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Abstract
Background: Treatment of Osteonecrosis (ON) in children with sickle cell disease with autologous 
implantation of iliac crest Bone Marrow-derived Mononuclear Cells (BMMC), which contains 
precursor cells including Mesenchymal Stromal Cells (MSC), has been commonly treated 
conservatively and surgically.

Methods: Thirty-six pediatric patient's sickle cell disease with osteonecrosis were recruited and 
assigned to BMMC injection. The radiographic stage of ON was determined according to the Harris 
Hip Score (HHS), and Ficat and Arlet which were assessed before and 3, 6, 12, 24, 36 and 60 months 
after the injection procedure. Fibroblast Colony Forming Unit (CFU-F) assay was done using 
BMMC isolated for the procedure.

Results: We found in this work that applying BMMC injection through aspiration without 
decompression HHS increase in a very expressive manner (BP - 77.85 and AP - 96.33) and angle 
measurements show a clearly good development of tissue regeneration [Cervico-diaphyseal angle 
(BP - 140.5 and AP - 130.5) VCE (BP - 27 and AP - 33)] with a mean CFU-F count of 27.

Conclusion: Injection of autologous BMMCs can reliably provide a good regeneration of the 
affected bone. This intervention is safe and effective in delaying or avoiding femoral collapse, which 
may if left untreated lead to premature total hip replacement.
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Introduction

Sickle cell disease is one of the most common inherited diseases in the world. Defined by 
the presence of hemoglobin S in homozygosis (Phenotype SS) or in heterozygosis with another 
hemoglobin variant more commonly hemoglobin C, configuring the phenotype SC, it is the most 
common hematological disease in human populations [1]. In Brazil it is estimated that there are 
more than two million carriers of the hemoglobin S gene and the occurrence of 700 to 1000 new 
cases of Sickle Cell Disease (SCD) per year. The estimation of these data was possible thanks to the 
decision of the Ministry of Health of Brazil that instituted the National Neonatal Screening Program 
in 2001 for sickle cell disease and other diseases [2,3].

In a study carried out for sickle cell disease between the years 2007 and 2009, 966 newborns with 
sickle cell disease were identified, 484 (50%) were male and most had FSS phenotype, followed by 
FSC (34.7%) and only 0.4% of those changed were FSD.

The incidence observed in the 2 years period was 1:1435 screened live births and, for sickle cell 
disease 1:601 newborns [4].

Chronic hemolytic anemia leads to vessel occlusive phenomena, constituting the most dramatic 
manifestations of this disease, which occur in the form of generalized or even localized and silent 
painful crises and not less serious, as it also leads to chronic organic damage with vascular changes 
leading to endothelial dysfunction associated with increased expression of binding receptors on the 
erythrocyte surface, leukocytes, reticulocytes and endothelial cells [1,5].
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Vessel occlusive phenomena and micro vascular lesions lead to 
the development of osteonecrosis in sickle cell disease. In children, 
osteonecrosis evolves in three stages: The evolutionary phase, the 
remodeling phase, and the sequelae phase. In the evolutionary phase, 
we found different radiographic stages depending on the appearance 
of the epiphyses. In this, the silent stage, where the radiography 
does not change, making the diagnosis difficult, being performed 
only by scintigraphy or Magnetic Resonance Imaging (MRI). The 
second stage, of complete condensation of the epiphysis, or part of 
the epiphyseal nucleus, which may find external super geodes or, 
more rarely, osteochondritis dissecans. Stage three or inconstant 
fragmentation, which is marked by the remnants of the epiphyseal 
nucleus. The remodeling phase is characterized by adaptations 
between the head and the acetabulum marked by the morphological 
changes of the Femoral Head (FH) of the cervix and acetabulum, this 
phase is short due to the proximity of the end of growth of children 
with osteonecrosis secondary to sickle cell disease [6]. Most of the 
time a flat thigh and the angle of inclination in 2/3 of the altered 
cases occurring most of the time in a coxa vara or coxa valga. In the 
acetabulum, changes are rarer, evolving with secondary dysplasia and 
decreased Vertical Central Edge (VCE) Wiberg angle. These changes 
and conditions lead to early osteoarthritis [6].

The treatment of Osteonecrosis of the Femoral Head (ONFH) 
in children and adolescents for the preservation of the hip joint has 
a variety of techniques: Decompression, femoral and acetabular 
osteotomies, vascularized and non-vascularized bone grafts have 
been described. All techniques aim to preserve the lame femoral joint, 
however, the success rate of these techniques is not high, considering 
the quality of the bone, the risk of infection and thromboembolic 
phenomena [7-11].

The evolution of osteonecrosis that advances to collapse, 
consequently culminates in early osteoarthrosis, and generally 
requires total hip arthroplasty, to restore joint function and the pain 
that results in a difficult decision in the child. In this context, early 
diagnosis is imperative, for decision making seeking to save the joint, 
even because, unlike other ON etiologies in children with SCD, it 
is more common from the age of five with increasing incidence 
throughout childhood. And adolescence, reaching the beginning of 
adulthood [10,12,13].

The treatment of ONFH with initial phase cell therapy (I, II, III by 
Ficat) currently occupies a considerable space because it persists in a 
bone matrix that can be reaffirmed in the necrotic bone. Hernigou's 
works confirm a decrease in MSC (Mesenchymal Stromal Cells) 
in the upper extremity of the femur of patients who present with 
corticosteroid-induced osteonecrosis and considered osteonecrosis 
as a "stromal disease", noting that the injection or implantation of 
bone marrow or MSC could be a treatment. This hypothesis was 
confirmed by the satisfactory result of 534 osteonecrosis without loss 
of sphericity treated by decompression associated with bone marrow 
concentrate, with only 94 decisions for total hip prostheses after 8 to 
18 years [14].

With the same indication in a randomized study with 18 hips, 
Gangji found a better result in 24 months with concentrated bone 
marrow than with decompression [15]. Yamasaki et al. compared 30 
hips with the placement of a hydroxyapatite cylinder impregnated 
with concentrated bone marrow with a decompression tunnel and 
compared it with a group of 8 hips with hydroxyapatite alone [16]. 
Zhao et al. studied 100 osteonecrosis in the initial phase, a randomized 

study between decompression and injection of cultured MSC and 
found significantly better results [17]. Bone tissue demonstrates 
an extraordinary capacity for remodeling thanks to the presence 
of a population of bone marrow stem cells, which under specific 
conditions can differentiate into bone, cartilage, and adipose tissue. 
These MSCs are considered stem progenitors of osteoblastic cells 
responsible for osteogenesis and regulation of osteoclastogenesis [18].

The present work aims to propose a minimal invasive surgical 
approach for osteonecrosis of the femoral head in sickle cell disease 
children using autologous bone marrow mononuclear cell injection.

Methods
This prospective study was carried out at the Professor Edgard 

Santos University Hospital (HUPES), of the Federal University of 
Bahia (UFBA) in Salvador (BA) Brazil. The Ethics and Research 
Committee was that of Maternidade Climério de Oliveira - UFBA 
and approved by the National Ethics and Research Committee 
(CONEP), of the Ministry of Health of Brazil number 11738 SIPAR/
MS 25.000.039812/2005-99 with written informed consent form read 
and signed by each patient or person responsible.

Selection of participants
From 2008 to 2018, 36 patients were admitted for Bone 

Marrow Mononuclear Cells (BMMC) implantation, according to 
the technique described by Hernigou but without decompression, 
despite the different classifications for hip osteonecrosis in children, 
we adopted the classification of Ficat and Arlet for our study in SCD. 
The inclusion criterion for patients' SCD was the stage of Ficat 0, I, 
II and III and the presence of hip pain. As an exclusion criterion, 
patients over 18 years old, previous infection, frequent pain crises, 
use of immunosuppressive substances, history of previous surgery, 
frequent use of corticosteroids, neoplastic disease or other factors that 
lead to osteonecrosis.

The diagnosis of the disease was confirmed by examining 
hemoglobin electrophoresis. A total of 20 males and 16 females were 
included in the study. Sickle cell disease patients presenting both 
heterozygote (HbSC) and homozygote (HbSS), hemoglobin was 
selected.

Imaging exams
Radiographic examinations were performed in the anteroposterior 

and lateral views of both hips, preoperatively and postoperatively at 3, 
6, 12, 24, 36 and 60 months.

A pediatric orthopedist and a specialist in hip surgery followed 
these children clinically and applied to the hip functional assessment 
system, the Harris Hip Score with a score from 0 to 100 before surgery 
and after surgery at each outpatient review visit.

Radiographs, taken in anteroposterior and lateral views 
and nuclear magnetic resonance are useful in the diagnosis of 
osteonecrosis. X-rays are taken preoperatively and at 3, 6, 12, 24, 36 
and 60 months, while MRIs are performed preoperatively and at 12, 
24, 36 and 60 months. Radiographs allow the disease to be staged 
using the Ficat classification, using the preclinical stage that receives 
the digit zero, stage I with clinical manifestation, stage IIA and IIB, 
III and IV. Our patients, given the severity from the necrotic lesion 
in the hip, all were in stage II and III, with 24 patients in stage III 
Ficat and 05 patients in stage IIA, and 07 in stage IIB. Magnetic 
Resonance Imaging (MRI) was performed preoperatively, guided 
in the evaluation of the detailed joint regenerative process, and 
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performed annually for five years. Structural radiographs of the hip 
and restructuring were analyzed with measurement of the cervical 
epiphyseal angles and the center edge of the hip (Wiberg angle) to 
assess the degree of coverage of the femoral head and the anatomical 
configuration of these hips after cell therapy.

Cell collection and concentration into bone marrow 
mononuclear cells

Ex vivo and in vitro characterization was done accordingly 
to our previous protocols [19] with bone marrow collection and 
concentration being performed in the operating room, where 
120 mL Bone Marrow Aspirate (BMA) was obtained by puncture 
and aspiration of the posterior iliac crest of patients under general 
anesthesia. 10 mL of BM were aspirated at a time using a heparinized 
plastic syringe. Bone marrow mononuclear cells were concentrated in 
a SEPAX cell separator (Biosafe, Eysins, Switzerland) in accordance 
with the manufacturer’s recommendations, obtaining a final volume 
~40 mL of 5% human serum albumin with the concentrated in 
suspension. Re-injection was performed during the same operation 
procedure and anesthesia. A small fraction of both the BMA 
and BMMCs were retained for flow cytometry, cell viability and 
microbiological assays [19].

Viability and immunophenotipic characterization
Viability of samples were done through flow cytometry using 

7-AAD. BMMCs and BMA were analyzed for the expression of cell-
surface antigens using conjugated monoclonal antibodies as previously 
reported using the following antibodies: Immunoglobulin G1 control 
PE (eBioscience, San Diego, CA, USA), immunoglobulin G1 control 
PerCP (Becton Dickinson, San Jose, CA, USA), anti-CD34-FITC (BD 
Bioscience), anti-KDR-PE (R&D Systems, Minneapolis, MN, USA) 
and anti CD45-PerCP (BD Bioscience). 5 × 105 events were acquired 
and scored using a FACSCalibur analyzer (Becton Dickinson). Data 
were processed using the Macintosh CELL Quest software program 
(Becton Dickinson). Turk’s solution was used to quantify the total 
mononuclear cells in BMMCs and BMA [19].

Colony forming units clonal assay (CFU-F)
As described previously in our work in 2015, CFU-F assays 

were performed in order to quantify mesenchymal progenitors in 
BMMC samples [19]. Single cell suspensions were cultivated at 1.0 
× 106 cells/25 cm2 flasks with Dulbecco’s Modified Eagle’s Medium 
(DMEM) low glucose (Sigma, St. Louis, MO, USA), supplemented 
with 20% fetal bovine serum (Cultilab, Campinas, Brazil), 100 U/mL 
penicillin and 100 μg/mL streptomycin (Invitrogen, Grand Island, 
NY, USA) and incubated in 5% CO2 at 37°C. Medium was added in 
the first 3rd day and renewed every third day after that. After 14 days, 
the non-adherent cells were removed by washing with phosphate-
buffered saline and the remaining adherent cells were fixed in 4% 
buffered formalin for 30 min. To detect CFU-F, the cells were stained 
with Crystal Violet solution.

The cultures were scored for clusters (<50 cells/aggregate) and 
colonies (>50 cells) at 10x and 20x magnification microscopy. Culture 
of primary human MSCs BMMCs were plated at a density of 1.6 × 105 
mononucleated cells/cm2. After 7 days of culture, the non-adherent 
cells were discarded and the medium was refreshed twice a week. On 
reaching 90% confluence, the cells were sub-cultured and MSCs were 
analyzed using flow cytometry according to previous work in 2015 
[19].

Statistical analysis
Data were evaluated using descriptive statistics (mean, standard 

deviation, minimum, maximum, median, frequency, and ratio). The 
results were expressed as the mean (SD) for quantitative variables 
with normal distributions. Considering the normally distributed data 
T test was used for intergroup comparison. P-values of <0.05 or lower 
were considered for statistical significance. Correlation and qui-
squared analysis were done for analysis of non-metric data. Statistical 
analysis was done using GraphPad Prism (version 8) software.

Results and Discussion
A total of 36 patients were selected pediatric participants, with 

the average age of 12 years old, (ranging from 8 to 16 years old), 
with 50% HbSC and 50% HbSS. Ficat and Arlet classification of 
osteonecrosis was done prior to surgery with an average of ON stage 
of IIB (range I-III). Harris Hip Score, Cervico-diaphyseal angle and 
Wiberg angle were measured before (BP) and After Procedure (AP), 
pre- and postoperatively and the average time of measures was 23.7 
months (range 9 to 60). Colony forming unit assay was done pre-
operatively with BMMC derived from aspirated bone marrow from 
the anterior iliac crest during surgical procedure (Table 1). As there 
is no satisfactory treatment for osteonecrosis in sickle cell disease 
pediatric and adolescent patients, we propose the use of a low-invasive 
technique capable of preventing the further destruction of the affected 
bone, in order to safeguard the quality of life and the appropriate bone 
and posture development until adulthood. Current treatment options 
include observation, osteotomies, hip fusion, core decompression, 
various bone grafting techniques, and prosthetic replacement [7-11]. 
Nonoperative therapy in adults leads to uniformly poor results. We 
found in this work that applying BMMC injection through aspiration 
without decompression HHS increase in a very expressive manner 
and angle measurements show a clearly good development of tissue 
regeneration.

Nuclear magnetic resonance
When analyzing the MRI, we found a clear irregularity concerning 

the femoral head contour pre-operatively and a visual change in this 
morphology in postoperative images. Resonance image pre-operative 
Figure 1A coronal and T2-weighted image of the pelvis bone 
demonstrated altered bone morphology of the FH in its anterior-
superior aspect, characterized by a geographic image with low T1 
signal affecting more than 50% of sphericity, with loss of definition of 
the bone cortex, compatible with avascular necrosis. Figure 1B shows 
an axial T1 image with fat suppression after the use of paramagnetic 
contrast medium with no enhancement in the superior-anterior 
aspect compatible with avascular necrosis associated to a mild joint 
synovitis. Postoperative images show a remain in contour irregularity 
in the antero-superior portion of the femoral head, characterized 
by hyposignal in T1 and hypersignal in T2/STIR, with alteration 
of the sign with a pattern of medullary edema and surrounding 
enhancement, but a clear improvement with this irregularity affecting 
now 20% of the femoral head. 30% less of the area was seen affected 
and there was no visual joint effusion (Figure 1C, 1D).

Pre- and postoperative radiography
Radiographic and MRI representative images of the right hip in 

anteroposterior radiographic sequence of a representative case of a 
teenager in a four-year follow-up with sickle cell anemia, with pain and 
functional alteration of the right hip successfully treated with BMMC 
implantation and evolution of 2013-2017 (Figures 1-3). Preoperative 



Gildásio Daltro, et al., Clinics in Pediatrics - Orthopedics

Remedy Publications LLC. 2020 | Volume 3 | Article 10224

X-ray imaging of osteonecrosis of the right femoral head in a sickle 
cell anemia, 12-years-old at the time, individual. Alteration of bone 
morphology of the femoral head with flattening of the subchondral 
bone, irregularities of the associated contours, the radiolucent 
image of the bone. Bone infarction in the femoral neck (Figure 
2A). Postoperative radiography of the right hip in anteroposterior 
remodeling of bone morphology, with repair of the contour of the 
femoral head and sphericity in the absence of the radiolucent area 
in a demonstration of a 4 years later outcome and duration of good 
anatomical contour of the femoral head, displaying sphericity (Figure 
2B). Patient was 4 years older, therefore, with 16-years-old. Wiberg 
angle pre (Figure 3A) and post-operatively (Figure 3B) evolution 
measure was done using the anteroposterior radiograph of the right 
hip, through the measurement of the center angle of the femoral 
head, between a line perpendicular to the line passing through the 
center of the femoral head on the anteroposterior radiography of 
the pelvis and a line that touches the lateral edge of the acetabulum, 

assessing the degree of femoral head through the acetabulum. An 
improvement is seen in angulation pre- and postoperatively (31° and 
35°, respectively).

The measurement of the cervico-diaphyseal angle was done 

Mean (min-max) BP AP Statistics

Age (years) 12.06 (8-16) - - -

Male (%) 20 (55.55%)

Genotype (%) 16 (50%) HbSS - - -

Ficat/Arlet Stage IIB (I-III) - - -

Harris Hip Score (HHS) - 77.85 (55-98) 96.33 (90-100) p<0.0001****

Time (month) 23.75 (6-60) - -

Cervico-diaphyseal angle - 140.5 (140-141) 130.5 (129-132) NS

Wiberg angle - 27 (23-31) 33 (31-35) NS

CFU-F 27 (4-53) - - -

Table 1: Demographics data and analysis before and after procedure.

Figure 1: Magnetic resonance imaging of pelvis pre-(A;B) and postoperatively 
(C;D). A: Coronal and T2-weighted image of the pelvis bone with altered 
bone morphology of the FH in its anterior-superior aspect, affecting 50%, 
characterized by low T1 signal majorly affecting sphericity, with loss of 
definition of the bone cortex. B: Axial T1 image with fat with no enhancement 
in the superior-anterior aspect. C: Coronal and T2-weighted image of the 
pelvis with irregularity of the contour in the antero-superior portion of the FH, 
characterized by hyposignal in T1 and hypersignal in T2/STIR, with alteration 
of the signal, a pattern of medullary edema and surrounding enhancement, 
affecting 20% of the FH. D: Axial T1 image with absence of joint effusion.

Figure 2: Radiographs of right hip: pre- and postoperative. A: Preoperatively 
anteroposterior radiograph (year of 2013); B: Anteroposterior radiographic in 
2017, 4 years postoperative evolution.

Figure 3: Pre- and postoperative radiographs of right hip presenting 
functional angles representation, 4 years follow-up. A: Pre-operative (2013) 
anteroposterior radiograph with Wiberg angle of 31°; B: Postoperative 
(2017) anteroposterior radiograph with Wiberg angle of 35°. C: Preoperative 
(2013) anteroposterior radiograph with cervico-diaphyseal angle of 140° from 
right hip; D: Cervico-diaphyseal angle of 132° from right hip postoperative 
evolution (2017).
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considering the anatomical axis between the femoral neck and the 
femoral shaft before and after regeneration of the femoral head 
after BMMC injection. Figure 3C presents the valgus position of 
the femoral components (cervico-diaphyseal angle of 140°). Four 
years post BMMC injection showed an improvement in 8° sufficient 
to reach normal position and angle of the femoral shaft and neck 
(cervico-diaphyseal angle of 132°). These findings make evident 
that invasive procedures to resolve ON in pediatric patients can be 
postponed. Another promising finding was that angle measurements 
show a clearly good development of tissue regeneration Cervico-
diaphyseal angle showed an improvement of 10° after procedure. 
VCE was reported in this work to have an improvement of 6°.

Harris hip score development before and after procedure
The measurement of the anatomical axis between the femoral neck 

and the femoral shaft before and after regeneration of the femoral head 
after BMMC injection. Pre-operative scoring according to the HHS 
went from <70, considered a poor result to a fair to good HHS. After 
BMMC injection the outcomes were all greater than 90 in the HHS 
scoring system, considered an excellent outcome, with a expressive 
significant difference. Pre-operative vs. postoperative [77.85 (range 
55 to 98); 96.33 (range 90 to 100), respectively (p<0.0001)] (Figure 3).

Moreover, key findings emerge by the application of BMMC 
injection through aspiration without decompression using a 
minimally invasive procedure. In this study we measured the Harris 
Hip Score pre- and postoperatively to evaluate rather cell therapy 
with concentrated mononuclear cells, containing precursors would 
improve functionally the affected hip. We showed, through the 
application of the standard questionnaire and clinical evaluation, 
that HHS increase in a very expressive manner in a mean of 18.48, 
which leads to functional improvement of the hip with measurement 

of flexion, extension, internal and external rotation, abduction and 
adduction movements.

Colony forming unit clonal assay
An average of 120 ± 60 mL of bone marrow harvest from the iliac 

crest was concentrated into 40 mL of bone marrow mononuclear 
cells within 120 min after density centrifugation with Ficoll using a 
closed automated system. After cultivating and initial density of 1.0 × 
106 cells/25 cm2 fibroblast colony forming units were counted when 
past 14 days in culture. An average of 28.2 ± 13.9 CFU-F colonies 
was observed in BMMC (1.0 × 106 cells/25 cm2) cultures (Figure 2). 
CFU-F assay demonstrated clonal capacity and fibroblastic shaped 
adherent cells in formation of colonies. Colonies ranged from 4 to 53, 
with an average of 27 colonies.

Overall, these findings are in accordance with findings reported 
by many authors, who performed this procedure in adults [20,21]. 
In a study using conservative approach and osteotomy with sickle 
cell disease children, who have already reached skeletal maturity and 
had osteonecrosis of the femoral head, reported that both treatments 
showed functional outcomes at final follow-up with 75% of congruent 
hips (Stulberg 1 to 4) [10]. ON is an important development in 
children with SCD. Sickle cell disease is related to changes in 
growth and development of the skeleton, this can be due to bone 
infarction. Observing Talar ON, Hernigou et al. stated that epiphyseal 
shortening results from vascular involvement, which can cause 
damage to the growth plate and consequent early closure, slowing 
or stopping cartilage growth, leading to shortened bone, anisomelia 
and postural deviations. Premature fusion of growth plates often 
occurs centrally due to growth into the metaphyseal veins; however, 
in tibiotalar slant deformity, premature fusion occurs laterally due to 
local ischemia [22]. In children, less invasive treatments and surgical 
treatment approaches tends to be developed, the risk of femoral 
head epiphysiodesis due to the multiple drillings and other invasive 
procedures needs to be further assessed in skeletally immature 
children in order to assure that epiphyseal growth plate will not be 
affected [10,23].

Conclusion
BMMC derived from aspirated bone marrow has been considered 

an excellent surgical option when considering possible treatments for 
ON on sickle cell disease adults. Osteonecrosis in pediatric sickle cell 
disease population, even in conservative treatment usually leads to 
the natural progression of osteonecrosis to femoral head with further 
collapse. After collapse patients deal with limited life expectancy of a 
prosthetic technology currently available for Total Hip Arthroplasty 
(THA), and patient quality of life. This study described a proposition 
of treatment and displayed functional outcomes and quality of gait 
following BMMC injection in a pediatric sickle cell disease population 
with osteonecrosis. The results of this study provided valuable 
information as to the functional limitations within this population 
pre-operatively and positive outcomes post-operatively.
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