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By definition, children constitute a vulnerable population, especially when they are chronically ill and/or disabled. A
characteristic of chronically ill and disabled children is that they also suffer from indirect effects of their disease,
such as immobilization, chronic inflammation, reduced time outdoors in the sun, osteotoxic effects of disease-
targeted therapy (like glucocorticoids), and poor nutrition. All these factors may lead to bone fragility due to

secondary osteoporosis, a co-morbidity that may be overlooked in the context of serious underlying diseases.

secondary osteoporosis prevention screening therapy

| 1. Risk Factors for Developing Secondary Osteoporosis
1.1. Immobilization and Secondary Osteoporosis

Immobilization is normal in children who are wheelchair-dependent. Cerebral palsy and neuromuscular disorders,
such as Duchenne muscular dystrophy, are examples of diseases with immobilization. However, also severe

neurodevelopmental disorders and spina bifida are frequent causes of immobilization.

The degree of immobilization in children with cerebral palsy is classified with the Gross Motor Functional
Classification Scale (GMFCS) in five levels L. GMFCS level 4 means that a child can walk indoors for short
distances with assistance but relies on a wheelchair outdoors. Children with GMFCS level 5 are wheelchair
dependent. Immobilization in children with cerebral palsy reduces biomechanical bone loading, leading to thinner
long bones and less trabecular bone formation 2. In children aged 2—-19 years with moderate to severe cerebral
palsy, classified as GMFCS level 3-5, low BMD was found in 97% of children unable to stand and older than 9
years. This leads to reduced periosteal apposition in lower extremity bones, reducing cortical thickness.
Consequently, fractures occur most commonly in the distal femur and tibia. Fractures occurred in 26% of children
who were older than 10 years [Bl. Other factors that contributed to low BMD (z score <—2.0] were feeding difficulty

and the use of anticonvulsants. Other studies showed an incidence of fractures of 4% per year [4],

The major role that immobilization plays in secondary osteoporosis and low BMD is also illustrated by boys with
Duchenne muscular dystrophy. In the era preceding treatment with glucocorticoids, Larson and Henderson found
that BMD was only slightly decreased (z-score lumbar spine —0.8] when the boys were ambulatory but decreased

significantly after the loss of ambulation (z-score lumbar spine —1.6] 2. This was also shown by Crabtree et al. in
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boys with Duchenne muscular dystrophy treated with glucocorticoids who became non-ambulant 8. They showed
that 44% of the boys sustained a fracture. Two-thirds of these fractures involved the lower extremities, and there
were no vertebral fractures. Moreover, 44% of the boys who walked with support at the time of fracture never
resumed walking after the fracture. In addition, Joseph et al. showed an absence of clinical vertebral fractures in
glucocorticoid naive boys . In the authors’ experience, vertebral fractures can occur in DMD among steroid-naive
patients if routine screening is part of the bone health evaluation; however, this occurrence is rarely related to boys

with DMD who are receiving glucocorticoid therapy.

Preclinical studies are useful for a more in-depth understanding of the relationship between immobilization and
secondary osteoporosis. Animal models may be used to study immobilization and the cellular mechanisms of

secondary osteoporosis. A recent systematic review gives an overview of known animal models (&,

1.2. Drug-Induced Secondary Osteoporosis

A myriad of drugs can lead to low BMD and secondary osteoporosis. The most well-known are glucocorticoids,
anticonvulsants, and methotrexate 2. Glucocorticoids are often used for prolonged periods of time in (chronic)
diseases in children like systemic inflammatory and autoimmune diseases, renal diseases, after organ
transplantation, leukemia, and Duchenne muscular dystrophy. These diseases in themselves may also lead to
fragility fractures because of reduced bone strength, for example, due to the effect of the increased cytokines (like
IL1, IL6, and tumor necrosis factor-alpha) in case of systemic inflammatory and autoimmune diseases on bone
metabolism 2%, Much is known about the adverse effects of glucocorticoids on bone strength (11, Glucocorticoids
cause decreased bone formation, with an additional early and transient increase in bone resorption. The final effect
is increased bone turnover with early onset bone loss 12. BMD rapidly decreases in the first 2 weeks after the start
of glucocorticoids, leading to significant bone loss in the first 3-6 months of therapy 223l. This loss diminishes with
time and is replaced by a chronic phase of decreased bone formation. The ultimate effect is a reduction of BMD
and altered bone microarchitecture, with a predilection for the trabecular-rich spine 11l This deleterious effect of
glucocorticoids on bone strength can be seen in children with Duchenne muscular dystrophy. Glucocorticoids are
used to delay loss of ambulation, improve or retain pulmonary function with reduced need for assisted ventilation
and delay cardiomyopathy [24!. Before corticosteroids were used, vertebral fractures were rarely seen in children
with Duchenne muscular dystrophy, and most fractures involved the lower extremities 2. In boys living with
Duchenne muscular dystrophy who are treated with glucocorticoids, the prevalence of vertebral fractures is >50%,
with a cumulative incidence of 28% over a median follow-up of 4 years after starting with glucocorticoids 231, |n
Canada, an observational cohort study was performed to increase insight into glucocorticoid-induced osteoporosis
in children . The most important observations were that vertebral fractures are the hallmark of pediatric
glucocorticoid-induced secondary osteoporosis, can occur in the first year of glucocorticoid treatment, and are
frequently asymptomatic. However, some children have the growth-mediated ability to restore normal vertebral
body dimensions following vertebral fractures. This is important to know since this may preclude the need for
intravenous osteoporosis therapy 8. Children with poor growth, older children (with less residual growth), and

children with ongoing bone health threats have less potential for vertebral body reshaping, which can result in
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permanent vertebral deformity 4. Therefore, timely intervention with intravenous osteoporosis therapy is

paramount in children with vertebral fractures if they have persistent risk factors for ongoing spine collapse.

Although preclinical models may help to understand the effects of glucocorticoids on bone metabolism and bone

strength, up to now, there is no robust animal model to evaluate known and new interventions 181,

| 2. Potential for Recovery

When vulnerable children receive a diagnosis of secondary osteoporosis, there is not always the need to treat with
bone-targeted therapy because of the pediatric skeleton’s ability to undergo recovery in both bone mass/density
and shape. Case in point, the growing skeleton has the potency to reconstitute normal heights of vertebral bodies
following a vertebral collapse, a phenomenon known as “vertebral body reshaping” X2l This has been illustrated in
children with acute lymphoblastic leukemia and children with inflammatory bowel disease L7119 For example,
many children with acute lymphoblastic leukemia will undergo vertebral body reshaping following vertebral
fractures because most are diagnosed at a young age (and have significant residual growth potential), and the
disease (and its treatment) are usually transient. In a series of children with acute lymphoblastic leukemia, the
cumulative VF incidence over six years was 32.5% 171 and complete vertebral body reshaping occurred in 77.3%
of these children. Notably, the children in which the reshaping was incomplete were older (and had less residual

growth potential) and had more severe degrees of vertebral collapse.

Pediatric patients with inflammatory bowel disease, in general, are older at diagnosis, and the disease is chronic
with exacerbations. Vertebral fractures have been reported at diagnosis 29, The direct effects of chronic
inflammation, use of glucocorticoids, delayed puberty, and poor nutrition are contributing factors causing secondary
osteoporosis. Optimizing disease control can help reshape vertebral fractures and specific bones and may be the

only therapeutic intervention needed for the effective reshaping of vertebral bodies 22,

At the opposite end of the spectrum are children with chronic diseases and persistent risk factors for osteoporosis
(i.e., due to presently incurable conditions), with the need for continuous treatment with glucocorticoids, for
example, boys with Duchenne muscular dystrophy. In these children, there is no capacity for spontaneous vertebral
body reshaping. For this reason, contemporary care includes monitoring for signs of osteoporosis at the time of
initiation of glucocorticoid treatment and starting osteoporosis treatment at the first sign of a low-trauma long-bone
fracture or VF [RI2122123] |n sych children, strategies are currently being considered for the prevention of first-ever

fractures.

These three different clinical scenarios show the importance of assessing whether the vulnerable child with a
fragility fracture needs osteoporosis therapy. It is important to recognize that younger age, transient risk factors,
normal growth and puberty, and less severe vertebral collapse are key factors for recovery without needing bone-

targeted intervention (i.e., bisphosphonates).

| 3. Therapy
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Currently, the most widely used agents for treating secondary osteoporosis in children are bisphosphonates 1€,
Bisphosphonates are synthetic analogs of pyrophosphates. Classically, treatment with intravenous
bisphosphonates should be considered in children with a formal diagnosis of secondary osteoporosis that
manifests as at least one low-trauma vertebral or long bone fracture and limited potential for spontaneous (i.e.,
medication-unassisted) recovery due to older age and/or persistence of osteoporosis risk factors 23241 |n previous
years, the ISCD criteria for otherwise healthy children were erroneously applied to some children with risk factors
for osteoporosis, which meant that bisphosphonate therapy was withheld from, for example, boys with DMD who
had a single femur fracture (instead of two or more long-bone fractures by 10 years of age or three or more long
bone fractures by 19 years of age plus a low BMD) 2311281 However, it is now understood that these criteria were
intended for otherwise healthy children so as not to over-diagnose osteoporosis in this population, and even a
single low-trauma long bone fracture can represent an osteoporotic event in children with risk factors for
osteoporosis 18, Low-trauma long bone fractures and symptomatic vertebral fractures (or asymptomatic VF in
high-risk settings such as CP, DMD, and glucocorticoid-treated disorders) are the most frequent indications for
treatment with intravenous bisphosphonates. The primary function of bisphosphonates is to inactivate osteoclasts,
resulting in cortical and trabecular bone thickening. This makes bones wider, denser, and stronger. There has been
much discussion in the literature on the use of oral versus intravenous therapy with bisphosphonates. At this time,

the scientific data support the use of the (more potent) intravenous bisphosphonates over oral bisphosphonates.

There are different regimens to prescribe the most-used intravenous bisphosphonate, pamidronate. The most
frequently used regimen is 1 mg/kg/day for three days every four months (in total, 9 mg/kg/year). However, a
regimen of 1 mg/kg every three months (in total, 4 mg/kg/year) in children with primary osteoporosis has shown a
comparable effect on BMD and reduction of fragility fractures £, Other studies also showed a comparable effect
(281[29] ' A different intravenous bisphosphonate, zoledronic acid, is also used in children. Zoledronic acid can be
given every six months and is preferred by some because of its greater convenience with respect to the shorter
duration of the infusion and longer duration of action compared with pamidronate. Saraff et al. showed that
zoledronic acid has a comparable efficacy compared to pamidronate in children with osteogenesis imperfecta 9.
Additionally, Nasomyont et al. found no difference in effect on BMD Z scores between Pamidronate and zoledronic
acid in patients with primary, secondary, and glucocorticoid-induced osteoporosis 22, Furthermore, the costs of
zoledronic acid are lower B9, Conversely, Pamidronate probably has fewer adverse drug reactions, predominantly
hypocalcemia 23, nausea, and vomiting. It is important to note that the first-infusion reactions of intravenous
bisphosphonate therapy can precipitate adrenal insufficiency in glucocorticoid-treated children. For this reason,
steroid stress dosing is recommended in children at risk for adrenal suppression in this context. In a recent study of
intravenous zoledronic acid versus intravenous placebo in glucocorticoid-treated children, 25% of children in the
placebo group had at least one adverse event following the first zoledronic acid infusion B, This observation
provided evidence that not all health events following the first intravenous bisphosphonate infusions are

bisphosphonate-related but may be linked to underlying chronic illnesses.

In practice, there are still two other questions regarding the treatment with bisphosphonates in children with
permanent risk factors: when should we start bisphosphonates, and how long should patients be on

bisphosphonates therapy?

https://encyclopedia.pub/entry/46550 4/10



Secondary Osteoporosis in Vulnerable Children | Encyclopedia.pub

When should we start bisphosphonates? As said before, treatment with intravenous bisphosphonates should be
considered in children fulfilling the ISCD criteria. However, in children with significant risk factors for bone fragility
due to chronic illness, even a single low-trauma long bone or vertebral fracture (in the absence of a “low BMD”)
may be sufficient to diagnose the child with osteoporosis, as discussed in a recent paper by Ward et al. [21l,
recently Nasomyont et al. published a study of the treatment with bisphosphonates in 48 with primary osteoporosis,
46 with secondary osteoporosis without glucocorticoids and 29 children with glucocorticoid-induced osteoporosis
32 They treated 19% of the patients with intravenous bisphosphonates without these patients fulfilling the ISCD
criteria for osteoporosis. One of these indications was low, declining BMD without a history of fractures; another
was low BMD in association with kidney stones in children with ongoing risk factors. In addition, Draaisma et al.

treated children on a ketogenic diet with ongoing risk factors with bisphosphonates out of the ISCD criteria [23,

How long should patients be on bisphosphonate therapy? Some observations in children with both primary and
secondary osteoporosis have provided answers to these questions 24!, After discontinuing bisphosphonate therapy
in children with open growth plates and persistent risk factors for osteoporosis, the newly formed bone has a low
density. This may cause a point of increased bone fragility because of the “density differential” between the high-
density bone (formed under treatment with bisphosphonates) and the low-density bone 82l leading to fractures in
the transition zone between treated and untreated bone B8127l. S, if bisphosphonate therapy should be continued,
for how long? A possible answer followed from a study in children with osteogenesis imperfecta 28, In children with
still open growth plates and discontinuing bisphosphonate therapy, the BMD z-scores declined. However,
discontinuing therapy in children with closed growth plates had no effect on the BMD z-scores two years later. This
has led to the recommendation of continuation of bisphosphonate therapy until the closure of the growth plates in
those with persistent risk factors (such as congenital/genetic disorders and long-term acquired risk factors, such as
chronic glucocorticoid therapy). Starting with a higher dose until the patient is clinically stable and tapering the dose

or frequency is often implemented in order to avoid over-treatment in the context of long-term therapy considered
[16][38]

In summary, treatment with intravenous bisphosphonates should be considered in children fulfilling the ISCD
criteria (intended for otherwise healthy children with clinically significant fractures and low, appropriately size-
adjusted BMD parameters). However, it should also be considered in high-risk patients outside of this conservative
approach who have even a single-low-trauma long bone or vertebral fracture, a known increased risk for bone
fragility, and limited potential for spontaneous recovery 28I33] |t js important to keep in mind that not all children
with secondary osteoporosis require bisphosphonate therapy following a fragility fracture; those with transient risk
factors for vertebral or long bone fractures and potential for spontaneous recovery due to younger age or less
severe vertebral collapse typically do not need osteoporosis intervention, unless they have significant bone pain

interfering with the quality of life.

A proposition for screening, prevention, and therapy of secondary osteoporosis is given in Figure 1.
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Children with chronic illness, with long-term bone health threats

v

Preventive measures: Weight bearing activities, Optimize nutritional
state, Optimize calcium intake, Vitamin D supplementation

v

* Lateral spine imaging (lateral spine radiograph or VFA? by DXA) and
BMD, at baseline and every 1-3 years thereafter.

¢ Consider lateral spine imaging and BMD sooner if: back pain OR >0.5
decline in BMD Z score on two consecutive measurements

A

Early signs of vertebral fracture OR low-trauma long bone fracture

S s

Child with chronicillness
meets the criteria for
osteoporosis

No osteoporosis,
continue to monitor

e

&

Assess the child’s potential to undergo bisphosphonate-unassisted
restitution of BMD and reshaping of vertabral fracture(s)

More potential Less potential
Transient risk factors ** Persistent risk factors *
Younger age Older age ***

Lower fracture grade Higher fracture grade

v v

start bisphosphonate

continue to monitor
therapy for 12 months

—

Reassess (vertabral) fractures, lateral spine
imaging, BMD, underlying illness

'

If risk factors are persistent, ongoing vertebral or
low-trauma long bone fractures are present or
persistent low BMD, consider continuating
bisphosphonate therapy

After 12
months
Reassess (vertebral) fractures, lateral spine
imaging, BMD, underlying iliness. Consider moving
to “maintenance phase therapy”, such as lower
dose or less frequent therapy (i.e. half-dose

pamidronate or zoledronic acid, or pamidronate
zoledronic acid half as often)

i

Yearly: Consider ceasing therapy when, during
follow-up, vertebral bodies undergo reshaping,
BMD reclaims a normal trajectory for age and
gender, and risk factors abate
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Figure 1. Recommendation for investigation and treatment of secondary osteoporosis in children. Partly based on

the previous recommendation of papers of Ward 2231 Fehlings et al. 32, and Simm et al. 8.2 VFA = Vertebral

Fracture Assessment * Persistent risk factors are >3 months steroids, sub-normal mobility, poorly controlled

underlying disease ** Transient risk factors are <3months steroids, short-term immobilization (<2 weeks), well-

controlled underlying disease *** Older age is defined as >8 years in girls and >9 years in boys.
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