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How do you interpret a BMD report (Figure 1a)
Measurements of bone mineral density (BMD) are 
used to diagnose osteoporosis, assess future fracture 
risk, and monitor treatment. However a busy general 
practitioner reading a complicated report may find it 
difficult to interpret. This primer addresses frequently 
asked questions about BMD and aims to help GPs 
extract the key points from BMD reports.

How is BMD measured?

Only BMD measurements by dual energy X-ray 
absorptiometry (DEXA) or quantitative CT radiography 
(QCT) are recognised by the Australian Department of 
Health and Ageing for Medicare reimbursement. Dual 
energy X-ray absorptiometry, unlike QCT, is a planar 
measurement where bone mineral content (BMC, g) is 
estimated and then related to the scanned region area 
(cm2) to provide the BMD (g/cm2), ie. BMD = BMC ÷ 
area. Quantitative CT radiography also measures bone 
mineral content but relates it to the scanned volume 
(cm3). Most BMD measurements are done by DEXA.

What are the numbers in the report?

For reimbursement, both the lumbar spine and proximal 
femur must be measured. Values for individual vertebrae 
and various combinations therein are reported and 
the operator may exclude some vertebrae that appear 
to give misleading results. For example, a crushed 
vertebra or the presence of an osteophyte may result 
in a significantly elevated BMD for that vertebra in 
comparison to adjacent vertebrae. Various sites in the hip 
are assessed (Ward’s triangle, femoral neck, trochanter 
and total hip). The following ‘numbers’ are reported: 
•	absolute BMD (g/cm2): calculated by comparing 

the X-ray attenuation measurements for the patient 
to measurements of the manufacturer’s calibration 
standard

•	T-score: the number of standard deviations  

(SD) that the absolute BMD is above or below  
the mean value for a healthy, same sex, young  
adult population (typically 20–35 years when  
peak bone mass occurs)

•	Z-score: the number of SDs the absolute BMD is 
above or below the mean value for a healthy, age 
and sex matched population.

Which numbers are important?

•	Measurement site:
	 – spine: normally this value represents the average 

of several vertebrae, typically L2–L4 or L1–L4. 
However if spinal degeneration is present, specific 
vertebrae (if possible) may be excluded 

	 – hip: the total hip or femoral neck measurement
•	Absolute BMD value: allows comparison between 

measurements at different times
•	T-score: relative BMD status with respect to a young 

adult population. Defines World Health Organisation 
categories1 (eg. normal, osteopaenia, osteoporosis) 
and also defines eligibility for some Department of 
Health and Ageing subsidies (T-score <–2.5).

•	Z-score: relative BMD status with respect to a age 
matched population. Assesses whether there is 
likely to be an underlining cause of an abnormal 
BMD (over and above the effects of aging and sex). 
Also defines eligibility for some Department of 
Health and Ageing subsidies (Z-score <–1.5).

As a general rule one SD approximates to 10% of total  
BMD. Thus a T-score of –1 implies that BMD is about 
10% less than the mean of a young, healthy, same  
sex population. Figure 1b gives an interpretation of the 
BMD report in Figure 1a.

What happens to BMD with age?

Fo r  women ,  menopause  i s  a ssoc i a ted  w i th 
decreased oestrogen levels, which in turn lead to 
increased bone resorption. During the decade 50–60  
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years, women lose about 10% of their  
hip BMD, compared to only 2% for men  
(Figure 2).2 After age 70 years, men start to 
lose BMD at a similar rate to women. The 
young adult BMD mean for men is about 
10% higher than that for women.

How well does BMD predict  
fracture risk?
Very well. Bone mineral density predicts 
f racture3 considerably better  than the  
widely accepted risk factor LDL cholesterol 
predicts fatal heart attacks4 (Figure 3). The 

re la t ionsh ip  however,  i s 
complicated by the effects 
of gender, age and previous 
fracture history. 

BMD alone

For each SD decrease in 
femora l  neck  BMD the 
re la t ive  r isk  of  h ip  and 
vertebral fracture increases 
by 2.6 and 1.8 respectively. 
H oweve r,  fo r  e a ch  S D 
decrease in  spine BMD, 
the relative risk of vertebral 

and hip fracture increases 2.3 and 1.6 
times respectively. Accordingly, the best 
estimate of fracture risk at any particular  
site is given by BMD measurement at that site. 
Given that hip fractures have the most serious 
consequences, hip BMD is the more important 
measurement.

Age and gender

The 10 year risk of forearm and hip fracture is 
affected by both age and gender (Figure 4).5 
The increase in fracture risk with advancing 
age in both genders is partly the effect of 
BMD. However age becomes progressively 
more important after 65 years, particularly in 
women (Figure 5).6

Previous fracture

As noted, low bone density is associated  
with an increased fracture risk and this  
is markedly increased by a previous history  
of fracture. For example, results from the 
placebo arm of the MORE trial show that 
women with an initial baseline vertebral 
fracture(s) had a 5.6 times increased likelihood 
of sustaining a new vertebral fracture, 
compared to only a 2.6 increased likelihood 
for women with baseline hip osteoporosis.7 
Predicting fracture risk is complex, however 
l ow  B M D b e co m e s  m o r e  i m p o r t a n t  
with advancing age and is compounded by 
fracture history.

How reliable are BMD measurements?

There is  no def in i t ive reference bone 
standard,8 consequently BMD values at the 

Figure 2. Change in DEXA measured total hip BMD 
with age for  caucasian women and men (based 
on NHANES III database2)

Figure 1a. DEXA BMD patient report

General
This is a 71 year old women who is having a BMD follow up after a period of 32 
months. She has a malabsorptive disorder and is taking glucocorticoids, which 
significantly increase the risk of bone loss. The latter situation prompted her initial 
DEXA referral in 1995

Spine
Her initial and follow up scans of the L2–L4 vertebrae show she has osteoporosis 
(T-score ≤–2.5) and her BMD has decreased 0.041 g/cm2 or 5%. This is within 
measurement variability and suggests that no statistically significant decline in BMD 
has occurred during the 32 month period. Moreover, the operator’s comment that 
spinal degeneration is present, and the fact that vertebrae have not been excluded, 
implies that the reliability of spine BMD measurements will be diminished

Left femur
The results confirm the spine result, that osteoporosis is present. The small decrease 
in BMD (0.020 g/cm2 or 2.9%) is well within measurement variability and thus we 
may be reasonably certain that her 32 month BMD hip change is not significant

Summary
The patient has osteoporosis at both the hip and spine, and the BMD loss over 
the 32 month period is not significantly greater than might be expected due to 
measurement variability. The Z-scores at the hip and spine (less emphasis on spine 
because of the noted spinal degeneration) are not overly low for both baseline and 
follow up scans and suggest that for this patient osteoporosis is most likely age 
related rather than a consequence of her malabsorptive disorder or glucocorticoid 
medication. Moreover, 32 months of glucocorticoid medication has resulted in no 
marked increase in overall bone loss at either the spine or hip

Recommendation
Maintain existing treatment schedule and return patient for DEXA scan in 
approximately 2 years

Figure 1b. Interpretation of patient BMD report
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same site and in the same patient may differ 
significantly when measured on different 
DEXA instruments. Conversion of BMD values 
to T-scores decreases some of this instrument 
bias, but to minimise variability (diagnostic and 
monitoring) determinations should be made on 

the same DEXA instrument. 
	 Other factors that may affect DEXA BMD 
values include significant weight change and 
absolute body size (the BMD of slight, short 
people may be underestimated; for large 
framed tall people the opposite occurs).9,10 
The measurement variance associated with 
a particular DEXA machine must also be 
considered. Variability can be allowed for by 
recognising that ‘real’ or significant changes in 
serial BMD values are most likely to be associated 
with absolute changes greater than 0.055 and 
0.045 g/cm2 at the spine and hip respectively.11  
This equates to serial BMD changes of  
about 4–7% depending on the baseline  
BMD value.
	 Finally, the effects of therapy on fracture 
r isk may be considerably greater than 
predicted by any respective BMD change. 
For example re-analysis of major prospective 
tr ia ls,  but based on indiv idual  pat ient  
data, consistently show that BMD changes 
explain only a small proportion the overall 
antifracture effect.12,13

Osteopaenia, osteoporosis, low BMD 
– what’s in a name?

The 1991 original definition of osteoporosis 
was :  ‘ the  sys temic  ske le t a l  d i sease 
characterised by low bone mass, and micro-
architectural deterioration of bone tissue, 
with a consequent increase in bone fragility 
and susceptibility to fracture’. This was later 
broadened to include the T-score concept by 
defining, as osteoporotic, any postmenopausal 
caucasian woman with a T-score ≤–2.5 at the 
hip.1 To alert clinicians to the progressive 
decline in BMD, the category osteopaenia 
was also introduced as a T-score between –1.0 
to –2.5. Additionally, patients with a fragility 
fracture, regardless of their T-score, were also 
defined as having osteoporosis.

When is BMD subsidised by Medicare?

The Australian Department of Health and 
Ageing14 has established the following as 
prerequisites for reimbursement of DEXA 
scanning:
•	the presence of c l in ical  condit ions 

associated with secondary osteoporosis 
(Table 1): 

	 – 	initial scan – all 
	 – �	�follow up scans – minimum 1 and 2 

year intervals under categories A and B 
respectively

	 – �	�1 year following a significant change in 
therapy

	 – �	�Medicare reimbursement is unrelated 
to the T- or Z-score values

•	No specified clinical condition is present 
(Table 1)

	 – �	� initial DEXA scan – only when there is 
a ‘presumptive diagnosis of low BMD’ 
defined by the presence of one or more 
fractures with minimal trauma

	 –  �	�subsequent scans – 1 year after ‘low 
BMD’ (T-score below –2.5 or Z-score 
below –1.5) is established from the initial 
DEXA or QCT scan in which both lumbar 
spine and proximal femur are measured. 
Thereafter, every 2 years or after 1 year 
if a significant change in therapy occurs. 
If the presumptive diagnosis of low  
BMD definition applies – every 2 years 
or after 1 year if a significant change in 
therapy occurs.

What is needed for PBS subsidy of 
bone protective medication?

Bone mineral density measurements are 
not required. The authorisation for the bone 
protective medicat ion (bisphosphonate, 
calcitriol or raloxifene) requires radiological 
evidence (plain X-ray, QCT or MRI) of fracture 
with minimal trauma.15 Beneficiar ies of 
the Department of Veterans Affairs can be 
prescribed alendronate (Actonel) if expected to 
be on continuous glucocorticoid therapy (>7.5 
mg/day) prednisolone for at least 3 months and 
have a T-score <–1 (threshold for osteopaenia). 
Note that in May 2005, prescriptions of 
calcium supplements (Caltrate, Citracal and 
Cal-Sup) to treat ‘osteoporosis’ (never defined) 
were removed from the PBS.

Summary of important points
•		BMD is useful to diagnose osteoporosis, 

assess future fracture risk and monitor 
treatment.

•	Reports include:
	 – 	�absolute BMD: to assess change 

compared to previous scan

Figure 3. Increase in likelihood of hip fracture 
(hip BMD) or fatal myocardial infarction (LDL 
cholesterol) for each SD change (age adjusted)3,4

Figure 4. Differences in 10 year fracture risk rates 
with age at the hip and forearm between women 
and men5

Figure 5. 10 year probability of hip fracture at 
different ages for both women and men6
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	 – 	�T-score: to define bone status as normal 
(≥–1 and ≤+1), osteopaenia (between 
–1.0 and –2.5) or osteoporosis (<–2.5)

	 – 	�Z -score:  to  assess l ike l ihood of 
underlying medical cause of bone loss.

•	BMD decreases by 10% in the decade 
following menopause in women not 
receiving hormone therapy, while the 
bone rate loss remains very low in men 
until 70 years of age.

•	BMD, age, gender, and fracture history 
predict fracture risk, with the risk greatly 
increasing at older age and with fracture 
history.

•	Patients with the medical conditions  
listed in Table 1 should be referred for a 
DEXA scan.

•	BMD should ideally be measured on the 
same machine to minimise variability. 
Changes of about 0.050 g/cm2 (ie. 4–7% 
depending on the baseline BMD value) 
are likely to be associated with clinically 
significant BMD change.

•	BMD measurement is subsidised in those 
with ‘presumptive low bone mineral 
density’ (fracture with minimal trauma) and 
those with clinical conditions predisposing 
to osteoporosis (Table 1); every 2 years 
for monitoring osteoporosis, and 1 year 
after significant change in therapy.

•	BMD is not required for PBS subsidy for 
bone protective medication. However, 
radiological evidence of fracture with 
minimal trauma is.

Conflict of interest: none.
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Table 1. Medical conditions associated with Medicare eligibility for DEXA measurements14

Category	 Medical condition

A	 Prolonged glucocorticoid therapy

	 Conditions associated with excess glucocorticoid secretion

	 Male hypogonadism

	 Female hypogonadism lasting more than 6 months before the age  
	 of 45 years

B	 Primary hyperparathyroidism

	 Chronic liver disease

	 Chronic renal disease

	 Proven malabsorption disorders

	 Rheumatoid arthritis

	 Conditions associated with thyroxine excess
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