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Intravenous infusions with the bisphosphonate compound
pamidronate decrease bone pain and reportedly can lead to
refilling of dysplastic lesions in adults with fibrous dysplasia
(FD) of bone. Here we describe the effects of this treatment
approach in 18 children and adolescents (age at start of ther-
apy, 6.2–17.5 yr; eight girls) with polyostotic FD, who received
pamidronate for 1.2–9.1 yr (median, 3.8 yr). Treatment cycles
with pamidronate (1–1.5 mg/kg�d on 3 consecutive days) were
given every 4 months. Levels of serum alkaline phosphatase
and urinary collagen type I N-telopeptide were elevated at
baseline and decreased continuously during the first 3 yr of

therapy. There was no radiographic evidence of filling of lytic
lesions or thickening of the bone cortex surrounding the le-
sions in any patient. Histomorphometric results in dysplastic
bone tissue of patients receiving pamidronate (n � 7; time of
therapy, 1.4–4.8 yr) were similar to those of patients without
medical therapy (n � 9). No serious side effects were noted. In
conclusion, pamidronate therapy appears to be safe in chil-
dren and adolescents with polyostotic FD. However, we found
no clear evidence that pamidronate has an effect on dysplastic
lesions in such patients. (J Clin Endocrinol Metab 88:
4569–4575, 2003)

FIBROUS DYSPLASIA (FD) of bone is a congenital, non-
heritable skeletal disorder. The disease affects both

sexes equally and usually is diagnosed in childhood or ad-
olescence. FD occurs when bone marrow cells are affected by
somatic activating mutations of the gene encoding the �-
subunit of the stimulatory G � protein, Gs � (1). The mutation
has a mosaic distribution and results in locally increased
stimulation of adenylyl cyclase and overproduction of
cAMP. In bone mesenchymal cells, the downstream effects of
the mutation include increased production of c-fos protein
and IL-6 (1, 2). At the bone tissue level, FD is characterized
by dysplastic lesions that consist of abnormal fibrous tissue
in the marrow space intertwined with poorly oriented, ir-
regular trabeculae of woven bone (1).

On x-rays, dysplastic lesions frequently have a lytic or
cystic appearance. The surrounding bone cortex is reduced
in thickness, and sometimes the entire bone is widened.
Radioisotopic bone scans usually disclose increased uptake
in affected areas. Systemic indices of bone turnover are often
elevated, especially if lesions are widespread (3). Frequently,
hypophosphatemia is present, which is probably caused by
a circulating phosphaturic factor (3, 4).

The natural evolution of the disorder is clearly quite vari-
able (1). Lesions may remain stable for decades, but can also
progress relentlessly, leading to multiple fractures and se-
vere bone deformities. The disease progress appears to be
more rapid in the growing skeleton (5).

Treatment of FD has long been largely confined to ortho-
pedic surgery, consisting of preventive measures (curettage,
bone grafting, internal fixation of long bones) and manage-
ment of fractures (6). However, an open-label study of treat-

ment with the bisphosphonate compound pamidronate
yielded promising results in adults (7). Bone pain decreased,
and refilling of bone lesions was observed radiologically in
a number of patients. These positive effects of pamidr-
onate—an antiresorptive agent—may come as a surprise in
a disease that is caused by a mutation in cells of the osteoblast
lineage. However, there is some evidence for increased bone
resorptive activity within dysplastic lesions (8–10).

Recent observations suggest that pamidronate therapy
also has some beneficial effect in children with FD (11–13).
A decrease of bone pain and of markers of bone metabolism
was reported. These studies comprised two, four, and nine
pediatric patients, respectively, and had a relatively short
follow-up period. In the present report, we describe clinical,
biochemical, radiological and histological effects of pamidr-
onate therapy in a group of 18 children and adolescents with
polyostotic FD.

Patients and Methods
Patients

The present report includes all of the 18 patients (8 girls, 10 boys) with
polyostotic FD who received cyclical iv pamidronate therapy at the
Montreal Shriners Hospital for at least 1 yr (range, 1.2–9.1 yr, during the
observation period between June 1992 and March 2002). Age at the start
of therapy ranged from 6.2–17.5 yr (Table 1). The diagnosis was based
on the presence of radiologically detectable bone lesions at two or more
sites. In addition, bone tissue from affected skeletal locations could be
obtained from 11 patients and genetic studies were performed (14). In
each case, the presence of FD-specific heterozygous mutations in codon
201 of the Gs � gene was confirmed.

Seven patients were hypophosphatemic (serum inorganic phospho-
rus levels between 0.89 and 0.99 mmol/liter; reference range, 1.23–1.62
mmol/liter) at the start of pamidronate therapy. No attempt was made
to correct hypophosphatemia, because none of the patients had signs of
rickets (15).

Three girls and one boy had skin and/or endocrinologic manifesta-
tions and were therefore diagnosed as having McCune-Albright syn-

Abbreviations: BMC, Bone mineral content; FD, fibrous dysplasia;
NTX, N-telopeptide of type I collagen; vBMD, volumetric bone mineral
density.
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drome (Table 1). The three girls had precocious puberty that had been
treated before the start of pamidronate. Treatment of precocious puberty
was surgical in one case (excision of an autonomous ovarian cyst) and
included aromatase inhibitors (testolactone) in the two others. The boy
had only café-au-lait spots. In the other 14 patients, endocrinologic
evaluation did not reveal abnormalities and no symptoms of endocrine
dysfunction developed during the course of follow-up. Eleven patients
had sustained 1–14 fractures before treatment with pamidronate was
started. Clinically, six patients had marked limb deformity, and two of
them had panostotic disease (16). All patients presented with pain at the
site of the lesions.

Mobility was evaluated for each child by physiotherapists experi-
enced in the care of children with bone diseases. A 5-point score was
used: 0, bed-wheelchair-bound; 1, walking with aids possible, but non-
functional; 2, household walker, with/without aids; 3, neighborhood
walker with/without aids; and 4, independent walker (17).

Informed consent was obtained in each instance from the legal guard-
ian. The study protocol was approved by the ethics committee of the
Shriners Hospital.

Treatment

The treatment protocol was similar to the schedule that we have been
using for the treatment of osteogenesis imperfecta (18). Pamidronate was
administered iv on 3 consecutive days in all patients. The first 3-d cycle
consisted of a dose of 0.5 mg/kg on d 1 and 1 mg/kg on d 2 and 3. In
subsequent cycles, the dose was 1–1.5 mg/kg daily for 3 d, the dose
depending on the perceived treatment success. Pamidronate cycles were
repeated every 4 months, as the clinical effect of a treatment cycle
(reduction of bone pain, increase in stamina) appeared to diminish after
this time. Each dose was diluted in 0.9% saline solution and adminis-
tered slowly over 4 h. Calcium and vitamin D intake was maintained
adequately according to the recommended daily allowance in all pa-
tients. All patients underwent physiotherapy and occupational therapy
evaluation and support, including exercises and design of special de-
vices for transportation and sitting.

Follow-up

Each patient was examined every 4 months. Biochemical measure-
ments and bone densitometry were performed at every visit, and x-rays

of involved sites were taken at a yearly interval. According to the
treatment protocol, iliac bone biopsies were to be performed before the
start of treatment and after 2 yr of therapy. As the biopsy specimens were
preferably obtained during elective orthopedic procedures, the actual
timing of the biopsy could deviate from the treatment protocol. In
patients who did not require orthopedic interventions, specimens were
obtained under general anesthesia in a procedure performed exclusively
for this purpose. Biopsies were not performed in patients who presented
an elevated risk for anesthesia.

Biochemistry

Serum total calcium, phosphate, creatinine and alkaline phosphatase
activity were measured using colorimetric methods (Monarch; Instru-
mentation Laboratories Inc., Lexington, MA). Serum PTH concentra-
tions (fragment 39–84) were determined by RIA (19). 25-OH vitamin D
and 1,25-OH2 vitamin D were measured with RIAs (25-hydroxyvitamin
D and 1,25-dihydroxyvitamin D Osteo SP; Incstar Corp., Stillwater, MN).
Urinary calcium and creatinine were quantified colorimetrically. The
bone resorption marker urinary cross-linked N-telopeptide of type I
collagen (NTX) was quantified by ELISA (Osteomark; Ostex, Seattle,
WA) on the second void sample of the morning. Results for urinary
NTX/creatinine ratios were compared with published reference data
(20). Patients were fasting at the time of blood and urine sampling.

Bone densitometry

Bone densitometry was performed in the anteroposterior direction at
the lumbar spine (L1–L4) using a Hologic QDR 2000W or 4500A device
(Hologic Inc., Waltham, MA). Volumetric bone mineral density (vBMD)
was calculated as the ratio between bone mineral content (BMC) and the
extrapolated external volume of the measured bones. This was done as
described by Carter et al. (21) using the formula:

vBMD � BMC/(projection area)1.5

Age- and sex-specific mean values for projection area and vBMD in
healthy children were calculated from published densitometric refer-
ence material (22). Results for BMC, projection area, and vBMD in FD
patients were expressed as a percentage of these mean values for healthy
children.

TABLE 1. Clinical characteristics of patients at the start of treatment

No. Sex Age
(yr) Involved sites Mobility

score Diagnosis
Duration of
treatment

follow-up (yr)

1 M 17.5 Panostotic 2 PFD 9.1
2 M 11.8 Skull (occipital and parietal); R humerus;

R and L femur, tibia, fibula
4 PFD 7.5

3 F 7.6 L radius; R femur; R tibia; R metatarsal II 4 MAS 1.2
4 M 11.6 Skull; face; R scapula; R humerus; R ulna;

R thumb; L femur; L tibia
4 PFD 7.0

5 M 11.2 R femur; R fibula 4 PFD 1.9
6 F 10.5 Skull; L humerus; R humerus; R radius; R

hand phalanges
2 MAS 5.6

7 M 13.9 R and L humerus, ulna, radius; ribs; R
and L femur, tibia, fibula

2 PFD 3.9

8 M 6.2 Panostotic 0 PFD 3.6
9 M 4.2 L orbita, L metacarpals, L femur, L tibia,

L metatarsals
4 MAS 3.7

10 F 8.8 R femur, R tibia; R metatarsal II–IV 4 PFD 1.3
11 M 11.5 R and L femur, tibia, fibula 4 PFD 4.2
12 F 9.8 R and L femur 0 PFD 3.7
13 F 11.1 R and L femur 4 PFD 2.0
14 M 13.1 L humerus; L ulna; L phalanges; R and L

femur, tibia
4 PFD 6.6

15 F 9.2 Skull; R and L femur; L tibia; L fibula 4 PFD 6.2
16 F 8.5 R femur, R fibula 4 PFD 2.6
17 M 4.0 R and L femur, tibia 4 PFD 4.1
18 F 6.4 R femur, R tibia 4 MAS 3.3

R, Right; L, left; PFD, polyostotic fibrous dysplasia; MAS, McCune-Albright syndrome.
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Radiographic evaluation

For quantitative evaluation of dysplastic lesions, we compared x-rays
that were obtained at the start of treatment to those from the last fol-
low-up visit. Radiographs were screened for dysplastic lesions that were
sufficiently well delimited to allow for measurement of lesion size. Five
patients (patient 1, 2, 7, 8, and 11) did not have any well-circumscribed
lesions and were excluded from this analysis. In the other patients, we
determined maximal lesion length and width as well as cortical thick-
ness at the middle of the lesion’s length (Fig. 1). The inner border of the
sclerotic rim surrounding a lesion was regarded as the limit of the lesion.
To make up for effects of bone growth and technique-related differences
in magnification, the width of a lesion was related to the width of the
mid-shaft diaphysis of the same bone, and the length of the lesion was
related to bone length. Cortical width at the site of the lesion was related
to cortical width at the mid-shaft diaphysis of the same bone (Fig. 1).

Bone biopsy and histomorphometry

Transiliac bone samples were collected on d 4 or 5 after dual labeling
with demeclocycline (15–20 mg/kg�d taken orally during two 2-d pe-
riods separated by a 10-d free interval). Biopsy preparation and histo-
morphometric analyses were performed with the standard procedures
used at the Shriners Hospital, as described previously (23). Measure-
ments were carried out using a digitizing table with Osteomeasure
software (Osteometrics Inc., Atlanta, GA). Nomenclature and abbrevi-
ations follow the recommendations of the American Society for Bone and
Mineral Research (24). Specimens from FD patients were examined for
the presence of a dysplastic fibrous lesion. Specimens with and without
evidence for dysplastic tissue were analyzed separately (see Results).
Results were compared with those of age-matched controls that were
taken from our reference sample collection (23).

Statistical analysis

Comparisons between two groups were performed using Student’s
unpaired t test or Mann-Whitney U test, as appropriate. Longitudinal
differences between two time points within the same group of subjects

were compared by paired t test or Wilcoxon’s test, as appropriate. The
difference of densitometric results from the mean value of healthy sub-
jects was tested for significance using the one-sample t test. All tests were
two-tailed, and throughout the study, P � 0.05 was considered signif-
icant. These calculations were performed using the SPSS software, ver-
sion 9.0 for Windows (SPSS Inc., Chicago, IL).

Results
Mineral metabolism

At baseline, serum total calcium levels, urinary calcium/
creatinine ratios and serum PTH levels were within or very
close to the reference range in all patients. Serum 25-OH
vitamin D concentrations were moderately low in four pa-
tients (19–32 nmol/liter; reference range 34–91 nmol/liter).
Serum 1,25-OH2 vitamin D levels were low in seven patients
(between 25 and 55 pmol/liter; reference range, 65–134
nmol/liter) and were elevated in two patients (207 and 213
pmol/liter).

During the first 3 d of the initial infusion cycle, total serum
calcium dropped by 0.32 � 0.04 mmol/liter (mean � se) to
reach a nadir of 2.04 � 0.02 mmol/liter. Serum calcium had
returned to baseline values by the time the patients were
readmitted for the second infusion cycle 4 months later.
Fluctuations in serum calcium were smaller during subse-
quent treatment cycles (decreases of 0.23 � 0.03 mmol/liter
and 0.21 � 0.02 mmol/liter during the second and third
cycles, respectively). Hypocalcemia was not associated with
clinical symptoms and was treated with oral calcium sup-
plements. In no case was iv calcium therapy required.

The decrease in serum calcium was associated with an
increase in serum PTH levels. PTH reached values up to
twice the upper limit of the reference range on the third day
of the first infusion cycle. However, levels consistently re-
turned to pretreatment results by the time of the next treat-
ment cycle. The transient rise in PTH levels was associated
with the expected transient decrease in serum phosphorus
(by 0.49 � 0.08 mmol/liter) and an increase in 1,25-OH2
vitamin D concentrations (by 87 � 25%; n � 13).

Bone metabolism

Pretreatment alkaline phosphatase activity was above the
age-related reference range in 17 of the 18 patients. Urinary
NTX/creatinine ratios were above the age- and sex-specific
75th percentile in 12 patients (Fig. 2). On d 3 of the first
infusion cycle, alkaline phosphatase and NTX/creatinine
had decreased to 85 � 3% and 51 � 8% of the pretreatment
value, respectively (in both cases P � 0.001 for difference to
pretreatment results). Thereafter, alkaline phosphatase lev-
els remained stable during the 4 months until the patients
returned for the second infusion, whereas NTX/creatinine
ratios increased slightly (to 67 � 6% of the baseline result).

The long-term effects of pamidronate on bone metabolism
were evaluated in the 13 patients who had received at least
3 yr of therapy (Fig. 3). Only those samples were used for this
analysis that were obtained immediately before a treatment
cycle. Both serum alkaline phosphatase and urinary NTX/
creatinine remained persistently below the baseline level.
After a rapid decrease in the first year of therapy, there was
a continuous and less steep decline with time.

FIG. 1. Quantitative evaluation of dysplastic lesion size. Lesion
length and width (arrows and short bars) as well as cortical thickness
at the middle of the lesion’s length (not indicated) were measured on
x-rays. The width of each lesion was related to the width of the
midshaft diaphysis of the same bone (arrow), and the length of
the lesion was related to bone length (not indicated). Cortical width
at the site of the lesion was related to cortical width at the midshaft
diaphysis of the same bone. A, Proximal femur of patient 13 at the
start of pamidronate treatment. B, After 2.0 yr of treatment.
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Radiology

There was no clear evidence of refilling of lytic lesions. In
contrast, some lesions clearly increased in size during
pamidronate therapy (Fig. 4). In the 13 patients with well-
delimited lesions, there was a significant increase in lesion
width even after correction for the width of unaffected bone
(P � 0.01; Wilcoxon test). No significant changes were noted
in lesion length related to bone length and in cortical width
at the site of the lesion related to cortical width of unaffected
bone (P � 0.1 in both cases). Limb and spine deformities did
not regress. None of the patients had radiological signs of
rickets at any time.

The long-term effect of pamidronate therapy on the size,
mass, and density of unaffected bone was evaluated in the
10 patients who had received at least 3 yr of therapy and who
did not have radiological evidence of a dysplastic lesion at
the lumbar spine (Fig. 5). Bone size, as judged from the
anteroposterior vertebral projection area was below the ref-
erence mean value at baseline (P � 0.04) but remained at a
constant percentage of the value expected for age and sex. In
contrast, BMC increased faster than in healthy children.
These changes led to a significant increase in vBMD, which

after 3 yr of treatment was 22% above the value expected for
healthy children (P � 0.003).

Histomorphometry

The effect of pamidronate treatment on bone tissue was
analyzed separately for dysplastic and unaffected bone. The
results of pretreatment and treatment samples could not be
analyzed in a longitudinal manner, because there was an
insufficient number of specimen pairs consisting exclusively
of affected or unaffected tissue, respectively. Therefore, his-
tomorphometric data were evaluated in a cross-sectional
fashion.

Iliac biopsy samples containing dysplastic bone tissue
were obtained from nine patients who had not received
pamidronate before biopsy and from seven patients who had
been on pamidronate for a median time of 2.2 yr (Table 2; Fig.
6). Histomorphometric results were similar for treated and
untreated patients. In particular, there was no detectable
treatment effect on resorption parameters, and there was a
similar accumulation of osteoid.

Iliac bone specimens containing only unaffected bone tis-
sue could be obtained from 12 patients who had received
pamidronate for a median of 2.0 yr (Table 3). These samples
were used to assess treatment safety, in particular to search
for evidence of a mineralization defect during pamidronate
therapy. Compared with age-matched controls, samples
from FD patients had lower osteoid thickness, mineralizing
surface per bone surface and mineralizing surface per osteoid

FIG. 4. Right proximal femur of patient 3 at the start of pamidronate
treatment (A) and 1.2 yr later (B).

FIG. 2. Pretreatment urinary NTX/creatinine ratios in girls (left panel) and boys (right panel). Lines represent the 75th (top), 50th (middle),
and 25th (bottom) percentile, respectively, of the reference range for healthy subjects (19).

FIG. 3. Changes in serum alkaline phosphatase activity (circles) and
urinary NTX/creatinine ratios (squares) during long-term pamid-
ronate therapy (n � 13 patients). This analysis used samples that
were obtained just before the start of a new treatment cycle. All
results obtained after the start of therapy are significantly different
from the pretreatment values (P � 0.001 in each case).
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surface. Mineral apposition rate and mineralization lag time
were similar in the two groups. Three FD patients had pro-
longed mineralization lag time (above 25 d), but osteoid
thickness was not increased in any patient. Thus, none of the
patients fulfilled the histomorphometric criteria for osteo-
malacia (15).

Growth

Four severely affected patients had stopped growing be-
fore the start of pamidronate therapy and were extremely
short (height z-scores between �5.5 and �9.9). Figure 7
shows height data in patients who were still growing when
entering the study. Pretreatment height was within normal
limits for most of these children. In the 14 growing patients
who completed 1 yr of therapy, there was no significant

change in height z-scores (P � 0.59, Wilcoxon test). Height
z-scores also remained stable in the nine growing patients
who received at least 3 yr of pamidronate therapy (median
z-score at baseline: �1.4, range �8.1 to 0.4; after 3 yr of
therapy: �1.5, range �8.4 to 0.7; P � 0.07). Weight z-scores
did not change significantly during this time (P � 0.26).

Clinical course

An acute phase reaction in the form of a flu-like syndrome
developed in most patients during the first treatment cycle.
The symptoms lasted for 24–48 h and resolved without com-
plications. This reaction was similar to that noted in children
with osteogenesis imperfecta (18).

During the follow-up period, seven patients had increas-
ing coxa vara (shepherd’s hook) requiring orthopedic sur-
gery. Mobility score improved from 2 to 3 in two patients and
remained unchanged in the others. Two patients sustained
two fractures, five had one fracture and the remainder had
no fractures during the observation period. Pamidronate
treatment did not have an obvious effect on bone healing
after fracture or osteotomy.

FIG. 5. Changes in lumbar spine BMC (circles), vBMD (triangles),
and projection area (squares) during 3 yr of pamidronate treatment.
Only patients without radiological evidence of spine involvement
were included (n � 10). All results are given as a percentage of the age-
and sex-specific mean value in a healthy reference population.
Asterisks indicate a significant difference to pretreatment values.
*, P � 0.05; **, P � 0.01.

FIG. 6. Iliac bone biopsy specimens containing dysplastic bone tissue
before (A) and after (B) 1.7 yr of pamidronate therapy (patient 13).
There is no obvious difference between the two samples.

TABLE 2. Histomorphometry of dysplastic bone tissue

No. Treated No. Untreated P Control (n � 12)

Age (yr) 7 12.5 � 4.9 9 10.7 � 3.8 0.42 12.0 � 3.2
Bone structure
Bone volume per tissue volume (%) 7 26.8 � 9.7 9 27.9 � 6.5 0.80 23.3 � 4.2
Trabecular thickness (�m) 7 95 � 50 9 94 � 29 0.93 143 � 22
Trabecular number (per mm) 7 3.0 � 0.6 8 3.0 � 0.9 0.98 1.6 � 0.2

Bone formation
Osteoid thickness (�m) 7 13.0 � 5.8 9 17.7 � 7.9 0.21 6.6 � 1.7
Osteoid surface per bone surface (%) 7 74 � 16 9 71 � 15 0.76 26 � 10
Osteoid volume per bone volume (%) 7 26 � 22 9 32 � 19 0.60 2.5 � 1.1
Osteoblast surface per bone surface (%) 6 28 � 10 7 20 � 14 0.32 8 � 4
Mineralizing surface per bone surface (%) 6 19 � 7 6 18 � 6 0.77 13 � 5
Mineral apposition rate (�m/d) 6 0.78 � 0.22 8 0.75 � 0.27 0.83 0.87 � 0.09
Bone formation rate per bone surface

(�m3��m�2�yr�1)
6 60 � 42 6 56 � 32 0.85 43 � 17

Bone resorption
Osteoclast surface per bone surface (%) 7 2.3 � 1.1 9 2.4 � 1.4 0.91 0.87 � 0.35
Eroded surface per bone surface (%) 7 14 � 10 9 17 � 6 0.60 16 � 5

Specimens from patients on pamidronate therapy (for a median of 2.2 yr; range, 1.4–4.8 yr) are compared with those from patients who had
not received medical therapy before biopsy. Values from age-matched healthy controls are shown for comparison.

Values are mean � SD or median (range). P values represent the significance of the difference between samples obtained from untreated and
treated patients (t test).
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At the time of last follow-up, eight patients continued to
receive pamidronate therapy. Pamidronate was discontin-
ued in 10 patients after a treatment period ranging from
1.2–7.5 yr. Six of these patients felt that there was no more
benefit of treatment, and they are without medical therapy
since. The four other patients were enrolled in a trial of oral
alendronate, after dysplastic lesions had continued to
progress under pamidronate.

Discussion

In this observational study, we evaluated the effect of
cyclical iv pamidronate therapy in children and adolescents
with severe polyostotic FD. Although not quantitatively ex-
amined, pamidronate appeared to be effective in reducing
bone pain, confirming earlier reports (7, 12, 13). However, we
were unable to objectively demonstrate a positive therapeu-
tic effect on the size or histological appearance of dysplastic
lesions. This is consistent with the results of smaller series of
pediatric FD patients, where no radiological evidence for
refilling of dysplastic lesions was found (12, 13). Neverthe-
less, these results are somewhat disappointing, as Chapurlat
et al. (7) had reported refilling of dysplastic lesions in about
half of adult patients who underwent a similar treatment
protocol.

It thus appears that there is a difference between the treat-
ment effect in adults and in children. It is possible that FD
lesions progress faster in young subjects than in adults and
thus might be more difficult to control with medical therapy
(5). The patients in our study may have been more severely
affected than those of Chapurlat et al., as suggested by the

considerable proportion of our patients who had hypophos-
phatemia. It can be speculated that pamidronate may have
slowed down the expansion of lesions in our patients, even
if it did not visibly improve them. This hypothesis can be
tested only in a placebo-controlled study where subjects are
closely matched for age and disease severity. It should be
noted that the results reported in adults were not based on
controlled studies either, leaving open the possibility that the
reported refilling of dysplastic lesions reflected the natural
evolution of the disorder rather than a true treatment effect.

One might assume that decreasing bone marker levels
during pamidronate therapy indicate a slower activity of the
dysplastic lesions. However, pamidronate does not specifi-
cally act on FD lesions, but also suppresses the turnover of
unaffected bone tissue. It is difficult to judge whether
changes in the levels of biochemical bone markers reflect
more the effect of therapy on lesions or on unaffected bone.
Our histomorphometric studies revealed decreased turnover
in unaffected bone tissue during therapy, but did not dem-
onstrate a treatment effect on the metabolic activity of dys-
plastic lesions.

Whereas the efficacy of pamidronate therapy is hard to
prove, our observations suggest that this treatment approach
is safe. Longitudinal growth was not affected, and lumbar
spine bone size increased at a normal rate. This is consistent
with our observations in patients with osteogenesis imper-
fecta (25, 26). The vBMD of unaffected lumbar spine verte-
brae increased above the age- and sex-specific mean value
but remained well below levels that are seen in osteopetrosis.
Yet, one possible source of concern is the decreased bone

FIG. 7. Height development in growing girls (left panel) and boys (right panel) during 3 yr of pamidronate therapy. The 95th (top), 50th (middle),
and 5th (bottom) percentiles of the reference range are also indicated.

TABLE 3. Effect of pamidronate therapy on mineralization in unaffected bone tissue

n FD n Control P

Age (yr) 12 11.8 � 2.4 12 12.0 � 3.2 0.88
Osteoid thickness (�m) 12 4.9 � 1.8 12 6.6 � 1.7 0.03
Osteoid surface per bone surface (%) 12 21 � 17 12 26 � 10 0.40
Mineralizing surface per bone surface (%) 10 7.7 � 6.0 12 13.5 � 5.2 0.03
Mineralizing surface per osteoid surface (%) 10 33 � 20 12 54 � 18 0.02
Mineral apposition rate (�m/d) 10 0.82 � 0.19 12 0.87 � 0.09 0.43
Mineralization lag time (d) 10 22 (9–112) 12 16 (9–23) 0.21

Specimens from patients on pamidronate therapy (for a median of 2.0 yr; range, 1.0–2.8 yr) are compared with those from healthy age-matched
controls.

Values are mean � SD or median (range). P values represent the significance of the difference between the two groups (t test or U test, as
appropriate).
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turnover of unaffected bone tissue. The implications of
chronically low bone turnover in growing children are un-
known at present.

The effect of therapy on bone mineralization is an impor-
tant consideration, because one 13-yr-old FD patient in the
series of Chapurlat et al. (7) developed rickets during pam-
idronate therapy. In the present study, hypophosphatemia
was commonly found in the pretreatment evaluation, con-
firming recently published findings (3). None of our patients
developed radiological signs of rickets, even though each
treatment cycle led to a further transient decrease in serum
inorganic phosphorus concentrations. Osteomalacia is part
of the histological picture of a dysplastic lesion (27), but we
have shown earlier that this is independent of systemic se-
rum phosphorus levels (15). There was no indication of a
systemic mineralization defect during pamidronate treat-
ment, as there was no accumulation of osteoid in bone sam-
ples that did not contain dysplastic lesions. Quite to the
contrary, osteoid thickness was low during pamidronate
therapy. This probably reflects the decreased bone turnover,
similar to what can be observed in patients with osteogenesis
imperfecta who receive pamidronate (28).

In conclusion, pamidronate treatment of children and ad-
olescents with severe forms of polyostotic FD appears to be
safe and reduces bone pain. In that respect, pamidronate
certainly is beneficial. However, we found no clear evidence
that pamidronate has an effect on dysplastic lesions in such
patients. Unfortunately, no form of medical therapy has been
shown to yield any better results. Glucocorticoids and 1,25-
OH2 vitamin D have been proposed as therapeutic agents
based on in vitro data but have not yet been put to clinical test
(29, 30). It is possible that a different bisphosphonate or a
combination of drugs will have a more marked effect on
dysplastic lesions than pamidronate. There clearly is a need
to explore new treatment options for children and adoles-
cents with polyostotic FD.
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