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Purpose: Osteoporosis is a skeletal disorder characterized by reduced bone mass 
that results in increased risk of fractures. Pediatric osteoporosis can be caused 
by monogenic diseases, chronic diseases, and/or their treatment. This study was 
performed to investigate the effect of pamidronate infusion on osteoporosis in 
children and adolescents.
Methods: This study included 13 unrelated pediatric patients (10 males and 3 
females) whose bone mineral density (BMD) z-score was <-2.0. Pamidronate was 
administered intravenously at a dosage of 1 mg/kg for 3 consecutive days every 4 
months. Clinical and biochemical findings were reviewed retrospectively. The BMD 
values of the lumbar spine and femoral neck were assessed by dual energy x-ray 
absorptiometry at baseline and annually.
Results: The underlying diseases were immobilization (62%), inflammatory 
bowel disease (23%), protein-losing enteropathy (8%), and idiopathic juvenile 
osteoporosis (8%). The mean age at the start of treatment was 12.7±4.3 years. 
Duration of treatment ranged from 12–50 months. The baseline height-standard 
deviation score (SDS) and weight-SDS were -2.01±2.08 and -2.60±1.62, respectively. 
The lumbar spine BMD z-scores improved significantly after 1 year of pamidronate 
treatment, but the femoral neck BMD z-scores did not. However, both z-scores had 
significantly increased by the end of treatment.
Conclusion: This study demonstrated that pamidronate treatment increased 
BMD in pediatric patients with osteoporosis with no significant adverse events. 
Further studies are required to better define the long-term efficacy and safety of 
pamidronate therapy in a large number of pediatric patients.
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Highlights

Pamidronate has been used to treat pediatric osteoporosis, while the efficacy and safety 
remain uncertain. This study demonstrated that pamidronate treatment significantly increased 
bone mineral density in pediatric patients with osteoporosis without any severe adverse event.

Introduction

Osteoporosis is a disorder of the bone matrix that is accompanied by low bone density. 
It is characterized by reduced bone mass and deterioration of bone micro-architecture 
that increase the risk of fractures.1) The International Society for Clinical Densitometry 
recommends a diagnosis of pediatric osteoporosis if the patient has one or more vertebral 
compression fractures without evidence of local disease or high-energy trauma. In the 
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absence of vertebral compression fractures, osteoporosis can be 
diagnosed based on the presence of both a clinically significant 
fracture history and bone mineral density (BMD) z-score ≤-2.0. 
A clinically significant fracture history is defined as one or more 
of the following: (1) 2 or more long bone fractures by the age of 
10 years or (2) 3 or more long bone fractures at any age up to 19 
years.2) In children, osteoporosis is categorized into primary and 
secondary forms. Primary osteoporosis results from intrinsic 
defects in matrix formation and is usually a hereditary disease, 
such as osteogenesis imperfecta.3) Secondary osteoporosis 
often is caused by chronic diseases and/or their treatment and 
arises due to lack of exercise, malnutrition, malabsorption, 
hormonal imbalance, and medications, such as glucocorticoids 
or immunosuppressive treatments.4,5)

Osteoporosis can be treated with bisphosphonates, which 
are synthetic analogues of inorganic pyrophosphate. These 
compounds reduce the viability and activity of osteoclasts and 
induce apoptosis. They also increase the activity of osteoblasts, 
leading to indirect inhibition of osteoclasts by production of 
osteoclast inhibitors. Bisphosphonates are powerful suppressors 
of bone resorption and enable preservation of bone micro-
architecture and trabecular bone.6) One type of bisphosphonate, 
pamidronate (3-amino-1-hydroxypropylidene-bisphospho
nate), is administered intravenously and is used widely as an 
effective and safe treatment for osteoporosis in children.7,8) 
Several previous studies have shown that cyclic intravenous 
treatment with pamidronate improved BMD in children 
with osteoporosis. For example, pamidronate administration 
in patients with severe osteogenesis imperfecta resulted in a 
significant reduction in incidence of fractures and promoted 
an increase in BMD.8) Similarly, in quadriplegic children with 
osteoporosis, pamidronate therapy increased lumbar spine 
BMD compared to a placebo group.9) Pamidronate therapy 
also increased BMD in patients treated with high doses of 
steroids due to renal or rheumatoid disease.10) In a Korean 
study, monthly intravenous pamidronate therapy decreased 
the frequency of fracture and increased BMD of the femur 
and lumbar spine in patients with osteogenesis imperfecta and 
osteosarcoma.11,12)

While intravenous pamidronate has been used commonly 
to treat pediatric osteoporosis, the efficacy and safety of oral 
bisphosphonates in children remain uncertain.13,14) However, no 
definite pamidronate treatment guidelines have been established 
for dose or interval in children because most previous studies 
have included only small numbers of patients and short-term 
treatment periods. Therefore, the aim of the present study was 
to investigate the effects of pamidronate infusion in children 
and adolescents with osteoporosis.

Materials and methods

1. Participants

This study included 13 unrelated patients (10 males and 3 
females) who were treated with pamidronate between August 

2006 and May 2020 at the Department of Pediatrics of Asan 
Medical Center Children's Hospital in Seoul, Korea. The 
inclusion criteria were as follows: (1) age <18 years at diagnosis 
of osteoporosis; (2) initial BMD z-score of the lumbar spine 
or femur neck ≤-2.0 along with high risk of fractures due to 
underlying diseases and/or their treatment; and (3) a duration 
of pamidronate treatment of at least 12 months. Patients with 
osteoporosis caused by genetic syndromes, such as osteogenesis 
imperfecta, were excluded from this study.

2. Methods

The patients were hospitalized and treated intravenously with 
1 mg/kg of pamidronate for 3 consecutive days every 4 months. 
Pamidronate was diluted in 250–500 mL of isotonic saline 
(concentration < 0.1 mg/mL). The patients were supplemented 
daily with 600 mg of elemental calcium and 400 units of 
25-dihydroxycholecalciferol (25(OH)2D3).8)

The medical records from every pamidronate infusion visit 
were reviewed retrospectively to obtain patient height, weight, 
and history of fractures and for biochemical parameters of 
serum calcium, phosphorus, alkaline phosphatase, intact-
parathyroid hormone (PTH), and 25(OH)2D3. The z-scores of 
the height and weight of each child were expressed according 
to the normative data for Korean children.15) New fractures 
that occurred during treatment were confirmed by simple 
radiographs.

The BMD values of the femoral neck and lumbar spine (L1–4) 
were measured by dual energy x-ray absorptiometry (Lunar 
Corp., Madison, WI, USA) at baseline and again annually. The 
BMD z-scores were adjusted by age- and sex-matched standards 
for Korean children.16,17) The Korean reference data for children 
aged ≥10 years were measured using the Hologic system. 
Therefore, the BMD data were converted using the following 
formulas: (1) lumbar spine BMD according to the Hologic 
system=0.837×lumbar spine BMD of the Lunar system+0.021 
or (2) femoral neck BMD from the Hologic system=0.913× 
femoral neck BMD obtained by the Lunar system – 0.080.18)

3. Statistical analysis

Statistical analysis was performed with the IBM SPSS Stati
stics ver. 24.0 (IBM Co., Armonk, NY, USA). Changes in BMD 
z-scores, height, weight, and biochemical parameters after 
pamidronate treatment were analyzed using the Wilcoxon 
signed rank test. Spearman correlation analysis was used to 
analyze the correlation between treatment duration and BMD 
changes. P-values <0.05 were considered statistically significant. 
Each measurement value was expressed as mean±standard 
deviation.
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Results

1. Clinical characteristics at the start of pamidronate 
treatment

The mean age at the start of pamidronate treatment was 
12.7±4.3 years (range, 5.8–17.8 years) (Table 1). The mean age 
at diagnosis of underlying disease was 4.8±6.1 years (range, 
0–15.8 years). Eight patients (62%) had osteoporosis caused by 
immobilization due to a brain or spine injury (n=7) or to severe 
restrictive lung disease (n=1). Four patients (31%) had a history 
of long-term glucocorticoid treatment for inflammatory bowel 
disease (n=3) or protein-losing enteropathy (n=1). The mean 
duration of steroid treatment was 9.6 months (range, 5–19 
months). Participant No. 12 initially presented with low back 
pain and multiple compression fractures of the thoracolumbar 
vertebrae. He did not manifest any abnormal laboratory 
findings or phenotypes that suggested genetic defects (such 
as bone deformity, blue sclera, hearing loss, or dentinogenesis 
imperfecta), so the patient was diagnosed with idiopathic 
juvenile osteoporosis (IJO). Seven patients (54%) were in a 
bedridden state, and all had a history of brain or spine injury. 
Five patients (38%) had a previous history of fracture that 
was confirmed by simple radiographs before treatment. The 
baseline height-SDS was -2.01±2.08, and the baseline weight-
SDS was -2.60±1.62. The baseline lumbar spine BMD z-score 
was -3.8±1.4, while the femur neck BMD z-score was -5.7±2.4.

2. Efficacy of pamidronate therapy

The duration of treatment ranged from 12–50 months (mean, 
25.9±11.9 months). At 1 year after conclusion of treatment, 
the height-SDS and weight-SDS had not changed significantly 

(P=0.345 and P=0.600, respectively). The lumbar spine BMD 
z-score improved significantly after 1 year of pamidronate 
treatment, from -3.8±1.4 to -2.6±1.2 (P=0.002). The femur neck 
BMD z-score increased from -5.7±2.4 to -4.5±2.4 at 1 year after 
the end of pamidronate treatment; however, this change was not 
statistically significant (P=0.082) (Fig. 1). No significant changes 
were detected in the biochemical parameters of serum calcium, 
phosphorus, alkaline phosphatase, intact-PTH, and 25(OH)2D3 
levels (Fig. 2).

At the end of treatment, the lumbar spine BMD z-score 
was -1.6±1.9, and the femur neck BMD z-score was -3.6±3.0; 
these scores were significantly improved compared to baseline 
(P=0.001 and P=0.029, respectively), although duration of 
treatment varied (Fig. 1). The lumbar spine BMD z-scores 
increased depending on duration of pamidronate treatment 

Table 1. Clinical characteristics of patients with osteoporosis at baseline and at the end of treatment 

Subject
No. Sex Underlying disease Age at first 

dose (yr)

Follow-up 
duration 

(mo)

Baseline BMD No. of 
fractures 
before 

treatment

BMD at the end 
of treatment

No. of 
fractures 

after 
treatment

LS
(L1–4) FN LS

(L1–4) FN

1 F Ulcerative colitis 17.8 17 -3.2 -1.9 0 -2.2 -1.2 0
2 M Hypoxic ischemic encephalopathy 13.5 50 -2.5 -4.1 2 -0.4 -5.1 0
3 F Intraventricular hemorrhage, diastematomyelia 6.5 30 -6.3 -8.6 0 -0.7 -0.9 0
4 M Crohn disease 17.5 23 -2.9 -3.5 0 -2.6 -3.0 0
5 M Spinal dysraphism 13.3 40 -2.3 -4.8 1 0.1 -4.0 1
6 M Intractable epilepsy 16.4 12 -2.3 ND 0 -1.8 ND 0
7 M Intractable epilepsy 5.8 32 -3.0 -7.3 3 0.4 -1.8 0
8 F Crohn disease 14.9 28 -4.4 -4.1 0 -3.5 -4.5 0
9 M Hypoxic ischemic encephalopathy 8.8 25 -3.3 -5.4 0 1.6 1.1 0
10 M Severe restrictive lung -disease 14.6 25 -3.8 -5.0 0 -1.5 -3.0 0
11 M Cerebral palsy 15.9 12 -4.7 -8.4 0 -4.3 -7.9 0
12 M Idiopathic juvenile osteoporosis 12.8 42 -4.5 ND 3 -0.3 ND 0
13 M Functional single ventricle, protein losing 

enteropathy
6.9 14 -6.5 -9.3 1 -5.0 -8.9 0

BMD, bone mineral density; FN, femur neck; LS, lumbar spine; ND, not done.
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Fig. 1. Changes in lumbar spine and femoral neck bone mineral density (BMD) 
z-scores in patients with osteoporosis at 1 year after beginning treatment with 
pamidronate and at the end of treatment.
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(r=0.650, P=0.016), but the femoral neck BMD z-scores did not 
show significant changes (r=0.123, P=0.718).

The femoral neck BMD z-scores decreased 1 year after 
treatment in 3 patients (participant Nos. 2, 5, and 8); 2 of them 
were bedridden due to hypoxic ischemic encephalopathy 
(participant No. 2) or spinal dysraphism (participant No. 5). 
Participant No. 5 experienced a fracture of the right proximal 
femur shaft 4 months after initiation of pamidronate treatment. 
This patient also had a history of left femoral neck fracture 
without trauma 4 months prior to starting pamidronate 
treatment. His femoral neck BMD z-score had characteristically 
worsened 1 year after treatment with pamidronate from -4.8 to 
-5.8. However, 3 years after initiating pamidronate treatment, 
his femur neck BMD z-score improved to -3.9. No additional 
fractures occurred thereafter.

In 4 patients (participant Nos. 3, 5, 9, and 12), the lumbar 
spine and femoral neck BMD values were obtained after 
discontinuation of pamidronate treatment. Participant No. 3 
showed a persistent increase in BMD z-scores of the lumbar 
spine (-0.3) and femoral neck (0.0) 2 years after discontinuation 
of pamidronate treatment. In participant Nos. 5 and 9, the 
lumbar spine and femoral neck BMD z-scores were maintained 
within the normal range both 1 year and 2 years after 
discontinuing pamidronate. In participant No. 12, who had 
IJO, the lumbar spine BMD z-score at the end of treatment was 
-0.3; however, the femoral BMD z-score was -2.8, and it had 
improved to -1.2 when assessed 5 years after discontinuation of 
pamidronate.

3. Adverse events due to pamidronate therapy

Mild fever occurred in 5 patients (38%) during the first 
pamidronate infusion, but fever was reduced with antipyretics. 
Two patients (participant Nos. 4 and 12) experienced nausea 
and vomiting. One patient (participant No. 5) reported a mild 
headache, and one (participant No. 12) had a skin rash; all 
these side effects were relieved by supportive treatment. These 
adverse events only occurred at the time of the first treatment, 
and no additional side effects arose during the second cycle of 
pamidronate therapy.

Discussion

This study confirmed the safety and efficacy of intravenous 
pamidronate as a treatment to increase lumbar spine and femur 
neck BMD z-scores in pediatric patients with osteoporosis. 
The lumbar spine BMD z-scores increased in all 13 patients 
according to duration of  pamidronate treatment. Femur 
neck BMD z-scores showed no significant increase at 1 year 
after treatment. In 3 patients, femur neck BMD z-scores had 
decreased at 1 year after treatment; 2 of these patients were 
bedridden. Their bedridden state could have contributed to the 
persistently low BMD z-scores of the femoral neck. However, 
their femoral neck BMD z-scores increased significantly at the 
end of treatment compared to baseline scores.

Osteogenesis imperfecta is the most prevalent form of 
primary osteoporosis, with an incidence of 1/25,000 births.19) 
Recent advances in the molecular genetics of osteoporosis have 
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Fig. 2. Changes in biochemical markers in patients with osteoporosis during pamidronate therapy. (A) Calcium, (B) phosphorus, (C) alkaline phosphatase (ALP), (D) 
parathyroid hormone (PTH), (E) 25-dihydroxycholecalciferol (25(OH)2D3).
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decreased diagnosis of IJO.20) The major causes of osteoporosis 
in the patients in the present study were immobilization 
and glucocorticoid treatment. Immobilization and muscle 
atrophy due to brain or spinal cord injuries reduce mechanical 
stimulation of the bones, which increases bone resorption 
and reduces bone formation.21) Glucocorticoids inhibit bone 
formation by decreasing the number of osteoblasts while 
stimulating osteoclast proliferation. Glucocorticoids also 
decrease serum calcium level by decreasing intestinal calcium 
absorption and increasing renal calcium excretion.7) Among 
89 pediatric patients with chronic illness and secondary 
osteoporosis, 40% had neuromuscular disorders, 24% had 
glucocorticoid-treated disorders, and 9% had childhood 
cancers.4)

Several previous studies on pediatric osteoporosis using 
pamidronate have shown favorable outcomes (Table 2). For 

example, patients with cerebral palsy responded to intravenous 
pamidronate treatment (administered for 3 consecutive days 
every 4 months for 12- to 18-month period) with increases in 
BMD of the lumbar spine ranging from -4.1±1.1 to -2.5±0.6 
(an increase of 65.7%±55.2%) and of the femur from -4.0±1.1 
to -2.1±2.5 (an increase of 47.4%±39.0%).22) Patients with IJO 
responded to long-term pamidronate treatment (with a mean 
duration of 7.3±1.1 years) with progressive increase in lumbar 
BMD compared to untreated patients (P<0.05) (Table 2).23) The 
usual dosage of intravenous pamidronate was 1–1.5 mg/kg/
day for 3 consecutive days.24) Lower doses of pamidronate (0.75 
mg/kg/day for 2 days) increased BMD in patients with severe 
spastic quadriplegic cerebral palsy.25) Similarly, in Korea, a low 
dose of pamidronate (0.5 mg/kg/day for 3 days) was effective 
in pediatric patients with secondary osteoporosis caused by 
hematologic malignancy, autoimmune disease, and epilepsy. A 

Table 2. Previous studies of pamidronate treatment for pediatric osteoporosis

Study Dose of pamidronate No. of
patients Diagnosis

Change in BMD z-scores
Changes in 

biochemical marker New fractures
Site Baseline, 

mean±SD
Final, 

mean±SD
Glorieux et al.8) 
(1998) 

1 mg/kg/day for each of 
3 days every 4–6 mo for 
1.3–5.0 yr

30 Osteogenesis 
imperfecta

LS -5.3±1.2 -3.4±1.5 Decreased serum ALP, 
urine calcium, NTx

Decreased 
incidence by 1.7/
yr

Henderson et 
al.9) (2002) 

1 mg/kg/day for 3 
consecutive days every 3 
mo over 18 mo

6 Nonambulatory c 
hildren with severe 
CP

LS -3.4±0.4 -2.2±0.4 Decreased serum 
N-telopeptides

None
DF 4.0±0.6 -1.8±1.0

Grissom et al.22) 
(2005) 

1 mg/kg/day for 3 
consecutive days every 4 
mo over 12–18 mo

12 Spastic quadriplegic 
CP

LS -4.1±1.1 -2.5±0.6 - None
DF -4.0±1.1 -2.1±2.5

Plotkin et al.25) 
(2006) 

0.75 mg/kg/day for 2 days 
every 4 mo over 12 mo

23 Severe spastic 
quadriplegic CP

LS -3.8±1.4 -2.3±1.2 Increased serum PTH, 
Decreased Serum 
NTx

One fracture during 
treatmentFN -4.5±1.2 -2.6±0.9

Choi  et  a l . 11) 
(2007) 

30 mg/m2 monthly for 6–37 
mo

11 Osteogenesis 
imperfecta

LS -2.5±1.75 1.5±3.06 - Decreased 
frequency by 
0.6±0.69/yr 

FN -3.7±0.90 -1.77±0.89

L e e  e t  a l . 2 6 ) 
(2008) 

0.5 mg/kg/day for 3 days 
every 6–8 wk (total 6–8 
cycles)

9 NF1, epilepsy, 
autoimmune 
disease, 
hematologic 
malignancy

LS -3.91±1.79 1.86±1.18 Decreased total serum 
calcium (P=0.008), 
phosphorus 
(P=0.015) 

None
FN -3.71±1.83 -2.53±1.77

Baroncel l i  et 
al.23) (2013) 

0.5–1 mg/kg/day for 3 
consecutive days for mean 
7.3±1.1 yr

9 Idiopathic juvenile 
osteoporosis

LS -3.8±0.4 -0.7±0.3 - Decreased fracture 
rate

L i m  e t  a l . 1 2 ) 
(2016) 

0.5 mg/kg/day for 3 
consecutive days every 6 
wk over 6 mo

9 Osteosarcoma LS -2.14±0.94 -1.76±0.95 - Two fractures after 
discontinuation 
of treatment

Moon et al.27) 
(2017) 

0.25–0.5 mg/kg/day, first 
day 0.5–1.0 mg/kg/day, 
2 consecutive days every 
3–4 mo over 6–12 mo

10 Quadriplegic CP LS -4.2±1.2 -2.6±1.6 Decreased serum ALP, 
increased vitamin D

None

T h e  p re s e n t 
study (2020)

1 mg/kg/day for 3 
consecutive days every 4 
mo over 12 mo

13 Secondary 
osteoporosis due 
to immobilization, 
steroid treatment, 
idiopathic juvenile 
osteoporosis

LS -3.8±1.4 -1.6±1.9 - One fracture during 
treatmentFN -5.7±2.4 -3.6±3.0

BMD, bone mineral density; SD, standard deviation; LS, lumbar spine; ALP, alkaline phosphatase; NTx, N-terminal telopeptide; CP, cerebral 
palsy; DF, distal femur; FN, femur neck; PTH, parathyroid hormone; NF1, neurofibromatosis type 1. 
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significant decrease in serum levels of calcium and phosphorus 
was detected in the absence of supplementation with calcium 
and vitamin D after pamidronate therapy. One-third of the 
participants showed symptomatic hypocalcemia, but their 
symptoms were relieved by supplementation with calcium and 
vitamin D.26) Therefore, calcium and vitamin D supplementation 
has become a widespread practice for preventing hypocalcemia 
during treatment with pamidronate.4) Pamidronate treatment 
can cause an increase in 25(OH)2D3 level and a decrease in 
alkaline phosphatase27); however, no significant changes in 
biochemical parameters were detected in the present study.

A previous study showed that stored bisphosphonates 
maintained their biological activity at least 2 years after 
discontinuation of pamidronate infusions.7) In the present study, 
lumbar spine and femoral neck BMD z-scores were maintained 
within the normal range after discontinuation of pamidronate. 
In particular, participant No. 12, who had IJO and was not in a 
bedridden state, showed significantly improved femoral neck 
BMD z-score after discontinuation of treatment.

No significant adverse events occurred during pamidronate 
infusion in our study. However, other studies have reported 
acute phase reactions, including fever, malaise, vomiting, 
abdominal pain, and muscle or bone pain, within one to 
3 days after initiation of  treatment.7) Retention of  high-
affinity bisphosphonates and long-term suppression of bone 
turnover and remodeling are major long-term concerns in this 
population, although recovery of recycled bisphosphonates 
from bone occurs over a shorter period in pediatric than in 
adult patients due to the higher bone turnover rate in children.7) 
Persistent low bone remodeling activity after discontinuation 
of bisphosphonates can interfere with normal bone shaping 
and repair during growth.28) Bisphosphonates also can cross the 
placenta, so any drugs remaining in bone tissues at adulthood 
can affect fetal development during pregnancy.7) Therefore, 
further studies are required to better define the long-term safety 
of pamidronate therapy in pediatric patients.

Our study had several limitations. It was a retrospective study 
with a small number of patients, so issues arose due to missing 
data and variable follow-up durations among the patients. 
During the follow-up period, bone pain and changes in quality 
of life could not be assessed because of lack of data. In addition, 
this study included consecutive patients who were referred 
to a pediatric endocrinology clinic at a single institute, which 
led to sampling bias. Bone turnover markers can be helpful 
in monitoring the efficacy of treatment.29) Previous studies 
have reported an increase in serum osteocalcin (which reflects 
increased bone formation) and a decrease in urine N-terminal 
telopeptide (which indicates decreased bone resorption) during 
pamidronate treatment.27) However, no bone turnover markers 
were included in the present study due to lack of data.

In conclusion, this study demonstrated that pamidronate 
treatment increased lumbar spine and femoral neck BMD 
values in pediatric patients with osteoporosis without significant 
adverse events. The lumbar spine BMD z-scores increased 
depending on duration of pamidronate treatment. A bedridden 

state and malnutrition were risk factors for poor response to 
pamidronate. Further studies with larger numbers of patients 
are required to define better the frequency of osteoporosis and 
the long-term efficacy and safety of pamidronate therapy in 
children.
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