
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0) 241

Pediatr Pol 2019; 94 (4): 241–247

DOI: https://doi.org/10.5114/polp.2019.88041

Submitted: 12.04.2019; Accepted: 24.06.2019; Published: 30.08.2019

REVIEW PAPER

Interpretation of bone densitometry and definition  
of osteoporosis in children and adolescents
Małgorzata Morawiecka-Pietrzak1,2, Katarzyna Ziora1, Zofia Ostrowska2

1Department of Pediatrics, School of Medicine with the Division of Dentistry in Zabrze, Medical University of Silesia, 
 Zabrze, Poland 
2Department of Medical and Molecular Biology, School of Medicine with the Division of Dentistry in Zabrze, Medical 
 University of Silesia, Zabrze, Poland

ABSTRACT

Paediatric age is a crucial time for bone mass accrual. Every deterioration of bone status in this period of 
life can affect the condition of the skeleton in the future. The awareness of primary and secondary disorders 
affecting bone health is vital for the identification of children at risk of developing osteoporosis. Among cur-
rently available methods of measuring bone mineral density in children, dual energy X-ray absorptiometry 
(DXA) remains the method of choice. However, the interpretation of a paediatric DXA report is complicated, 
which can lead to a misdiagnosis. Unlike in adults, the result is given in the Z-score; the T-score should not 
be taken into account. The preferred sites of measurement are the total body less head, and the lumbar spine. 
The current recommendations for bone mineral density assessment are provided by the International Society 
for Densitometry.
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INTRODUCTION

Osteoporosis and bone fragility in children, resulting 
in an increased risk of fractures, can reduce the quality 
of life significantly and lead to significant morbidity. The 
aim of clinical practice is to prevent fractures in at-risk 
children before such fractures occur, and to decrease the 
probability of their recurrence [1]. There is a need to in-
crease awareness among paediatricians so they can identi-
fy patients at risk of developing osteoporosis, because ear-
ly detection and intervention are essential. The method 
of choice in measuring the bone mass since the 1980s has 
been dual-energy X-ray absorptiometry (DXA). Because 
of problems in the interpretation of DXA results, the In-
ternational Society for Densitometry provides Official Po-

sitions for the use of this diagnostic tool in the paediatric 
population. The recommendations were re-evaluated at 
a Position Development Conference (PDC) in 2013 in 
Baltimore. 

OSTEOPOROSIS

Osteoporosis is defined as a low bone mass and mi-
croarchitectural deterioration of the bone structure, re-
sulting in an increased bone fragility and fracture risk 
[2, 3]. Peak bone mass is achieved in the third decade 
of a person’s life; hence, the foundations of adult bone 
health are built during childhood and the teenage years 
[4–6]. This period of bone mass accrual is crucial because 
people with a high peak bone mass are at lower risk of 
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osteoporotic fracture later in life [7]. One of the most 
significant factors influencing bone development is ge-
netics – as much as 60–80% of differences in bone mass 
among individuals are determined by genetic factors  
[1, 6, 8]. There are also studies reporting that white Cau-
casian origin is a risk factor of fracture as opposed to chil-
dren of black African origin. According to Wren et al., 
healthy children of European ancestry exhibit a fracture 
risk twice as high as do healthy subjects of another origin 
[9]. However, genetics and ethnicity are invariable fac-
tors. Among lifestyle factors influencing the bone health, 
nutritional status and weight-bearing exercises are vital 
in the prevention of osteoporosis. Adequate calcium in-
take and vitamin D supplementation have been proven 
to enhance the peak bone mass in healthy children; most 
paediatric subjects do not consume the recommended 
dose of calcium [10]. The effect of childhood overweight/
obesity on bone health remains unclear. There are some 
reports suggesting that an increased body mass in chil-
dren and teenagers has a positive effect on the bone mass 
and density. It seems that differences in the bone min-
eral density (BMD) in overweight and obese paediatric 
subjects depend on the fat mass (FM) and the lean mass 
(LM) – a protective effect of LM on the bone health is 
well known, while individuals with the same body mass 
index (BMI) may have different FM and LM proportions. 
The effect of FM on the bone health is controversial; it 
differs depending on the individuals’ age and sex, and the 
measured site [7, 11]. On the other hand, some literature 
emphasises that excessive body weight may be a risk fac-
tor for impaired bone mineralisation and structure [12]. 
This may be due to insufficient calcium intake, sedentary 
lifestyle, vitamin D deficiency, and insulin resistance [11]. 
In turn, underweight increases the risk of fractures [13]. 
One of the factors influencing BMD in underweighted 
children is low LM [11]. Physical activity has an anabolic 
effect on the growing skeleton, and it has been proven 
that it increases the bone mass in healthy children and 
teenagers [1, 14]. According to the mechanostat theory, 
mechanical factors, such as muscle force, regulate bone 
mass and shape. Immobilisation and lack of physical ac-
tivity affect the integrity of the muscle bone unit [2]. This 
is consistent with the positive effect of LM on the bone 
mass – bigger muscles exert higher tensile forces on the 
attaching bones [11]. However, it has been proven that 
the benefits of physical activity appear maximal under the 
conditions of an adequate calcium intake [15]. 

Every other factor that affects bone mass accrual in 
childhood and adolescence can contribute to a lower 
bone mass in adulthood. In young growing patients a lot 
of diseases and pharmacological agents can result in bone 
loss, a suboptimal increase in bone mass, or a combina-
tion of both [4]. Survivors of paediatric and adolescent 
cancers, patients after bone marrow transplantation, and 
those who have been treated with glucocorticosteroids 
(GC) and methotrexate, and those suffering from other 

states that disturb the bone mass accrual face an increased 
fracture risk. In some paediatric glucocorticoid-treated 
disease groups, the prevalence of vertebral fractures is as 
high as 50% [16]. At the same time, in children with mo-
tor impairment not treated with GC, vertebral fractures 
occur in 25% of patients [17].

CLINICAL SYMPTOMS OF OSTEOPOROSIS  
IN CHILDREN AND ADOLESCENTS

A typical sign of osteoporosis is a history of recurrent 
low-energy fractures. Vertebral fractures can present with 
moderate to severe backache (in at-risk children pain in 
the back is a good indicator of vertebral fracture), pulmo-
nary restriction, or gastrointestinal symptoms, but they 
are often asymptomatic [2, 3, 17]. In contrast to extremity 
bones, vertebrae contain a higher amount of trabecular 
bone, which is more metabolically active. Hence, this part 
of the skeleton is more exposed to the effect of osteotoxic 
agents, e.g. GC. The most vulnerable vertebrae, with the 
most fractures in this location, are in the upper thoracic 
(T6/7) and lumbar spine (L1/2) [16]. 

ASSESSMENT OF THE BONE MINERAL 
DENSITY AND BONE MINERAL CONTENT

Among children and adolescents, the recommend-
ed technology for clinical measurement of bone min-
eral density (BMD) and bone mineral content (BMC) 
is DXA. It is a radiological method that detects the at-
tenuation of two photon beams of different energies as 
they pass through the soft tissue and bone. DXA remains 
a method of choice because of its availability, low ion-
ising radiation exposure, precision, scan speed, and ro-
bust normative paediatric databases [3, 6, 8, 18]. In most 
subjects the posteroanterior lumbar spine (L1–L4) and 
the total body less head (TBLH) are the skeletal sites of 
choice [19]. These sites reflect the trabecular and cortical 
bone, respectively, and it is believed that they provide 
an insight into the overall bone status [4, 18, 20]. Ex-
clusion of the head is recommended because the skull 
constitutes a relatively large portion of the total body 
bone mass and its mineralisation is little influenced by 
activity, nutritional, or lifestyle factors. Moreover, skull 
fractures do not represent true osteoporotic fractures. 
Inclusion of the head potentially masks gains or losses 
of BMD at other skeletal sites [3, 6, 8, 20]. The whole-
body scan allows also the evaluation of soft tissues – the 
DXA scanner generates the BMD and the body compo-
sition measurement simultaneously. These reports may 
be helpful, especially in children with chronic illnesses, 
in particular considering that several studies have prov-
en that there is a high correlation between muscle mass 
and bone mass in children, consistent with the functional 
bone-muscle unit theory [4]. Unlike in adults, the hip 
is not a preferred measurement site in growing children 
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due to the differences in the skeletal development. If 
there is no possibility of scans of the recommended sites 
(e.g. because of joint contractures, immobilisation, metal 
implants), an alternative site is the lateral distal femur 
(LDF) [4, 18]. According to the study by Zemel et al., the 
LDF measurement is significantly associated with other 
clinical bone density assessment modes [21]. Moreover, 
this location may be helpful in immobilised children, 
because bone fragility is highest in the lower extremities 
[1]. Also, the distal forearm is considered to be a poten-
tial site of examination in obese children (who exceed 
the scanner weight limit). However, it has to be kept in 
mind that this site has the poorest precision of all the 
measurement sites [4, 20]. The ISCD Positions also em-
phasise that the measurement should not be performed 
if a safe position cannot be assured (in the event of e.g. 
contractures, immobilisation) [22].

In addition to assessing the bone mineral density, 
DXA can also be a tool for detecting moderate and severe 
vertebral fractures. Although a current gold standard to 
detect vertebral fractures is a radiograph, the vertebral 
fracture assessment by DXA (VFA) has many advantag-
es compared to the conventional X-ray scan: the DXA 
scanner is able to acquire the whole spine (in both the 
posteroanterior and lateral projections) in a single projec-
tion, which allows minimisation of the radiation dose for 
children, which is 10–100 times lower than the radiation 
during a conventional radiograph. Additionally, VFA is 
better than an X-ray scan in identifying fractures in the 
thoracic region, which is the most common region of ver-
tebral crushes. Moreover, VFA can be obtained during the 
DXA assessment, which allows additional ionisation to be 
avoided. The limitation of VFA is a lower image resolu-
tion compared to X-ray [4, 17].

SAFETY OF DXA AND IONISING RADIATION

DXA is a safe method, and there is no known health 
risk associated with the ionising radiation during the  
examination. The estimated exposure is 5–6 μSv, which 
only slightly exceeds the natural cosmic radiation [23]. 

DEFINITION OF OSTEOPOROSIS AND 
INDICATIONS FOR ORDERING DXA  
IN CHILDREN AND ADOLESCENTS 

According to the official Paediatric Positions of ISCD, 
the diagnosis of osteoporosis should not be made on the 
basis of densitometry alone. The current guidelines put 
the weight of the diagnosis on the clinical evidence of 
bone fragility. Nowadays, osteoporosis in children and 
adolescents is defined as one or more vertebral compres-
sion fractures (loss of > 20% of height at any point) in the 
absence of a local disease or a high-energy trauma. In the 
presence of the history of a low-impact vertebral fracture, 
measuring BMD is not required as a diagnostic criterion, 

but adds to the overall assessment of the skeletal status 
[8]. If there is no history of vertebral crush fractures, os-
teoporosis is diagnosed when both are present: the BMD 
Z-score of –2.0 or lower, and a clinically significant frac-
ture history, which has been defined as one or more of the 
following: 1) two or more long bone fractures by the age 
of 10 years; 2) three or more long bone fractures at any 
age up to 19 years [8, 18, 19]. 

Densitometric assessment is ordered to identify pa-
tients at a higher risk of skeletal fragility fractures to im-
plement the correct therapy and to monitor the patient’s 
responses to the treatment. According to Clark et al., 
a low bone mass and decreased BMD are connected with 
an increased risk of fractures [24]. Despite that, a rou-
tine DXA is not recommended in healthy children; only 
if there is a clinically significant fracture history or a sin-
gle low-impact vertebral compression fracture, history of 
recurrent fractures, back pain, spinal deformity, or loss 
of height, is densitometry indicated in otherwise healthy 
subjects. It should be emphasised that recurring finger 
and foot bone fractures do not qualify for osteoporosis 
diagnosis in children [6, 8, 18]. 

ISCD Positions also include guidelines for densi-
tometry in infants and children less than five years old. 
Although the relation between bone accretion in infan-
cy and early childhood and bone health in older ages is 
unknown, it seems that poor bone mass accrual during 
growth has an impact on the lifelong bone strength. The 
bone mass of infants and young children may be affected 
by diverse pharmaceutical agents applied in some chron-
ic conditions. Also, surviving children (e.g. after extreme 
prematurity, cancer, or congenital heart disease) may re-
quire control of their bone health. Densitometry in the 
very young aims to determine the fracture risk in order to 
identify the disease- or treatment-related effects [25]. The 
recommended measurement technique is DXA, and the 
preferred sites are the lumbar spine (for children aged 0–5 
years) and the whole body (for subjects aged ≥ 3 years). 
These scans are feasible, although it has to be kept in 
mind that every significant motion can cause an artefact, 
and scans are then uninterpretable. However, the lumbar 
spine scan and other regional scans are more likely to be 
movement-free because of the shorter scan time (< 30 s), 
while the whole-body scan lasts about 2–3 min [25].

Another group of patients among whom DXA should 
be conducted are children with primary bone diseases or 
secondary disorders that increase the fracture risk. Pri-
mary osteoporosis occurs in most cases in an otherwise 
healthy child because of an intrinsic skeletal defect of 
genetic or idiopathic origin, typically with a family his-
tory. A secondary bone disease is a complication in the 
course of a chronic illness or its treatment [2]. In these 
subjects DXA is a useful part of the bone health assess-
ment [22]. There are even specific recommendations to 
monitor the skeletal status in cystic fibrosis and cancer 
survivors [10, 26]. States that may influence the bone 
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health and predispose to fractures are listed in Table 1 
[2, 17, 18, 22]. Among such patients the initial bone den-
sity measurement is recommended only when the result 
may influence the patient management and the patient 
may benefit due to the implemented therapy [1, 8, 22]. 
Ordering DXA, other risk factors such as the family his-
tory of fragility fractures, the age of onset, severity of any 
underlying disorders, malnutrition, immobilisation, and 
exposure to potentially bone-toxic drugs should be taken 
into account. 

According to current vitamin D supplementation 
guidelines provided by the Polish Society of Paediatric 
Endocrinology and Diabetes, in Polish children with de-
ficiency and severe deficiency of vitamin D, DXA is also 
indicated. If the serum level is < 20 ng/ml in otherwise 
healthy patients with some skeletal symptoms (bone de-
formations, bone pain, history of fragility fractures), it is 
advisable to perform DXA if available [27].

If there is a need to conduct a follow-up DXA exam-
ination (e.g. to monitor the effects of a bone-active ther-
apy, the disease progression, and the associated BMD 

Z-score decrease), the recommended minimum interval 
is 6–12 months [1, 19, 20]. To detect meaningful changes 
in the bone density, 12 months is often a more appropri-
ate period [8].

DXA REPORT INTERPRETATION

Usually, the DXA report contains information about 
the patient, such as: age, gender, race/ethnicity, weight, 
and height. It may also include a relevant medical histo-
ry, including previous fractures, indications for the scan, 
the bone age, and the Tanner stage. The result is given in  
g/cm2 – BMC, and Z-score – BMD. A Z-score is a standard 
deviation (SD) score compared with age-matched and sex-
matched controls. A Z-score can also provide an estimate 
of the SD for other variables, such as race/ethnicity and 
height [4, 18]. Although the T-score may be generated au-
tomatically on the DXA report, in patients < 20 years old it 
is not recommended and should not be taken into account 
in paediatric reports. According to the World Health  
Organisation, the T-score is reserved for diagnostic use 
in postmenopausal women and men aged ≥ 50 years [28]. 
Using the T-score rather than the Z-score in children’s 
DXA reports is the most frequent mistake. The T-score 
is based on the BMD of healthy young adults at the peak 
bone mass, which can lead to the underestimation of BMD 
and be a reason for a “low bone mass” or “osteoporosis” 
misdiagnosis [6, 18, 29]. In one study, 62% of scans classi-
fied as “low bone mass” had an interpretation error due to 
using the T-score, despite the presence of the Z-score on 
the DXA result [29]. 

A DXA report usually also comprises an interpreta-
tion, which is important. If there is no relevant history 
of fractures and the Z-score is lower than –2.0, the result 
should not contain the term “osteoporosis” and should 
then be defined as “low bone mineral density for age”. It 
is an important difference between children and adults 
and needs to be stressed because many clinicians tend to 
interpret a child’s result referring only to BMD. Likewise, 
“osteopaenia” should not be used to describe densitome-
try findings in paediatric subjects [6, 8, 19, 20]. 

Considering the limitations of the DXA findings, it 
has to be mentioned that reference data in children and 
teenagers usually refer to the chronological age and are 
presented as categorised data. This interpretation may 
lead to mismanagement, especially when the subject’s age 
is close to the boundary for the groups. There is a Polish 
study that tried to establish continuous normative data 
for the bone density, but further research in this area is 
necessary [30]. Moreover, there are still knowledge gaps 
that constitute limitations of densitometry in some spe-
cial groups of patients, such as children with growth re-
tardation or delayed puberty, which is usually connected  
with delayed skeletal maturation and bone mineral  
accrual. It is known that short stature confounds the 
BMD result, because DXA assesses bones in two dimen-

TABLE 1. Primary bone diseases and secondary disorders associated 
with low bone mass and increased fracture risk

Primary bone 
diseases

• osteogenesis imperfecta
• juvenile idiopathic osteoporosis

Secondary 
disorders

Endocrine disorders:
• hypogonadism
• hyper- and hypothyroidism
• hypopituitarism
• ovarian insufficiency
• type 1 diabetes mellitus
• Cushing’s syndrome

Haematological and oncological diseases
• thalassaemia
• sickle cell disease
• leukaemia, lymphoma

Inflammatory bowel disease

Rheumatologic disorders

Renal disease

Celiac disease

Neuromusculoskeletal disorders

Cystic fibrosis

Transplantation (excluding kidney)

Malnutrition

Chronic immobility

Cyanotic congenital heart disease

Long-term exposure to medications:
• chronic glucocorticoid therapy
• depot medroxyprogesterone acetate
• chemotherapeutic drugs
• anticonvulsant drugs
• cyclosporine
• heparin



Pediatria Polska – Polish Journal of Paediatrics 2019; 94 (4) 245

Interpretation of bone densitometry and definition of osteoporosis in children and adolescents 

sions (height and width), while a bone is a three-dimen-
sional object (height, width, and depth). A conventional 
DXA measurement underestimates the bone density in 
short people and tends to be higher in taller subjects [1, 
31]. Hence, in children with delayed growth or puber-
ty, the BMD should be adjusted to their height or height 
age, using the height Z-score [4, 8, 22]. There is a need 
to create a normative database for children with delayed 
puberty or who are small for their age, because using the 
Z-score based on BMD of healthy subjects can lead to 
misinterpretation [4]. 

In summary, it is essential to interpret the DXA find-
ings properly. “Osteoporosis” misdiagnosis in every sub-
ject can lead to the implementation of an inappropriate 
treatment, to an extensive diagnostic evaluation to find 
an underlying disease, and to unnecessary restrictions on 
physical activity [29].

FRACTURE PREDICTION IN CHILDREN  
AND ADOLESCENTS

It is a common belief that fractures mainly affect the 
elderly, while fracture incidence in childhood is sim-
ilar to that of the elderly [24]. Almost 50% of all chil-
dren will experience a fracture in the first 18 years of 
life, with an initial peak during puberty (half of all boys 
and one-third of girls) [4, 13, 18]. One fifth will have two 
or more fractures. The most common location of frac-
tures in the paediatric population is the forearm. About 
30% of all fractures concern this area [13]. Originally, it 
was attributed to increased physical activity in this age 
group. More recent studies, however, suggest that frac-
tures may be caused by changes in the skeletal status and 
bone geometry during puberty, which possibly result in 
a transient deterioration in the skeletal strength [4, 9, 24]. 
Although there are limited data describing the relation-
ship between low BMD and the fracture risk in children 
and teenagers, Clark et al. (as mentioned above) report-
ed an inverse association between BMD and the fracture 
risk in childhood [24]. In turn, according to the study 
by Henderson et al., in children with motor disabilities 
every 1 SD reduction in the BMD Z-score at LDF was 
connected with an increased fracture risk at this site [32]. 
However, these findings need further research, and ac-
cording to ISCD Paediatric Positions, the BMD Z-score 
> –2.0 does not preclude the possibility of bone fragility 
and an increased fracture risk [13]. On the other hand, 
according to the guidelines, in children suffering from 
some chronic conditions and those who are GC-treated, 
DXA is recommended to identify the group of patients at 
high risk of incidental fractures. However, a positive and 
negative predictive value of low BMD in these patients 
has not been established [22].

Low BMD is thought to be connected not only with 
an increased fracture risk. According to the study by 
Hagner et al., in children suffering from neurofibro-

matosis type 1, BMD is significantly lower when bone 
abnormalities (e.g. scoliosis, dysplastic disorders) are 
present [33].

OTHER METHODS OF BONE MINERAL  
DENSITY ASSESSMENT

The paediatric skeleton can also be assessed by us-
ing quantitative computed tomography (QCT), periph-
eral QCT (pQCT), high-resolution pQCT (HR-pQCT), 
quantitative ultrasonography (QUS), or MRI. Although 
conventional radiograph remains the gold standard in 
the diagnosis of fractures, a visual assessment of BMD 
based on the opacity of radiographs also allows the de-
tection of bone demineralisation (“washed out bones”). 
Such an evaluation is possible when bone mineralisation 
is reduced at least by ca. 30%. However, the clinical appli-
cation of these findings is limited [23, 25].

QUANTITATIVE COMPUTED TOMOGRAPHY 

QCT is a three-dimensional technique that allows the 
assessment of volumetric BMD – BMD in g/cm3. This 
measurement is independent of the bone size and assess-
es the trabecular bone separately from the cortical bone, 
thus providing information that cannot be obtained with 
the DXA examination. The measurement is usually per-
formed using a general-purpose CT scanner [11, 33]. The 
scan time is fast (< 30 s); however, the radiation exposure 
is higher than during a DXA scan, but comparable with 
that of a chest radiograph [10]. 

PERIPHERAL QUANTITATIVE COMPUTED 
TOMOGRAPHY 

Peripheral QCT aims to assess appendicular skeletal 
sites – arms or legs (nondominant radius or tibia), using 
general-purpose or dedicated peripheral scanners. This 
method is useful in children with contractures, metal 
implants, or spinal deformities, where a DXA scan can 
be difficult to obtain [2, 34], and it requires less radiation 
than QCT [1]. Unfortunately, the cortical BMD cannot 
be assessed accurately because of thinner cortices in pae-
diatric patients [6].

HIGH-RESOLUTION PERIPHERAL QUANTITATIVE 
COMPUTED TOMOGRAPHY

In this technique the trabecular and cortical bone 
architecture and microarchitectural changes resulting 
from treatment can be quantified. However, because of 
its expense, long acquisition time, and limitation to im-
aging extremities, it is currently used mainly for research 
purposes [2, 34].

Because of lack of data, there is no recommended 
method of QCT in children and teenagers. The limitation 
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of QCT is paucity of standardised databases, so results 
cannot be used for fracture prediction or the diagnosis of 
low bone density [1, 34].

QUANTITATIVE ULTRASONOGRAPHY

QUS is a portable and non-invasive method of bone 
density assessment that is free of ionising radiation [35, 
36]. This examination evaluates the axial transmission 
speed of sound and the broadband attenuation measured 
at the calcaneus, mid-tibia, distal radius, or proximal pha-
langes. QUS provides information both on bone quality 
(such as elasticity and architecture, which are not revealed 
by DXA) and bone quantity [35, 37]. Previous studies 
performed in children and adolescents (e.g. normal pop-
ulation, training karate, children with type 1 diabetes, 
renal failure, genetic disorders, girls suffering from an-
orexia nervosa) proved that QUS is an appropriate meth-
od for the assessment of skeletal status in young subjects 
[35–42]. Moreover, the possibility to assess the fracture 
risk in various metabolic bone diseases with QUS was re-
ported [36, 38]. There are also opinions that quantitative 
ultrasound may have the potential to overcome many of 
the limitations of DXA imaging [40]. However, the lim-
itations of QUS may include inaccuracy and difficulties in 
obtaining a repeatable result [6].

CONCLUSIONS

Among the different methods available for bone min-
eral density measurement in children, dual-energy X-ray 
absorptiometry remains the method of choice. Adequate 
interpretation of the DXA examination is crucial to pre-
vent over- and underdiagnosis of bone mineral impair-
ment in children and adolescents.
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