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Abstract
Objectives—Osteoporosis and pathological
fractures occur occasionally in children
with malignancies. This study was per-
formed to determine the degree of osteope-
nia in children with a malignancy at
completion of chemotherapy.
Methods—Lumbar spine (L2–L4) bone
mineral density (BMD; g/cm2) and femo-
ral neck BMD were measured by dual
energy x ray absorptiometry in 22 chil-
dren with acute lymphoblastic leukaemia
(ALL), and in 26 children with other
malignancies. Apparent volumetric den-
sity was calculated to minimise the eVect
of bone size on BMD. Results were
compared with those of 113 healthy con-
trols and expressed as age and sex stand-
ardised mean Z scores.
Results—Patients with ALL had signifi-
cantly reduced lumbar volumetric (−0.77)
and femoral areal and volumetric BMDs
(−1.02 and −0.98, respectively). In patients
with other malignancies, femoral areal
and apparent volumetric BMDs were sig-
nificantly decreased (−0.70 and −0.78,
respectively).
Conclusions—The results demonstrate
that children with a malignancy are at risk
of developing osteopenia. A follow up of
BMD after the completion of chemo-
therapy should facilitate the identification
of patients who might be left with im-
paired development of peak bone mass,
and who require specific interventions to
prevent any further decrease in their skel-
etal mass and to preserve their BMD.
(Arch Dis Child 1999;80:143–148)
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Developments in diagnostic and therapeutic
methods have led to increased survival rates in
children with malignancies. Around two thirds
of these patients reach adulthood. Some of the
side eVects of cancer treatments are well recog-
nised, and include growth retardation, cardio-
myopathy, and eVects on fertility. Skeletal
manifestations, such as osteoporosis and frac-
tures of long bones and spine, have also been
described in children with malignancies.1–11

However, little is known about bone minerali-
sation in these children.

In childhood acute lymphoblastic leukaemia
(ALL), which is the most common malignancy
occurring in children, skeletal changes are fre-
quently found at the time of diagnosis. They
include metaphyseal lines, periosteal reaction,
osteolysis, sclerosis, osteoporosis, and occa-
sionally pathological fractures. These changes
have been attributed to the disease process and
to the alterations in mineral homeostasis and
bone mass.4 Some forms of antineoplastic
treatments, such as corticosteroids, methotrex-
ate, and radiotherapy, are thought to be harm-
ful to the development of bone mass and
density.2–13 Impaired accumulation of skeletal
mass during childhood and adolescence might
predispose these patients to osteoporosis and
pathological fractures later in adulthood.

The purpose of our study was to determine
the degree of osteopenia in children treated for
malignancy at the time of completion of
chemotherapy.

Patients and methods
PATIENTS

Our study series comprised 48 of the 69 white
patients (23 boys, 25 girls) who completed
their treatment for a childhood malignancy (22
cases of ALL, 26 other malignancies) in the
Kuopio University Hospital between January
1995 and September 1997 (table 1). The
patients were studied at the time of cessation of
chemotherapy. None of the patients had a con-
dition known or suspected to aVect bone
metabolism before diagnosis (a growth aVect-
ing chronic disease, bone disease, systemic
corticosteroid treatment during the six months
before diagnosis, history of radiotherapy, men-
tal retardation, or physical disability). Twenty
one of the 69 patients were not included in the
study for the following reasons: 11 (one ALL)
did not comply adequately with the study, eight
(one ALL) refused, and two ALL patients had
Down’s syndrome. The study protocol was
approved by the institutional ethics committee,
Kuopio University Hospital, and written in-
formed consent was obtained from every
parent and appropriately aged patient.

Table 1 Clinical data of the study population

Disease
Boys/ girls
(n)

Radiotherapy

n
Dose
(Gy) Site

ALL 10/12 2 18.0 Cranial
AML 1/2 –
Lymphoma 5/5 –
Medulloblastoma 0/1 1 78.6 Brain, spinal
Nephroblastoma 1/1 1 32.4 Tumour site

1 10.8 Tumour site
Osteosarcoma 2/2 –
Pinealoblastoma 0/1 1 82.2 Brain, spinal
PNET inguinalis 1/0 1 56.0 Inguinal region
Rhabdomyosarcoma 2/1 1 48.8 Iliacal, para-aortal regions

1 50.4 Thoracal XII—sacral I
1 48.0 Auricular regions

Teratoma malignum 0/1 –

ALL, acute lymphblastic leukaemia; AML, acute myeloblastic leukaemia; PNET, primitive
neuroectodermal tumour; Gy, grey.
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The median (range) age at diagnosis was 8.4
(1.5–16.9) years and at completion of chemo-
therapy 10.2 (3.6–17.8) years. The median
(range) duration of chemotherapy was 1.3
(0.3–2.5) years (table 2). Data on pubertal
development were available for 43 patients of
whom 26 (11 boys, 15 girls) were prepubertal
and 17 (eight boys, nine girls) were pubertal.
None of the patients in the study group had
been diagnosed to have growth hormone defi-
ciency or were treated with growth hormone.

The ALL patients were treated according to
the protocols of the Nordic Society of Pediatric
Hematology and Oncology (NOPHO) based
on the three risk groups of ALL: standard risk
(two boys, three girls), intermediate risk (eight
boys, five girls), and high risk (four girls).14 15

The patients with a malignancy other than
ALL were treated according to the inter-
national cancer protocols consisting of various
multiagent chemotherapy regimens.16–22 Table
2 presents data on the cumulative doses of
antineoplastic agents used in both ALL and
other malignancy groups (oral corticosteroids
as equivalent doses of prednisolone, intra-
venous cyclophosphamide, cytarabine, doxoru-
bicin, methotrexate, and vincristine). The
duration of oral corticosteroid treatment was
determined (table 2). Four patients with
osteosarcomas had gone through a skeletal
operation with prosthesis: three right femoral,
one left tibial.

BONE MINERAL DENSITY

Areal bone mineral density (BMD; g/cm2) of
the lumbar spine (L2–L4) and left femoral
neck was measured by dual energy x ray
absorptiometry (Lunar DPX; Lunar Radiation
Corporation, Madison, Wisconsin, USA). Be-
cause of device based soft tissue requirements,
femoral BMD was measured only for children
above 7 years of age. The coeYcient of
variation for the spine is 0.8% and for the
femoral neck 2.3%.23 To minimise the eVect of
bone size on BMD values, bone apparent volu-
metric mineral density (BMDvol; g/cm3) was
calculated from the areal BMD values: lumbar
BMDvol = BMD (g/cm2) × (4/(ð × width of
measurement area in lumbar spine)); femoral
BMDvol = BMD (g/cm2) × (4/ð) × (height of
measurement area/measurement area of femo-
ral neck).23 The results were compared with
those of 113 healthy Finnish controls (55 boys,
58 girls; age 3.5–18.9 years) and expressed as
age and sex standardised Z scores (mean; 95%
confidence intervals (CI)).23 24

HORMONAL STATUS AND EVALUATION OF BONE

AGE

Standard methods were used for the evaluation
of serum hormonal status. Free thyroxine
(n = 44) and thyrotropin (n = 45) were deter-
mined to exclude hypothyroidism. Luteinising
hormone (n = 22), testosterone in boys
(n = 11), and oestradiol in girls (n = 9) were
determined for patients above 10 years of age

Table 2 Clinical characteristics and treatment data of the study population (n = 48)

Acute lymphoblastic leukaemia
(n = 22) Other malignancy (n = 26) Boys (n = 23) Girls (n = 25)

Age at diagnosis (years) 7.1 (1.5 to 14.8) 10.0 (3.4 to 16.9) 9.5 (1.5 to 16.9) 7.3 (1.8 to 14.5)
Age at study (years) 9.3 (3.6 to 16.9) 11.2 (4.4 to 17.7) 11.1 (3.6 to 17.8) 9.3 (3.8 to 16.2)
Bone age (years) 9.3 (4.0 to 18.2) 8.0 (3.5 to 18.2) 10.0 (4.4 to 18.2) 8.6 (3.5 to 16.0)
Body mass index (kg/m2) 18.3 (13.9 to 27.3) 17.2 (12.6 to 27.5) 19.1 (13.2 to 27.3) 17.4 (12.6 to 27.5)
Relative height (SDS) 0.2 (−1.2 to 3.4) −0.4 (−3.0 to 3.2) −0.2 (−2.4 to 3.2) 0.2 (−3.0 to 3.4)
Duration of treatment (years) 2.0 (1.8 to 2.5) 0.6 (0.3 to 2.0)‡ 1.3 (0.3 to 2.5) 1.3 (0.3 to 2.5)
Days of hospitalisation 139.5 (89.0 to 210.0) 93.0 (20.0 to 206.0)* 119.0 (20.0 to 195.0) 119.0 (21.0 to 210.0)
Weeks on corticosteroids 11.0 (9.0 to 12.0) 7.0 (2.0 to 18.0)‡ 6.3 (2.0 to 12.0) 7.5 (4.0 to 18.0)
Doses
Corticosteroids 5.4 (3.8 to 9.0) (n = 22) 2.4 (0.2 to 5.0)‡ (n = 11) 5.3 (0.6 to 5.4) (n = 15) 4.0 (0.2 to 9.0) (n = 18)
Cyclophosphamide 3.0 (3.0 to 30.0) (n = 17) 4.0 (0.04 to 82.0) (n = 15) 3.0 (0.1 to 30.0) (n = 16) 3.6 (0.04 to 82.0) (n = 16)
Cytarabine 1.8 (0.08 to 396.0) (n = 18) 1.8 (0.6 to 62.1)† (n = 10) 1.8 (1.0 to 40.3) (n = 13) 1.8 (0.08 to 396.0) (n = 15)
Doxorubicin 0.1 (0.1 to 0.3) (n = 22) 0.2 (0.08 to 0.4)* (n = 23) 0.2 (0.08 to 0.4) (n = 23) 0.2 (0.1 to 0.3) (n = 22)
Methotrexate 45.0 (6.0 to 45.0) (n = 22) 20.0 (3.0 to 108.0)‡ (n = 11) 45.0 (3.0 to 108.0) (n = 16) 40.0 (3.0 to 48.0) (n = 17)
Vincristine 28.0 (20.0 to 33.0) (n = 22) 14.8 (1.4 to 48.0)† (n = 14) 24.0 (1.4 to 46.0) (n = 17) 28.0 (8.4 to 48.0) (n = 19)

Values are median (range).
Chemotherapeutic agents as intravenous cumulative doses (g/m2; vincristine, mg/m2); corticosteroids as oral equivalent doses of prednisolone (g/m2). *p < 0.01;
†p < 0.001; ‡p < 0.0001; all compared with acute lymphoblastic leukaemia.

Figure 1 (A) The areal lumbar (L2–L4) BMD values (g/cm2) in relation to age at the time of the study in the 22 male patients (closed squares). The
regression line of the lumbar BMD values (g/cm2) of the male controls (open squares) is shown. (B) The areal lumbar (L2–L4) BMD values (g/cm2) in
relation to age at the time of our study in the 25 female patients (closed circles). The regression line of the lumbar BMD values (g/cm2) of the female
controls (closed circles) is shown.
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(n = 25 (14 boys, 11 girls)) to exclude hypogo-
nadism. Intact parathyroid hormone (n = 46)
was analysed to exclude hyperparathyroidism.
Laboratory specific, age and sex matched
reference data were used in the assessment of
serum hormonal variables.

Bone age at the time of our study was deter-
mined for 40 patients by one of the authors
(JK) using a Tanner-Whitehouse (RUS)
method.25

STATISTICS

Statistical analyses were carried out with the
SPSS for Windows (6.0.1) statistical program.
Because of the heterogeneity of the treatment
protocols, two groups were formed for the sta-
tistical analyses: those with ALL and those with
other malignancies. To facilitate the compari-
son of data, BMD values were converted to Z
scores: the age and sex specific mean BMD
value of the control group was subtracted from
each patient’s BMD value, and then divided by
the corresponding age and sex specific stand-
ard deviation. A non-parametric one sample
test (Wilcoxon) was used to compare the BMD
Z scores with a constant of the controls. BMD,
relative height (in standard deviation score
(SDS) units), and BMI values, age at diagnosis,
age at completion of treatment, bone age, and
duration of treatment were compared between
the patient groups by means of the Mann-
Whitney U test, with p values < 0.05 consid-
ered significant. Partial correlation coeYcients
adjusted for age were calculated to correlate
BMD Z scores with durations of corticosteroid
and overall treatments (rank corrected), BMI,
relative height, and days of hospitalisation.
Non-parametric correlation coeYcients were

calculated to correlate age at diagnosis, age at
study, and bone age with the BMD Z scores. A
simultaneous regression analysis was used to
analyse the independent correlations of the
cumulative doses of chemotherapy agents with
the BMD Z scores.

Results
Table 2 gives median BMI, relative height, and
bone age values. BMI and relative height values
were within the normal range for the age and
sex matched controls.23 No significant diVer-
ence was found between the chronological age
and bone age at the time of our study. In
patients with ALL, duration of hospitalisation,
corticosteroid treatment, and overall chemo-
therapy were significantly longer in comparison
with the patients with other malignancies. The
cumulative doses of oral corticosteroids and
intravenous methotrexate were significantly
higher in ALL patients than in other malig-
nancies (table 2).

Figures 1 and 2 show the areal lumbar and
femoral BMD values in relation to age. Table 3
gives the mean areal and apparent volumetric
BMD values.

In patients with ALL, lumbar volumetric
BMD (Z scores mean, −0.77; 95% CI, −1.30
to −0.23; p = 0.01), femoral areal BMD (Z
scores mean, −1.02; 95% CI, −1.52 to −0.53;
p < 0.01), and femoral volumetric BMD
values (Z scores mean, −0.98; 95% CI, −1.64
to −0.32; p < 0.01) were significantly de-
creased compared with the healthy controls. In
patients with other malignancies, femoral areal
BMD (Z scores mean, −0.70; 95% CI, −1.19
to −0.21; p = 0.02) and apparent volumetric
BMD values (Z scores mean, −0.78; 95% CI,

Figure 2 (A) The areal femoral neck bone BMD values (g/cm2) in relation to age at the time of our study in the 14 male patients (closed squares). The
regression line of the femoral BMD values (g/cm2) of the male controls (open squares) is shown. (B) The areal femoral neck BMD values (g/cm2) in
relation to age at the time of our study in the 14 female patients (closed circles). The regression line of the femoral BMD values (g/cm2) of the female
controls (open circles) is shown.
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Table 3 Bone mineral density data of the study population (n = 48)

Acute lymphoblastic leukaemia
(n = 22) Other malignancy (n = 26) Boys (n = 23) Girls (n = 25)

Mean (SD) absolute BMD
Lumbar BMD (g/cm2) 0.72 (0.19) (n = 22) 0.79 (0.22) (n = 25) 0.77 (0.22) (n = 22) 0.74 (0.20) (n = 25)
Lumbar BMDvol (g/cm3) 0.27 (0.041) (n = 22) 0.30 (0.044) (n = 25) 0.28 ( 0.041) (n = 22) 0.29 (0.047) (n = 25)
Femoral BMD (g/cm2) 0.77 (0.14) (n = 12) 0.83 (0.13) (n = 16) 0.83 ( 0.14) (n = 14) 0.78 (0.13) (n = 14)
Femoral BMDvol (g/cm3) 0.35 (0.041) (n = 12) 0.36 (0.050) (n = 16) 0.35 ( 0.051) (n = 14) 0.36 (0.041) (n = 14)

Mean Z scores (95% CI)
Lumbar BMD −0.36 (−0.99 to 0.27) −0.08 (−0.62 to 0.46) 0.13 (−0.62 to 0.89) −0.52 (−0.88 to −0.15)*
Lumbar BMDvol −0.77 (−1.30 to −0.23)* −0.04 (−0.58 to 0.49) −0.21 (−0.92 to 0.51) −0.54 (−0.92 to −0.16)*
Femoral BMD −1.02 (−1.52 to −0.53)* −0.70 (−1.19 to −0.21)† −0.89 (−1.48 to −0.30)* −0.79 (−1.21 to −0.37)*
Femoral BMDvol −0.98 (−1.64 to −0.32)* −0.78 (−1.38 to −0.19)* −0.91 (−1.62 to −0.21)* −0.83 (−1.36 to −0.29)*

*p < 0.01; †p = 0.02; both compared with controls.
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−1.38 to −0.19; p < 0.01) were significantly
decreased compared with controls (table 3; fig
3). Lumbar BMD was significantly decreased
in girls, as was femoral BMD in both boys and
girls compared with controls (table 3). Among
children with malignancies, no significant
diVerence in BMD was seen between boys and
girls, nor between ALL and other malignancy
patients.

In the simultaneous regression analysis, no
single chemotherapeutic agent showed an
independent relation with the BMD values.

Days of hospitalisation correlated negatively
with femoral areal and volumetric BMD (r =
−0.48; p = 0.01 and r = −0.58; p = 0.002,
respectively). Age at the time of the study cor-
related negatively with femoral volumetric
BMD (r = −0.39; p = 0.04). Relative height
correlated positively with femoral areal BMD
(r = 0.45; p = 0.02). Durations of overall and
corticosteroid treatments, BMI, age at diagno-
sis, and bone age at cessation of treatment did
not correlate with the BMDs. No diVerence in

BMD Z scores was found between pubertal
and prepubertal patients at the time of our
study.

Four patients (three girls) had primary
hypogonadism according to a raised serum
luteinising hormone concentration, and one
girl had a compensated hypothyroidism at the
time of completion of chemotherapy. Intact
parathyroid hormone values were normal in 41
patients, high in four patients (two boys), and
low in one boy.

Discussion
We have previously demonstrated decreased
BMD in adolescent and adult long term survi-
vors of childhood ALL.11 Our present cross
sectional study showed that children with ALL
had significantly reduced lumbar volumetric
and femoral areal and volumetric bone density
already at the time of completion of chemo-
therapy. The children with other malignancies
did not diVer from healthy controls in their
spine measurements. However, areal and volu-
metric femoral bone density were low also in
this group of patients. The decline in apparent
volumetric BMD indicated a real deficit in
bone density. Decrease in only areal BMD in
children might be a result of reduced bone size,
but this was not the case in our study. An esti-
mation of the volumetric BMD has not been
performed in earlier studies in children with
malignancies.1–7

The pathogenesis of osteopenia in childhood
malignancies has not been clarified. It has been
suggested that the disease itself or components
of antineoplastic treatments can impair the
development of bone mass and density.1–13

Treatment of childhood malignancies con-
sists of various multiagent chemotherapy
regimens.15–22 They commonly include cortico-
steroids and methotrexate.15–19 26 Osteoporosis
is a well known complication of the prolonged
use of corticosteroids. The major factor under-
lying corticosteroid induced osteoporosis is a
decreased osteoblast activity and a decrease in
the active life span of osteoblasts.27–32 Cortico-
steroids have also been proposed to increase
bone resorption as a consequence of secondary
hyperparathyroidism resulting from a decrease
in intestinal calcium absorption and an in-
crease in urinary excretion of calcium.33 34

Methotrexate osteopathy has been reported
in children with malignancies.8–10 The mecha-
nisms of the methotrexate eVect on bone have
been proposed to involve toxicity of high cellu-
lar concentrations of polyglutamate derivative
resulting from the folate deficiency,10 and the
inhibition of osteoblast proliferation as shown
in cultured human osteoblasts.13 In addition,
other anticancer agents, which are potent cyto-
toxins, might potentiate the adverse eVects of
corticosteroids and methotrexate on osteo-
blasts, impairing the development of bone mass
and density.

We analysed the BMD eVect of the cumula-
tive doses of those antineoplastic agents that
were used in both ALL and other malignancy
groups: corticosteroids, methotrexate,
cyclophosphamide, cytarabine, doxorubicin,
and vincristine. In simultaneous regression

Figure 3 (A) The areal lumbar (L2–L4) and femoral BMD values (g/cm2) as Z scores
(SDS) in ALL (triangles) and other malignancy (OM, circles) patients at completion of
chemotherapy. p values as compared with controls; horizontal lines are mean BMD values.
(B) The apparent volumetric lumbar (L2–L4) and femoral BMD values (g/cm3) as Z
scores (SDS) in ALL (triangles) and other malignancy (OM; circles) patients at
completion of chemotherapy. p values as compared with controls; horizontal lines are mean
BMD values.
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analysis, none of them showed an independent
correlation with BMD and neither did the
duration of corticosteroid treatment correlate
with BMD. The role of individual drugs in
inducing changes in bone metabolism in
chronic diseases is diYcult to assess because
the diseases themselves and other treatment
components might also aVect bone
development.1 35

Local skeletal radiation causing direct bone
loss, gonadal irradiation impairing production
of sex hormones, and cranial irradiation
leading to growth hormone deficiency might all
induce disorders in bone development.6 12 36–40

In our study, 10 patients had received radio-
therapy, which might have aVected BMD.
However, the large variation in the sites and in
the doses of radiotherapy combined with a
variety of administered antineoplastic agents
did not allow us to study the specific eVect of
radiation on bone mineral density.

The finding that femoral BMD was reduced
in both ALL and other malignancies but that
lumbar BMD was reduced only in ALL
patients is interesting. The spine, which is pre-
dominantly trabecular bone, has a much more
rapid bone turnover than femoral neck, which
on the other hand contains more cortical
bone. These two anatomical sites can hence
respond in diVerent ways in various diseases
and to specific treatments.39 In previous stud-
ies, the bone loss induced by corticosteroids
has been shown to be most rapid in the lumbar
spine.35 In our study, patients with ALL had
received significantly higher doses of cortico-
steroids for a significantly longer duration
compared with patients with other malig-
nancies. Thus, the detected reduction in lum-
bar BMD in ALL, but not in the other malig-
nancies, could partly be explained by a higher
susceptibility of trabecular bone to cortico-
steroid treatment. In addition, it has been sug-
gested that the leukaemic infiltration and
expansion of the bone marrow spaces leading
to destruction of spongiosa, as well as factors
secreted by the leukaemic cells, such as
osteoblast inhibiting factor and parathyroid
hormone related peptide, might contribute to
bone loss in ALL.4

The reduction of femoral BMD in ALL but
also in the other malignancies indicated that
femoral BMD might become impaired even
during a shorter period of treatment, possibly
as a consequence of disease and treatment
related hospitalisation, leading to decreased
physical activity, malnutrition, and reduced
body mass, factors often seen in children with
malignancies. This was partly corroborated by
our finding of a negative correlation between
femoral BMD and duration of hospitalisation.

Calcium malabsorption, alterations in vita-
min D metabolism, growth hormone defi-
ciency, and changes in insulin-like growth fac-
tors and their binding proteins are components
that might also influence bone mineral density
in children with malignant diseases.35 36 40–42

Studies determining their role in bone develop-
ment in childhood malignancies are underway
in our unit.

In conclusion, osteopenia, osteoporosis, and
pathological fractures have been observed in
children with neoplasms.1–11 In our study, we
found reduced BMD in children with malig-
nancies at the time of completion of chemo-
therapy. The reason for this reduction might be
multifactorial, as discussed above.

The maximum increment rate of bone
density occurs between the ages of 11 and 13
years in girls and 13 and 17 years in boys, and
peak bone mass is achieved by around 20 years
of age.23 24 43 Most of the patients in our study
had still to go through the period of maximum
bone development. Thus, a follow up of BMD
after completion of chemotherapy should
facilitate the identification of those who might
be left with impaired development of peak
bone mass, and who would require specific
therapeutic interventions to prevent any fur-
ther decrease in their skeletal mass and to pre-
serve their BMD.

The authors thank P Halonen for her statistical assistance. PA is
grateful to Finnish Pediatric Research Foundation for financial
assistance.

1 Halton JM, Atkinson SA, Fraher L, et al. Mineral homeo-
stasis and bone mass at diagnosis in children with acute
lymphoblastic leukemia. J Pediatr 1995; 126:557–64.

2 Halton JM, Atkinson SA, Fraher L, et al. Altered mineral
metabolism and bone mass in children during treatment
for acute lymphoblastic leukemia. J Bone Miner Res
1996;11:1774–83.

3 Atkinson SA, Fraher L, Gundberg CM, et al. Mineral
homeostasis and bone mass in children treated for acute
lymphoblastic leukemia. J Pediatr 1989;114:793–800.

4 Nussey S, Hyer S, Brada M, et al. Bone mineralization after
treatment of growth hormone deficiency in survivors of
childhood malignancy. Acta Paediatr Suppl 1994;399:9–14.

5 D’Angelo P, Conter V, Di Chiara G, et al. Severe osteoporo-
sis and multiple vertebral collapses in a child during treat-
ment for B-ALL. Acta Haematol 1993;89:38–42.

6 Gilsanz V, Carlson ME, Roe TF, et al. Osteoporosis after
cranial irradiation for acute lymphoblastic leukemia. J
Pediatr 1990;117:238–44.

7 Henderson RC, Madsen CD, Davis C, et al. Bone density in
survivors of childhood malignancies. J Pediatr Hematol
Oncol 1996;18:367–72.

8 Schwartz AM, Leonidas JC. Methotrexate osteopathy. Skel-
etal Radiol 1994;11:13–16.

9 Stanisavlevic S, Barbock AL. Fractures in children treated
with methotrexate for leukemia. Clin Orthop 1977;125:
139–44.

10 Meister B, Gassner I, Streif W, et al. Methotrexate osteopa-
thy in infants with tumors of the central nervous system.
Med Pediatr Oncol 1994;242:200–10.

11 Arikoski PM, Komulainen JT, Voutilainen RJ, et al. Reduced
bone mineral density in long-term survivors of childhood
acute lymphoblastic leukemia. J Pediatr Hematol Oncol
1998;20:234–40.

12 Neuhauser EBD, Wittenborg MH, Berman CZ, et al.
Irradiation eVects of roentgen therapy on the growing
spine. Radiology 1952;59:637–50.

13 Scheven BAA, vander Veen MJ, Damen CA, et al. EVects of
methotrexate in human osteoblasts in vitro: modulation by
1,25-dihydroxyvitamin D3. J Bone Miner Res 1995;10:874–
80.

14 Lanning M, Garwicz S, Hertz H, et al. Superior treatment
results in females with high-risk acute lymphoblastic leuke-
mia in childhood. Acta Paediatr 1992;81:66–8.

15 Lie SO, Gustafsson G. Progress in the treatment of
childhood leukemias. Ann Med 1992;24:319–23.

16 Hunger SP, Link MP, Donaldsson AA. ABVD/MOPP and
low dose involved field radiotherapy in pediatric Hodkgin’s
disease. The Stanford experience. J Clin Oncol 1994;12:
2160–6.

17 Geyer JR, Zelter PM, Boyett JM, et al. Survival of infants
with primitive neuroectodermal tumors or malignant
ependymomas of the CNS treated with eight drugs in 1
day: a report from the childrens’ cancer group. J Clin Oncol
1994;112:1607–15.

18 Reiter A, Schrappe M, Parwaresch R, et al. Non-Hodgkin’s
lymphomas of childhood and adolescence: results of a
treatment stratified for biologic subtypes and stage-a report
of the Berlin-Frankfurt-Münster Group. J Clin Oncol 1995;
13:359–72.

19 Bacci G, Picci P, Ruggieri P, et al. Primary chemotherapy
and delayed surgery (neoadjuvant chemotherapy) for
osteosarcoma of the extremities. The Instituto Rizzoli’s
experience in 127 patients treated preoperatively with
intravenous methotrexate (high versus moderate doses)
and intra arterial cisplatin. Cancer 1990;65:2539–53.

Reduced bone density after chemotherapy 147

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.80.2.143 on 1 F

ebruary 1999. D
ow

nloaded from
 

http://adc.bmj.com/


20 Meyer WH, Pratt CB, Thompson EI. Ifosfamide/etoposide
(Ifos/VP-16) in patients with previously untreated Ewing’s
sarcoma (ES) or primitive neuroectodermal tumors
(PPNET). Proceeding of the American Society of Clinical
Oncology 1991;10:307.

21 Crist W, Gehan EA, Ragab AH, et al. The third intergroup
rhabdomyosarcoma study. J Clin Oncol 1995;3:610–30.

22 Green DM, Breslow NE, Evans I, et al. EVect of dose inten-
sity of chemotherapy on the hematological toxicity of the
treatment of Wilms tumor: a report from the national
Wilms tumor study. Am J Pediatr Hematol Oncol 1994;16:
207.

23 Kröger H, Kotaniemi A, Kröger L, et al. Development of
bone mass and bone density of the spine and femoral
neck—a prospective study of 65 children and adolescents.
Bone Miner 1993;23:171–82.

24 Kröger H, Kotaniemi A, Vainio P, et al. Bone densitometry
of the spine and femur in children by dual-energy X-ray
absorptiometry. Bone Miner 1992;17:75–85.

25 Tanner JM. Growth at adolescence, 2nd ed. Oxford: Blackwell
Scientific Publications, 1962.

26 Gaynon PS, Lustig RH. The use of glucocorticoids in acute
lymphoblastic leukemia of childhood. J Pediatr Hematol
Oncol 1995;17:1–12.

27 Aaron JE, Francis RM, Peacock M, et al. Contrasting
microanatomy of idiopathic and corticosteroid-induced
osteoporosis. Clin Orthop 1989;243:294–305.

28 LoCascio V, Bonucci E, Imbimbo B, et al. Bone loss in
response to long-term glucocorticoid therapy. Bone and
Mineral 1990;8:39–51.

29 Bressot C, Meunier PJ, Chapuy MC, et al. Histomorpho-
metric profile, pathophysiology and reversibility of
corticosteroid-induced osteoporosis. Metab Bone Dis Relat
Res 1979;1:303–11.

30 Lund B, Storm TL, Melsen F, et al. Bone mineral loss, bone
histomorphometry and vitamin D metabolism in patients
with rheumatoid arthritis on long-term glucocorticoid
treatment. Clin Rheumatol 1985;4:143–9.

31 Dempster DW, Arlot MA, Meunier PJ. Mean wall thickness
and formation periods of trabecular bone packets in
corticosteroid-induced osteoporosis. Calcif Tissue Int 1983:
35:410–17.

32 Eriksen EF, Hodgson SF, Eastell R, et al. Cancellous bone
remodelling in type I (postmenopausal) osteoporosis:
quantitave assessment of rates of formation, resorption,
and bone loss at tissue and cellular levels. J Bone Res 1990;
5:311–20.

33 Need AG. Corticosteroids and osteoporosis. Aust NZ J Med
1987;17:267–72.

34 Reid IR. Steroid osteoporosis. Calcif Tissue Int 1989;45:63–
7.

35 Eastell R. Management of corticosteroid-induced osteo-
porosis. J Intern Med 1995;237:439–47.

36 Shalet SM. Endocrine consequences of treatment of malig-
nant disease. Arch Dis Child 1989;64:1635–41.

37 Gilsanz V, Roe TF, Gibbens DT, et al. EVect of sex steroid
on peak bone density of growing rabbits. Am J Physiol
1988;255:E416–21.

38 Leiper AD, Grant DB, Chessells JM. Gonadal function after
testicular radiation for acute lymphoblastic leukemia. Arch
Dis Child 1986;61:53–6.

39 Moreira-Andrés, Canizo FJ, Papapietro K, et al. Compari-
son between spinal and radial bone mineral density in chil-
dren measured by X-ray absorptiometry. J Pediatr Endocri-
nol Metab 1995;8:35–41.

40 Leiper A. Management of growth failure in the treatment of
malignant disease. Pediatr Haematol Oncol 1990;7:365–71.

41 Talvensaari K, Lanning M, Pääkkö E, et al. Pituitary size
assessed with magnetic resonance imaging as a measure of
growth hormone secretion in long-term survivors of child-
hood cancer. J Clin Endocrinol Metab 1994;79:1122–7.

42 Lawrence GR. Local and systemic factors in the pathogen-
esis of osteoporosis. N Engl J Med 1988;318:818–28.

43 Carrascosa A, Gussinyé M, Yeste D, et al. Bone mass acqui-
sition during infancy, childhood and adolescence. Acta
Paediatr Suppl 1995;411:18–23.

148 Arikoski, Komulainen, Riikonen, Jurvelin, Voutilainen, Kröger

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.80.2.143 on 1 F

ebruary 1999. D
ow

nloaded from
 

http://adc.bmj.com/

