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ABSTRACT

Background: Magnetic resonance imaging (MRI) is the technique that demonstrated the highest
sensitivity and specificity in the early diagnosis of osteonecrosis. It allows detecting initial typical
signal intensity alterations of the bone marrow when other examinations showed nonspecific
findings or even no alterations at all. The aim of this study is to assess the role of magnetic
resonance imaging in detection and monitoring osteonecrotic lesions in pediatric patient with acute
lymphoblastic leukemia after chemotherapy.

Materials and Methods: This prospective study was performed on 30 pediatric patients ranged
from 4 to 18 years with acute lymphoblastic leukemia on chemotherapy or after 3months from
ending chemotherapy with symptoms suspicious for osteonecrosis (i.e., articular pain). All patients
were explained about the procedure to be done. MRI study of whole lower limbs was done for all
patients.

*Corresponding author: E-mail: Maarek@gmail.com;
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Results: In the present study all patients were symptomatic. 24\30 patients (80%) had hip pain,
25\30 patients (83.3%) had knee pain and 8\30 patients (26.7%) had limping. We reported that
knee pain was the most common complaint representing 83.3% of patients. 11\30 patients (36.7%)
had no MRI findings. 19\30 patients (63.3%) had different positive findings; 4 patients (13.3%) had
non -articular osteonecrosis (ON) only with no joint involvement (bone infarction), 2 patients (6.7%)
had avascular necrosis of femoral head epiphysis without bone infarction and 13 patients (43.3%)
had combined bone infarction and avascular necrosis with Joint involvement. Follow up by MRI
was done for all patients (30 patients), 27 patients showed no change in MRI findings, one patient
progressed from avascular necrosis of the femoral head epiphysis without deformity to avascular
necrosis of the femoral head epiphysis with deformity. The other two patient showed regressive
course.

Conclusion: We concluded that MRI study is mandatory for early detection and monitoring of
lower limb osteonecrosis in pediatric patients with acute lymphoblastic leukemia under or after
chemotherapy. The radiologist and clinician must do MRI lower limbs routinely and follow up MRI

after 4-6 months to first MRI due to some patients had regressive or progressive findings.

Keywords: Osteonecrosis; lymphoblastic leukaemia; Magnetic Resonance Imaging (MRI); MRI.

1. INTRODUCTION

Acute lymphoblastic leukemia (ALL) survival
rates in pediatric patients have significantly
increased (up to 90 %) due to improvement of
therapy regimens but several complications due
to treatment related toxicity emerged in the
middle and late terms. One of the most common
complications is osteonecrosis (ON)
characterized by the death of bone marrow
elements and typically affects weight bearing
limbs [1-2].

Osteonecrosis (ON), similar to ischemia in other
organ systems, results from a reduction or
complete loss of blood supply to bone. [3]
Osteonecrosis was defined by development of
pain in bones and joints while patient on
treatment or within 1 year of completion of
treatment and confirmed by magnetic resonance
imaging (MRI) [4].

Several imaging techniques have been employed
in order to properly identify osteonecrosis.
Conventional radiography and even multidetector
computed tomography (MDCT) used at baseline
but had high radiation dose and lack sensitivity in
the prompt detection of osteonecrosis. Nuclear
medicine techniques (i.e., scintigraphy) may
allow an early detection of metabolic alterations
in affected bones but are not specific and provide
a rough depiction of morphology [5-6].

Magnetic resonance imaging (MRI) is the
techniqgue that demonstrated the highest
sensitivity and specificity in the early diagnosis of
osteonecrosis. It allows detecting initial typical
signal intensity alterations of the bone marrow
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when other examinations showed nonspecific
findings or even no alterations at all [7]. MRI
features currently considered typical of
osteonecrosis are well-circumscribed geographic
areas with margins of low signal on T1-weighted
and high signal on T2-weighted images (viable
tissue). The “double-line” sign, consisting of an
outer low signal and high signal circumscribing
the area on T2 weighted sequences is also
considered diagnostic of osteonecrosis [8].

The aim of this study is to assess the role of
magnetic resonance imaging in detection and
monitoring osteonecrotic lesions in pediatric
patient with acute lymphoblastic leukemia after
chemotherapy.

2. SUBJECTS AND METHODS

This prospective study was performed on 30
pediatric patients ranged from 4 to 18 years with
acute lymphoblastic leukemia on chemotherapy
or after 3months from ending chemotherapy with
symptoms suspicious for osteonecrosis (i.e.,
articular pain)., referred to Radiodiagnosis and
Imaging Department of Tanta University hospital
and to Oncology Department of National Institute
of Oncology from September 2017 to March
2019.

The exclusion criteria included: Patients were
less than 1year and more than 18 years, General
MRI contraindications (presence of metallic
foreign bodies).

History, clinical examination and laboratory
investigations were conducted. All patients were
explained about the procedure to be done. MRI
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study of whole lower limbs was done for all
patients (30), obtained using a closed MRI
machine (General Electric SIGNA) HS (high
speed) with magnets of intensity field 1.5 T. The
Sequences (T1-weighted and STIR on coronal
planes for both hips and knees.) were acquired
on the coronal plane from the hips to the ankle
with two or three stacks depending on
patient’'s height. Field of view (FOV) was
adapted to the major circumference of every
patient. The mean acquisition time was about
15-20 min.

- Position: The patient
supine with headfirst.

was positioned

Coil: Q-Body
2.1 Imaging Acquisition
e Coronal T1 weighted (TR/TE, 500/10 ms)

with slice thickness 3-6.5 mm, gap 1 mm,
FOV 32-80 cm and matrix 256 x 256.

Coronal STIR weighted with slice thickness
3 -6.5 mm, gap 1Tmm, FOV 40-80 cm and
matrix 256 x 256.

In 19 cases approved to have osteonecrosis after
coronal T1 and STAIR MRI, we did additional
sequences to be more accurate for follow up and
staging:

e Sagittal T2 weighted with slice thickness 1
-3 mm, gap 1mm, FOV 40-50 cm and
matrix 256 x 256.

Coronal T2 weighted with slice thickness 1
-3 mm, gap 1mm, FOV 40-50 cm and
matrix 256 x 256.

Axial T1 weighted (TR/TE, 500/10 ms) with
slice thickness 3 mm, gap 1 mm, FOV 32-
42 cm and matrix 256 x 256.

Axial T2 weighted (TR/TE, 3300/100 ms)
with slice thickness 3 mm, gap 1 mm, FOV
32-42 cm and matrix 256 x 256.

Sagittal T1 weighted with slice thickness 1
-3 mm, gap 1mm, FOV 40-50 cm and
matrix 256 x 256.

2.2 Statistical Analysis

The sample size was calculated using Epi-Info
software statistical package created by World
Health organization and center for Disease
Control and Prevention, Atlanta, Georgia, USA
version 2002. The criteria used for sample size
calculation (n>25) were 95% confidence limit,
80% power of the study.

Analysis of data were performed by SPSS v25
(SPSS Inc., Chicago, IL, USA). Quantitative
parametric variables (e.g. age) were presented
as mean and standard deviation (SD). Qualitative
variables were presented as frequency and
percentage. P value < 0.05 was considered
significant.

3. RESULTS

As regards demographic data (age and gender)
in the present study that included 30 patients,
showing 16 (53.4%) of them were males and 14
(46.6%) of them were females, their ages ranged
from 4 to 18 years with a mean age of 12.7 years.
The most affected age group was from 10 to less
than 15 vyears old included 15 patents
representing 50% of all patients. Twenty-two
(73.3%) patient were on chemotherapy and 8
(26.7%) patients previously had chemotherapy.
Table (1).

All  patients in the current study were
symptomatic, 24\30 patients (80%) had hip pain,
25\30 patients (83.3%) had knee pain and 8\30
patients (26.7%) had limping. We reported that
knee pain was the most common complaint
representing 83.3% of patients. Fig. (1).

Table 1. Age and sex distribution in the studied patients

Age in Sex Total
years Male Female
Number Percentage% Number Percentage% Number Percentage%

1-<5 1 3.3 1 3.3 2 6.6

5-<10 2 6.7 3 10 5 16.7

10 -<15 8 26.7 7 23.3 15 50

15-18 5 16.7 3 10 8 26.7

Total 16 53.4 14 46.6 30 100
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Fig. 1. Type and distribution of complain in the studied patients

MRI study of whole lower limbs was done for all
patients. 11\30 patients (36.7%) had no findings.
19\30 patients (63.3%) had different positive
findings; 4 patients (13.3%) had bone infarction
only, 2 patients (6.7%) had avascular necrosis of
femoral head epiphysis and 13 patients (43.3%)
had combined bone infarction and avascular
necrosis(osteonecrosis). After following up MRI
since 3-6months, we had 70 ON lesions in 30
patients in different site in both lower limbs. 30
patients had followed up with MRI, in 11 patients
(36.7%) after following up MRI had not findings.
In 19 patients (63.3%) after following up MRI had
different findings, 4 Patients (13.3%) had bone
infarction only, 3 patients had avascular necrosis
only, 12 patients had osteonecrosis (avascular
necrosis and bone infarction). Table (2).

In the present study we detected 72 ON lesions
seen in 19 patients in lower limbs bilaterally: 23
avascular necrotic lesions seen involving hip and
knee joints and 49 bone infarction lesions without
joint involvement .16 avascular necrotic lesions
seen in femoral head epiphysis and 7 avascular
necrotic lesions seen in tibial condyles reaching
to its articular surface. We had 20 avascular
necrotic lesions without joint deformity and 3
avascular necrotic lesions with joint deformity
inform of collapse and contour irregularity of the
femoral head epiphysis. After following up MRI
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We had 23 lesions avascular necrotic (with or
without deformity) in different sites. The maijority
showed AN in two joints.16 lesions in head of
femur (hip joint) ,7 lesions in tibia (knee joint).
We had 19 avascular necrotic lesions without
joint deformity and 4 avascular necrotic lesions
with joint deformity inform of collapse and
contour irregularity of the femoral head epiphysis.
Table (3).

The most common site of bone infarction in lower
limbs seen at femoral diaphysis (16 lesions)
followed by femoral condyles (13 lesions), tibial
diaphysis (7 lesions), tibial plateau (7 lesions),
pelvic bones (3 lesions), patellae (1 lesion), fibula
(1 lesion) and tarsal bones (1 lesion). After
following up MRI We had 48 bone infarction
lesions, the most common site of bone infarction
in lower limb is Femoral diaphyses (14 lesions)
and Femoral condyles ( 13 lesions), followed by
Tibial diaphyses( 7 lesions), Tibial plateaus ( 7
lesions), Pelvic bones ( 3 lesions), Patellae ( 1
lesion), Fibulae ( 1 lesion), Ankles and feet ( 1
lesion).Table (4).

17\22 (77.3%) patients were on chemotherapy
had osteonecrosis (ON) while 2\8 (25%) patients
were finished chemotherapy had osteonecrosis.
Patients were on chemotherapy had 22
avascular necrotic lesions and 46 bone infarction
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lesions, also patients were finished
chemotherapy had one avascular necrotic lesion
3 bone infarction lesions. Table (5).

In male patients (16\30); 10 patients had ON and
6 patients had no findings, while in female

patients (14\30); 9 patients had ON and 5
patients had no findings. The incidence of ON in
patients <10 years was 6.7%, whereas for
patients =210 years was 36.7% and 20% for
patients 215 years. These findings were listed in
Table (6).

Table 2. Summary of MRI findings and after following up

Findings of MRI findings Number Percentage %
No finding 11 36.7

Bone infarction only 4 13.3

Avascular necrosis only 2 6.7
Osteonecrosis 13 43.3

Findings after following up Number Percentage %
No finding 11 36.7

Bone infarction only 4 13.3

Avascular necrosis only 3 10
Osteonecrosis 12 40

Table 3. Summary of Avascular necrotic lesions and after following up MRI

Avascular necrotic lesion

Femoral head epiphysis

Tibial condyles

without joint deformity 14 6
with joint deformity 2 1
Avascular necrotic lesion Femoral head epiphysis Tibial condyles
without joint deformity 13 6
with joint deformity 3 1

Table 4. Distribution of bone infarctions in lower limb and after following up

Bone infarctions in lower limb

Number of lesions

Percentage %

Pelvic bones 3 4.1
Femoral diaphyses 16 22.2
Femoral condyles 13 18.1
Patellae 1 1.4
Tibial plateaus 7 9.7
Tibial diaphyses 7 9.7
Fibulae 1 1.4
Ankles and feet 1 1.4
Bone infarction lesions after following up MRI Number of lesions Percentage %
Pelvic bones 3 4.2
Femoral diaphyses 14 20
Femoral condyles 13 18.6
Patellae 1 1.4
Tibial plateaus 7 10
Tibial diaphyses 7 10
Fibulae 1 1.4
Ankles and feet 1 14

Table 5. Summary of lesions on or previously on chemotherapy

Osteonecrotic lesions Patients on chemotherapy

Patients previously on chemotherapy

Avascular necrosis 22
Bone infarction 46

3
1
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Table 6. Incidence of ON lesions according to age and sex of the studied patients

Age in years Sex
Male Female
No finding ON No finding ON

N % N. % N. % N. %
1-<5 1 3.3 0 0 1 3.3 0 0
5-<10 1 3.3 1 3.3 2 6.7 1 3.3
10 -<15 3 10 5 16.7 1 3.3 6 20
15-<18 1 3.3 4 13.3 1 3.3 2 6.7
Total 6 20 10 33.3 5 16.7 9 30

Fig. 2. Coronal T1-weighted (A, C) and Coronal STIR (B, D) revealed lll-defined area of
abnormal signal intensity seen involving the left femoral head epiphysis of low signal in T1WI
and intermediate to low signal in STIR WI . Multiple geographic areas of abnormal bone
marrow signal intensity noted in both upper femoral shafts, bilateral tibial plateau, proximal
and distal tibial shafts being of low T1 signal intensity and high signal intensity on STIR
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K

L

Fig. 3. Coronal T1-weighted (E, H), coronal STIR (F, I), coronal T2-weighted (G), axial T2-
weighted (J), axial T1-weighted (K) and sagittal T1-weighted (L) revealed: Loss of the normal
spherical configuration the left femoral capital epiphysis being partially collapsed at its
superior aspect with irregular articular surface and subchondral fissuring. Also, there is
replacement of the normal high T1 and T2 signal by a geographic area of low T1 and T2 lesions
and high signal on STIR. Geographic areas of abnormal marrow signal are noted in both upper
femoral shafts, bilateral tibial plateau, proximal and distal tibial shafts being of low T1 and T2
signal intensity and high signal intensity on STIR

One of our cases a 13 years old male patient
with ALL presented with bilateral hip, knee pain
and limping after chemotherapy. Diagnosis: the
current MRI findings consistent with early
avascular necrosis of the left femoral capital
epiphysis, multiple bone infarctions at upper
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femoral shafts, tibial plateau, proximal and distal
tibial shafts on both sides. Fig. (2).

Follow up of patient after 6 weeks. Diagnosis: the
current MRI findings consistent with avascular
necrosis of the left femoral capital epiphysis,
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multiple bone infarctions at upper femoral shafts,
tibial plateau, proximal and distal tibial shafts on
both sides (progressive course). Fig. (3).

4. DISCUSSION

Morbidity after ALL varies considerably with
treatment received. Osteonecrosis (ON) is one of
the most debilitating complications seen during
or after treatment for ALL and is mostly an
iatrogenic complication that has been attributed
to increased use of glucocorticoids and
chemotherapy .MRI can detect bone ischemia
and osteonecrosis at an early stage, when
results of most other imaging modalities are
negative and when the patient is still
asymptomatic [9].

In the present study 16 patients (53.3%) were
males while 14 (46.7%) were females. The age
of our selected patents ranged from 4 to 17 years
with a mean of 12.2 years, which agreed with
study done by Ribeiro et al [10], they reported 10
male and 7 female with ON in the studied ALL
patients after chemotherapy with median age of
11.5 years.

In the present study we noticed that knee pain
was the most common complaint representing
83.3% of all patients followed by hip pain
representing 80% and then limping representing
26.7%, which agreed with study done by Ribeiro
et al [10], they reported that knee joint pain was
the most common symptom that occurred in 14
patients.

In the current study MRI was done of all patients
(30 patients); 11 patients were negative (36.7 %),
4 patients (13.3%) had only non-articular
osteonecrosis (bone infarction), 2 patients (6.7%)
had avascular necrosis of femoral head
epiphysis without bone infarction and 13 patients
(43.3%) had combined articular and non-articular
osteonecrosis.

We reported that non-articular osteonecrosis
more common than articular osteonecrosis,
which agreed with study done by Ippolito D. et
al. [11], as their study included 45 patients, 13
cases were negative (29 %), 15 patients with
non-articular ON (33 %), 12 patients with
articular ON (27 %), 5 patients had ON with
deformity (11 %).

In the present study, we detected 72 ON lesions
seen in 19 patients in lower limbs bilaterally; 23
ON lesions seen involving hip and knee joints
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and 49 ON lesions without joint involvement
(bone infarction). 16 ON lesions seen in femoral
head epiphysis and 7 ON lesions seen in tibial
condyles reaching to its articular surface. We had
20 ON lesion without joint deformity and 3 ON
lesions with joint deformity inform of collapse and
contour irregularity of the femoral head
epiphysis.

According to Ojala et al. [12], they detected nine
of the 24 patients (38%) had ON, two of the
patients had a single osteonecrotic lesion,
whereas seven had multiple areas of
osteonecrosis. The lesions of six patients were
metaphyseal, and three had both metaphyseal
and epiphyseal osteonecrosis. None of the
lesions affected cartilaginous surfaces. The
largest lesions were 10—18cm in diameter.

We agreed with Ojala et al. [12], they reported
the most common site of bone infarction in lower
limb was femoral diaphysis (8 lesions) followed
by femoral condyles (5lesions), tibial plateau (4
lesions),) tarsal bones (3 lesion) and tibial
diaphysis (1 lesions).

In the present study, the incidence of ON for
patients <10 years is 6.7%, whereas for patients
210 years was 36.7% and 20% for patients 215
years. The majority showed ON in two or more
joints.

In the study done by Burger B et al. [13], the
incidence for patients <10 years is 0.2%,
whereas for patients 210 years was 8.9% and
16.7% for patients 215 years.

Follow up of all patients in the present study (30
patients) was done by MRI, the median duration
of follow up was 6 months (range 4-8 months).
27 patients showed no change in MRI findings,
one patient progressed from avascular necrosis
of the femoral head epiphysis without deformity
to avascular necrosis of the femoral head
epiphysis with deformity. The other two patients
showed regressive course. According to study
reported by Sansgiri et al. [14], 481 patients, they
identified 21 cases with subtle poorly defined
geographically delineated MRI signal
abnormalities in knees or hips, or both, that
progressed over a median of 4 months (range,
1.6- 18.5 months) to MRI signs of osteonecrosis.
Articular surface collapse developed in three hips
(two patients) and three knees (three patients).
The median duration of follow-up was 27 months.

In the study done by Engelbrecht et al [15], follow
up examinations revealed a regression in 19 ON,
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no change in 43 and a progression in 4 lesions.
ON within the epiphysis with joint involvement or
lesions greater than 9 cm2 more frequently
showed a progression of ON with final joint
destruction.

According to Ojala et al. study [12], follow-up
MRI examination was performed, one of them
showed regression of the lesions, one patient
was stationary MRI findings and the other patient
showed progression in osteonecrosis.

We reported high sensitivity and specificity of
MRI for early detection and follow of lower limb
osteonecrosis in ALL patients after
chemotherapy.

MRI is nearly 100% sensitive and specific for
early osteonecrosis and is, therefore, highly
effective for screening without exposing patients
to ionizing radiation [10].

5. CONCLUSION

We concluded that MRI study is mandatory for
early detection and monitoring of lower limb
osteonecrosis in pediatric patients with acute
lymphoblastic  leukemia under or after
chemotherapy. The radiologist and clinician must
do MRI lower limbs routinely and follow up MRI
after 4-6 months to first MRI due to
some patients had regressive or progressive
findings.
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