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Abstract Although spontaneous remission occurs in
patients with idiopathic juvenile osteoporosis (IJO), per-
manent bone deformities may occur. The effects of long-
term pamidronate treatment on clinical findings, bone
mineral status, and fracture rate were evaluated. Nine
patients (age 9.8 £ 1.1 years, 7 males) with IJO were
randomized to intravenous pamidronate (0.8 £ 0.1 mg/kg
per day for 3 days; cycles per year 2.0 & 0.1; duration
7.3 £ 1.1 years; n = 5) or no treatment (n = 4). Fracture
rate, phalangeal quantitative ultrasound, and lumbar bone
mineral density (BMD) by dual energy X-ray absorpti-
ometry at entry and during follow-up (range 6.3-9.4 years)
were assessed. Bone pain improved in treated patients.
Difficulty walking continued for 3-5 years in untreated
patients, and vertebral collapses occurred in three of them.
During follow-up, phalangeal amplitude-dependent speed
of sound (AD-SoS), bone transmission time (BTT), and
lumbar BMDarea and BMDvolume progressively
increased in treated patients (P < 0.05-P < 0.0001). In
untreated patients AD-SoS and BTT decreased during the
first 2—4 years of follow-up (P < 0.05-P < 0.01); lumbar
BMDarea increased after 6 years (P < 0.001) whereas
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BTT and lumbar BMDvolume increased after 7 years of
follow-up (P < 0.05 and P < 0.001, respectively). At the
end of follow-up, AD-SoS, BTT, lumbar BMDarea, and
BMDvolume Z-scores were lower in untreated patients
than in treated patients (—2.2 £ 0.3 and —0.5 &+ 0.2;
—19+£0.2and —0.6 £ 0.2; —2.3 £ 0.3 and —0.7 £ 0.3;
—24 4+ 0.2 and —0.7 £ 0.3, P < 0.0001, respectively).
Fracture rate was higher in untreated patients than in
treated patients during the first 3 years of follow-up
(P < 0.02). Our study showed that spontaneous recovery of
bone mineral status is unsatisfactory in patients with 1JO.
Pamidronate treatment stimulated the onset of recovery
phase reducing fracture rate and permanent disabilities
without evidence of side-effects.

Keywords Bone mineral status - Bone pain - Fracture
rate - Osteoporosis - Pamidronate treatment

Introduction

Idiopathic juvenile osteoporosis (IJO), recognized by Dent
and Friedman in 1965 [1] and subsequently well defined in
its clinical features by Brenton and Dent in 1995 [2], is a
rare primary form of osteoporosis of unknown etiology that
develops in a previously healthy child. Diagnosis of 1JO is
based on the exclusion of known causes of osteoporosis in
childhood, mainly the mild forms of osteogenesis imper-
fecta. Typical features of patients with IJO are fractures of
the metaphyses and vertebral bodies after minimal trauma,
pain in the back and extremities, and difficulty walking.
With the exception of the most severe cases, patients with
IJO have a gradual remission 1-5 years after the onset of
puberty [1, 3, 4]. However, permanent disabilities, such as
scoliosis, kyphosis, rib and spine deformities, and fractures
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may occur in young adulthood [3, 4], suggesting that
remission cannot be complete and that some patients
should be treated to improve bone health.

Treatment of patients with IJO is complicated by a clear
lack of understanding of the cause of the disease. More-
over, the spontaneous recovery which may occur during
skeletal growth is a confounding factor in examining the
effects of treatments. Therapeutic trials with vitamin D or
calcium supplements, calcitonin, and anabolic steroids
failed to modify the natural course of IJO [5-7]. Conflict-
ing data on the effect of calcitriol treatment in improving
bone mineral density (BMD) and fracture rate were
reported [6, 8, 9]. Some studies, the majority of them
describing a single case, showed that bisphosphonate
treatment improved symptoms and/or BMD [10-17],
restored vertebral fractures [16], or reduced bone turnover
[14]. However, to our knowledge, there are no studies
assessing bone mass accrual and fracture rate in patients
with IJO receiving bisphosphonate treatment compared
with untreated patients.

The aim of the study was to examine the efficacy and
safety of long-term pamidronate treatment on bone mineral
status assessed by two different techniques at peripheral or
axial skeleton and fracture rate in patients with IJO and to
compare the results with untreated patients.

Materials and methods

Patients

Nine patients (7 males and 2 females) aged 8.1-11.4 years
(9.8 £ 1.1 years, mean + SD) affected by IJO were

enrolled in a prospective study from the Pediatric Unit I of
the University Hospital, Pisa. The diagnosis of IJO was
based on the exclusion of all other known causes of oste-
oporosis in childhood, and according to the Dent and
Brenton criteria [1, 2]. All patients showed progressive
symptoms of back pain and difficulty walking, and two of
them were confined to a wheelchair. Moreover, all patients
suffered recurrent fractures at the metaphyses or diaphyses
of long bones and/or at the vertebral bodies. In all patients,
the typical extraskeletal manifestations of some forms of
osteogenesis imperfecta (blue sclerae, dentinogenesis im-
perfecta, joint hyperlaxity, deafness, cardiac lesions) were
absent. Family history for IJO and osteogenesis imperfecta
was negative. All patients underwent collagen type I
sequencing analysis; no mutation in one of the two genes
encoding collagen type I alpha chains (COL1A1l and
COL1A2) was observed. Karyotype was 46, XY in all boys
and 46, XX in both girls.

Study design

At entry into the study the patients were randomized to
receive intravenous pamidronate treatment (n = 5) or were
untreated (n = 4). Anthropometric data in treated and
untreated patients are summarized in Table 1; mean age,
height, weight, and body mass index (BMI) did not differ
between the two groups of patients. All patients were
longitudinally examined for 7.6 £ 1.0 years (range
6.3-9.4 years).

Fracture rate and bone mineral status at phalanges of the
hand by quantitative ultrasound (QUS) and BMD at lumbar
spine by dual energy X-ray absorptiometry (DXA) were
assessed in all patients at entry into the study and

Table 1 Anthropometric data in treated and untreated patients at entry into the study

Patients Sex Age (years) Height (Z-score) Weight (Z-score) BMI (Z-score)
Treated

1 M 8.1 0.5 0.9 0.9

2 M 8.4 -0.5 0.1 0.6

3 F 9.8 0.1 0.4 0.5

4 M 11.1 0.3 0.7 0.7

5 M 11.4 0.3 1.2 14

Mean £+ SD - 98 £ 1.3 0.1£03 0.7+ 04 0.8 £03
Untreated

1 M 8.9 0.7 1.0 1.0

2 M 9.2 0.2 0.2 0.1

3 M 10.5 0.6 0.9 0.9

4 F 10.7 —-0.3 0.4 0.7

Mean + SD - 9.8 +0.8 03+04 0.6 £0.3 0.7+0.3
P vs treated - 0.99 0.42 0.69 0.63

M males, F females
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approximately every 12 months. The values of phalangeal
QUS variables and lumbar BMD of patients were com-
pared with appropriate sex and age reference values by
using our own [18] and those reported by Boot et al. [19]
which were obtained by the same DXA machinery and
software we used, respectively. The values of phalangeal
QUS variables and lumbar BMD, and fracture rate were
compared between treated and untreated patients.

In all patients, clinical examination and biochemical
measurements, including complete blood count, electro-
lytes, total alkaline phosphatase, hepatic and renal
functional tests, and serum 25-hydroxyvitamin D (25-
OH-D) concentrations were measured at entry and every
4-6 months throughout the study. Anthropometric data
were assessed at entry and every 6 months during the
study. Electrocardiographic examination was performed
before and during each cycle of pamidronate infusion.
Complete eye examination by an ophthalmologist and
oral/dental examination by two odontologists were
performed in all patients approximately every 6 months.
Bisphosphonate-related  osteonecrosis of the jaw
(BRONJ) was defined according to the American Asso-
ciation of Oral and Maxillo-Facial Surgeons [20] and the
American Society for Bone and Mineral Research [21]
criteria.

Pamidronate treatment

In all treated patients, disodium pamidronate (Aredia,
Novartis Pharma) was administered intravenously
(0.5-1.0 mg/kg body weight per day) for three consecutive
days for each cycle of infusion. Pamidronate diluted in
250 mL isotonic saline solution was infused over a 3-h
period. In all treated patients, each intravenous pamidro-
nate infusion was followed by intravenous 10 % calcium
gluconate infusion (0.5 mg/kg body weight per day) dilu-
ted in 100 mL isotonic saline solution over a 1-h period.
An additional intravenous 10 % calcium gluconate infusion
was administered on the fourth day.

In all treated patients, serum calcium concentrations
were measured each day before and after pamidronate
infusion, as well as after 10 % calcium gluconate infusion.
Serum calcium concentrations were also measured on the
fourth day before and after 10 % calcium gluconate infu-
sion. The protocol for pamidronate and 10 % calcium
gluconate infusion, and the timing of serum calcium
measurements are schematized in Fig. 1. All treated
patients received a supplement of calcium salts as car-
bonate (25 mg/kg body weight per day as elemental cal-
cium) for 2 weeks after each cycle of pamidronate.

All treated and untreated patients received a vitamin D
supplement of 400 IU per day for the duration of the study.

1st — 2nd _ 3rd day

y y

Measurement of Measurement of
serum calcium concentrations serum calcium concentrations

|

Measurement of
serum calcium concentrations*

|

i.v. 10% calcium gluconate ‘ ‘ i.v. 10% calcium gluconate

| |

Measurement of
serum calcium concentrations®

Measurement of
serum calcium concentrations®

Fig. 1 Protocol used for pamidronate and 10 % calcium gluconate
infusion and timing of serum calcium concentrations measurements.
Asterisk denotes approximately 15 min after completion of pamidr-
onate infusion; degree symbol denotes approximately 1 h after
completion of 10 % calcium gluconate infusion

Anthropometric measurements

Standing height and body weight were measured with a
wall-mounted stadiometer and a mechanical balance,
respectively. For each patient, both length and weight were
the mean of three measurements. BMI was calculated using
the formula weight (kg)/height (m)?. To allow a compari-
son between different ages and genders, height, weight, and
BMI were expressed as Z-score according to the LMS
method of Cole [22] and Cole and Green [23].

Phalangeal QUS measurements

The QUS device (DBM Sonic, IGEA, Carpi, Modena,
Italy) is based on the transmission of ultrasound through
the distal end of the proximal phalangeal diaphysis in the
proximity of the condyles (region-of-interest, ROI) of the
last four fingers of the hand. The ROI contains both cortical
and trabecular bone, as well as a small medullary canal; the
anatomic ROI is mostly cortical bone (approximately
60 %) [24]. The ROI does not have a growth plate, so that
it is not a confounding factor in QUS measurements.
Amplitude-dependent speed of sound (AD-SoS, m/s) is
a QUS variable reflecting the speed of sound through the
proximal phalanx. It is calculated by measuring the width
of the finger (including soft tissues) divided by the time of
flight, defined as the time from emitted pulse to received
signal considering the signal which reaches a predeter-
mined minimum amplitude value (2 mV) for the first time;
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thus, the assessed ultrasound velocity is amplitude-depen-
dent [25]. Bone transmission time (BTT, ps) is a QUS
variable derived from the difference between the time
when the first peak of the signal received attains its max-
imum and the time that would be measured if no bone but
only soft tissue is present between the transducers. There-
fore, BTT, unlike AD-SoS, is largely independent of
ultrasound attenuation and soft tissue bias, and depends
only on bone properties [26]. The final result is the average
AD-SoS and BTT over four fingers (digit II-V). Further
details of AD-SoS and BTT are reported elsewhere [18].

All the QUS measurements were performed by the same
operator (GIB) on the nondominant hand. The coefficients
of precision, in vivo, were 0.8 and 1.5 % for AD-SoS and
BTT, respectively.

Lumbar BMD measurements

Lumbar BMDarea (bone mineral content corrected by the
vertebral bone area scanned) was measured by posteroan-
terior DXA (Lunar-GE, DPX-L/PED, Madison, WI, USA)
at L2-1.4 level, a site which provides a measure of integral
(cortical plus trabecular) bone. Lumbar BMDvolume was
calculated as bone mineral content per bone volume esti-
mated by the method of Kroger et al. [27] that assumes the
lumbar vertebral body to have a cylindrical shape. The
bone volume of each vertebral body was calculated as
follows: volume = 7 X (diameter/Z)2 x height, where
diameter = width of vertebral body, and height = height
of vertebral body. The validity of this model was assessed
using in vivo volumetric data obtained from magnetic
resonance imaging (MRI) of lumbar vertebrac [28].
Although the volume correction is not anatomical, lumbar
BMDvolume values provide a better approximation of the
true bone density than lumbar BMDarea [27, 29]. Width,
height and bone area were provided by the DXA software
program. The results were calculated as g/cm? for lumbar
BMDarea and as g/cm® for lumbar BMDvolume.

The coefficient of precision, in vivo, was <1.0 % for
both lumbar BMDarea and lumbar BMDvolume.

Assessment of fracture findings

The severity of injury was classified as slight or moderate
according to Landin [30]. Slight trauma consisted of an
injury caused by forces exerted by the injured individual
(e.g., falling to the ground from standing on the same level,
ball playing, running); moderate trauma consisted of an
injury caused by forces connected to height above ground
level (e.g.,, falling from between 0.5 and 3 m) or velocities
(e.g., falling downstairs, from a bicycle or scooter, from
swings or slides). In all patients, data on fractures were
accurately reviewed and the sites of fractures were
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confirmed by examining the plain radiographs. Two or
more fractures of the same bone caused by the same injury
were recorded as one fracture.

In all patients fracture rate (number of fractures/patient-
year) at entry and during follow-up was assessed.

Consent

Written informed consent to perform the study was
obtained from a parent of each patient. The study was
approved by the ethics committee for human investigation
at our institution.

Statistical analysis

The results are expressed as mean £ SD. Nonparametric
Wilcoxon’s (Mann—Whitney) rank-sum test was used to
compare mean QUS variables (AD-SoS and BTT) and
mean DXA variables (lumbar BMDarea and BMDvolume)
data between patients and age and sex reference values, as
well as to compare mean QUS and DXA variables results
between treated and untreated patients at entry into the
study and at each time point of measurement during
follow-up, and to compare mean value of difference
(A change Z-score) of QUS and DXA variables data
between time point 0 and at the end of follow-up in treated
versus untreated patients. Wilcoxon’s (Mann—Whitney)
rank-sum test was also used to compare mean fracture rate,
mean serum levels of biochemical parameters (calcium,
phosphate, total alkaline phosphatase, and 25-OH-D con-
centrations) and mean values of the anthropometric data
(height, weight, and BMI, Z-scores) between treated and
untreated patients at entry into the study and at each time
point of measurement during follow-up.

Two-ways analysis of variance (ANOVA) for repeated
measurements with the time dependent parameter (years of
follow-up) corrected by the Bonferroni method was used to
compare the changes of QUS and DXA variables and
fracture rate during follow-up with the values at entry into
the study.

All statistical analyses were carried out using the SPSS
(Statistical Package of Social Sciences, Chicago, IL, USA)
for Windows software program version 16.0. A P value
<0.05 was considered significant.

Results
Phalangeal QUS variables and lumbar BMD at entry
At entry, in all patients as a whole, mean AD-SoS and

BTT Z-scores were reduced in comparison with their
normal mean (—2.4 + 0.2, P < 0.0001 and —2.7 #+ 0.3,
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P < 0.001, respectively), as well as mean lumbar BMD-
area and lumbar BMDvolume Z-scores (—3.8 4+ 0.4,
P < 0.0001, and —3.4 £ 0.5, P < 0.0001, respectively).
There was no difference between treated and untreated
patients for mean AD-SoS Z-score (—2.3 £ 0.1 and
—24 + 0.3, P =041, respectively), BTT Z-score
(=2.7+£03 and —2.7 £0.3, P = 0.96, respectively),
lumbar BMDarea Z-score (—3.8 £ 0.5 and —3.9 + 0.2,
P = 0.82, respectively) and lumbar BMDvolume Z-score
(—3.4 £ 0.5 and —3.4 £+ 0.3, P = 0.90, respectively).

Pamidronate treatment duration, cycles, and doses

In treated patients, total duration of pamidronate treatment
was 7.3 £ 1.1 years (range 6.3-9.4 years). The total
number and the number of cycles per year of pamidronate
were 144 £ 1.9 (range 13-18) and 2.0 £ 0.1 (range
1.9-2.1), respectively. The total and the mean dose (mg/
body weight) of pamidronate were 1,570 £ 319 mg (range
1,366-2,135 mg) and 0.8 £ 0.1 mg (range 0.7-0.8 mg),
respectively.

Clinical findings during follow-up
A rapid bone pain relief was observed in all treated

patients; all of them were able to walk normally within a
few weeks of starting pamidronate treatment, including the

two patients who were confined to a wheelchair at entry.
Sporadic pain at the hip occurred in one patient during the
first year of pamidronate treatment. In all treated patients,
zebra lines developed in the metaphyseal regions of
growing bones, and increased vertebral height in previ-
ously fractured vertebrae occurred (Fig. 2).

Duration of follow-up was 8.0 £ 0.6 years (range
7.2-8.8 years) in untreated patients. Bone pain with dif-
ficulty walking continued for 3-5 years in all untreated
patients. To reduce severe bone pain they received
nonsteroideal anti-inflammatory drugs for some days or
weeks with a partial remission of symptoms. During the
first year of follow-up, one patient was confined to
wheelchair for some months due to severe back and hip
pain associated with severe difficulty walking. At the end
of follow-up, two patients developed scoliosis and two
showed lumbar spine deformities due to some vertebral
collapses (Fig. 3).

At the end of follow-up, mean height Z-score decreased
significantly in untreated patients (—0.4 £ 0.2, P < 0.05),
whereas it did not change (0.4 & 0.3, P = 0.15) in treated
patients in comparison with the value at entry; however,
mean height Z-score was higher (P < 0.01) in treated than
in untreated patients at the end of the study. Weight
and BMI Z-scores did not vary in both treated (P = 0.40
and P = 0.55, respectively) and untreated (P = 0.99 and
P = 0.65, respectively) patients (data not shown).

Fig. 2 Anteroposterior view of the distal part of femur and proximal
part of tibia and fibula by plain standard radiograph (a) showing typical
multiple zebra lines in one treated male patient (treated case 2, Table 1;
age 14.2 years). Lateral view of the thoracic spine by plain standard
radiograph in one treated male patient (treated case 1, Table 1; age

8.1 years) showing osteopenia of the vertebral bodies with mild
deformity of T9 due to wedge pathological fracture at entry into the
study (b) and showing improvement of osteopenia with ossification of
the vertebral superior and inferior epiphyses and reshaping of the body
of T9 after 4.7 years of pamidronate treatment (c)
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Fig. 3 Anteroposterior (a) and lateral (b) view of the last three
thoracic and lumbar vertebrae by plain standard radiographs in one
untreated male patient (untreated case 2, Table 1; age 16.7 years)
showing severe biconcave pathological vertebral collapse of L1, mild
biconcave deformity of L2 and L5, with near total fusion of the
inferior endplate of L4 with the superior endplate of L5. Severe

Changes of phalangeal QUS variables and lumbar
BMD during follow-up

Figure 4 shows mean and individual values of phalangeal
AD-SoS and BTT Z-scores, and lumbar BMDarea and
BMDvolume Z-scores during follow-up. In treated patients,
mean values of AD-SoS and BTT Z-scores, and mean values
of lumbar BMDarea and BMDvolume Z-scores increased
significantly. In untreated patients mean values of AD-SoS
and BTT Z-scores decreased significantly during the first
24 years of follow-up; subsequently, mean AD-SoS Z-
score did not vary in comparison with the value at entry,
whereas mean BTT Z-score increased significantly after
7 years of follow-up. Mean values of lumbar BMDarea and
BMDvolume Z-scores showed a significant increase after 6
and 7 years of follow-up, respectively. Furthermore, mean
values of AD-SoS and BTT Z-scores and mean values of
lumbar BMDarea Z-scores were lower in untreated patients
than in treated patients at each time point of measurement
during follow-up; whereas, mean BMDvolume Z-scores
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scoliosis with rotation on the frontal plane of some vertebral bodies
was also evident. MRI of the last two thoracic, lumbar and sacral
vertebrae in lateral view (c) in one untreated male patient (untreated
case 1, Table 1; age 17.7 years) showing biconcave deformity due to
pathological fracture of L3

were lower in untreated patients compared with treated
patients after the second year of follow-up.

At the end of follow-up, mean values of phalangeal
QUS variables and lumbar BMD in treated and untreated
patients were AD-SoS, —0.54 0.2 Z-score and
—2.2 4+ 0.3 Z-score, P <0.0001, respectively; BTT,
—0.6 £ 0.2 Z-score and —1.9 £ 0.2 Z-score, P < 0.0001,
respectively; BMDarea, —0.7 0.3 Z-score and
—2.3 + 0.3 Z-score, P < 0.0001, respectively; BMDvo-
lume, —0.7 £0.3 Z-score and —2.4 + 0.2 Z-score,
P < 0.0001, respectively). Moreover, A changes of mean
values of phalangeal QUS variables and lumbar BMD
between time point 0 and at the end of follow-up were
significantly higher in treated than in untreated patients
(AD-SoS, 1.8 + 0.3 Z-score and —0.2 + 0.2 Z-score,
P < 0.0001, respectively; BTT, 2.1 &+ 0.4 Z-score and
0.8 £ 0.4 Z-score, P < 0.01, respectively; BMDarea,
3.1 £ 04 Z-score and 1.6 £ 0.5 Z-score, P < 0.001,
respectively; BMDvolume, 2.7 & 0.3 Z-score and 0.9 £ 0.2
Z-score, P < 0.0001, respectively).
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Fig. 4 Changes in mean values of phalangeal QUS variables and
lumbar BMD, expressed as Z-score, in treated (broken thick black
lines) and untreated (solid thick black lines) patients during follow-up.
Solid and broken thin black lines represent the changes of the
individual values in treated (filled symbols) and untreated (empty
symbols) patients, respectively. 0 on the abscissa is the time at entry
into the study. The letters represent the comparison of the mean value
in treated or untreated patients at each time point of measurement
versus the value at entry; P value is reported in the box. Panel a and
b show phalangeal QUS variables AD-SoS and BTT Z-scores,
respectively; panel ¢ and panel d show lumbar BMDarea and lumbar

Sites of fractures and fracture rate at entry
and during follow-up

Number and sites of fractures in treated and untreated
patients at entry and during follow-up are summarized in
Table 2. At entry, a total of forty fractures occurred in all
patients; the total number of fractures in treated patients
was similar to that of untreated patients. During follow-up,
the total number of fractures was twice as high in untreated
patients compared to treated patients.

Both at entry and during follow-up, the majority of
treated and untreated patients suffered fractures of the
upper limb. During follow-up four fractures of lumbar
spine occurred in three untreated male patients; whereas,
no treated patient suffered vertebral fractures.
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BMDvolume Z-scores, respectively. Comparison of mean values
between treated and untreated patients at entry and during each time
point of measurement during follow-up are AD-SoS, P = 0.41 at time
point 0; P < 0.001 at time point 1; P < 0.0001 at time points 2-7.
BTT, P = 0.96 at time point 0; P < 0.01 at time points 1; P < 0.001
at time points 2, 4, 6, and 7; P < 0.0001 at time points 3 and 5.
BMDarea, P = 0.82 at time point 0; P < 0.05 at time point 1;
P < 0.01 at time points 2 and 4; P < 0.001 at time points 3, and 5-7.
BMDvolume, P =090 and P = 0.10 at time points O and 1,
respectively; P < 0.01 at time point 2; P < 0.001 at time points 3 and
4; P < 0.0001 at time points 5-7

A slight trauma was the cause of fracture in all treated
and untreated patients. None of the treated patients showed
atypical femur fractures. In treated patients who sustained
fractures pamidronate was administered no earlier than
1 month after the complete fracture repair as documented
by plain radiographs.

Figure 5 shows the fracture rate in treated and
untreated patients at entry and during follow-up. At
entry, fracture rate did not differ (P = 0.50) between
treated and untreated patients, but during the first 3 years
of follow-up it was significantly higher in untreated
than in treated patients. Fracture rate decreased signifi-
cantly after 2 and 6 years of follow-up in treated and
untreated patients compared with the value at entry,
respectively.
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Table 2 Number and sites of

fractures in treated and Sites of fractures Treated Untreated
untreated patients at entry and At entry During pamidronate At entry During
during follow-up treatment follow-up
Upper limb
Humeral proximal metaphysis 1 4
Radial/ulnar diaphysis 6
Radial/ulnar distal metaphysis 9 9
All sites 11 13 10 19
Lower limb
Femoral diaphysis 1 0 0 1
Femoral distal metaphysis 1 0 2 5
Tibial diaphysis 1 0 2 1
Tibial distal metaphysis 2 3 1 3
All sites 5 3 5 10
Other
Thoracic spine (vertebral body) 2 0 2 0
Lumbar spine (vertebral body) 3 0 2 4
All sites 0 4 4
Total 21 16 19 33
35 post-pamidronate). Similar changes of serum calcium con-
sl E @ PNSve 0 centrations were observed on day 2 and 3 (data not shown).
. o oo a0 On day 4, before and after 10 % calcium gluconate infusion
o 20! . serum calcium concentrations were 8.9 + 0.5 mg/dL and
s Ll a 10.8 £ 0.6 mg/dL (P < 0.001), respectively. Similar chan-
2 ges of serum calcium concentrations were found during the
g 151 . a subsequent cycles of pamidronate (data not shown). No
-l c c . treated patient had symptomatic hypocalcemia.
b b
Cc
0% ﬁ ﬁ % % Biochemical parameters at entry and during follow-up
0
1 2 3 4 5 6 7

Years of follow-up

Fig. 5 Fracture rate (number of fractures per patient-year) in treated
(black columns) and untreated (white columns) patients at entry (0)
and during follow-up. The letters represent the comparison of the
mean value in treated or untreated patients at each time point of
measurement vs. the value at entry; P value is reported in the box.
Comparison of mean values between treated and untreated patients at
entry and during each time point of measurement during follow-up
are P = 0.50 at time point 0; P < 0.02 at time points 1-3; P = 0.30
and P = 0.11 at time points 4 and 5, respectively. Bars represent
mean £ SD

Changes of serum calcium concentrations
during pamidronate treatment

On day 1 of the first cycle of pamidronate mean serum cal-
cium concentrations decreased significantly after pamidro-
nate infusion (before, 9.4 + 0.4 mg/dL; post-pamidronate,
8.0 & 0.2 mg/dL; P < 0.0001), but they increased signifi-
cantly after 10 % calcium gluconate infusion (10.3 %+
0.5 mg/dL; P <0.01 vs before and P < 0.0001 vs

@ Springer

Mean serum levels of calcium, phosphate, total alkaline
phosphatase, and 25-OH-D did not differ between treated
and untreated patients at entry into the study (9.4 £ 0.2 and
9.4 £ 0.3 mg/dL, P = 0.99, respectively; 4.9 & 0.4 and
4.8 &+ 0.3 mg/dL, P = 0.69, respectively; 432.4 £ 42.3
and 407.5 + 51.0 IU/L, P = 0.45, respectively; 23.4 £ 1.3
and 22.3 £ 1.2 ng/mL, P = 0.23, respectively) and during
follow-up (9.3 £ 0.3 and 9.5 + 0.4 mg/dL, P = 0.42,
respectively; 4.8 & 0.2 and 4.7 £ 0.2 mg/dL, P = 0.48,
respectively; 4514 + 30.8 and 427.0 £ 36.5 IU/L,
P = 0.16, respectively; 27.6 £ 2.3 and 26.3 + 2.4 ng/mL,
P = 0.44, respectively).

In all treated patients complete blood count, as well as
hepatic and renal functions were normal throughout the
entire follow-up period.

Adpverse effects during pamidronate treatment

An acute-phase reaction including mild fever and malaise
was observed in four of five patients during the first cycle
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of pamidronate. Mild fever occurred in two patients during
the second cycle of pamidronate too. None of the patients
had fever during the following cycles of pamidronate. One
patient had myalgia during the first pamidronate cycle.
Symptoms were self-limiting and resolved over hours to a
few days; symptomatic treatment with paracetamol or other
analgesics/antipyretics was effective in reducing the
symptoms.

No patient showed prolonged corrected QT interval or
arrhythmias after pamidronate infusion. Moreover, none of
the patients had severe side-effects, such as uveitis, peri-
scleritis, scleritis, skin reactions, or BRONJ.

Discussion

The mechanisms leading to the onset and the spontaneous
resolution of IJO are unknown. It has been suggested that
bone pain in patients with 1JO likely reflects the accumu-
lation of microfractures which are a consequence of the
striking imbalance between muscle and bone tissue at onset
and during the acute phase of disease. During the recovery
phase, normalization of the muscle—bone relationship was
associated with improvement of BMD and progressive
disappearance of bone pain and fractures [31]. These
results indicate that the rate of bone mass accrual occurring
during prepuberty and early puberty could be a trigger
mechanism in patients with 1JO.

Some patients with IJO do not have a complete disease
remission during the recovery phase that usually occurs
with the progression of puberty [3, 4, 31]. Likely, some of
them should be treated to improve the accumulation of
bone mass and to reduce fracture rate and permanent dis-
abilities. Although there is no a reliable treatment in
patients with 1JO, bisphosphonates would seem to be the
most effective therapy for improving painful symptoms
and bone mass accumulation [10-17].

Our treated patients showed complete recovery of
painful symptoms, normalization of bone mineral status at
phalanges of the hand and lumbar spine, and reduction of
fracture rate without changes of linear growth. Con-
versely, untreated patients had a variable degree of bone
pain and difficulty walking for 3—5 years associated with
higher fracture rate during the first 3 years of follow-up
and lower bone mineral status at both phalanges of the
hand and lumbar spine during the entire follow-up period
compared to treated patients. In addition, untreated
patients showed a mild but significant mean height
Z-score reduction, due at least in part, to the vertebral
collapses which occurred in all the three males; indeed,
mean height Z-score was lower in untreated than in
treated patients at the end of follow-up. These data
indicate that the spontaneous bone mass accrual occurring

during the recovery from disease was impaired in our
untreated patients. Similar data were reported in some
patients with 1IJO by Pludowski et al. [31] who showed
only a partial increase of BMD assessed at lumbar spine
and total skeleton during the progression of puberty.

IJO could affect the attainment of peak bone mass at
lumbar spine and phalanges of the hand, which are usually
achieved, in both sexes, within the second [32] and third
[33, 34] decade of life, respectively. Indeed, at age 29, the
untreated patient we previously described [9] had reduced
lumbar and femoral neck BMDarea (—2.9 T-score and
—2.5 T-score, respectively) by DXA, and phalangeal
AD-SoS and BTT (—2.2 T-score and —2.6 T-score,
respectively) by QUS associated with recurrent back pain
which required prolonged analgesic therapy (personal
unpublished data).

Although spontaneous recovery might have influenced,
at least in part, the outcome in our treated patients,
pamidronate treatment was able to modify the natural
course of 1JO stimulating the onset of the recovery phase.
This suggests that it may be justified in patients with [JO on
the basis of potential benefit compared to risk, as also
suggested by Shaw et al. [13] and Speiser et al. [35].
Conversely, none of the untreated patients showed com-
plete disappearance of symptoms or complete recovery of
bone mineral status during the progression of puberty;
moreover, some lumbar spine deformities were found in
late adolescence, as also found by Smith [3] and Ptudowski
[31]. Nevertheless, we cannot exclude that the reduced
bone mineral status and the severe disabilities would not
have occurred in our own untreated patients if they had
received pamidronate treatment.

The optimum duration and dose of bisphosphonate
therapy in patients with IJO are unknown. In a patient with
severe 1JO who showed a clinical, biochemical and
radiological improvement during parenteral clodronate
administration recurrent bone pain and one fracture
occurred within a year of stopping the treatment; a rapid
improvement was again evident when the treatment was
reinstated [17]. This may indicate that bisphosphonate
therapy should be continued until disease remission is
achieved, as also suggested by Hoekman et al. [10] and
Melchior et al. [17].

Histological studies have shown that reduced bone
formation rather than increased bone resorption was a
main cause of 1JO [36, 37]. These data were confirmed by
more recent histomorphometric studies that demonstrated
a marked decrease in cancellous bone volume with
reduced trabecular thickness and number, and impaired
osteoblast team performance without evidence of
increased bone resorption [38]. The process mainly affects
bone surfaces that are in contact with the bone marrow
cavity, including the internal cortex [39].
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The main effect of bisphosphonate therapy is to inhibit
osteoclast-mediated bone resorption by disrupting the
activity and survival of osteoclasts; as a result, the number
of highly mineralized bone modeling units increases lead-
ing to increased BMD [40]. However, bisphosphonates
may also enhance viability of osteoblasts and osteocytes
contributing to the reduction of osteoclasts formation and
activity [41]. The positive effect of bisphosphonates on
bone formation, even in the face of reduced overall bone
remodeling, could explain part of the anti-fracture efficacy
and bone mass recovery found in patients with 1JO
receiving this treatment. Indeed, our treated patients
showed reshaping of vertebral bodies associated with
normal metaphyseal growth of long bones with the
occurrence of the typical zebra lines related to cyclical
bisphosphonate therapy [42], likely reflecting horizontal
trabeculae undergoing turnover [43]. This suggests that
physeal growth is still occurring, with a relative increase in
bone formation as can occur with uncoupling of osteo-
blastic and osteoclastic activity [42]. Therefore, the effects
on bone mass accrual and bone modeling could reflect a
positive influence of pamidronate treatment on endochon-
dral ossification in patients with 1JO.

No patient had severe side-effects associated with
pamidronate treatment, including BRONJ and atypical
femur fractures. These severe complications have not been
reported with bisphosphonate therapy in any child or
adolescent to date [44, 45]. None of our treated patients had
symptomatic hypocalcemia during pamidronate infusion.
However, severe hypocalcemia with tetany was observed
in our own patient with IJO during the first cycle of
pamidronate who did not receive 10 % calcium gluconate
infusion (not enrolled in this study, unpublished data).
Pamidronate treatment did not affect serum phosphate and
total alkaline phosphatase levels. A vitamin D supplement
of 400 IU per day provided adequate 25-OH-D levels
(>20 ng/mL) according to the recent indications by the
Institute of Medicine [46] in all treated and untreated
patients, without any difference between them, for the
entire duration of the study.

Our study has some limitations. The number of the
examined patients is small but the rarity of IJO makes it
difficult to recruit larger numbers. Another limitation is the
lack of placebo control design. On the other hand, the
strength of our study is its longitudinal design and
the length of the follow-up throughout the pubertal years in
both treated and untreated patients. In all patients the
compliance with the study was good for entire duration of
the follow-up period.

In conclusion, in untreated patients with IJO spontane-
ous recovery of bone mineral status may be unsatisfactory
and it may be associated with increased fracture rate and
permanent disabilities in late adolescence. In patients with
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1JO parenteral pamidronate treatment stimulates the onset
of recovery phase improving bone mineral status, reducing
fracture rate, and preventing skeletal deformities. These
effects may contribute to improve the quality of life of
patients with IJO who are receiving pamidronate treatment.

Although pamidronate treatment may be justified in
patients with IJO by the fact that potential benefits on bone
health would outweigh any potential risk, further studies
are needed to better define criteria for treatment, treatment
duration, and dosing regimen of pamidronate.
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