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Abstract
Osteoporosis is a condition of increased bone fragility associated with fractures. Apart from primary genetic osteoporotic
conditions, secondary osteoporosis in children is being increasingly recognized. As a result, there is growing interest in its
prevention and treatment. Important goals of care are to prevent fractures, increase bone mass and trabecular and cortical
thickness, reshape vertebral fractures, prevent (or correct) skeletal deformities, and improve mobility, independence, and
quality of life. Secondary pediatric osteoporosis is often of multifactorial origin since affected children frequently have more
than one acquired factor that is detrimental to bone health. Typical conditions causing osteoporosis are leukemias, progressive
muscle or neurological disorders, as well as chronic inflammatory conditions and their treatment. Management of children
with osteoporosis involves a multidisciplinary team involving pediatric experts from different subspecialties. With regard
to prevention and early intervention, it is important to provide optimal management of any underlying systemic conditions
including avoidance, or dose-reduction, of osteotoxic medications. Basic supporting life-style measures, such as appropriate
nutrition, including adequate calcium intake and vitamin D, and physical activity are recommended, where possible. When
pediatric treatment criteria for osteoporosis are met, antiresorptive drugs constitute the first pharmacological line treatment.
Conclusion: This clinical review focuses on the prevention, treatment, and follow-up of children with, or at risk of devel-
oping, osteoporosis and the transition from pediatric to adult care.

What is Known:

e Osteoporosis and associated fractures can cause significant morbidity and reduce the quality of life.

o The developing skeleton has huge potential for recovery and reshaping, thus early detection of fractures, assessment of recovery potential,
and treatment of children with osteoporosis can prevent future fractures, deformities, and scoliosis, improve function and mobility, and
reduce pain.

What is New:

o Osteoporosis in children and adolescents requires a multidisciplinary approach with a thorough assessment of recovery potential, and indi-
cation for therapy should be personalized.

o Although bisphosphonates still represent the drug most commonly used to increase bone mass, improve mobility, and reduce pain and recur-
rence of fractures, new agents are being developed and could be beneficial in children with specific conditions.

Keywords Osteoporosis - Osteoporosis treatment - Bisphosphonates - Denosumab - Whole body vibration therapy -
Rodding surgery - Rehabilitation - Osteogenesis imperfecta
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Introduction

Bone mass and architecture are accrued continuously during
childhood and adolescence to build a strong adult skeleton.
In children with osteoporosis, this process is altered leading
to fragile bones more likely to break. Primary osteoporosis
usually occurs due to an underlying genetic defect, with the
most common condition being osteogenesis imperfecta (OI).
Acute or chronic illnesses and their treatment can also harm
bone tissue, leading to acquired (secondary) osteoporosis.
The diagnostic work-up of children at risk, or suspected of,
osteoporosis has been recently discussed [1].

In contrast to adults, children are continuously elongat-
ing, widening, and strengthening their bones during growth
and puberty. Consequently, the developing skeleton has huge
potential for recovery and reshaping and the first 20 years
of life represent a unique window of opportunity for the
treatment of osteoporosis. Early diagnosis is therefore of
utmost importance. Knowledge of these specific pediatric
principles is essential to make logical decisions about if and
when to start treatment.

Several treatment options are available, mostly medi-
cations that can prevent or reduce the number of fractures
and further bone loss, improve bone mass, and enhance the
reshaping of vertebral fractures (VFs). To date, bisphospho-
nates (BPs) are mainly used in osteoporotic conditions that
are characterized by intrinsically elevated bone turnover and/
or by increased osteoclast activity (e.g., OI) [2]. However,
in recent years, novel drugs acting on signaling pathways
that control bone formation and remodeling have become
available.

In this clinical review, we discuss the goals of care and
the available treatment options for primary and secondary
osteoporosis in children and adolescents, ranging from con-
servative measures to pharmacological and surgical inter-
ventions. Guidance regarding the treatment indications and
follow-up is summarized. Finally, the transition from pedi-
atric to adult care is discussed.

Management of osteoporosis in children
Goals of care

Osteoporosis and associated fractures (e.g., VFs) can cause
significant morbidity and reduce the quality of life [3-6].
The goals of care in children and adolescents are the early
detection of VFs, the prevention of future fractures, deformi-
ties and scoliosis, the improvement of function and mobil-
ity, and the reduction of pain. Furthermore, by promoting
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bone mass accrual during the critical years for skeletal
development, lifelong fracture risk is likely diminished [5,
71.

To reach these goals, a multidisciplinary approach is
advised involving pediatricians (often subspecialized, e.g.,
oncology, gastroenterology, neurology), pediatric bone
specialists (i.e., pediatric endocrinologist), orthopedic sur-
geons, physio- and occupational therapists, rehabilitation
specialists, pharmacists, psychologists, and specialized
nurse practitioners. This list of healthcare professionals is
not exhaustive and should be personalized to the needs of the
individual patient and his/her medical condition [3, 4, 7, 8].

Whether and when to initiate treatment in children is
difficult to decide for most general clinicians. The clinical
disease spectrum is broad, and therefore no one-size-fits-all
strategy is available and the expertise of a pediatric bone
specialist is required. Important factors to consider are,
amongst others, the presence of symptoms (e.g., back pain or
musculoskeletal pain), the nature and severity of any under-
lying condition, the level of mobility, and the possibility
for spontaneous or medication-assisted recovery. For exam-
ple, osteoporosis secondary to leukemia has a completely
different timing and recovery potential compared to osteo-
porosis secondary to Duchenne muscular dystrophy (DMD),
and therefore requires different modes and duration of treat-
ment. Nevertheless, general recommendations can be made
and will be discussed further on in this manuscript, as well
as guidance for follow-up.

Conservative measures

Conservative measures in at-risk children include the
optimization of the nutritional status, the promotion of
physical activity, where possible, and the best available
treatment of underlying conditions that can harm bone or
increase the risk of falls [9, 10]. Although these modifiable
factors play a substantial role in bone mass accrual and
maintenance, they are often difficult to improve in chroni-
cally ill children, e.g., in case of progressive immobility
from neuromuscular disease or unavoidable corticosteroid-
or chemotherapy.

Appropriate intake of calcium and vitamin D is essen-
tial for the prevention (and treatment) of rickets/osteoma-
lacia [11] and to maintain normal bone mineralization;
25-OH-vitamin D levels should be kept above 20 ng/mL
(50 nmol/L), and vitamin D supplementation should be
considered in children with osteoporosis and in at risk
groups (specifically in those with gastro-intestinal disor-
ders). However, vitamin D supplementation in people with
sufficient vitamin D levels has no effect on BMD and does
not reduce the fracture risk [12, 13].
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In healthy children and adolescents, regular intense
physical activity increases bone quality and strength in
adulthood [14, 15]. Therefore, ambulatory children with
osteoporosis should perform an exercise with a low risk of
falls and bodily contact if feasible [16, 17].

In conditions and situations where muscle training is
possible, rehabilitation can be employed to reduce pain
and increase mobility. Physiotherapy should include
strengthening exercises to improve muscle force, coor-
dination, balance, and manage muscle contractures [18].
Whole-body vibration therapy (WBV) can be considered
in some patients to increase muscle force. Data are con-
troversial, mainly because randomized controlled trials
are very difficult to conduct in these patient groups. Also,
the necessary intensity and duration of WBV for muscle
and/or bone benefit still needs to be determined and it is
not clear yet whether children with OI could benefit from
WBYV [18-20]. In patients with DMD, a potential benefi-
cial effect of WBV on BMD and muscle strength has been
described. However, the results are conflicting [21-23]. In
contrast, there is convincing evidence that children with
cerebral palsy do benefit from WBV with improvement
of their mobility and femoral BMD, in absence of major
adverse events [24-27]. Quite likely, WBV is most ben-
eficial in children affected by muscular impairment rather
than in children affected by primary bone defects [28].

In children affected by secondary osteoporosis, the
treatment of the underlying condition and the optimiza-
tion of osteotoxic drugs dose are essential for spontaneous
recovery [29]. Lastly, children with a chronic illness often
experience a delay in growth and puberty or even hypog-
onadism, which has a huge potential to worsen bone mass
acquisition. Monitoring of growth and pubertal develop-
ment and eventually induction of puberty will help to
improving bone health in such cases. For example, in boys
with DMD and pubertal delay, testosterone administration
enhances the effects of BPs by increasing bone mass and
stabilizing VFs [30].

Pharmacological interventions
Bisphosphonates

BPs inhibit osteoclasts and represent the most widely used
medications to treat osteoporosis (Table 1). BPs are syn-
thetic analogs of pyrophosphate, a by-product of cell metab-
olism inhibiting bone resorption. The addition of nitrogen-
chains defines the strength of the BPs by making the binding
with hydroxyapatite more potent and explains why different
BPs have different potency and dosage regimens [31, 32].
Around 50% of the administered BPs is excreted rapidly by
the kidneys, while the other 50% is taken up by the skeleton.

The embedded BPs can be measured years after their use
[33].

As a result of reduced bone resorption and continuous
bone formation, bone mass and bone strength (i.e.,
cortical and trabecular thickness) increase over time dur-
ing BPs administration [34]. Typical band-like metaphyseal
sclerosis is seen on radiographs of patients treated with BPs
(Fig. 1A), without affecting bone growth. However, long-
term use of BPs traps growth plate cartilage in mature bone
and impairs bone repair, with the risk of atypical femur frac-
tures. Therefore, a treatment pause in young adult life is
required to allow the removal of cartilage and bone remod-
eling [33].

BPs can be given orally and intravenously, although
oral administration might be less effective and thus might
better be reserved for children with milder osteoporosis
[35]. Also, esophagitis consequent to oral BPs administra-
tion is commonly described. To reduce this risk the child
should keep an upright position for at least 30 min after
taking an oral bisphosphonate but this could be very dif-
ficult in specific patient categories. With regard to intra-
venous BP’s, the vast majority of patients experience an
acute phase reaction (mainly after the first administration)
characterized by fever, nausea, and malaise, which is usu-
ally self-limiting and responds to paracetamol [36, 37].
More severe side effects can occur in a smaller percent-
age of children, such as hypocalcemia, uveitis, diarrhea,
vomiting, and (in infants) respiratory distress [38]. BPs
administration has also been associated with delayed oste-
otomy healing after intramedullary rodding procedures
and altered reshaping of existing fractures in patients with
OI [34, 39, 40]. Contraindications to use BPs in children
are renal impairment, untreated hypovitaminosis D, or
hypocalcemia [34].

BPs are still used off-label in pediatric age, although sev-
eral studies, mainly in children with OI, support their effi-
cacy and safety [41-44]. BP administration in children with
OI has been associated with increased bone mass, improved
mobility, reduction of pain, and fracture rate [45-48]. In
disuse-related bone fragility conditions, e.g., cerebral palsy,
BPs also increased BMD Z-scores of both the lumbar spine
and hip [49] but their effect is limited due to low bone turno-
ver. In boys with DMD, the administration of pamidronate
or zoledronate resulted in resolution or decrease of back
pain, stabilization of previous fractures or improvement of
vertebral height, and partially prevented the occurrence of
new fractures [50]. The efficacy of zoledronate in glucocorti-
coid-induced osteoporosis has been shown with a significant
increase in lumbar spine BMD Z-score compared to placebo
after 1 year of treatment. No new VFs occurred in the treated
group (n=18), while new VFs occurred in two children on
placebo (n=16) [51].

@ Springer
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Fig. 1 Effect of BPs and denosumab on bone metaphysis; left knee
radiographs. A Band-like metaphyseal sclerosis in a boy diag-
nosed with OI by the age of 3.5 years, 3 years after the start of BPs
(pamidronate intravenously at 4-month intervals). B Metaphyseal
sclerosis in a 13-year-old girl long-term treated with denosumab
because of a recurring spinal aneurysmal bone cyst

Denosumab

Denosumab is a human monoclonal antibody administered
subcutaneously which, like BPs, inhibits bone resorption by
inhibiting osteoclasts. Denosumab does this by binding to
RANK-L, mimicking the inhibitory effects of osteoprote-
gerin and leading to a decrease in bone turnover [52]. Deno-
sumab is not embedded in the bone matrix, thus its effects
are rapidly reversed after cessation of treatment. Rapid onset
of bone resorption with sudden massive increase of bone
turnover markers follows cessation of treatment, poten-
tially resulting in rebound hypercalcemia in children and in
rebound VFs in adults.

Little is known about the risks of denosumab in chil-
dren. The first clinical trial in children with OI was stopped
because of rebound hypercalcemia [53]. Concerns have been
raised regarding linear growth and fracture healing because
of the potent effect of denosumab on bone remodeling. In
children, continues epiphyseal activity both during and after
treatment and normal growth velocity have been reported
[54-58], although the metaphyseal sclerosis and the reten-
tion of calcified cartilage at the growth plates consequent
to denosumab administration may potentially have negative
effects on growth and bone shape, Fig. 1B [54]. In adults,
osteonecrosis of the jaw (ONJ) is a known complication of

denosumab therapy, when high doses are used to treat a giant
cell tumor of the bone (GCTB). To date, ONJ has only been
reported in two children receiving denosumab because of a
GCTB [59, 60], who also developed, after cessation of treat-
ment, acute severe hypercalcemia with acute kidney failure.
Although normally transient, hypercalcemia with subsequent
risk of acute kidney failure can be a severe complication
of denosumab discontinuation, thus careful monitoring of
serum and urinary calcium is required [52, 59, 61-63].

To date, denosumab has only been used off-label in
children with OI, and non-osteoporotic conditions such as
juvenile Paget’s disease, fibrous dysplasia, GCTB, and aneu-
rysmal bone cysts. In this last condition, successful treat-
ment with denosumab has been reported in several cases,
supporting the use of denosumab as alternative treatment
especially in patients with spinal and pelvic tumors, for
whom surgery would be associated with potentially high
morbidity [64—66].

Up until now, denosumab does not have a pediatric
license and does not represent a first-line medication in chil-
dren and adolescents affected by osteoporosis. However, it
can represent an off-label treatment in patients with renal
failure or those with poor response or severe side effects to
BPs, and certainly those with GCTB and aneurysmal bone
cysts, if used with extreme precaution.

Sclerostin inhibitors

Sclerostin inhibitors are a novel class of monoclonal anti-
bodies that, through their binding to sclerostin, act with a
dual effect on bone metabolism, inhibiting bone resorption
and increasing bone formation [67]. Romosozumab effec-
tiveness has been shown by two phase 3 clinical trials per-
formed in women with postmenopausal osteoporosis and
a high risk of fractures [68, 69]. Up until now, there is no
licensed indication for romosozumab use in children, but
an ongoing international trial is evaluating the drug in chil-
dren affected by OI [70]. Also, a second sclerostin inhibitor
(setrusumab) is currently under evaluation in patients with
OI[71].

Surgical interventions

Next to conservative approaches and pharmacological treat-
ment, sometimes surgical intervention is needed to correct
deformities of the limbs (corrective osteotomy and intramed-
ullary rodding), to improve limb function, or to treat pro-
gressive scoliosis and kyphosis of the spine to prevent pul-
monary insufficiency, pain, and disability.

In children with OI, the rodding of lower limbs is often
associated with a significant increase in mobility. Also, the
rodding of upper extremities can have a good impact on a
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child’s mobility by improving grip and upper arm strength
and arm length, with subsequent higher functional abilities
(for example the child can use supports for walking, e.g.,
K-walkers or crutches, more easily). Indications to perform
surgery (e.g., rodding of severely deformed long bones with
or without frequent fractures) usually start from the age
when the child can stand more or less independently to assist
locomotion and reduce the risk of fractures [72]. Another
benefit to consider is the improved aesthetic appearance of
the limb which can have a positive impact on the child’s
self-perception [73].

The patient and his/her parents should however be aware
that surgery does not always improve mobility and might
only reduce fracture risk. Lack of access to regular physi-
otherapy and rehabilitation can represent important limi-
tations for mobility improvement. Also, intramedullary
rodding in children with brittle bones is associated with rela-
tively high rates of complications (such as an outgrown nail,
nail migration, impaired osteotomy healing, and re-fracture)
and revision surgeries are often necessary. Consultation of
a pediatric orthopedic surgeon experienced with surgery in
Ol is crucial for the patient [74].

Treatment indications

Apart from O], there is at present a relative paucity of stud-
ies investigating treatment interventions in children with
different forms of secondary osteoporosis. Therefore, and
given the potential of spontaneous recovery of bone dis-
ease in acquired conditions, a conservative approach is still
advised by the International Society for Clinical Densitom-
etry (ISCD) [75] with pharmacological therapy typically
reserved for children with recurrent long bone fractures or
those experiencing at least one VF [76].

In children affected by primary osteoporosis such as OI,
BPs are the most widely used treatment, administered intra-
venously in moderate and severe forms of OI while in mild
forms and in the absence of VFs, oral administration should be
considered [34]. After the initial phase of treatment and once
BMD Z-score is above —2 SD, BPs should be continued on a
maintenance regimen (e.g., half dose) to enhance and stabilize
the increase of BMD. After a BMD Z-score value above 0 is
reached, administration at a lower dosage or reduced frequency
should be considered until the end of growth [77, 78].

Less is known about the effect of BPs on children and
adolescents affected by juvenile idiopathic osteoporosis
(JIO). Although JIO tends to spontaneously recover at the
end of adolescence, VFs and long bone fractures can occur
with a risk of permanent bone deformities. Administration of
BPs is beneficial, by reducing pain, fracture recurrence and
by reducing the chance of future disability as a consequence
of permanent deformities [79].

@ Springer

In patients affected by secondary osteoporosis and suf-
ficient remaining growth potential, spontaneous recovery
and reshaping of VFs can occur, if the underlying condi-
tion is under control, cured or the corticosteroid treatment is
stopped. However, if ISCD criteria for pediatric osteoporosis
are met, BPs are indicated. Re-evaluation of treatment con-
tinuation is conducted in yearly intervals, judged by reas-
sessment of bone pain, fractures, vertebral reshaping, activ-
ity of the underlying conditions, osteotoxic medications,
remaining growth potential, and DXA scan results [34]. In
immobility-induced osteopenia (BMD Z-scores below —2,
without VFs or long bone fractures) or other chronic condi-
tions, BPs can be considered if there is a declining trend in
BMD and persisting risk factors [29]. The principal aspect
to evaluate is the underlying (temporary or permanent) con-
dition determining bone fragility [76]. For example, chil-
dren affected by acute leukemia are mostly diagnosed at a
young age: in this case, the insult to the bone is transient
and the residual potential growth still high; consequently,
the majority of VFs have a potential to reshape without
any bone-active treatment if they remain in remission [80].
On the contrary, children affected by DMD and chroni-
cally treated with GCs present persistent severe risk factors
for bone damage that make spontaneous fracture healing
unlikely. An annual spinal radiography from the start of GCs
is thus recommended [81].

Considering the heterogeneity of conditions, the diag-
nostic challenges, treatment indications, dosing regimens,
and follow-up strategies, a pediatric endocrinologist with
expertise in bone health must be involved in the management
of these patients [38].

Follow-up

Children at risk of or with osteoporosis require careful
monitoring by a pediatric specialist in order to detect new
fractures early on, start treatment when appropriate, and pre-
vent permanent deformities. For some conditions (e.g., OI,
DMD, glucocorticoid-induced osteoporosis, disuse-induce
osteoporosis, osteoporosis secondary to f-thalassemia) there
are guidelines available with regard to follow-up [29, 77,
81-83]. However, some general recommendations can be
given.

In children treated with high-dose and long-term steroids,
BMD by DXA might be determined at the baseline, and
then yearly, during the treatment period. Lateral spine radio-
graphs, or VFA, should be conducted at baseline and yearly
if (1) VFs are present at baseline and (2) there is a presence
of continuous high-dose steroid therapy, worsening mobil-
ity, and/or poor control of the underlying disease. A lateral
spine radiograph should always be performed in children at
high risk for VFs who develop back pain or demonstrate a
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decline in BMD Z-score > 0.5 SD in two consecutive meas-
urements [84].

For example, in children with DMD follow-up is required
due to the persistent insult to their bones as a consequence
of chronic treatment with GCs, progressive myopathy,
reduced mobility, and often delayed puberty. There is a
high risk of VFs and routine spine radiographs often detect
otherwise asymptomatic fractures. Any first VF in DMD
necessitates prompt BP treatment initiation. The detection
of VFs at any time point is predictive of future VFs, accord-
ing to the so-called vertebral fracture cascade. Routine
thoracolumbar spine radiographs are therefore indicated
yearly. To reduce the exposure to radiations, vertebral frac-
ture assessment (VFA) using DXA, or MRI, should be used
instead of lateral spine radiographs, where possible [81, 85].

Transition from pediatric to adult care

In general, the transition of care from pediatric to adult
healthcare services is challenging. Up to 50% of young
adults with an endocrine disorder are lost to follow-up after
transfer to adult healthcare [86]. With regard to osteoporosis
management, there is no consensus on the optimal timing of
transition, but the majority of patients prefer the transfer at the
age of 18-24 years [87]. The transition should be gradual,
starting with structured education by the healthcare team at
the age of 14 years, to accomplish independent and autono-
mous behavior over time [88, 89].

After transition, adult caregivers will lower the frequency
of out-patient clinic visits and the frequency of BPs admin-
istration if adult height is reached, pubertal development is
completed, and the cognitive functioning is adequate. How-
ever, 18-year-old adolescents still in follow-up for growth
and pubertal development should be managed according
to pediatric guidelines. Of note, treatment indications differ
between pediatric and adult care as well as the dosage of
intravenous BPs. For example, zoledronate in children is
usually dosed at 0.05 mg/kg twice a year (max. 4 mg/dose);
however, in adults, a dose of 5 mg is given yearly indepen-
dently of weight, although adjustments are made in regard to
renal function. Patients and adult health care providers need
to be aware that, despite previous administrations of BPs, an
acute phase reaction can (re)occur if a higher dose is given.
Furthermore, it needs to be clear that these patients will not
be covered by osteoporosis guidelines for adults as those can
be applied by the age of 50 years onwards. The establish-
ment of joint transition clinics between the pediatric and
adult specialist is a successful model in which the patient
can be seen more than once by both specialists to discuss all
patient needs holistically, before being transferred to adult
care.

Conclusion

The management of osteoporosis requires a multidiscipli-
nary approach and treatment options include conservative
measures, rehabilitation through physiotherapy and occu-
pational therapy, medication (mainly BPs administration),
orthopedic surgery, and orthotic devices. The choice of
treatment and/or a combination of treatments needs to be
tapered to the nature and severity of the disease and the
needs of each child and thus personalized. New drugs, such
as denosumab, offer hope for children with specific condi-
tions, but with the risk of rebound hypercalcemia and ONJ.
A careful follow-up is required to detect and monitor VFs,
achieve vertebral reshaping, but also prevent the decline
in BMD in untreated children at risk. Overall, the aim of
therapy remains to build a stronger skeleton, a larger frame
for adult life.
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