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Abstract Dual energy X-ray absorptiometry (DXA) is a
well-established method for the diagnosis of osteoporosis and
monitoring of treatment. Recent advances in DXA technologies
have improved accuracy and precision. Nevertheless, errors in
bone mineral density measurement and interpretation could
occur and negatively affect the diagnosis and management of
patients. These errors can result from improper equipment
installation and maintenance, inadequate education and training
in bone densitometry, and insufficient knowledge of current
clinical guidelines. This review describes the current proce-
dures of quality assurance in bone densitometry and emphasizes
strict adherence of technicians and clinicians to manufacturers’
recommendations and current clinical guidelines.
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Introduction

Osteoporosis is the most common bone disease and rep-
resents a major public health problem because of its
worldwide increasing incidence and heavy social economic
burden [1].

Currently, it is estimated that over 200 million people
worldwide suffer from this disease, and at least 40 % of
women and about 20 % of men will sustain one or more
fragility fractures in their lifetime [2].

Osteoporosis causes more than 8.9 million fractures
annually worldwide, and over one-third of all osteopo-
rotic fractures occur in Europe [3, 4]. By 2050, the
worldwide number of hip fractures is estimated to rise
from 1.66 to 6.26 million [5], and their incidence is
projected to increase up to 240 % in women and 310 %
in men [4].

Osteoporotic fractures cause increasing morbidity and
mortality rates; in particular, hip fractures result in
10-20 % of mortality within 1 year [1, 6].

Osteoporosis has been defined on the basis of bone
mineral density (BMD) assessed at the hip or lumbar spine
level. BMD represents a cornerstone for the general man-
agement of osteoporosis, being used for diagnosis, fracture
risk assessment, selection of patients for treatment and
monitoring of treatment efficacy [7].

According to the World Health Organization (WHO)
criteria, osteoporosis is defined as a BMD value less than or
equal to 2.5 standard deviations below the young normal
mean reference population.

Dual energy X-ray absorptiometry (DXA) is the current
gold standard for BMD measurement.

BMD measured by DXA is highly correlated with bio-
mechanical bone strength and, in longitudinal studies, with
fracture risk [7].
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High-quality BMD measurement and interpretation are
important because physicians rely on these reports to make
patient care decisions, including additional medical eval-
uations (laboratory or imaging), starting or changing drug
therapy, or suggesting some dietetic and lifestyle habits [8].

Incorrect BMD acquisition or reporting may generate
unnecessary medical expenses and lead to inappropriate
clinical and therapeutic decisions that could have adverse
effects on patients’ health [9]. Errors can result from
improper equipment installation and maintenance, inade-
quate education and training in bone densitometry and
insufficient knowledge of current guidelines.

BMD testing, interpretation and reporting are errone-
ously considered to be simple; instead, all these steps
require training and experience for technologists and
physicians.

For these reasons, mistakes in BMD assessment are
commonly seen. In 2006, Lewiecki et al. [8] reported about
71 % of clinicians and 45 % of technologist see incorrect
densitometric interpretation and acquisition at least once a
month. These errors were due to a lack of adherence to
manufacturers’ recommendations for device maintenance
and quality control, incorrect acquisition and analysis of
data (e.g., wrong demographic information, improper
patient positioning, artifacts not removed from the scanned
area, incorrect labeling of vertebral bodies), or misleading
interpretation of results.

Hence, performing the periodic and daily machine cal-
ibration tests conforming to the manufacturers’ guidelines,
an adequate acquisition and analysis of data, and correct
interpretation and reporting of results are essential steps to
help the management of patients [8, 10].

The aim of this review is to discuss the current practice
of quality assurance (QA) procedures in bone densitom-
etry.

Quality Assurance

QA is by definition “a programme for the systematic
monitoring and assessment of the various aspects of a
service or facility to ensure that standards of quality are
being met.” QA in bone densitometry has to guarantee (1)
the maintainance of adequate equipment performance with
the lowest possible radiation dose to patients consistent
with clinical imaging requirements and (2) the assurance of
adequate diagnostic information provided at the lowest
possible cost. A QA program should include (1) guidelines
and requirements for equipment installation and its clinical
use, (2) standardised periodic tests developed to maintain
diagnostic quality (quality control, QC), (3) preventive
maintenance procedures, (4) staff training and education,
and (5) radiation safety policies and procedures.
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Equipment and Installation

Manufacturers should provide all necessary and required
equipment for DXA facilities (e.g., the positioning device
for the anteroposterior lumbar spine scan acquisition; the
hip positioning device for the femur scan acquisition).

The supplier of the equipment should describe all clin-
ical applications of the system and specify the performance
in terms of accuracy and precision [11e]. Equipment
packages should also include dedicated phantoms for cal-
ibration and QC procedures.

The installation of the equipment should be followed by
procedures that guarantee correct functioning and satisfy
all current radiation protection requirements and manu-
facturer specifications [12°].

Diagnostic Quality and Quality Control: Phantom
Scanning and Cross-Calibration

When performing DXA measurements, it is important to
implement a QA program to guarantee that any observed
density changes are real and not due to machine or to
operator variability. The quality of the acquired data is
defined by accuracy and precision [13].

Accuracy is the ability of a measurement to match the
actual value of the quantity being measured and is
expressed in terms of accuracy error. The accuracy error is
the percentage difference between a measurement and a
defined standard and is influenced by the machine. Gen-
erally, the accuracy error of the most widely used bone
densitometers is about 5-10 % [14].

To evaluate the accuracy of a DXA, a daily calibration
measurement, according to the manufacturer’s instructions,
is performed using a standard phantom supplied with the
system. In addition to the daily calibration, the manufac-
turers recommand a periodic QC (generally every
3-6 months) using a different phantom to independently
monitor the scanner stability [13]. The various manufac-
turers have developed different types of QC phantoms.
Several of these consist of vertebraec made of simulated
bone material encased in plastic; others are made of an
aluminum bar to be submersed in water. During the cali-
bration process, the phantom has to be located in the
middle of the scanning table, at the top side of the table. At
the end of the calibration, results have to be analyzed and
recorded in the QC database [13].

Precision is defined as the reproducibility and is
expressed in terms of precision error. Precision error pro-
vides a quantitative measure of the ability of densitometric
systems to detect changes in BMD over time and thus is an
important component of clinical decision making. This is
influenced by several parameters, such as the skill and
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training of the technician performing the scan, the skeletal
site of measurement and the clinical features of patients
[12-].

Knowledge of the precision error is essential in clinical
practice to guarantee a correct diagnosis and management
of patients, because it allows distinguishing between true
change in BMD and random variability in the measurement
procedure. The least significant change (LSC) enables the
identification of statistically significant changes in BMD by
considering the precision error [coefficient of variation
(CV)] of the measurement [15¢]. LSC should to be calcu-
lated using the International Society for Clinical Densi-
tometry (ISCD) precision calculating tool at www.iscd.org.

The various densitometer manufacturers often establish
precision errors for their equipment on the order of 1 %
[16]. Since the precision errors estimated by the manu-
facturer do not usually represent the error in the clinical
setting, the ISCD recommends that in vivo precision errors
and LSC for each DXA center should be determined using
repeated measurements in 30 subjects (representative of the
clinic’s patient population) with repositioning or in 15
subjects scanned three times [17, 18e¢].

Moreover, if a DXA facility has more than one tech-
nologist, every technologist should perform an in vivo
precision assessment using patients. Then an average pre-
cision error combining data from all technologists should
be used to establish precision error and consequently LSC
for the facility.

The ISCD also recommends that each technologist
should complete precision assessment after having per-
formed approximately 100 patient scans [18ee].

The LSC of the most commonly used DXA machines
are reported in Table 1 [15¢].

Differences in calibration exist among the densitometry
systems from different manufacturers. To overcome this
relevant limit, cross-calibration techniques have been
developed. In the last 20 years cross-calibration was
attempted using a European Spine Phantom containing
three simulated vertebrae of different densities (low, nor-
mal and high density) composed of calcium hydroxyapa-
tite. Results were compared to the spine BMD of a group of
females and then were used to define and introduce the

Table 1 Precision of bone measurement expressed in terms of least
significant change (LSC) using the most common DXA technologies
[15°]

L1-L4 Total hip Femoral neck
BMD (%) BMD (%) BMD (%)
Lunar expert 1.0 0.9 1.5
Lunar prodigy 1.0 1.1 1.5
Hologic 1.0 1.2 1.6
Lunar iDXA 0.4 0.6 1.3

standardized BMD (sBMD). sBMDs were used to correct
the calibration differences among the three major distrib-
utors of DXA (Hologic, Lunar and Norland) [19, 20]. The
ISCD guidelines actually affirm that is not possible to
quantitatively compare BMD or to calculate a LSC
between different facilities without cross-calibration.

The ISCD also recommends performing a cross-cali-
bration when the DXA hardware, but not the entire system,
have been changed, or when a system with the same
technology (manufacturer and model) has been replaced, in
order to allow a quantitative comparison to the prior
machine. The cross-calibration procedure consists of ten
phantom scans, with repositioning, before and after hard-
ware change [18e]. If a greater than 1 % difference in
mean BMD is observed, the manufacturer should be con-
tacted for service or correction. When changing an entire
system to one made by the same manufacturer using a
different technology, or when changing to a system made
by a different manufacturer, cross-calibration should be
performed in 30 patients representative of the facility’s
patient population once on the initial system and then twice
on the new system within 60 days. All cross-calibration
measures have to be performed at the hip and lumbar site.
The average BMD and LSC between the initial and new
machine should be calculated using the ISCD DXA
Machine Cross-Calibration Tool [18¢¢]. Then LSC for
comparison between the previous and new system should
be used. Inter-system quantitative comparisons can only be
made if cross-calibration is performed on each commonly
measured skeletal site. Once a new precision assessment
has been performed on the new system, all future scans
should be compared to scans performed on the new system
using the newly established intra-system LSC. If a cross-
calibration assessment is not performed, no quantitative
comparison to the prior machine can be made. Conse-
quently, a new baseline BMD and intra-system LSC need
to be established [18e°].

Preventive Maintenance Procedures

In addition to QC, a periodic assessment of the condition of
the DXA devices should be executed (i.e., checking the
electrical safety, equipment emergency stop, radiation
warning lights, and the availability and adequacy of patient
support tools). Moreover, all test results should be recorded
to detect needed changes [12¢].

Staff Training and Education

Incorrect acquisition and analysis of data or incorrect
interpretations of results occur frequently in daily clinical
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Table 2 Effective dose of different DXA devices

Technology L1-L4 (uSv) Hip (uSv) Wrist (uSv) LVA (uSv)
GE-Lunar DPX Pencil-beam 0.21 0.15
Hologic QDR1000 Pencil beam 0.50-2.60 0.90-1.80 0.07
GE-Lunar expert Fan beam (wide-angle) 59.00 50.00-56.00 38.00
Hologic discovery Fan beam (wide-angle) 4.40-13.30 3.10-9.30 10.00-41.00
GE-Lunar Prodigy Fan beam (narrow-angle) 0.20-1.60 0.15-1.20 0.01 2.50
GE-Lunar iDXA Fan beam (narrow-angle) 3.37 3.09 8.00-12.09

practice [8] and are responsible for misleading diagnoses
and inadequate patient management.

Therefore, training of technicians performing the exami-
nation as well as education of radiologists writing the reports
is needed to prevent and minimize these kinds of errors.

Errors in performing DXA acquisitions and data ana-
lysis are usually due to (1) improper patient positioning
(e.g., the spine is not parallel to the edges of the DXA table
or the hip is not sufficiently internally rotated); (2) using
the wrong scan mode (e.g., the scan mode may alter the
BMD and is manually or automatically selected); (3) arti-
facts not being removed from the scanned area (e.g., the
spine is scanned when the patient is wearing an underwire
bra or has a bellybutton ring); (4) obtaining incorrect
demographic information (e.g., a man is entered as a
woman or the incorrect age is used); (5) failure to correct
improper default identification of bone edges and regions
of interest (e.g., the computer includes large osteophyte or
vascular calcifications in the area of the measured spine);
(6) incorrect labeling of vertebral bodies [9, 21].

Errors in the interpretations of BMD values also fre-
quently occur and are due to (1) an incorrect application of
WHO diagnostic T-score criteria and ISCD official posi-
tions (e.g., reporting T-scores in a healthy premenopausal
woman and applying the WHO diagnostic criteria); (2) an
invalid BMD comparison (LSC not known, different
instruments used, left hip compared with right hip, com-
paring T-scores instead of BMD, different scan modes); (3)
fracture risk incorrectly represented [9].

Moreover, body composition may influence the preci-
sion and accuracy of DXA and therefore affect interpre-
tations of DXA examinations. In particular, caution must
be used when interpreting BMD results in subjects who
have undergone large weight changes [22].

However, training courses for both physicians and
technologists are provided by several national and inter-
national societies.

Dose Radiation Exposure

One of the main strengths of DXA is the low radiation
exposure for patients [10, 23]. Nevertheless, recent
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advances in DXA technology (e.g., spatial resolution
improvement, small time consumption) have involved an
increase in radiation dose [24]. However, radiation expo-
sure is much lower than other diagnostic techniques and
lower than the average daily dose from natural background
radiation (6.6 puSv/day; 2,400 pSv/year) [12e, 24].

Many variables affect the DXA patient dose, such as the
site of measurement (e.g., lumbar spine, forearm, hip),
patient body size, acquisition technique, X-ray tube filtra-
tion, efficiency of detection system, number of scans,
exposure parameters, scan speed and scan size [11ee].

Table 2 shows the effective dose (calculated using the
organ- or tissue-absorbed doses and the relative radiosen-
sitivity assigned to each of these organs or tissues [25]) of
several models of DXA.

Pregnancy is a contraindication to DXA. Damilakis
et al. [26] estimated conceptus doses and risks related to
DXA performed during pregnancy. A careful screening for
pregnancy is essential to minimize the number of acci-
dental exposures of pregnant patients by DXA. When a
pregnant woman has a DXA examination, communication
with her about the dose to the fetus is very important.
Because the risks from DXA are negligible, usually
abortion due to radiation exposure is not recommended
[25, 26].

The radiation burden is increased in follow-up studies. A
clinical justification of these examinations should be pro-
vided to ensure that the expected benefits exceed the
potential risks [11e].

The occupational radiation dose should also be consid-
ered. The radiation exposure for DXA technologists is gen-
erally very low if all procedures are performed according to
the manufacturer’s guidelines. The reported scatter dose
rates at 1 m from the central axis of the patient table range
from a few tenths of 1-5 pSv/h depending on the scanner
model. From these values, recent calculations and mea-
surements indicate that the annual dose from fan-beam sys-
tems for an average workload (20 patients/day) at I m from
the scanner will be between 0.1 and 1.5 mSv, depending on
the scanner model [10, 27].

If a female technician becomes pregnant, she should
inform her employer. A pregnant staff member can con-
tinue working in a DXA scanning room as long as the
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fetal dose is kept below 1 mGy for the term of the
pregnancy [28].

An increase in the operator’s distance from the patient
and the use of mobile or immobile shielding can reduce the
operator’s radiation exposure [10]. The need for shielding
mainly depends on the patient workload, size of the
examination room and type of DXA scanner (especially for
fan-beam technology) [12°].

Fan-beam and cone-beam systems may require shielding
if the operator has to be seated close to the table or if the
walls are close to the table [27].

Moreover, if the room configuration does not allow the
necessary distance between the DXA and operator, a
transparent lead-acrylic shielding may be needed to protect
the technicians during the examination [10].

Conclusions

QA procedures in bone densitometry should be performed
carefully and strictly conform to current guidelines to
guarantee adequate diagnostic performance and a conse-
quent correct overview and management of osteoporotic
patients.
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