
Abstract. – Bone tissue is constantly re-
newed during childhood and adolescence to as-
sure skeleton growth both in size and mineral
density: up to 90 percent of peak bone mass is
acquired by age 18 in girls and age 20 in boys,
which makes youth the best time to “invest” in
bone health. The reduction in bone mineral den-
sity leading to compromised strength and mi-
croarchitecture of bone tissue can favour the oc-
currence of fragility fractures in the pediatric
age. Assessing the normality of bone density
measurements in childhood by current methods
is hampered by the lack of normative control da-
ta. The understanding of factors useful for maxi-
mizing peak bone mass, as well as the knowl-
edge of diagnostic tools and therapeutic strate-
gies for managing a state of reduced bone min-
eral density are crucial to prevent fractures
throughout lifetime.
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Introduction

Bone is a living tissue which remains metabol-
ically active throughout life: the skeleton pro-
vides support for muscles and locomotion, adapts
its morphology to mechanical loading, acts as a
store for minerals and offers a protective environ-
ment to bone marrow. At a histological level
bone is a specialized form of connective tissue,
composed of cells dispersed in an extracellular
matrix rich of fibers and amorphous substances
of proteic origin with the peculiarity of being
mineralized, i.e. characterized by the in situ de-
position of minerals1. Cells dispersed in the ma-
trix are osteoblasts, osteocytes and osteoclasts.
Figure 1 shows bone cells with their biochemical
products used as “markers” of bone metabolism.
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Skeletal maturation can be considered complete
at the acquisition of peak bone mass, the maxi-
mal amount of bone tissue accrued during growth
and development, whilst subsequent consolida-
tion continues in the early adulthood2. Bone mass
construction is influenced by a variety of genetic
factors (like gender, ethnicity and hormonal sta-
tus) accounting for up to 75 percent and environ-
mental factors (like nutrition, lifestyle behav-
iours, exercise habits, exposition to sunlight and
eventual drug administration) accounting for the
remaining 25 percent3. The precise age at which
peak bone mass is acquired is still indefinable
and may be site-dependent, though it is generally
accepted that 16-18 years and 18-20 years corre-
spond to the maximal bone density accumulated
respectively in females and males, as emerged
from studies deriving from densitometry tech-
niques4. In the course of the following decades
(beginning from 40 years) this quantity of bone
tissue tends to decrease in a progressive trend.
Since the risk of fractures is in inverse relation to
bone mass, the achievement of a high peak bone
mass at the end of adolescence represents the
best modality to prevent the onset of fractures in
adulthood5.

Osteoporosis, Osteopenia, Rickets
and Osteomalacia
The quantitative reduction of bone tissue is

named “osteoporosis” and is associated with the
risk of developing fragility fractures: this is the
underlying cause of more than 1,5 million frac-
tures annually (300,000 hip fractures and approx-
imately 700,000 vertebral fractures) and affects
75 millions of individuals in the world and is
characterized not only for a diminished bone
mass, but also for a deteriorated quality of bone
tissue. It is often a progressive and debilitating
disease which leads to a huge social burden
through an increased morbidity and high costs



Figure 1. Osteoblasts and osteoclasts with their main features and biochemical products, which can be used to monitor bone
metabolism.

Osteoblasts Osteoclasts

• Derived from mesenchymal stem cells • Derived from monocyte/macrophage lineage
• Express alkaline phoshatase, type I collagen, • Express tartrate resistant acid phosphatase,
osteocalcin cathepsin K, vitronectin receptor

• Synthesize new bone matrix • Degrade bone mineralized matrix

Biochemical products used as markers Biochemical products used as markers

• Alkaline phosphatase • Collagen degradation products
• Type 1 collagen propeptides – NTX (N-telopeptide cross-links)
– P1NP (N-terminal propeptide of type 1 collagen) – CTX (C cross-linking telopeptide of type 1 collagen)
– P1CP (C-terminal propeptide of type 1 collagen) – Pyridinolines

• Osteocalcin • Acid phosphatase

• Ageing
• Female sex
• Precocious or post-surgical menopause (oestrogen
deficiency)

• Chronic renal insufficiency
• Hyperthyroidism
• Long-term treatment with corticosteroids, anticonvul-
sivants or anticoagulants

• Nutritional disorders (with malabsorption)
• Incorrect nutritional habits (deficient calcium intake
and hyperproteic diet)

• Low BMI (< 20)
• Insufficient physical activity
• Cigarette smoking
• Alcohol abuse
• Aeronautics activities
• Familiarity for osteoporosis

Table I. Risk factors for the onset of osteoporosis.

associated with fractures. In 1973 Dent suggest-
ed that the origin of osteoporosis, traditionally
considered a disease of the old age, had to be fo-
cused in the pediatric age6. The progressive re-
duction of bone mass in adulthood is associated
with thinning and reduced number of trabeculae
in the cancellous bone and thinning of the corti-
cal bone7. All risk factors contributing to the
pathogenesis of osteoporosis are listed in Table I.
Sex female predisposition is depending on the
overall inferior bone mass in comparison with
males and on the control exerted by oestrogens in
bone mass acquisition: in fact, a surgical
menopause due to ovariectomy or a precocious
menopause (beginning before 45 years) cause the
reduction of bone mass with significant anticipa-
tion.
Classifications of osteoporosis are numerous,

but the mostly used subdivision is in primitive
and secondary forms (Table II). Primitive forms,
causing more than 80% of cases, mostly refer-
able to menopause and senility, are by definition
unrelated to the possible known causes of osteo-
porosis. In the post-menopausal osteoporosis
bone mass loss involves trabecular bone tissue,
particularly in the vertebral column, while in the
senile forms both trabecular and cortical bone
tissue are involved8. Osteoporosis in males is
usually considered to be involutional, though it
can result secondary to corticosteroids, hypogo-
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nadism or alcohol abuse9. While the mineral
component of the osteoporotic bone tissue is nor-
mal, though being quantitatively inferior, rickets
and osteomalacia are characterized by a qualita-
tive abnormality of bone tissue due to a mineral-
ization defect in the proteic matrix, at the sites of
bone growth or remodeling for rickets, leading to
bone deformity and stunted growth rate in chil-
dren. In particular, childhood rickets is character-
ized by reduced bone tissue formation and accu-
mulation of non-mineralized “osteoid matrix”



Table II. General classification of osteoporosis.

Primitive osteoporosis Secondary osteoporosis

• Juvenile idiopathic osteoporosis • Endocrinopathies (Cushing’s syndrome, hyperthyroidism,
• Idiopathic osteoporosis of adulthood hyperparathyroidism)
• Postmenopausal osteoporosis (type I) • Gastrointestinal diseases with malabsorption
• Age-related (“senile”) osteoporosis (type II) • Hematological diseases (leukemias, multiple myeloma)
• Heritable disorders of connective tissue • Rheumatological diseases (rheumatoid arthritis, systemic
(osteogenesis imperfecta, etc.) lupus erythematosus)

• Drug-induced osteoporosis (corticosteroids, antiepileptic
drugs, anticoagulants)

• Insufficient physical activity
• Post-traumatic osteoporosis

caused by vitamin D, calcium and/or phosphate
deficiency. Signs of rickets are related to the
lacking calcium fixation in the skeleton with the
following appearance of knock-knee, bow-leg,
pectus carinatum, narrow chest, macrocrania,
rachitic rosary and bracelet, while cramps in the
limbs, muscle weakness and tetany are its most
frequent symptoms. Very typical is the predispo-
sition to late dentition, spontaneous multiple
tooth decay and abscess formation10. Prophylaxis
of nutritional rickets must begin in the neonatal
period by vitamin D administraton (at a daily
dose of 400 IU). Since the early 20th century, ul-
traviolet radiations or vitamin D ingestion have
been recognized as a cure for rickets, with the
exception of vitamin D-resistant familial hy-
pophosphatemic rickets, in which treatment with
high dose-vitamin D (1000-5000 IU/day) pro-
duced no improvement11. We can distinguish X-
linked hypophosphatemic rickets (associated
with PHEX mutations, causing renal phosphate
wasting indirectly, through a humoral factor
known as FGF 23 or “phosphatonin”), type 1-au-
tosomal dominant (associated with reduced renal
synthesis of 1,25-dihydroxyvitamin D, due to de-
creased mitochondrial alpha-1 hydroxylase activ-
ity) and type 2-autosomal dominant rickets (asso-
ciated with reduced reply to 1,25-dihydroxyvita-
min D). Diagnosis of hypophosphatemic rickets
is currently based on detection of low serum
phosphate, normal serum calcium, inappropriate-
ly normal serum 1,25-dihydroxyvitamin D, ele-
vated serum alkaline phosphatase, normal to low
serum parathyroid hormone, low tubular reab-
sorption rate of phosphate and radiological
demonstration of rachitic bone deformities. Ther-
apy requires 25,000-50,000 IU/day of vitamin D,
calcium (0.5-5 g/day, although serum calcium
concentrations must be periodically and carefully

monitored to avoid hypercalciuria and nephrocal-
cinosis) and – in the X-linked form – oral phos-
phate (70-100 mg/kg/day)12. The defect of skele-
tal mineralization appearing in adulthood, when
skeleton accretion has been already completed, is
named “osteomalacia”, characterized by a nor-
mal bone volume with reduced mineral content:
its most frequent cause is lipid malabsorption
with reduced levels of circulating vitamin D or
vitamin D altered metabolism, calcium-poor diet
(normally absorbed for about 40% of calcium in-
gested), poor exposition to sunlight (leading to
an insufficient endogeneous vitamin D produc-
tion), multiple pregnancies and breast-feeding13.

Bone Mineral Density as a
Parameter of Investigation
The amount of calcium in specific regions of

the bones defines “bone mineral density”
(BMD). Bone mass increases throughout child-
hood, with maximal bone mass accrual occurring
in early to midpuberty and slowing in late puber-
ty14. However, most published studies are cross-
sectional and do not include individuals in suffi-
cient numbers, encompassing the entire age span
of interest, to determine the age at which peak
bone mass is attained. Physical activity, particu-
larly weight-bearing exercise, and exposition to
sunlight are known to have a contributive role to
the acquisition of a correct BMD, but after pu-
berty other established elements are the maturity
of secondary sexual characters in females and
body weight in males15. BMD results are inter-
preted according to the World Health Organiza-
tion criteria and are expressed in relation to spe-
cific skeletal sites through the comparison with
values reported in referral populations16. The
most used parameter to define BMD is T-score
(patient’s BMD – population peak BMD/SD of

119

Bone health as a primary target in the pediatric age



120

population peak BMD), expressed in standard
deviation (SD), which identifies BMD shifting
from the average of a corresponding sex-
matched population at the achievement of the
maximal BMD (i.e. around 20 years). BMD is
considered normal when the T-score is between
–1 and +1 SD according to the 1994 World
Health Organization statements (Table III). Os-
teoporosis is diagnosed if the T score is below
–2.5 SD and osteopenia if the T score is includ-
ed between –2.5 and –1 SD17. For most BMD
tests, 1 SD difference in T-score equals a 10-15
percent decrease in bone density. Low BMD and
fragility fractures are increasingly recognized in
pediatrics and bone fragility should be suspected
in all cases of fractures without substantial trau-
mas18. Anyhow, the clinical relevance of uncom-
plicated low BMD in the child remains difficult
to be evaluated as in adulthood, when fracture
risk is exponentially related to BMD values19.
The evaluation of bone densitometry is a matter
of concern in pediatrics due to the physiologic
continuous change of bone size and shape: thus,
an apparent bone mass accrual might simply re-
flect an increase of bone volumetry20. In addi-
tion, reference values are referred to healthy
subjects matched only for ethnicity, gender and
age, but do not consider body weight and puber-
tal stage. The definition for adult osteoporosis
cannot be applied to children and adolescents,
who have not yet achieved their bone peak mass.
Therefore, in the evolutive age it is preferable to
use Z-score (patient’s BMD – population age-re-
lated BMD/SD of age-related population BMD),
expressed in SD, which identifies the compari-
son between child’s BMD and the average BMD
of a corresponding gender/age-matched pediatric
population21. In the medical literature there is no
unanimous agreement about the definition of
threshold values in bone pathologic conditions
of the pediatric age: the International Society for
Clinical Densitometry disapproves the terms
“osteoporosis” and “osteopenia” for the child,
which should be totally substituted with the dic-
tion “low bone density for the chronological
age” if the Z-score is below –2 DS22. In addition,
the diagnosis of low BMD in children and ado-

lescents should not be made on the basis of den-
sitometric criteria alone, but in the presence of
both clinically significant fracture history and
low bone mass23.

Causes of Reduced Bone Mineral Density
in Pediatrics
Causes of bone fragility leading to reduced

BMD in the pediatric age can be primary or sec-
ondary and are schematically listed in Table IV.
Diseases primitively involving bone tissue are
somewhat rare in the pediatric age. Idiopathic ju-
venile osteoporosis is a primary form of reduced
BMD of unknown etiology and unexplained
pathophysiology, rarely observed: its onset is be-
fore puberty and is characterized by pain in the
back and feet, difficult deambulation, radiologi-
cal evidence of osteoporosis and multiple frac-
tures (typically in the metaphyses and vertebral
bodies). This is a transient condition caused by
hormonal imbalance related to the pubertal
growth spurt, leading to osteoblast dysfunction
and increased bone resorption: most of these
children experience a complete recovery within
3-4 years and can be treated only with physical
therapy; the diagnosis relies on the exclusion of
other known causes of reduced BMD as congeni-
tal/acquired conditions and drug administration24.
Osteogenesis imperfecta (or “brittle bone dis-
ease”) deserves attention among causes of re-
duced BMD in pediatrics: this dominantly inher-
ited disease is known in 9 forms of different
severity, characterized by defects in the synthesis
or structure of type I collagen, occurring as a re-
sult of a range of different mutations in type I
collagen genes. Its peculiarity is proteic matrix
reduction in bone tissue with following preco-
cious multiple pathologic fractures and severe
skeletal deformities25. The differential diagnosis
between idiopathic juvenile osteoporosis and os-
teogenesis imperfecta has been specified in Table
V. Other heritable disorders of connective tissue
as Marfan syndrome, Ehlers-Danlos syndrome,
homocystinuria and Bruck syndrome (with a
clinical picture characterized by osteogenesis im-
perfecta combined with arthrogryposis multi-
plex) display a direct impact on bone tissue qual-
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Normal bone mineral density T-score > –1 DS
Osteopenia T-score between –1 and –2.5 DS
Osteoporosis T-score < –2.5 DS

Table III. Definition of normal bone mineral density, osteopenia and osteoporosis in adults.
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Primary causes • Carential rickets
• Total parenteral nutrition

• Juvenile idiopathic osteoporosis
• Heritable disorders of connective tissue (osteogenesis Endocrine diseases
imperfecta, Marfan syndrome, Ehlers-Danlos syndrome, • Hypogonadotropic hypogonadism
homocystinuria, Bruck syndrome) • Delayed puberty

• Constitutional delay of puberty
Secondary causes • Functional hypothalamic amenorrhea

• Gonadal steroid insufficiency
Genetic diseases • Oestrogen unresponsiveness (aromatase deficiency
• Gaucher disease or oestrogen receptor defects)
• Mucopolysaccharidoses • Growth hormone deficiency
• Turner syndrome • Hyperthyroidism
• Klinefelter syndrome • Type 1 diabetes mellitus
• Phenylketonuria • Cushing’s syndrome/disease
• Protein lysinuric intolerance • Primary hyperparathyroidism
• Glycogen storage disorders • Acromegaly and hyperprolactinemia
• Galactosemia • McCune-Albright’s syndrome
• Menkes disease

Chronic diseases
Diseases with reduced physical activity and • Cystic fibrosis
insufficient mechanical loading of the skeleton • Chronic kidney disease with renal failure
• Cerebral palsy • Inflammatory bowel disease
• Duchenne muscular dystrophy and dystrophinopathies • Celiac disease
• Spinal neural tube defects (myelomeningocele) • Anorexia nervosa and binge eating disorder
• Progressive spinal amyotrophy • Juvenile idiopathic arthritis
• Poliomyelitis • Systemic lupus erythematosus
• Polytrauma with prolonged immobilization • Juvenile dermatomyositis

• Organ transplantation
Drugs with osteopenic effect • Congenital heart disease
• Corticosteroids
• Antiepileptic drugs Hematological diseases
• Anticoagulants (heparin and warfarin/acenocoumarol) • Thalassemia
• Antiblastic chemotherapy (methotrexate, cyclosporine) • Sickle cell disease
• Highly active antiretroviral therapy

Neoplasms invading the bone
Nutritional causes • Lymphoblastic leukemia and lymphoma
• Malnutrition • Neuroblastoma
• Diet without milk and derivates

Table IV. Primary and secondary causes of reduced bone mineral density in children.

Table V. Differential diagnosis between idiopathic juvenile osteoporosis and osteogenesis imperfecta. (Modified from Cam-
pos LM et al. J Pediatr (Rio J) 2003; 79: 481-8).

Idiopathic juvenile osteoporosis Osteogenesis imperfecta

Family history Negative Often positive
Age of onset 2-3 years before puberty Birth or childhood
Duration of signs 1-4 years Lifelong
Physical findings Abnormal gait, metaphyseal fractures Blue sclerae, short stature, thin gracile bones

with multiple deformities, kyphoscoliosis,
lax joints, dentinogenesis imperfecta, her-
nias, deafness

Biochemical abnormalities – Increased markers of bone resorption
Radiological abnormalities Metaphysial fractures Narrow long bones, diaphyseal and buckle

fractures, presence of wormian bones in the
skull

Molecular studies Normal type I collagen Abnormal type I collagen (>85% of cases)
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ity. Patients with genetic diseases involving the
skeleton, particularly lysosomal diseases deriving
from genetic defects of lysosomal enzymes,
which result in the accumulation of undegraded
substrates in bone tissue, as mucopolysacchari-
doses, are prone to the development of different
levels of reduced bone mass, depending on vari-
ous additional factors as nutritional deficiency,
epilepsy and protracted immobilization26.
Causes which secondarily reduce BMD are ex-

tremely heterogeneous and range from genetic,
endocrine and hematological diseases to physical
inactivity, various drugs and nutritional prob-
lems. Most children affected by chronic diseases
fail to achieve an optimal peak bone mass.
Among the numerous conditions involving the
skeleton in a secondary fashion there is the pro-
longed immobilization: the defective use of
limbs increases bone tissue resorption in the can-
cellous bone, where trabeculae become rarefied,
thinner and more fragile. This can be typically
observed in neuromuscular disorders as cerebral
palsy, Duchenne muscular dystrophy and
myelomeningocele27. Antiepileptic drugs as phe-
nobarbital, phenytoin and carbamazepine have
been shown to be associated with a lowering of
BMD in childhood and adolescence by the in-
duction of liver microsomial enzymes which ac-
celerate vitamin D catabolism28. Anticoagulants
influence bone tissue quality in different ways:
heparin stimulates directly osteoclasts, warfarin
and acenocoumarol reduce osteocalcin carboxy-
lation by their role of vitamin K antagonists. Pre-
venting bone demineralization induced by the
longlasting administration of oral anticoagulants
requires regular calcium and vitamin D con-
sumption as well as carrying out a moderate
physical activity29. In total parenteral nutrition
there is an aluminium loading which reduces
bone tissue formation and induce intense articu-
lar pain on the back and extremities: the only
known treatment for this condition is the tempo-
rary or permanent interruption of total parenteral
nutrition itself30. A state of renal osteodystrophy
can begin in young patients with long-standing
chronic renal insufficiency, owing to abnormal
bone decalcification related to secondary hyper-
parathyroidism and disturbed vitamin D metabo-
lism31. Multiple disorders resulting in deficient
caloric and micronutrient intake, as calcium and
vitamin D, may affect peak bone mass achieve-
ment during adolescence. Specific nutritional dis-
orders associated with reduced BMD include cys-
tic fibrosis, inflammatory bowel disease, celiac

disease and anorexia nervosa32. The association
of celiac disease with fractures is controversial in
the medical literature, but follow-up studies of
celiac patients on a gluten-free diet have demon-
strated the normalization of BMD33. Women with
anorexia nervosa who had onset of the disorder
during adolescence have more severe osteopenia
than those who developed the disorder during
adulthood34. Patients with Cushing’s syndrome
(caused by prolonged exposure of body tissues to
high levels of cortisol) and more often those with
Cushing’s disease (caused by a pituitary benign
adenoma secreting large amounts of adrenocorti-
cotropin) may have reduced bone mass due to the
direct effect of hypercortisolemia on bone and the
secondary hypogonadal state35. Glucocorticoids
at high dosages administered for long periods in
patients with inflammatory/autoimmune diseases
or after organ transplantation can determine a
secondary low BMD: metasteroidal conse-
quences on bone and growth retardation are com-
mon complications of glucocorticoid therapy in
pediatric patients, but the rate of bone loss is
strictly related to dose36. Loss of bone occurs
most rapidly in the first 6 months of glucocorti-
coid therapy, predominantly in the cancellous
bone. Failure to achieve peak bone mass is
thought to result from many factors, including di-
rect effects of steroids on bone, impaired calcium
absorption, abnormal renal calcium handling, re-
duced gonadal steroid secretion and changes in
the growth hormone/insulin-like growth factor-I
axis37. Different rheumatological diseases such as
systemic lupus erythematosus and juvenile der-
matomyositis have been associated with the re-
duction of BMD38. However, given the wide-
spread therapeutic use of corticosteroids in these
conditions, it is difficult to demonstrate an inde-
pendent effect on bone39. The presence of bone
loss in patients with abnormal pubertal develop-
ment demonstrates the critical impact of pubertal
hormone changes on normal bone mineral acqui-
sition40. McCune-Albright syndrome is classical-
ly defined by the clinical triad of fibrous dyspla-
sia of bone, involving single or multiple skeletal
sites, café-au-lait skin spots and hyperfunction of
multiple endocrine glands leading to pseudo-pre-
cocious puberty: occasionally this disease might
start with pathologic fractures due to a defective
bone mineralization41. Lastly, patients with all
thalassemia syndromes and other hematologic
disorders display hypogonadism, bone marrow
hyperplasia, increased bone turnover, variable
states of osteopenia and increased fracture risk,
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whilst patients with different solid tumours
might present a paraneoplastic syndrome with
parathormone ectopic secretion and objective
pictures of osteopenia42.

How to Study Bone Mineral Density
in Children
BMD evaluations require undoubtly a peculiar

attention in pediatrics. Children studied for bone
health need firstly to be evaluated for their
height, weight, pubertal stage, calcium intake,
type of physical activity, eventual history of frac-
tures and serum 1,25-dihydroxyvitamin D (nor-
mal value in children is 20-80 pg/ml), though vit-
amin D repletion is better assessed by serum levels
of 25-hydroxyvitamin D (normal value: 20-100
ng/ml). The first instrumental system used to
evaluate bone mass in vivo has been standard ra-
diography, which is not sensitive enough to de-
tect bone loss until 25 to 40% of BMD has been
lost. As annual variations of bone mass do not
exceed 6-7%, even in the course of diseases with
high bone turnover, newer tools of evaluation
with a major precision had to be investigated.
Dual energy X-ray absorptiometry (DXA) is the
most widely available method of measuring bone
densitometry (X-rays are used, but the radiation
dose is less than during a chest X-ray) and can be
applied in different skeletal sites, though the low-
er spine and total upper femur are mainly studied
to evaluate respectively cancellous and cortical
bone43. Routinely DXA is frequently used for as-
sessing BMD also in pediatrics and many Au-
thors have carried out BMD normality curves for
the pediatric age44-48. It has to be emphasized that
in children and adolescents BMD values are ex-
pressed as Z-scores by the comparison with gen-
der/age-matched healthy subjects. DXA mea-
surements identify only an “areal” BMD (g/cm2,
i.e. the ratio of bone mineral content to the pro-
jection area) instead of a true volumetric BMD
(g/cm3, i.e. the ratio of bone mineral content to
bone volume): the consequence is an overestima-
tion of greater bone sizes and an underestimation
of smaller ones. Many correction formulas have
been proposed to take into account body size,
though there is no definite agreement about the
one with the most acceptable correcting effect49.
Peripheral quantitative computed tomography
(pQCT) is the most accurate BMD test, which is
not dependent on bone size and is preferably ap-
plied to peripheral bones as radius, femur and
tibia, though reference data are not yet sufficient
for diagnostic purposes. This technique is used to

evaluate separately cancellous and cortical bone,
but might offer useful information about bone
strength too. A precise volumetric evaluation can
be obtained through pQCT especially in the fore-
arm, but its pediatric applicatory interest is poor
due to costs and higher radiation doses, 10 times
superior to DXA50. New methods of measuring
BMD using ultrasound have also been developed
with smaller and less expensive systems than tra-
ditional DXA ones. Quantitative ultrasound bone
densitometry (QUS) uses sound waves to analyze
bone tissue of different skeletal sites as heel, pha-
langes of the hand, radius and tibia. Phalangeal
QUS is an accurate method to assess bone miner-
al status and fracture risk in children and adoles-
cents with bone and mineral disorders, as well as
in healthy children. Most used phalangeal QUS
parameters are amplitude-dependent speed of
sound and bone transmission time, reflecting
both BMD, bone elasticity and architecture: ref-
erence curves for phalangeal QUS variables ac-
cording to age, height, weight, body mass index
and pubertal stages are available from early
childhood to young-adulthood51.

Therapy in Children’s Low Bone Density
The results of the densitometric evaluation

help healthcare providers in making recommen-
dations about either prevention or treatment of
reduced BMD, but no guidelines deriving from
controlled clinical studies are actually available.
Therapeutic interventions should not be instituted
on the basis of a single DXA measurement. The
effective control of an underlying disease (as
celiac disease through a strict gluten-free diet or
juvenile dermatomyositis through an adequate
immunosuppressant therapy) is the rational ap-
proach to restore bone mass in many cases of
secondary reduced BMD. Patients on long-term
corticosteroid therapy should receive the mini-
mum effective dose to control the underlying dis-
ease52. Pubertal retardation or hypogonadism re-
quire a specific correction with hormonal
therapy53. The first step in the therapeutic man-
agement of children with reduced BMD is con-
trol of calcium, phosphate, protein and vitamin D
intake and their adjustment according to the rec-
ommended dietary allowance54. Calcium supple-
mentation has been shown to improve BMD, but
it is unclear whether the effect is sustained once
supplementation is stopped. Whether calcium or
other micronutrient supplementation can lead to
an improvement in peak bone mass remains un-
known55. Calcium-rich foods should be preferred,
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because calcium salts (as calcium carbonate) are
often refused by most children and long-term
compliance is difficult to obtain56. The availabili-
ty of vitamin D is mainly dependent on the cuta-
neous production of cholecaciferol induced by
the exposition to sunlight, but in diseases as sys-
temic lupus erythematosus ultraviolet rays might
lead to the exacerbation of clinical symptoms and
many patients with chronic disabilities live in
charitable institutes with poor possibility of ex-
position to the external environment. The recom-
mended dose of vitamin D is 400 IU/day in chil-
dren and adolescents, remembering that its thera-
peutic index is narrow and there is great in-
terindividual variation in the dose that will lead
to chronic toxicity and hypercalcemia; thus peri-
odic monitoring of serum calcium, phosphate,
magnesium and alkaline phosphatase is recom-
mended. The available different vitamin D
analogs on sale (calcitriol: 1,25-dihydroxyvita-
min D; calcifediol: 25-hydroxyvitamin D; alfa-
calcidol: 1-α-hydroxyvitamin D) have not been

compared systematically57. If an increased risk of
fractures is established there is the possibility of
administering drugs, which might increase BMD.
Anti-resorption therapy is aimed at preventing
further bone loss (whilst anabolic therapy is
aimed at building new bone tissue): final goals of
any treatment strategy must be obviously the re-
duction in fracture risk and the preservation of an
adequate quality of life. Table VI lists all phar-
macologic modulators acting on osteoclast and
osteoblast activity in adults. There is scanty ex-
perience for the anabolic therapy in the pediatric
age, while anti-resorption therapy with bisphos-
phonates is actually under discussion. With the
exception of osteogenesis imperfecta, there are
very few controlled studies in children, mostly
related to small numbers of patients. Put on the
market more than 25 years ago, bisphosphonates
are synthetic analogues of pyrophosphate with
great affinity to hydroxyapatite and power to
cause dramatic changes in bone physiology by
the inhibition of osteoclast-mediated bone re-
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Table VI.

Pharmacological modulators Pharmacological modulators
of osteoclast activity in adults of osteoblast activity in adults

• Bisphosphonates • Parathyroid hormone 1-34 (teriparatide)
• Oestrogens • Strontium ranelate
• Selective oestrogen receptor modulators • Other potential stimulators (prostaglandins, fluoride,
• Calcitonins vitamin D and calcitriol analogues,
• Strontium ranelate RANK ligand, androgens, growth factors)
• Blocking RANKL system (osteoprotegerin,
soluble RANK, RANKL-antibodies)

Table VII. Comparison of old and new generation-bisphosphonates.

Drug Generation Oral dosage Parenteral dosage

Etidronate (hydroxy-etiliden-bisphosphonate) I 300-600 mg/day –
Clodronate (dichloromethylen- bisphosphonate) I 400-800 mg/day 100-200 mg/2-4 weeks
Pamidronate (amino-hydroxyipropiliden- II 150 mg/day 0.5-1 mg/kg for 3 days
bisphosphonate)
Alendronate (amino-hydroxyibutan-bisphosphonate) II 5-10 mg/day aut –

70 mg/week
Risedronate (hydroxy-pirinidil-etiliden- III 5 mg/day aut –
bisphosphonate) 35 mg/week
Neridronate (amino-hydroxy-etiliden- III – 25-50 mg every 1-2 months
bisphosphonate)
Ibandronate (hydroxymethylpentilamino- III 150 mg/month 3 mg every 3 months
propiliden-bisphosphonate)
Zoledronate (hydroxy-imidazol-phosphonoethyl- III – 0.020-0.025 mg/kg
bisphosphonate)



sorption58. In Table VII bisphosphonates of old
and new generation used in the clinical practice
are listed. Etidronate is one of the first drug
used against osteoporosis by the inhibition of
the dissolution of hydroxyapatite crystals and
their amorphous precursors59. Intravenous
pamidronate has been used in most cases, but
zoledronate is the most potent bisphosphonate
actually available, being 850 times more power-
ful than pamidronate and 16,000 times more
powerful than clodronate as inhibitor of osteo-
clast function60. Oral bisphosphonates must be
administered in the morning, on an empty stom-
ach, in orthostatism, at least one hour before
starting any usual daytime activity. In particular,
aminobisphosphonates can be administered once
a week per os: alendronate is the first bisphos-
phonate for which clinical studies were available,
defining a significant increase of BMD in the
lumbar column: 8% after 4 years of treatment61.
Neridronate has been more recently introduced
and successfully administered in patients with
neoplastic hypercalcemia: it induces the differen-
tiation of osteoblast precursors and reduces frac-
ture risk in patients aged 5-17 years with osteo-

genesis imperfecta62. Side effects and general
contraindications of bisphosphonates are listed in
Tables VIII and IX. Periodic controls of BMD
during treatment is advised at least after 6-12
months since startment in order to catch signifi-
cant differences, whilst markers of bone forma-
tion and resorption (listed respectively in Tables
X and XI) have only been studied in adults, who
can be identified as uncompliant or unresponsive
patients. Studies in animals have shown fetal ab-
normalities in bone induced by bisphosphonates,
so it is unethical to study bisphosphonates in
pregnant women or women who might become
pregnant63. Currently there are many doubts
about administering bisphosphonates in mild pri-
mary forms of low BMD or in cases of recog-
nized low BMD with no history of fracture, be-
cause long-term efficacy and safety data are still
not available. However, due to the difficulty in
defining the correct dose and the overall duration
of treatment, the prescription of bisphosphonates
should be reserved to specialists experienced in
pediatric bone biseases64.
In conclusion, much also remains to be

done, despite the recent and remarkable ad-
vances in bringing osteoporosis and reduced
BMD to the public attention, in understanding
their pathogenesis and in improving diagnosis
and treatment. It is now well established that
bone strength is not only dependent on bone
mass, but also on bone quality, which depends
on several parameters, including bone macro
and microarchitecture, bone matrix proteins
and mineral content through the balanced ac-
tivity of formation and resorption during bone
remodeling. At the cellular level this balance is
largely dependent on cell number and activity,
which are controlled by hormones and au-
tocrine/paracrine signalling. Optimization of
skeletal health is a process which has necessari-
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Oral or intravenous Hypocalcemia with
bisphosfonates hyperparathyroidism

Skin rash
Atrial fibrillation
Bone pain
Delay in tooth eruption (in
children with osteogenesis
imperfecta)

Oral bisphosfonates Upper gastrointestinal irritation
Esophageal ulceration

Intravenous Influenza-like illness
bisphosfonates Transient leukopenia

Acute renal failure and
nephrotic syndrome
Jaw osteonecrosis (unreported
in children)

Table VIII. Side-effects of bisphosphonates.

• Pregnancy
• Chronic kidney disease (stages 4 or 5)
• Hypocalcemia
• Osteomalacia and vitamin D deficiency
• Esophageal disease (for oral bisphosphonates)
• Bedrest with impossible upright position (for oral
bisphosphonates

Table IX. General contraindications of bisphosphonates.

• Total alkaline phosphatase (bone-specific isoenzyme)
• Osteocalcin
• N-terminal propeptide of type 1 procollagen 1 (P1NP)

Table X.Markers of new bone formation.

• Tartrate-resistant acid phosphatase
• Deoxypyridinolines
• C-terminal telopeptide of type I collagen

Table XI.Markers of bone resorption.



126

ly to be kept in mind for the whole life dura-
tion, pediatric age enclosed, because inade-
quate achievement of peak bone mass can pre-
dispose to pathological levels of BMD in the
long term and increased risk of fractures, which
are their most dreadful consequence. The avail-
able clinical data indicate that behavioural and
lifestyle changes, as regular weight-bearing ex-
ercise, avoidance of smoking or reducing alco-
hol intake, have a slight impact on the absolute
reduction of fracture risk, while there is general
agreement that calcium and vitamin D supple-
mentation should be an integral component of
the management strategy, along with specific
osteoporosis treatment.

References

1) KOBAYASHI T, KRONENBERG H. Minireview: transcrip-
tional regulation in development of bone. En-
docrinology 2005; 146: 1012-1017.

2) MANOLAGAS SC. Birth and death of bone cells: ba-
sic regulatory mechanisms and implications for
the pathogenesis and treatment of osteoporosis.
Endocr Rev 2000; 21: 115-137.

3) CARRIÉ FÄSSLER AL, BONJOUR JP. Osteoporosis as a
pediatric problem. Pediatr Clin North Am 1995;
42: 811-824.

4) MATKOVIC V, JELIC T, WARDLAW GM, ILICH JZ, GOEL PK,
WRIGHT JK, ANDON MB, SMITH KT, HEANEY RP. Timing
of peak bone mass in Caucasian females and its
implication for prevention of osteoporosis. Infer-
ence from a cross-sectional model. J Clin Invest
1994; 93: 799-808.

5) HEANEY RP, ABRAMS S, DAWSON-HUGHES B, LOOKER A,
MARCUS R, MATKOVIC V, WEAVER C. Peak bone mass.
Osteoporos Int 2000; 11: 985-1009.

6) DENT CE. Osteoporosis in childhood. Postgrad
Med J 1977; 53: 450-457.

7) SAGGESE G, BARONCELLI GI, BERTELLONI S. Osteoporo-
sis in children and adolescents: diagnosis, risk
factors and prevention. J Ped Endocr Metab
2001; 14: 833-859.

8) JEE WS, YAO W. Overview: animal models of os-
teopenia and osteoporosis. J Musculoskelet Neu-
ronal Interact 2001; 1: 193-207.

9) WRITING GROUP FOR THE ISCD POSITION DEVELOPMENT
CONFERENCE. Diagnosis of osteoporosis in men,
premenopausal women and children. J Clin Den-
sitom 2004; 7: 17-26.

10) CASHMAN KD. Vitamin D in childhood and adoles-
cence. Postgrad Med J 2007; 83: 230-235.

11) STAMP TC, BAKER LR . Recessive hypophos-
phataemic rickets and possible aetiology of the
'vitamin D-resistant' syndrome. Arch Dis Child
1976; 51: 360-365.

12) LANSKE B, RAZZAQUE MS. Vitamin D and aging: old
concepts and new insights. J Nutr Biochem 2007;
18: 771-777.

13) PRENTICE A. Vitamin D deficiency: a global perspec-
tive. Nutr Rev 2008; 66 (Suppl. 2): S153-S164.

14) CHEVALLEY T, BONJOUR JP, FERRARI S, RIZZOLI R. Influ-
ence of age at menarche on forearm bone mi-
crostructure in healthy young women. J Clin En-
docrinol Metab 2008; 93: 2594-2601.

15) BACHRACH LK. Consensus and controversy regard-
ing osteoporosis in the pediatric population. En-
docr Pract 2007; 13: 513-520.

16) LEWIECKI EM, WATTS NB, MCCLUNG MR, PETAK SM,
BACHRACH LK, SHEPHERD JA, DOWNS RW Jr; INTERNA-
TIONAL SOCIETY FOR CLINICAL DENSITOMETRY. Official po-
sitions of the international society for clinical den-
sitometry. J Clin Endocrinol Metab 2004; 89:
3651-3655.

17) WORLD HEALTH ORGANIZATION. Assesment of frac-
ture risk and its application for screening for post-
menopausal osteoporosis. WHO Technical Re-
port Series 843. Geneva, WHO; 1994.

18) BIANCHI ML. Osteoporosis in children and adoles-
cents. Bone 2007; 41: 486-495.

19) MARSHALL D, JOHNELL O, WEDEL H. Meta-analysis of
how well measures of bone mineral density pre-
dict occurrence of osteoporotic fractures. BMJ
1996; 312: 1254-1259.

20) HAVILL LM, MAHANEY MC, L BINKLEY T, SPECKER BL. Ef-
fects of genes, sex, age, and activity on BMC,
bone size, and areal and volumetric BMD. J Bone
Miner Res 2007; 22: 737-746.

21) LEWIECKI EM, GORDON CM, BAIM S, BINKLEY N,
BILEZIKIAN JP, KENDLER DL, HANS DB, SILVERMAN S,
BISHOP NJ, LEONARD MB, BIANCHI ML, KALKWARF HJ,
LANGMAN CB, PLOTKIN H, RAUCH F, ZEMEL BS. Special
report on the 2007 adult and pediatric Position
Development Conferences of the International
Society for Clinical Densitometry. Osteoporos Int
2008; 19: 1369-1378.

22) CADDIDY JT. Osteopenia and osteoporosis in chil-
dren. Clin Exp Rheumatol 1999; 17: 245-250.

23) LEWIECKI EM, GORDON CM, BAIM S, LEONARD MB, BISH-
OP NJ, BIANCHI ML, KALKWARF HJ, LANGMAN CB, PLOTKIN
H, RAUCH F, ZEMEL BS, BINKLEY N, BILEZIKIAN JP, KENDLER
DL, HANS DB, SILVERMAN S. International society for
clinical densitometry 2007 adult and pediatric offi-
cial positions. Bone 2008; 43: 1115-1121.

24) LORENC RS. Idiopathic juvenile osteoporosis. Calcif
Tissue Int 2002; 70: 395-397.

25) WAINWRIGHT H, BEIGHTON P. Osteogenesis imper-
fecta and holoprosencephaly. Clin Dysmorphol
2007; 16: 189-191.

P. Caradonna, D. Rigante



26) RIGANTE D, CARADONNA P. Secondary skeletal in-
volvement in Sanfilippo syndrome. QJM 2004; 97:
205-209.

27) MAÏMOUN L, FATTAL C, MICALLEF JP, PERUCHON E, RA-
BISCHONG P. Bone loss in spinal cord-injured pa-
tients: from physiopathology to therapy. Spinal
Cord 2006 44: 203-210.

28) SHETH RD. Metabolic concerns associated with
antiepileptic medications. Neurology 2004; 63:
S24-S29.

29) GOODMAN SB, JIRANEK W, PETROW E, YASKO AW. The
effects of medications on bone. J Am Acad Or-
thop Surg 2007 15: 450-460.

30) HAMILTON C, SEIDNER DL. Metabolic bone disease
and parenteral nutrition. Curr Gastroenterol Rep
2004; 6: 335-341.

31) SCHWARZ C, SULZBACHER I, OBERBAUER R. Diagnosis of
renal osteodystrophy. Eur J Clin Invest 2006; 36:
S13-S22.

32) HOLICK MF. Vitamin D deficiency. N Engl J Med
2007; 357: 266-281.

33) MORA S, BARERA G, RICOTTI A, WEBER G, BIANCHI C,
CHIUMELLO G. Reversal of low bone density with
a gluten-free diet in children and adolescents
with celiac disease. Am J Clin Nutr 1998; 67:
477-481.

34) Biller BMK, Saxe V, Herzog DB, Rosenthal DI,
Holzman S, Klibanski A. Mechanisms of osteo-
porosis in adult and adolescent women with
anorexia nervosa. J Clin Endocrinol Metab1989;
68: 548-554.

35) VAN DER EERDEN AW, DEN HEIJER M, OYEN WJ, HER-
MUS AR. Cushing's syndrome and bone mineral
density: lowest Z scores in young patients. Neth J
Med 2007; 65: 137-141.

36) BIANCHI ML. Glucorticoids and bone: some gen-
eral remarks and some special observations in
pediatric patients. Calcif Tissue Int 2002; 70:
384-390.

37) OOLF AD. An update on glucocorticoid-induced os-
teoporosis. Curr Opin Rheumatol 2007; 19: 370-
375.

38) WEISMAN MH. Corticosteroids in the treatment of
rheumatologic diseases. Curr Opin Rheumatol
1995; 7: 183-190.

39) BISHOP N, BRAILLON P, BURNHAM J, CIMAZ R, DAVIES J,
FEWTRELL M, HOGLER W, KENNEDY K, MÄKITIE O,
MUGHAL Z, SHAW N, VOGIATZI M, WARD K, BIANCHI ML.
Dual-energy X-ray aborptiometry assessment in
children and adolescents with diseases that may
affect the skeleton: the 2007 ISCD Pediatric Official
Positions. J Clin Densitom 2008; 11: 29-42.

40) SEEMAN E. Structural basis of growth-related gain
and age-related loss of bone strength. Rheuma-
tology (Oxford) 2008; 47 Suppl. 4: 2-8.

41) HAMADANI M, CHAUDHRAY AL. McCune-Albright syn-
drome. Med J Aust 2006; 185: 597.

42) GUREVITCH O, SLAVIN S. The hematological etiology
of osteoporosis. Med Hypotheses 2006; 67: 729-
735.

43) EL MAGHRAOUI A, ROUX C. DXA scanning in clinical
practice. QJM 2008; 101: 605-617.

44) VAN DER SLUIS IM, DE RIDDER MA, BOOT AM, KRENNING
EP, DE MUINCK KEIZER-SCHRAMA SM. Reference data
for bone density and body composition measured
with dual energy X ray absorptiometry in white
children and young adults. Arch Dis Child 2002;
87: 341-347.

45) KALKWARF HJ, ZEMEL BS, GILSANZ V, LAPPE JM, HORLICK
M, OBERFIELD S, MAHBOUBI S, FAN B, FREDERICK MM,
WINER K, SHEPHERD JA. The bone mineral density in
childhood study: bone mineral content and densi-
ty according to age, sex and race. J Clin En-
docrinol Metab 2007; 92: 2087-2099.

46) SALA A, WEBBER CE, MORRISON J, BEAUMONT LF, BARR
RD. Whole-body bone mineral content, lean body
mass, and fat mass measured by dual-energy X-
ray absorptiometry in a population of normal
Canadian children and adolescents. Can Assoc
Radiol J 2007; 58: 46-52.

47) XU H, CHEN JX, GONG J, ZHANG TM, WU QL, YUAN
ZM, WANG JP. Normal reference for bone density
in healthy Chinese children. J Clin Densitom
2007; 10: 266-275.

48) SHU SG. Bone mineral density and correlation fac-
tor analysis in normal Taiwanese children. Acta
Paediatr Taiwan 2007; 25: 423-430.

49) CARTER DR, BOUXSEIN ML, MARCUS R. New ap-
proaches for interpreting projected bone densito-
metry data. J Bone Miner Res 1992; 7: 137-145.

50) KASTE SC, TONG X, HENDRICK JM, KARIMOVA EJ, SRIVAS-
TAVA DK, TYLAVSKY FA, SNIDER TL, CARBONE LD. QCT
versus DXA in 320 survivors of childhood cancer:
association of BMD with fracture history. Pediatr
Blood Cancer 2006; 47: 936-943.

51) BARONCELLI GI, FEDERICO G, VIGNOLO M, VALERIO G,
DEL PUENTE A, MAGHNIE M, BASERGA M, FARELLO G,
SAGGESE G; PHALANGEAL QUANTITATIVE ULTRASOUND
GROUP. Cross-sectional reference data for pha-
langeal quantitative ultrasound from early child-
hood to young-adulthood according to gender,
age, skeletal growth, and pubertal development.
Bone 2006; 39: 159-173.

52) AMERICAN COLLEGE OF RHEUMATOLOGY TASK FORCE ON

OSTEOPOROSIS GUIDELINEs. Recommendations for
the prevention and treatment of glucocorticoid-in-
duced osteoporosis. Arthritis Rheum 1996; 39:
1791-1801.

53) GIUSTINA A, MAZZIOTTI G, CANALIS E. Growth hor-
mone, insulin-like growth factors and the skele-
ton. Endocr Rev 2008; 29: 535-559.

54) JOHNSTON CC JR, MILLER JZ, SLEMENDA CW, REISTER
TK, HUI S, CHRISTIAN JC, PEACOCK M. Calcium sup-
plementation and increases in bone mineral den-
sity in children. N Engl J Med 1992; 327: 82-87.

127

Bone health as a primary target in the pediatric age



128

55) CHEVALLEY T, BONJOUR JP, FERRARI S, HANS D, RIZZOLI
R. Skeletal site selectivity in the effects of calcium
supplementation on areal bone mineral density
gain: a randomized, double-blind, placebo-con-
trolled trial in prepubertal boys. J Clin Endocrinol
Metab 2005; 90: 3342-3349.

56) BONJOUR JP, CARRIE AL, FERRARI S, CLAVIEN H, SLOS-
MAN D, THEINTZ G, RIZZOLI R. Calcium-enriched food
and bone mass growth in prepubertal girls: a ran-
domized, double-blind, placebo-controlled trial. J
Clin Invest 1997; 99: 1287-1294.

57) BISCHOFF-FERRARI HA, REES JR, GRAU MV, BARRY E,
GUI J, BARON JA. Effect of calcium supplementa-
tion on fracture risk: a double-blind randomized
controlled trial. Am J Clin Nutr 2008; 87: 1945-
1951.

58) SHOEMAKER LR. Expanding role of bisphospho-
nate therapy in children. J Pediatr 1999; 134:
264-267.

59) NAKAYAMADA S, OKADA Y, SAITO K, TANAKA Y.
Etidronate prevents high dose glucocorticoid in-
duced bone loss in premenopausal individuals
with systemic autoimmune diseases. J Rheumatol
2004; 31: 163-166.

60) ISRAELI RS, ROSENBERG SJ, SALTZSTEIN DR, GOTTESMAN
JE, GOLDSTEIN HR, HULL GW, TRAN DN, WARSI GM,
LACERNA LV. The effect of zoledronic acid on bone
mineral density in patients undergoing androgen
deprivation therapy. Clin Genitourin cancer 2007;
5: 271-277.

61) BIANCHI ML, CIMAZ R, BARDARE M, ZULIAN F, LEPORE
L, BONCOMPAGNI A, GALBIATI E, CORONA F, LUISETTO
G, GIUNTINI D, PICCO P, BRANDI ML, FALCINI F. Effi-
cacy and safety of alendronate for the treatment
of osteoporosis in diffuse connective tissue dis-
eases in children. Arthritis Rheum 2000; 43:
1960-1966.

62) GATTI D, ANTONIAZZI F, PRIZZI R, BRAGA V, ROSSINI M,
TATÒ L, VIAPIANA O, ADAMI S. Intravenous ner-
idronate in children with osteogenesis imperfecta:
a randomized controlled study. J Bone Miner Res
2005; 20: 758-763.

63) PATLAS N, GOLOMB G, YAFFE P, PINTO T, BREUER E,
ORNOY A. Transplacental effects of bisphospho-
nates on fetal skeletal ossification and mineraliza-
tion in rats. Teratology 1999; 60: 68-73.

64) BIANCHI ML. Diagnosis and treatment of bone fragili-
ty in childhood. IBMS BoneKEy 2008; 5: 323-335.

P. Caradonna, D. Rigante


