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Abstract 

Osteonecrosis is a significant adverse effect of treatment
administered to children suffering from acute lymphoblastic
leukemia (ALL) that may have a negative effect on the quality
of life. The purpose of this study is to evaluate the rate of sec-
ondary vascular osteonecrosis (ON) in a population of pediatric
patients with ALL treated with corticosteroids and cytostatic
agents. A retrospective analysis of prospectively collected data
of the medical records of 328 patients with ALL identified 4
cases with ON, corresponding to 1.2% of all cases observed. Of
the 4 patients identified in our study 3 were girls and 1 was a
boy, aged from 10 to 16 years old (average age at diagnosis, 12
years). Median time between the diagnosis of ALL and ON was
12.5 months (range, 12 to 36 months). Regarding the lesion
size of ON, in all cases the femoral head (monolateral in 1 case
and bilateral in 3 cases) was involved and was associated with
the scapula-humeral joint in one case. ON of the weight-bear-
ing joints has been identified as a severe complication in chil-

dren with leukemia that may be associated with the develop-
ment of articular surface collapse, subsequent debilitating
arthritis, sometimes needing arthroplasty. For this reason it is
very important to implement prevention strategies, especially
in adolescent girls treated with steroids and chemotherapy. An
early diagnosis of ON and careful orthopedic follow-up are nec-
essary in order to avoid bone deformations related to the late
start or the wrong therapy.

Introduction

The latest advances in chemotherapy, along with adequate
supportive care, have led to substantial improvements in terms
of long-term survival of children with acute lymphoblastic
leukemia (ALL), such that the current survival rate is over
80%.1 In contrast, the increased aggressiveness of treatment,
which includes the addition of dexamethasone to the standard
therapy with prednisone, has caused an increase in complica-
tions, such as osteonecrosis (ON) and osteoporosis, both in the
medium and long term.2 In particular, the increased incidence
of osteonecrosis seems to be directly correlated to the use of
dexamethasone.3,4 Despite the significant number of scientific
papers in the literature, the etiology is still not clear. Probably
the pathogenesis of ON is multifactorial and complex. It
includes the suppression of osteoblasts, osteocyte apoptosis,
the proliferation and the hypertrophy of intramedullary
lipocytes that have negative effects on the nutrient arteries,
and may lead to thrombosis and gas emboli. Kenzora et al. have
described the theory of cellular stress, in which glucocorticoids
were playing a necessary but not sufficient role in the transfor-
mation of bone marrow in fat, with the subsequent risk of
microembolic phenomena and negative effects on the microcir-
culation.5 Recent studies in vitro have evaluated the impact of
glucocorticoids in the pathogenesis of ON after chemotherapy
including the increased glucocorticoid-induced differentiation
of mesenchymal stem cells in lipocytes at the expense of osteo-
genesis.6,7 Other associated cytotoxic therapies such as
methotrexate, asparaginase, and radiotherapy have also been
reported as potential risk factors for ON in patients with cancer
not receiving glucorticoids.8 Hence, there are actually some
controversies about the impact of glucocorticoids in the genesis
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of ON compared to other non-modifiable risk factors such as age
>10 years, female gender, high body mass index, genetic factors
and caucasian race. In regards to the chemotherapy used in ALL
patients, the incidence of symptomatic ON is reported in a vari-
able percentage from 4 to 38% in retrospective and prospective
studies.4,9 The symptomatology of ON after chemotherapy can
be extremely variable and switch between a virtual absence of
symptoms to a very disabling condition combining pain, loss of
musculoskeletal function and variable joint damage.10
Symptomatic ON after chemotherapy is commonly multifocal
and bilateral and involving joints in constant load, such as hip
and knee, are generally the most affected and almost never
asymptomatic.11 The therapeutic approach to patients with ON
is particularly difficult for both pediatric oncologists and ortho-
pedic surgeons. To date, treatment of ON in ALL children has
included supportive care, bed rest, or non-weight bearing exer-
cise, discontinuation of corticoid therapy, and in some cases,
surgical intervention. The aim of the present study was to
assess the incidence and risk factors relating to ON in a retro-
spective series of pediatric patients with ALL diagnosed and
treated at the Pediatric Oncology Service at the Second
University of Naples.

Materials and Methods

From January 1982 to December 2003, 328 patients (204
males) aged <18 years with newly diagnosed ALL were treated
at the Pediatric Oncology Service at the Second University of
Naples and enrolled in this study. Patient age at diagnosis
ranged from 1 month to 14 years and three months (average age
7 years and two months). According to the prognostic factors the
328 patients were subdivided into three risk categories: i) stan-
dard risk (SR): 180 patients (55%), with absolute leukocyte
count <20.000/µL, DNA index between 1.16 and 1.60, good
response to a week of prednisone (peripheral blasts count
<1.000/µL), no translocation t (9; 22) or t (4; 11), blasts count
<5% in the bone marrow aspirate after the induction therapy;
ii) high risk (HR): 99 patients (30%), with no response to a
week of prednisone (peripheral blasts count >1.000/µL) or evi-
dence of a translocation t (9; 22) or t (4; 11) or blasts count >5%

in the bone marrow aspirate after the induction therapy; iii)
intermediate risk (IR): 49 patients (15%) with characteristics
that do not fit into either of the two groups listed above.
According to the consideration if the musculoskeletal mani-

festations at diagnosis were absent or present, the cohort of
patients was further subdivided into 2 groups, as follows.
Group 1: 255 patients (78%), 163 males and 92 females, with

the classic symptoms of the leukemia such as fatigue, pallor,
petechiae, fever, purpura, bleeding, and bone pain, but without
the musculoskeletal manifestations. Group 2: 73 patients (22%),
41 males and 32 females, who showed a prevalence of muscu-
loskeletal symptoms or signs, confirmed both upon clinical and
radiographic examination.
Among the 328 patients considered, 4 (3 females and 1 male)

developed ON corresponding to 1.2% of all cases.

Results

Case #1
An 11-year-old girl, HR-ALL with poor response to prednisone,

was enrolled in the AIEOP-ALL 9502 protocol (overall dosage of
drugs: prednisone 2180 mg, dexamethasone 123 mg, and
methotrexate 16022 mg). At 1 year from the beginning of thera-
py, the patient began to complain of pain and functional impair-
ment of the left hip with associated limping. At the first physical
examination, the patient showed a clear limitation of range of
motion (ROM) in all planes. Radiographic examination revealed
a standard picture of avascular necrosis of the left femoral head
(Figure 1A). Weight-bearing for 30 days was forbidden with the
subsequent application of a brace for the weight-bearing limb
was prescribed. A rehabilitation program with joint mobiliza-
tion, muscle strengthening and exercises in open kinetic chain
in water was also implemented. A follow-up every 3 months was
programmed (Figure 1B). Presently, 9 years from ON diagnosis,
clinical examination shows only a light limitation to hip intra-
rotation, with shortening of the left limb and a satisfactory gait
well compensated without the use of any devices. The radi-
ographic examination of the left hip shows a good readjustment
reconstruction of the femoral head that appears spherical
although it does have a wide and squat neck (Figure 1C).
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Figure 1. Radiographic examination at eleven years old (A), twelve years old (B), and twenty years old (C) (patient #1).
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Case #2
A 13-year-old boy, IR-ALL, was treated according to the AIEOP-

ALL 2000 protocol (overall dose of drugs: 317.25 mg of dexam-
ethasone, 10934 mg of methotrexate, and 2080 mg of pred-
nisone). After 1 year from beginning therapy the patient pre-
sented pain and functional limitation of both hips. Radiographic
examination showed the presence of necrosis of both femoral
heads. Avoiding load bearing and using the wheel chair together
with the previous rehabilitation program were suggested but
the patient did not comply despite the clinical and radiographic
progression of the disease. For this reason the patient’s lower
limbs were put in traction for 30 days but the result was not sat-
isfactory due to the patient’s lack of compliance to follow the
therapy suggested. Currently, about 20 years after the diagnosis
of ON, the patient can only stroll around but he is independent.
A radiographic examination shows a good osseous remodeling
of the femoral heads and the clinical examination shows bilat-
erally a physiological range of motion.

Case #3
The third case concerns a 12-year-old girl, HR-ALL, enrolled

into the AIEOP- ALL 9503 protocol (global dosage: 590 mg of dex-
amethasone, 3802.1 mg of methotrexate, and 5400 mg of pred-
nisone). About three years from diagnosis of ALL, the patient
complained of transient pain and functional limitation in her
right knee. The clinical examination was negative. The pelvic
radiographic examination showed a necrosis of both femoral
heads. After about three months, the patient reported the reap-
pearance of pain and functional limitation of both hips. The
clinical examination supported by diagnostic imaging led to the
diagnosis of bilateral avascular necrosis of the hip. We pre-
scribed absolutely no weight bearing for 60 days and subsequent
progressive loading according the tolerance level, and open
kinetic chain physical activity with the periodic checks every 3
months. At the last follow-up, 4 years from the ON diagnosis, the
clinical examination showed a physiological range of motion of
the left hip, while on the right side, there was a light functional
limitation in abduction and extrarotation at extreme degrees of
movement. The radiographic examination showed a spherical
head at the left femur, and a lightly flattened right head with the
presence of marginal geodes and osteophytes.

Case #4
A 13-year-old girl, HR-ALL, was treated according to the

AIEOP- ALL 9503 protocol (4.980 mg of prednisone, 560 mg of
dexamethasone and 15,295 mg of methotrexate). After 13
months from diagnosis the patient presented shoulder pain and
bilateral coxalgia. The clinical and radiographic examinations
were positive for bilateral ON of the femoral and humeral heads
(Figure 2). Absolute rest and the continuative use of a wheel
chair associated with physiokinesitherapy (FKT) was planned.
After 3 months the partial prohibition of weight bearing and
continuative FKT for about 3 years was prescribed. In fact,
twelve years from ON diagnosis, a clinical examination showed
a slight functional limitation at abduction and extra-rotation of
hips at the extreme degree with normal ambulation. The scapu-
la-humeral articulation showed a good range of motion bilater-

ally (Figures 3 and 4). A radiographic examination showed a
flattened and deformed humeral head at the left shoulder with
metaphyseal-epiphyseal areas, geodes and a flattened humeral
head with sclerotic areas of the right shoulder. A spherical
femoral head, lightly flattened and deformed in some points
accompanied by numerous marginal geodes and osteophytes
were present in the both hips (Figure 5).
The rehabilitation project initially provided for a period of 1-3

months of discharge with any traction in bed if there was mus-
cle contracture with functional limitation. During this period
were conducted massage sessions and active and passive mobi-
lization without causing pain. The rehabilitation continued
after this period with recovery exercises of ROM, always main-
taining the discharge of the limb with the use of a guardian or
sticks Canadians. The mobilization exercises were also pre-
scribed in the pool for patients who could practice them in water
without risk for the disease. Patients continued to practice
swimming in the maintenance therapy and the stop-therapy.

Discussion

ON is a potentially disabling complication in both the medium
and long term for pediatric patients with ALL.12 Recent studies

Figure 2. Radiographic examinations at thirteen years old
(patient #4).
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demonstrate a constant and growing attention to these issues
and the need to better define the causes and possible correla-
tions with treatment regimens.13 It is still unclear the progres-
sion of ON, the risk factors and the incidence rate.14 As reported
in literature, the overall incidence of symptomatic ON appears
to be very variable with percentages ranging from 1% to 38%;
this last value was reported in a study that used magnetic reso-
nance imaging for a systematic screening.15 The controversy
concerning incidence rate appears to be the consequence of ret-
rospective studies.3,12 In our study, the overall incidence of ON
was 1.2%, although this percentage has to be reinterpreted in
relation to the three levels of risk and gender. In fact, the inci-
dence was 0 in the standard-risk patients, 2% for intermediate-
risk patients, and 3% for patients classified as high-risk. Our
incidence of ON is similar to that observed by Aricò and co-
workers in a multicenter study conducted in pediatric patients
with ALL. In this study of 1144 patients there were 15 cases of
ON (1.1%). Of these, 12 were female (80%) and the age of ON
diagnosis was found to be ranging from 10 to 16 years in 12

patients, between 6 and 9 years in 2 patients, and below 5 years
in 1 patient. Therefore, the incidence was significantly higher
in adolescent female patients with a peak of incidence of 7.4%.16
This consideration was confirmed in our study also even if our
cohort of patients was a smaller sample-size. In fact, of the 4
patients with ON, three were females (75%) and all were aged
between 11 to 13 years. Therefore these results seem to confirm
that the female gender and being > 10 years represent two main
risk factors for the development of ON in pediatric ALL
patients.17 Another interesting aspect is the etiology and the
possible correlation with the treatment protocols used in child-
hood ALL. One of the first reports of the possible association
between ON and corticosteroid drugs dates back to an article
published in 1957 by Pietrogrande.18 Subsequently Felson and
Anderson have postulated at least two mechanisms behind the
necrosis: the first is represented by direct vascular damage,
characterized by a vasculitic process, while the second is
gaseous microembolization following hepato-toxicity from corti-
costeroids.19
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Figure 3. Clinical examination at twenty-three years old at the hips level (patient #4).
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In particular, the first mechanism of vascular damage could jus-
tify a higher incidence of osteonecrosis of the femoral head and
load of the humeral head.4,20-22 The high frequency of necrosis at
the femur head could be related to the terminal type of vascular-
ization at this level, where any alteration to the blood supply is not
compensated by collateral circulation. A similar situation has
been reported for the humeral head which presents morphology

and vascularization similar to that of the femur, but with a per-
centage of ON significantly lower than that of the femur head.
This different percentage can be explained by the biomechanics
of the hip joint which is subjected to different loads from the
shoulder joint. This is confirmed in our study where the femoral
head is involved in three cases and the humerus head only in one.
Another controversial point of discussion concerns the type of

Figure 4. Clinical examination at twenty-three years old at the scapula-humeral articulation level (patient #4).

Figure 5. A radiographical examination of the left shoulder (A), the right shoulder (B), and the hips level (C) at twenty-three years old
(patient #4).
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treatment for ON. To date, the variable nature and progression of
osteonecrosis secondary to chemotherapy did not lead to the cre-
ation of shared orthopedic protocols.
Ojala and co-workers have reported a cure rate with restitutio

ad integrum in approximately 30% of patients,9 while other
multi-center studies have shown that approximately 22-24% of
symptomatic patients have undergone at least one orthopedic
surgery.15,23 Currently, in severe and rapidly progressive
osteonecrosis, a surgical approach is commonly accepted, asso-
ciated with no weight bearing and physical exercises. In
patients with osteonecrosis, smaller lesions and fewer symp-
toms, the therapeutic approach is generally more conservative,
essentially based on the absolute prohibition of loading and
active and passive physiotherapy in open kinetic chain.24
Conversely, Jager and coworkers support the importance of early
surgery in order to delay as long as possible or avoid arthroplas-
ty.25 Early surgery can certainly be a valuable aid to rebuild the
joint deformed. It uses essentially the femoral or pelvic
osteotomies and in selected cases hemi-resurfacing arthroplas-
ty of the femoral head.26 Conversely, arthrodesis is absolutely
contraindicated in patients who have multiple joints involved.27
Adult and pediatric studies have also suggested the use of bis-
phosphonates such as alendronate or pamidronate as part of the
medical management of ON to delay bone collapse.28,29 The
treatment protocol adopted in our patients was essentially a
conservative approach based on the prohibition of load and
physiotherapy initially in open kinetic chain. Our results seem
to confirm the validity of conservative treatment without surgi-
cal intervention in pediatric patients. Detection of lesions at an
early asymptomatic stage affords opportunities for prompt
enrollment onto clinical trials of interventions to prevent pro-
gressive joint damage. Recently, Kaste et al showed the utility of
early screening magnetic resonance imaging for extensive hip
osteonecrosis in pediatric patients treated with glucocorticoids.
Of 498 patients studied, extensive asymptomatic osteonecrosis
was identified by early screening in 26 patients (41 hips).30 In
other study Sansgiri et al. showed that the some MRI signal
abnormalities predict the development of osteonecrosis earlier.
Of 481 patients, the authors identified 21 cases with subtle
poorly defined geographically delineated MRI signal abnormali-
ties in knees or hips, or both, that progressed over a median of
4 months to florid MRI signs of osteonecrosis.31

Conclusions

The therapeutic success in the treatment of pediatric ALL
can be partly explained by intense chemotherapy, which, how-
ever, increases the risk of side effects. Osteonecrosis is well
known as being one of these complications. ON can be a very
disabling condition with, sometimes, a complete replacement
of the involved joint. For this reason, periodic orthopedic
check-ups, especially in female patients >10 years of age, are
essential in the surveillance protocol in order to avoid delays
in ON diagnosis and the wrong therapies that may worsen the
evolution of the disease over time, thus requiring surgical
intervention.
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