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Abstract

Bisphosphonates are structural analogues of inorganic pyrophosphate that are potent inhibitors of bone resorption. In pediatric
rheumatology, the main indications of bisphosphonates are primary osteoporosis as idiopathic juvenile osteoporosis, osteogenesi-
simperfecta, osteoporosis secondary to chronic rheumatological, endocrine, immobilization, or gastrointestinal disorders, tissucal-

cinosis and dermatomyosistis.

Several pediatric studies have been conducted, mainly in osteogenesis imperfecta and chronic rheumatic diseases. The results
obtained with bisphosphonates, especially with pamidronate and alendronate were promising. The use of bisphosphonates should
be reserved for children severely affected by a symptomatic osteoporosis. These children should be included in clinical studies with
long term monitoring. The regimens reported were cyclic infusion of pamidronate at 0,5 to 1 mg/kg/dose with a cumulative dose
not exceeding 9 mg/kg/year. The dose suggested for alendronate were 5 mg once daily or 35 mg once a week for children less than
30 kg and 10 mg once daily or 70 mg once weekly for more than 30 kg. Treatment protocols must be defined especially with recent

bisphosphonates, particularly effectives.

Suppose efficacy and tolerability of bisphosphonates in short terms are encouraging. In that case, the duration of treatment and

the long-term toxicity, especially in subsequent pregnancies, require further studies.
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Introduction of new biological markers of this metabolism, and the appearance
There is currently a considerable interest in pediatric bone pa-  of effective molecules in pediatric osteoporosis treatment, in addi-

thology, particularly osteoporosis for many reasons: the develop-  tion to bisphosphonates (BS).

ment of accurate bone mineralization measurement methods that

can be used in children, particularly biphotonic absorptiometry; Osteoporosis in children has various origins. In addition to con-

the advances in our bone metabolism knowledge, the availability stitutional bone diseases such as osteogenesis imperfecta, general,
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metabolic and endocrine diseases impact on bone tissue, without

forgetting drug-induced osteoporosis [1].

BS used in clinical practice for more than 30 years are synthetic
analogs of pyrophosphate, which is a natural inhibitor of bone re-
sorption. Once attached to the hydroxyapatite crystals of the bone
mineral structure, they increase their resistance, decrease bone
turnover by reducing osteoclast activity and longevity by direct ef-
fect and by stimulating osteoblasts to produce an inhibitor of os-
teoclast formation by indirect effect [2,3]. They are widely used in

adults. The BS use in pediatrics is diverse but much more limited.

The follow-up of patients treated by BS and the development
of new generations of BS with less inhibitory effects on bone min-
eralization have made it possible to extend their use, especially in

childhood osteoporosis, whatever the cause [4].

Structure and pharmacology of bisphosphonates

BS are synthetic analogues of pyrophosphates where the P-O-P
link is replaced by a P-C-P link. These molecules are differentiated
from each other by the side chains structure R1 and R2. The BS di-
versity is explained in (Figure 1) [5]. The BS are divided into three
groups that have different action mechanisms. The first group in-
cludes BS without nitrogen atom (Clodronate, Etidronate) which
belongs to the less potent first generation BS. The BS in the second
group are nitrogen-containing (Alendronate, Pamidronate) which
are 10 to 100 times more potent than those of the first generation.
There is a third generation of BS (risedronate, zoledronic acid)
which contain a nitrogen atom in a heterocyclic ring, and are up to

10,000 times more powerful [3].

Figure 1: Chemical structure of bisphosphonates [5].
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In terms of pharmacokinetics, they are characterized by an ex-
tremely long skeletal half-life. That of alendronate, for example, is
10.9 years. Given their common basic chemical structure, all BSs

have similar pharmacokinetics.

They have a low biological availability if administered orally (<
6%). Binding in bone tissue is approximately 50%, while the excess
(35% to 80% depending on the product) is eliminated in the urine
within a few hours without passing into the skeleton [6,7].

Able to resist enzymatic hydrolysis by phosphatases, these mol-
ecules are eliminated in the urine without being metabolized. The
half-life of bone elimination is very long, from a few weeks to sev-

eral months or even years, depending on the rate of bone turnover.

Finally, bone vascularization has an important impact on BS bio-
distribution, which will mostly move to well-perfused bone territo-
ries, and consequently, their distribution is greater in trabecular
bone than in cortical bone [8,9]. The main BS currently available,

dose and mode of administration are given in (Table 1).

First generation Presentation
OR : Tablet 200 et 400 mg
Etidronic acid
idronic aci IV: NA
Second generation Presentation

Pamidronate IV: 15, 60,90 mg

OR: capsule 400 mg
IV: 300 mg

OR: Tablet 200 mg

Clodronic acid

Tiludronic acid

Presentation
IV: 2 mg
OR: Tablet 10 mg

Third generation

Ibandronic Acid

Alendronate

M . . 1 -
onosodium isozoledro IV: 4 mg
nate

Risedronic Acid OR: Tablet 5 mg

Olpadronic acid NA
Neridronic acid NA

Table 1: Bisphosphonates available in Europe

OR: Oral Route; IV: Intravenous; gel: Capsules; NA: Not Available.

Main indications of bisphosphonates in pediatrics

Juvenile osteoporosis includes, constitutional bone fragility

dominated by osteogenesis imperfecta on the one hand, and, on the
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other hand, secondary osteoporosis due to long term corticoste-
roid therapy. This second etiology is constantly increasing due to
the progressive improvement in life expectancy of children treated

for cancer or chronic inflammatory diseases [1,10-12].

For curative purposes, BS use in children is more diverse than
in adults. The first uses in children concerned hypercalcemia and
Progressive Ossifying Myositis. They have expanded over the last
ten years, and osteoporosis with bone fragility is the most common
indication [13]. Prophylactic use of BS does not currently have a
consensus in pediatric diseases and is not recommended. The most

important BS indications are given in (Table 2).

Bone diseases

Cortisone induced osteoporosis
Osteogenesis imperfecta

Juvenile osteoporosis

fibrous dysplasia of bone with or without McCune-Albright
Syndrome

Algodystrophy

familial idiopathic hyperphosphatasemia
Congenital neutropenia treated with GCSF
Bone lesions in Gaucher disease
Calcifying diseases

Progressive Ossifying Myositis
Dermatomyositis

Scleroderma

Oxalosis

Infantile arterial calcifications
Hypercalcemia

Leukemias and cancers
Hyperparathyroidism

Sarcoidosis

Immobilization

Neonatal cytosteatonecrosis.

Table 2: Indications for biphosphonates [1].
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Osteogenesis imperfecta

It is a disease characterized by a significant bone fragility re-
lated to generalized osteoporosis and responsible for fractures or
bone deformities. The osteogenesis imperfecta prognosis varies
greatly from one form to another, but better orthopedic and medi-
cal management in addition to BS use has improved their outcome

and especially patients life quality [14].

Many studies in children report the results of pamidronate
cures given annually at a dose of 9 mg/kg. Chronic pain is signifi-
cantly reduced and disappears after 2 to 3 cures. An increased
muscular strength and an improvement in functional abilities have
been reported [15]. The reduction in long bone fracture rate re-
mains difficult to assess because many factors are involved. Two
studies have shown a 65% decrease in the incidence of long bone
fractures [16,17].

At usual doses, pamidronate does not disturb growth, Zeitlin., et
al. even report a significant improvement [18]. Indeed, lumbar ver-
tebral bone mass increases faster than in untreated patients. Some

spinal fracture regain near-normal size [18].

Each pamidronate cure is marked with a radiological metaphy-
seal band which corresponds to secondarily calcified bone trabecu-

lae in horizontal position [18].

Recently, Ward.,, et al. evaluated alendronate given for two years
in 109 patients with osteogenesis imperfecta types I, Il or IV com-
pared to a 30 patients group with osteogenesis imperfecta treated

with placebo.

Patients received 5 mg/day of alendronate if weight was less
than 40 kg and 10 mg/day if weight was over 40 kg. Spinal bone
mineral density increased by 51% in the alendronate group versus
12% in the placebo group (p < 0,001) and the Z-score increased
from -4.6 to -3.3 SD in the alendronate group. The Collagen type I
N-terminal telopeptide (NTX) level, which is a marker of urinary
bone remodeling, decreased by 62% in the treated group versus
32% in the untreated group [19].

Zoledronic acid was also tested in a study including 17 patients
with osteogenesis imperfecta type I aged 1.5 to 16.8 years. It was
administered at a dose of 0.05 mg/kg for 1 to 3.2 years as a 30-min-

ute intravenous infusion every 6 months. Spinal mineral density
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increased from -2 to -0.7 SD after two years of treatment [20].
Other studies have shown that zoledronic acid reduces the risk of
fractures [21-23].

Ibandronate was also used in 30 patients with osteogenesis
imperfecta. Two groups were compared: the first group received
infusions of Ibandronate 2 mg every 3 months. The second control
group received 0.2 pg calcitriol. After a year of treatment, the frac-
ture risk decreased from 1.9 to 1.13 for the first group and from 1.8
to 1 for the second group. A significant increase in bone mineral
density was noted at all sites: 59% in the lumbar spine and 36.6%
in the hip. Alkaline phosphatases and Collagen type I C-terminal
telopeptide (CTX) were also significantly reduced.

Neridronate has been available since a few years. In placebo-
controlled trials, it has been shown to be effective in raising bone
mineral density and minimizing the fracture risk [21,24]. It has
been used at a dose of 2 mg/kg intravenously every 3 months [25].
It is actually the most widely used BS in Germany [26].

Based on the results of a single study comparing neridronate to
pamidronate, there was no significant difference between the two
groups in terms of increased patient size and vertebral surfaces (p
=0.530) [27].

Cortisone induced osteoporosis

Bone mass loss associated with corticosteroid use is rapid:
about 12% during the first three months of corticosteroid therapy,
then about 3% annually [4]. A study of 38 children with connective
tissue diseases showed that alendronate (5 mg daily orally for one
year) had a beneficial effect on bone mineral density (BMD) [28].
The mean increase in Z-score from baseline was 1.49 + 0.98% in
the treated group (p<0,002), while no significant increase was ob-

served in the control group.

In a second study including 22 children aged 4.4 to 17.2 years
with chronic diseases (juvenile arthritis, systemic lupus erythema-
tosus) treated with long-term corticosteroid therapy, alendronate
was used for one year at a dose of 1 to 2 mg/kg/week orally (dose
rounded up to 40 or 80 mg depending on weight) for 12 months. A
positive effect was reported on spinal bone density (p = 0.013) and

also on bone growth [29].

In the same study, alendronate was also studied versus placebo

in the prevention of cortisone-induced osteoporosis with excellent
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results. The recommended dose for this indication is 1 to 2 mg/kg
per week (35 mg if weight 230 kg, 25 mg for 20 kg < weight< 30 kg,
15 mg for 15 kg< weight<20 kg) [29-31].

The BS treatment has to be started early, as soon as a prolonged
corticosteroid therapy is instituted. Maximum bone loss is ob-
served within the first 3 months [29].

Another study conducted on 18 children treated with pamidro-
nate, a single infusion every three months resulted in a spinal den-
sity increasing with a reduced fractures risk by 6 months of treat-
ment [32].

A recent study evaluated the effect of intravenous zoledronic
acid in 20 children aged 3 to 16 years with a diverse range of bone
diseases (corticosteroid secondary osteoporosis, immobilization
osteoporosis, primary idiopathic osteoporosis, Gaucher disease
and neurofibromatosis type 1). Doses administered were 0.1+ 0.02
mg/kg/dose infused every three months for an average of 1.7 + 0.7
years. The Z-score in the spine improved by 1.88 after 12 months
of treatment [33].

Hypercalcemia

In childhood, etidronate, pamidronate and intravenous clo-
dronate have been used successfully previously [34]. Pediatric
experience with severe hypercalcemia is restricted and concerns
small series [34]. All reported cases have been successfully han-
dled, mainly by pamidronate. In general, the recommended dose
of pamidronate is 0.5mg/kg/day (children >2 years) to 1 mg/kg/
day (children < 2 years) intravenously over 2 to 4 hours allows nor-
malization of serum calcium levels in 1 to 4 days. This dose may
be repeated for several consecutive days. There is a dose-response
relationship between bisphosphonates and decreased serum cal-
cium levels [7,35-37].

Recently used, zoledronic acid is considered more potent and
effective than pamidronate [38] and has been used in children with
bone metastasis [39] with good results. It is generally well tolera-
ted with side effects similar to those observed with pamidronate.
We should consider the use of zoledronic acid as a rapid, potent,
safe and effective therapy in hypercalcemia of malignant tumors in
children [22,40].
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Bone fibrous dysplasia

Osteoporosis in this disease is multifactorial : it includes cortico-
steroid use, vitamin D malabsorption, inflammation, malnutrition,
delayed puberty and reduced physical activity. The results of BS
treatment in children with more severe forms are more mitigated.
Intravenous pamidronate has been used in pediatric cases of iso-
lated fibrotic dysplasia or MacCune Albright syndrome [32,38,39].
And it has shown clinical improvement, a decrease in bone remod-
eling as well as radiological remodeling of bone lesions [3,4,7]. A
few series currently offer oral BS treatment for chronic pain, such

as alendronate given at a dose of 70 mg/week [41].

Dermatomyeositis calcifications

Rare cases of regression of calcification sites with BS have been
reported [7]. The efficiency of BS was proved in a 14-year-old girl
who had been suffering from calcifying juvenile dermatomyositis
since the age of 11. She was treated with pamidronate for two years
(15 mg every three months in the first year, then 30 mg every four

months in the second year, equivalent to 2 mg/kg per year) [42].

A significant improvement in clinical signs (pain, subcutaneous
induration and hip mobility) began two months after the initiation
of Pamidronate. The resolution of all visible calcifications charac-
terized the post-treatment assessment. The same positive effect
has already been described under Alendronate in two six-year-old
children [43,44].

A recent publication [45] reports a successful effect of alendro-
nate (10 mg/d for one year) in a ten-year-old child with extensive
calcinosis: calcification disappears and significant functional re-

covery of the joints, with no side effects [4].
Other osteoporosis

BS (mainly intravenous pamidronate) has been used in pediat-
ric observations of secondary osteoporosis, juvenile idiopathic os-

teoporosis, and familial hyperphosphatasia.

Pre-therapeutic investigation and modalities of bisphospho-
nate administration

Investigations are required before starting treatment with BS,
including phosphocalcium balance, creatininemia, albuminemia,
osteoformation markers (alkaline phosphatases, osteocalcin) and

resorption markers (hydroxyprolinuria, pyridinoline, deoxypyr-
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idinoline), and measurements of parathyroid hormone and 25-hy-

droxyvitamin D.

Also, standard radiographs of the spine and fractured long
bones are necessary. Bone densitometry is used mostly to be a
comparative model in the same patient before and after BS treat-
ment. In case of oral BS treatment, some recommendations should
be provided to patients and parents: treatment should be taken
with a large glass of water only in the morning, do not lie down for
one hour, do not eat for 30 minutes. A calcium supplement should

be prescribed for all osteopenic and osteoporotic patients.

Osteoporosis prevention is mainly based on lifestyle practices: a
balanced diet, a body mass index within the norms, sufficient phys-
ical activity, and limiting the factors that promote osteoporosis. Pa-
tients must have an appropriate vitamin and calcium supplemen-
tation (Calcium: 1000-1200 mg/d and Vitamin D: 400-800 IU/d).

Modalities of bisphosphonate administration

As their intestinal absorption is low (<10%), the intravenous
route is preferred in most pediatric studies. In osteoporosis, the
most widely used protocol is that recommended by Glorieux., et
al. [46], which involves intravenous infusions of 0.5-1 mg/kg/d
of pamidronate 3 days consecutively every 4 months for at least

1year.

Good results have also been reported in osteogenesis imper-
fecta with a protocol using intravenous infusion of pamidronate
repeated at 3-month intervals [32]. In infants under the age of 3
years, more frequent infusions with alower dose are common [47].
Indeed, the accelerated bone turnover in infants results in earlier,

greater, but less prolonged efficacy of bisphosphonates.

A trial assessed the results of two regimens of intravenous pa-
midronate administered to 15 children diagnosed with various di-
seases excluding osteogenesis imperfecta. The first group received
a dose of 1mg/kg given as a single day every three months without
exceeding a total dose of 4 mg/kg/year. The second group received
three-day infusions every 4 months at a 1 mg/kg dose without ex-

ceeding 9 mg/kg/year.

There was no significant difference between the two groups in
terms of increased bone densitometry and decreased fracture rates
[48]. Alendronate, an orally administered BS, is given according to

patient characteristics. Suggested doses in most studies are 5 mg
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once daily or 35 mg once weekly for children weighing 30 kg or
less, and 10 mg once daily or 70 mg once weekly for children of
more than 30 kg [13]. TZoledronate, is given as short infusions (20-
30 minutes vs. 4 hours for pamidronate) at a dose of 0.02-0.05 mg/
kg/d every 3 months [13].

Subcutaneous bisphosphonates

Intravenous pamidronate is safe and well tolerated in children,
but may have side effects if given subcutaneously [49]. Clodronate
has been tried at a dose of 300 mg given as a single monthly injec-
tion subcutaneously in a child with a severe bone pain due to Ew-
ing's sarcoma. For zoledronic acid, there were no data on its use by

the subcutaneous route.

Do we treat all children with osteoporosis?

Pediatric osteoporosis definition refers to bone density assess-
ment by Dual Photon Absorptiometry [38]. In children, bone den-
sity is age related, and osteoporosis can be defined by a Z-score
value of less than -2 SD, osteopenia by a value between -1 and -2 SD
adjusted for age, gender, and height [10-12,50].

Obviously, a short child will always have a lower result than a
child of a same age and normal height. Consequently, we have to
compare the results of a patient with those of patients of the same
height, which means that statural age must be considered. The pu-
berty status is probably also to be considered. In addition, it should
be noted that there are no normal values for children under three

years old.

Patients with fragile bones (2 to 3 fractures per year in the pre-
vious 2 years, often spontaneous fractures) with severe osteoporo-
sis as assessed by bone densitometry, the use of BS intravenously
should be recommended. The use of BS before six months of age is
recommended in these patients to prevent the fracture-immobili-

zation-fragilization-fracture vicious circle [51].

The treatment of osteoporosis discovered during follow-up in a
child with systemic disease or treated with corticosteroids is more
difficult. Bone pain, even without fractures, is a criteria for treat-
ment with BS, as these drugs have been shown to be effective on

bone pain.

Similarly, high levels of bone remodeling biomarkers should

always be considered according to their evolution and the child's

87
age. A low BMD without bone fragility or pain does not necessarily
lead to the BS prescription. The studies currently available are too
limited to confirm the usefulness of BS in preventing complications

of osteoporosis in adults.

Adverse effects of bisphosphonates

Oral treatments may cause digestive disorders, including
esophageal, gastric and duodenal ulcerations. Bands of sclerosis
may also be seen on X-ray, which have no structural or functional
impact [52,53]. These metaphyseal sclerosis bands disappear once
the treatment is stopped and No impact on growth has been found
[54].

Pamidronate has few side effects. Within 24 to 72 hours after
administration, whether oral or intravenous, an influenza-like
syndrome (fever, myalgias, diffuse pain, nausea, vomiting) with a

biological inflammatory syndrome may be observed [25,37,48,55].

These two immediate side effects may require symptomatic
treatment with conventional analgesics or anti-inflammatory
drugs and justify interruption of pamidronate injections. Usually

these symptoms are unnoticed during later infusions [14,54,56].

The long-term outcome was characterized by the occurrence of
mineralization disorders, which have been reported with pamidro-
nate. Indeed, a case of osteopetrosis has been reported in a child
after prolonged use of high doses of pamidronate [14,57]. Hegazy.,
et al. [61] noted unusual femur stress fractures after long-term
bisphosphonate therapy (6-11 years); among 72 children receiv-

ing intravenous pamidronate, 18 had a femur fracture.

A rapid weight gain has been noted in many children treated
with pamidronate. This unexplained obesity interferes with their
rehabilitation. Similar findings have been noted with alendronate
[58]. The occurrence of uveitis was noted by Glorieux twice in 215
treated children. BS may delay bone healing after surgical osteot-
omy and intramedullary nailing [59]. In the case of planned oste-
otomies, a treatment-free preoperative period should be arranged.
Generally, all side effects observed with BS are reversible once the

treatment is stopped.

Osteonecrosis of the jaw reported in adults is another rare ad-
verse effect of BS in children [14,45,60]. Despite the rarity of os-

teonecrosis of the jaw cases in children treated with BS, it is rec-
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ommended to improve the oral health of these children before
initiation of treatment, in order to access the necessary invasive
care (extraction,...) [54]. Regular dental assessments by a dentist
during treatment and good daily oral hygiene are required [14, 37,
54, 61-63].

Conclusion

BS are an effective treatment for peadiatric osteoporosis and
have few side effects. However, their use remains limited due to the
lack of product approval and many controversies. Points that need
to be clarified are initiation criteria for curative or preventive treat-
ment, the optimal duration of treatment, the dose and frequency
of administration, and the relative indications of each bisphospho-
nate. Controlled multicenter studies comparing various drugs with
different routes of administration are essential in order to defini-
tively validate their use. In addition, their long-term side effects,
essentially related t to their prolonged and strong binding to the
bone, must be evaluated by studies including a long-term follow-

up.
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