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ABSTRACT

Background: Osteonecrosis is a problem that can happen when children with acute lymphoblastic leukemia
(ALL) are being treated. The aftereffects of osteonecrosis are one of the most serious long-term complications
for children being treated for acute lymphoblastic leukemia. The goal of this study is to examine how often
and why osteonecrosis worsens in young patients with leukemia. Specifically, the study will focus on the hip
bone.Patients and Methods: This study looked at patients who had a bone condition called osteonecrosis of the
femoral head. They were identified using MRI scans and their images were checked using an electronic system
called PACS. We did not include patients who were lost to follow-up or who did not have regular MRI screenings.
We also did not include patients who had ON but it was not caused by childhood acute lymphoblastic leukemia.
Examples of other causes include lymphoma, trauma, infection, slipped capital femoral epiphysis, or Legg—
Calve —Perthes disease. We also excluded patients who had less than one year of follow-up after their treatment
ended.

Results: 2000 people were found to have ALL and were taken to the hospital for their treatment. Out of all the
patients we examined, we found that 98 of them have a condition called osteonecrosis of the femoral head. Out
of the total number of people, 47 were females, which is 48% of the group, and 51 were males, which is 52% of
the group.Conclusion: The treatment of osteonecrosis of the hip in all patients, especially deciding when surgery
is needed, is difficult for orthopedic surgeons. Knowing the cause, signs and symptoms, and how to diagnose a
disease are important for treating it. However, it is important to have a strong sense of suspicion, to detect any
issues early on, and to closely monitor for any further development. These actions are crucial for effectively
managing the situation.
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INTRODUCTION severe pain, difficulty walking, and limited

Leukemia is a type of cancer that affects the blood.
It usually affects children, especially those who are
younger than 10 years old. @ In the past few decades,
there have been big improvements in treating this
disease. It used to be deadly, but now it can be cured
in most cases. @® This advances in the treatment is
associated many complications which may result
from the disease itself or from its treatment
medications.? One of these complication is
osteonecrosis which affect about one third of the
cases and most commonly affects weight bearing
joints.® The femoral head (part of the thigh bone) is
a common place for a condition called osteonecrosis.
This condition can cause no symptoms or a range of
symptoms, from mild pain during everyday tasks to
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movement of the hip. In books and stories, the
occurrence of osteonecrosis of the femoral head can
range from 1% to 7%. This mostly happens because
of the different types of studies done or the methods
used to find osteonecrosis. ©®() There are several
things that can increase the chances of getting
osteonecrosis of the femoral head, like the patient's
age, where the osteonecrosis is located, and how big
it is. ® There are different ways to treat a condition
called osteonecrosis of the femoral head. The best
treatment for each person depends on their age, risk
of leukemia, how well they can move their hip, and
where and how big the bone damage is. )9
Previous research on osteonecrosis in children with
acute lymphoblastic leukemia has mostly focused on
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European and North American study groups. These
studies mainly aimed to identify the factors that put
children at risk of developing osteonecrosis, rather
than studying how the condition progresses in the
femoral head. V%2 Finding risk factors would help
in figuring out who is at risk for osteonecrosis of the
femoral head and what can be done to prevent it
from getting worse. So, the purpose of this study was
to examine how often and why osteonecrosis of the
femoral head gets worse in children with ALL at the
Children Cancer Hospital Egypt 57357. We looked
at information from 2000 patients who were
diagnosed with ALL and went to the hospital for
treatment. Patients with osteonecrosis were mostly
identified by their symptoms. Imaging studies were
then done to confirm the presence of osteonecrosis
in all patients.

MATERIALS AND METHODS

We got permission from our review board and
looked back at all the medical information we had
on children with acute lymphoblastic leukemia who
came to our hospital from 2008 to 2015. We looked
at all the pictures (x-rays and MRIs) of people’s hips
with an experienced doctor to find and diagnose
cases of a hip problem called osteonecrosis of the
femoral head. The study included patients who had
a bone condition in their hip called osteonecrosis of
the femoral head. The doctors used MRI scans and
looked at the images over time using a computer
system called PACS. We did not include patients
who did not continue with their medical check-ups
or did not have regular MRI scans. We also did not
include patients who developed optic nerve damage
from another condition besides childhood acute
lymphoblastic leukemia, such as lymphoma, injury,
infection, problems with the hip bones, or Legg—
Calve —Perthes disease. Additionally, we did not
include patients who were not followed up for at
least one year after their treatment ended. We found
a condition called osteonecrosis in the hip bone to
see how often it occurs. We collected information
about different things like the age and sex of the
patient, whether the problem affected one side or
both sides of the body, the risk of leukemia, when
the problem started in relation to when treatment
began, and the type of treatment received for
osteoencrosis (either removing part of the bone or
using other methods). We also looked at how these
things affected the progression of the disease, using
a system called Stulberg classification. 3 Doctors
looked at the patients using x-ray and MRI scans to
find out where the problem was in their body. They
also checked if the problem was on one side or both
sides, and how big it was compared to the rest of a
bone in their hip. They used certain classifications to
see how the problem affected the surface of the bone
and if it would get worse over time. The radiological
assessment of osteonecrosis of the femoral head was
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categorized using the Steinberg classification 4 and
lateral pillar classification ®® at first presentation
and according to Stulberg classification at final
follow up in all patients to detect disease
progression. The Stulberg classification rates hip
shape in different grades. Grade 1 is a normal round
hip joint. Grade 2 is a round hip joint but with a short
neck or steep socket. Grade 3 is an oval-shaped hip
joint. Grade 4 is a non-round hip joint that fits well
with the socket. Grade 5 is a non-round hip joint that
doesn't fit well with the socket. In our study, we
thought that grades 1 and 2 were good results, grade
3 was okay, and grades 4 and 5 were not so good.
Statistical Analysis

We used a program called The Statistical Package
for the Social Sciences (SPSS), version 25, made by
IBM Corp in Armonk, NY, USA, to analyze the
data. The information included averages, confidence
intervals, middle values, minimum and maximum
values, percentages, and actual numbers. We
checked if the data follows a normal pattern by using
the Shapiro-Wilk and Kolmogorov-Smirnov tests.
To figure out how different factors affect the final
Stulberg, we used a mixed model that takes into
account all the patient IDs as well as the risk factors
such as age, sex, bilateral affection, site, side, LPC,
bone density, timing, core decompression, and
necrosis reaching the AS. We considered a p-value
less than 0. 05 as statistically significant. ®

RESULTS

After reviewing the clinical database, 2000 patients
were diagnosed with ALL and admitted to the
hospital to receive their treatment. Among those
patients, we diagnosed 98 patients with
osteonecrosis of femoral head. Of which 47 were
females (48%) and 51 were males (52%). Fifty-eight
patients (59.2%) had bilateral involvement and 40
patients (40.8%) had unilateral involvement. Of the
unilateral cases, 20 (50%) patients had an
involvement in the right femoral head and 20 (50%)
in the left femoral head. Mean age at diagnosis was
12.27 years (95%Cl 11.47- 13.05). Most of the
patients (73 patients, 74.5%) were on the standard
risk protocol, 14 patients (14.3%) were on the high
risk protocol and 11 patients (11.2%) were on the
low risk protocol. The incidence of osteonecrosis of
femoral head was 4.9% among all patients in
selected study period. The median age at diagnosis
was 13 years (range 3-18).and male to female ratio
was approximately 1: 1. The mean time for
occurrence of osteonecrosis of femoral head in
relation to diagnosis and starting of treatment was 17
months (95%CI 15.2-18.8), median 13 (range 1-54)
(table 1). We analyzed all risk factors and their
relation to disease progression according to Stulberg
classification. There were 98 patients with
osteonecrosis of femoral head and of them 58 cases
had bilateral affection and there were difference
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between both sides in relation to some risk factors
so, in those patients these risk factors will be
analyzed per joint and number of joints that were be
analyzed was 156 joints. According to age of the
patient at diagnosis of osteonecrosis of femoral head
(per patient), We divided patients into two groups,
first group below age of 10 years (10 years or less)
and second group above age of 10 years, Increase the
age was not significantly associated with
progression of osteonecrosis (P value 0.087) (table
2). Also, sex (per patient) was not significantly
associated with progression of osteonecrosis (P
value 0.6). While, there was a significant correlation
between laterality and disease progression. Patients
with bilateral involvement are more likely to have a
poorer outcome (P value 0.006). To analyze effect
of osteoporosis (per patient) on osteonecrosis
progression, we divided patients into three grades
according to DEXA scan and bone quality on x-ray,
grade 1 is normal( Z-scores is more than -1), grade
2 is osteopenic (Z-scores between -1 and -2.5) and
grade 3 is osteoporotic (Z-scores less than -
2.5).Forty-four patients (44.9%) were osteopenic, 21
patients (23.7%) were osteoporotic and 33 patients
(32.7%) were normal. Bone density was not
associated with osteonecrosis progression (P value
0.06). The mean time for occurrence of
osteonecrosis was 17 month (95%CI 15.2-18.8),
median 13 (range 1-54). We divided cases into two
groups (per patient) according to timing of
occurrence of osteonecrosis in relation to start of
ALL treatment, first group with early occurrence of
osteonecrosis in relation to treatment (less than two
years) and second group with late timing of
occurrence (more than two years). There was
significant  relationship  between timing of
osteonecrosis occurrence in relation to ALL
diagnosis and start of treatment and disease
progression with high incidence of disease
progression according to Stulberg classification in
the first group (less than two years) (P value 0.007).
Size of osteonecrosis of femoral head was classified
to three sub types (table 3), (A less than 15%, B 15-
30% and C more than 30 %) in coronal view of MRI
according to classification of  Steinberg
classification (per joint) Eighty six joints (55.1%)
had a size less than 15%, 16 (10.3%) had size
between 15-30% and 54 (34.6%) had a size more
than 30%.There was a significant relation between
size of osteonecrosis and disease progression where
joints having a small size (class A) of necrosis are
less likely to have a poor outcome with disease
progression (P-value 0.016). We divided the femoral
head to three equal parts medial, lateral and
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intermediate and if the necrosis involved the three
parts, it was considered diffuse. Having a diffuse site
affection followed by lateral site affection (weight
bearing area) were significantly associated with
poorer outcome (higher Stulberg) (P-value 0.001)
(table 4). We classified osteonecrosis of femoral
head to two subtypes in the coronal view of MRI,
type (1) is firmly related to articular surface and type
(2) isaway from articular surface and separated from
articular joint by normal subchondral bone (table 5).
There was a relation to articular surface in 126 joints
(80.8%) and no relation in 30 joints (19.
2%).Patients with necrosis reaching the articular
surface were significantly more likely to have a
poorer outcome and higher Stulberg (P value 0.02).
We revised collapse of lateral pillar according to
lateral pillar (LPC) classification and its impact to
progression of the disease (per joint) (table 6).
Hundred and thirty five joints (86.5%) had graded
A, 17(10.9%) had graded B and 4 (2.6%) joints had
graded C, Patients with LPC (Grade A) are
significantly less likely to develop poorer outcome
(P-value 0.012) so, lateral pillar classification has
significant value for predicting the prognosis of
AVN estimated using the Stulberg classification.
There was no significant relation between risk
stratification (per patient) and osteonecrosis
progression. Most of the patients (73 patients,
74.5%) were on the standard risk protocol, 14
patients (14.3%) were on the high risk protocol and
11 patients (11.2%) were on the low risk protocol
According to our hospital's protocol for
management of ALL the standard risk and high risk
leukemia have the same strategies of treatment.
According to our protocol for management of cases
with osteonecrosis of femoral head, 97 joints were
treated by core decompression and 59 joints were
treated by conservative means in form of restriction
of weight bearing and physical therapy and by
comparing the two methods and their effect on
limitation of progression of osteonecrosis (table 7),
there was no difference between the two methods
with no significance on improving the outcome with
P value (P=0.066).

MULTIVARIATE ANALYSIS:

When the variables tested in univariate analysis
above were tested in multivariate analysis, being
bilateral ~ (P-values 0.006), having diffuse
involvement (P-values 0.008) or lateral involvement
(P-values 0.015) and having a size C necrosis (P-
values 0.016) of femoral head were significantly
associated with progression of osteonecrosis.
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Table (1): Table illustrating incidence of osteonecrosis in relation to some risk factors:

Count %
) bilateral 58 49.0%
side ;
unilateral 40 41.0%
<10 years 29 29.6%
age
>10 years 69 70.4%
M 51 52.0%
Sex
E 47 48.0%
A 81 51.9%
size of osteonecrosis B 18 11.5%
C 57 36.6%
normal 33 33.6%
osteoporosis osteopenia 44 44.9%
osteoporotic 21 21.4%
A 135 86.5%
LPC B 17 10.9%
C 4 2.6%
Yes 126 80.8%
Relation To AS
No 30 19.2%
Table (2): Table illustrating relation between age and final Stulberg classification:
Final stulberg
1 2 3 4 5 Total
Age At orCount 20 4 3 0 2 29
Less
than 10% 69% 14% 10% 7% 100%
Ys
More  Count 37 5 6 12 9 69
than o 54% 7% 9% 17% 13% 100%
10Ys

Table (3): Table illustrating relation between size of osteonecrosis and final Stulberg classification:

Final stulberg

1 2 3 4 5 Total

Size A Count 59 2 5 8 7 81
% 73% 2.5% 6% 10% 8.5% 100%

B Count 8 3 4 2 1 18

Eur. Chem. Bull. 2023,12( issue 8),9770-9779
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% 44% 17% 22% 11% 6% 100%
© Count 13 9 10 14 11 57
% 23% 16% 18% 24% 19% 100%
Table (4): Table illustrating relation of site of osteonecrosis and final Stulberg classification:
Final Stulberg
Total
1 2 3 4 5
] Count 7 6 9 18 11 51
Diffuse S
% within site2  [13.7% 11.8% 17.6% 35.3% 21.6% 100.0%
Count 14 1 5 5 3 28
Lateral S
% within site2  50.0% 3.6% 17.9% 17.9% 10.7% 100.0%
. Count 15 0 0 0 1 16
Site  Medial _
% within site2  93.8% 0.0% 0.0% 0.0% 6.3% 100.0%
] Count 32 2 3 0 2 39
Middle _
% within site2  82.1% 5.1% 7.7% 0.0% 5.1% 100.0%
Two partsCount 16 3 2 0 1 22
affected % within site2  [72.7% 13.6% 9.1% 0.0% 4.5% 100.0%
- otal Count 84 12 19 23 18 156
ota
% within site2  563.8% 7.7% 12.2% 14.7% 11.5% 100.0%

Table (5): Table illustrating relation between relation of osteonecrosis to articular surafce and final Stulberg

classification:

Final stulberg

1 2 3 4 5 Total
Relation To AS No Count 26 0 0 2 2 30
% within Relation To AS 86.7% 0.0% 0.0% 6.7% 6.7% 100.0%
Yes  Count 58 12 19 21 16 126
% within Relation To AS 46.0% 9.5% 15.1% 16.7% 12.7% 100.0%
Total Count 84 12 19 23 18 156
% within Relation To AS 53.8% 7.7% 12.2% 14.7% 11.5% 100.0%
Table (5): Table illustrating relation between collapse of lateral pillar and final Stulberg classification:
Final stulberg
1 2 3 4 5 Total
LPC A Count 84 10 13 19 9 135
% within LPC  62.2% 7.4% 9.6% 14.1% 6.7% 100.0%
B Count 0 2 6 3 6 17
% within LPC  0.0% 11.8% 35.3% 17.6% 35.3% 100.0%
Eur. Chem. Bull. 2023,12( issue 8),9770-9779 9774
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© Count 0 0
% within LPC 0.0% 0.0%
Total Count 84 12

% within LPC  53.8% 7.7%
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0 1 3 4
0.0% 25.0% 75.0% 100.0%
19 23 18 156

12.2% 14.7% 11.5% 100.0%

Table (3): Relation of management of osteonecrosis by core decompression (yes) or conservative means (no) and

final Stulberg classification.

Final Stulberg Total
1 2 3 4 5
c Count 63 6 7 7 14 97
2 No % within
8 Core 64.9% 6.2% 7.2% 7.2% 14.4% 100.0%
g decompression
§ Count 21 6 12 16 4 59
3 yes % within
et Core 35.6% 10.2% 20.3% 27.1% 6.8% 100.0%
S decompression
Count 84 12 19 23 18 156
Total % within
Core 53.8% 1.7% 12.2% 14.7% 11.5% 100.0%
decompression
DISCUSSION and start of treatment was 17 month which is also

Avascular necrosis is a serious problem that can
happen if you have leukemia or lymphoma and are
treated with chemotherapy or high doses of steroids.
It can cause a lot of trouble and make it hard for you
to do things. @7 Other things like not being able to
move or having cancer can also cause avascular
necrosis to happen. ¥ Our estimate was 4. 9%, which
is nearly the same as the Patel B et al's report of 4%
in 1053 patients,®® higher than the study from
Greece that found a cumulative incidence of 2.5% in
276 patients®® and A study from ltaly discovered
that 3691 patients had a total infection rate of 2. 7%
9 and lower than the study described by Bhavna
Padhye et al with incidence of 7%.%Y In some other
cohorts, reported incidences have been variable,
ranging from 7.1 to 14%.?2@3 |n our study, we
found that the age and sex of the participants did not
have a significant impact on disease progression.
However, other studies have shown that age is an
important risk factor for disease progression, as
reported by Relling et al, Burger et al, Lackner et al,
Kadan-Lottick et al, and VVora et al. 9 @9@9C7) e
couldn't find a clear reason for this difference, even
though our group was very big. In simpler terms, sex
did not have a big impact in this study, just like many
other studies.,@V although, Mattano et al, reported
an increased incidence of osteonecrosis in females.
22 Moreover male to female ratio in our study was
1:1 which is similar to that described by Rosanna
Parasole et al. @ In our study, the mean time for
occurrence of osteonecrosis from date of diagnosis
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comparable with many existing studies that reported
a 14-27 month median time interval from leukemia
diagnosis to ON occurrence.®@) Also, Bhavna
Padhye et al and Kaste. S et al reported that the mean
time from diagnosis of ALL to that of osteonecrosis
development was between 1 and 2 years.®@(1(E0)
Also, we reported that early occurrence of
osteonecrosis of femoral head (within two years) in
relation to diagnosis of ALL and start of treatment is
significantly associated with necrosis progression in
comparison to late timing of osteonecrosis
occurrence. The incidence of osteonecrosis
occurrence in relation to diagnosis of ALL in our
study was mainly in the first two years (80 cases of
98) which is similar to majority of other studies and
this may be theoretically attributed to glucocorticoid
and chemotherapy exposure during treatment of
leukemia.®® On the other hand, there are several
case reports on osteonecrosis detected on diagnosis
before the start of any treatment. ¢ Regarding site,
size of osteonecrosis and its relation to articular
surface in our study, all had a significant relation to
osteonecrosis progression (diffuse or lateral site of
osteonecrosis, related to articular surface and large
size of osteonecrosis more than 30 % of whole size
of femoral head) which is similar to the study of
Evguenia J. Karimova et al, who reported that large
femoral head size lesion had a significant relation to
progression of osteonecrosis. @ Also Steinberg et al
(32 showed that when the necrotic area was small,
and particularly when it was located in the non-
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weight bearing area of the femoral head and the
patient was clinically asymptomatic, avascular
necrosis of the femoral head can have a good course.
In contrast, there were reports that avascular
necrosis of the femoral head is progressive
regardless of the size and site of the lesion as that
reported by Beguin et al.®® Regarding bone density
and quality of the bone in our study, osteoporosis or
decreased bone density was not a significant risk
factor for disease progression. There are many risk
factors for development of decreased bone mineral
density as Osteotoxic chemotherapy, steroid
exposure, poor nutrition, low vitamin D, and poor
muscle mass that contribute to the development or
worsening of bone pathology.®* While Karimova EJ
et al, reported that there is an overlap exists between
risk factors for low bone mineral density and
osteonecrosis in pediatric patients with ALL.®)
Some authors recommended use of bisphosphonates
for treatment of low mineral density and bone
fragility during management of ALL ©% while,
others recommended use of bisphosphonates for
management of osteonecrosis based on its role for
inhibition of osteoclastic activity which inhibit
resorpation of osteoencrotic fragment and this give
chance for revascularization and avoid subchondral
collapse and flattening of head following resorpation
of osteonecrotic fragment.G"G8E) Regarding the
risk stratification of acute lymphoblastic leukemia in
our study there was no significant relation between
risk stratification and osteonecrosis progression
which is similar to what Rosanna Parasole et al
reported that there was no statistical difference
regarding risk group stratification. ?®  Also,
Bhavna, Padhye et al reported that there was no
relation between risk stratification and osteonecrosis
incidence and progression and incidence of
osteonecrosis regarding the risk in his study was
3.4% patients in SR, 7.5% in LR, 13.8% in VHR
group and no patients in HR group.®”) Regarding
management by core decompression, our study
stated that management by core decompression
didn't prevent or limit progression of osteonecrois.
Also, Evguenia J. Karimova et al, did thirty five core
decompressions in patients (pediatrics and young
adults) with no effect on prevention or delay of joint
surface collapse or arthroplasty.® Moreover, Plenk
H et al reported that the repair after core
decompression alone is usually incomplete and is
only likely to delay, but not prevent the progression
of joint destruction,“® while Schneider W et al and
Rajagopal M et al reported that in early stage of
femoral head necrosis, core decompression might
lead to significant postoperative pain reduction.
“1(#2) Moreover in a retrospective systematic review
done by Michael D et al showed that previous core
decompression was not associated with decreased
incidence of collapse and arthroplasty. “3 In contrast
meta analysis by Castro and Barrack demonstrated
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better results with core decompression compared
with non operative management. “¥ Most of the
studies of treatment for ONFH have been done on
the adult population and treatment strategies have
been adopted into the pediatric group. So, bone
marrow aspirants have been advocated as an
exciting new method for delivering mesenchymal
stem cells to the necrotic area after core
decompression  to  encourage  osteogenesis.
However, for the patients undergoing active
treatment, there is a theoretical concern for
harvesting and transfer of malignant cells from an
occult source in the bone marrow so; bone aspirant
with core decompression should only be considered
for patients in remission or who are off therapy. “®
However Sculley and Coworkers, have advocated
the use of vascularized fibular grafts to the core
decompression to provide some structural support.
They demonstrated high success rates in patients
with early stage of the necrosis, “ but there are
some limitations to this technique as the procedure
is highly demanding, donor site morbidity and
postoperative complication that may lead to delay of
continuation of leukemia treatment. *” On the other
hand, some of our cases were treated conservatively
by restriction of full weight bearing, physical
exercises and avoidance of vigorous activity and
there was no statistical significance that
conservative means prevented or delayed
progression of osteonecrosis of femoral head. In
contrast some authors recommended use of non-
operative treatment in the form of restriction of
weight bearing, bracing, physical therapy and
medical treatment as a treatment modality for
osteonecrosis of femoral head. “® While a meta-
analysis of non-operative treatment of twenty-one
studies involving 819 hips revealed that with
restricted weight bearing modality, only 22.7% of
the hips were satisfactory clinically (range 0 to 44%)
and seventy-six per cent of the hips (range 44 to
100%) required hip arthroplasty or a salvage
procedure.“?

CONCLUSION

The management of the osteonecrosis of femoral
head in ALL patients especially in determining the
indications and timing of surgical intervention
remains a challenge to the orthopedic surgeon.
Knowledge of the etiology, pathology, presentation
(symptomatic or asymptomatic) and diagnosis are
keys to treatment. But, high suspicion level, early
detection and closed follow up to detect any
progression are instrumental in  successful
management. So, we advocate closed follow ups in
patients with the following criteria, children near
skeletal maturity, bilateral osteonecrosis, large
osteonecrosis which is more than 30% of whole
volume of femoral head, osteonecrosis related to
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articular surface and which is located in weight
bearing area of femoral head.
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