categorized as low, moderate, high, and
very high risk based on FRAX scores as well as GC dos-
ing (Table 3). For patients taking GC 2.5 mg or more but
less than 7.5 mg daily who are considered low risk and do
not initiate pharmacotherapy, a repeat assessment is recom-
mended after 1-2 years. Repeat risk assessments every 1-2
years are recommended for all patients with moderate, high,
and very high fracture risk.

Vertebral Fracture Assessment (VFA)

Vertebral insufficiency fractures are the most common
osteoporotic fractures, typically seen in adults over 50 years.
Vertebral fractures are associated with significant morbid-
ity, as well as a 5-fold increase in risk of further vertebral
fractures and a 2-3 fold increase in other osteoporotic frac-
tures [33]. Approximately two-thirds of vertebral fractures
are asymptomatic and hence not clinically recognized, but
rather may be found incidentally on chest x-rays or chest
and abdomen CT scans. Furthermore, studies have shown
that a large number of women with asymptomatic vertebral
fractures may have a T score >—2.5. Irrespective of BMD,
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Table 4 BHOF indications for osteoporosis treatment. Primary and
secondary fracture prevention

Primary fracture prevention

DXA with T score <—2.5 at femoral neck, total hip, lumbar spine.
DXA with T score —1.0 to —2.5 and FRAX scores greater than or
equal to 20% for major osteoporotic fracture or 3% for hip fracture.
Secondary fracture prevention

Insufficiency fracture of the hip or vertebra, regardless of BMD.
Insufficiency fracture of the distal radius, proximal humerus, or
pelvis in individuals with low bone mass (T score between —1.0 and
-2.5)

the presence of a vertebral fracture is diagnostic of osteopo-
rosis and anti-fracture therapy is recommended to decrease
risk of further fracture [34].

DXA-assisted vertebral fracture assessment (DXA-VFA)
is an effective method for screening for vertebral fractures
[35]. It is a convenient, low-cost, and low-radiation alterna-
tive to traditional X-rays of the lateral thoracic and lum-
bar spine. It is performed during BMD measurement using
DXA technology [35]. Compared to standard radiographs,
however, DXA-VFA may provide an inferior image with
poor visualization of the spine above the T7 level. Improve-
ments in DXA technology, with higher resolution of newer
scanners, have improved the detection of mild vertebral
fractures [35]. Interpreter variability and experience may
affect the validity of DXA-VFA reports, and this can be
reduced by automating VFA and improving observer train-
ing and inter-observer agreement [36].

In general, DXA-VFA or traditional imaging is recom-
mended in individuals at high risk of vertebral fractures,
such as progressive height loss >1.5 inches, patients receiv-
ing glucocorticoid therapy, and patients with a history of
fragility fractures [37-39]. In patients with continued high
vertebral fracture risk, DXA-VFA should be repeated every
2-3 years as clinically warranted [40].

Treatment Recommendations

The Bone Health and Osteoporosis Foundation (BHOF),
formerly the National Osteoporosis Foundation (NOF),
guidelines recommend initiating anti-fracture therapy based
on DXA and FRAX thresholds as determined by popula-
tion-based studies and a cost-benefit analysis [41]. Primary
fracture prevention, treatment goal for preventing the first
fracture, is recommended for patients with a DXA scan
revealing a T-score <—2.5 at the lumbar spine, total hip, or
femoral neck, and for patients with low bone mass (T-core
— 1.0 to — 2.5) with > 20% predicted10-year probability of
major osteoporotic fracture (hip, spine, humerus, forearm)
or > 3% predicted10-year probability of hip fracture (Table
4).
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A previous fragility fracture is one of the strongest pre-
dictors of future osteoporotic fractures. Secondary fracture
prevention aims to reduce the risk of further fractures after
the sentinel fracture. Low-trauma hip and vertebral frac-
tures are indications for initiation of therapy irrespective of
BMD. Similarly, treatment is indicated in patients with low
bone mass who sustain a low-trauma fracture of the proxi-
mal humerus, distal radius, or pelvis.

DXA guidelines - screening

Bone density screening is recommended for individuals at
risk of fracture, where testing is expected to inform clinical
care (Table 4). Individual decisions should be made based
on a clinical risk profile that combines age and risk factors
for bone loss. The BHOF recommends screening in women
65 years and older and men 70 years and older, as well as in
women aged 5064 years and men aged 50—69 years who
have osteoporosis risk factors [13]. DXA is also recom-
mended in women and men with prior fragility fracture(s).
In premenopausal women and younger men, screening den-
sitometry should be considered in those with a significant
history of fragility fractures or ongoing significant risks for
bone loss; however, DXA is not recommended for routine
screening in these populations. Table 5 summarizes screen-
ing densitometry recommendations from BHOF, which
align with Endocrine Society guidelines and include the
2023 updated recommendations from ISCD [10, 13, 42, 43].

The DXA Report

The minimum requirements in a standard report include
patient demographics, requesting provider, testing indica-
tions, instrument manufacturer and model, skeletal sites
measured as BMD (g/cm2) for each site, and T-score and
Z-score as appropriate [10]. Posteroanterior views of the
lumbar spine and hips should be reported in all patients,
except in clinical scenarios with lower reliability, such as
advanced lumbar degenerative disease, prior spine sur-
gery, or hip arthroplasty. The spine region of interest (ROI)
should be reported if vertebrae need to be excluded due to
local pathology. If only one vertebra is available for reliable
BMD measurement, the lumbar spine should be excluded
from making a diagnosis. Z-scores should be reported in
premenopausal women and males younger than 50 years of
age. Fracture risk prediction tools are commonly reported
in the DXA report when there is osteopenia, and fracture
risk stratification is beneficial [44]. Errors in the calcu-
lated estimation of fracture risk (FRAX score) may occur
when patients inaccurately report risk factors, such as

Table 5 Screening guidelines

DXA -

Women > 65 years and men> 70 years regardless of clinical factors
Postmenopausal women <65 years, women in menopause transition,
and men <70 years with clinical risk factors

- Low body weight

- Prior fracture

- High risk medication use

- Medical conditions associated with bone loss

Adults with a fragility fracture history

Adults with a disease or condition associated with low bone mass
or bone loss

Adults taking medications associated with low bone mass or bone
loss.

Anyone being considered for pharmacologic therapy

Anyone being treated should be monitored to monitor treatment
effect

VFA -

T score <—1.0 and

- Women > 70 years or men> 80 years

- Historical height loss>4 cm (1.5 inches)

- Self reported but undocumented prior vertebral fracture

- Glucocorticoid therapy equivalent to prednisone>5 mg or equiva-
lent per day for >3 months

misreporting osteoarthritis as rheumatoid arthritis. To maxi-
mize clarity for decision-making, ISCD recommends that
the DXA report identify the fracture risk calculator used and
include the positive risk factors entered into the calculation.

Unilateral vs. Bilateral DXA Screening

Traditionally, DXA testing measures BMD at two sites,
reporting BMD at the lumbar spine and one hip. With the
advancement of technology, bilateral hip measurement is
now offered and reported by more facilities, with the addi-
tional ability to report mean bilateral total hip BMD. The
utility and incremental value of bilateral hip reporting are
uncertain. The ISCD recommends reporting of bilateral hip
BMD [45] as this can be done in a few minutes, it provides
low radiation exposure, offers better fracture estimation by
capturing the lowest BMD site, and improves the ability for
long-term monitoring. Mean bilateral hip BMD uses a larger
area than does unilateral measurement and is shown to have
superior precision for long-term monitoring [46, 47].

DXA Monitoring Guidelines

DXA scan can assist in monitoring response to therapy and
assist decision-making for consideration of a drug holi-
day, but indications and timing of repeat BMD measure-
ments remain unclear. Several studies have shown that
the rate of decline in BMD varies by individual risk and
patient population. BMD remains stable over time in the

@ Springer
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older community-dwelling population [48, 49], indicating
a repeat DXA within 3—7 years may not provide significant
additional value. Similarly, a repeat BMD in younger post-
menopausal women with low fracture risk based on base-
line BMD evaluation, in the absence of clinical risk factors,
may not provide significant additional value. Additionally,
decreases in BMD may not reliably predict fracture risk and
have poor reproducibility, especially in patients on bisphos-
phonate therapy [50, 51]. Another significant consideration
is measurement error, which may lead to lower reliability of
serial studies obtained at short intervals [52].

In the 2023 update of Position Statements, ISCD guide-
lines recommend considering follow-up BMD testing based
on clearly defined objectives and when results are likely
to influence clinical decision-making [53]. An individual-
ized approach based on risk factors is recommended over
systematically repeating the DXA scan at regular intervals
[53]. Age and baseline BMD are the strongest factors in
determining the interval for follow-up testing. Follow-up
testing should be determined on an individualized basis,
considering age, baseline BMD, clinical risk factors, and
the type of pharmacologic therapy. A shorter interval should
be considered in patients at high risk of bone loss, such as
patients on medications like glucocorticoids, aromatase
inhibitors, or androgen deprivation therapy, patients with
inflammatory diseases, or those with premature menopause
(<45 years of age) [11]. Other risk factors for consideration
of shorter follow-up intervals include a history of multiple
falls and a history of fracture(s). Follow-up BMD should
also be considered in the event of the development of new
risk factors or new fractures. A significant BMD decrease
warrants re-evaluation of fracture risk, consideration for
secondary causes of bone loss, and may indicate a need to
switch therapy.

Trabecular Bone Score

Trabecular bone score (TBS) is a computer software pro-
gram that performs textural analysis of lumbar spine DXA
images to provide an indirect measure of bone microarchi-
tecture [54-57], complementing the data from DXA scans,
which primarily measure the quantity of bone mineral
content.

TBS predicts fracture risk independent of FRAX and
clinical risk factors [56, 57], and can enrich fracture risk
assessment in conjunction with FRAX or BMD [58]. In par-
ticular, TBS is helpful in patients with osteopenia, providing
information on (1) risk stratification and (2) decision-mak-
ing when FRAX is close to intervention thresholds [56].
TBS has been incorporated into the FRAXplus calculator,
allowing adjustment of FRAX scores based on TBS [59].

@ Springer

TBS is also helpful for fracture risk assessment in sec-
ondary osteoporosis, such as glucocorticoid-induced osteo-
porosis. Because TBS is not affected by osteophytes, it can
be beneficial in assessing fracture risk in patients with spine
osteoarthritis [56, 58]. Used with BMD, TBS can be utilized
for monitoring treatment response to osteoanabolic agents
and long-term denosumab treatment [57, 58].

Quantitative Computed Tomography

Quantitative computed tomography (QCT) utilizes images
from a standard computed tomography scanner to assess
BMD [60]. In the spine, QCT can provide a three-dimen-
sional image of bone, thereby providing a volumetric assess-
ment of BMD. QCT in the spine can separate the trabecular
bone from the less responsive compact bone [60, 61]. BMD
by axial QCT provides volumetric BMD assessment of tra-
becular bone (measured by grams per cubic centimeter),
while a DXA scan only provides an areal BMD assessment
(measured in grams per square centimeter) [62]. In the hips,
QCT provides areal BMD readings and DXA-equivalent
T-scores. Volumetric BMD assessment using QCT methods
in the hip, however, is difficult due to the complex structure
and variations in BMD in the proximal femur [63]. QCT
can also be performed at peripheral sites using smaller,
less expensive peripheral CT scanners (pQCT) [60]. High-
resolution peripheral quantitative computed tomography
(HR-pQCT), with enhanced resolution, provides detailed
information about the microarchitecture of peripheral bone.
HR-pQCT is only available in research centers and is not
yet applicable in general clinical practice. Most guidelines
do not clearly define the role of QCT in the diagnosis and
management of osteoporosis due to limitations [64], such as
a lack of standardization protocols and reference databases
for pQCT measurements, and a lack of defined specific
treatment thresholds [64].

Other Uses of DXA

DXA scan is mainly used to assess fracture risk; it can also be
used in incomplete atypical femoral fractures (AFFs) [58].
Detection of AFFs via DXA scan is possible by extended-
length femur imaging, or full-length femur imaging (FFI)
technology, to identify focal periosteal and endosteal thick-
ening in the lateral cortex, as well as transverse lucencies
[65, 66]. AFF detection is not widely available in clinical
practice, although newer DXA machines offer a software
component to assess for AFFs [58].

Whole body DXA scan, an affordable test that can be per-
formed quickly, accurately, and with reproducible results,
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can also provide an analysis of body composition, including
fat, bone mass, and lean tissue. Whole body DXA scan is
not used routinely in clinical practice, but is a valuable tool
in research settings, such as metabolic syndrome, obesity,
and sarcopenia [58, 67].

Pitfalls in DXA Interpretation

The greatest pitfall of DXA interpretation is relying solely
on the cover report of the DXA scan without reviewing the
raw images and available data. In the absence of clinical
context, DXA reporting and interpretation may be less than
accurate, potentially leading to incorrect clinical decision-
making. For comparing studies over time to monitor treat-
ment or disease progression, it is crucial to perform DXA
scans on the same device at the same facility to allow for a
direct comparison.

Spine positioning, Anatomical Variation, and Artifacts.

Spine BMD is measured from L1 to L4, and ideally, the
spine is straight with equal soft tissue visible on each side of
the vertebrae. When the spine is rotated, the apparent ver-
tebral segment area increases, leading to a low BMD read-
ing, with a neutral effect on bone mineral content [68, 69].
Evaluating the largest area of bone, L1-L4, is ideal. If 1-2
vertebrae are affected by an artifact, such as degenerative
changes or scoliosis, those vertebrae should be excluded
from consideration. However, when three vertebrae are
affected by artifact, the clinical decision should be made
based on femoral neck BMD rather than findings in a single
vertebra [68]. Correct labeling of L1-L4 is essential. Each
labeled vertebra is compared with the normative database
to generate a T-score; therefore, mislabeling leads to inac-
curate T-scores. Anatomical variations in the lumbar spine
can be observed, such as patients having four lumbar ver-
tebrae (7.5% of patients) or six lumbar vertebrae (1.9% of
patients). Accurate identification of L1-L4 on the image is
crucial, and this can be achieved by counting vertebrae from
the sacrum or by identifying them based on their morphol-
ogy. BMD tends to increase from L1 to L4 in healthy as well
as in osteoporotic individuals [70]. Evaluation for artifacts
(osteophytes, gallstones, surgical clips) is essential with a
sudden change of BMD from one vertebra to the next [68,
71, 72].

Hip Positioning and Artifacts

For proper hip positioning on the DXA scan, the legs should
be abducted and internally rotated by 15-20% [73]. On the
DXA image, the femoral shaft should be vertical, with a
small area of the lesser trochanter seen on the image [68,

73]. Artifacts potentially interfering with accurate BMD
assessment are less common in the hips than in the spine.
Common artifacts at the hip include osteoarthritic changes,
osteonecrosis, and surgical hardware [74].

Conclusions, Current State

DXA is a valuable tool in assessing BMD and fracture risk.
Combined with FRAX and TBS, DXA provides a compre-
hensive assessment of fracture risk to guide clinical treat-
ment and monitoring decisions in patients with osteoporosis
and low bone mass. In addition to fracture risk estimation,
DXA can be used for screening of incomplete AFFs and
body mass composition. While it is a valuable tool in assess-
ing fracture risk, it is essential to have familiarity with the
treatment guidelines, test utility, limitations, and pitfalls to
optimize the interpretation of results and guide clinical deci-
sions for patients with osteoporosis.
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