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Best Practice Recommendations 
for DXA Scans and Reports

Yasser El Miedany

 Introduction

Bone mineral density (BMD) testing is a key 
component in the management of patients with 
osteoporosis. Dual-energy X-ray absorptiometry 
(DXA) is a quantitative radiological procedure 
for measuring the bone mineral density (BMD), a 
major determinant of bone strength (1). Indeed, 
assessing BMD by DXA is a component of osteo-
porosis treatment guidelines in several countries 
all over the world [3–6]. However, DXA mea-
surements are used not only to diagnose osteopo-
rosis but also to monitor changes in BMD over 
time and estimate fracture risk and are often inte-
gral to therapeutic intervention recommenda-
tions. The World Health Organization (WHO) 
has established DXA as the best densitometric 
technique for assessing BMD in postmenopausal 
women and based the definitions of osteopenia 
and osteoporosis on its results. Furthermore, cur-
rent guidance on fracture risk assessment adopted 
by the WHO (the fracture risk assessment algo-
rithm (FRAX)) [7] includes femoral neck BMD 
measurement by DXA as an important risk factor 
input for fracture risk probability assessment. 
DXA also has applications beyond BMD testing 
(Table 10.1), including vertebral fracture assess-
ment (12), analysis of body composition (13), hip 

structural analysis (14), and trabecular bone 
score determination (15). Furthermore, physi-
cians rely on DXA measurements to manage 
patients with skeletal disorders.

Poor quality DXA acquisition/analysis and/or 
incorrect reporting of the results may result in the 
ordering of unnecessary diagnostic procedures, 
failing to order the required tests, or inappropri-
ately starting, stopping, or changing treatment. 
Such errors in clinical practice are unfortunately 
common, sometimes costly, and potentially 
harmful to patients (16–21). DXA scans in grow-
ing children and adolescents are particularly 
challenging, and errors are common with respect 
to both data acquisition and interpretation (22). 
These errors can lead to the inappropriate initia-
tion of therapeutic agents, many of which have 
unknown side effects in pediatric patients, and 
other inappropriate management decisions.

This chapter will discuss the basic principles 
of DXA scanning, how to collect local reference 
data, falls risk, and the role of healthcare profes-
sionals (physicians, radiographer, as well as prac-
tice and osteoporosis nurse specialist) in the 
DXA scanning service. It will expand to discuss 
reporting of DXA scans for both adults and chil-
dren as well as errors in standard practice. 
Glossary is included in the chapter including 
examples of preassessment questionnaires as 
well as the elements to be considered when 
reporting DXA scans. The objective is to provide 
the responsible healthcare professional with suf-
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ficient information and guidance so that the most 
informed management decision can be made.

 Basic Principles of DXA Scanning

Basically, DXA is a quantitative radiological pro-
cedure for measuring bone mineral density. 
Several different types of DXA systems are 
 available, but they all operate on similar princi-
ples. A radiation source is aimed at a radiation 
detector placed directly opposite to the site to be 
measured. The patient is placed on a table in the 
path of the radiation beam. The source/detector 
assembly is then scanned across the measure-
ment region. The attenuation of the radiation 
beam is determined and is related to the BMD [9, 
10]. However, based on the fact that DXA scan-
ners use two X-ray energies in the presence of 
three types of tissue, namely, bone mineral, lean 
tissue, and adipose tissue, there are considerable 
errors arising from the inhomogeneous distribu-
tion of adipose tissue in the human body [11]. 
Earlier studies [12–14] suggested that BMD 
measurement errors are in the range of 5–8%.

DXA technology can measure virtually any 
skeletal site; however, in standard practice, the 
clinical use has been focused on the lumbar spine, 
proximal femur, forearm, and total body [15]. 
DXA systems are available either as full table 
systems (capable of multiple skeletal measure-
ments, including the spine and hip) or as periph-
eral systems (limited to measuring the peripheral 
skeleton). Because of their ability to measure the 
BMD at skeletal sites of greatest clinical interest, 
full table DXA systems are the current clinical 
choice for osteoporosis assessment. Peripheral 
DXA systems are characterized by being porta-

ble and less expensive than full table systems, yet 
they are more frequently used for screening and 
early risk assessment; but they cannot be used to 
monitor response to therapy. Spine and proximal 
femur scans represent the majority of the clinical 
measurements performed using DXA. Most full 
table DXA systems are able to perform additional 
scans, including lateral spine BMD measure-
ments, body composition study, vertebral mor-
phometry, measurements of children and infants 
BMD, assessment of bone around prosthetic 
implants, small animal studies, and measure-
ments of excised bone specimens. However, for 
children measurement, the exam should be 
undertaken by clinicians skilled in interpretation 
of scans in children in centers that have an 
adapted pediatric software [16]. A glossary of 
DXA terminology and common acronyms is pro-
vided in Table 10.2 [16].

 Best Practice of DXA

Over time, densitometer calibration may change 
due to degradation of the components (e.g., X-ray 
tube and detector), moving the instrument to a 
different location, or a variety of other factors. 
The skills of a DXA technologist may improve 
with experience or worsen over time, or a highly 
proficient technologist may leave and be replaced 
by one who is less skilled. Similarly, a physician 
involved may be dedicated to very high DXA 
quality or may view DXA as a sideline to other 
responsibilities. For all of these reasons, the reli-
ability of DXA measurements and reports is 
sometimes in doubt, thereby having potential 
adverse effects on the management of patients 
[16, 17, 19].

Table 10.1 Uses of DXA scanning in bone health assessment

Based on BMD measurement Beyond BMD measurement
Assessment of BMD status and level of bone mineral 
content (diagnose osteopenia/osteoporosis)
Estimate fracture risk
Therapeutic intervention recommendations
Monitor changes in BMD:
   Over time
   In response to therapy
Measurement of BMD at multiple skeletal sites

Assessment of vertebral morphometry/vertebral 
fractures
Analysis of body composition
Hip structural analysis
Trabecular bone score determination
Evaluation of bone-prosthetic counterface (assessment 
of bone around prosthetic implants)
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In order to compare serial BMD studies on 
the same device, precision assessment conducted 
according to well-recognized standards is neces-
sary to calculate the precision error and least sig-
nificant change (LSC). Precision error is inherent 
in the BMD measurement itself and is largely 
dependent on the skill of the technologist in 
placing the patient in the same position for dif-
ferent scans. Precision represents the reproduc-
ibility of the BMD measurement and is typically 
calculated by measuring BMD in 15 patients 3 
times or 30 patients twice on the same day, repo-
sitioning the patient after each scan. The least 
significant change (LSC), a value that is derived 
from the precision calculation, is the smallest 
BMD change that is statistically significant with 
a 95% level of confidence. Unfortunately, many 
DXA facilities have not done precision assess-
ment, and quantitative comparison of BMD 
measurements cannot, therefore, be performed. 
Furthermore, there is often a lack of adherence 
to manufacturers’ recommendations for device 
maintenance and quality control, and the educa-
tion and training of bone densitometry technolo-
gists and interpreters vary widely. For all these 

Table 10.2 Glossary of terminology and definitions used 
in DXA scanning process

Terminology Definition
Acquisition The process of positioning and 

scanning the patient on the DXA 
table

Calibration The process of correcting differences 
between known reference values and 
actual measured DXA values

Analysis Assessing and correcting, if 
necessary, computer default 
selections for bone edges, regions of 
interest, and intervertebral space 
markers; selecting reference 
databases; and generating data for 
interpretation

Artifact Internal or external factors that can 
alter the DXA measurements

Fracture risk 
assessment tool

A validated system for estimating 
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 the quality of 
the test

Least significant 
change

The amount by which one BMD 
value must differ from another in 
order for the difference to be 
statistically significant at a 95% level 
of confidence (i.e., the smallest 
change in BMD that is statistically 
significant)

Phantom A standardized object with known 
BMD that is measured regularly to 
assess the stability of DXA 
measurements

Precision 
assessment

The methodology of scanning 
multiple patients more than once that 
provides the data for calculating the 
lease significant change

Reference 
database

Data for mean BMD and standard 
deviation of a defined population that 
is used to calculate T-scores and 
Z-scores

Region of 
interest

A standardized portion of bone(s) for 
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)

(continued)

Table 10.2 (continued)

Terminology Definition
Standard 
operating 
procedures

A document that provides necessary 
information for DXA usage for each 
DXA facility

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

Z-score The standard deviation difference 
between a patient’s BMD and that of 
an age-, sex-, and ethnicity-matched 
reference population

TBLH Total body less head, assessment of 
the entire body minus the head region

Certification Validation that an individual has 
acquired a basic level of knowledge 
on bone densitometry

Accreditation of 
a certification 
program

Declaration by a neutral third party 
that the program meets national and/
or international standards for 
development, implementation, and 
maintenance of the certification 
program

Accreditation of 
a DXA facility

A process through which a DXA 
facility is validated as providing 
quality bone density tests
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reasons, mistakes in BMD testing are commonly 
seen, sometimes with adverse effects on patient 
care [19].

 How to Collect Local Reference Data

As the standardization of the diagnosis of osteo-
porosis is with a single reference database as 
outlined by WHO criteria, local reference values 
are primarily valuable for body composition 
analysis and in younger (pediatric) populations 
for determining Z-scores. Local reference values 
can be defined as either “healthy,” “representa-
tive,” or “normal.” Unfortunately, there are no 
standard definitions for these terms. For exam-
ple, the BMDCS study is a healthy cohort that 
excluded all children with bone disease, children 
taking any medications that may affect bone 
density, children with multiple fractures, etc. 
[18]. The NHANES III study is a representative 
cohort of women recruited randomly by postal 
code throughout the USA, regardless of health 
status [19].

This guide for obtaining normative ranges was 
modeled after an investigator’s guide used by one 
of the manufacturers. The number of subjects and 
the age distributions have been based on statisti-
cal justifications. If the investigator deviates sub-
stantially from this protocol, statistical power and 
relevance may be lost, especially if collecting 
fewer numbers. The following describes the pro-
cedures for adult reference data collections. The 
investigator will need to recruit a minimum of 
300 participants for each group desired, sepa-
rated by sex and ethnicity. For example, ade-
quately describing two distinct ethnic groups for 
both sexes requires 1200 participants (i.e., 50 
subjects for each decade, sex, and ethnicity 
between 20 and 80 years old). The investigator 
will also need to capture all biological informa-
tion. A QC phantom scan needs to be performed 
at least on the days that the subject is scanned but 
preferably three times a week to daily. The mea-
surements and regions of interest (ROIs) the 
investigator acquires are dependent on their 
needs. If the need is exclusively for bone density, 
assessment in adults, spine, hip, and forearm 

DXA is appropriate. For body composition stud-
ies, whole body needs to be included. Each site is 
measured once for each subject, and the results 
are recorded on the Case Record Form (CRF). 
The Case Record Form (CRF) can then be sent to 
a statistician for analysis [20].

Demographics, medical history, and drug 
therapies should be noted on a completed patient 
information questionnaire as shown in Fig. 10.1. 
There is some debate as to the statistical method 
used to evaluate reference data. The simplest 
analysis is to calculate a population mean and 
SD for each 10-year age group. Z-scores can 
then be generated by comparing a patient’s mea-
sure to the decade reference values. Others have 
suggested that a quinquennial analysis of the 
means offers better resolution for separating 
pre- and postmenopausal women than other fit-
ting approaches [21]. Regression models can be 
used to achieve more age resolution and stabil-
ity in the Z-score values through each decade. 
Several approaches can be used; nonlinear and 
piecewise linear models have been used in the 
past. For a nonlinear model, the measure is plot-
ted against age. The highest order regression 
(i.e., age, age2, age3) yielding a significant 
improvement over the next lower order regres-
sion model should be considered as the basis for 
the final reference data equation. Z-scores are 
then calculated using this equation to generate 
the measure mean and SD for the patient’s age. 
The SEE is used for the average SD across the 
entire age range (the SEE is an example of a 
root mean square error. The SEE tells us some-
thing about the accuracy of the predictions). 
However, this assumes that the distributions 
around the mean values are normal.

The most sophisticated approach is to take 
skew into account in the distributions around the 
mean values. Cole has developed a model and 
software that calculate percentile curves without 
assumptions of how normal the distribution is. 
This method, called LMS, is a fitting procedure 
that employs three cubic splines to generate cen-
tile estimates for age or size-related growth [22]. 
T. Cole offers a free program to perform this type 
of analysis (http://homepage.mac.com/tjcole/
FileSharing1.html). The L curve, a Box–Cox 
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power transformation of the measured variable, 
characterizes skewness; the M curve is the 
median for the measure (e.g., aBMD); and the S 

curve represents the CV (coefficients of  variation) 
of the measure. Z-scores and centiles can be gen-
erated from the L, M, and S values. To obtain a 

*For follow-up DXA:
Ove the last 2-years:
Other Comments:

Previous scan year of primary interesr for comparison:
Loss of ≥ 2cm of height: Loss of ≥ 2% of height:

OSTEOPOROSIS & FALLS INTEGRATED SERVICE

Referral for DXA scanning

Referral for DXA Referral

Indication for DXA

Patient Name:
Address:

D.O.B.:
Hospital No.:
Private:

Tel:

NHS:

Referring DR./GP:
Address:

Routine:
Date:
Signature:
B.wt. (Kg):

Urgent:

Hgt. (cm):

For Official Use
DXA scan For

Previous DXA
Spine:
Hip:
Forearm:
Vr Morph.:
Tilting Table:

Diagnosis of Osteoporosis:
Assessment of Fr. Risk:

Monitoring of Drug therapy*:
Medication Name: Treatment Duration:

Other Current Health Problems
* Low Trauma Fracture

* Low Trauma fracture in the past 2-years:

* Steroid Therapy

Hip: Spine: Forearm: Other:

* Early or Surgical Menopause (< 45 years)

* Post-Menopause (+Risk factors)

* Radiological Osteopenia (+Risk factors)

* Secondary Osteoporosis

Chronic Liver / Kidnev Disease
Malabsorption syndrome
Coeliac Disease
Male osteoporosis / Hypogonadism
Ca Prostate on Depletion Therapy
Ca Breast on Hormone antagonist
Thyroid Disease
Epilepsy (anticonvulsant Therapy)
Joint Replacement
Others:

Questionnaire to be completed by the Patient
These questions help us identify the risk of fractures you might have. Please answer the following questions as
accurate as you can. Please tick the box which you feel applies to you. Thank you

Fracture Risk Assessment
Falls Risk AssessmentI have had Low Trauma Fracture:

One or both of my parents had Hip Fracture:
I take steroids:
I have rheumatoid arthritis
I am currently smoking:
I do drink > 3 units/day:
I have another chronic illness:
What is it?

I have lost my balance over the last year

I have problems with my sight:

My walking speed has got slower/ My Gait

has changed

My Grip Strength got weaker

I had more than l Fall in the lasr 12 months

Current Medications:

El Miedany et al. Ann Rheum Diseases 2006; 65  (SII): 642

Fig. 10.1 Template for DXA scan referral form
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Z-score for an individual subject, the following 
equation is used:

 
Z M L L S= ( )  ×( )Measurement / /−1

 

where the measurement represents the result 
from a DXA scan (aBMD, BMC, PCTFM, etc.) 
and L, M, and S are age-specific values. Similarly, 
the centiles for age are obtained using the 
equation:

 
Centile = + × ×( )M L S Z L1 1 /

 

where L, M, and S are for the required age and sex 
and Z is the standard normal deviate for the cor-
responding centile (e.g., for the 50th centile, Z = 
0). Examples of this type of reference data curve 
are the CDC growth charts (the CDC growth 
charts are used for children age 2 years and older 
in the USA) [23] and the children’s aBMD and 
BMC reference data curves by Kalkwarf [18].

 Role of Healthcare Professionals 
in the DXA Scanning Service

The physician in charge The physician who is 
responsible for supervising a DXA facility, inter-
preting the DXA results, and signing off on the 
report must have sufficient training to assure that 
the data are correct and that interpretation and 
reporting conform to current standards in the 
field [38]. Expert opinion recommends providing 
referring clinicians with precise interpretation of 
all DXA scan results and subsequent guidance 
for patient management. Current practice is 
inconsistent, and guidance may be vague, so that 
the many specialists (including nurses, GPs, ger-
ontologists, gynecologists, orthopedic surgeons, 
etc.) who are involved in referring patients for 
bone densitometry may be unclear as to how best 
to act on the results. Skills, knowledge about, and 
interest in the significance of DXA findings and 
which investigations and interventions are appro-
priate vary across these different disciplines.

Globally, requirements for training, perform-
ing, and interpreting DXA scans by healthcare 

professionals are variable [24]. Local regulation 
in the USA does not require any specific qualifi-
cations for DXA interpretation [25], despite the 
important technical aspects of the test. US 
Medicare regulations only require some qualifi-
cations of supervising physicians in independent 
diagnostic testing facilities [26], but not in hospi-
tal facilities or private clinical practices. In 
Canada, three provinces currently have a require-
ment for International Society for Clinical 
Densitometry (ISCD) certification for physicians 
who are reporting or supervising a DXA facility. 
In Brazil, certification by the Brazilian College of 
Radiology and Diagnostic Imaging (Colégio 
Brasileiro de Radiologia e Diagnóstico por 
Imagem) is required for any physician to perform 
DXA acquisition, analysis, and reporting.

Many scans are reported by registered health-
care professionals (e.g., radiologists, radiogra-
phers, physicians, nurses, etc.), whether 
medically qualified or not, who may not have 
direct experience in the management of osteopo-
rosis and metabolic bone disease. Furthermore, 
many reporting healthcare professionals have not 
had formal training in DXA methodology or 
image interpretation and do not themselves oper-
ate a scanner. They therefore need to be made 
aware of the subtleties of interpretation; the sig-
nificance of artifacts and abnormalities; and the 
importance of correct positioning when compar-
ing scans [27]. In addition, there may be a need to 
make the referrer aware of other factors in the 
patient’s clinical history that may modulate the 
patient’s fracture risk or that may influence the 
application of clinical guidance or the necessity 
for further investigations or follow-up scans. 
Hence, there is a need to identify and address the 
educational and training needs of healthcare pro-
fessionals in this area and for a standard to be 
established to set the learning outcomes.

Practice nurses and general practitioners In 
the primary care setting, practice nurses play an 
essential part in the delivery of quality primary 
care, and due to the increasing shift of care from 
acute to primary, they have a growing responsibil-
ity in management of long-term conditions 
including osteoporosis. Effective fracture preven-
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tion is best addressed via a whole system response 
to the challenge of identifying fragility fractures. 
Practice nurses and general practitioners are well 
placed to identify fragility fractures, assess 
patients for osteoporosis, treat them, and monitor 
their adherence to treatment, thereby preventing 
further disabling and costly fractures. The role the 
practice nurses in the primary care setting was 
outlined by the royal osteoporosis society [28].

Identifying patients at risk of osteoporosis is 
one of the tasks that can be handled by practice 
nurses, who can screen patients for risk factors 
for osteoporosis, including family history, low 
BMI, coeliac disease, rheumatoid arthritis, smok-
ing, or heavy drinking. Similarly, with the rele-
vant knowledge, practice nurses can identify 
patients treated with medications that put them at 
greater risk of osteoporosis such as steroids, anti-
epileptic drugs, as well as hormone antagonist/
depletion therapies used for breast cancer treat-
ments such as aromatase inhibitors and prostate 
cancer drugs. Similarly, practice nurses and gen-
eral practitioners can play a part in low-trauma 
fracture prevention by identifying all people over 
50 years of age with a fracture in their practice 
and referring them to a fracture liaison service 
(FLS) for osteoporosis assessment. This should 
include all fragility fractures excluding face and 
skull. If a practice nurse sees a patient who has 
had a fragility fracture after the age of 50 who has 
not had a DXA scan or an assessment for osteo-
porosis, then this should be flagged up for con-
sideration. The general practitioner or practice 
nurse can conduct both an online FRAX assess-
ment and a dietary assessment for calcium intake, 
refer the patient for a DXA scan if appropriate, or 
start bone-sparing medication. Where the patient 
is complex, and where oral treatments have not 
been tolerated or successful, they can be referred 
to rheumatology or the local fracture liaison ser-
vice (FLS).

Furthermore, practice nurses can play a vital 
role in the identification of osteoporotic vertebral 
fractures in primary care where most vertebral 
fractures will present as acute onset back pain 
with no obvious trauma. Without an assessment 
for osteoporosis, these fractures are otherwise 

easily missed. Action to identify and treat verte-
bral fractures by the practice nurse can quickly 
modify the patient’s risk of future debilitating 
fractures. If a practice nurse reviewed a patient 
with risk factors for osteoporosis, acute onset of 
back pain, and no obvious trauma and/or loss of 
height or receives a CT/MRI or X-ray report that 
highlights a vertebral fracture, then it should be 
highlighted to the GP as a matter of priority for 
assessment. The patient should be sent for a DXA 
scan.

Lastly, follow-up of all patients to check 
adherence to treatment is central, both to achiev-
ing best practice standards and realizing the clini-
cal and cost benefits of fracture prevention. 
Practice nurses are well placed to do this, espe-
cially for complex patients and where there is no 
fracture liaison service (FLS) in place. Patients 
will benefit from a good working relationship 
between their practice nurse and the local osteo-
porosis service or fracture liaison service (FLS).

On the other hand, setting up specialized 
nurse-led osteoporosis in the hospitals/secondary 
care was also reported to be of value for rapid 
assessment and management of patients living 
with osteoporosis, particularly those who sustain 
acute fractures. An earlier study revealed that 
adopting specialized nurse-led osteoporosis ver-
tebral fracture service identified patients at risk, 
allowed for accurate diagnosis, and shortened the 
time of assessment and management [29].

 Radiographers

Radiographers working as part of a DXA service 
should have a robust knowledge of the DXA 
scanning techniques, risks, pitfalls, as well as 
national guidance for best practice. Furthermore, 
radiographers are required to bring particular 
skills to DXA and osteoporosis services. In addi-
tion to acquiring images, they have a responsibil-
ity for safeguarding adults and children. Some 
patients present with special requirements such 
as mobility difficulties; therefore, radiographers 
need to understand the principals of safe manual 
handling to protect themselves and others. DXA 
services may be provided in remote or mobile 
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locations, and radiographers should understand 
the challenges presented by lone working in 
terms of the safety and well-being of themselves 
and their patients [30].

A DXA scan generally takes 15 to 20 minutes, 
with the standard World Health Organization 
(WHO) recommended sites for measurement 
being the lumbar spine, unilateral or bilateral 
proximal femoral, and, in some cases, the fore-
arm [31]. The use of DXA vertebral fracture 
assessment (VFA) scans provide a low-dose 
visual assessment of vertebrae from the fourth 
thoracic vertebra (upper spine) to the level of the 
fourth or fifth lumbar vertebra (lower spine) for 
fractures in patients meeting scan criteria [32, 
33]. Since a much lower dose of ionizing radia-
tion is used for VFA scans in comparison to tho-
racolumbar spine radiographs, these scans can be 
undertaken on those who present clinical risk(s) 
for osteoporosis, even in the absence of a strong 
clinical suspicion of fracture [34].

Consistent positioning and technique are of 
particular importance in DXA to ensure repro-
ducibility, accuracy, and precision for patients 
having follow-up scans. Radiographic position-
ing is a tactile skill, and radiographers should be 
aware of consent [35] and chaperone [36] poli-
cies and procedures. Practical aspects of the 
exposure such as pillow height and patient leg 
height as well as post processing techniques all 
influence the diagnostic result. Radiographers 
need to understand avoidable and unavoidable 
artifacts and the impact these may have on 
BMD.  From time to time, DXA images may 
demonstrate incidental findings that require 
action. Radiographers should view the DXA 
images and should have the knowledge, skills, 
and competence to follow the correct procedure 
for communication of findings in accordance 
with the reporting standards [37].

 Falls Service

Falls and osteoporosis go hand in hand to result 
in fractures, and as such, a falls prevention agenda 
needs to be high on the priority list for the health-
care professionals dealing with bone health issues 

as well as service managers. Tendency to fall has 
been identified as a predominant non-skeletal 
predictor of fragility fractures in the elderly [38]. 
It has been reported that about 90% of hip frac-
tures involve falls [39]. Kaptoge et al. [40] found 
in the prospective multinational European 
Prospective Osteoporosis Study (EPOS) that 
BMD appeared to be less important in explaining 
variations in incidence of upper limb fractures in 
women across diverse populations in Europe, 
compared with the effect of location-specific 
risks of falling and factors that may be associated 
with the likelihood of falling. The nature of the 
fall likely determines the type of fracture, while 
bone density and factors that increase or attenu-
ate the force of impact of the fall determine 
whether a fracture will occur when a faller lands 
on a particular bone [39]. The majority of falls in 
old age likely result from a combination of fac-
tors relating to aging and poor health, such as 
decrease in muscle strength and function, gait 
disorders, and loss of balance [41]. Epilepsy, use 
of seizure medication, Parkinson’s disease, and 
wearing corrective lenses are factors that tend to 
be associated with increased risk of pelvis frac-
ture in men and women [42].

Identifying frequent fallers and referral to 
appropriate services is a key addition to the scan-
ning and diagnostic services. Setting up inte-
grated “Osteoporosis and Falls” services would 
help to manage those patients at high risk of falls 
and prevent further fractures [38]. Making every 
contact count (MEEC), which is an evidence- 
based approach to improving people’s health and 
well-being by helping them change their behav-
ior, can be used as a framework to underpin the 
bone health service [44]. Identifying falls risk 
factors, early in the management pathway, help 
protecting them and preventing further falling 
over. Patients can be screened for falls risk. 
Several questionnaires have been developed and 
are available [45, 46]. As a result of widening the 
focus in fracture prevention to include both 
osteoporosis and falls, some centers implemented 
a combined fracture and falls risk in one referral 
form for DXA scanning [47], which would also 
be included in the DXA scan reporting as recom-
mendations for high falls risk management.
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 DXA Scanning in Standard Clinical 
Practice

 Referring for DXA Scanning

BMD consultation requests should include 
patient demographics, the indication for BMD 
testing, factors of relevance to the scan assess-
ment (joint replacement, bone surgery, or bone 
disease in scan regions), osteoporosis medication 
history, factors of relevance to fracture risk deter-
mination in patients 50 years of age or older (fra-
gility fracture history, glucocorticoid history), 
and any other pertinent medical information [48–
50]. History of recent fractures in the last 2 years 
is also important to highlight the probability of 
imminent fracture risk. On referring a patient for 
DXA, the FRAX® tool should be used to esti-
mate the patient’s 10-year fracture probability to 
decide whether DXA referral would be helpful. 
Even if the fracture risk is very high, it is helpful 
to know BMD in order to assess how well the 
patient is likely to respond to drug therapy and as 
a baseline to monitor progress. In most cases, it is 
clinically appropriate and feasible to send a 
patient over the age of 75 years for a DXA scan-
ning. It is also advisable to include the falls risk 
as well as the possibility of sustaining an immi-
nent fracture risk [51]. An example of a compre-
hensive DXA scan referral form is shown in 
Fig. 10.1.

On follow-up scans done on patients receiv-
ing osteoporosis drug therapy, it is particularly 
helpful if BMD requests indicate the scan year 
of primary interest for comparison, with details 
of current osteoporosis drug therapy and dura-
tion [52, 53]. While this level of information is 
often not provided, a thorough patient history 
from the referring physician is to be encouraged 
[48–50].

 Pre-scan Assessment

DXA is contraindicated in patients for whom it is 
unlikely to alter clinical decisions, as well as in 
women who are or might be pregnant. If the 
patient has received recent radio-opaque contrast 

material or radioactive compounds, DXA should 
be postponed until such material no longer repre-
sents a potential confounding factor. Calcium 
supplements should not be taken on the same day 
before the DXA procedure, as an unabsorbed cal-
cium tablet located in a scanned area might affect 
the BMD measurement. A patient whose weight 
exceeds the limit for the DXA table (typically 
about 130 kg for older instruments; 180–200 kg 
for others) should not be put on the table in case 
of damage to the table frame or injury to the 
patient. Therefore, the patient should be screened 
before having the DXA scan carried out. Patient 
questionnaires are usually the best approach for 
pre-scanning assessment. A template question-
naire that acquires the appropriate information 
necessary for BMD testing in adults (defined as 
those 18 years of age or over) is presented in 
Fig.  10.2. This can either be filled in by the 
patients while sitting in the waiting area or posted 
to the patient to be completed either online or 
paper format [54, 55]. The questionnaire should 
then be checked by trained facility staff. 
Alternatively, history can be directly taken by 
facility staff. The specific items on the question-
naire are intended to collect the minimum infor-
mation needed to analyze a BMD scan and 
determine absolute fracture risk in those aged 50 
years and over [48, 49]. Additional history items 
that are of relevance to individual patients should 
also be collected, such as menopausal history, 
medication history, and illnesses [42–44].

 Reporting DXA Scans

Acquisition and accurate interpretation of bone 
densitometry scans are necessary first steps 
towards any clinical assessment process. The 
DXA report fulfils the role of transmitting data 
clearly to the clinician. A timely, concise, and 
informative report is essential to relay the DXA 
findings and to avoid costly and potentially dan-
gerous misinterpretations by physicians unfamil-
iar with densitometry data.

Reports generated using the DXA manufactur-
er’s proprietary software have advanced signifi-
cantly since X-ray-based bone densitometers were 
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Fig. 10.2 Template for pre-DXA scan assessment questionnaire

Patient Questionnaire*

Please complete this questionnaire while waiting for your bone mineral density test.
This document will be reviewed with you. A staff member will measure your height and
weight. 

Name: ___________________________________________________       Date:              /             /20

If you answer yes to any of the following 3 questions, please speak to the receptionist immediately: 
1. Is there any chance that you are pregnant? Yes No 

2. Have you had a barium enema or barium drink in the last 2 weeks? Yes  No 

3. Have you had a nuclear medicine scan or x-ray dye in the last week? Yes  No 

4. Have you had hyperparathyroidism or a high calcium level in your blood? Yes No 

5. Have you ever had surgery of the spine or hips? Yes No 

The following information will help us to assess your personal status. 
4. Have you ever had a bone density test before? Yes No 

If yes, when and where? ……………………………………………………………………………………………..

5. Have you had a recent change in your body weight? Yes  No 

If yes, how many kilograms………………….. lost over how many months ……………………………….

6. Your height when you were in your late teens or early twenties:       …………………………………

7. Have you had a broken bone in the last 2-years? Yes  No 

Which bone: ………………………………………………   When: ………………………………………………………

8. Apart from any recent fracture in the last 2-years, Have you ever broken a bone? Yes  No 

Bone Broken Simple Fall? If not a simple fall, 
please describe the 
circumstances

Age when this 
occurred

Bone Broken Age Bone Broke Cause of Broken Bone 
The following information will help us to assess for your future risk of fracture, please tick:

Fracture Risk Assessment

I have had Low Trauma Fracture:

One or both of my parents had Hip fracture:

I take steroids:

I have rheumatoid arthritis

I am currently smoking:

Date of Birth:             /              /                                               Female                      Male
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I do drink > 3 units/day:

I have another chronic illness:
What is it?

The following information will help us assess your risk of falls:

Falls Risk Assessment 

I have lost my balance over the last year

I have problems with my sight:

My walking speed has got slower/ My Gait has changed

My Grip Strength got weaker

I had more than 1 Fall in the last 12 months

7. Have you taken steroid pills (such as prednisone or cortisone) for more than 3 months in
the last 12 months? Yes No
If yes, are you currently taking steroid pills? Yes No
How long have you been taking them?……………………What is your current dose?…………………......
What is the reason you take steroid pills?……………………………………………………………………….

8. Have you ever been treated with medication(s) for osteoporosis? Yes No
If yes, which medication(s) and for how long: ………………………………………………………………….
……………………………………………………………………………………………………………………….
……………………………………………………………………………………………………………………….

9. Are you currently receiving or have you previously received any of the following medications?

Medications for Yes No For How Long?

Seizures or epilepsy

Chemotherapy for cancer

Prostate cancer

Breast cancer

Preventing organ transplant rejection

10. Have you been diagnosed with any of the following conditions?

Chronic kidney disease Yes when comments

Chronic liver disease

Hyperthyroidism

Hyperprolactinemia

Premonpausal amenorrhea (excluding pregnancy)

Oophorectomy in women under 50-years 

Hypogonadism

Systemic Lupus erythematosus

Ankylosing spondylitis

Paget’s disease

Coeliac disease

cancer

Established osteoporosis

Fig. 10.2 (continued)
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widely marketed in the late 1980s. Typically, these 
reports provide basic patient demographic data 
and a graphical image of the skeletal scan, as well 
as numeric data for bone area (BA), bone mineral 
content (BMC), and bone mineral density (BMD) 
for each region (and sub-regions). Additionally, 
the patient’s BMD data are compared with refer-
ence data derived from healthy controls to gener-
ate standard deviation scores: Z-scores represent 
comparisons with age- matched norms and 
T-scores comparisons with young adults.

Regardless of the age of the subject, most of 
the standard software provided by the manufac-
turer automatically reports both the T-scores and 
the resulting diagnoses of osteopenia or osteopo-
rosis, as established by the World Health 
Organization (WHO) [1, 2]. The software- 
generated reports appear to provide a compre-
hensive clinical evaluation of the results sufficient 
to estimate risk for osteoporosis. However, inter-

pretation based solely on these computer- 
generated reports is inappropriate and often 
misleading when interpreting the DXA results. It 
is crucial that the software generated report be 
modified and supplemented by a formal written 
report provided by an expert experienced in inter-
preting densitometry outcomes.

 Report Targets

The clinical DXA report has six main purposes 
(Table 10.3). Typically, the report is sent only to 
the referring physician. However, some knowl-
edgeable families may also request a copy of the 
report; therefore, it is best to provide definitions 
of all technical and clinical terminology used and 
to provide an objective, non-judgmental review.

Similar to other clinical reports, the technical 
DXA report has basic elements (Table  10.4), 

11. Have you been treated with any of the following medications? 

Yes Currently? If currently, for how long? 

Hormone Replacement Therapy

Steroids over 50mg/day

Anti-seizure medication 

Tamoxifen

Raloxifene (Evista)

Testosterone

Alendronate

Risedronate

Parathyroid hormone

Zoledronate

Denosumab

Calcium supplements

Vitamin D supplements

For women only:
12. Are you still having menstrual periods? Yes  No

13. Before the menopause, did you ever miss your periods for 6 months or more, besides during

pregnancy? Yes No

14. Have you had your menopause? Yes No If yes, at what age? ………………..

15. Have you had a hysterectomy? Yes No If yes, at what age? ………………..

16. Have you had both of your ovaries removed? Yes No If yes, at what age? …………………

*this is a modified questionnaire that has been developed based on the sample provided by the 
International Society for Clinical Densitometry at http://www.iscd.org

Fig. 10.2 (continued)
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which include (1) patient demographics, (2) a 
brief medical history, (3) test results, (4) techni-
cal comments, and (5) interpretation and recom-
mendations. Each element will be described in 
detail below, and data that are typically included 
in each section are elucidated. The formal report 
and advice regarding management should be 
written and signed by a qualified, knowledgeable 
experienced physician in the field [55].

 Demographics

Typically, the report includes basic patient demo-
graphics and anthropometrics. Demographics 
should include patient name, date of birth, gen-
der, healthcare number/hospital number or other 
identifier, height, weight, scan date, report date, 
name of the referring physician, name of the 
reporting physician, and BMD facility name and 
location [49, 50]. Weight and height should be 

measured at the BMD facility [48, 49]. It is very 
important to document patient height and weight 
because DXA measures “areal” and not true vol-
umetric BMD.  Neither values reported by the 
patient nor measurements provided by other 
medical practitioners should be used, other than 
in exceptional circumstances where it is not pos-
sible to carry out the measurements (such as if 
the patient cannot stand). If height or weight data 
were not measured directly by the BMD facility, 
this should be indicated in the report.

Weight can be measured with either a mechan-
ical or an electronic scale that is medical grade. 
Facilities are encouraged to use wall-mounted 
height measuring devices, referred to as stadiom-
eters, and to use standardized positioning of 
patients. It is also encouraged that three height 
measurements be made, with repositioning 
between each measurement, and the average used 
as the height value. The reason for this is that, 
just as with bone density quantitation, height 
measurements have significant precision error 
and this is minimized by averaging several 
assessments [56, 57] (in some centers, this height 
measurement methodology is a recommendation 
and is not a requirement for accreditation).

The demographic and anthropometric data are 
helpful in determining if body size is sufficiently 
above or below the expected range to warrant 
adjusting DXA results. If warranted, there are a 
number of recommendations for how to attempt 
to correct BMD for the size effects [59].

 Medical History Used for Risk 
Determination

The report should include a brief summary of the 
clinical history relevant to the patient’s medical 
status and the interpretation of the scan. This 
might include the primary medical diagnosis; 
history of low-trauma fractures, particularly in 
the last 2 years; history of underlying medical 
condition or the use of medications known to 
affect BMD (e.g., antiepileptics and 
 glucocorticoid therapy); mobility status and falls 
risk; endocrine abnormalities; pubertal status; 
surgical- induced menopause; bone age; and fam-

Table 10.3 Main purposes of the DXA scan report

Expected targets of DXA scan reporting
To present the numeric data in a concise, organized, 
and easily understood fashion to the referring physician
To provide a rough X-ray picture of the scanned area 
which would allow identifying any pitfalls of the 
scanning process
To provide enough technical information to allow for 
comparison to subsequent DXA studies or to those 
studies done at other sites
To provide a preliminary interpretation of the findings 
in a clinical context
To provide estimation of the fracture probability
Recommendations for patient’s management

Table 10.4 International Society for Clinical 
Densitometry (ISCD) guidelines for DXA reporting 
nomenclature

Measure
Decimal 
places Example

BMD (g/cm2) 3 0.725
T-score 1 −1.7
Z-score 1 −2.1
BMC, spine, or hip scan (g) 2 27.61
BMC, whole-body scan (g) 0 1652
Bone area, spine, or hip scan 
(cm2)

2 44.66

Bone area, whole-body scan 
(cm2)

0 1850
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ily history of osteoporosis [48, 49]. Physical 
activity level, dietary history, and use of vitamin 
or mineral supplements may also be useful.

Clinical information included in the referral 
form for DXA scanning improves both the acqui-
sition and the interpretation of bone densitome-
try. Ideally, the relevant patient’s medical history 
should be obtained and recorded directly from 
the referring physician. This would be ideal when 
there is a local bone health service set up. Ideally, 
there should be an agreed referral form for DXA 
scan service (e.g., that shown in Fig. 10.1) [58]. 
The form should include (1) the reason for refer-
ring (e.g., for diagnosis of osteoporosis or moni-
toring of therapy); (2) indication for DXA 
scanning; (3) other health problems/medications 
that might affect the patient’s bone mineral den-
sity; (4) the main items of fracture risk score 
(e.g., FRAX) highlighting which fracture risk 
does the patient have; and (5) the patient’s falls 
risk. This will facilitate the process of reporting 
and assessment of the patient’s probability of 
having another fracture. However, in several 
occasions, patients are referred for bone densi-
tometry assessment from a variety of clinical 
departments not familiar with the request form, 
and pre-scanning relevant medical history may 
not be readily available. Consequently, a registra-
tion questionnaire should be ready at the time of 
the DXA procedure to be completed by the 
patient. The technician should review the ques-
tionnaire paying attention to details surrounding 
fracture history, medication and supplement 
usage, and family history of osteoporosis.

If, for some reason, the questionnaire cannot 
be adequately completed at the time of examina-
tion (e.g., because of a language barrier or diffi-
culty to read or hear), the form can be faxed/
emailed to the referring clinic for completion by 
a qualified staff member familiar with the patient 
after the DXA procedure is completed.

 Test Results

Care must be taken in all technical aspects of how 
scanning is performed, including adherence to 
manufacturer protocols, proper positioning, sub- 

region assignment, bone tracing, determination 
of regions of interest, and quality assurance [49, 
50, 59]. A minimum of two skeletal sites should 
be scanned and reported. The usual sites would 
be the lumbar spine and the proximal femur [60].

For each skeletal site that is assessed, BMD, 
BMC, T-score, and Z-score should be included. 
The ISCD currently recommends calculating 
T-scores using a uniform sex-matched (white) 
young adult database for patients of all ethnici-
ties in the USA, recognizing that other countries 
might use alternative databases according to local 
requirements [61]. Regarding Z-scores, the ISCD 
recommends databases that are matched for sex, 
ethnicity, and age. Although there is no estab-
lished standard for using or not using weight 
adjustment for Z-scores, the evidence seems to 
favor not using weight adjustment [62].

For each skeletal site with a valid scan, 
reported density results should include absolute 
BMD (in g/cm2 to 3 decimal places) and either 
T-score (to one decimal place) for those 50 years 
or older or Z-score (to one decimal place) for 
those under 50 years of age [63] (Table 10.4). For 
women, T-scores and Z-scores should be derived 
using the manufacturer’s white female reference 
database. Similarly, for men over age 50 years, 
T-scores used for diagnostic classification should 
be derived using a white male reference database; 
the femoral neck T-score used for risk determina-
tion should be derived from a white female refer-
ence database, while the spine T-score used to 
alter the risk category from low to moderate if the 
value is ≤ −2.5 should be derived from a white 
male reference database. For men under age 50 
years, Z-scores should be derived using a white 
male reference database. The reference databases 
and versions should be specified in the report 
[62].

When analyzing the lumbar spine, L1–L4 
should be used unless the decision is made to 
exclude one or two vertebrae because of techni-
cal artifacts. A minimum of two vertebrae should 
be used. Interpretation should not be based on a 
single vertebra [49, 59]. If a report includes 
graphical representation of results, the graph 
must present data and reference curves for the 
vertebrae, actually, used in interpretation. 
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Consideration can be given to excluding a par-
ticular vertebra if the T-score of that vertebra is 
more than one standard deviation greater than the 
T-score of the vertebra with the next highest 
value [64]. It is not mandatory that a high-density 
vertebra be excluded, but it should be evaluated 
for causes of artifact and a decision made as to 
whether it should be retained in the vertebral 
analysis.

For the proximal femur, the left side should be 
measured unless it is not available and invalid or 
the right hip was previously measured [49]. 
Results should be reported for the total hip and 
femoral neck. If either the spine or hip site is not 
available or invalid because of artifact, another 
body site should be substituted. The non- 
dominant forearm is the site of choice, and the 
one-third (or 33%) radius should be reported 
[59]. If the non-dominant forearm is not available 
or is invalid, the dominant side may be used. If 
the wrist cannot be measured, total body BMD 
can be assessed. The head may be included or 
excluded when analyzing the scan. If the head is 
excluded, this should be noted in the report. If the 
spine cannot be measured, and neither forearm 
nor total body measurements are available, bilat-
eral hip measurements may be made. The two hip 
measurements should be reported separately, not 
as an averaged value [64]. When applying hip 
data to determine the diagnostic category or frac-
ture risk category, the lowest of the relevant val-
ues from the two sides should be used. For 
patients whose weight exceeds the limit of the 
DXA equipment, bilateral forearm studies may 
be done unless one side is not available or invalid, 
although it will not be possible to determine frac-
ture risk [63, 64].

 Technical Notes

The report should consider future DXA scanning 
and allow comparisons with previous and future 
densitometry studies. Therefore, it should 
include sufficient information regarding how the 
DXA was performed and interpreted. Given the 
fact that there are intrinsic differences between 
the variable DXA scanners, and the software 

used for BMD assessment, the manufacturer and 
model of the instrument should be specified 
(e.g., Hologic Delphi A/Lunar iDXA). Similarly, 
the software mode used to acquire and analyze 
the scan should also be provided (e.g., auto low-
density, low- density spine [LDS] software). If 
the reference data used in the calculation of 
Z-scores were different from the manufacturer’s 
normative data, it is important that this also be 
documented.

Careful visual review of each scan, prior to the 
preparation of the report, should be considered to 
ensure that artifacts do not affect the data recorded 
(Fig. 10.3). The report should outline any techni-
cal matters encountered during the scanning pro-
cess. Documentation is important, both for the 
initial interpretation of the DXA scan and to alert 
the DXA technologist to these effects in future 
scan acquisitions. These might include notice-
able scoliosis, degenerative disease, vertebral 
compression fractures, or nonremovable metal 
artifacts (Table 10.5). Scans with motion artifacts 
or removable metal objects (e.g., metal from the 
underwire or clasp of a bra, a belt buckle, a pant 
zipper, or a belly button ring) should not be 
reported. These scans should be repeated before 
the patient leaves the clinic [65].

 Diagnostic Category

The diagnostic category is determined using the 
lowest T-score (for individuals 50 years of age or 
older) or Z-score (for individuals under 50 years 
of age) from the available results for the lumbar 
spine, total hip, femoral neck, one-third (or 33%) 
radius, and total body (2). The trochanteric region 
and Ward’s region of the proximal femur are not 
to be used (16). T-scores or Z-scores for diagnos-
tic categorization should be derived using a white 
female reference database for women and a white 
male reference database for men. The original 
WHO criteria are stated in Table 10.6.

The WHO criteria should not be applied to 
other bone density measures, including QCT of 
the spine or hip, peripheral densitometry systems 
using ultrasound, DXA, or other technologies 
that scan the fingers, metacarpals, or heels [31].
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 Fracture Risk

The absolute fracture risk category should be 
reported for men and women 50 years of age and 

older. The current WHO guidelines for diagnos-
ing and treating osteoporosis are based on a com-
prehensive fracture risk model WHO “FRAX.” 
The WHO FRAX algorithm estimates the likeli-

Symmetry axis
Global ROI

Trochanter

Femoral Neck

Ward’s Triangle

Inter-trochanteric

Total body less head

a b

c d

Fig. 10.3 Correct positioning, bony landmarks, and analysis of the L1–L4 spine (a), proximal femur (b), distal radius 
(c), and total body less head for pediatric age group (d)
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hood for a person to break a hip or other major 
bone due to low bone mass or osteoporosis over a 
period of 10 years. The National Osteoporosis 
Foundation (NOF) has prepared a clinician’s 
guide to osteoporosis that discusses the details of 
the FRAX model and the use of fracture risk ver-
sus BMD alone (http://www.nof.org/profession-
als/NOF_Clinicians%20_Guide.pdf). In 
summary, the major recommendations to the cli-
nician regarding the diagnosis of osteoporosis are 
outlined in Table  10.7 [66]. The WHO FRAX 
model is the most common tool used to assess for 
the fracture risk. Although it was noted that the 
WHO FRAX algorithm pertains only to individu-
als that have not been treated for osteoporosis, 
other studies revealed that in women currently or 
previously treated for osteoporosis, the FRAX 

tool can be used to predict fracture probability. 
Osteoporosis treatment does not annul prediction 
of fractures. FRAX tool could be of value in 
guiding clinicians towards the need for continua-
tion or withdrawal of treatment [67].

 Interpretation

A narrative section on the interpretation and 
implications of BMD results should be provided. 
This should not be a simple restatement of data. 
The reporting physician should integrate the 
available information on the patient’s specific 
risk factor, fracture risk probability, falls risk, as 
well as current medication (when appropriate). 
Guidance as to therapeutic considerations can 
also be provided within the context of the local/

Table 10.5 Examples of technical difficulties noted on 
DXA scan reports: The presence of artifacts is unavoid-
able. Familiarity with pitfalls, variants, and recognition of 
artifacts will lead to better interpretation without errone-
ous results

Relevant technical matters
Spine scan Compression fracture in L1– L4 used 

for analysis
Plate/screws fitted in the lumbar 
vertebrae/surgical laminectomy
Scoliosis in the lumbar region
Osteoarthritis noted in L1–L4 used for 
analysis
Aortic calcification, spinal ligament 
ossification in the lumbar region
Previous vertebroplasty in one of the 
vertebrae
Pacemakers

Proximal 
femur scan

Left hip replacement, right proximal 
femur scanned
Incomplete hip rotation, prominent 
lesser trochanter

Whole-body 
scan

Permanent plate/screws in right wrist 
secondary to fracture
Gold crowns on molar teeth

Avoidable artifacts
Spine scan Navel ring, pant zipper artifact in L3, 

L4
Dye from previous scanning

Proximal 
femur scan

Jeans stud in the rear pocket
Metal coin artifact in pocket, interferes 
with femoral neck

Whole-body 
scan

Bracelet on left forearm
Underwire bra in upper left and right 
quadrants

Table 10.6 WHO criteria for diagnosing osteoporosis 
from T-scores [143]. It should be noted that this criterion 
is exclusively applicable for postmenopausal women and 
men over 50 and not for younger adults or children

Age 50 years or older Under age 50 years

Status
Criteria 
(T-score) Status

Criteria 
(Z-score)

Normal aBMD is 
within 1 SD of 
a “young 
normal” adult
(T-score at 
−1.0 and 
above)

Within 
expected 
range for 
age

> −2.0

Low bone 
mass 
(osteopenia)

aBMD is 
between 1 and 
2.5 SD below 
that of a 
“young 
normal” adult
(T-score 
between −1 
and −2.5)

Osteoporosis aBMD is 2.5 
SD or more 
below that of a 
“young 
normal” adult 
(T-score at or 
below −2.5)

Below 
expected 
range for 
age

≤ −2.0

Severe 
(established) 
osteoporosis

T-score at or 
below −2.5 
and one or 
more fractures
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international osteoporosis guidelines and up to 
the degree appropriate to the knowledge and 
experience of the reporting physician [48, 49].

 Follow-Up Recommendation

A recommendation should be included for the 
timing of the next DXA study. The timing of 
serial testing should be driven by the expected 
rate of bone loss. The intention of serial moni-
toring is to provide a sufficient period of time 
for anticipated changes in density to exceed the 
precision error of the DXA method, which also 
renders a stable density informative measure 
[59].

A guide for the follow-up period is provided 
in Table 10.8, although this needs to be applied in 
the context of local recommendations. When 
indicating recommended timing of the subse-
quent BMD test, consideration should be given to 
specifying the year of recommended follow-up 
rather than a time interval, as this makes the 
report more readily implementable by referring 
physicians. For follow-up periods under 2 years, 
the month of recommended follow-up could also 
be included.

 Limitations

Any structural abnormalities, anatomical vari-
ants, artifacts, suboptimal positioning, or other 
issues impacting on scan reliability and interpre-
tation need to be considered when interpreting 
BMD results. A judgment needs to be made as to 
whether these issues render results invalid or 
impact on the interpretation. Some sources of 
artifact are preventable, and care should be taken 
to assess these prior to scanning (such as metal 
on clothes or in pockets, or recent barium or 
nuclear medicine studies), either to remove the 
source of artifact or postpone the scan to a future 
date. Sources of artifact relevant to the scan 
should be noted in the report. Skeletal size can 
affect BMD readings, with larger bones produc-
ing falsely high values and smaller bones produc-
ing falsely low values [64]. There is no accepted 
means of correcting for skeletal size, but height 
or weight outside the normal range should be 
noted and should be considered in the interpreta-
tion of results. Components of the first-time and 
follow-up adult DXA report are shown in 
Table 10.9.

Table 10.7 NOF recommendations to the clinician for 
initiating osteoporosis treatment

For postmenopausal women and men aged 50 and 
older:
    1.  Patients should be counseled on the risk of 

osteoporosis and related fractures
    2. Secondary causes should be checked
    3.  Advice on adequate amounts of calcium (at least 

1200 mg/day, including supplements if 
necessary) and vitamin D (800 to 1000 IU per 
day of vitamin D3 for individuals at risk of 
insufficiency) should be given

    4.  Regular weight-bearing and muscle-
strengthening exercises should be recommended 
to reduce the risk of falls and fractures

    5.  Patients should be advised to avoid tobacco 
smoking and excessive alcohol intake

    6.  For women aged 65 and older and men aged 70 
and older, BMD testing should be recommended

    7.  For postmenopausal women and men aged 
50–70, BMD testing should be recommended 
where there is concern based on their risk factor 
profile

    8.  BMD testing should be recommended to those 
who have suffered a fracture to determine the 
degree of disease severity

    9.  Treatment should be initiated in those with hip or 
vertebral (clinical or morphometric) fractures

   10.  Therapy should be initiated in those with BMD 
T-scores <−2.5 at the femoral neck, total hip, or 
spine by DXA, after appropriate evaluation

   11.  Treatment should be initiated in postmenopausal 
women and in men aged 50 and older with low 
bone mass (T-score −1 to −2.5, osteopenia) at 
the femoral neck, total hip, or spine and 10-year 
hip fracture probability ≥3% or a 10-year all 
major osteoporosis- related fracture probability of 
≥20% based on the US-adapted WHO absolute 
fracture risk model

   12.  Current FDA-approved pharmacologic options 
for osteoporosis prevention and/or treatment are 
bisphosphonates (alendronate, ibandronate, 
risedronate, and zoledronate), estrogens, and/or 
hormone therapy, raloxifene, and parathyroid 
hormone (PTH 1–34)

   13.  BMD testing performed in DXA centers using 
accepted quality assurance measures is 
appropriate for monitoring bone loss 
(recommendation: every 2 years). For patients on 
pharmacotherapy, it is typically performed 2 
years after initiating therapy and at 2-year 
intervals thereafter

Physician’s guide to prevention and treatment of osteopo-
rosis, National Osteoporosis Foundation, Washington, 
D.C. (2008) [66]
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 Follow-Up Adult BMD Report

It is common to have follow-up DXA scans 
requested. This step should reflect the need to 
have a new scan, which should be also reflected 
in the repeat BMD report. Consequently, the fol-
low- up adult BMD report should include, in 
addition to all the components of a first-time 
adult report, specific new items such as changes 
in density, statistical parameters relating to mea-
surement error, aspects of interpretation relating 
density changes to the clinical situation, and defi-
nitions relevant to follow-up.

 Follow-Up Referral Form

The referral should include the reason for repeat-
ing the BMD testing and whether it is to monitor 
response to therapy or change in the patient’s sta-
tus, e.g., sustaining a fracture. Developing a recent 
fracture should be highlighted as an imminent 
fracture risk. Also, the form should include any 
change in the patient medical status, whether he 
developed a new medical disorder or taking medi-
cation that might affect the bone health status. The 

Table 10.8 Recommended timing of follow-up DXA 
bone mineral density testing

Anticipated 
rate of BMD 
change Clinical scenarios

Timing of 
follow-up

Very high Moderate to high dose 
steroids, anabolic agent, 
hormone antagonist 
therapy, imminent fracture 
risk

12 months

High Osteoporosis drug therapy 
initiated or changed, low to 
moderate dose 
glucocorticoids

1–2 years

Moderate Therapy with nutritional 
supplements or lifestyle 
improvements

1–3 years

Low Stability documented on 
nutritional supplements or 
lifestyle improvements and 
with no change in clinical 
status; drug therapy shown 
to be effective

3–5 years

Very low Normal results or low 
fracture risk and no clinical 
risks

5–10 
years

Table 10.9 Main elements of the first-time and follow-
 up DXA scan report

Components of the first-time adult DXA report
I. Patient and provider information
   Patient name
   Medical record number
   Date of birth
   Gender
   Scan date
   Referring physician
   Report date
   Reporting physician
   Facility name and location
   Measured weight, height
   Calculated BMI, height, weight
    Clinical information
     Primary diagnosis
     Indications for the scan and other risk factors
     Falls history
     List of current relevant medications
     Inclusion of possible risk factors, including 

documentation of nontraumatic fractures
     History of low-trauma fracture in the last 

2 years
     Fracture risk probability (without BMD)
     Calcium intake or use of calcium supplements
II. Diagnostic category
    Test results
     Skeletal sites scanned, region of interest (ROI)
     BMD in g/cm2

     The T-score and/or Z-score to one decimal point 
for each ROI

    Fracture risk category (if 50 years and over)
     Fracture risk probability
     Imminent fracture risk
    Falls risk assessment outcomes
III. Technical comments
   Manufacturer, model of instrument used
   Software version
   Technical quality of the scans obtained
   Limitations of the study (e.g., artifacts, scoliosis)
   Reference database used
IV. Interpretation and recommendations
   Qualitative assessment of BMD T-score results 

including specific statements about which diagnostic 
category the patient falls into

   A statement on the fracture risk probability
   A note on imminent fracture risk
   Interpretation of vertebral fracture assessment scans 

where performed
   Recommendation including general comments as 

well as the requirement of pharmacological 
intervention (bone-sparing agent, calcium, and 
vitamin D3 supplementation + lifestyle advice)

   Falls risk assessment outcomes and recommendation 
of referral to a specialized clinics

   Referral to specialist clinic/possible further 
investigations required

   Recommendations for necessity and timing of 
follow-up DXA scan studies

(continued)
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referring physician should also highlight if the 
patient has started taking medication to improve 
his bone mineral density status and the duration of 
treatment. Fracture risk probability, without 
BMD, can also be carried out by the referring 
physician and recorded in the referral form.

 Demographics

Any significant change in height recorded at the 
BMD facility should be noted. In particular, loss 
of height exceeding 2  cm over 3 years or less 
should be emphasized, as this amount of change 
in height has been shown to have a high predic-
tive value for incident vertebral fractures which 
might have developed during the monitoring 
period. Consequently, this may be an indication 
to do spine radiographs or vertebral morphome-
try to assess for vertebral fractures [48, 57].

Change in the patient’s body weight is another 
demographic parameter to note, as this may rep-
resent an artifactual change in BMD values. 
Though there is no consensus as to what is the 

IV. Interpretation and recommendations
   Qualitative assessment of BMD T-score results 

including specific statements about which diagnostic 
category the patient falls into

   A statement on the fracture risk probability
   A note on imminent fracture risk
   Interpretation of vertebral fracture assessment scans 

where performed
   Recommendation including general comments as 

well as the requirement of pharmacological 
intervention (bone-sparing agent, calcium, and 
vitamin D3 supplementation + lifestyle advice)

   Falls risk assessment outcomes and recommendation 
of referral to a specialized clinics

   Referral to specialist clinic/ possible further 
investigations required

   Recommendations for necessity and timing of 
follow-up DXA scan studies

Table 10.9 (continued)

Components of a follow-up adult DXA report
I. Patient and provider information
   Patient name
   Medical record number
   Date of birth
   Gender
   Scan date
   Referring physician
   Report date
   Reporting physician
   Facility name and location
   Measured weight, height
   Calculated BMI, height, % of weight change
    Clinical information
     Primary diagnosis
     Indications for the scan and other risk factors
     Falls history
     List of current relevant medications
     Date when the patient started current 

osteoporosis therapy
      Inclusion of possible risk factors, including 

documentation of nontraumatic fractures
     History of low-trauma fracture in the last 2 

years
     Fracture risk probability (without BMD)
     Calcium intake or use of calcium supplements
     Indication for follow-up DXA scan
     Interval fractures, change in clinical status, 

medications
II. Diagnostic category
   Test results
    Skeletal sites scanned
    BMD, BMC, bone area for each site
    BMD T-score and Z-scores for each site
   Fracture risk category (if 50 years and over)
    Fracture risk probability
    Imminent fracture risk
   Falls risk outcomes
   Changes in BMD
    Percentage of BMD change
     Percentage in BMD change in comparison to 

baseline scan, last previous scan, and the results 
of the scan done just before starting osteoporosis 
therapy

    Statistical significance of BMD change
III. Technical comments
   Which previous scans are being used for 

comparison?
   Statement regarding what denotes statistical 

significance for change in BMD at the center or 
“least significant change” (LSC)

Table 10.9 (continued)
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threshold of change in body weight that can be 
flagged as being of potential importance as a 
source of artifact, some physicians suggested the 
use of percentage change in weight, whereas oth-
ers recommended the use of absolute change in 
weight. A suggested threshold is 10% change in 
weight over the monitoring period. However, 
each reporting physician must define a weight 
change threshold and adopt it in all serial report-
ing, applying it to each pair of BMD measure-
ments for which change in BMD is reported [68].

 Fracture Risk Category

All men and women aged 50 years and above 
should have the absolute fracture risk category 
reported, regardless of therapy that might be tak-
ing. If bone-active drug therapy is currently pre-
scribed and taken by the patient, the fracture risk 
category should be provided, but the report 
should include a statement indicating that the risk 
may be lower than calculated if osteoporosis drug 
therapy is effective [49, 67].

 Changes in Density

Whenever possible, when serial BMD assess-
ments are carried out, it is always preferable to 
use the same DXA machine. In concordance, it is 
highly recommended that positioning and sub- 
region assignment must be consistent [59]. Also, 
the same reference population database should be 
used for serial studies when possible [64]. If the 
reference database has to be changed, this should 
be noted in the report. The description of change 
in the BMD should include the absolute density 
change (in g/cm2, to 3 decimal places) and per-
centage change (to 1 decimal place) [52]. 
Percentage change must be derived using abso-
lute density (g/cm2), not T-scores or Z-scores. An 
annualized rate of change should be reported, 
though it may be optional in some locations. The 
skeletal sites for which changes in density are to 
be reported are the lumbar spine (using which-
ever vertebrae are considered valid, with a mini-
mum of two vertebrae) and the total proximal 

femur (this include neck of the femur and total 
hip). Other hip sub-regions should not be used. If 
either the spine or hip is not available, it is per-
missible to report changes at a single site. If the 
forearm or total body BMD is being monitored in 
lieu of the spine or hip, change can be reported 
for the one-third (or 33%) proximal radius or for 
the total body BMD. It must be recognized that 
the change profile at these sites may not be in par-
allel with changes at the spine and hip and may 
not correlate as well with drug responses. This 
will need to be addressed in the interpretation 
section [69].

Changes in BMD must be reported in relation 
to (1) the first baseline study on file, (2) the most 
recent previous BMD study, and (3) the study 
done closest to the initiation of the current clini-
cal medical management/medication (if any), if 
this can be confirmed. The latter BMD change is 
the one of greatest importance for patients on 
drug therapy; it is also relevant to patients who 
adopted lifestyle changes and/or started nutri-
tional supplements for bone health. Ideally, the 
study of primary interest for comparison should 
be indicated on the requisition by the referring 
physician, but if it is not provided, the reporting 
physician is responsible for obtaining this infor-
mation from the patient’s history [52, 64].

On comparison to previous scans, statistical 
significance must be reported for each BMD 
skeletal site, indicating whether the difference is 
considered significant at a 95% level of confi-
dence [50]. The manufacturer’s software deter-
mination of statistical significance should not be 
the one to be used (2). Each facility must deter-
mine the precision error for each DXA machine 
and for each skeletal site (including forearm and 
total body if these sites are measured by the facil-
ity and are used for serial monitoring) using the 
least significant change (LSC) methodology and 
using this value when determining statistical sig-
nificance. It is permissible to apply results derived 
from precision testing on one side (forearm or 
hip) to serial scans done using the opposite side 
of the body. A follow-up BMD report should 
state the least significant change (LSC) in abso-
lute values (g/cm2 to 3 decimal places) for each 
skeletal site for which change is reported. 
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Whenever possible, the same instrument should 
be used for serial studies on an individual patient. 
Comparisons between measurements done on 
different machines can be made only if inter- 
machine precision between the two devices has 
been determined [59, 64].

 Interpretation

The clinical implications of the change in BMD 
or fracture risk must be incorporated into the 
interpretation section of the report [49, 50]. This 
is of greatest importance for patients receiving 
osteoporosis drug therapy, where BMD is often 
being used to assist in monitoring management 
outcomes. The primary BMD outcome of interest 
in this circumstance is the net change in density 
from the time that the current therapeutic regi-
men was initiated [53].

In general, net gain in BMD is considered 
positive drug effect while net loss of density is 
considered as evidence of drug failure. Secondary 
changes in the BMD profile that may differ from 
the net change on a drug regimen, such as a 
change from the most recent prior study, also 
need to be considered in the interpretation. For 
serial studies in those not on osteoporosis drug 
therapies, there are similar implications for the 
effects of nutritional supplements, lifestyle 
changes, and exercise regimens [70].

So far, there is insufficient data to define the 
relationship between the amount of loss in BMD 
and the resulting change in fracture risk. Rather, 
the implications of density loss and any changes 
in the fracture risk probability should be dis-
cussed in the interpretation of results. Components 
of follow-up DXA scan report in adult are shown 
in Table 10.9.

 Pediatric DXA Scanning

The pediatric population is defined as individuals 
under age 18  years. The components of a first- 
time pediatric BMD report, in contrast to the adult 
first-time BMD report, are shown in Table 10.10. 
In concordance with adults, there are similar com-

ponents including demographics, machine identi-
fication, and limitations [71]. On the other hand, 
there are differences regarding BMD data and 
interpretation. This is based on the fact that there 
are specific definitions which apply to reporting in 
this age group [72]. There are no guidelines on 
timing of follow-up studies, so a recommended 
follow-up date is not mandatory, although may be 
included at the discretion of the reporting physi-
cian. If the referring physician has not relayed the 

Table 10.10 Method for adjusting Z-score for bone age 
or height age 

Z-score adjustment for 
bone age

Z-score adjustment for height 
age

1.  Determine Z-score 
for all scan sites 
based on 
chronological age

2.  Perform wrist 
radiographs and 
derive bone age

3.  Use point estimate 
of bone age to 
determine “adjusted 
birthdate” for 
patient

4.  If bone age differs 
from chronological 
age by more than 1 
year, change 
birthdate to 
“adjusted birthdate” 
in DXA program 
and determine 
adjusted Z-scores 
for all scan sites

5.  Report for all scan 
sites the Z-scores 
based on 
chronological age 
and the bone 
age- adjusted 
Z-scores. If bone 
age does not differ 
from chronological 
age by more than 1 
year, this should be 
noted in the report 
and a bone 
age-adjusted 
Z-score need not be 
reported

1.  Determine Z-score for all 
scan sites based on 
chronological age

2.  Determine “height age” 
using growth charts for the 
child’s gender (available at 
www.cdc.gov/
GrowthCharts)

3.  Measure height three times 
and use the average value as 
patient height

4.  Using the patient’s height 
on the vertical axis of the 
CDC growth chart, locate 
where this height line 
intersects the 50th 
percentile growth curve. 
Extrapolating to the 
horizontal axis, determine 
the age corresponding to the 
point on the 50th percentile 
growth curve. This is the 
patient’s “height age”

5.  If height age differs from 
chronological age by more 
than 1 year, change 
birthdate to “adjusted 
birthdate” in DXA program 
and determine adjusted 
Z-scores for all scan sites

6.  Report for all scan sites the 
Z-scores based on 
chronological age and the 
height age-adjusted 
Z-scores. If height age does 
not differ from 
chronological age by more 
than 1 year, this should be 
noted in the report and a 
height age-adjusted Z-score 
need not be reported
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indications for the scan and the relevant medical 
history, it is possible to ask the patient, parent, or 
both to complete a brief  registration questionnaire 
at the time of the DXA procedure. Individual 
pediatric patient should be collected and may 
include fracture history, medications, and ill-
nesses. Height and weight measurements in 
younger children require special devices and pro-
cedures. If these are not available, it is acceptable 
in younger children to use values provided by 
other medical practitioners. If height or weight 
were not measured directly by the BMD facility, 
this should be indicated in the report [71].

 Diagnostic Category

For each skeletal site that is assessed, BMD, 
BMC, and BA (BA: bone area) should be 
included, as should the corresponding BMD 
Z-score, to enable the clinician to determine if 
the measured values are within the expected 
range for age. BMC and BAs are used to calcu-
late estimates of volumetric BMD (i.e., bone 
mineral apparent density [BMAD]) and should 
be included in the report. Reporting BMC and 
BA also allows the clinician to examine subse-
quent changes due to bone growth. The current 
standard for reporting the diagnostic category in 
the pediatric population is based on the lowest 
adjusted Z-score from the results for the lumbar 
spine and total body, using either bone mineral 
content (BMC) or BMD at the discretion of the 
reporting physician. The T-score is not to be 
used in pediatric reporting. If either the spine or 
total body value is not available or invalid, this 
should be reported as a limitation. Forearm 
measurements (one-third or 33% site) may be 
used if either the spine or total body value is not 
available, but only if a reference population 
database is available from which forearm 
Z-scores can be derived. Proximal femur mea-
surements are not to be used to generate the 
diagnostic category in the pediatric population, 
although it may be clinically useful to begin 
measuring hip density in older adolescents in 
order to start transition into the adult mode of 
monitoring [71, 73].

 Technical Comments

Care must be taken in all technical aspects of how 
scanning is performed, including adherence to 
manufacturer protocols, proper positioning, sub- 
region assignment, bone tracing, determination of 
regions of interest, and quality assurance. Results 
should be reported for the lumbar spine and total 
body, including BMC and BMD for each site. 
When analyzing the lumbar spine, L1 to L4 
should be used unless the decision is made to 
exclude one or two vertebrae because of technical 
artifacts [64]. A minimum of two vertebrae should 
be used. Interpretation should never be based on a 
single vertebra. If a report includes graphical rep-
resentation of results, the graph must present data 
and reference curves for the vertebrae actually 
used in interpretation. Consideration can be given 
to excluding a particular vertebra if the Z-score of 
that vertebra is more than one standard deviation 
greater than the Z-score of the vertebra with the 
next highest value. It is not mandatory that the 
high-density vertebra be excluded, but it should 
be evaluated for causes of artifact and a decision 
made as to whether it should be included in the 
vertebral analysis. In some manufacturers’ data-
bases, Z-scores may not be available if vertebrae 
are excluded. In this circumstance, it is appropri-
ate to include L1 to L4  in order to generate a 
Z-score, but the interpretation section must 
address the accuracy of the spine measurement 
and the ways in which the Z-score may have been 
perturbed by the abnormal vertebrae. For the total 
body measurement, the head may be included or 
excluded on analyzing the scan [72–74]. If the 
head is excluded, this should be noted in the 
report. For adolescent patients whose weight 
exceeds the limit of the DXA equipment, bilateral 
forearm studies may be done unless one side is 
not available or invalid, in which case a single 
side can be measured [71, 72].

For each skeletal site with a valid scan, reported 
density results should include absolute BMD (in 
g/cm2 to 3 decimal places), BMD Z-score (to 1 
decimal place), and adjusted BMD Z-score (to 1 
decimal place) and BMC (in g, to 2 decimal 
places), BMC Z-score (to 1 decimal place), and 
adjusted BMC Z-score (to 1 decimal place) [59].
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The Z-score adjustment is done to correct for 
relative skeletal size or maturation. There is no 
consensus at this time as to the specific adjust-
ment that should be made, so the nature of the 
adjustment is at the discretion of the reporting 
physician. Adjustment can be based on height, 
weight, body mass index, bone area, bone age, 
pubertal stage, lean body mass, or a combination 
of these parameters [77–79]. The method of 
adjustment should be noted in the report, and if a 
multivariable method is used, a published refer-
ence should be provided.

The assignment of diagnostic category should 
be based on the adjusted Z-scores using the BMC 
Z-score, the BMD Z-score, or the lower of the 
two, at the discretion of the reporting physician. 
Some manufacturers provide height or weight 
corrections as part of the DXA software. For 
those whose DXA software does not provide 
such corrections, an approach to correcting for 
bone age or height age is described in Table 10.10. 
Each method of correction has limitations and 
constraints, and these need to be considered in 
the interpretation [64, 71].

Bone area, corrected bone area, and area 
Z-scores are not required but can be included at 
the discretion of the reporting physician [79]. All 
Z-scores are derived using a white female refer-
ence database for girls and a white male database 
for boys. The reference database and version 
should be specified in the report. If the reference 
database that is used to generate Z-scores is not 
one provided by the manufacturer, a published 
reference should be provided. Z-scores may not 
be available for certain skeletal sites at young 
ages and so do not need to be reported [71].

 Follow-Up Pediatric DXA Scanning

The components of a follow-up pediatric BMD 
report are shown in Table 10.11. A follow-up pedi-
atric BMD report should include all of the compo-
nents of a first-time pediatric report. In addition, 
items specific to follow-up also need to be described, 
including changes in density, statistical parameters 
relating to measurement error, and aspects of inter-
pretation relating to the changes in density.

 Changes in Density

When comparing serial assessments, positioning 
and sub-region assignment must be consistent 
[78, 79]. The same reference population database 

Table 10.11 Suggested elements of pediatric DXA 
report

Suggested elements of the first-time pediatric DXA 
report
I. Patient and provider information
   Patient name
   Medical record number
   Date of birth
   Gender
   Scan date
   Referring physician
   Report date
   Reporting physician
   Facility name and location
   Measured weight, height
   Calculated BMI, height, weight
    Clinical information
     Primary diagnosis
     Indications for the scan and other risk factors
     Falls history
     List of current relevant medications
     Bone age or pubertal stage
     Inclusion of possible risk factors, including 

documentation of nontraumatic fractures
     Calcium intake or use of calcium supplements
II. Diagnostic category
   Test results
   Skeletal sites scanned
   BMD, BMC, bone area for each site
   BMD Z-scores for each site by chronological age
   Adjusted Z-scores for each site by bone age (if 

available)
III. Technical comments
   Manufacturer, model of instrument used
   Software version (standard, pediatric, low-density 

software)
   Technical quality of the scans obtained
   Limitations of the study (e.g., artifacts, scoliosis)
   Pediatric reference source(s) used
IV. Interpretation and recommendations
   Qualitative assessment of BMD Z-score results 

including specific statements about which diagnostic 
category the patient falls into

   Recommendation including general comments as 
well as the requirement of pharmacological 
intervention

   Recommendations for necessity and timing of 
follow-up DXA scan studies

Components of a follow-up pediatric DXA report

(continued)
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should be used for serial studies whenever possi-
ble. If the reference population database must be 
changed, this should be noted in the report. The 
description of density change should include the 
absolute density change (in g/cm2, to 3 decimal 
places), percentage change (to 1 decimal place, 
derived using absolute density, not Z-scores), 

change in Z-score, and change in adjusted 
Z-score [59, 64]. Annualized rates of change may 
be reported, but this is optional [79]. The skeletal 
sites for which changes in density are to be 
reported are the lumbar spine (using whichever 
vertebrae are considered valid, with a minimum 
of two vertebrae) and the total body [71, 72]. If 
the forearm is being monitored in lieu of the 
spine or total body, change can be reported for 
the one-third or 33% proximal radius [78]. It 
must be recognized that the change profile at the 
forearm may not parallel changes at the spine and 
total body and may not correlate as well with 
drug responses. This will need to be addressed in 
the interpretation section, if applicable.

Changes in density must be reported in rela-
tion to (1) the first study on file and (2) the most 
recent previous study. Pediatric osteoporosis 
drug treatment regimens are not well defined, and 
if information is not provided by the referring 
physician, it can be difficult to ascertain the tim-
ing of the BMD study corresponding to the initia-
tion of a clinical treatment regimen. It is therefore 
not mandatory at this time that changes be 
reported in relation to the initiation of treatment. 
This can be provided at the discretion of the 
reporting physician if it is felt that an appropriate 
comparison study can be defined in relation to 
treatment.

Statistical significance must be reported for 
each BMD skeletal site comparison, indicating 
whether the difference is considered significant at 
a 95% level of confidence. The manufacturer’s 
software determination of statistical significance is 
not to be used. Each facility must determine preci-
sion error for each DXA machine and for each 
skeletal site (including forearm if this site is mea-
sured by the facility and used for serial monitor-
ing) using the LSC methodology and use this 
value when determining statistical significance 
[64]. It is permissible to apply results derived from 
precision testing of the forearm on one side to 
serial scans done using the opposite side of the 
body. Facilities are encouraged to derive precision 
using pediatric age subjects, particularly facilities 
that perform only pediatric clinical tests. In the 
absence of data proving that precision differs 
between adults and children, however, it is accept-

Table 10.11 (continued)

I. Patient and provider information
   Patient name
   Medical record number
   Date of birth
   Gender
   Scan date
   Referring physician
   Report date
   Reporting physician
   Facility name and location
   Measured weight, height
   Calculated BMI, height, weight % or Z-scores
   Primary diagnosis, indications for test
   List of current relevant medications
   Bone age or pubertal stage
   Inclusion of possible risk factors, including 

documentation of nontraumatic fractures
   Calcium intake or use of calcium supplements
   Indication for follow-up DXA scan
   Interval fractures, change in clinical status, 

medications
II. Test results
   Skeletal sites scanned
   BMD, BMC, bone area for each site
   BMD Z-scores for each site by chronological age
   Adjusted Z-scores for each site by bone age (if 

available)
   Annualized change in BMC, BMD
   Percentage of BMC change
   Change in Z-scores
   Statistical significance of BMC change
III. Technical comments
   Which previous scans are being used for 

comparison?
   Statement regarding what denotes statistical 

significance for change in BMD at the center or 
“least significant change” (LSC)

   Recommendation for necessity and timing of 
follow-up DXA scan

Modified from Refs. [4, 8] and itself Ellen Fung reporting 
DXA scan
Note. The elements in plain print are considered standard 
at most densitometry centers. Those in italics are provided 
as suggestions
DXA dual-energy x-ray absorptiometry, BMI body mass 
index, BMD bone mineral density, BMC bone mineral 
content
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able at this time for all facilities to use precision 
derived from adult subjects. If precision is derived 
using adult subjects, this should be noted in the 
report. A follow-up pediatric BMD report should 
state the LSC in absolute values (g/cm2 to 3 deci-
mal places for BMD, g to 2 decimal places for 
BMC) for each skeletal site for which change is 
reported and for both BMD and BMC. Whenever 
possible, the same instrument should be used for 
serial studies on an individual patient. Comparisons 
between measurements done on different machines 
can be made only if inter-machine precision 
between the two devices has been determined [59, 
64]. Table 10.12 shows the common mistakes in 
DXA scanning and BMD assessment.

There is no accepted methodology, so far, for 
evaluating statistical significance of Z-score dif-
ferences at different time points. The change in 
Z-score between comparison BMD studies 
should be noted. An opinion as to whether the 
difference is clinically meaningful should be 
incorporated into the interpretation section. It is 
not necessary to report changes in either height or 
weight.

In conclusion, a timely, concise, and informa-
tive DXA report is essential to relay densitometry 
findings and to avoid costly and potentially dan-
gerous misinterpretations by referring physicians 
unfamiliar with interpreting densitometry data.

Table 10.12 Common mistakes in DXA scanning and BMD assessment

Category Error Example
Referral Request DXA scan for inappropriate 

subject
Healthy menstruating 30 years old 
female without any risk factor

Not requesting DXA scan for the 
subject at risk

Older adult 70 years old who 
sustained distal forearm fracture

Quality control Failure to follow the system 
maintenance recommendations

No service of the scanner has been 
requested.

Failure to carry out the phantom 
measurement

No record of phantom scanning

No identification of the correct 
significant change in calibration

Quantitative comparison of the BMD 
cannot be carried out if the least 
significant change is not calculated

No assessment of the precision error 
and failure to calculate the least 
significant change

Acquisition Inaccurate positioning of the patient Spine not parallel to edges of DXA 
table or hip not sufficiently internally 
rotated

Improper scan mode Scan mode may alter BMD and is 
manually or automatically selected, 
depending on the instrument used

Incorrect skeletal site BMD measured at hip with total hip 
replacement

Artifacts not removed from scanned 
area

Spine scanned when patient is 
wearing underwired bra or has belly 
button ring in place

Wrong demographic information Man entered as woman, or incorrect 
date of birth/age used

Analysis No reviewing or correction of improper 
default

Large osteophyte is included in area 
of measured spine

Identification of bone edges and regions 
of interest

Helpful markers are the iliac crest, 
usually at the L4–L5 interspace, and 
lowest set of ribs, usually at T12

Inaccurate labeling of vertebral bodies
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• Enough information should be provided in the 
report to allow for comparison to previous and 
subsequent DXA studies.

• The technical DXA report typically has five 
basic elements: (1) patient demographics, (2) 
a brief medical history, (3) test results, (4) 
technical comments, and (5) interpretationand 
recommendations.

• Medical history information should be 
obtained ideally from the referring physician, 
or otherwise from the patient or parent. Key 
information to include in the report are pri-
mary medical diagnosis, use of medications 
known to affect bone, fracture history and 
whenavailable, pubertal status, bone age, 
focused dietary, and physical activity 
histories.

• Careful review of the DXA scan images must 
be made prior to reporting of results toavoid 
misinterpretation of the findings based on arti-
facts in the scan field.
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