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Introduction

Radiologists and other diagnostic imaging specialists play a piv-
otal role in the management of osteoporosis, a highly prevalent 
condition of reduced bone strength and increased fracture risk, 
as highlighted in the recently updated practice guideline from 
the Canadian Association of Radiologists (CAR).1 The conse-
quences of osteoporosis-related fractures are substantial and 
includes pain, morbidity, loss of independence, increased mor-
tality, and a large economic burden on the healthcare system and 
society.2 The maxim that “fractures beget fractures” highlights 
the importance of primary fracture prevention to avoid the cas-
cade of recurrent fractures.3 Strategies to prevent fractures have 

been consolidated in the Osteoporosis Canada clinical practice 
guideline, updated in 2023.4 The current review aims to famil-
iarize radiologists and other diagnostic imaging specialists with 
the fracture risk reporting requirements needed to support 
implementation of this guideline. Although both FRAXTM and 
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Abstract
Radiologists and other diagnostic imaging specialists play a pivotal role in the management of osteoporosis, a highly prevalent 
condition of reduced bone strength and increased fracture risk. Bone mineral density (BMD) measurement with dual-
energy X-ray absorptiometry (DXA) is a critical component of identifying individuals at high risk for fracture. Strategies to 
prevent fractures are consolidated in the Osteoporosis Canada clinical practice guideline which was updated in 2023. In 
this guideline, treatment recommendations are based upon a consideration of fracture history, 10-year major osteoporotic 
fracture (MOF) risk, and BMD T-score in conjunction with age. The current review aims to familiarize radiologists and other 
diagnostic imaging specialists with the reporting requirements needed to support implementation of this guideline using 
the FRAX™ risk calculation tool. Fortunately, for specialists already familiar with the Canadian Association of Radiologists 
and Osteoporosis Canada (CAROC) tool, the transition to FRAX-based reporting is readily accommodated in a radiology 
workflow.

Résumé
Les radiologistes et autres spécialistes de l’imagerie diagnostique jouent un rôle clé dans la prise en charge de l’ostéoporose, 
une maladie de forte prévalence caractérisée par une fragilisation des os et un risque accru de fractures. La mesure 
de la densité minérale osseuse par absorptiométrie biphotonique à rayons X (DXA) est importante en vue d’identifier 
les personnes hautement susceptibles de fractures. Les lignes directrices de pratique clinique d’Ostéoporose Canada, 
mises à jour en 2023, présentent des stratégies de prévention des fractures. Les recommandations de traitement sont 
basées sur l’historique de fractures, le risque sur 10 ans de fracture ostéoporotique majeure, le score T de la DMO et 
l’âge du patient. Le présent article de synthèse vise à servir d’introduction pour les radiologistes et autres spécialistes 
de l’imagerie diagnostique en matière d’exigences liées à la rédaction de rapports nécessaires à la mise en œuvre de 
ces lignes directrices au moyen de l’outil de calcul du risque FRAXTM. Heureusement, la transition vers le recours à 
FRAX pour la rédaction de rapports sera facile pour les spécialistes qui savent déjà utiliser le CAROC, car leur flux de 
travail demeure le même.
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the Canadian Association of Radiologists and Osteoporosis 
Canada (CAROC) tool are acceptable fracture risk reporting 
tools, FRAX is recommended for clinical management in the 
Osteoporosis Canada guideline for reasons explained below.4 
Fortunately, for specialists already familiar with CAROC the 
transition to FRAX-based reporting is readily accommodated 
into a radiology workflow.

Evolution of Absolute Fracture Risk 
Prediction

Bone mineral density (BMD) measurement with dual-energy 
X-ray absorptiometry (DXA) is a critical component of identi-
fying individuals at high risk for fracture. In the early 1990s 
the World Health Organization (WHO) Study Group proposed 
epidemiologic criteria for diagnosis of osteoporosis based 
upon a BMD of 2.5 or more standard deviations below the 
young adult BMD (T-score −2.5 or lower).5,6 This same thresh-
old has been adopted into clinical practice as an operational 
criterion for diagnosis of osteoporosis,7 recognizing that a 
clinical diagnosis of osteoporosis is appropriate in individuals 
with a typical fracture history including hip, vertebral, and 
other multiple fractures. Since the WHO report, it has been 
learned that only a minority of fractures occur in older indi-
viduals with BMD in the osteoporotic range.8 Conversely, not 
all individuals with an osteoporotic BMD measurement are at 
equally high fracture risk.9 Therefore, strategies to enhance 
fracture prediction that combine clinical risk factors with 
BMD have proven to be more successful than BMD alone.10

Fracture Risk Prediction in Canada: 
Brief History of FRAX and CAROC

A shift to absolute fracture prediction through the Canadian 
Association of Radiologists and Osteoporosis Canada collabora-
tion dates back to 2005.11 The 2005 CAROC fracture risk predic-
tion tool used the best available evidence (Swedish fracture data) 
to construct a semiquantitative classification of 10-year major 
osteoporotic fracture (MOF) risk as low (less than 10%), moder-
ate (10%-20%), and high (greater than 20%).12 This paradigm 
was prescient and anticipated subsequent development of the 
fracture risk assessment (FRAX™) initiative in 2008 (history 
reviewed in Kanis et al13). FRAX was designed to accommodate 
the large international variations in fracture risk by calibrating 
each tool to fracture risk within that specific population, with 
currently more than 80 FRAX tools across the world.14,15 
Nationwide fracture data were obtained through the Public 
Health Agency of Canada (PHAC) and led to the creation of a 
Canadian FRAX tool in 2010.16,17 The Canadian FRAX tool was 
independently validated in 2 large Canadian population-based 
cohorts.18,19 FRAX provides measures of both 10-year MOF risk 
and 10-year hip fracture risk, though only MOF risk is used in 
the Osteoporosis Canada clinical practice guideline.4

The Canadian FRAX tool was not readily available when 
Osteoporosis Canada released its 2010 clinical practice 

guideline.20,21 Therefore, to support implementation of this 
guideline, the decision was made to update the CAROC tool 
using the same Canadian fracture data as used in the Canadian 
FRAX tool.22 Pharmacologic treatment was recommended 
for individuals with high fracture risk (greater than 20%) in 
addition to those with a significant fracture history (hip, ver-
tebral, multiple fracture episodes).20,21 Treatment was not rec-
ommended for low risk individuals (less than 10%). For 
individuals with moderate risk (10%-20%, including those 
with osteoporotic BMD and fracture risk less than 10%) an 
individualized approach was recommended that considered 
lateral spine imaging to identify vertebral fractures, addi-
tional clinical risk factors and patient preference.

In the 2010 guideline it was noted that “software for the 
Canadian FRAX tool is not yet widely available on BMD 
machines; therefore, for purposes of reporting BMD, the 
2010 CAROC tool is the only system that can be applied on a 
national basis at the present time. This situation may change 
as FRAX software becomes more widely available. Clinical 
practitioners need to be aware of the FRAX tool .  .  . which 
allows assessment of risk in the absence of a BMD measure-
ment and is more accurate for patients with one or more of the 
additional risk factors listed above.”20 The Canadian FRAX 
and CAROC tools provide valid risk estimates when applied 
in routine clinical practice (Figure 1).23 These tools showed 
exact agreement in risk category in 90% of individuals 

Figure 1.  Risk stratification for individuals age ≥50 years not 
receiving anti-osteoporosis therapy according to FRAX and CAROC 
risk category: (upper) all 34 060 individuals, (lower) subgroups with 
risk category discordance. Adapted from Leslie et al.23
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without previous fracture or glucocorticoid use (the clinical 
risk factors in CAROC), but greater disagreement (approxi-
mately 1 in 3) for individuals with these clinical risk fac-
tors.23,24 Direct comparison of these tools showed superior 
performance (closer agreement between predicted and 
observed 10-year fracture risk) using the Canadian FRAX 
(Figure 1), particularly among individuals with previous frac-
ture or recent glucocorticoid use.23

2023 Osteoporosis Canada Guideline: 
Role of FRAX and CAROC

The 2023 Osteoporosis Canada clinical practice guideline 
update followed the Grades of Recommendation, 
Assessment, Development, and Evaluation (GRADE) 
framework.25 Risk categories were replaced with treatment 
recommendations based upon a consideration of fracture 
history, 10-year MOF risk, and BMD T-score in conjunc-
tion with age.4 Anti-osteoporosis pharmacologic treatment 
was recommended (strong recommendation) for individu-
als with high-risk fracture (same definition as 2010 guide-
line), 10-year MOF risk ≥20%, or BMD T-score in the 
osteoporotic range in conjunction with age ≥70 years. 
Treatment was suggested (conditional recommendation, 
also referred to as a weak or discretionary recommenda-
tion) for those with 10-year MOF risk ≥15% but <20% or 
BMD T-score in the osteoporotic range in conjunction with 
age <70 years. The reader is referred to the guideline for 
additional information on when to perform baseline BMD 
testing, repeat BMD testing, vertebral imaging for detec-
tion of undiagnosed vertebral fractures, and pharmacother-
apy considerations.4

The 2023 guideline made a conditional recommendation 
in favour of the Canada-specific FRAX tool as the preferred 
tool for fracture risk estimation, with CAROC an alternative 
fracture risk assessment tool.4 It was noted that the perfor-
mance of FRAX was as good or slightly better than other 
tools, and gave better fracture risk classification than 
CAROC. Moreover, the 15% threshold used in the 2023 
guideline cannot be directly assessed using CAROC. FRAX 
is now widely available on DXA software and therefore is 
easier to integrate into a radiology workflow (Figure 2). It 
was noted that FRAX and CAROC may underestimate frac-
ture risk in the presence of specific risk factors such as 
recency of fractures, recurrent falls, other comorbidities, or 
very low BMD at the lumbar spine and total hip sites. Many 
of these are being addressed as discussed below.

All individuals who were considered low risk in 2010 
fall within the 2023 no treatment category, and individuals 
considered high risk in 2010 fall within the 2023 recom-
mend treatment category. The 2010 moderate-risk group 
was refined such that individuals could fall within the 2023 
no treatment, suggested treatment, or recommend treat-
ment categories. When this strategy was evaluated in a 
large clinical population (79 654 individuals age greater 

than equal 50 years undergoing baseline DXA testing), it 
was found that among the 33.8% of individuals with 2010 
moderate risk categorization, 13.0% were assigned to no 
treatment, 14.4% to suggest treatment, and 6.4% to recom-
mend treatment (Figure 3).26 Observed 10-year fracture 
risk in the reclassified moderate-risk subgroups were all 
within the 10% to 20% range, with the highest risk being in 
those in the recommend treatment subgroup.

Easing Into FRAX

Relative Importance of FRAX Inputs

The FRAX algorithm has not changed since it was first devel-
oped in 2008. Basic inputs when performed in conjunction 
with DXA are age, sex, weight, height, femoral neck BMD 
(available through the DXA instrument), previous fracture, 
glucocorticoid use, parental hip fracture, rheumatoid arthritis, 
current smoking, and high alcohol intake (Table 1). Previous 
fracture and glucocorticoid use are used in CAROC and are 
already familiar to radiologists using this tool. Secondary 
osteoporosis also appears on the input page but does not affect 
the FRAX calculation when BMD is available since it is 
assumed that secondary osteoporosis mediates its affect 
through reduced BMD. Figure 4 shows the magnitude of the 
effect of the clinical risk factors on output from the Canadian 
FRAX tool for a hypothetical 70-year-old woman with femo-
ral neck T-score −2.3. This shows that the largest increment in 
fracture risk is seen with previous fracture, glucocorticoid 
use, and parental hip fracture, with a smaller effect from rheu-
matoid arthritis, smoking, alcohol intake, and no effect from 
secondary osteoporosis. Based upon this, it follows that 
greater effort should be expended on collecting accurate 
information that has the greatest potential to affect the risk 
score. Conversely, there is little value in expending effort col-
lecting information on secondary osteoporosis when femoral 
neck BMD is already available. The following sections are 
intended as general recommendations on how to operational-
ize these inputs to FRAX. Of course, this can never cover all 
patient circumstances and therefore clinical judgment by the 
reporting radiologist remains an essential component.

DXA-Derived Inputs

It is axiomatic that high-quality DXA is required for high-qual-
ity fracture reporting. This includes both clinical considerations 
as well as rigorous attention to machine quality assurance.27,28 
Among the various BMD measurements sites, femoral neck 
BMD is the only permissible input to FRAX.15 This was based 
upon evidence of a strong relationship between hip BMD and 
fracture risk, particularly hip fractures, and the availability of an 
internationally accepted reference database, the Third National 
Health and Nutrition Examination Survey (NHANES III).7,29,30 
The FRAX tool can accept femoral neck BMD in units of grams 
per centimetre squared (specific to the DXA manufacturer) or as 
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Figure 2.  FRAX data entry pages for the website (top), GE DXA scanner (middle), and Hologic DXA scanner (bottom, courtesy Dr. 
Sarah L Morgan, MD, RD, CCD. University of Alabama at Birmingham).



Leslie et al.	 5

a T-score (calibrated for White female reference NHANES III 
data). Although other BMD measurements sites are typically 
used in clinical practice, these should not be used as inputs to 
the FRAX tool. Lumbar spine BMD may have a slightly greater 
ability to stratify vertebral fracture risk, but is limited in its abil-
ity to assess non-vertebral fracture risk.31,32 Moreover, change in 
hip BMD is a more robust indication of antifracture effect 
among treated individuals.33-35 Age, sex, weight, and height do 
not affect the actual BMD measurement but are important to 
enter correctly into the DXA machine along with other demo-
graphic information. These are then available for the FRAX cal-
culation software on the DXA machine. For users of trabecular 
bone score (discussed below) accurate weight and height infor-
mation are critically important.36

CAROC-Derived Inputs

Previous Fracture.  Confirmed fractures under CAROC are also eli-
gible for entry into the FRAX calculation. Fractures of the head/
neck, hands, and feet (including ankle) are typically excluded as 
these show a weak association with future fracture risk. Patellar 
fractures are strongly associated with fracture risk and should not 
be omitted.37,38 The same applies to vertebral fractures, whether 
clinical or non-clinical, when diagnosis is based upon well-vali-
dated radiologic features.39,40 Lateral spine vertebral fracture 
assessment (VFA) with DXA has proven to be a valuable tool in 
routine clinical practice, strongly predicting future clinical frac-
ture events, including hip fractures, and leading to appropriate 
treatment initiation.41,42 Ideally, history of fracture by self-report 

Figure 3.  Percentage of individuals qualifying for osteoporosis treatment (upper) and 10-year major osteoporotic fracture cumulative 
incidence (lower), highlighting reclassification of the Osteoporosis Canada 2010 moderate-risk group. Reprinted with permission.26
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should be confirmed radiologically, and this is often possible 
through picture archiving and communication systems (PACS). 
PACS review may even identify fractures that the patient has 
omitted; 20% of confirmed hip and other fractures are not reported 
by the patient.43-45 Self-report is relatively poor for vertebral and 
rib fractures, and radiologic confirmation is important, whereas 
self-report for fractures of the extremities, including hip, humerus, 

forearm, tends to be more reliable, with positive predictive value 
approaching 90%.45,46 The circumstances around the fracture 
should be clarified whenever possible, although whether a dis-
tinction between “fragility” and “non-fragility” fractures is clini-
cally useful has recently been questioned.47 Large cohort studies 
have found that low-trauma and high-trauma fractures show a 
similar association with low BMD and recurrent fracture.48,49 

Table 1.  Summary on Input Variables to CAROC and FRAX.

Risk factor CAROC FRAX (Canada) Comments

Age Age 50-85 years Age 40-90 years For ages <40 or >90 FRAX 
computes probabilities at age 40 
and 90, respectively

BMD or T-score Femoral neck T-score 
(White female NHANES III)

Femoral neck T-score (White 
female NHANES III)

Discordant low spine T-score can 
be included in risk assessment as a 
FRAX adjustment

Height and weight Not used Obtained from DXA scanner Does not affect BMD but errors can 
affect Trabecular Bone Score (TBS)

Previous fracture Fragility fracture after age 40 
(excludes craniofacial, hand, 
ankle, and foot)

Fracture in adult life unrelated 
to extreme trauma or local 
pathology (excludes craniofacial, 
hand, ankle, and foot)

Hip, vertebral, or multiple 
fracture episodes equate with 
recommendation for treatment

Glucocorticoid use >7.5 mg/d prednisone-
equivalent, 3 mo last year

5 mg/d or greater prednisone-
equivalent, 3 mo last year

FRAX adjustments for <2.5 mg/d and 
>7.5/d available

Parental hip fracture Not used Self-report Parental hip fracture age 80 y and 
older may not increase risk

Rheumatoid arthritis Not used Self-report combined with RA 
medication (DMARD/biologic)

Can be used as a proxy for long-
duration diabetes or multiple 
sclerosis

Alcohol intake Not used 3 or more units per day May be assessed from weekly average 
of ~20 units or more

Smoking Not used Current daily tobacco smoking Exclude smokeless, vaping, cannabis 
products

Secondary 
osteoporosis

Not used Not used if femoral neck BMD or 
T-score entered

Can be used if femoral neck BMD 
cannot be assessed

Figure 4.  Effect of individual clinical risk factors on 10-year major osteoporotic fracture output from the Canadian FRAX tool for a 
hypothetical 70-year-old woman with femoral neck T-score −2.3, descending importance.
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Moreover, a pooled analysis of randomized clinical trials found 
that osteoporosis pharmacotherapy prevented non-vertebral frac-
tures regardless of the degree of trauma.50 Fractures occurring 
from extreme violence (eg, fall from roof, polytrauma) or local 
pathology (eg, metastasis) should still be excluded. Although 
fracture risk declines over time from the initial fracture episode, it 
never returns to baseline and has been shown to be a risk factor 
for recurrent fracture beyond 20 years.51 More recently, there is 
evidence that any fracture in adulthood, regardless of age, remains 
a risk factor for fracture in later life, even decades later.52

Glucocorticoid Use.  Prolonged high-dose glucocorticoid use is 
a risk factor for BMD loss and independently increases frac-
ture risk.53 CAROC considers glucocorticoid use in the last 
year exceeding 3 months of prednisone-equivalent 7.5 mg 
daily.11,54 Glucocorticoid use in FRAX is based upon average 
exposure (average prednisone-equivalent 5 mg daily), and 
will therefore capture the larger number of individuals receiv-
ing this lower dose. Although the FRAX website includes 
glucocorticoid use at any point in the individual’s lifetime, 
there is strong evidence that fracture risk decreases 6 to 
12 months after discontinuing glucocorticoid therapy.55,56 
This supports the Canadian recommendation to limit gluco-
corticoid use to 3 months in the last year, information that is 
usually readily available from patients and electronic charts.

FRAX-Specific Risk Factors

Parental Hip Fracture.  From Figure 4 it can be seen that parental 
hip fracture has the largest impact on fracture risk, and there-
fore warrants careful consideration when this is collected. 
Parental hip fracture is derived from self-report and is usually 
accurate, particularly if this occurred in the preceding 10 years. 
It is our practice to ask about these circumstances surrounding 
the fracture, age of the parent when fracture occurred, whether 
surgery was performed and that this involved a birth parent (not 
adoptive parent). A fall related fracture after age 70 requiring 
surgery in a birth parent clearly warrants inclusion in FRAX. 
When the fracture occurs in younger individuals (before age 
60), did not require surgery, or was related to a non-fall mecha-
nism (such as high trauma or malignancy) then this probably 
does not represent a fracture that should be included in FRAX. 
There is evidence from one large population-based study that 
included long-term fracture data from 478 792 parents and 
261 705 offspring that the age of parental hip fracture was a 
significant risk modifier, with a large effect when the parent 
fracture of the hip was before age 70 years, but no significant 
effect when this occurred after age 80 years.57 Although this 
analysis has not been replicated in other cohorts, it is the prac-
tice of one of the cooperators (WDL) to exclude parental hip 
fracture in a parent when this occurs after age 80 years.

Rheumatoid Arthritis.  Self-report of rheumatoid arthritis is often 
overestimated, as patients often confused this with other 
arthropathies (especially osteoarthritis), fibromyalgia and poly-
myalgia rheumatica. The FRAX website states that reliance 

should not be placed on a patient’s report of rheumatoid arthri-
tis unless this can be confirmed. Clinical and laboratory data 
supporting the diagnosis of rheumatoid arthritis is usually not 
available to radiologists. However, a review of the patient’s 
current medications can help to resolve uncertainty. Patients 
with significant rheumatoid arthritis are usually taking a dis-
ease modifying antirheumatic drug (DMARD) or biologic 
agent. One useful strategy for patients reporting rheumatoid 
arthritis is to review their current medication list. Arthropa-
thies, including rheumatoid arthritis, that do not require a 
DMARD/biologic agent are unlikely to independently increase 
fracture risk and can be excluded from FRAX.

Smoking and High Alcohol Intake.  Current smoking and alcohol 
intake are assessed from self-report and cannot be indepen-
dently verified. These have a relatively small effect on the 
MOF risk calculation, and show dose-response in terms of 
exposure. Casual smoking (not daily) should not be included 
in FRAX. This also applies to smokeless use of tobacco, vap-
ing products and cannabis products. The effect of smoking 
likely attenuates after cessation but one study suggests that a 
recent ex-smoker continues to have an increase in fracture 
risk similar to current smokers.58 Therefore, smoking should 
probably still be included in FRAX for individuals who are 
recent exposures. It is difficult to obtain accurate self-report 
on alcohol intake and this also can vary over time. Our prac-
tice is to ask for average number of alcoholic drinks per week, 
and include this in FRAX if the daily average equals or rounds 
up to 3.

FRAX Workflow Considerations

Just as it is important to have standard operating procedures 
for performing and reporting DXA,27,59 radiology depart-
ments should have clearly defined standard operating proce-
dures for collecting, entering, and reviewing the clinical 
components of FRAX (Figure 5). The clinical risk factors are 
most commonly obtained from a patient questionnaire. This 
can be sent out to patients prior to their visit, providing an 
opportunity for patients to collect and summarize the neces-
sary information. Alternatively, some practices may prefer to 
obtain this information from the referring physician. The 
FRAX-related information should be reviewed by the tech-
nologist performing the DXA testing, clarifying areas as out-
lined above where patient information may be incomplete or 
inconsistent, with final review by the reporting physician. 
When patients return for a follow-up examination, comparing 
questionnaire responses provides an additional level of qual-
ity assurance. Occasionally it may be necessary to return the 
scan to the technologist to update the FRAX clinical risk fac-
tors (eg, if a fracture is identified on PACS review that the 
patient has omitted, or a self-report fracture was not con-
firmed on PACS review). If desired, the DXA software can be 
configured to send the final FRAX report to the PACS. This 
will usually contain both 10-year MOF risk and 10-year hip 
fracture risk, though only MOF risk is used in the Osteoporosis 
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Canada clinical practice guideline.4 In most cases, an efficient 
workflow can be established that allows high quality FRAX 
reporting with minimal additional effort.

Advanced FRAX

Since the release of FRAX, additional risk factors and quan-
titative adjustments have been developed that can enhance 
the performance of FRAX in specific circumstances, as 
described below. These adjustments are not directly inte-
grated into the FRAX algorithm, which is less convenient 
for the reporting radiologist. However, even if not routinely 
used, it is worth being familiar with the existence of these as 
options in fracture risk reporting. The calculations are avail-
able through the FRAXplus website (https://www.fraxplus.
org/). These includes recency of fracture (since a fracture in 
the last 2 years is associated with greater risk than a remote 
fracture in many but not all studies)60; dose of oral glucocor-
ticoid (with average daily prednisone-equivalent doses 
exceeding 7.5 mg daily or less than 2.5 mg having greater or 
lesser effect, respectively)61; type 2 diabetes mellitus (espe-
cially when this is of long-duration)62; lumbar spine BMD 
(especially when the spine T-score is significantly lower 
than the femoral neck T-score)63; trabecular bone score 
(TBS, a grayscale texture measurement derived from the 
lumbar spine DXA image that increases fracture risk inde-
pendent of BMD)64; history of falls in the preceding year 
(especially if these are multiple fall episodes)65; and hip axis 
length derived from the hip DXA image (greater values 

associated with significantly greater hip fracture risk inde-
pendent of BMD).66 Longstanding diabetes increases MOF 
risk and has an effect similar to the effect of rheumatoid 
arthritis.67 Therefore, a simple adjustment is to use the rheu-
matoid arthritis input in FRAX as a proxy for the effect of 
long-duration diabetes.62 The same approach has been 
shown to work with multiple sclerosis.68

The initial FRAX algorithm was developed from approxi-
mately 60 000 individuals in 9 prospective cohorts, including 
the Canadian Multicentre Osteoporosis Study (CaMos).14 The 
fracture team is currently working to update the FRAX algo-
rithm using a much larger data set that comprises more than 
2.1 million individuals from 64 international cohorts (2 from 
Canada), comprising over 20 million person-years of follow-
up and more than 110 000 MOF events.69 Those analyses are 
currently being conducted by the FRAX team with the origi-
nal fracture risk factors. Additional analyses will explore 
whether including history of falls and/or diabetes improves 
the performance of FRAX. The release date for the new ver-
sion FRAX is currently unknown.

Frequently Asked Questions (FAQs)

When Is It Necessary to Use Secondary 
Osteoporosis?

As noted above, when femoral neck BMD is included in the 
FRAX calculation then secondary osteoporosis has no effect. 
Including secondary osteoporosis in the FRAX calculation 
increases risk when femoral neck BMD is not included, and 

Figure 5.  Sample workflow for FRAX reporting in a radiology environment.

https://www.fraxplus.org
https://www.fraxplus.org
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has the same weight as rheumatoid arthritis (only 1 of which 
can be active at the time). Computing FRAX without BMD 
has been suggested for population-based screening to iden-
tify individuals who warranted referral for DXA testing.70 
Indeed, FRAX without BMD performs almost as well as 
FRAX with BMD for fracture risk prediction.71-73 The for-
mer is not relevant in the context of radiologists reporting 
results in individuals who have undergone BMD testing. If 
femoral neck BMD cannot be assessed (such as bilateral hip 
arthroplasties) then the radiologist has the option of report-
ing FRAX-based risk without BMD (in which case second-
ary osteoporosis should be included in the calculation if 
available to avoid underestimating risk) or simply stating 
that FRAX cannot be reported.

How Does Ethnicity and Immigration Affect 
FRAX?

The Canadian population and indeed all populations are 
ethnically diverse and this raises the question of how this 
is accommodated in fracture risk assessment. Most coun-
tries have a single FRAX calculated that is applied to all 
individuals. A small number of countries have ethnicity/
race specific FRAX calculators, including the United 
States, though the use of race/ethnicity in clinical algo-
rithms has become controversial.74 Recently, the American 
Society for Bone and Mineral Research (ASBMR) has sug-
gested that ethnicity/race-specific FRAX calculated to the 
United States be replaced with a single population-based 
FRAX calculator.75 Even where there are known differ-
ences in fracture rates between ethnic/race subgroups, 
these may not be homogeneous and may not reflect the 
effects of admixture, migration, or consequences of frac-
ture. These complex clinical considerations are currently 
beyond the scope of what can be achieved with FRAX. The 
Osteoporosis Canada guideline assumes fracture risk 
derived from the Canadian risk calculators, FRAX or 
CAROC. The thresholds used may not be applicable to 
other FRAX tools, especially for countries where fracture 
risk is higher or lower than in Canada.76,77 Therefore, when 
applying the Osteoporosis Canada guideline only the 
Canadian tools should be used.

How Does Anti-Osteoporosis Treatment Affect 
FRAX?

Although anti-osteoporosis treatment typically produces an 
increase in femoral neck BMD, which would reduce the cal-
culated FRAX score, treatment has no effect on other risk fac-
tors, most notably age. The age effect in FRAX score can lead 
to an increase in fracture risk even when femoral neck BMD 
improves.78 Therefore, a decrease in FRAX score on effective 
treatment is not expected and a change in FRAX score has not 
proven to be useful for documenting anti-fracture effect of 
treatment. The 2010 Osteoporosis Canada guideline noted 

that FRAX and CAROC “reflects the theoretical risk for a 
hypothetical patient who is treatment-naive; it cannot be used 
to determine risk reduction associated with therapy.”20 
However, FRAX still provides useful risk stratification in 
individuals who are currently on or have recently received 
anti-osteoporosis treatment,79,80 and can therefore still inform 
clinical management regarding need for ongoing or intensi-
fied treatment.

Conclusions

The 2023 Osteoporosis Canada clinical practice guideline update 
provides a new framework for treatment initiation. Fracture risk 
assessment is integral to this procedure, with FRAX now being 
the preferred risk prediction tool. Radiologists involved in DXA 
reporting should be aware of these changes and best practices in 
terms of fracture risk reporting.
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