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Abstract

Dual-energy X-ray absorptiometry {DXA) is a technology that is widely nsed to diagnose osteoparosis,
assess fracture risk, and monitor changes in bone mineral density (BMD). The clinical utility of DXA is highly
dependent on the quality of tbe scan acquisition, analysis, and interpretation. Clinicians are best equipped to
manage patients when BMD measurements are correct and interpretation follows well-established stan-
dards. Poor-quality acquisition, analysis, or intcrprctation of DXA data may mislcad rcferring clinicians, re-
sulting in unnecessary diagnostic evaluations, failure to evaluate when needed, inappropriate treatment, or
failure to provide medical reatment, with potentially ineffective, harmful, or costly consequences. Misallo-
cation of limited healthcare resources and poor treatment decisions can be minimized, and patient care op-
timzed, through meticulous attention to DXA instrument calibration, data acquisition and analysis, interpretation,
and reporting. This document from the Tnternational Socicty for Clinical Densitometry describes quality stan-
dards for BMD testing at DXA facilities worldwide to provide gnidance for DXA supervisors, techuologists,
interpreters, and clinicians. High-quality DXA testing is necessary for correct diagnostic classification and optimal
fracture risk assessment, and is essential for BMID monitoring.
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Introduction

Dual-energy X-ray absorptiometry (DX A} is a quanti-
lative radioiogical procedure [or measuring bone minera)
density (BMD), a2 major determinant of bong strength (7).
DXA measurements are used (o dingnose osteoporosis (2),
monitor changes in BMD over time (3}, and estimate frac-
ture risk, (4) and, as such, are often integral to therapeutic
intervenlion recommendations, Indeed, RMD by DXA is
a componcnt of ostcoporosis treatment guidclines in the
Uniled States (5,6}, Canady 7), Europe (8}, United Kingdom
{9), and clsewhere ({(J}. Femoral neck BMD by DXA is an
important risk factor input for the World Health Organi-
7ation (WHO) fracture risk assessmeant algorithim (FRAX)
(11).DXA also has applications bcyond BMD tcsting, in-
cluding verlebral [racture assessment (72), unalysis of body
composition (13), hip structural analysis (14), and irabecu-
lar bonc scare determination (15}, Physicians rely on DXA
meagurements to manage patients with skeletal disorders
Poor-quality DX A acquisition/analysis and/or incorrect re-
puorling of the resulls may resull in the ordering of unnec-
essary diagnostic tests, failing to order nceded tests, or
inappropriafely starting, stopping, ar changing treatment.
Sueh errors in clinical practice are unfortunately common,
sometimes costly,and potentially harmful 1o paticnis (76-21).
DXA seans in growing children and adolescents are par-
ticularly challenging and errors are common with respect
ta both data acquisition and interpretation {22}, These errors
can lead to the mnappropriatc initiation of skeletal agents,
many of which have unknown sidc cffccts in pediattic pa-
liems, and other inuppropriale management decisions.

A central DXA system is composed of a padded table
for the patient, an X-ray source, a radiation detector, tom-
puter hardware and software, and usually a printer for gen-
craling a hard copy of data, graphs, and inages (23). These
sophisticaled scientilic insiruments are manufaclured with
rigorous technical standards. Upon completion of the manu-
facturing process, the DXA system s transported Lo the end-
user facility and assembled by a technician who checks systemn
calibration to assurc the accuracy (morc corrcctiy re-
ferred tu as “lrueness”) of the messurements and makes
adjusimenis asneeded. The DXA techoologist(s) may receive
basic training from the manufacturer {e.g., by an applica-
tions specialist) in quality assessment, instrument mainte-
nance, paticn{ positioning, data acquisition, and analysis.
Foliowing densitometer installation, there may be local regu-
latary requirements that apply to the sysiem (e.g., radia-
tion safety standards and inspection) or for the technologist
(e.g., training as a radiological fcchnologist, licensure, cer-
tification). The physician who is responsible for supcrvis-
ing o DXA facility, interpreting 1he DXA resulls, and signing
off on the report musl have sufficient training to assure that
the data are correct and thal interpretation and reporting
conform to current standards in the field (24). Typically, US
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state and local regulations donot require any specific guali-
fications for DXA interpretation (25}, despite the impor-
tant technicat aspects of the test discussed here. US Medicare
regulations only require some qualifications ol supervis-
ing physicians in indcpendent diagnostic testing facilitics
{26}, but nol in hospital tucilities or private clinical prac-
tices. In Canada, 3 provinces currently have a requirement
for International Society for Clinical Densitometry (ISCD)
certification for physicians who are reporting or supervis-
ing a NDXA facility. In Drazil, certification by the Brazilian
Radiolugy Society (Colégio Brasileiro de Radiologia) is re-
quired for any physician to perform DXA acquisition, analy-
sis, and reporting. Technical certification, issued by the
Brazilian Society of Radiologic Technologists (Conselho de
Téenicos cm Radiologia), is required for other allicd health-
care prolessionals (o perform DXA acquisitions Globally,
requiremenis for training, performing, and interpreting DXA
scans by healthcare professionals are variable,

The generation of high-quality DXA reports requires
an undcrstanding of potential sources of crrors, including
changes in instrument calibration, impruper patient posi-
lioning or analysis, recognition of confounding artifacts, and
correct selection of reference databases for T und Z-score
calculation, thus requiring skilled technalogists and inter-
preting physicians to assurc production of a high-quality
report. Qver lime, densitometer calibration may change lue
to depradation of the cornponents (e.g., X-ray tube and de-
tector), moving the instrument to a different location, or
a variely of other factors. The skills of a DXA technolo-
pist may improve with cxperience or worsen gver time, or
u highly proficient technologist may leave and be re-
placed by one who is less skilled. Similarly, a physician in-
volved may be dedicated to very high DXA quality ar may
view DXA as a sideline to other responsibilities. For all of
thesc reasons, the reliability of DXA measurcments and
reporls i somelimes in doubl, (hereby having poiential
adverse effects on the management of patients (16-19).

The ISCD is an international organization with giobal
membership dedicated to advancing excellence in the as-
scssment of skelctal health by promoting education and un-
dersianding of the clinicul applications of bone mass
measurement and other skeletal health assessment tech-
nologics. The ISCD strives to assure proficiency and quality
in the assessment of skeletal health through education, cer-
tification, and accreditation in bone densitormetry. To high-
light the essential components of quality DXA tesling, the
ISCD herein identifies DX A Best Practices (Box). The DXA
Best Practices are not meant lo be a comprehensive list of
all features that characterize a high-guality DXA facility,
but rather thesc practices identify a basic sct of csscntial
markers thal are consislent with high yuality. For Lhe pur-
poses of this document, quality is defined as the degree to
which DX A measurements and interpretation are consis-
tent with current professional standards to facilitate desired
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Box. DXA Best Practices
Scan Acquisition and Analysis

dards for BMD measurement.

facility LSC has bcen calculated.

femur, and 6.9% for the femoral neck.

Interpretation and Reporting

and artifacts/confounders, if present.

measurement.

are reported as a change.

1.1. At lcast onc practicing DXA tcchnologist, and prcferably all, has a valid certification in bone dcnsitometry.
1.2. Each DXA technologist has access to the manufacturer’s manual of technical standards and applies these stan-

1.3. Each DXA facility has detailed standard operating procedures for DXA performance that are updated when
appropriate and available for review by all key personnel.

1.4. Thec DXA facility must comply with all applicablc radiation safcty requircments.

LS. Spine phantom BMD measurement is performed at least once weekly to document stability of DXA perfor-
mance over time. BMD values must be maintained within a tolerance of £1.5%, with a defined ongoing moni-
toring plan that defines a cotrection approach when the tolerance has been exceeded.

1.6. Fach DXA technologist has performed in vivo precision assessment according to standard methads and the

L7. The LSC{or each DXA (echnologist should not exceed 5.3% for the lumbar spine, 5.0% [or the (otal proximal

2.1. Acleast 1 practicing DXA interpreter, and preferably all, has a valid certification in bone densitometry.
2.2. The DXA manufacturer and model are noted on the report,

2.3. The DXA report includes a statement regarding scan factors that may adversely affect acquisition/analysis quality
2.4. The DXA report identifies the skeletal site, region of interest, and body side for each technically valid BMD
2.5. There is a single diapnosis reported for each patient, not a different diagnosis for each skeletal site measured.

2.6. A fracture risk assessment tool is used appropriately.
2,7. When reporting differences in BMD with serial measurements, only those changes that meet or exceed the [SC

BMD, bone mineral density, DXA, dual-energy X-ray absorptiometry; LSC, leasl significant change.

heailth outcomes. These DX A Best Practices are intended
1o serve as a guide and expectation for DXA supervisors,
technologists, interpreters, and clinicians. Following these
DX A Best Practices aids paticnts, referring healthecare pro-
viders, and payetrs by facilitaling recognilion of high-
quality DX A services, DXA Best Practices are applicable
worldwide for adult and pediatric DX A testing, recogniz-
ing that adaptations may be required according to local cir-
cumstances and country-specific standards

Overview of High-Quality DXA Performance

Quality DX A studics require instrument calibration
wilhin an acceplable range ol (olerance, rigorous allen-
tion to detail in assuring correct scan acquisition and analy-
sis, understanding serial BMD “test—relest” precision, and
appropriate application of guidelines for interpretation and
reportinp. This can be achicved through bone densitom-
elry training and validated by certification for the DXA
technologist and interpreting physician; the implementa-
tion of what is learned from training can be confirmed
through facility accreditation.
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Implementation of DX A Best Practices

The ISCD recommends that DXA facilities establish
standard operating procedures {SOPs) as a guide for ad-
herence to DXA Best Practices. For others (e.g., patients,
referring physicians, and payers) interested in assessing com-
pelency of those responsible for bone densilomeiry, (ech-
nologist and interpreter certification provides a measure
of attaining basic DXA knowledge; DXA facility accredi-
tation provides additional assurance that high-quality DXA
is being performed.

Methodology

These DX A Best Praclices are derived from the ISCD
Official Positions (13,24,27-34} thal are developed and pe-
riodically updated through Position Development Confer-
ences held regularly since 2001. The ISCD is the only
organization cxclusively dedicated to advancing cxcel-
lence in (he assessment of skeletal health, doing so through
education, certification, accreditation, and development
of evidence-based quality standards, The ISCD Official
Positions have been established through a process of
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rigorous review of the best medical evidence by
internationally recognized experts in skeletal health
asscssmcent, often in collaboration wilh other stakcholder
urganizations, Evalualion of (he evidence when develop-
ing Official Positions is conducted using a modification of
the RAND Corporation and University of California at
T.ox Anpeles method (RAM) (35). This method has been
uscd woridwidc to dctermine whether medical proce-
dures are expecied o provide a specific health benefit
that exceeds the potential negative consequences by such
a wide margin that the procedure or indication is worth
doing. The rationale for use of the RAM in the develop-
ment of the ISCD Official Positions s bascd on its ability
to combine Lhe besl available scientific evidence with the
collective judgment of the expert panel consisting of a
broad range of professionals within and outside of the
ISCD.

Scan Acquisition and Analysis

At Least One Practicing DXA Technologist, and
Preferably All, Has a Valid Uertification in
Bone Densitometry

Rationale, Measuremen( of BMD by DXA is techni-
cally demanding, with reliability of the culput (BMD,
T-score, and Z-score) dependent en technologist iraining
and skill. By rcceiving training in DXA acquisition and
analysis, passing a0 exasmination and receiving certifica-
tion in bone densitometry, a technologist provides assur-
ance that a basic skill set has been acquired, Keeping the
certification current through continving medical educa-
tion arnd/or subscquent examinations demonstrates that
these skills have been maintained and evolved with new
developments in the field. Ideally all DXA technologists
should be folly trained and certified in bone densitom-
etry; however, a single certified techanlogist at each DXA
facility may bc capabic of cducating, supervising, and moni-
toring the qualily of DXA studies by other lechnologists
at the same facility. If childven are being scanned at a DXA
facility, at least 1 technologist should ideally have under-
gone additional instruction in pediatric densitometry (ISCD
pudiatric bone density course or similar training), as thc
adjustment of Z-score [or height and other clinical vari-
ables is crilically important {36},

Comments. As pari of the training and certification
process, technologists come to recognize that densitom-
cter maintcnance, scan acquisition, and scan analysis must
be rigorously conrducted according Lo standard proce-
dures (24). This approach provides the inlerpreter with valid
data needed to peneratc a correct and clinically useful DXA
report, thereby piving the referring healthcare provider ap-
propriate information to makc wisc paticat carc deci-
sions. With updates in DXA soltware, changes in DXA
systems, aml evolution of quality standards (e.g., refer-
ence database standardization for T-score calculation), it
is necessary that DXA technologists stay current in the field.
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Faiture to follow standard procedures may result in
invalid data, which can be¢ misleading and potentially
harmful for paticnt carc (16,17,719.37,38). Txampics of DXA
errors abound. These include incorrect patient pusitivn-
ing and/or analysis, failure (o consider confounding arti-
facts thal affect BMD values, and inappropriate reference
datahase use for T-score derivation. Additional errors
include failurc w recopnize densitometer drift or shifl that
could lead Lo reporting un inappropriate BMD change, (hus
leading to alteration of therapy, failure to change therapy,
andfor unnecessary diagnostic studies. Another common
errar is failure to perform precision assessment, resulting
in inability to distinpuish between an apparent BMD dif-
{erence thal is simply within the range ol ercor of the test
vs one that is statistically significant,

DXA certification provides evidence that a basic body
of knowledge has heen acquired. A “valid” certificatian is
one that is currently active (i.c., not cxpircd). Certifica-
tion should he maintained through prool of continuing edu-
cation in the DXA field and/or reexamination because of
evolving technologies and standards in bone densitom-
etry. Accreditation of a DXA facility by a neutral third party
is a tormal decluration that the facility meets intcma-
tional standards lor development, implementalion, and
maintenance of the certification program. Examples of ac-
crediting agencies include the National Commission for Cer-
tifying Agencies (3¢) and the American Naticnal Standards
Institutc (40). Thesc agencics were developed to ensure the
health, welfare, and salety of the public.

Each DXA Technologist Has Access 1o

the Manufacturer’s Manual of Technical
Standards and Applies These Standards for
BMD Measurement

Rationale. There are important manufacturer-specific dif-
ferences in DXA hardware, software, instrument opera-
tion, and requircments for paticnt positioning (18). DXA
systems ust complex digitul lechnologics that geoerate nu-
merical data, the validity of which is highly dependent on
the application of appropriate manufacturer-specilic stan-
dard methods of operation. The manufacturer's manual of
instructions, in print or elcctronic format, is the primary re-
source {ur quality control stamlards, instrumenl muinse-
nance, patient scanning, and data analysis,

Comments. Each DXA system is delivered with a manual
of instructions that may be in printed form, embedded in
compulcer softwarc, on cxternal clectranic media, ar online.
This manual is an important resource 1o understand proper
instrumient use. As time passes, some of the information in
the manual may be revised or updated. However, accessi-
bility, understanding, and application of the manual’s con-
tcats by facility staff is likcly to vary widcly depending on
the initiul level of interest, changes in stalfing, and proce-
dures for assuring continuity of quality standards. Devia-
tions from recommended procedures that may adversely
affect the validity of BMD measurements include the use
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of a noastandard phantom {47}, failure to recognize and
correct changes in instrument calibration (7). and non-
standard paticnt positioning (42).

Each DXA Facility Has Detailed SOPs for DXA
Performance That Are Updated When Appropriate
and Available for Review by All Key Personnel

Ralivnale. Measuremenl ol BMD by DXA is a provess
that requires integration of procedures that can be placed
into 3 categories; pretesting (e.g., patient scheduling, prepa-
ration, and education, as well as instrument calibration and
maintcnance), testing (c.g., sclection of skelctal sites to
meuasure, scun mode, palient positioning), and post-testing
(e.g., analysis, interpretation, reporting). SOPs that are care-
fully conceived, drafted, executed, and maintained provide
a systematic method for assuring that all components that
contrihutc to quatity DXA arc rccognized and instituted.

Commenls. Establishing cllective procedures for imple-
menting and maintaining guality standards is an impor-
tant element of reliability in radiological procedures.
Standardization of radiological processes can reduce errors
and improvc paticnt safety (43). Individuals involved in all
aspecls of bone densitomelry should participale in the de-
velopment of SOPs (44). Examples of elements in effec-
tive SOPs include a statement of the SOP purpose, scope
of the SOPs, related documentation, definitions of terms,
responsible staff, exact steps of the procedure, error analy-
sis (i.e., a syslematic method Lo analyze errors [or Lhe
purpose of improving performance, with correction steps
when errors are found), required quality control methods
for the procedure, and guidelines for reporting DXA results
Examples of SOPs for some DXA procedures are avail-
able online (45).

The DXA Facility Must Comply With All
Applicable Radiation Safety Requirements

Rationale. DXA scanning uscs ionizing radiation in the
form of X-rays, which can theoretically cause hurm despite
the cxtrernely low radiation dose. For both pauent and tech-
nologist safety, all applicable radiation safety guidelines and
requirements must be followed to minimize the risk from
diagnostic radiation.

Commenls. Radiation safety issues with DXA huve been
identified and described (46). While t is not possible to pre-
cisely quantitate random effects from the low doses of ion-
izing radiation associated with DXA, for purposes of
radiation protection, therc is assumed to be a lincar rcla-
(ionship between dose und adverse ellects, with no thresh-
old below which adverse effects are not possible (47). The
typical level of backpround radiation to which the general
population is exposed, not including radiation due to medical
procedurcs, has been cstimated to be about 2.5 mSv/yr (45).
A DXA scun is associaled with radiation exposure (ellee-
tive dose) of about 5 uSv or 0.005 mSv. Af facilities where
young children and adolescents are scanned, these con-
cepts are considered very carefully by radiation safety com-
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mittees; the scrutiny of clinical and research protacols is
often stricter than that for aduits.

Three concepts related to DXA scanning should be con-
sidered in protecling the public and Lechnologists [rom ra-
diation harm (46): justification—a DXA scan should not
be performed unless there is net benefit to the patient;
optimization—radiation exposure should be as low as rea-
sonably achicvablc by limiting the time of cxposure, maxi-
mizing Lhe distance [rom the source ol radialion, and nsing
shielding when appropriate; and regulation—adherence to
all applicable regulations (e.g., by city, state/province,
country) to minimize excessive radiation exposure from di-
agnostic proccdurcs,

Spine Phantom BMD Measurement Is Performed
at Least Once Weekly to Document the Stability of
DXA Performance Over Time; BMD Values Must
Be Maintained Within a Tolerance of t 1.5%, with
an Ongoing Monitoring Plan That Defines a
Correction Approach When the Tolerance

Is Exceeded

Rationale. The accuracy and precision of BMD mca-
surements by DXA cun be adversely aifected by changes
in instrument performance that may occur suddenly {cali-
bration “shift™) or stowly (calibration “drift™). To detect these
changes and know that BMD measurements are stable over
timc, a phantom (standardizcd objcct with known BMD)
should be scanned al regular inlervals. This provides as-
surance that the X-ray source, radiation detectors, and soft-
ware algorithms are operating correctly. The scanning of
a phantom verifies densitometer performance and assures
that DXA rcsults arc stable over time (49).

Commenls, Phantlom scanning can delermine when a
DXA system is out of calibration and requires service.
Phantom scanning does not calibrate the system bul is an
independent test ohject that can be scanned as a patient
proxy. This allows monitoring of the system to identify prob-
lems wilhin the calibralion process ilsell (49). A suitable
quality control program requires periodic scanning of a
phantom of known BMD, bone mineral content, and area.
The phantom is semianthropomorphic and made of either
aluminum or hydroxyapatite, Longitudinal scanning of a
pbuniom over Ume assures (hal instrument perlormance
parameters of the entire imaging and processing chain are
stable over time.

‘When 2 manufacturer recommends phantom scanning
at specificd intervals, this should be done as advised. BMD,
bone mineral conlent, and areas ol the phanlom should be
plotted on a graph based on Shewhart plots (23,50,51}. To
construct a Shewhart plot, the anthropomctric phantom is
scanned 10 times and the mean phantorn BMD is estab-
lishcd as the basclinc. The phantom is then scanncd on a
regular basis according 1o manulaciurer’s direclions and/
or the DXA facility’s SOPs, with the results recorded and
monitored. On the Shewhart plot, a band +1.5% (£3 stan-
dard deviations {SDs]) around the phantom mean BMD

Volume B, 2016



delineates the upper and lower limits (47,49). If the phantom
value falls outside the upper or lower conirol limit, the
phantom should be rescanned. If the rescan vatue also falls
outside ol acceplable runges, then patient scunning should
be postponed until machine service occurs. The Shewhart
plols should be reviewed regularly to assure that there is
no short-term shift or long~term drift in BMD values. Fol-
lowinp routinc preventive or other scanncr maintenance,
the phantom should be scanned 10 limes without
repositioning berween scans If the mean BMD of these 10
scans differs from the mean of prior daily phaniom scans
by more than the established limits, then the machine should
be recalibrated and a new mean of 10 further scans is cs-
tubtished {47,49). Depending on the DX A munufacturer,
the Shewhart plot may be antomaltically generated or may
need to be created manually. Facilities may wish to invoke
more rigorous phantom scanning protocols (i.e., daily
phantom scanning and tightcr phantorn limits), as many fa-
cilitics have long-lerm CVs <0.5%.

Each DXA Technologist Has Performed In Vivo
Precision Assessment According te Standard
Methods and the Facility Least Significant Change
(LSC) Has Been Calculated

Rationale. All quantitative tests in medicine have in-
herent uncertainty. With DXA BMD measurement, the
main sourccs of variability arc paticnt factors, thc tcch-
nologist, and the insirument (52). Knowledge of the mag-
nitude of this random uncertainty is essential (o delermine
when a BMD “change” is real (46). BMD precision (i.e,,
reproducibility of the measurement) is the ability of the
samic densitometer and tcchnologist to obtain the same
resull when measuring o patienl multiple (imes over & short
period {46). When a follow-up BMD measurement differs
by the LSC or more, the clinician can conclude that a real
Inss or gain in BMD has occurred.

Comments. Determination of LSC requires precision as-
sessment. This involves repeal BMLD) messurements in in-
dividuals representative of the clinic’s patient popuiation
according to a well-established methodology {53,. Gener-
aily, this consists of measuring 30 patients twice, or 15 pa-
tients 3 times, with repositioning belween scans. Precision
assessmenl is nul 4 research sidy and should nol require
institulional review board approval (46). However, as pre-
cision assessment exposes the patient (o additional radia-
tion beyond that of a single DXA, the patient should be
informed of the rcason for precision asscssment and agree-
menl (verbal or writlen) obtained prior (o performing the
second scan. Preciston ertor is subsequently calculated as
the rool mean square §12. The LSC with 95% confidence
is the precision error x 2.77; this value is easily deter-
mincd using onlinc calculators (54), Variation in paticnt po-
sition during scan dequisition und variability in subsequent
analysis are important factors that influence BMD preci-
sion, When multiple technologists are performing BMD
measurements at a facility, it is recommended that the
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average LSC of all technologists be used {24), If a DXA
facility has not performed precision assessment, then quan-
titative comparison of scrial BMD mcasurcments is not

pussible.

The LSC for Each DXA Technologist Should Not
Exceed 5.3% for the Lumbar Spine, 5.0% for the
Total Hip, and 6.9% for the Femoral Neck

Rationale. BMD precision error values acceptable for
clinical practice were determined by a meta-analysis of pub-
lished BMD precision studies (53). In the studies compris-
ing this meta~analysis, precision values were reported as
percent coefficient of variation (%CV) ratlier than ghso-
Jute SD values in gram per square centimeter, the latter
of which is recommended in clinical practice (54).

Commenis: Technologist precision and quaniitative BMD
comparisons in clinical practice should use the LSC ex-
pressed as an absolute value in gram per square centime-
ter (53).This is preferable to using %CV as it is less affecied
by thc baseline BMD value; as an example, the same ab-
solutc change in BMT) with a very low baseline BMD would
represent a greater percentage change compared with a
higher baseline BMD, DXA precision calcutators that are
available online (54) can be set to e¢xpress precision as either
gram per square centimeter or %CV, As such, it is pos-
sible to determine whether the technologists are meeting
the precision standards. If a technologist has exceeded these
acceptable values, retraining is necessary, If the LSC is very
large, then expected changes in BMD over time with disease
or ireatment cannol be detected within a clinically usefui
tine interval.

Interpretation and Reporting

At Least One Practicing DXA Interpreter, and
Preferably All, Has a Valid Certification in
Bone Densitometry

Rutionale. DX A inierprelation requires awareness and
understanding of issucs that include patient positioning, data
analysis, precision assessment and LSC, reference data-
bases, diagnostic criteria. and treatment guidelines. DXA
reports must provide information that is corrcet and mean-
inglul fur the relerving healtheare provider. By passing an
examination and receiving a certification in bone densi-
lometry, an inlerpreler provides evidence that a basic skill
set has been acquired; keeping the certification current
through continuing medical cducation relevant to DXA and/
or subsequent exarminutions shows that these skills have
been maintained as the field has evolved. Ideally, all DXA
interpreters should be well trained and cerlified in bone
densitometry; however, a single cerlified interpreter at each
DX A facility may be capable of educating, supcrvising, and
moniloring the quality of other interpreters ul the same
fucility.

Comments. Standards for measuring BMD, diagnosing
osteaporosis, assessing fracture risk, and treatment
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recommendations are continually evolving. Examples of
common mistakes (16,17,19,37,38) that could result in an
incorrect interpretation of DXA include the following:
failure 10 recognize the presence ol an artilact that inyali-
dates BMD measurement, use of an invalid skeletal site for
diagnostic classification, reporling a different diagnosis and
fracture misk for each skeletal site and region of interest
(ROT) measurcd, reporting T-scores when Z-scores should
be used, using an incorrecl reference dalabase [or
generating T-scores or Z-scores, comparing T-scores when
interpreting serial DXA studies rather than BMD in gram
per square centimeter, enfering incorrect information into
thc TRAX algorithm, and giving inappropriate reccommen-
dations lor evaluziion and treaiment due (o inadequale un-
derstanding of applicable puidetines. In interpreting the scans
of children and adolescents with chronic disease (as DXA-
derived measures of areal BMD can be confounded by bonc
sizc), the Z-score may need adjustment for height, and in
some clinical setlings, bone age, Lo ensure thal the Z-score
is not confounded by delayed skeletal growth and/or matu-
ration (36),

DXA certification provides evidence that a basic body
of knowlcdgc has been acquired. A “valid” certification is
one thal is currenlly aclive (i.e., not expired). As slan-
dards and guidelines for DXA and osteoporosis manape-
ment evolve, it is neccssary that DXA interprcters stay
current in the field. Certification should be maintained
through proof of continuing cducation and/or recxamina~
lion because of evolving technologies and standards in bone
densitometry.

The DXA Manufacturer and Model Are Noted on

the Repori

Rationale. There are important differences in hard-
ware, software, reference databases, and operational
protocols among DXA manufacturers. A patient with
BMD mcasurcd on 1 manufacturcr’s densitometcer may
have a dillerent BMD and/or T-score when measured on
anothcr, even when there is no real difference in BMD.
Quantitative comparison with a previous DXA study
requires that BMD be measured on the same instrument
at the samc facility, with knowlcdge of LSC, unlcss a
cross-calibralion siudy hus been done between the diller-
ent instruments,

Comments. Differences in manufacturer’s recommen-
dations for patient positioning, bone edge detection algo-
rithms, calibration mcthods, ROTs, and rcfcrence databascs
are largely responsible (or discrepancies in BMD values
measured with DXA systems of different manufacturers
(49,57). Comparing results of measurements on different
machines requires cross-calibration procedures (29,55}, but
therc is a statistical penalty (i.c., greater LSC with reduced
sensitivily for delecling change) paid for Lhese compari-
sons (58). Identification of the DX A manufacturer is helpful
for referring physicians to validate that a quantitative corm-
parison is possible,
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The DXA Report Includes a Statement Regarding
Scan Factors That May Adversely Affect
Acquisition/Analysis Quality and Artifacts/
Confounders, if Present

Rationale. DXA results depend greatly on the skills of
the technologist to properly position the patient and sub-
sequently analyze the data for interpretation and report-
ing. Collectively, these functions are referred to as acquisition
and analysis. Manufacturer’s training, thorough knowl-
edge of technical manuals, and adherence to SOPs are
prerequisites for quality acquisition and analysis. The con-
sequences of faulty acquisition and analysis are well docu-
mented (16-78), and at times alter or invalidate DXA
interpretation. The interpreter must alert the referring pro-
vider of these possibililies and their consequences thraugh
a clear statement of scan technical quality. Artifacis that
may confound BMD measurements are commonly classi-
fied as internal (intrinsic to the patient when disrobed) or
external (able to be removed). _

Comments. Acquisition and analysis etrors may require
Tepeat analysis, repeat scanning, or having the patient
return for scan of an additional skeietal site. Important
clinical consequences can ensue from these errors,
including missed opportunities for treatment, ynneces-
sary reatruent, inappropriate laboratory testing, failurc
to perform appropriate laboratory tests, return visits, and
additional healthcare costs (16,17).1.ack of awareness of
anatomic variation in vertebral segmentation can create
confusion with DXA analysis and can have meaningful
adverse effects on the interpretation of the results (59).
In a 2008 survey, referring physicians thought it impor-
tant that the DXA interpreter provide information about
the technical quality and limitations of the report (61).
Internal artifacts can represent common conseguences of
aging (e.g., degenerative spine changes and aortic calcifi-
cation) or medical interventions {e.g., hip prosthesis and
inferior vena cava filter). Fxternal artifacts related to
clothing, jewelry, or other man-madc objects should be
removed, when possible, before proper scan aequisition.
Caretul preprocedure questioning and astute observation
by technologists can mitigate or eliminate impacts of
artifacts. Sometimes, serious disease states (e.g., Paget’s
discasc of bong, ostcolytic or ostcoblastic malignancics)
are suggested on the DXA images; these should be noted
on the report so that appropriate evaluation can be

initiated.

The DXA Report 1dentifies the Skeletal Site, ROI,
and Body Side for Each Technically Valid
BMD Measurement

Rationale, The identification of the skeletal site, ROI,
and body side (when upplicable) documenis the exacl areq
scanned, this allows the technologist to scan the same ROI
in follow-up studies, provides interpreters with esscantial in-
formation when generating results, and allows referring
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healtheare providers (0 document that the same skeletal
sites were used to monitor BMD change over time,

Commcnt, An important componcni of DXA interpre-
lation Involves scrulinizing the skeletal images (o assess
patient positioning, correctness of edge detection, poten-
tially confounding artifacts, and placement of margins Lo
dclineate ROIs (49). If scanning of any skeletal site is not
technically valid, the values for that site should not be re-
poried. Fuilure 10 properly identily skelelal sites and vse
of improper ROIs, particuiarly on follow-up scanning, can
potentially provide incorrect data for use in clinical care.
Technical standards exist regarding skeletal sites and RO}
for scanning and rcporting (24). Por lumbar spingc BMT),
L1-L4 should be measured, only excluding veriebrae thal
are affected by local strucilural change or artifact, using at
least 2 vertebrae for diagnostic classification. Anatomi-
cally abnormal vertebrae may be excluded from analysis
if thcy arc clearly abnormal and nonasscssablc within the
resolution of the sysiem, supporied by more than 4 1.0
T-score difference between the vertebra in question and
adjacent vertebrae {24). Lateral spine BMD measure-
ment should not be used for diagnosis. For hip BMD, only
the femoral neck and total proximal femur RQHs should
be used for diugnostic classilication in adulls, The mean hip
BMD can be used for monitoring in adults and older ado-
lescents (age >15 yr), with total proximal femur being pre-
ferred. However, in children and young adolescents, the hip
should generally be cxcluded as a skeletal asscssment site,
#s posilioning in Lhis age group is challenging and skel-
elal landmarks that guide consiséent positioning are not well
developed. For forearm DXA measurements, use of the
33% radius (one-third radius) of the nondominant forearm
is recommended for diagnosis; other forcarm RQCIs are not
reoommended (24}, In children and adolescents, wotal body
less head is the recommended assessment site for base-
line and ongoing monitoring of bone health. The whole body
scan also provides 1 measurement of body composition,
which may be heipfui in ihic ongatng evaluation of vouth
wilh chronic diseases.

There Is a Single Diagnosis Reported for Each
Patieni, Not a Different Diggnosis for Each
Skeletal Site Measured

Rationale, The densitometric diapnosis of ostcoporosis
in clinical practice is made by applying the WHO criteria
{2) to each appropriate patient using a limited number of
skelctal sites (24). This allows for a consistent diagnostic
classification [ur application {u freatmen! guidelines and
fracture risk assessment, The WHO crileria are nol appli-
cable to premenopausal women, men under age 5G yr,
chddren, and adolescents.

Comment. The ISCD Official Positions state that osico-
purosis may be disgnosed in poslmenopausal women and
in men aged 50 yr and older if the T-score of the lumbar
spine, total proximal femur, femoral neck, or 33% radius
is £-2.5, using a uniform Caucasian (nonrace adjusted)
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female normative database to derive T-scores for women
and men of all ethnic groups (24). This convention shautd
be used in reporting DXA scans; however, application of
this recormmendalion may vary according 1o local require-
menis (24). Manufaciurers are advised to use National
Health and Nutrition Examination Survey ITI young-
adult Caucasian female BMD data as the reference slan-
dard for fcmoral ncek and total proximal femur T-score
calenlation and (o continue (o use their own reference da-
tabases for lumbar spine T-score calculation (24). However,
couniry-specific guidelines related Lo the use of T-scores
may differ from international guidelines (67). As an example,
in Japan, T-scorcs arc not uscd for diapnostic classifica-
tion (61); therelure, stytements regarding T-scores Lor di-
agnosis are nof applicable in Japan. I{ local reference data
are available, tbey should be used to caiculate Z~scores but
not T-scores. Guidelings have been developed for BMD
mcasurcment, interpretation, and reporting in children and
in adolescents (34), as well as in premenopausal women and
in men <50 yr of age {24}; interpreters should be aware of,
and follow, these guidelines.

A Fracture Risk Assessment Tool Is
Used Appropriately

Rationale. In some locations, the therapeutic interven-
tion threshold (i.e., the cut-point at which pharmacologic
therapy is recommended) historically was based on the BMD
T-score alone. However, the majority of “usieoporosis-
relaled” fractures occur in individuals with fow bone mass
(osteopenia) or normal BMD (62,63). To improve targel-
ing of interventions ta those most likely to sustain frac-
turcs, various fracturc risk assessmcnt tools have been
developed [or adull patients. The FRAX (ool developed
by the WELQ is most widely used. I1 is well studied and has
many country-specific versions FRAX utilizes clinical risk
factors with or without femoral neck BMD to estimate the
10-yr risk for major ostcoparosis-related fractures (clini-
cal spine, forearm, fip, or shoulder) and for hip Craclure
alone. Cther calculators exist; for example, the Garvan cal-
culator allows inclusion of the number of prior fractures
and falls {64). In some regions of the world, therapeutic in-
tervention thresholds are linked to fracture risk cstimatcs.
Like ull tools, it is important (o use these calculators as in-
tended; for cxample, FRAX is intended to assess fracture
risk and Lo assist in trealment decisions in individuals between
the ages of 40and 90 yr. Additionally, it is important to rec-
ognizc when to check “yes” in the 'RAX caleulator for a
given clinical risk factor. For example, lo consider alcoho!
consumption as a risk factor, it needs to be 3 or more units
per day with 1 unit defined as a 285-mL giass of beer, a 3()-
mL serving of liquor, or 120 mL of wine. These definitions
arc listed on the FRAX websitc and include a uscful fre-
quendy asked question page thal afl users should reler (o,

Comment. These calculators are not meant to replace
clinical judgment and it is not necessary (o rigidiy follow
treatment guidelines hased upouo such results. While
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Table 1

Examples of Resources for DX A Training and Certification/Accreditation

Organization

Description

Weblink

American Bone Health

American College of
Radiology

American Registry of
Radiologic Technologists

American Society of

Radiolagic Technologists

Anniminnie.com

CAR

DEXA Solufions
GE Healthcare (Lunar)

Tlalogic

Swissray (Norland)

International Society for
Clinical Densitometry

Medical Technology
Management Institute

OAR

OAR

Study.com

Limited permit X-ray technician

Practice parameter for the performance of
DXA

Training and certification for technologists

Training and certification for technologists

Bone densitometry course for
technologists

CAR Bone Mineral Densitoinetry
Accreditation Program

Link to training and certification

DXA training

DX A training

DXA training

Training courses for DXA certification for
clinicians and technologists, facility
accreditation

Bone densitometry training course

Accredited Densttometry Technotogist
CME

OAR Canadian Bone Mineral

- Densitometry Facility Accreditation

Bone density technician training and
degree program options

hitps:/famericanbonehealth.org/limited-permit-x-ray-technician-school
-bone-densitometry ’

bttp:/fwww.acr.org/~/media/eb34da2f786d48e96a70b75ee035992. pdf

hitps:/fwww.arrt.org/pdfs/Disciplines/Handbooks/BD-Handbook pdf
https:/iwww.arrt,org/pdfs/disciplines/clinical-expertence/bd-clinical
-experience.pdf
http:/fwww.asrt.org/studentsfstudy-guidesfbone-densitometry
https://www.asrt,org/docs/defanlt-source/educators/
bonedensitometrycurticulum pdf
hitp:/fwww.asrt.org/events-and-conferences/event-calendar
hitp//werw. auntminnie.com/(F(Aia AWFYYF2NIpZ
-LOYAK97BRaE53uNbrdwS TMEotZJ4C_auBzpIsKI510ZTrxmu
NiXb0031JaUqgAsSrhe5QxVyVpLxTKY OMGoveloYp
YoY4DAEROcW6rdWGxQOr8qiHkOASSTw2) )
index aspx?sec=lin&sub=def&erd=83
hitp:/fwww.car.ca/en/accreditation/bmd. aspx

hitp:/fwww.dexasolutions.com/Resources/Certification. aspx

hitp:/fwwrwd gehealtheare com/en/education/product_education_-
_technical/lunar_bone_densilomeiry

htip/fwww. holopic.com/training/dxa-101-basics-bone-densitometry

http:/fwww.swissray.com/product. php?action=view&cid=16

http:/fwww.iscd. org/education/cmece-live-coursesiosteoporosis-gssenliats/

http://www.iscd. org/certification/
htip:/fwww.iscd orglfaccreditation/
http://www.mtminel/courses/reg BD.php

https://cme.oarinfo.ca/eme/uploaded/2015-CBMD-Tech-ADT-2016
-brochure.pdf
hitp://cbmd.ca/

htip://study.com/articles/Bone_Density Technician Training_and_Depree

_Program_Options.html

Note: This is not an all-inclusive st Qther organizations in other countries may have excellent resources as well Inclusion of programs in this table does not represent an endorsement
of the ISCD; the quality of traiping in preparation for certification snd/or accreditation may vary.

Abbr: DXA, dual-energy X-1ay absorptiometry; CAR, Canadian Association of Radiologists; CME, continuing medical education, OAR, Ontario Association of Radiologists

§2911904,f 1836 VXA
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Table 2
Fxamples of Helpful Books on Bone Densitometry

Bonnick SL, Lewis LA, Bone Densitometry for Technologists, Springer, New York, NY. 2012,
Genant KH. Bone Densilometry and Osteoporosis, Springer, New York, NY, 2011,
Guglielmi G (ed.). Osteoporosis and Bone Densitometry Measurements (Medical Radiology}, Springer—Verlag Betlin

Heidelberg. 2013.

Hamdy RC,1.ewiecki FM. Osteoporosis, Oxford University Press, New York, NY, 2013.

Licata AA, Williams SE. A DXA Primer for the Practicing Clinician: a Casc-Basc Manual for Underslanding and
Iaierpreting Bone Densitomelry, Springer, New York, NY. 2013.

Sawyer AJ, Bachrach LK, Fung E. Bone Densitometry in Growing Patients: Guidelines for Clinical Practice, Humana

Press, Totowa, NJ, 2007.

Saap KG, Morgan S1., Clines GA. Diagnosis and Management of Osteoporosis, Professional Communications Inc, West

Istip, NY, 2013.

The American Sociely [or Bone end Mineryl Research, Primer on the Metabolic Bone Diseases and Disorders of
Mineral Metabolism, 8th ed, John Wiley & Sons, Ames, IA. 2013,

Dual encrgy X ray absorptiometry for bone mineral density and body composition assessment. IAEA Human Heailth
Series. No. 15, Vienna: International Atomic Energy Agency. 2010.

Body Composition asscssment from birth 1o two ycars of age. IALA TTuman TTcaith Scrics. No, 22. Vicnna:

International Atomic Enerpy Agency. 2013

Nete: This listing of cxamples is not exbaustive and is only representative; this does not indlicate an endorsement of the 1SCD.

fraciure risk calculators are a substantial step forward, they
are not without limitations. For example, the FRAX cal-
culator requires dichotomous (i.e., yes or no) answers for
risk factors, which are actually associated with a range of
risks depending on modifying factors such as dose, length
of exposure, or severity. Additionally, as the number of prior
osteoporosis-relaled fractures increases ar the dase of glu-
cogorticoids rises, the risk of futere fractures increases, yet
these considerations are not included in the FRAX algo-
rithm. In children, the correlation belween BMD and frac-
ture risk is not well established; a FRAX algorithm for the
pediatric population does not yet exist.

When Reporting Differences in BMD With Serial

Measurements, Only Those Changes Thai Meet oi
Exceed the LSC Are Reported as a Change

Rationale, To determine when a difference in DXA mea-
sured BMD rellects a true biological change vs # simple
mcasurcment variability, cach facility nceds to calculate its
individual TSC. Brieily, this i5 accomplished by meusur-
ing a patient (wice oo the same day using the same insiru-
mentl with the scans being performed by the same
technologist. When 30 patients (60 scans) have been ob-
tained, the LSC can be calculated using the root mean
square stundard devialion approach. The LSC can also be
calculated using 3 scans obtained on 15 patients. The ISCD
and others have developed online calculators to facilitate
{his process (54). Although calculation of LSC by this
mcthod may underestimate long-term measurcment vari-
abililty (65,66), il is & widely used pragmatic gpprouch o
palient care.

Comment. Once a center has determined LSC values
for the clinically relevant sites (usually L1-L4 spine, total

Journal of Clinical Densitometry; Assessment & Management of Muscaloskeletul Health

proximal femur, and femoral neck), the LSC values should
be applied to serial scans. The 1.8C should be calculated
for other ROTs (e.p., L2-L4, L3-1L4, 33% radius, and total
radius) if serial comparison for any of these is desired.
The ISCD Official Positions include operational details
on LSC calculatien and reporting (24)). For comparison,
the current BMD mcasurement is suhtracted from the
prior scan and the absolute difference is assessed. If the
difference is less than the LSC, this is simply measure-
ment variance and should not be identified as a change.
Simply pul, a “change” Lhat is not statistically significant
is no change and should be reported as such. When the
difference between scans is greater than the facility LSC,
this change should be reported as an increase or decrease
in BMD.

Resources to Support DXA Quality

Resacurces for education in bone densitometry and the
conditions cvalualcd with DXA technolopy include scien-~
tilic journals (e.g., Journal of Clinical Densitomerry, foumal
of Bone and Mineral Research, Osteoporosis Interna-
tional, Bone, Calcified Tissue International, and Journal of
Clinical Endacrinolagy and Metabolism), instructional
courscs (Table 1), and books (Tabic 2). A plossary of DXA
lerminology and common acronyms is provided in Table 3.
The ISCD has a selection of instructional courses devoted
(o various uses of DXA (e.g., vertebral fracture recogni-
tion, pediatric DXA, and body composition testing) and col-
laboratcs with the Intcrnational Osteoporosis Foundation
Lo regularly updale 2 course (Osleoporosis Essentials) in
bone densitometry and osleoporosis reatment.

Certification is a procedure by which a third party gives
written assurance that a product, process, or service
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Table 3
Glossary

Terminology

Acquisition. The process of positioning and scanning the paticnt on the DXA tablc.
Accreditation of a certifieation program. Declaralion by a neutral third party (e.g., ANCL, NCCA) that the program
mee(s nalional and/or international standards for development, implementation, and maintenance of the

certification program.,
Accreditation of 8 DXA facility. A process through which a DXA facility is validated as providing quality bone density

tcsts.
Analysis. Assessing and correcting, il necessary, computer default selections lor bone edges, regions of interest, and
intervertebral space markers; selecting reference databases; and generating data for interpretation.
Amntifact. Internal or external factors that can alter the DXA measurements,
Certification. Validation that an individual has acquired a basic level of knowledge on bone densitometry.
Calibration. The process of correcting differences between known reference valucs and actual measured DXA valucs,
Fracture risk assessment tool. A validaled syslem lor eslimaling fracture risk in populations.
Interpretation. The process of reviewing the images and data of a DXA scan to provide a diagnosis, assessment of
fracture risk, and comparison with any previous studies, while recognizing limitations, if any, in lhe quality of Lhe test.
Least significant change. The smallest change in BMDD that is statistically significant.
Phantom. A standardized objcct with known BMD that is measurcd regularly to assess the stability of DX A

measurements,
Precision assessment. The methodology of scanning multiple patients more than once that provides the data for

calculating the LSC.

Reference database. Data for mean BMD and standard deviation of a defined population that is used to calculate
T-scorcs and Z-scorces,

Region of interest, A standardized portion of bone(s) [or measuring BMD.

Reporting. The translation of data from acquisition and analysis into a clinically useful report.

Shewhart plot. A graph for recording serial phantom measurements to determine the stability of the DXA system.

Sievert. A derived unit of ionizing radiation dose; 1 Sv = 100 rem (Roentgen equivalent man),

Standard operating procedures. A document that provides necessary information for DXA usage for cach DXA
Lucilily.

T-score. The standard deviation difference between a patient’s BMD and that of a young-adult reference population.

Z~scure. The standard deviation difference between a patient’s BMD and that of an age-, sex-, and ethnicity-matched

reference population,

Agcronyms

ANSI. American National Standards Institute

ARRT. American Registry of Radiologic Technologists
ASRT. American Sociely of Radiologic Technologists
BMD. Bone mineral density

DXA Dual-energy X-ray absorpliometry

FRAX. WHO fracture risk assessmeant tool

ISCD. International Society for Chnical Densitometry
ISO. International Orgunization [or Standardization
LSC. Least significant chanpe

NCCA. National Commission for Certilying Agencies
NHANES. National Health and Nutrition Examination Survey
ROI. Repion of interest

SOPs. Standard operating procedures

Sv. Sievert

WHO. World Health Organizalion

Journal of Clinical Densitometry: Assessment & Management of Musculoskeletal Health Voluine B, 206
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conforms to specified requirements. Certification in bane
densitomelry is provided by organizations such as the
Amgrican Registry of Radiologic Technologists {for radio-
logical technologists} und the ISCD (lor technologists and
DXA interpreters).

Accreditation of a professional or personnel cerlifica-
tion program provides imparlial, third-party validation that
the program has mct recognized national and intcrna-
liona! credentialing industry standards for development,
implementation, and maintenance of the programs. Agen-
cies that accredit certification proprams include the Na-
tional Commission for Certifying Agencies (39, the
Amgerican National Standards Institute (47}, and athcrs that
sdhere to principles estublished by the International
Organization for Standardization. The International
Organization for Standardization is an independent, non-
governmental international organizalion with a member-
ship of 162 natiooal standards bodics (67). The ISCD
programs for Cerlified Clinical Densitomelrist and Certi-
fied Bone Densitometry Technologist are accredited by the
Nafional Commissina for Cerlifying Agencies.

Facility accredilativa is offered by organizations thut
include the 1SCD {68), Ontaric Association of Radiclo-
gists (69), Cunadian Association of Rudiologists (760), the
Brazilian Coliege of Radiology, and the Brazilian Asso-
ciation of Bone Health Asscssment and Metabolism (7F),
Proprams such as these provide Lhe highest level of assur-
ancc that cssential clements for guality bonc densily testing
huve been implemenied at 3 DXA {acility.
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