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Abstract
Purpose of Review Numerous forms of osteoporosis in childhood are characterized by low bone turnover (for example, osteopo-
rosis due to neuromuscular disorders and glucocorticoid exposure). Anti-resorptive therapy, traditionally used to treat osteoporosis
in the young, is associated with further reductions in bone turnover, raising concerns about the long-term safety and efficacy of
such therapy. These observations have led to increasing interest in the role of anabolic therapy to treat pediatric osteoporosis.
Recent Findings While growth hormone and androgens appears to be relatively weak anabolic modulators of bone mass,
emerging therapies targeting bone formation pathways (anti-transforming growth factor beta antibody and anti-sclerostin anti-
body) hold considerable promise. Teriparatide remains an attractive option that merits formal study for patients post-epiphyseal
fusion, although it must be considered that adult studies have shown its effect is blunted when administered following bisphos-
phonate therapy. Mechanical stimulation of bone through whole body vibration therapy appears to be much less effective than
bisphosphonate therapy for treating osteoporosis in children.
Summary New anabolic therapies which target important pathways in skeletal metabolism merit further study in children,
including their effects on fracture risk reduction and after treatment discontinuation.
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Abbreviations
bb Black bear
BMC Bone mineral content
BMD Bone mineral density
DXA Dual energy x-ray absorptiometry
DMD Duchenne muscular dystrophy
GH Growth hormone
GHD Growth hormone deficiency
OPPG Osteoporosis pseudoglioma syndrome
PMO Post-menopausal osteoporosis
PTH Parathyroid hormone

pQCT Peripheral quantitative computed tomography
TGF-beta Transforming growth factor beta
WBV Whole body vibration

Introduction

After decades of experience with anti-resorptive therapy to treat
pediatric osteoporosis, particularly intravenous bisphosphonates
such as pamidronate and zoledronic acid [1, 2], there is now
considerable interest in the role of anabolic therapy to treat
pediatric osteoporosis. This enthusiasm stems from the finding
that several chronic illnesses of childhood such as neuromuscu-
lar disorders and glucocorticoid-treated diseases are associated
with low bone turnover osteoporosis [3, 4], an observation that
is exacerbated by commonly used anti-resorptive agents such as
bisphosphonate therapy [4, 5]. Anabolic therapy for the treat-
ment of osteoporosis falls into three main categories: hormone
therapy (either as replacement therapy or prescribed in attempts
to over-ride the deleterious effects of diseases or their treatment
on bone, such as glucocorticoid-induced osteoporosis), me-
chanical stimulation such as whole body vibration (WBV) ther-
apy, and biologic anabolic (antibody) therapy. The purpose of

This article is part of the Topical Collection on Pediatrics

* Leanne M. Ward
lward@cheo.on.ca

1 Department of Pediatrics, Faculty of Medicine, University of Ottawa
and Division of Endocrinology and Metabolism, Children’s Hospital
of Eastern Ontario, 401 Smyth Road, Ottawa, Ontario K1H 8L1,
Canada

2 Department of Pediatrics, Faculty of Medicine, McGill University,
and Shriners Hospital for Children, 1003 Boulevard Décarie,
Montréal, Québec H4A 0A9, Canada

Current Osteoporosis Reports (2018) 16:269–276
https://doi.org/10.1007/s11914-018-0434-z

http://crossmark.crossref.org/dialog/?doi=10.1007/s11914-018-0434-z&domain=pdf
mailto:lward@cheo.on.ca


this review is to discuss the current evidence for the use of these
three classes of anabolic therapy in the treatment of osteoporotic
conditions of childhood.

Anabolic Hormonal Therapy

Growth Hormone Treatment

Growth hormone (GH) is best known for its growth-
promoting effects on growth plate cartilage resulting in endo-
chondral bone formation and thereby longitudinal growth dur-
ing childhood and adolescence. A number of studies have
reported reduced bone mineral density (BMD) in adults and
children with GH deficiency (GHD) [6, 7]; studies in adults
have also shown a higher risk of fractures [8, 9]. Whether
children with GHD have a higher risk of fractures has not been
formally studied, though an international group of experts
concluded that this was an important step in defining the scope
of the problem in pediatric practice [10]. To date, this remains
an unresolved question, even though it is pivotal to understand
the extent to which bone health outcomes should bemonitored
in GHD patients during (and after) the pediatric years.

A study of children with GHD during GH replacement ther-
apy provided insight into the muscle-bone response to treat-
ment using a size-independent technique known as peripheral
quantitative computed tomography (pQCT) [11]. In this study,
pre-pubertal children with GHD receiving 30 mcg/kg/day over
12 months showed a larger increase in cross-sectional muscle
and bone size, plus greater increases in strength-strain index,
while cortical area and cortical thickness remained unchanged
and cortical density decreased (the latter, hypothesized to result
from an increase in bone turnover). During the second year,
there was additional increase in total bone and marrow areas,
bonemineral content (BMC), strength-strain index, andmuscle
area, while the changes in cortical thickness, cortical density,
and cortical area plateaued. The strongest correlation among
muscle-bone parameters was between muscle area and
strength-strain index, suggesting that improvedmuscle strength
was a key determinant of the positive changes in bone geom-
etry. These observations were in line with others who conclud-
ed that GH therapy in GHD largely mediates bone strength
through changes in bone geometry as opposed to BMD [12].

Given these observations in children with GHD on re-
placement therapy, the question then arises whether there
are any benefits of GH therapy to treat non-deficient children
with osteoporosis (i.e., children with low bone mass and frac-
tures). This has been tested in two clinical situations, both of
which are associated with growth failure: patients with oste-
ogenesis imperfecta (OI), where extreme short stature is a
feature of the more severe forms, and glucocorticoid-treated
patients with inflammatory disorders. In the former, 26 pa-
tients with OI types III and IV were treated with GH for

1 year; half of the patients had a 50% increase over their
baseline growth rate, whereas the other half did not [13].
The half of children who were “responders” also had in-
creases in lumbar spine BMD by dual energy x-ray absorpti-
ometry (DXA) on the order of 5 to 7% over 6 months, where-
as the “non-responders” had more attenuated changes. The
impact of GH therapy on final height was not reported, mak-
ing it difficult to assess the long-term benefit to linear growth.
On the other hand, modest gains of 5 to 7% in lumbar spine
BMD do not rival the 50% increase in bone mass achieved
with intravenous bisphosphonate therapy in the first year of
therapy [14]; as such, to date, GH therapy has not supplanted
intravenous bisphosphonate therapy in OI.

Among patients with GH-treated inflammatory disorders,
the longer-term effect on height has been modest at best, with
most studies reporting a positive effect on muscle and bone
[15, 16]. However, a number of patients also experienced
adverse events potentially linked to GH therapy including
reactivation of the underlying disease, glucose intolerance,
and osteonecrosis [15, 16].

Boys with Duchenne muscular dystrophy (DMD) treated
with glucocorticoid are particularly affected by both short stat-
ure and bone fragility, given the high glucocorticoid doses that
are used and the fact that they are continued inmany patients for
many years [17]. The effect of GH on muscle strength in DMD
has not been studied; however, since it appears that the main
effect of GH on bone strength is via muscle strength, and since
muscle damage and fibrosis begin early in life in boys with
DMD, it is unlikely that GHwould be a major modifier of bone
strength in this context. The effect of GH on height in boys with
DMD was tested in an uncontrolled pre-post study (39 boys,
average age 11.5 years), with results showing an average in-
crease in height velocity from 1.2 cm in the year prior to GH
therapy to 5.3 cm in the next year while on growth hormone,
effectively preventing a decline in growth velocity that was
associated with stabilization at a height z-score of − 2.9 [18].
Growth hormone did not alter the rate of declines in motor or
cardiopulmonary function. Three patients experienced side ef-
fects (worsening of scoliosis, benign intra-cranial hypertension,
and impaired fasting glucose).

Taken together, GH appears to be relatively weak as a
bone-targeted anabolic therapy outside of the GH deficiency
setting. Given the expense of GH, the burden to children (in-
jections multiple times per week), the potential for side effects,
and uncertainties about the longer-term safety, the benefits of
therapy to treat or prevent osteoporosis outside of hormone
replacement therapy for GH deficiency do not appear to justify
the risks, costs, and inconvenience.

Androgen Therapy

Unlike GH therapy, which may be prescribed in children with
short stature despite normal GH secretory status (i.e.,
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idiopathic short stature, small-for-gestational-age, chronic
glucocorticoid therapy), testosterone is not typically adminis-
tered except for hormone replacement therapy in boys with
delayed puberty (defined as lack of pubertal signs by 14). The
effect of testosterone replacement therapy on bone health in
boys with delayed puberty has not been reported; however, a
few adult studies have examined the benefits of testosterone as
replacement therapy in adult men [19–21]. A recent large,
double-blind placebo-controlled study of testosterone gel over
1 year in older men with low testosterone levels evaluated
bone health outcomes by finite element analysis on computed
tomography at the spine and the hip [19]. This study showed
an increase in volumetric BMD and estimated bone strength at
the spine (more so in trabecular than cortical bone) and to a
lesser extent at the hip. The effect of testosterone on fracture
rates in any population remains unstudied.

Oxandrolone, a non-aromatizable synthetic derivative of 5-
alpha dihydrotestosterone, may be more useful as an anabolic
agent in children (compared to testosterone), since the non-
aromatizable structure prevents conversion to estrogen, which
hastens epiphyseal closure and has potential to reduce final
adult height. Reeves et al. [22] carried out a study using
oxandrolone in children for up to 5 years (average duration
16 months) following severe burns. The rationale for andro-
gen therapy in this context is that severe burns cause hyper-
catabolic and metabolic states associated with increases in
cardiac work, resting energy expenditure, and muscle protein
degradation [23]. In children, this translates into loss of lean
mass as well as growth impairment; even several years after
the injury, children have reduced growth velocities compared
to healthy controls [24], an observation that may be mitigated
with GH therapy [25]. This controlled study (approximately
2:1 randomization to placebo versus oxandrolone in both boys
and girls) was associated with increases in DXA-based total
body and lumbar spine BMC, most notably in children over
7 years of age compared to those who were younger [22]. No
significant side effects were reported, suggesting oxandrolone
may be an effective method for preventing bone loss due to
hypercatabolism-induced burn injury.

Parathyroid Hormone

Teriparatide-recombinant human parathyroid hormone (PTH)
(1-34) is approved by the Food and Drug Administration for
initial treatment of women with post-menopausal osteoporosis
(PMO) who are at high risk of fracture or who have failed
prior osteoporosis therapy, and for glucocorticoid-associated
osteoporosis [26]. Teriparatide significantly reduces the risk of
vertebral and non-vertebral fractures in womenwith PMO; the
effect on hip fractures was inconclusive due to low incidence
during a large, randomized controlled trial [27]. Overall,
teriparatide appears to have a dramatic effect on spine BMD,
without evidence for effect at the hip and forearm [27].

Unfortunately, this anabolic agent has a black box warning
against its use in children due to the observation of osteosar-
coma in one strain of growing rats treated with doses that were
3 to 50 times higher than the adult human equivalent and for
much longer durations [28]. Subsequent studies in the same
strain of rats showed no malignant bone changes with doses
restricted to three times the human equivalent [29]. Despite
the second suite of experiments, which were more appropriate
for knowledge translation to the clinical setting, clinicians
understandably remain hesitant to use teriparatide in patients
with open epiphyses. In adults, it is not recommended for
those at increased risk of osteosarcoma, such as adults with
Paget disease, history of skeletal radiation, or unexplained
elevations in alkaline phosphatase [26]. BMD declines rapidly
in the first year following teriparatide discontinuation, al-
though reductions in fracture rates may persist for up to 2 years
[30]. Alendronate following teriparatide therapy has been
shown to mitigate this loss [31].

Perhaps the most compelling clinical scenario that would
theoretically benefit from osteoanabolic therapy such as
teriparatide is osteoporosis due to DMD, where both vertebral
and non-vertebral fractures are frequent and the clinical sequel-
ae potentially devastating, including premature permanent loss
of ambulation [32]. We have previously shown that bone turn-
over on trabecular surfaces is reduced in boys with DMD even
prior to bisphosphonate therapy, falling dramatically to 10% of
the healthy average after 2 years of pamidronate or zoledronic
acid when given to treat painful vertebral fractures [4, 5]. A
recent case report of teriparatide in a 20-year-old man with
DMD described complete resolution of back pain due to verte-
bral fractures following 6 months of therapy, along with in-
creases in lumbar spine BMD, bone biomarkers, and improved
quality of life [33]. These findings are consistent with a study
using black bear PTH (bbPTH) in the murine model of DMD
(the mdx mouse), where microcomputed tomography analyses
of long bone metaphyses showed marked increases in bone
volume fraction, trabecular number, and osteoblast area com-
pared to wild-type mice [34]. Taken together, these preliminary
pre-clinical and human findings support further investigation
into the use of PTH as an anabolic treatment for DMD-
associated osteoporosis. It should be noted, however, that the
effect of PTH on bone appears to be blunted in adults when
administered following bisphosphonate therapy [35], an obser-
vation which may be a limiting factor in young men with DMD
who previously received bisphosphonates in childhood for ver-
tebral or long bone fractures.

Whole-Body Vibration

Apart from pharmacological interventions, bone formation
can also be increased by mechanical stimulation, especially
in growing children. However, typical physical exercise
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programs and classical physiotherapy usually require a so-
phisticated setup, such as the availability of a gym and the
presence of a coach or physiotherapist, and therefore are often
difficult to implement outside of institutional settings. In con-
trast, most types of whole body vibration (WBV) require only
a vibration device that usually can be used at home without
professional supervision. This has stirred interest in WBVas a
bone anabolic therapy. WBV might elicit anabolic bone ef-
fects either directly through vibrations transmitted to the skel-
eton, or indirectly through effects on the neuromuscular sys-
tem [36].

WBV is usually performed with the user standing on a
motor-driven vibrating plate. The available devices vary wide-
ly in several key aspects of vibration exposure, such as vibra-
tion frequency (the number of up-and-down cycles per second,
expressed in Hertz, Hz) and the peak-to-peak displacement of
the vibration plate (from which the peak acceleration generat-
ed by the plate can be derived). The direction of the oscillatory
movement also varies between devices [37]. Side-alternating
plates oscillate around a pivot, so that the left side of the plate
moves upwards while the right side moves downwards and
vice versa, whereas synchronous vibration plates oscillate up
and down on an angle that is fully parallel to the ground and
therefore move the right and the left side up and down simul-
taneously. Intervention protocols also vary widely with regard
to the duration and frequency of treatment sessions and wheth-
er users passively stand on the vibration device or perform
exercises at the same time. As the skeletal effects of vibration
likely depend on these parameters, the results of WBV inter-
vention studies must therefore be interpreted in the context of
the device and the settings that were used for a given study.

Over the past 15 years, quite a few pediatric WBV studies
have reported bone outcomes, but the skeletal effects of the
available WBV modalities remain difficult to judge. Many
studies do not allow for conclusions, due to inadequate sample
size, lack of control groups, short treatment duration, the ad-
ministration of several concurrent therapies, or statistical is-
sues in the evaluation of results.

The largest and most detailed controlled studies were per-
formed using a “low-magnitude” vibration device (30 Hz,
0.3 g peak acceleration, where g represents the gravitational
acceleration at the surface of Earth, 9.81 ms−2). Leonard et al.
evaluated 121 individuals with Crohn’s disease aged 8 to
21 years who received the intervention for 10 min per day over
a 12-month period [38•]. For 11 of the 12 reported bone den-
sitometric parameters, no treatment differences were found,
whereas one parameter, trabecular volumetric BMD z-score
at the lumbar spine, showed a larger increase in the active
treatment group (z-score difference: 0.24). Although statistical-
ly significant, the clinical relevance of such a treatment effect
after 12 months of daily intervention is unclear. In comparison,
a placebo-controlled study on adolescents with Crohn’s disease
found that a single injection of zoledronic acid increased

lumbar spine areal BMD z-score by 0.6 over placebo 6 months
later [39]. Thus, it appears that “low-magnitude” vibration is
much less effective than bisphosphonate therapy, at least when
bone density is considered the main outcome measure and
under the conditions (i.e., brief daily duration of vibration
using the low-magnitude instrument) set out in this trial.

A similar conclusion can be drawn from a study on 123
girls and young women with idiopathic scoliosis, using the
same device as the trial by Leonard et al. [40]. Among 88
reported bone outcomes, 4 outcomes differed significantly
(P < 0.05) between the treatment and observation groups, con-
sistent with the predicted effect of chance. In any case, the
treatment-associated differences in the four outcomes with
statistically significant group differences were very small
(2% or less), raising a question about their clinical relevance.

Thus, for most approaches, the efficacy of WBVas a bone
anabolic treatment is difficult to judge due to lack of informa-
tive data. The WBV modality that has been studied in most
detail, “low-magnitude” vibration, seems to have a small bone
anabolic effect at best.

Anti-Sclerostin Therapy

The glycoprotein sclerostin is secreted by osteocytes and in-
hibits bone formation through its interaction with the LRP5
and LRP6 receptors on the surface of osteoblasts [41]. These
receptors contribute to the activation of Wnt signaling in os-
teoblasts, which is an important pathway to regulate bone
formation. When sclerostin interacts with LRP5 or LRP6,
Wnt signaling is inhibited and bone formation slows down.
Conversely, absence of sclerostin leads to elevated levels of
bone formation and high bone mass, as seen in individuals
who are homozygous for mutations that decrease or abolish
sclerostin production [41, 42].

Sclerostin can be inhibited pharmacologically by systemic
application of anti-sclerostin antibodies. In adults, injection of
anti-sclerostin antibodies increases bone formation and also
decreases bone resorption within a few days, leading to a
rapid increase in areal BMD at the spine and hip [43, 44].
A placebo-controlled trial including more than 7000 post-
menopausal women with osteoporosis found that sclerostin
antibody treatment was associated with a 73% lower inci-
dence of vertebral fractures during the first 12 months of
therapy [45•]. At present, the use of anti-sclerostin antibodies
has not been reported in children and adolescents but exper-
imental data in animals and information from adult studies
highlight some areas that may be relevant for pediatric bone
disorders.

Sclerostin antibody appears to be a logical treatment for
osteoporosis pseudoglioma syndrome (OPPG), an extremely
rare disorder that is caused by homozygous loss-of-function
mutations in LRP5, leading to low bone formation. Despite
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the absence of functional LRP5 in OPPG, sclerostin still in-
hibits bone formation because LRP6 is not affected [46]. In
this context, anti-sclerostin therapy can release the inhibition
of bone formation via its action on LRP6 and improve bone
mass, at least in an OPPG mouse model [47]. By extension,
bone fragility caused by heterozygous LRP5mutations [48] or
by homozygous WNT1 mutations [49], may also represent
areas where sclerostin inhibition could be useful. However,
data on sclerostin antibody treatment of humans with either
LRP5 or WNT1 mutations are not yet available.

There is presently considerable interest in the use of
sclerostin antibody to treat OI. OI is a heritable disorder that
is usually caused by mutations in one of the two genes coding
for collagen type I [2]. There is no indication that Wnt signal-
ing is affected by collagen type I abnormalities, and circulat-
ing sclerostin levels are normal in children with such muta-
tions [50]. However, as collagen type I mutations affect oste-
oblast function, bone anabolic therapy by sclerostin inhibition
has an intuitive appeal. Sclerostin antibody treatment in-
creased bone mass and strength in several OI mouse models
with mild bone involvement [51–53], whereas the beneficial
effect of sclerostin inhibition was less obvious in a mouse
model of more severe dominant OI [54]. Clinical experience
with sclerostin antibody treatment of children with OI has not
yet been reported. One potential issue with this approach is
that in children with severe OI, bone formation rate is mark-
edly elevated in the absence of any drug therapy [55]. In
severe OI, the function of individual osteoblasts is low but
this is more than compensated by a markedly increased num-
ber of osteoblasts. The elevated pretreatment bone formation
rate of severe OImay limit the scope of improvements that can
be obtained with bone formation stimulators such as sclerostin
antibodies.

Apart from heritable bone fragility disorders, positive ef-
fects of sclerostin antibody treatment have been reported in
animal models mimicking a range of human bone disorders,
such as rheumatoid arthritis [56], inflammatory bowel disease
[57], glucocorticoid-induced osteoporosis [58], or orthopedic
conditions such as fracture healing [59] and distraction osteo-
genesis [60]. Sclerostin antibody treatment seems a logical
approach for conditions where bone formation is suppressed,
such as glucocorticoid-induced osteoporosis. However, con-
trolled studies are required for each potential treatment indi-
cation. Even though sclerostin was originally thought to act
only on bone cells, recent animal studies indicate that
sclerostin antibody treatment could sometimes have detrimen-
tal effects in other tissues. For example, sclerostin inhibition
accelerated joint destruction in the context of rheumatoid ar-
thritis by interfering with tumor necrosis factor alpha signaling
[61•]. This highlights the fact that sclerostin does not only act
as an inhibitor of bone formation but may have other functions
that may become uncovered with the more widespread use of
this treatment approach.

In a large clinical trial, over 4000 women with post-
menopausal osteoporosis were randomized 1:1 to monthly
sub-cutaneous romosozumab or weekly oral alendronate for
12 months followed by open-label alendronate for another
year [62]. There was a 48% lower risk of new vertebral frac-
tures, a 38% reduction in hip fractures, and a 19% reduction in
non-vertebral fractures in the romosozumab-to-alendronate
group. During year 1, serious cardiovascular adverse events
(including cardiac ischemia and cerebrovascular insults) oc-
curred more often with romosozumab than with alendronate
(50 of 2040 patients (2.5%) compared to 38 of 2014 patients
(1.9%)). However, this imbalance was not seen in an even
larger (over 7000 patients) placebo-controlled trial of
romosozumab that enrolled a slightly younger post-
menopausal population with less advanced osteoporosis
[45•]. Whether this observation is a result of a negative effect
of romosozumab on cardiovascular health or a protective ef-
fect of the comparator, alendronate, remains unsettled.

One issue to consider when contemplating the use of
sclerostin antibody therapy in pediatric bone disorders is the
fact that this treatment has a short duration of action. In
adults, despite ongoing administration, bone formation
returns to baseline levels by about 6 months after the first
injection of sclerostin antibody and subsequent injections
seem to have smaller effects on bone formation [45•]. As
bone is a living tissue that adapts to the prevailing environ-
ment, it is therefore expected that bone will be rapidly lost
once the treatment stimulus wanes, at least when the under-
lying bone problem persists. This is indeed what has been
found both in growing OI mice [63] and in clinical studies
on postmenopausal osteoporosis [64]. Consequently, it may
be necessary to “lock in” the gains of sclerostin antibody
treatment with subsequent long-acting antiresorptive treat-
ment [45•, 63]. The transient nature of the effect of therapy
will need to be considered in any future trial of short-acting
anabolic therapy in children.

Anti-Transforming Growth Factor-Beta
Therapy

Dysregulated transforming growth factor beta (TGF-beta) sig-
naling is associated with a spectrum of heritable disorders that
affect the skeleton, such as Camurati-Engelmann disease [65],
Marfan syndrome [66], Loeys-Dietz syndrome, and OI [67•].
Mouse studies suggest that injections with anti-TGF-beta an-
tibodies may increase bone mass in OI mouse models [67•],
but data in humans are presently not available. Apart from
antibody-based approaches, TGF-beta signaling can also be
attenuated in some tissues using losartan, an angiotensin II
type 1 receptor blocker that lowers the expression of TGF-
beta ligands, receptors, and activators [68]. Treatment of a girl
with Camurati-Engelmann syndrome with losartan was
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associated with disappearance of bone pain and a decrease of
the (initially elevated) total body areal BMD [69]. A retrospec-
tive study in children with Marfan syndrome did not find an
effect of losartan on BMD, but more systematic data on the
effect of losartan in pediatric bone disorders are lacking [70].

Summary and Conclusions

Hormone replacement therapy in children with growth hor-
mone deficiency and delayed puberty has been shown to at
least partially restore indices of bone strength such as BMD
and geometry; the effect on fracture rates remains to be stud-
ied. On the other hand, hormone therapy to mitigate the ad-
verse effects of glucocorticoids on bone in children without
true hormonal deficiencies is a relatively weak modulator of
musculoskeletal health compared to bisphosphonates.
Furthermore, most of the effect of growth hormone on bone
seems to be mediated by its action on muscle size and
strength. These observations attenuate enthusiasm for hor-
mone therapy to treat or prevent osteoporosis in chronic ill-
ness, particularly when the disease is linked to muscle impair-
ment as in conditions such as DMD. Similarly, whole body
vibration therapy appears to be much less effective than
bisphosphonates for treating osteoporosis in children, at least
when BMD is the main outcome. Teriparatide remains an
attractive option that merits formal study for patients’ post-
epiphyseal fusion, bearing in mind that its effect may be less
following the bone turnover-suppressing effects of bisphos-
phonate therapy, and that the effect will not be sustained
post-discontinuation (thereby warranting longer-activating os-
teoporosis therapies such as bisphosphonates after teriparatide
cessation). The two emerging biologic anabolic therapies are
of particular interest for pediatric osteoporosis—anti-TGF-be-
ta antibody and anti-sclerostin antibody. Sclerostin is a potent
inhibitor of the Wnt signaling system; pharmacologic inhibi-
tion of sclerostin with antibody therapy appears in pre-clinical
models to be a potent stimulus of bone formation, making this
an attractive agent for pediatric osteoporotic conditions char-
acterized by low bone turnover or osteoblast dysfunction.
TGF-beta signaling is dysregulated in a number of pediatric
bone disorders, and animal models of OI suggest anti-TGF-
beta antibody increases bone mass. On balance, it appears that
antibody therapy merits the most attention among the anabolic
approaches going forward, recognizing that any positive ef-
fects in future human studies will likely only be temporary
given the short-acting effects intrinsic to antibody-based ther-
apeutics, and that longer-acting osteoporosis therapy may still
be required. To this end, clinical trials are now needed to
rigorously assess the safety and efficacy of anabolic therapy
in children, including the effects of such therapy not only on
surrogates for bone strength such as BMD but also on fracture
rates.
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