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Early decrements in bone density after
completion of neoadjuvant chemotherapy
in pediatric bone sarcoma patients
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Abstract

Background: Bone mineral density (BMD) accrual during childhood and adolescence is important for attaining
peak bone mass. BMD decrements have been reported in survivors of childhood bone sarcomas. However, little is
known about the onset and development of bone loss during cancer treatment. The objective of this cross-
sectional study was to evaluate BMD in newly diagnosed Ewing’s and osteosarcoma patients by means of dual-
energy x-ray absorptiometry (DXA) after completion of neoadjuvant chemotherapy.

Methods: DXA measurements of the lumbar spine (L2-4), both femora and calcanei were performed
perioperatively in 46 children and adolescents (mean age: 14.3 years, range: 8.6-21.5 years). Mean Z-scores, areal
BMD (g/cm2), calculated volumetric BMD (g/cm3) and bone mineral content (BMC, g) were determined.

Results: Lumbar spine mean Z-score was -0.14 (95% CI: -0.46 to 0.18), areal BMD was 1.016 g/cm2 (95% CI: 0.950 to
1.082) and volumetric BMD was 0.330 g/cm3 (95% CI: 0.314 to 0.347) which is comparable to healthy peers. For
patients with a lower extremity tumor (n = 36), the difference between the affected and non-affected femoral neck
was 12.1% (95% CI: -16.3 to -7.9) in areal BMD. The reduction of BMD was more pronounced in the calcaneus with
a difference between the affected and contralateral side of 21.7% (95% CI: -29.3 to -14.0) for areal BMD.
Furthermore, significant correlations for femoral and calcaneal DXA measurements were found with Spearman-rho
coefficients ranging from r = 0.55 to r = 0.80.

Conclusions: The tumor disease located in the lower extremity in combination with offloading recommendations
induced diminished BMD values, indicating local osteopenia conditions. However, the results revealed no
significant decrements of lumbar spine BMD in pediatric sarcoma patients after completion of neoadjuvant
chemotherapy. Nevertheless, it has to be taken into account that bone tumor patients may experience BMD
decrements or secondary osteoporosis in later life. Furthermore, the peripheral assessment of BMD in the calcaneus
via DXA is a feasible approach to quantify bone loss in the lower extremity in bone sarcoma patients and may
serve as an alternative procedure, when the established assessment of femoral BMD is not practicable due to
endoprosthetic replacements.

Background
Survival rates in pediatric sarcoma patients have con-
tinuously improved within the last decades due to mod-
ern multi-agent chemotherapeutic protocols and
improvements in diagnostic methods [1,2]. Therefore,
the sequelae attributed to the disease or its treatment

like a diminished bone mineral density (BMD) are gain-
ing more interest [3] and have been reported previously
in pediatric sarcoma patients [4-7]. In this age group a
development towards peak bone mass should be
observed [8]. Factors negatively influencing BMD in sar-
coma patients are polychemotherapy [9], a deficient
nutritional status [10], reduced physical activity levels
[11,12], and a delayed onset of puberty [13,14] and may
correspond with an increased risk of pathologic frac-
tures [15,16]. However, there is still little evidence from
current research on the onset and development of bone
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loss during cancer treatment or on patients being at
high risk for diminished BMD during treatment and
thus pathologic fractures due to the location of bone
sarcomas.
Therefore, the first hypothesis is that children and

adolescents undergoing treatment for bone sarcomas
reveal BMD decrements already after completion of
neoadjuvant chemotherapy. This effect may be ascribed
to the disease process and polychemotherapeutic
medications.
Secondly, limited mobility for patients with a tumor

located in the vicinity of weight-bearing joints in the
lower extremity, e.g. pelvis or knee region, may induce
more pronounced BMD deficits compared with patients
affected in the upper extremity. While neoadjuvant che-
motherapy is supposed to have a systemic impact on
BMD status, the disease process as well as immobiliza-
tion in patients with a primary tumor disease in the
lower extremity may result in rarefaction and local
pathologic bone loss.
Furthermore, patients with a tumor located in the

femur or tibia are strongly advised to offload the
affected extremity after biopsy due to an increased frac-
ture risk. This is not the case in patients with sarcomas
located in the pelvis or the fibula. Hence, we expected
significant differences in BMD between the affected and
non-affected, contralateral femoral neck and calcaneus
with pronounced bone loss in patients with femoral or
tibial sarcomas, although the extent of BMD loss in the
affected extremity is unknown.
Lastly, the feasibility of peripheral calcaneal BMD

assessment via DXA will be evaluated, since the assess-
ment of femoral BMD is often impossible due to endo-
prosthetic replacements of the proximal femur.
Therefore, the objectives of the present study are to
evaluate the BMD status in pediatric bone sarcoma
patients on completion of neoadjuvant chemotherapy to
extract patients being at high risk for low bone density
at this early stage of treatment and to evaluate the feasi-
bility of calcaneal DXA measurements.

Methods
Patients
Pediatric Ewing’s and osteosarcoma patients who met
the following criteria were eligible for this cross-
sectional study (Table 1): 8-21 years of age, Caucasian
origin, and completion of neoadjuvant chemotherapy.
Exclusion criteria were: start of adjuvant chemothera-
peutic treatment, previous irradiation, and chronic dis-
eases. The study protocol was approved by the local
Ethics Committee (2006-216-f-s) and the Federal Office
for Radiation Protection (Z5-22462/2-2006-081). All
parents and patients, if they attained full age, gave writ-
ten informed consent.

A reference database [17] was used for the determina-
tion of Z-scores for height and weight in patients below
the age of 18 years. Z-scores for patients above 18 years
of age were calculated by means of an internet database,
published by the German Federal Statistical Office [18].
Patients’ anthropometrics were comparable to healthy
controls with respect to body height that did not differ
significantly. The weight of the patient group was
slightly lower (not significant), and the body mass index
(BMI) was significantly decreased (p = 0.001, Table 1).

Assessment of Bone Mineral Density (BMD)
Dual-energy X-ray absorptiometry (DXA) scans were
performed with a Lunar Prodigy system (enCORE 2006,
Software Version 10.51.006, GE Healthcare, UK). Data
were automatically compared with the integrated
NHANES III Reference Database for the lumbar spine
to obtain Z-scores, used in the pediatric population.
Z-scores below -2 SD indicate low BMD for a compar-
able chronologic age [19]. DXA derived BMD values are
expressed as areal density (areal BMD in g/cm2). These
values are dependent on bone size thus introducing
potential errors when determining the BMD status of

Table 1 Anthropometric and demographic data of the
patient group

Participants Mean (95% CI)

Female/Male 19 (41.3%)/27 (58.7%)

Age (years) at diagnosis 13.9 (13.0 to 14.9)

Age (years) at measurement 14.3 (13.3 to 15.2)

Caucasian 46 (100%)

Height (m)/Z-score 1.64 (1.59 to 1.69)/0.07 (-0.04 to 0.19)

Weight (kg)/Z-score 52.2 (47.5 to 56.9)/-0.31 (-0.51 to -0.10)

BMI (kg/m2)/Z-score 18.9 (17.9 to 20.0)/-1.03 (-1.55 to -0.51) *

Low BMD (Z-score ≤ -1SD) (2 females, 11 males)

Age (years) at measurement 14.8 (13.1 to 16.4)

BMI (kg/m2)/Z-score 18.7 (16.5 to 20.9)/-1.67 (-3.04 to -0.30)†

Weight (kg)/Z-score 52.2 (43.7 to 60.7)/-0.68 (-1.24 to -0.12)†

Normal BMD (Z-score >
-1SD)

(17 females, 16 males)

Age (years) at measurement 14.1 (12.9 to 15.3)

BMI (kg/m2)/Z-score 19.0 (17.7 to 20.4)/-0.44 (-0.89 to 0.0)†

Weight (kg)/Z-score 52.2 (46.2 to 58.1)/-0.20 (-0.43 to 0.02)†

Localisation (Female/Male)

Upper extremity 4 (8.7%)/6 (13.0%) ∑ 10 (21.7%)

Lower extremity 15 (32.6%)/21 (45.7%) ∑ 36 (78.3%)

Femur/Tibia 12 (26.1%)/17 (37.0) ∑ 29 (63.0%)

Pelvis/Fibula 3 (6.5%)/4 (8.7%) ∑ 7 (15.2%)

Total 46 (100%)

CI = confidence interval, BMI = body mass index, ∑ = sum, * significant
difference between patient group and healthy control group, † significant
difference between patients with low BMD (Z-score lumbar spine ≤ -1) and
patients with normal BMD status (Z-score lumbar spine > -1)
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growing children. Therefore, the mathematical model of
Kroger et al. [20] was used to calculate volumetric den-
sity (volumetric BMD in g/cm3). In this model, the ver-
tebral body is considered as a cylindrical shape so that
the volume of the cylinder can be calculated using the
following formula:

Volumetric BMD Areal BMD 4  x width= × ( )[ / ]

The same applies to the volumetric BMD of the
femoral neck by means of the calculation:

Volumetric BMD Areal BMD 4 height width= × ( ) ( )/ * /

Since Z-scores were only available for the lumbar
spine in pediatric patients, reference data published by
van der Sluis et al. [21], including areal and volumetric
BMD values, were additionally used to evaluate possible
decrements in bone density in the patient group.
Calcaneal DXA measurements were facilitated by a

modification of the distal radius analysis with reposition-
ing the range of interest (ROI) within the medial calca-
neus (Figure 1).
BMD measurements were performed perioperatively

on completion of neoadjuvant chemotherapy and before
continuing adjuvant chemotherapy in the lumbar spine
(L2-4), both femoral necks and both calcanei if feasible.
Quality assurance was performed by calibrating the
DXA system with a spine phantom supplied by the
manufacturer. Coefficients of variation (CV) for repeated
measurements were between 0.6% and 0.25%.

Statistical Analyses
The Mann-Whitney U-test was used for the comparison of
BMD of the patient group and reference data from a
healthy control group [21]. Mann-Whitney U-test was
applied for the comparison of BMD in Ewing’s and osteo-
sarcoma patients as well as in male and female patients.
Furthermore, the Kruskal-Wallis H-test was applied for the
comparison of different primary tumor locations (upper
extremity, femur/tibia, pelvis/fibula) and the Mann-
Whitney U-Test and Bonferroni correction for pairwise
comparisons of the three locations (p value = 0.0167).
Wilcoxon signed rank tests were used for the comparison
of areal BMD, volumetric BMD and BMC of the affected
and non-affected femoral neck and areal BMD and BMC of
the affected and contralateral calcaneus for those patients
undergoing treatment for a lower extremity sarcoma. Only
complete data sets (available for left and right sides) were
used for statistical analyses. Furthermore, Spearman corre-
lation coefficients were calculated for the relationship
between calcaneal and femoral neck BMD and BMC.

Results
DXA measurements of the lumbar spine revealed
slightly diminished BMD values for the patient group
after completion of neoadjuvant chemotherapy with a
mean Z-Score of -0.14 (95% CI: -0.46 to 0.18). Z-scores
ranged from -2.1 to 2.2. Thirteen patients (28.3%) pre-
sented lumbar spine Z-scores below -1 and one patient
(2.2%) had low BMD for a comparable chronologic age
with a Z-score below -2 (Table 1). Patients with lumbar
spine Z-scores below -1 had equal BMI values compared
to patients with BMD values greater than -1, but
Z-scores for weight and BMI were significantly lower.
Mean values for areal BMD were 1.016 g/cm2 (95%

CI: 0.950 to 1.082) and 1.013 g/cm2 (95% CI: 0.960 to
1.066) for the patient group and the reference data
group [21], respectively. Differences between both
groups were not statistically significant. Calculated volu-
metric BMD values again revealed no significant differ-
ences in the lumbar spine BMD for the comparison of
the patient group (vBMD = 0.330 g/cm3, 95% CI: 0.314
to 0.347) with reference data (vBMD = 0.328 g/cm3,
95% CI: 0.318 to 0.339) [21].
The comparison of lumbar spine BMD in upper extre-

mity (mean Z-score -0.44, 95% CI: -0.94 to 0.06) and
lower extremity sarcoma patients (mean Z-score -0.06,
95% CI: -0.45 to 0.34) revealed no significant difference.
However, Ewing’s sarcoma patients, whose neoadjuvant
treatment lasts 18 weeks and includes six cycles of
chemotherapy, revealed a significant lower lumbar spine
Z-score (-0.61, 95% CI: -1.15 to -0.07) compared with
osteosarcoma patients (0.14, 95% CI: -0.25 to 0.52, p =
0.016), whose neoadjuvant treatment lasts ten weeks
with two cycles of chemotherapy.

Figure 1 Implementation of peripheral calcaneal BMD
assessment via DXA.
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Mean lumbar spine Z-scores were lower in males with
-0.37 (95% CI: -0.78 to 0.03) than in female patients with
0.19 (95% CI: -0.34 to 0.72) but did not differ signifi-
cantly. Only one female patient, undergoing treatment
for a Ewing’s sarcoma located in the acetabulum, had a
Z-score lower than -2 and hence low bone density
already after completion of neoadjuvant chemotherapy.
In addition, we found the lowest lumbar spine BMD
values in patients undergoing treatment for pelvic
(Z-score -1.08, 95% CI: -1.98 to -0.17) or upper extremity
sarcomas (Z-score -0.44, 95% CI: -0.94 to 0.06, Table 2).
The third hypothesis was that BMD decrements may

occur locally as a consequence of offloading recommen-
dations in patients with primary tumor locations in the
lower extremity. Therefore, the BMD status in
the affected and non-affected, contralateral sides of the
femoral neck and calcaneus were evaluated. Wilcoxon
signed-rank tests revealed significant decrements (p <
0.001) in the affected compared with the non-affected,
contralateral side of the femoral neck and the calcaneus
(Table 3). Decreased BMD values were more pro-
nounced in the calcaneus (p = 0.014) with -21.7% (95%
CI: -29.3 to -14.0) for areal BMD and -21.7% (95%
CI: -29.4 to -14.1) for BMC than in the femoral neck with
-12.1 (95% CI: -16.3 to -7.9) for areal BMD and -11.1
(95% CI: -16.9 to -5.3) for volumetric BMD (Figure 2).
Furthermore, mean percent changes in BMD between
affected and contralateral femoral neck and calcaneus
were greatest for patients with sarcomas located in the
weight-bearing bones, i.e. femur and tibia (Table 4). They
accounted for 13% between both femoral necks and 23%
between both calcanei. Femoral and calcaneal BMD in the
affected extremity declined to a lesser extent in patients
with primary tumor locations in the pelvis or the fibula
(not significant).

Post-surgery tumor-endoprosthetic replacements or
difficulties in patient positioning for bone density analy-
sis via DXA may complicate the assessment of femoral
BMD or even prevent DXA application. Therefore, the
feasibility of peripheral BMD assessment of the calca-
neus was assessed. Data obtained from femoral and cal-
caneal sites were correlated to evaluate whether this
approach may serve as an alternative BMD assessment
with peripheral DXA in a population of pediatric sar-
coma patients. Both, the affected and contralateral sides
of the femoral neck and calcaneus were significantly
correlated with Spearman-rho correlation coefficients
ranging from r = 0.55 and r = 0.80 (Table 5).

Discussion
To our knowledge this is the first study determining the
BMD status of children and adolescents undergoing

Table 2 Effect of tumor location on BMD expressed as Z-
scores and percent compared to healthy age and gender
matched controls

Mean (95% CI) Mean (95% CI) p-value

Lumbar spine
Z-score

Age comparison
[%]

Upper Extremity
(n = 10)

-0.44 (-0.94 to 0.06) 94.5 (88.4 to
100.6)

0.393*

Lower Extremity
(n = 36)

-0.06 (-0.45 to 0.34) 99.2 (94.4 to
103.9)

Upper Extremity
(n = 10)

-0.44 (-0.94 to 0.06) 94.5 (88.4 to
100.6)

0.284†

Femur/Tibia
(n = 29)

0.03 (-0.39 to 0.45) 100.2 (95.3 to
105.2)

Pelvis/Fibula
(n = 7)

-0.40 (-1.72 to 0.92) 94.7 (78.2 to
111.2)

CI = confidence interval

* Mann-Whitney U-test, † Kruskal Wallis H-test

Table 3 Mean BMD and BMC values of the affected and
contralateral femoral neck and calcaneus for lower
extremity sarcoma patients

Scan region Affected
Mean (95% CI)

Contralateral
Mean (95% CI)

p-value*

FN (n = 29)

aBMD (g/cm2) 0.877 (0.794 to 0.959) 0.993 (0.922 to 1.064) p < 0.001

vBMD (g/cm3) 0.358 (0.328 to 0.388) 0.402 (0.384 to 0.420) p < 0.001

BMC (g) 4.18 (3.66 to 4.69) 4.75 (4.22 to 5.28) p < 0.001

Calc (n = 25)

aBMD (g/cm2) 0.457 (0.391 to 0.523) 0.583 (0.524 to 0.641) p < 0.001

BMC (g) 1.47 (1.26 to 1.68) 1.87 (1.69 to 2.06) p < 0.001

BMD = bone mineral density, aBMD = areal bone mineral density (g/cm2),
vBMD = volumetric bone mineral density (g/cm3), BMC = bone mineral content,
CI = confidence interval, FN =femoral neck, Calc = calcaneus

* Mann-Whitney U-test

Figure 2 aBMD differences between affected and contralateral
sides of the femoral neck and calcaneus. Boxplots represent
median, 25th and 75th percentile, 1.5 interquartile range (IQR) and
outliers.
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treatment for bone sarcomas with respect to local osteo-
penia conditions. All enrolled patients received neoadju-
vant chemotherapy according to the protocols of
Euramos-1 (osteosarcoma) and Euro-E.W.I.N.G.99
(Ewing’s sarcoma) thus representing a comparatively
homogenous patient group within each protocol. After
completion of neoadjuvant chemotherapy no significant
decrease in lumbar spine BMD was observed. Obtained
data rather indicate that bone loss occurs primarily in
terms of focal osteopenia within the affected extremity.
This is confirmed by the significantly decreased BMD of
-12.1% of the femoral neck when comparing the affected
and contralateral side. On the other hand, differences in
BMD of the calcaneus between affected and contralateral
sides were significantly higher and accounted for -21.7%.
Unexpected, only one female patient with a low lumbar

spine BMD status after completion of neoadjuvant che-
motherapy for a bone sarcoma located in the acetabulum
was found. However, patients with a tumor located in the
pelvis revealed the lowest lumbar spine BMD with an aver-
age Z-score of -1.08. Z-scores for the whole patient group
indicate that there is only a slight, but non-significant
reduction in lumbar spine BMD in this early stage of treat-
ment. Most probable, bone formation is already decreased
after completion of neoadjuvant chemotherapy, but BMD
decrements using DXA may not yet be detectable.
Patients with primary tumor locations in the lower

extremity were expected to present lower lumbar spine

Z-scores due to adhering to offloading recommenda-
tions or impaired gait as a consequence to tumor related
pain and subsequently reduced physical activity levels. In
fact, patients with upper extremity tumors revealed
lower lumbar spine Z-scores of -0.44 compared to Z-
scores of patients treated for lower extremity sarcomas
with -0.06, even though the difference between both
groups was not significant.
Previous studies on BMD in sarcoma patients focused

on survivors and found reduced BMD values [4,5,7,22].
Kaste et al. [7] examined 99 survivors of rhabdomyosar-
coma, osteosarcoma and Ewing’s sarcoma at least one
year after completion of polychemotherapy and found a
decreased BMD status with a median Z-score of -0.75.
Low BMD was correlated with younger age at diagnosis
and treatment with cyclophosphamide in rhabdomyosar-
coma patients. Neither medications with methotrexate
(MTX), ifosfamide nor endocrinopathies were correlated
with diminished BMD values. Findings of a higher risk
for low bone density in patients with primary upper
extremity sarcomas compared with lower extremity
tumor patients were confirmed in the present study.
Holzer et al. [4] found reduced BMD values in two

thirds of 48 adult survivors of osteosarcoma: 44%
revealed osteopenic and 21% osteoporotic values. Ruza
et al. [5] reported an even higher incidence of osteope-
nia in 60% and osteoporosis in 27% of 63 osteosarcoma
and Ewing’s sarcoma patients six years after diagnosis.
This indicates that BMD loss is likely to occur in pedia-
tric bone sarcoma survivors; it may develop in the long
run and persist for several years. Longitudinal studies
are necessary to define the occurrence of diminishing
bone density. Therefore, the assessment of BMD should
already be incorporated during the acute treatment
phase and should be repeated every six months, since
sarcoma patients are at increased risk for developing
low BMD during and after treatment. The reasons are
likely to be multifactorial and include extensive adjuvant
chemotherapy, radiation, premature gonadal hormone
failure, and reduced physical activity levels. However,
serial densitometry screens by means of DXA in

Table 4 Mean percent difference in BMD between affected and contralateral side in sarcoma patients

Mean (95% CI) Mean (95% CI) Mean (95% CI)

Location n= aBMD (g/cm2) vBMD (g/cm3) BMC (g)

FN UpEx 10 -1.3 (-5.8 to 3.3) -3.2 (-10.2 to 3.9) 3.3 (-5.6 to 12.1)

Femur/Tibia 22 -13.7 (-18.8 to -8.5) -12.7 (-20.1 to -5.3) -13.6 (-18.1 to -9.1)

Pelvis/Fibula 7 -7.1 (-14.6 to 0.4) -6.2 (-13.8 to 1.5) -7.8 (-15.5 to 0.0)

Calc UpEx 8 -4.4 (-9.3 to 0.4) -4.3 (-9.0 to 0.5)

Femur/Tibia 19 -22.5 (-30.1 to -15.0) -22.6 (-30.1 to -15.1)

Pelvis/Fibula 6 -18.8 (-47.9 to 10.3) -18.9 (-47.8 to 10.0)

* Lower extremity sarcoma patients subgrouped into sarcomas within the vicinity of primary weight-bearing joints (femur/tibia) and pelvis/fibula.

CI = confidence interval, aBMD = areal bone mineral density (g/cm2), vBMD = volumetric bone mineral density (g/cm3), BMC = bone mineral content (g), UpEx =
Upper Extremity, FN =femoral neck, Calc = calcaneus

Table 5 Spearman correlation coefficients for BMD of the
femoral neck and calcaneus in patients with a primary
tumor located in the lower extremity (n = 24)

Bone Density r = p-value

aBMD affected 0.654 0.001

aBMD contralateral 0.798 <0.001

BMC affected 0.549 0.005

BMC contralateral 0.741 <0.001

vBMDfemur - aBMDcalcaneus affected 0.649 0.001

vBMDfemur - aBMDcalcaneus contralateral 0.694 <0.001

BMC = bone mineral content, aBMD = areal bone mineral density, vBMD =
volumetric bone mineral density
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pediatric patients being at risk for low BMD are difficult
to interpret, since they depend on gender, body size,
and pubertal stage [13,23,24].
High doses of methotrexate are part of neoadju-

vant chemotherapy in osteosarcomas. This agent is
known to negatively affect bone metabolism by
means of increasing bone resorption and to inhibit
bone formation by affecting the differentiation of
early osteoblastic cells [25]. Therefore, osteosarcoma
patients were assumed to reveal lower BMD values than
patients undergoing treatment for Ewing’s sarcoma. This
could not be confirmed in the present cross-sectional
study. Ewing’s sarcoma patients had significantly lower
lumbar spine Z-scores. Most likely the difference between
both diagnosis groups is due to a significantly shorter
duration of neoadjuvant treatment in osteosarcoma
patients with two cycles of chemotherapeutic agents
(methotrexate, adriamycin and cisplatin) in ten weeks in
comparison to 18 weeks of neoadjuvant treatment and six
cycles VIDE (vincristine, ifosfamide, doxorubicin and eto-
posid/cisplatin) in Ewing’s sarcoma patients. While ten
weeks of treatment do not seem to be linked with a signifi-
cant loss of lumbar spine BMD in osteosarcoma patients,
neoadjuvant treatment with nearly twice the time and
more than twice the dose intensity in Ewing’s sarcoma
patients induced significant lumbar spine BMD. Longitu-
dinal studies with particular focus on osteosarcoma
patients would help to clarify this hypothesis. However,
our findings are in accordance with previous studies by
Arikoski et al. [26,27] who demonstrated normal BMD
values for the lumbar spine and femoral neck at diagnosis
in a heterogeneous group of pediatric patients with differ-
ent cancer entities, even though bone formation was
already decreased. The diminishing effect on BMD due to
impaired bone turnover was not shown until six months
of polychemotherapy [28].
The results of the present study demonstrate that

bone loss exists in pediatric sarcoma patients after
neoadjuvant chemotherapy in terms of focal osteopenia.
Regional low BMD status can be explained as an effect
of offloading recommendations for patients with a lower
extremity sarcoma. Since the calcaneus is mainly com-
posed of trabecular bone that is known to react faster to
metabolic changes than cortical bone, the reduced load
on the affected leg and in particular on the calcaneus is
supposed to result in a rapid reduction of BMD [29].
Thus, the present results confirm a recent study quanti-
fying postoperative bone loss in children [30]. Regional
lower BMD is attributable to prolonged immobilization
and limited weight-bearing. The awareness of a tumor
in the lower extremity leads to a cautious movement
behaviour with a further load reduction. This finding of
local BMD loss in pediatric patients with solid cancer is
in accordance with previous findings [6].

This study extends available information on BMD
decrements in pediatric sarcoma patients by determining
the differences between affected and non-affected lower
extremity bone density. Sarcoma patients experience a
mean regional bone loss of up to 13% in the femoral
neck and 23% in the calcaneus already after preoperative
chemotherapy. The highest difference for femoral areal
BMD of 45% was found in a male patient treated for
Ewing’s sarcoma located in the distal femur. After local
therapy, usually consisting of tumor surgery, lower
extremity sarcoma patients have to continue offloading
the affected extremity. Patients undergoing tumor sur-
gery for a pelvic sarcoma are confined to bed for at
least six weeks. Cementless reconstructions of the femur
afford offloading of the affected leg with a subsequent
gradually increase of the load of ten kg per week. After
recovery from surgery, sarcoma patients show reduced
activity levels due to restrictions to the ward and gait
impairments [31]. This implies that bone strength is lost
as a consequence of immobilization [32]. Therefore, the
extent of BMD loss in the affected leg has to be deter-
mined in future longitudinal studies. New strategies like
promotion of physical activity while undergoing cancer
treatment as well as an immediate reintegration after
cessation of tumor therapy will have to be established to
prevent significant bone loss due to cancer treatment. It
should be evaluated whether exercise interventions are
feasible in sarcoma patients and which loads are essen-
tial for the affected extremity.
Furthermore, the present results reveal that peripheral

DXA measurements performed at the calcaneus can
serve as an alternative for the generally established
assessment of BMD in the femoral neck region, espe-
cially in cases where femoral DXA measurements are
not feasible due to common problems in pediatric bone
sarcoma patients like positioning difficulties or endo-
prosthetic replacements.
Finally, several limitations of this study have to be

acknowledged. The first refers primarily to the patient
group. Although only bone sarcoma patients were enrolled
in this study, they represent a fairly heterogeneous sample
due to different age groups (8-21 years) and treatment
protocols (Euramos-1 and Euro-E.W.I.N.G.99). While the
Euramos-1 protocol for osteosarcoma patients consists of
ten weeks of neoadjuvant treatment in which methotrex-
ate, adriamycin and cisplatin are administered, patients
within the Euro-E.W.I.N.G. 99 protocol receive six cycles
VIDE (vincristine, ifosfamide, doxorubicin and etoposid/
cisplatin) of neoadjuvant chemotherapy prior to local ther-
apy within 18 weeks on average.
Furthermore, treatment-related delay of pubertal

maturation may have a substantial impact on BMD in
bone sarcoma patients [14]. Therefore, the lack of a
Tanner stage assessment allows no unequivocal
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statement about whether a delayed maturation leads to
BMD decrements in bone sarcoma patients.
The implementation of peripheral DXA assessment of

calcaneal BMD was not performed with a pDXA instru-
ment as described in literature [33], but a whole body
axial scanner. Since our intention was not the develop-
ment of reference values but the determination of
changes in BMD between the affected and contralateral
extremity, using an axial DXA scanner was appropriate.
Finally, due to a lack of pediatric anthropometric data
from the German Federal Statistical Office we had to
refer to a second database for patients below the age of
18 years [17].

Conclusions
In summary, childhood and adolescence represent a cri-
tical time with respect to attaining peak bone mass.
Treatment for bone sarcomas may interfere with the
accumulation of an appropriate peak bone mass and
hence may lead to an increased fracture risk in adult-
hood, constituting a significant reduction in quality of
life. Exercise intervention programs are essential and
should begin immediately after diagnosis. Screening
patients at risk for low BMD should already start at the
beginning of cancer treatment and be repeated in regu-
lar intervals of six to twelve months. Peripheral BMD
evaluation of the calcaneus is a relevant and appropriate
procedure, in particular when established femoral neck
DXA measurements are not feasible due to common
endoprosthetic replacements in sarcoma patients.

Abbreviations
aBMD: areal bone mineral density (g/cm2); BMC: bone mineral content; BMD:
bone mineral density; BMI: body mass index; Calc: calcaneus; CI: confidence
interval; CV: coefficient of variation; DXA: dual-energy x-ray absorptiometry;
FN: femoral neck; IQR: interquartile range; L2-4: lumbar vertebrae 2-4; ROI:
range of interest; UpEx: upper extremity; vBMD: volumetric bone mineral
density (g/cm3)

Acknowledgements
This study was financially supported by the Else Kröner-Fresenius-Stiftung,
Grant Number P46/05//A68/04//F0. Thanks are also due to the patients for
volunteering to participate in the project.

Author details
1Motion Analysis Lab, Department of General Orthopedics and
Tumororthopedics, University Hospital Münster, Domagkstr. 3, 48149
Münster, Germany. 2Department of Pediatric Oncology and Hematology,
University Hospital Münster Albert-Schweitzer.Str. 33, 48149 Münster,
Germany. 3Department of General Orthopedics and Tumororthopedics,
University Hospital Münster, Albert-Schweitzer.Str. 33, 48149 Münster,
Germany. 4Department of Clinical Radiology, University Hospital Münster
Albert-Schweitzer.Str. 33, 48149 Münster, Germany.

Authors’ contributions
CM was involved in data collection, analyses and manuscript preparation;
CCW was involved in data collection and analyses; JH was involved in
manuscript revision; DR, JB, GG and VV initiated the study and were involved
in manuscript revision. All authors read and approved the final manuscript.

Competing interests
The authors declare that there are no competing interests.

Received: 21 May 2010 Accepted: 29 December 2010
Published: 29 December 2010

References
1. Gatta G, Zigon G, Capocaccia R, Coebergh JW, Desandes E, Kaatsch P,

Pastore G, Peris-Bonet R, Stiller CA, EUROCARE Working Group: Survival of
European children and young adults with cancer diagnosed 1995-2002.
Eur J Cancer 2009, 45(6):992-1005.

2. Wilkins RM, Cullen JW, Camozzi AB, Jamroz BA, Odom L: Improved survival
in primary nonmetastatic pediatric osteosarcoma of the extremity. Clin
Orthop Relat Res 2005, 438:128-136.

3. Wasilewski-Masker K, Kaste SC, Hudson MM, Esiashvili N, Mattano LA,
Meacham LR: Bone mineral density deficits in survivors of childhood
cancer: long-term follow-up guidelines and review of the literature.
Pediatrics 2008, 121(3):e705-13.

4. Holzer G, Krepler P, Koschat MA, Grampp S, Dominkus M, Kotz R: Bone
mineral density in long-term survivors of highly malignant
osteosarcoma. J Bone Joint Surg Br 2003, 85(2):231-237.

5. Ruza E, Sierrasesumaga L, Azcona C, Patino-Garcia A: Bone mineral density
and bone metabolism in children treated for bone sarcomas. Pediatr Res
2006, 59(6):866-871.

6. Kelly J, Damron T, Grant W, Anker C, Holdridge S, Shaw S, Horton J, Cherrick I,
Spadaro J: Cross-sectional study of bone mineral density in adult survivors
of solid pediatric cancers. J Pediatr Hematol Oncol 2005, 27(5):248-253.

7. Kaste SC, Ahn H, Liu T, Liu W, Krasin MJ, Hudson MM, Spunt SL: Bone
mineral density deficits in pediatric patients treated for sarcoma. Pediatr
Blood Cancer 2008, 50(5):1032-1038.

8. Henry YM, Fatayerji D, Eastell R: Attainment of peak bone mass at the
lumbar spine, femoral neck and radius in men and women: relative
contributions of bone size and volumetric bone mineral density.
Osteoporos Int 2004, 15(4):263-273.

9. van Leeuwen BL, Kamps WA, Jansen HW, Hoekstra HJ: The effect of
chemotherapy on the growing skeleton. Cancer Treat Rev 2000,
26(5):363-376.

10. Sala A, Pencharz P, Barr RD: Children, cancer, and nutrition–A dynamic
triangle in review. Cancer 2004, 100(4):677-687.

11. Janz KF, Gilmore JM, Burns TL, Levy SM, Torner JC, Willing MC, Marshall TA:
Physical activity augments bone mineral accrual in young children: The
Iowa Bone Development study. J Pediatr 2006, 148(6):793-799.

12. Janz KF, Medema-Johnson HC, Letuchy EM, Burns TL, Gilmore JM, Torner JC,
Willing M, Levy SM: Subjective and objective measures of physical
activity in relationship to bone mineral content during late childhood:
the Iowa Bone Development Study. Br J Sports Med 2008, 42(8):658-663.

13. Bianchi ML: Osteoporosis in children and adolescents. Bone 2007,
41(4):486-495.

14. Armstrong GT, Chow EJ, Sklar CA: Alterations in Pubertal Timing following
Therapy for Childhood Malignancies. Endocr Dev 2009, 15:25-39.

15. Wagner LM, Neel MD, Pappo AS, Merchant TE, Poquette CA, Rao BN,
Rodriguez-Galindo C: Fractures in pediatric Ewing sarcoma. J Pediatr
Hematol Oncol 2001, 23(9):568-571.

16. Jaffe N, Spears R, Eftekhari F, Robertson R, Cangir A, Takaue Y, Carrasco H,
Wallace S, Ayala A, Raymond K: Pathologic fracture in osteosarcoma.
Impact of chemotherapy on primary tumor and survival. Cancer 1987,
59(4):701-709.

17. Stolzenberg H, Kahl H, Bergmann KE: Body measurements of children and
adolescents in Germany. Results of the German Health Interview and
Examination Survey for Children and Adolescents (KiGGS). Bundesgesundheits-
blatt Gesundheitsforschung Gesundheitsschutz 2007, 50(5-6):659-669.

18. German Federal Statistical Office Internet Database. 2010 [http://www.
destatis.de/jetspeed/portal/cms/Sites/destatis/Internet/DE/Content/
Statistiken/Gesundheit/Gesundheitszustand/Tabellen/Content50/
Koerpermasse,templateId=renderPrint.psml], assessed 14. Oct.

19. Gordon CM, Bachrach LK, Carpenter TO, Crabtree N, El-Hajj Fuleihan G,
Kutilek S, Lorenc RS, Tosi LL, Ward KA, Ward LM, Kalkwarf HJ: Dual energy
X-ray absorptiometry interpretation and reporting in children and
adolescents: the 2007 ISCD Pediatric Official Positions. J Clin Densitom
2008, 11(1):43-58.

Müller et al. BMC Musculoskeletal Disorders 2010, 11:287
http://www.biomedcentral.com/1471-2474/11/287

Page 7 of 8

http://www.ncbi.nlm.nih.gov/pubmed/19231160?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19231160?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16131881?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16131881?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18310191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18310191?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12678358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12678358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12678358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16641212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16641212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15891558?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15891558?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17570705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17570705?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14985946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14985946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14985946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11006137?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11006137?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14770421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14770421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16769389?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16769389?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18603581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18603581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18603581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17706477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19293602?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19293602?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11902298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3492261?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3492261?dopt=Abstract
http://www.destatis.de/jetspeed/portal/cms/Sites/destatis/Internet/DE/Content/Statistiken/Gesundheit/Gesundheitszustand/Tabellen/Content50/Koerpermasse,templateId=renderPrint.psml
http://www.destatis.de/jetspeed/portal/cms/Sites/destatis/Internet/DE/Content/Statistiken/Gesundheit/Gesundheitszustand/Tabellen/Content50/Koerpermasse,templateId=renderPrint.psml
http://www.destatis.de/jetspeed/portal/cms/Sites/destatis/Internet/DE/Content/Statistiken/Gesundheit/Gesundheitszustand/Tabellen/Content50/Koerpermasse,templateId=renderPrint.psml
http://www.destatis.de/jetspeed/portal/cms/Sites/destatis/Internet/DE/Content/Statistiken/Gesundheit/Gesundheitszustand/Tabellen/Content50/Koerpermasse,templateId=renderPrint.psml
http://www.ncbi.nlm.nih.gov/pubmed/18442752?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18442752?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18442752?dopt=Abstract


20. Kroger H, Kotaniemi A, Vainio P, Alhava E: Bone densitometry of the spine
and femur in children by dual-energy x-ray absorptiometry. Bone Miner
1992, 17(1):75-85.

21. van der Sluis IM, de Ridder MA, Boot AM, Krenning EP, de Muinck Keizer-
Schrama SM: Reference data for bone density and body composition
measured with dual energy × ray absorptiometry in white children and
young adults. Arch Dis Child 2002, 87(4):341-7, discussion 341-7.

22. Azcona C, Burghard E, Ruza E, Gimeno J, Sierrasesumaga L: Reduced bone
mineralization in adolescent survivors of malignant bone tumors:
comparison of quantitative ultrasound and dual-energy x-ray
absorptiometry. J Pediatr Hematol Oncol 2003, 25(4):297-302.

23. Yilmaz D, Ersoy B, Bilgin E, Gumuser G, Onur E, Pinar ED: Bone mineral
density in girls and boys at different pubertal stages: relation with
gonadal steroids, bone formation markers, and growth parameters.
J Bone Miner Metab 2005, 23(6):476-482.

24. Bianchi ML, Baim S, Bishop NJ, Gordon CM, Hans DB, Langman CB,
Leonard MB, Kalkwarf HJ: Official positions of the International Society for
Clinical Densitometry (ISCD) on DXA evaluation in children and
adolescents. Pediatr Nephrol 2010, 25(1):37-47.

25. Pfeilschifter J, Diel IJ: Osteoporosis due to cancer treatment: pathogenesis
and management. J Clin Oncol 2000, 18(7):1570-1593.

26. Arikoski P, Komulainen J, Riikonen P, Voutilainen R, Knip M, Kroger H:
Alterations in bone turnover and impaired development of bone
mineral density in newly diagnosed children with cancer: a 1-year
prospective study. J Clin Endocrinol Metab 1999, 84(9):3174-3181.

27. Arikoski P, Komulainen J, Riikonen P, Parviainen M, Jurvelin JS, Voutilainen R,
Kroger H: Impaired development of bone mineral density during
chemotherapy: a prospective analysis of 46 children newly diagnosed
with cancer. J Bone Miner Res 1999, 14(12):2002-2009.

28. Arikoski P, Komulainen J, Riikonen P, Jurvelin JS, Voutilainen R, Kroger H:
Reduced bone density at completion of chemotherapy for a
malignancy. Arch Dis Child 1999, 80(2):143-148.

29. Warden SJ, Bennell KL, Matthews B, Brown DJ, McMeeken JM, Wark JD:
Quantitative ultrasound assessment of acute bone loss following spinal
cord injury: a longitudinal pilot study. Osteoporos Int 2002, 13(7):586-592.

30. Szalay EA, Harriman D, Eastlund B, Mercer D: Quantifying Postoperative
Bone Loss in Children. J Pediatr Orthop 2008, 28(3):320-323.

31. Winter C, Muller C, Brandes M, Brinkmann A, Hoffmann C, Hardes J,
Gosheger G, Boos J, Rosenbaum D: Level of activity in children
undergoing cancer treatment. Pediatr Blood Cancer 2009, 53(3):438-443.

32. Rittweger J: Ten years muscle-bone hypothesis: what have we learned so
far?–almost a festschrift–. J Musculoskelet Neuronal Interact 2008,
8(2):174-178.

33. Chinn DJ, Fordham JN, Kibirige MS, Crabtree NJ, Venables J, Bates J,
Pitcher O: Bone density at the os calcis: reference values, reproducibility,
and effects of fracture history and physical activity. Arch Dis Child 2005,
90(1):30-35.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2474/11/287/prepub

doi:10.1186/1471-2474-11-287
Cite this article as: Müller et al.: Early decrements in bone density after
completion of neoadjuvant chemotherapy in pediatric bone sarcoma
patients. BMC Musculoskeletal Disorders 2010 11:287.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Müller et al. BMC Musculoskeletal Disorders 2010, 11:287
http://www.biomedcentral.com/1471-2474/11/287

Page 8 of 8

http://www.ncbi.nlm.nih.gov/pubmed/1581707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1581707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12244017?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12244017?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12244017?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12679643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12679643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12679643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12679643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16261455?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16261455?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16261455?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19603190?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19603190?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19603190?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10735906?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10735906?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10487683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10487683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10487683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10620058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10620058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10620058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10325729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10325729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12111020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12111020?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18362797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18362797?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19415742?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19415742?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18622086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18622086?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15613507?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15613507?dopt=Abstract
http://www.biomedcentral.com/1471-2474/11/287/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Assessment of Bone Mineral Density (BMD)
	Statistical Analyses

	Results
	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

