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Dual X-ray absorptiometry (DXA) in children with kidney diseases –
a problematic method of bone analysis
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SUMMARY
Feber J., Ward L. M.: DDuuaall  XX--rraayy  aabbssoorrppttiioommeettrryy  ((DDXXAA))  iinn  cchhiillddrreenn  wwiitthh  kkiiddnneeyy  ddiisseeaasseess  ––  aa pprroobblleemmaattiicc  mmeetthhoodd  ooff  bboonnee  aannaallyyssiiss
Dual energy X-ray absorptiometry (DXA) has been used in adult medicine to diagnose and monitor various types of osteoporosis. It is a very sensitive
and accurate method to detect even small losses of bone mineral. Consequently, its use has been extended to pediatric medicine. The manufacturers
provided reference values for healthy children in relation to chronological age. However, children with chronic disease often suffer from height retar-
dation and the use of pre-established reference values in relation to age may yield falsely low bone density results. Therefore, correction for actual height
or bone volume is required for accurate interpretation of DXA results in children. Moreover, the amount of bone mineral or bone density may not be
the most important parameter for the assessment of bone strength, which is influenced by bone geometry (the ratio between the cortical and trabecu-
lar bone as well as composition of trabecular microarchitecture) and muscle mass. DXA provides only limited information in this respect and does not
differentiate between cortical and trabecular bone. Caution is warranted in the interpretation of DXA in children with stunted growth. The use of other
macromorphometric techniques such as peripheral quantitative computer tomography (pQCT), as well as micromorphometry (bone histomorphome-
try) may be of advantage. In symptomatic patients the use of a classic X-ray should not be eliminated as a means of diagnosing fractures (such as ver-
tebral compression) despite normal results of DXA scans. 

KKeeyy  wwoorrddss:: bone mineral density – children.

SOUHRN
Feber J., Ward L. M.: VVyyššeettřřeenníí  sskkeelleettuu  ddvvoouueenneerrggiioovvoouu  rreennttggeennoovvoouu  aabbssoorrppččnníí  ddeennzziittoommeettrriiíí  uu  dděěttíí  ss  oonneemmooccnněěnníímm  lleeddvviinn  ––  pprroobblleemmaattiicckkáá  mmeettooddaa
aannaallýýzzyy  kkoossttnníí  ttkkáánněě
Vyšetření denzity kostního minerálu (BMD) za pomoci paprsku o dvou energiích (DXA) je běžně používáno u dospělých pacientů k diagnostice a mo-
nitorování různých typů osteoporózy. Jedná se o velice přesnou metodu, která je schopna detekovat i minimální ztráty kostního minerálu. Tato meto-
da byla rozšířena i do dětského lékařství. Výrobci dodali referenční hodnoty pro zdravé děti. Uvedené hodnoty se vztahují ke kalendářnímu věku.
Chronicky nemocné děti ovšem často trpí poruchou růstu a jsou oproti svým vrstevníkům menší. Užití referenčních hodnot, které jsou vztaženy pouze
k věku kalendářnímu může proto u chronicky nemocných dětských pacientů vést ke stanovení falešně nízkých hodnot BMD. Z tohoto důvodu je ne-
zbytné korigovat naměřené hodnoty BMD na aktuální výšku vyšetřeného dítěte nebo provést přepočet na jednotku kostního objemu. Množství kostní-
ho minerálu nebo kostní denzita nemusí být nejvýznamnějším ukazatelem kostní síly. Mechanická odolnost kostní tkáně bývá ovlivněna kostní geo-
metrií (poměrem mezi kortikální a trámčitou kostí, stejně jako složením trámčité kostní mikroarchitektury) a též svalovou hmotou. DXA nám poskytuje
pouze omezené informace a nerozlišuje mezi trámčitou a kortikální kostí. Výsledky BMD získané metodou DXA u dětí s opožděným růstem musí být
interpretovány s velkou opatrností. Výhodné může být užití dalších makromorfometrických technik, jako například periferní kvantitativní computero-
vá tomografie (pQCT), stejně jako mikromorfometrie (kostní histomorfometrie). U symptomatických pacientů nesmí být podceněna úloha rentgeno-
vých snímků, které pomáhají odhalit zlomeniny (např. kompresívní zlomeniny obratlů) v přítomnosti normálních nálezů DXA.

KKllííččoovváá  sslloovvaa:: denzita kostního minerálu – děti.
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IInnttrroodduuccttiioonn
Bone densitometry using dual-energy X-ray absorptiometry

(DXA) has been widely used in adult and pediatric medicine for
a variety of clinical diagnoses. It is considered a gold standard for
the diagnosis of osteoporosis, upon which diagnostic guidelines
have been based [1]. These guidelines recommend using the T-sco-
re (bone density related to young adult age) for the definition of
osteoporosis [2]. This approach may be applicable only to adult
patients, where the main goal of DXA is to quantify the loss of bo-
ne density compared to peak bone mass achieved at young adult
age and predict/estimate the risk of subsequent fracture. In child-
ren, the situation is rather different due to the skeletal growth as
well as increasing evidence that bone density/mass is also related
to muscle development [3]. Therefore the use of Z-scores (bone
density related to age) has been recommended in children in order
to reflect changes of bone density with skeletal growth [4]. Howe-

ver, the definition of osteoporosis based on BMD criteria has not
yet been established for children; that is, the fracture rates for a gi-
ven BMD in health and disease, and at the various ages and pu-
bertal stages, is not precisely known. Thus, if the Z-score is below
–2.0 it is only possible to determine „inappropriate low bone mi-
neral density“. 

Despite these limitations, DXA continues to be used frequently
in pediatrics as part of the overall bone health evaluation, in order
to detect early bone loss (or, more often, a failure to accrue bone
at a normal rate). The aim of this review article is to consider cu-
rrent concepts of bone density analysis in children and summarize
several cautions in the use of DXA in children with kidney disea-
se. 

DDuuaall  eenneerrggyy  XX--rraayy  aabbssoorrppttiioommeettrryy
Mazess et al. [5] initially developed dual energy X-ray absor-
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ptiometry for the precise measurement of total bone mineral. The
method is based on the energy dependence of the attenuation coe-
fficients for photon absorption of bone mineral. Bone mineral con-
tains the high atomic number element calcium, and soft tissue,
which contains mostly the low atomic number elements hydrogen,
oxygen, and carbon [6]. A polychromatic X-ray beam is converted
into a beam that has two main energy peaks of 40 kV and 70 kV.
The ratio of soft tissue attenuation (RST) at the two energies is me-
asured. The attenuation of pure fat (RF) and of bone-free lean tis-
sue (RL) is known from both theoretical calculations and human
experiments. Given the subject’s RST and the known R for fat (RF)
and lean (RL), one can solve the equations (one at each X-ray ener-
gy) with two unknowns to calculate the proportion of fat (α) and
lean tissue (b) in each pixel:

RST(40 kV)= α(RF) + β(RL)
RST(70 kV)= α(RF) + β(RL)

This method provides a whole body imaging technique that si-
multaneously measures bone mineral, fat and lean mass [6]. 

The precision of DXA is less than 2.5% [7]. The radiation dose
for a whole body scan is < 5 mrem, which represents about 1/10 of
a normal chest X-ray. The DXA exam takes 20–35 minutes and re-
quires little cooperation from the subject. Therefore, this technique
has been successfully used in pediatric patients [8], even in small
infants and newborns [7]. 

Older DXA devices (Hologic QDR-1000/W, 2500) worked with
a thin X-ray pencil beam obtained after collimation (diameter
0.23 mm) passes through a calibration disk and scanned either the
chosen region of interest in a serpentine x-y pattern, or the entire
body. A detector, mechanically connected to the X-ray source and
mounted above the patient, feeds the computer with the absorption
data recorded pixel by pixel for both soft tissue and bone. When
theoretically calculated, the absorption is directly related to the
coefficients of absorption and to the amount of each component.
Newer DXA scanners use fan beam technology, which is equally
or even more accurate (precision of 1%) and significantly shorter
exam times are achieved [9]. Using the fan beam technique, spine
and femur scan requires only 30s, total body scan can be done in
4–5 min [10]. 

Results can be expressed as bone mineral content (BMC) in
grams of hydroxyapatit or as bone mineral density (BMD) in g/cm2

of the scanned area. Lean and fat body mass (LBM and FBM, re-
spectively) are obtained in grams. Absolute values are typically
transformed to standard deviation scores (SDS) for age (Z score)
or, in adult patients, compared to an expected bone density at the
age of 20 (T score). The manufacturer provides reference values
for a healthy population. The interpretation of DXA results may
therefore seem convenient and adequate for the adult population,
mainly for postmenopausal women. However, several problems
have been identified in children with stunted growth and further-
more, DXA may have other limitations as discussed in the ensuing
paragraphs.

DDXXAA  iinn  aadduullttss
The main indication for DXA in adults is to detect, diagnose and

monitor postmenopausal osteoporosis, which is the most common
underlying cause of osteoporosis in this population [11]. DXA has
also been used in other forms of bone disease such as osteoporosis
secondary to chronic illness, including kidney disease and end-sta-
ge renal failure [12], and following solid organ transplantation (to
name a few) [13]. All these forms of osteoporosis are associated
with risk factors for fragility fractures. Hence, attempts have been
made to predict the risk of fractures with non-invasive imaging
techniques like DXA. In 1999, the World Health Organization
(WHO) introduced definitions of osteoporosis and osteopenia

using T-scores [14]. The presence of a BMD T-score that is 2.5
standard deviations or greater below the mean for the young adult
population has been used for definition of osteoporosis, whereas
a T-score between 1 and 2.5 SD below the healthy adult mean de-
fines osteopenia. Similar definitions of osteoporosis and osteope-
nia have been used in the recently published recommendations for
bone mineral density reporting [15]. However, several studies in-
dicate that bone density may not be the only determinant for frac-
ture risk [16]. The most important of these additional risk factors
in the post-menopausal population are age and prior fracture his-
tory. In addition, the definition of the T-score is based on the
assumption that areal bone density increases with growth during
childhood that peaks around 20–25 years of age (peak bone mass)
and declines thereafter [3]. However, strong bones at a young age
do not necessarily lead to fracture-free aging. Moreover, risk of bo-
ne fracture may not be dependent on bone density/bone mass on-
ly, but also on bone geometry/bone strength. Therefore, the WHO
definition of osteoporosis from 1994 may be too simplistic and
outdated. In addition, bone geometry/bone strength cannot be as-
sessed by DXA. It requires newer techniques like peripheral quan-
titative computer tomography (pQCT) and assessment of muscle
force. 

DDXXAA  iinn  cchhiillddrreenn
The use of DXA is much more problematic in children than in

adults. First, the child’s bone is constantly changing in mass and
geometry with growth. It was assumed that bone mineralization
increases with age until approximately 20–25 years of age (peak
bone mass). Thereafter, bone mineral density was assumed to dec-
line and DXA use was supposed to assess the loss of bone mine-
ral. However, these assumptions were made based on areal bone
density (g/cm2), which is not the true density from a physical per-
spective. Density of a material/tissue (bone) is defined as the
amount of the material/tissue per volume (g/cm3), which is not di-
rectly measured by the DXA machines. The volumetric bone den-
sity in g/cm3 of the lumbar spine can be calculated using a formu-
la, where the spine is considered as a column: BMDvol = areal
BMD [4/(π x W)], where W = mean width of vertebral body [17,
18]. As a result we obtain the true bone mineral density in g/cm3,
which interestingly enough no longer correlates with age – it re-
mains stable during the whole age range 0–18 years [19]. This
would suggest that true bone mineral density does not change with
age, but it is the changing size of the bone, when the child is gro-
wing, that results in the progressive increases in areal BMD. The-
refore, areal density in g/cm2 correlates with age and reflects bone
size – the bigger/longer the bone the higher the areal bone density.
On the contrary, shorter bones yield lower areal bone density. In
other words, two children of the same chronological age but diffe-
rent heights would have different BMD results: the smaller child
would have a lower BMD whereas the taller one would have a hig-
her BMD. Yet, the bone mineral content relative to the volume of
bone is the same and the only difference is the size of the bone (he-
ight). Therefore, the patient’s actual height should be taken into
account in the interpretation of BMD results. However, the manu-
facturers of DXA machines provide us with age-related reference
values only and the BMD result is given in g/cm2. 

This has several clinical implications: 
1. Age related reference values are not sufficient to properly as-

sess bone density in children.
2. Correction for actual height/bone size is needed.
3. Volumetric bone density is preferred.

Disregarding these notions may lead to misinterpretation of
DXA and over-diagnosis of osteoporosis in children [20]. Interes-
tingly enough, the term „osteoporosis“ has been widely used even
in the pediatric literature. However, at present there are no BMD
criteria for osteopenia/osteoporosis in children. Therefore, the term



P¤EHLEDN¯ âLÁNEK

98 Osteologick˘ bulletin 2005 ã. 4 roã. 10

„bone health“ has been increasingly used in pediatric medicine,
which allows a better description of the bone morbidity seen in
children. The diagnosis of bone morbidity rests on concrete clini-
cal evidence for bone fragility: low trauma extremity and/or ver-
tebral compression fractures rather than a given BMD Z-scores of
T-score.

A DXA scan also yields the bboonnee  mmiinneerraall  ccoonntteennt in g. This re-
presents the absolute amount of the bone mineral measured either
in the whole body or skeletal sub-regions. BMC increases with
chronological age and appropriate age-related reference values are
available [21]. It seems logical to assume that a higher BMC ren-
ders the bone stronger and therefore less prone to fractures; as the
main purpose of bones is to provide enough strength to keep vo-
luntary physical loads from causing spontaneous fractures. Howe-
ver, the relation between the BMC and bone strength is not depen-
dent on chronological age, but rather on muscle development and
strain applied to the bone. Therefore, BMC should be interpreted
in relation to bone size, body height and muscle force rather than
chronological age. This has led to the concept of a „muscle-bone
unit“ put forward by Frost and subsequently adapted to the pedia-
tric setting by Schönau [22]. 

IInntteerrpprreettaattiioonn  ooff  DDXXAA  iinn  vviieeww  ooff  tthhee  „„mmuussccllee--bboonnee  uunniitt““  iinn
cchhiillddrreenn

In Schönau’s „functional“ view of bone development, the major
driving forces of bone development (including bone density), are
the mechanical challenges that result in bone tissue strain. The two
main mechanical challenges, which stimulate bone development
(and which are maximally operative during the pediatric years),
are linear growth of the skeleton and muscle forces [3]. The former
challenge, increases in bone length, results in concomitant increa-
ses in bone width in order to maintain bone strength and stability.
In addition, bone strength and stability also adapts in response to
muscle forces, as the muscle contractions from everyday activities
routinely puts much larger loads on the skeleton than the simple
effects of gravity. Based on this muscle-bone unit theory, Schönau
proposes a step-wise evaluation of bone density: 
1. Analysis of whether muscle mass is adequate for body height.
2. Analysis of whether bone mineral content is adequate for mus-

cle mass.
Using this approach, one can identify primary, secondary and

mixed bone defects [23, 24]. This concept of „mechanical compe-
tence“ has a significant impact on the interpretation of DXA and
the diagnosis of osteoporosis in children. Rather than focusing on
Z-scores and T-scores, osteoporosis has been defined as „the situ-
ation when the skeleton has not been able to withstand its mecha-
nical challenges (growth and muscle force) due to inadequate bone
mass and/or structure, resulting in atraumatic fractures“ [25]. In
view of this finding, the focus of bone analysis is shifting from
bone mass to bone strength [26, 27]. The term „bone health“ seems
to better describe the clinical condition of the bone and encompas-
ses a variety of bone pathologies as compared to the term of „os-
teoporosis“, which is mainly limited to the clinical scenario where
there is demonstrated bone fragility.

„„BBoonnee  hheeaalltthh““  aannaallyyssiiss  iinn  cchhiillddrreenn  wwiitthh  kkiiddnneeyy  ddiisseeaassee
There are two major groups of renal patients whose bone health

may be compromised. One group represents children with steroid-
resistant, steroid-dependent nephrotic syndrome (NS) and syste-
mic diseases, where the bone disease results from high-dose and
long-term use of steroids. These patients suffer from steroid-indu-
ced osteoporosis, where the bone is adequately mineralized but the
amount of bone tissue is decreased as a result of suppressed bone
formation caused by steroids [28]. The other group includes pati-
ents with chronic kidney disease (CKD), where the bone suffers
from disturbed metabolism of vitamin D and mineral metabolism,

resulting in rickets and osteomalacia. In this condition, the amount
of bone tissue is adequate but the bone is not adequately minerali-
zed. In both conditions, osteoporosis and osteomalacia, the DXA
scan would show decreased BMD. In both groups it is necessary to
analyze bone health and recognize early signs of bone disease in
order to prevent complications, which may potentially lead to se-
vere deformities and physical handicap if untreated. 

NNeepphhrroottiicc  ssyynnddrroommee//ssyysstteemmiicc  ddiisseeaasseess
Patients with NS and normal glomerular filtration rate (GFR)

frequently exhibit abnormalities of calcium and vitamin D homeo-
stasis, mainly hypocalcemia and reduced circulating vitamin D
metabolites. They receive high-dose and long-term steroid treat-
ments (3 months for initial manifestation of NS), recurrent treat-
ments for relapses of the NS, so that the cumulative steroid dose
may be quite elevated if patients are steroid-dependent or steroid-
resistant. It therefore seems logical that this therapy would impact
bone health in children with nephrotic syndrome or systemic dise-
ases. In one study, 22 out of 100 children (22%) developed osteo-
porosis defined as a BMD value evaluated by DXA of the lumbar
spine with a Z-score of 2.5 SD less than the mean [29]. Children
with greater steroid doses were likely to have low BMD on follow-
up [30]. However, another recent study showed that intermittent
treatment with high-dose glucocorticoids during growth does not
appear to be associated with deficits in the bone mineral content of
the spine or whole body relative to age, bone size, sex, and degree
of maturation [31]. In addition, glucocorticoid-induced increases
in body mass index were associated with increased whole-body
bone mineral content and maintenance of the bone mineral content
of the spine [31]. These rather controversial results confirm that
there may be problems with DXA interpretation in children and
that the amount of bone mineral may be influenced by other fac-
tors such as body weight, lean body mass and body mass index,
which should be taken into account during analysis of bone health.
In fact, other authors [32, 33] also recognized the importance of
lean body mass in the interpretation of total body densitometry in
children. 

In most studies on steroid-induced osteoporosis in nephrotic
syndrome authors used DXA with Z-scores with its inherent bia-
ses and interpretation problems as described above. Therefore, the
real incidence of steroid-induced osteoporosis may be overestima-
ted by using only the DXA technique. In only one study, bone
health was analyzed by a bone biopsy in 8 children with NS and
normal GFR [28]. Bone histomorphometry displayed focal osteo-
malacia (OM) and mild increased bone resorption in most patients.
The mineralization lag time, an indicator of the degree of osteo-
malacia, correlated with the time elapsed since the original dia-
gnosis of NS. While the OM appears to be related to the disease
process, the alterations of bone formation and the adynamic chan-
ges are likely the result of the corticosteroid therapy. 

The main cause of bone disease in these patients is the prolon-
ged use of steroids, which have several and well described adverse
effects on bones and cause growth retardation. In addition, steroids
may also affect muscle mass and muscle force, which may play
a significant role for bone health as suggested by the new concept
of the muscle-bone unit. Therefore, the correct assessment of bo-
ne health should include bone size and muscle mass in addition to
bone mass. Assessment of the bone mass alone may not be suffi-
cient to predict the risk of fractures in these patients. These con-
cepts can be confirmed by anecdotal reports of patients with ste-
roid-induced vertebral fractures detected on classical X-ray
whereas the DXA Z-scores of the lumbar spine were completely
normal [34]. 

CChhrroonniicc  kkiiddnneeyy  ddiisseeaassee//kkiiddnneeyy  ttrraannssppllaannttaattiioonn
Recent analysis showed that bone disease remains a significant
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problem in children with chronic kidney disease (CKD) [35].
Nearly one third of children with end-stage renal diseases (ESRD)
have clinical signs of metabolic bone disease and this accounts for
both dialysis and transplant recipients. Metabolic bone disease re-
presents a spectrum of skeletal lesions that range from high-turno-
ver to low-turnover bone disease [36]. Bone disease manifestations
in children with CKD include metabolic acidosis, renal osteodys-
trophy, malnutrition, and disturbances in the insulin growth factor
(IGF)/growth hormone (GH) relationship, growth retardation and
the development of bone deformities. 

Osteopenia was documented in 61.9% of pre-dialysis patients
and 59.1% patients with ESRD [37]. However, bone density was
assessed by DXA and results may be again biased by interpretation
problems as also pointed out by Chesney [38]. DXA does not al-
low the differentiation between cortical and trabecular bone. It is
therefore not clear whether reduced bone density measured by
DXA is due to reduced density of the trabecular or cortical bones.
To answer this question, one has to use peripheral quantitative
computer tomography (pQCT), which measures bone density of
the peripheral skeleton and this technology can differentiate bet-
ween the cortical and trabecular bones. Using this method, Ruth et
al. [39] showed that the radial bone had an inadequately thin cor-
tex in relation to muscular force in pediatric renal transplant reci-
pients. As a consequence of cortical thinning, the Strength-Strain
Index that reflects the combined strength of trabecular and cortical
bone was reduced in these patients. Yet, bone mineral density of
the forearm was not decreased. This is in contrast to several papers
concluding that there is loss of bone density after kidney trans-
plantation [40–42]. However, the perceived prevalence of osteope-
nia among pediatric kidney transplant recipients differs using ana-
lysis based on chronological age, height-age, or gender-matched
reference data [43]. Also, long-term analysis showed that volume-
tric bone density is not severely affected at 5 to 10 years post kid-
ney transplantation [44]. All these controversial literature reports
raise the question whether the analysis of bone density/bone mass
with DXA is clinically relevant. It seems that the recently propo-
sed term „bone health“ is more appropriate and better describes
the condition of the bone. A proper assessment of bone health can-
not be done using DXA only. Other methods like pQCT are nee-
ded to better assess bone quality and geometry. This method also
enables us to obtain information on muscles, which seem to play
a significant role in bone development and bone health. A two-step
diagnostic algorithm has been proposed by Schönau et al. to diffe-
rentiate between primary bone or muscle disease [23]. 

CCoonncclluussiioonn
DXA has been widely used for the diagnosis of osteoporosis.

Children with kidney disease often present with growth retardati-
on, which necessitates the correction of DXA results by actual he-
ight. Even after correction for height and bone size, DXA may not
be the optimal method for bone analysis in children, as it does not
differentiate between cortical and trabecular bones. DXA results
should be interpreted with caution in children with kidney disea-
ses. Only limited information can be obtained from DXA on musc-
le mass, which seems to play a significant role for bone density
and bone strength. The use of modern devices such as pQCT is re-
commended to better assess bone health in children. In all circu-
mstances, clinical correlate is mandatory and the existence of the
classical X-ray should not be forgotten. 
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