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Why do we measure bone mineral density? 

Key learning points

• Dual energy X-ray absorptiometry (DXA) is the recommended assessment modality for the
assessment of fracture risk

• It is important to adjust a lumbar spine bone density scan result for short or tall stature by
calculating bone mineral apparent density (BMAD)

• Vertebral fracture assessment can be used to screen for moderate and severe vertebral fractures
• A diagnosis of osteoporosis in children requires a history of fracture, a either pathological vertebral

fracture or multiple long bone fractures with a history of reduced bone density for age and size.
It cannot be defined by an abnormal bone density alone

• DXA is also a useful tool to assess skeletal development and body composition abnormalities,
including the measurement of visceral and adipose fat

During childhood and puberty adolescents acquire 
approximately 50% of their bone mass. If this acquisition 
is incomplete or disturbed due to a chronic condition or 
disease the resulting deficit in bone mass accrual may 
persist into adulthood.

The rationale for using DXA in childhood is multi-factorial 
but can be broadly grouped into the following areas:1 
• Assessing the impact of chronic disease and its

treatment in children and adolescents
• Evaluating current and future risk of fragility fracture
• Monitoring the effect of modifiable factors on skeletal

growth and development (e.g. physical activity, diet,
pubertal dysfunction and growth delay)

DXA has been shown to predict fracture in healthy 
children2, in fracture-prone children3 and in those with 
chronic disease4. The 2013 ISCD guidelines were 
produced to aid the clinical use and interpretation 
of DXA measurements in children5. There are five 
individual position statements and simple user guide6; 
briefly for clinical assessment of bone mineral density 
the recommendations are to scan the lumbar spine 
and total body less head, at no more than 6-12 monthly 
intervals, adjusting for short/tall stature where required. 

In 2019 the guidelines were updated to include scanning 
additional skeletal sites namely; the forearm, proximal 
femur, and the lateral distal femur. The new guidelines 
also recommended vertebral fracture assessment by 
DXA for the identification of moderate and severe 
vertebral fractures7.

Clinically, the lumbar spine is the most robust and useful 
site for diagnostic use and for monitoring. The total body 
less-head measures are most appropriate when looking 
at bone mass acquisition and skeletal development, 
particularly in the clinical research setting.

It is extremely important to note that ISCD guidance 
gives a definition of osteoporosis in children based 
on low-trauma fracture with and without a BMD 
measurement, and in the context of the clinical history 
of the child. The DXA measurement is intended to assist 
the clinician and should not be used as a standalone 
diagnostic tool. 

The aim of this paper is to provide clinical guidance for 
the use of current outputs offered using the Advanced 
Paediatric Report, available with Hologic Apex 4.6 or 5.6. 



Clinical indications for bone mineral 
density assessment

Fracture risk assessment

What are the technical considerations for 
using DXA in children?

There are many medical conditions in which DXA may 
be useful (see below)8, other referrals come when a child 
has recurrent fractures in the absence of an obvious 
underlying predisposition.
• Primary bone disorders – e.g. osteogenesis 

imperfecta, idiopathic juvenile osteoporosis
• Neuromuscular diseases – e.g. immobilisation, 

cerebral palsy, muscular dystrophies, spinal cord 
injury

• Inflammatory conditions – e.g. inflammatory bowel 
disease, cystic fibrosis

• Juvenile rheumatic disorders – e.g. idiopathic arthritis, 
vasculitis, dermatomyositis, systemic
lupus erythematosus

• Nutritional and/or Endocrine disorders – e.g. coeliac 
disease, anorexia nervosa, Cushing Syndrome, 
hyperparathyroidism

• Others – e.g. Haematological conditions (acute 
lymphoblastic leukaemia, thalassaemia and
sickle cell anaemia), inherited metabolic diseases
(galactosaemia, glycogen storage disease), solid 
organ transplantation, Ehlers-Danlos syndrome

• Monitoring effect of bone-targeted treatment –
e.g. bisphosphonates

• Monitoring the effects of medium and long term 
glucocorticoid therapy

Lumbar spine bone mineral apparent density (BMAD)

The most frequently used method of size adjustment 
in paediatric DXA is the calculation of bone mineral 
apparent density (BMAD) which is an estimated 
volumetric bone density9. At the lumbar spine, BMAD 
is calculated by Apex software using the projected 
bone area to calculate the volume of the bone, and 
from this BMAD calculated (g/cm3). The relative size 
independence of this parameter makes BMAD a useful 
surrogate marker for bone strength and has also been 
shown to be related to fracture risk in children13,14  
(See Figure 2).

Failure to account for delayed growth and/or skeletal 
maturation is a common cause of misinterpretation 
of paediatric DXA results11,12. As a consequence, ISCD 
recommend that results should be size adjusted in 
children. There are several ways to adjust for size:
1. Volume: Estimating a volumetric BMD from the

two-dimensional BMD
2. Body size: Relating aBMD or bone mineral content

to bone and body size
3. Function: Relating aBMD or BMC to muscle mass

Our recommended size-adjustment techniques are 
provided below in italics for the purpose indicated  
in bold type.

Low BMD as measured by DXA is not necessarily 
synonymous with fracture risk due to the technical 
limitations of the measurement technique. This is because 
it provides a two-dimensional or areal bone mineral 
density (aBMD) measured in g/cm2 rather than a true 
volumetric bone mineral density measured in g/cm3 9,10. 
The result of this is that DXA BMD measurements are 
size-dependent and are affected by growth. Consequently, 
BMD may be underestimated in children who are short for 
their age and overestimated in children who are tall for 
their age (See Figure 1).

Figure 1. The difference between volumetric and areal bone mineral density  
in differently sized bones, is assessed by dual-energy x-ray absorptiometry.
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Figure 2. Clinical example of BMAD.
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L1-L4 41.9 41.9 0.305 -0.5 30 1.000 -1.4 10

Understanding the Z-Scale
As both Z- score and percentiles are clinically used, 
they are displayed on a single graph 

Weight 
For Age -3 -2 -1 0 1 2 3

Centile = 87

Z-score = 1.1

1st 10th 50th 90th 99th

In the case above, the results demonstrate that a 
Z-score of +1.1 equates to a value on the 87th centile.
The underlying practical implication is a mathematical
relationship between Z-scores and percentiles;
some clinicians find percentiles easier to use and
understand while Z-scores may be more helpful
for diagnostic use or for evaluating extreme results
beyond the 1st and 99th percentiles.



Bone acquisition and development
Total body less head

Whilst recommended by ISCD, total body less-head 
measures have limited clinical applicability for fracture 
risk assessment in children with chronic disease. Total 
body measurements are more a reflection of skeletal 
growth and mineralisation than of fracture risk prediction. 
A geometric approach, such as BMAD (as above) 
cannot be used to reduce the size dependence of 
total body (or total body less head) of DXA aBMD and 
BMC measurements. Therefore, a different approach 
is required. To evaluate these measurements, we 
recommend assessing total body less head BMC in 
relation to the child’s size or their bone area.  
This means that the measurements, once taking  
size into account, help to give a more global picture  
of skeletal development. 

There are several approaches available within the 
Hologic Apex software. These are:

The functional approach: 
A recommended functional approach is based on the  
close relationship between bone strength and muscle 
strength15. In DXA terms, this means using total body  
less head BMC together with lean mass. The two  
stages of assessment are: (i) whether the child has 
sufficient muscle for their height, and (ii) whether  
they have sufficient bone for that muscle. This leads 
to four outcomes: 

(i) �Appropriate muscle mass for their height and
appropriate bone mass for their muscle mass;

(ii) �Primary bone defect, where the child has sufficient
muscle for their height but insufficient bone mass for
their muscle;

(iii) �Primary muscle defect where the child has reduced
muscle for their height but sufficient bone for their
muscle mass;

(iv) �A mixed muscle and bone defect where muscle and
bone are both reduced.

Figure 3. These show low Lean Mass for Height and normal 
Sub Total BMC for Lean Mass, i.e primary muscle deficit.
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Height-for-age Z-score (HAZ) adjusted BMD:
The HAZ method is also a two-stage approach, first 
calculating the child’s height relative to their age using 
Centre for Disease Control and Prevention (CDC) growth 
charts. The second stage is to mathematically adjusting 
the total body-less head aBMD with this value16. 

The “Mølgaard” model
This is a three stage approach to explain reduced aBMD. 
The three-stage model assesses height for age (short 
bones), bone area for height (narrow bones), and BMC 
for bone area (light bones)17.

Figure 5. Example of Mølgaard output.

The other available techniques within the software are:

Figure 4. Example of HAZ output.
This example shows normal Subtotal BMD when adjusted for height 
Z-score. (Subtotal BMD vs Age for this sunject, who is short of
stature, was low (Z-score of -1.9; Centile = 3rd)

-3 -2 -1 0 1 2 3

1st 10th 50th 90th 99th

Subtotal 
BMD 
HAZ

Centile = 33
Z-score = 0.4

Subtotal 
BMD 
For Age

Centile = 3
Z-score = -1.9

-3 -2 -1 0 1 2 3

1st 10th 50th 90th 99th



Height 
For Age

Centile = 97
Z-score = 1.8

Centile = 55
Z-score = 0.2Weight 

For Age

-3 -2 -1 0 1 2 3

-3 -2 -1 0 1 2 3

Centile = 11
Z-score = 1.4BMI 

For Age -3 -2 -1 0 1 2 3

1st 10th 50th 90th 99th

1st 10th 50th 90th 99th

1st 10th 50th 90th 99th

Provision of body size Z-scores or percentiles
Z-scores and percentiles are also available for weight,
height and body mass index. It is very important to
recognise that reference data used is currently the CDC
Growth Charts from the USA and therefore may not be
applicable in other countries.

Apparent age adjustments
Within the software it is possible to adjust the aBMD 
for an apparent age such as height for age, or bone 
age as opposed to chronological age. These functions 
are not recommended without a clear understanding 
of the implication of what these apparent ages reflect 
with respect to skeletal and pubertal development. 
For example, a child who has the height of a 10-year 
old but the age and maturation of an 18-year old is an 
inappropriate comparison because it is not taking into 
consideration their stage of development. 

If bone age is used the aBMD value will be more 
appropriate for their developmental stage but may still 
not give an appropriate correction for their skeletal 
size and height.

Figure 6. Example of growth output.



Vertebral fracture assessment Body composition
There is increasing recognition of the importance of 
the identification of vertebral fractures in children, 
particularly in those taking long-term corticosteroids18-20. 
These fractures are often occult (present without pain/ 
symptoms) but can be highly predictive of further risk 
of fracture. Until recently diagnosis of these fractures 
was with lateral spine radiographs, however with the 
introduction of better quality images from the Hologic 
Horizon® scanner, it is now feasible to screen for  
vertebral fracture and vertebral deformities in children 
using the vertebral assessment tool at the same time  
as a routine DXA. The use of DXA for the identification  
of vertebral fractures has been endorsed in the latest 
ISCD guidelines7.

The additional benefit of measuring total body by DXA 
is that alongside the bone assessment it is possible 
to obtain a measurement of body composition. Body 
composition evaluation consists of an estimation of 
bone, fat and lean mass. These parameters can be 
presented as total or regional values and as with bone 
density assessments can be presented in relation to age, 
height or body size. The current suggested outputs are:
• Total Body %Fat (Adiposity): The ratio of fat mass to

total mass for age
• Fat Mass Index (FMI): FMI = Fat Mass/Height². It is a

more accurate measure of obesity than Body Mass
Index (BMI) because it calculates the amount of fat
a child has in relation to their height instead of total
weight relative to height. The higher this number, the
more fat they have

• Fat Free mass index (FMI): FFMI = Lean/Height². It is
the amount of lean mass relative to a child’s height.
The higher this number, the more muscle they have

Supplementary measures available are estimated 
visceral adipose tissue (VAT), mass, volume, and area. 
These are measurement of visceral fat, the pathogenic 
or “bad fat” around the insides of organs. In adolescents 
these measurements have been shown to be associated 
with an increased risk of metabolic syndrome and 
coronary heart disease21-23.

Adipose and Lean Indices

Lean IndicesFigure 7. Pediatric IVA (lateral and AP view of the spine).
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