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Abstract

Purpose of Review Part 1 of this review on secondary osteoporosis of childhood was devoted to understanding which children
should undergo bone health monitoring, when to label a child with osteoporosis in this setting, and how best to monitor in order to
identify early, rather than late, signs of bone fragility. In Part 2 of this review, we discuss the next critical step in deciding which
children require bisphosphonate therapy. This involves distinguishing which children have the potential to undergo “medication-
unassisted” recovery from secondary osteoporosis, obviating the need for bisphosphonate administration, from those who require
anti-resorptive therapy in order to recover from osteoporosis.

Recent Findings Unlike children with primary osteoporosis such as osteogenesis imperfecta, where the potential for
recovery from osteoporosis without medical therapy is limited, many children with secondary osteoporosis can under-
go complete recovery in the absence of bisphosphonate intervention. Over the last decade, natural history studies have
unveiled the spectrum of this recovery, which spans overt deterioration (i.e., incident vertebral and non-vertebral
fractures and declines in bone mineral density (BMD)), to spectacular reclamation of BMD, and complete restoration
of normal vertebral dimensions after spine fractures. The fact that reshaping of vertebral bodies following fractures is
growth-dependent underscores the need to identify and treat those at risk for permanent vertebral deformity in a timely
fashion.

Summary The decision to treat a child with a bisphosphonate hinges on distinguishing bone fragility from typical childhood
fractures, and determining the potential for medication-unassisted recovery following an osteoporotic fragility fracture. While
improvements in BMD are a well-known sign of recovery, restitution of bone structure is also a key indicator of recuperation, one
that is unique to childhood, and that plays a pivotal role in the decision to intervene or not.
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Introduction

In Part 1 of this two-part review, strategies for the optimal
monitoring and diagnosis of osteoporosis in at-risk children
with underlying chronic illnesses were reviewed in detail. The
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next step in the decision to start bisphosphonate therapy or not
is to decide whether the child with osteoporosis actually needs
osteoporosis drug treatment (Part 2). Unlike children with
primary osteoporosis such as osteogenesis imperfecta, where
the potential for recovery from osteoporosis without medical
therapy is limited, many children with secondary osteoporosis
can undergo complete recovery in the absence of bisphospho-
nate intervention. Over the last decade, natural history studies
have unveiled the spectrum of this recovery, which spans
overt deterioration (i.c., incident vertebral and non-vertebral
fractures and declines in bone mineral density (BMD)), to
spectacular reclamation of BMD, and complete restoration
of normal vertebral dimensions in previously fractured verte-
bral bodies. The fact that reshaping of vertebral bodies follow-
ing fractures is growth-dependent underscores the critical
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need to identify and treat children at risk for permanent verte-
bral deformity in a timely fashion.

Over the last decade, longitudinal, observational cohort
studies, including the Canadian STeroid-associated
Osteoporosis in the Pediatric Population (“STOPP”) study,
have taught us about the characteristics of the child who is
unlikely to recover from osteoporosis without bisphosphonate
therapy, with reshaping of previously fractured vertebral bod-
ies an important index of recovery. This is important, since
determining which children have the potential to recover
spontaneously from osteoporosis distinguishes them from
children who need anti-resorptive therapy in order to facilitate
growth-mediated vertebral body reshaping, and to foster
“catch-up” bone mineral accrual. The potential for spontane-
ous recovery from osteoporosis versus the need for osteopo-
rosis therapy are the points of focus in this review’s Part 2.

Given the number and variety of secondary osteoporotic
conditions of childhood, not to mention the variability in dis-
ease outcomes across and within diseases, it is important to
consider each child’s individual disease trajectory in the oste-
oporosis treatment decision. Since it is beyond the scope of
this review to provide in-depth recommendations on every
pediatric secondary osteoporosis condition, these companion
articles instead focus on key clinical-biological principles that
inform the pivotal decision to intervene or not. In so doing,
these articles provide a blueprint for early identification and
diagnosis of secondary osteoporosis in any clinical context,
and for determining a child’s potential for recovery in the
absence of bisphosphonate therapy.

For a comprehensive review of how to treat with
bisphosphonates once the decision to treat has been made,
the reader is referred to other sources that address bisphospho-
nate use in children, including agents, doses, efficacy, side
effects, and duration of therapy [1-5]. Instead, this 2-part re-
view addresses the key steps that inform the decision to treat,
yes or no.

Principles that Inform the Decision to Treat
a Child with Secondary Osteoporosis

There are two main steps in the decision about which child
should be treated with bisphosphonate therapy. The first is
early, rather than late, identification of osteoporotic fractures.
The second is to gauge the child’s potential for recovery with-
out bisphosphonate therapy. The first step has been addressed
in Part 1, and the second step will be addressed in this article,
Part 2. To address this second step, natural history studies
have taught us to categorize at-risk children into three groups
(Fig. 1): those with transient bone health threats (such as chil-
dren with leukemia), those with variable bone health threats
(depending on the evolution of the underlying disease and its
treatment, e.g., children with inflammatory diseases), and
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those with permanent bone health threats (such as static or
progressive neuromuscular diseases). Together, these obser-
vations are mapped out as key “clinical-biological principles”
that can be applied to any child with a chronic illness, in order
to render a decision about the need for bisphosphonate
therapy.

Gauging the likelihood of spontaneous recovery from
osteoporosis is a critical step in deciding who should
receive osteoporosis therapy. Both reclamation of
BMD and restoration of bone structure are important
signs of “bisphosphonate-unassisted” recovery,
obviating the need for intervention

Given the tremendous drive to recover from osteoporosis
among children with transient risk factors and sufficient resid-
ual growth potential, not all children with fractures in the
secondary osteoporosis setting require osteoporosis interven-
tion. The young skeleton has the capacity not only to reclaim
BMD but also to reshape previously fractured vertebral bodies
and restore normal long bone geometry through the growth-
mediated process of skeletal modeling. Reclamation of bone
structure and BMD are both important measures of recovery,
and can occur either spontaneously or following bisphospho-
nate therapy.

The disease that has been best-studied for signs of recovery
from bone health threats in the absence of bisphosphonate
treatment is acute lymphoblastic leukemia. The fact that
reshaping can take place while on leukemia therapy (which
includes high-dose glucocorticoid (GC) treatment) is hypoth-
esized to result from the intermittent GC prescription that is
the backbone of current treatment protocols. By studying chil-
dren with leukemia over 6 years following diagnosis who had
baseline or incident vertebral fractures, the STOPP
Consortium showed using the Spinal Deformity Index [5, 6]
that 77% of children had complete reshaping by their last
follow-up visit, 18% had incomplete reshaping, and 5% had
no change in the status of their fracture-induced vertebral de-
formities. Children with incomplete or absent vertebral body
reshaping were older (on average 8 years of age at diagnosis,
compared with 4.8 years in those with complete reshaping),
and more frequently had moderate and severe collapse. In
practical terms, these data taught us that younger children,
and those with less severe collapse, reshape vertebral bodies
more frequently, provided risk factors for bone fragility have
abated. These data further suggested that the peri-pubertal
period (i.e., > 8 years of age in girls and > 9 years of age in
boys) was a critical point in determining whether a child had
sufficient residual growth potential to effectuate vertebral
body reshaping. Figure 2 provides examples of degrees of
vertebral body reshaping in childhood acute lymphoblastic
leukemia according to age at diagnosis.
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Approach to the Decision to Treat a Child with Secondary Osteoporosis
Varies with the Aggressivity and Duration of Risk Factors

Potential for Recovery from Osteoporosis
without Bisphosphonate Therapy

Fig. 1 The decision to intervene with bisphosphonate therapy depends on
the aggressivity and duration of risk factors, and the potential for bone
densitometric and structural recovery in the absence of osteoporosis
intervention. To facilitate the decision to treat with bisphosphonate
therapy, or not, children are categorized into those with aggressive, but
transient, bone health threats, those with variable bone health threats, and
those with aggressive plus long-term bone health threats. These

The long-term consequences of permanent deformity re-
main unknown; however, adult studies report reduced qual-
ity of life due to chronic back pain, and also significant
functional limitations [7, 8]. Whether this is true in adults
who experienced permanent vertebral deformity as children
merits further study. In the aging, vertebral fractures con-
tribute to excess mortality [9], and among adult post-
menopausal women without a history of pulmonary disease,
those with vertebral fractures had evidence of restrictive

Variable

Absent

categories, in turn, influence the potential for recovery from
osteoporosis without bisphosphonate therapy, one of the key
determinants of the need for osteoporosis intervention. Adapted with
permission from Ward LM 2020 Glucocorticoid-induced osteoporosis:
why kids are different. Front Endocrinol (Lausanne) 11:576, Frontiers
Media

pulmonary function compared to those without vertebral
fractures [10]. Together, these adult studies suggest that
permanent reductions in vertebral height sustained in child-
hood may have important consequences later in life. The
GC-treated disease where this dialogue is particularly rele-
vant is Duchenne muscular dystrophy (DMD), given the
shortened lifespan due to cardiorespiratory failure. To date,
there are no published reports of vertebral body reshaping
without bisphosphonate therapy in pediatric DMD. This is

Syrs 11 yrs 10 yrs 14 yrs 15 yrs 18 yrs
Complete Reshaping Partial Reshaping Absent Reshaping
(75% of children) (20% of children) (5% of children)

Fig. 2 Degrees of vertebral body reshaping in children following
leukemia diagnosis. Age, fracture severity, and resolution of risk factors
are the key determinants of the potential for vertebral body reshaping, a
readily evaluable measure of bone structural recovery following
osteoporotic fractures. Adapted from Ward LM, Ma J, Lang B, Ho J,
Alos N, Matzinger MA, Shenouda N, Lentle B, Jaremko JL, Wilson B,
Stephure D, Stein R, Sbrocchi AM, Rodd C, Lewis V, Israels S, Grant
RM, Fernandez CV, Dix DB, Cummings EA, Couch R, Cairney E, Barr

R, Abish S, Atkinson SA, Hay J, Rauch F, Moher D, Siminoski K, Halton
J 2018 Bone morbidity and recovery in children with acute lymphoblastic
leukemia: results of a six-year prospective cohort study. J Bone Miner Res
33 [8]:1435-1443 (used with permission from John Wiley and Sons); and
from Dal Osto LC, Konji VN, Halton J, Matzinger MA, Bassal M, Rauch
F, Ward LM 2016 The spectrum of recovery from fracture-induced
vertebral deformity in pediatric leukemia. Pediatr Blood Cancer 63
[6]:1107-10 (used with permission from John Wiley and Sons)
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Fig. 3 a Evolving vertebral collapse in a boy with glucocorticoid-treated
Duchenne muscular dystrophy, in the absence of bisphosphonate therapy:
“the vertebral fracture cascade”. Left panel, 8 years of age; middle panel,
9 years of age; right panel, 11 years of age. This patient had early signs of
vertebral collapse at 9 years of age while on glucocorticoid therapy. His
vertebral fractures subsequently progressed with ongoing glucocorticoid
treatment, in the absence of osteoporosis therapy. Adapted from Ma J,
McMillan HJ, Karaguzel G, Goodin C, Wasson J, Matzinger MA,
DesClouds P, Cram D, Page M, Konji VN, Lentle B, Ward LM 2017
The time to and determinants of first fractures in boys with Duchenne
muscular dystrophy. Osteoporos Int 28 [2]:597—608 (used with

likely due to the fact that the GC prescription is typically
long-term, combined with the progressive nature of the un-
derlying disease. Indeed, the “vertebral fracture cascade” is
anticipated, given the persistence of risk factors (Fig. 3a).
This is in contrast to the potential for vertebral body
reshaping in conditions where GC therapy can be with-
drawn once the child is in remission, such as rheumatic
disorders (Fig. 3b).

Increases in bone turnover markers and improvements in
BMD are also important signs of recovery. Thayu et al. [11]
reported that reductions in bone turnover markers in Crohn’s
disease were inversely associated with disease activity, and
that treatment with infliximab was associated with dramatic
increases over 1 year. In childhood leukemia, studies have
shown degrees of BMD restitution in the years after
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permission from Springer Nature). b Vertebral body reshaping
following discontinuation of glucocorticoid therapy in a young girl with
systemic juvenile arthritis, in the absence of bisphosphonate therapy. This
patient developed vertebral fractures at 18 months of age (12 months after
starting glucocorticoid therapy, left panel). Glucocorticoids were
discontinued at 2 years of age. She went on to show progressive
restoration of vertebral dimensions (middle panel), with near-complete
vertebral body reshaping at 10 years of age (right panel). Adapted from
Ward LM, Konji VN, Ma J 2016 The management of osteoporosis in
children. Osteoporos Int 27 [7]:2147-79 (used with permission from
Springer Nature)

chemotherapy [12, 13]. Cranial radiation and spinal radiation
predict lack of BMD restitution, particularly at doses > 24 Gy
[13], in part due to growth hormone deficiency and short stat-
ure. In leukemia survivors, other reported risk factors for in-
complete BMD restitution include vitamin D deficiency,
hypogonadism, and reduced physical activity [14]. In practical
terms, pediatric bone health clinicians look for normalization
of the BMD Z-score for height as a sign of BMD restitution,
along with a return to a normal rate of BMD accrual for age,
gender, and pubertal stage. In 2019, pediatric bone mineral
accrual Z-score equations were published, which may one
day prove useful in clinical practice to predict catch-up versus
deficits in a child’s BMD recovery post-insult [15]. Vertebral
body reshaping, normalization of BMD for height, and nor-
malization of BMD accrual rates for age/bone age and gender
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Steps to gauge the child's ability to undergo "spontaneous" (bisphosphonate-unassisted") restitution of bone density
and reconstitution of normal vertebral dimensions (i.e. vertebral body reshaping)

h 4
Early signs of vertebral fracture (> 20% loss of vertebral height ratio,
loss of endplate parallelism, endplate interruption, or anterior cortical buckling)
OR
Low-trauma*** long bone fracture

g 4 L - .
Asses the child's potential to undergo Continue monitoring:
bisphosphonate-unassisted restitution of BMD and « If the child remains on steroids

hapi f fract 1 | i
reshaping of fractured vertebral bodies « Folllowing steroid cessation, if

Early signs of vertebral collapse

*> 20% loss of vertebral height ratio, or
 Loss of endplate parallelism, or

* Endplate interruption, or

v

Factors which influence the potential for spontaneous vertebral

body reshaping and restitution of bone density, obviating the
need for osteoporosis therapy

ial More Potential

Transient risk factors
« < 3 months of steroids

Persistent risk factors
> 3 months of steroids

osteoporosis risk factors persist ’
* Sub-normal mobility (e.g.
Duchenne muscular
dystrophy)
* Poorly-controlled underlying
disease

Monitoring includes: ' ‘

¢ Annual spine imaging and BMD

* Anterior cortical buckling
OR

Low-trauma*** long bone fracture

( Treat with intravenous bisphosphonate Continue to monitor
therapy (see Figure 4)

\

BMD = Bone mineral density

* Sub-normal mobility * Short-term immobilization Lo .
* Poorly-controlled underlying (< 2 weeks) * Spine Ir,n_agmg should be done YES
disease * Well-controlled underlying disease; sooner if: Back pai
v ack pain \ 4 v
o " OR - Y (oo - N
Older age™ . ounger age > 0.5 decline in BMD Z-score on Follow the ontinue to monitor, to ensure
[Less residual growth potential ] [ More residual growth potential] '[:NOI consecutive measurements left side of spontaneous recovery, including:
v g _) | the algorithm *BMD Z-scores appropriate for
height
More severe collapse Milder collapse * Normalization of bone mineral
Higher fracture grade Lower fracture grade accrual rates appropriate for
\ J age/bone age, and gender
v v * Reshaping of vertebral bodies

following vertebral fractures
* Absence of new low-trauma***
vertebral, and non-vertebral,

fractures
| J L J

* Spine imaging by lateral spine radiograph or “vertebral fracture assessment” (VFA) by DXA
** Older age is defined as > 8 years in girls or > 9 years of age in boys
*#* | ow trauma is defined as falling from a standing height or less, at no more than walking speed

Fig. 4 Steps to gauge the child’s ability to undergo “spontaneous”
(“bisphosphonate-unassisted”) restitution of bone density and
reconstitution of normal vertebral dimensions (i.e., vertebral body
reshaping). Understanding which children have the potential to undergo
BMD reclamation and vertebral body reshaping following a diagnosis of

are all important parts of systemic illness monitoring
pathways.

An interesting study by Mostoufi-Moab et al. [16] de-
scribed the inter-relatedness of bone structural and densito-
metric recovery. Using tibia peripheral quantitative computed
tomography in children who had recently completed leukemia
therapy, this group demonstrated that initial increases in cor-
tical dimensions due to growth recovery were associated with
declines in cortical BMD. A year later, cortical dimensions
stabilized, which was then followed by increases in cortical
BMD [16]. The authors speculated that the lag between
growth-mediated increases in cortical dimensions, and subse-
quent increases in cortical BMD, was in line with the recovery
time needed for newly formed bone to undergo mineraliza-
tion. The increase in fracture rates that have been reported in
the year following leukemia therapy [17, 18] is hypothesized
to result from the temporal lag between bone structural and

osteoporosis is a pivotal step in deciding which children need
bisphosphonate therapy. Ward LM 2020 Glucocorticoid-induced
osteoporosis: why kids are different. Front Endocrinol (Lausanne)
11:576, Frontiers Media

densitometric recovery. Taken together, it appears that the
year following resolution of risk factors, including cessation
of GC therapy, may be a period of true bone fragility. Whether
short-term bisphosphonate therapy is indicated in children
who sustain fractures during the recovery period remains un-
known. The current standard of care is to support children
during this time by advising them about safe return to physical
activities, fall prevention, and optimization of nutrition.

The synergy between anti-resorptive therapy and
linear growth provides rationale for not withholding
bisphosphonate therapy from a child with low bone
turnover and bone fragility

A question that is frequently asked is whether an anti-

resorptive agent is prudent in low bone turnover states.
Indeed, low bone turnover is a consistent finding in secondary
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Fig. 5 Summary of the main
factors in the decision to treat with
bisphosphonate therapy,
following a fragility fracture in
the systemic illness context

osteoporosis, as verified directly on trabecular surfaces
through trans-iliac bone biopsies in both GC-treated [19]
and GC-naive [20] conditions. While the use of an anti-
resorptive is notionally imperfect when bone turnover is
low, it is important to recognize that withholding bisphospho-
nate therapy will prevent positive, growth-mediated skeletal

Symptoms of
osteoporosis interfering
with quality of life

Summary of the Main Factors in the Decision to Treat with Bisphosphonate Therapy
Following a Fragility Fracture

[ 4 |

Lack of potential for
spontaneous
(medication-unassisted)
recovery

«> 3 months of IV or
oral steroids

« Sub-normal mobility
« Poorly-controlled
underlying disease

« > 8years of age Q

« > 9years of age d

effects due to the unique synergy between anti-resorptives and
bone modeling, as follows.

Endochondral bone formation and bone turnover on trabec-
ular surfaces are physiologically unlinked. As a result,
bisphosphonate-induced reductions in bone turnover on tra-
becular surfaces do not interfere with endochondral bone

Bone Health Monitoring and Treatment of Osteoporosis in DMD

Start intravenous
bisphosphonate therapy

Continue “bone protection”
as long as on steroid therapy

v v

Bone density test yearly

L |

On steroids Not on steroids

v v

Every Every
1-2 years 2-3 years

9 ¥

More often if BMD Z-score
declines by >0.5
or
Back pain

Vertebral
fracture

Fig.6 Recommended bone health monitoring and treatment in boys with
Duchenne muscular dystrophy. This is an internationally endorsed,
secondary osteoporosis identification and treatment paradigm in a
patient population with aggressive, permanent bone health threats (as
described in Birnkrant DJ, Bushby K, Bann CM, Alman BA, Apkon
SD, Blackwell A, Case LE, Cripe L, Hadjiyannakis S, Olson AK,
Sheehan DW, Bolen J, Weber DR, Ward LM 2018 Diagnosis and
management of Duchenne muscular dystrophy, part 2: respiratory,
cardiac, bone health, and orthopaedic management. Lancet Neurol 17
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Early signs of osteoporosis

¥

Long bone
fracture

v

Intravenous bisphosphonate therapy

v

Stabilization doses*

v

Once clinically stable**

v

Maintenance doses*

[4]:347-361). This approach consolidates the principles outlined in this
review, for the patient population with the highest frequency of vertebral
and non-vertebral fractures. Adapted with permission from Ma J,
McMillan HJ, Karaguzel G, Goodin C, Wasson J, Matzinger MA,
DesClouds P, Cram D, Page M, Konji VN, Lentle B, Ward LM 2017
The time to and determinants of first fractures in boys with Duchenne
muscular dystrophy. Osteoporos Int 28 [2]:597-608, Springer Nature;
and from Ward LM 2020 Glucocorticoid-induced osteoporosis: why
kids are different. Front Endocrinol (Lausanne) 11:576, Frontiers Media
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formation. This means that fractured vertebral bodies can re-
shape by endochondral bone formation at the level of the
vertebral endplates despite low trabecular bone turnover, pro-
vided a child is growing. Bisphosphonates have a permissive
effect on vertebral body reshaping by increasing BMD, there-
by allowing growth-mediated bone modeling to proceed. This
principle has been carefully demonstrated in boys with GC-
treated DMD. On trans-iliac bone biopsies, further declines in
the already-low bone formation at trabecular surfaces follow-
ing intravenous bisphosphonate therapy nevertheless were as-
sociated with increases in vertebral height ratios [21].

The side-bar here is that the magnitude of vertebral body
reshaping is directly related to linear growth potential. To this
end, reshaping of previously fractured vertebral bodies is not a
realistic goal for bisphosphonate-treated children with dis-
eases or treatments impacting linear growth. In such cases,
the goals of therapy at the level of the spine are to prevent
incident low-trauma vertebral fractures and to address the
back pain. Increases in long bone cortical width through peri-
osteal apposition under anti-resorptive therapy are similarly
attenuated in children with poor linear growth. For this reason,
long bone fractures are not completely mitigated on bisphos-
phonate therapy, particularly in children with neuromuscular
disorders who already have pre-existing small bone size [5].

Consolidating fundamental principles of bone
morbidity and recovery in children

with secondary osteoporosis to inform

which children should receive osteoporosis
intervention

Given the frequency and significance of vertebral fractures in
secondary osteoporosis, lateral spine imaging via standard ra-
diographs or dual-energy X-ray-based vertebral fracture as-
sessment (VFA) represents the foundation of bone health
monitoring and diagnosis, as discussed in Part 1. Figure 4
describes the approach to ongoing bone health surveillance
after the decision has been made to monitor, with the goal to
detect early, rather than late, signs of osteoporosis, and to
consider the child’s potential for bone densitometric and struc-
tural recovery. As discussed earlier, even a single, low-trauma
long bone or vertebral fracture can represent an osteoporotic
fracture in an at-risk child. Older children with more limited
potential for vertebral body reshaping following vertebral
fracture, children with more severe vertebral collapse, and
those with persistence of risk factors are ideal candidates for
bisphosphonate therapy. On the other hand, younger children
with significant residual growth potential, milder vertebral
collapse, and resolving risk factors can be monitored optimis-
tically for overt signs of recovery. These include restoration of
normal vertebral dimensions, normalization of age- and
gender-matched BMD Z-scores that are appropriate for

height, improved mobility, resolution of back pain, and ab-
sence of additional fractures.

In cases where the potential for recovery is borderline, the
child's osteoporosis-related disability, such as persistent back
pain, may validate the pro-treatment decision. A period of
observation may also be informative in borderline cases, in
order to track the child’s clinical course, GC exposure, linear
growth, BMD trajectories, and pubertal development. At all
times, optimization of nutrition and treatment of underlying
endocrinopathies such as delayed puberty are germane to the
bone health monitoring and management approach.

At the same time, it should be recognized that any child
who has both potential for medication-unassisted recovery
and also symptomatic osteoporosis interfering with quality
of life (i.e., back pain, delay in post-fracture return to normal
mobility) is a potential candidate for bisphosphonate therapy.
In such cases, only a few doses of bisphosphonates may be
needed in order to manage the pain associated with vertebral
fractures, or to help restore function after a femur fracture.
This is in contrast to children with overt signs of osteoporosis
and persistent risk factors for bone fragility; such children are
recommended to receive intravenous bisphosphonate therapy
for as long as the risk factors persist [1, 22-24].

Figure 5 provides an overall summary of the main factors
to ponder in the final decision to treat with bisphosphonate
therapy or not in children with secondary osteoporosis.
Figure 6 provides an example of an internationally endorsed
approach to the monitoring, diagnosis, and indications for
bisphosphonate therapy in a secondary osteoporotic condition
(DMD), integrating all of the concepts that have been outlined
in Parts 1 and 2 of this review [22, 24]. As stated at the outset,
this review tackles the specific question as to which children
are best candidates for osteoporosis intervention. For a full
discussion about management beyond the pivotal decision to
treat or not, including bisphosphonate agents, doses, duration
of therapy, efficacy, and side effects, the reader is referred to
other reviews on the topic [1, 2, 5, 22, 24-26].

Future Directions

The identification of candidates for bisphosphonate treatment
based on early, rather than late, signs of bone fragility is in line
with principles of secondary osteoporosis prevention. In some
conditions, particularly DMD, the degree of bone morbidity is
so high, and the potential for medication-unassisted recovery
so notably absent, that a case can be made for now studying
the prevention of first-ever fractures in this population (prima-
ry prevention). Evidence for treatment in the sub-clinical
phase, prior to a first-ever fracture, is presently lacking not
only in DMD but also in other serious neuromuscular diseases
and in other diseases requiring prolonged, high-dose GC ther-
apy. The prevention of bone fragility in these settings
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represents an unmet need in the pediatric bone disease field at
the present time.

Abbreviations BMD, Bone mineral density; DMD, Duchenne muscular
dystrophy; GC, Glucocorticoid(s)
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