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Abstract
Background In patients with nontraumatic osteonecrosis of
the femoral head (ONFH), implantation of bone marrow
aspirate concentrate (BMAC) could delay the progression of

osteonecrosis and improve symptoms in pre-fractureONFH.
However, the BMAC content, especially in osteoblastic
stem cells, could have an important individual variability.
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An autologous osteoblastic cell product could improve the
effect of such cell-based therapy.
Questions/purposes (1) Does autologous osteoblastic
cell therapy decrease the likelihood of progression to
subchondral fracture with or without early collapse cor-
responding to Association Research Circulation Osseous
(ARCO) classification Stage III or higher, and provide a
clinically important pain improvement compared with
BMAC treatment alone? (2) Were patients treated with
osteoblastic cell therapy less likely to undergo subsequent
THA? (3) What proportion of patients in the treatment
and control groups experienced adverse events after
surgery?
Methods Between 2004 and 2011, we treated 279 patients
for Stage I to II hip osteonecrosis (ON) with surgery.
During that time, our general indications for surgery in this
setting included non-fracture ON lesions. To be eligible for
this randomized, single-blind trial, patients needed to have
an ONFH Stage I or II; we excluded those with traumatic
ONFH, hemoglobinopathies and positive serology for
hepatitis B, C or HIV. Of those treated surgically for this
diagnosis during the study period, 24% (67) agreed to
participate in this randomized trial. Hips with pre-fracture
ONFH were randomly treated with a core decompression
procedure associated with either implantation of a BMAC
(BMAC group; n = 26) or osteoblastic cell (osteoblastic
cell group; n = 30). The groups were not different in terms
of clinical and imaging characteristics. The primary study
outcome was treatment response, defined as the absence of
progression to subchondral fracture stage (ARCO stage III
or higher) plus a clinically important pain improvement
defined as 1 cm on a 10-cm VAS. The secondary endpoint
of interest was the frequency in each group of subsequent
THA and the frequency of adverse events. The follow-up
duration was 36 months. We used an as-treated analysis
(rather than intention-to-treat) for our efficacy endpoint,
and an intention-to-treat analysis for adverse events.
Overall, 26 of 26 patients in the BMAC group and 27 of 30
in the osteoblastic cell group completed the trial.
Results At 36 months, no clinically important differences
were found in any study endpoint. There was no difference
in the proportion of patients who had progressed to fracture
(ARCO stage III or higher; 46% of the BMAC hips [12 of
26] versus 22% in the hips with osteoblastic cells [six of
27], hazard ratio, 0.47 [95% CI 0.17 to 1.31]; p = 0.15).
There was no clinically important difference in VAS pain
scores. No differences were found for either the WOMAC
or the Lequesne indexes. With the numbers available, there
was no difference in the proportion of patients in the groups
who underwent THA at 36 months 15% (four of 27) with
osteoblastic cells versus 35% (nine of 26) with BMAC; p =
0.09 With the numbers available, we found no differences
between the treatment and control groups in terms of the
frequencies of major adverse events.

Conclusions We found no benefit to osteoblastic cells
over BMAC in patients with pre-collapse ONFH; side
effects were uncommon and generally mild in both groups.
This study could be used as pilot data to help determine
sample sizes for larger (presumably multicenter) random-
ized controlled trials. However, this novel treatment cannot
be recommended in routine practice until future, larger
studies demonstrate efficacy.
Level of Evidence Level II, therapeutic study.

Introduction

Nontraumatic osteonecrosis of the femoral head (ONFH) is
characterized by epiphyseal necrosis of the osteomedullary
tissue. This can cause pain, subchondral fracture, femoral
head collapse, and lead to THA. Because many patients
with nontraumatic ONFH are young, surgeons generally
seek to avoid THA when possible in these patients [17].
Bone cell and/or mesenchymal cell (MSC) deficiency may
exist in patients with ONFH [5, 9]. An inability to repair
lesions in the affected areas results in local structural
weakness because of weightbearing stress and eventually
bone collapse [19].

Autologous bone marrow cell therapies tested in the
early stages ONFH, mainly autologous bone marrow
aspirate concentrate (BMAC), have had encouraging
results [3, 4, 10, 12]. BMAC contains MSCs and endo-
thelial progenitor cells that have a number of potentially
beneficial biological properties, and some research sug-
gests efficacy of treatments with these cells may be re-
lated to the number of MSCs implanted [12]. However,
the non-cell part of BMAC, including cytokines and
growth factors, may also play a role. Furthermore, the
number of MSCs in the BMAC depends on several fac-
tors, such as age, and ON etiological factors, including
alcohol abuse and corticotherapy. Another approach
could be the use of a preliminary ex-vivo processing of
the autologous bone marrow to increase the number of
MSCs and to boost the osteoblastic differentiation. We
attempted to investigate this by comparing, in a ran-
domized setting, BMAC with a pure cell product in-
cluding osteoblasts.

Specifically, we asked: (1) Does autologous osteo-
blastic cell therapy decrease the likelihood of progression
to subchondral fracture with or without early collapse
corresponding to Association Research Circulation
Osseous (ARCO) Stage III or higher and provide a clin-
ically important pain improvement compared with
BMAC treatment alone? (2) Were patients treated with
osteoblastic cell therapy less likely to undergo subsequent
THA? (3) What proportion of patients in the treatment
and control groups experienced adverse events after
surgery?
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Patients and Methods

Study Design and Patients

This randomized, single-blind (observers), exploratory
study was conducted in two centers in Belgium. We in-
cluded patients aged 18 years or older and those with
ONFH of pre-fracture Stage I or II according to ARCO
[18], confirmed at screening by radiographs and MRI. We
also enrolled patients with bilateral hip ONFH. We ex-
cluded patients with traumatic ONFH or hemoglobinop-
athies and those with positive serology results for
hepatitis B, C, or HIV. The study was approved by the
ethics committees of the two institutions (ClinicalTrials.
gov identifier: NCT02890537); all patients provided
written informed consent.

Between 2004 and 2011 we treated 279 patients for
Stage I to II hip osteonecrosis (ON) with surgery. During
that time, our general indications for surgery in this
setting included non-fracture ON lesions. Of those
treated surgically for this diagnosis during the study
period, 24% (67) agreed to participate in this randomized
trial (Fig. 1).

Randomization and Masking

Hips were randomly assigned in a 1:1 ratio to either BMAC
(the BMAC group; n = 36) or osteoblastic cell implantation
(the osteoblastic cell group; n = 36). A single randomization
list was generated for the two sites. When both hips of the
same patient were enrolled in the study, the right hip was
assigned to the treatment arm from the first available enve-
lope. The left hip was then assigned to the other treatment
arm. Patients and treating physicians were not blinded to the
treatment allocation because the procedure schedules were
different. Clinical research assistants and radiologists were
masked to the treatment assignment. We used an as-treated
analysis (rather than intention-to-treat) for our efficacy end-
point, and an intention-to-treat analysis for adverse events.

Populations

Sixty-seven patients with 82 hips affected by ONFH were
enrolled in the study (Fig. 1). Randomization was done for
72 hips (59 patients). Assigned treatment was not done in
16 hips (16 patients), due to ineligible subchondral fracture
stage ONFH (n = 5), withdrawal of patient’s consent (n =
5), production failure of the osteoblastic cells (n = 4), acute
viral hepatitis (n = 1), and a protocol violation (n = 1). Fifty-
six randomized hips underwent either BMAC implantation
(26 hips) or osteoblastic cell implantation (30 hips). Eight
patients were treated in the study concomitantly on both

hips, with osteoblastic cells on one hip and BMAC on the
other hip. For the efficacy set, we excluded three patients
from the osteoblastic cell group due to the absence of
follow-up after treatment. Thus, we analyzed efficacy data
for 53 hips, comprising 27 hips in the osteoblastic cell
group and 26 hips in the BMAC group. For the secondary
outcomes, we included a total of 63 treated hips, com-
prising 33 hips in the osteoblastic cell group and 30 hips in
the BMAC group.

At baseline, clinical and imaging characteristics were
not different between the groups (Table 1).

Procedures

In the BMAC group, BMAC was prepared from the
patient’s bone marrow on the day of the study treatment.
These procedures have been previously published [4].
Under general anesthesia, a volume of 400 6 85 mL au-
tologous bone marrow was harvested from the anterior or
the posterior iliac crests; bone marrow was then sorted on a
Spectra cell separator (777006300; Cobe, Lakewood, CO,
USA) and concentrated to a final volume of 40 6 11 mL.
This amount of bone marrowwas recommended to obtain a
maximum of MSCs in the BMAC for boosting bone re-
construction [12]. During the same general anesthesia, a
special 3-mm trephine was inserted in the necrotic lesion
under control of a fluoroscopic view through the great
trochanter, the neck, and the femoral head. Then the
BMAC was injected into the necrotic region. To avoid any
leakage, a piece of Gelfoam® absorbable gelatin sponge
(Pharmacia & Upjohn Company, Kalamazoo, MI, USA)
was pushed through the trephine to close the hole. An al-
iquot of the BMAC was systematically analyzed for de-
termining the number of mononuclear cells, the number of
MSC using fibroblast colony-forming units (CFUs)
method, and the number of CD34-positive cells (precursor
of hematopoietic stem cells). In this study, BMAC con-
tained 3.46 3.0 x 109 nucleated cells, including 0.66 0.2
% CD34+ cells and 9.26 9.5 x 106 CFU-F. A culture was
systematically done to control the sterility.

In the osteoblastic cell group, the osteoblastic cells were
manufactured by the Unité de Thérapie Cellulaire et
Moléculaire and the Laboratoire de Thérapie Cellulaire et
Génique for products manufactured from and to be admin-
istered to patients enrolled at the two facilities in this study.
Under local anaesthesia, 496 18 mL of bone marrow were
harvested from the posterior iliac crest. During a 3-week
procedure, MSCs were isolated, expanded, and differenti-
ated ex vivo under autologous conditions to obtain a pop-
ulation of osteoblastic cells (European Patent 001360,
2006-02-1). After 3 weeks, patients underwent a core de-
compression as described above, and a target dose of 20.106

osteoblastic cells diluted in 5 mL of saline solution was
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implanted in the necrotic lesion through the same trephine
used for the core decompression. In a biodistribution sub-
study, osteoblastic cell pharmacokineticswas studied in four
hips (from four patients), using radio-labelled [111Indium]
cells injected into the necrotic lesion of the femoral head [7].
At 2, 4, 24 and 48 hours post-implantation, 20-minute static
positron emission tomography scans were taken in the area
of the iliac crest and in the total body to assess the number of
osteoblastic cells retained at the implantation site and to
determine their pharmacokinetic profile. Respectively, at 4,
24 and 48 hours post-implantation, radio-labelled osteo-
blastic cells were detected in femoral bone including the
femoral head, proximal femoral metaphysis, and osteome-
dullary compartment (67%, 61%, 61%), in the lungs (mean
13%, 1%, 0%), and in the liver and spleen (mean 20%,
39%, 39%).

The mesenchymal phenotype of osteoblastic cells was
controlled by flow cytometry for positive MSC features
(CD105, CD73, CD90) and negative hematopoietic stem
cell markers (CD45, CD19, CD14) [2]. The osteoblastic
character was also controlled: the CD166 expression using
flow cytometry was 60 6 0%, the alkaline phosphatase
enzymatic activity was 1 6 1 mU/mg/protein, and the se-
cretion of type 1 procollagen (N-terminal) (P1NP) was 48
6 32 ng/mL as measured by ELISA. The mineralization
capacity of osteoblastic cells was demonstrated by a strong

Alizarin red staining, corresponding to more than 60% of
the 10 cm2 well [1]. Release of osteoblastic cells was done
according to the following criteria: cell viability (> 80%),
quantity of viable cells (manual counting) and a sterility
test (gram staining). Of the 33 hips treated with osteoblastic
cells, 27 were implanted with 20 million cells (planned
dose) and six were implanted with a lower cell dose (range
1.5-18 million cells). All osteoblastic cell products con-
formed to specifications, including sterility. For 11 osteo-
blastic cell products, karyotyping was assessed at two
timepoints; first, when cells were dividing during the
manufacturing process, and second, at the end of the
manufacturing process. When a sufficient number of cells
was observed, culture was stopped, and cells fixed and
prepared for Q-banded karyotype analysis. Ideally, 15
metaphases per sample had to be analyzed for structural
and numerical chromosomal pattern (Cytovision software,
Leika Biosystems, Diegem, Belgium). A total of 12 kar-
yotype analyses of nine different osteoblastic cell products
were found conclusive. All batches had a normal karyotype
(no clonal abnormality in the sample), except two: one
karyotype displayed a trisomy of chromosomes 2 and 8 in
two metaphases; one karyotype displayed a trisomy of
chromosome 2 in 3 metaphases based on the analysis of 14
metaphases. These two patients had a medical history of
tumor in the past 5 years at study inclusion (breast cancer

Fig. 1 This figure shows the CONSORT flow diagram of the trial; BMAC = bone marrow
aspirate concentrate; OB = osteoblast.
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and meningioma). Therefore, karyotypes prove that po-
tential chromosomal abnormalities in osteoblastic cells are
uncommon and random, with no evidence of specific cell
transformation induced by the process. In addition, there
was no evidence of tumor development or neoplastic
changes in the patients during follow-up.

Outcomes

The primary outcomes were the absence of progression to
subchondral fracture stages and a clinical improvement. A
composite outcome called “treatment responders” was
used, including the absence of progression to a subchondral
fracture stage combined with clinically relevant hip pain
relief. The secondary outcomes were conversion to THA
and adverse events.

Patients were assessed at baseline and at 36 months for
clinical outcomes using the WOMAC (total score and
subscale scores for pain, stiffness, and function), Lequesne
index, and a Likert-type VAS score for pain, and radio-
logic ONFH progression was assessed using radiography
(AP and frog-leg views). The size and location of the ne-
crotic lesion in the femoral head were assessed at baseline
usingMRI. The ARCO stage [16] was determined for each
hip at baseline and at each interval of the follow-up period
by four blinded readers . We also used a composite out-
come following the recommendations of the regulatory
agencies (ICH E9, CPMP/EWP/908/99): the treatment res-
ponders. A treatment responder did not subsequently have a
subchondral fracture and experienced clinically relevant pain
relief (minimum 10-mm VAS pain improvement) [13, 15].
Patients with a baseline VAS pain score less than 10 mm
needed a score of 4 mm or less to be considered as having

Table 1. Demographics and baseline characteristics of treated hips

Parameters BMAC group (n = 26) Osteoblastic cell group (n = 27) p valuea

Age (years, SD) 50 6 12 51 6 10 0.89

Sex 0.43

Male 73% (19) 63% (17)

Female 27% (7) 37% (10)

Ethnic origin > 0.99

White European 100% (26) 96% (26)

Black 0% (0) 4% (1)

BMI (kg/m2) 27 6 5 26 6 5 > 0.99

ONFH risk factors

Corticosteroids 73% (19) 59% (16)

Alcohol abuse 42% (11) 26% (7)

Others 19% (5) 30% (8)

Idiopathic 3.8% (1) 11% (3)

ARCO classification 0.92

Stage 1 38.5% (10) 37.0% (10)

Stage 2 61.5% (16) 63% (17)

Size of ON lesion 0.44

Minimal (A; < 15%) 19% (5) 4% (1)

Moderate (B; 15%-30%) 31% (8) 33% (9)

Extensive (C; > 30%) 50% (13) 63% (17)

Location of ON 0.11

A = medial 0% (0) 0% (0)

B = central 31% (8) 29% (8)

C = lateral 69% (18) 70% (19)

VAS pain (mm)b 29 6 30 39 6 29 0.23

WOMAC (points)b 31 6 26 37 6 24 0.35

More than one etiology was possible per patient; proportions of the total number of hips in the group are presented.
ap value of the difference between the two groups was determined using a chi-square test or Fisher’s exact test for categorical
variable and a t-test for continuous variables.
bExpressed as the mean 6 SD; ONFH = osteonecrosis of the femoral head; ON = osteonecrosis; ARCO = Association Research
Circulation Osseous classification.
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responded well clinically, in accordance with the result of a
previous study [10]. A decrease in the WOMAC score of at
least 2 points was considered a clinically relevant improve-
ment in function.

The decision to turn to THA when the treatment had
been insufficient in controlling pain and/or disability was
discussed with the patient at the end of each assessment
session. The final decision was taken according to the
patient’s own wishes. The tolerability of osteoblastic
cells and BMAC were monitored throughout the study
period.

Follow-up

The mean follow-up was 36 months (range 35-38). At
36 months, 100% (26 of 26) of the treatment group, and
90% (27 of 30) of the control group had complete follow-
up, including radiographic imaging and clinical scores both
before study initiation and at 36 months. We also checked
how many patients had not been seen in the last 5 years
(including patients who underwent THA, and patients re-
ferred to our centers only for the study): 70% (23 of 33) in
the osteoblastic cell group and 73% (22 of 30) in the
BMAC group had not been seen in the last 5 years.

Statistical Analysis

Because of the exploratory nature of the study, we planned
no formal hypothesis testing and sample size calculation,
and we based the sample size on feasibility, considering the
rare occurrence of pre-fracture ON. We estimated the dif-
ference in proportion between the two groups and exact 95%
CI of the difference with a generalized estimating equation
regression model. The time to progression to fracture over
36 months was compared between groups using a log-rank
Kaplan-Meier analysis. We used a Cox model with treat-
ment effects to estimate the hazard ratio and its 95% CI.
Clinical scores (VAS pain, WOMAC, and Lequesne index)
were summarized using descriptive statistics; the absolute
change in the scores was compared at each studied timepoint
using a t-test, with differences (together with the 95% CI)
calculated using a linear model for repeated measures.
Comparisons were performed with two-sided tests, with p
values less than 0.05 considered statistically significant.
Because these comparisons were solely intended for ex-
ploratory purposes, no adjustment to control the Type I error
for multiplicity was performed.

The adverse events set comprised all treated hips.
Treatment-emergent adverse events were defined as ad-
verse events that occurred on or after the day of core de-
compression or drug implantation. Statistical analyses
were performed using the SAS software, version 9.3

(Tervuren, Belgium). To investigate whether location and
quantification predict ARCO stages, logistic regression
analyses were performed with the R software, version 3.4.3
(R foundation, Vienna, Austria).

Results

Primary Outcomes

At 36 months, no clinically important differences were
found in any study endpoint. There was no difference in the
proportion of patients who had progressed to fracture
(ARCO Stage III or higher; 46% of the BMAC hips (12 of
26) versus 22% in the hips with osteoblastic cells (six of 27),
hazard ratio 0.47 [95%CI 0.17 to 1.31]; p = 0.15).AKaplan-
Meier analysis over the 3-year period after implantation
shows the risk of ONFH progression to fracture was not
different between the two treatments (hazard ratio 0.5 [95%
CI 0.2 to 1.3]; p = 0.15) (Fig. 2).

Likewise, there was no clinically important difference in
pain or other outcomes scores between the groups. For im-
provement in VAS pain, the scores for osteoblastic cells and
BMAC were, respectively, 18 mm6 41 versus 7 mm6 36
(mean difference 11 [95%CI 34.6 to 1.9]; p = 0.03), but this
differencewas well below the minimum clinically important
difference (MCID) of 20 mm for the VAS scale [14]. For
improvement in WOMAC, there were no differences be-
tween the osteoblastic cell and BMAC groups (-13 6 34
versus -46 35, mean difference 9 [95%CI -17.6 to 9.5]; p =
0.11), nor was there a difference in improvement in the
Lequesne index (-46 8 versus -26 7%, mean difference 2
[95% CI -3.73 to 2.17]; p = 0.07).

There was no difference in the proportion of patients in
the osteoblastic cell and BMAC groups in terms who met
the definition of “treatment responder” (fracture plus pain
relief). The treatment responder outcomewas, at 36months
of follow-up, reached for osteoblastic cell and BMAC
implantation, respectively, in 56% (15 of 27) (95%CI 35 to
75) and 39% (10 of 26) (95%CI 20 to 59) (mean difference
0.17 [95% CI -0.1 to 0.4]; p = 0.24).

Secondary Outcomes

The groups did not differ in terms of the proportion of hips
that were converted to THA at 36 months (15% [four of 27]
for osteoblastic cells and 35% [nine of 26] for BMAC;
p = 0.09).

Adverse events generally were uncommon and transient
in both groups. With the numbers available, there were no
differences between the osteoblastic cell and BMAC groups
in terms of the frequencies ofmajor adverse events (Table 2),
although we were grossly underpowered on this endpoint.
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No deaths were reported during the study period. Pyrexia
was the most frequent treatment-emergent adverse event
(possibly related to the study treatment) reported. Three
patients treated bilaterally on the same day experienced

transient,mild ormoderate episodes of fever, and one patient
treated with osteoblastic cells in one hip developed a severe
episode of fever, rated as serious, shortly after drug im-
plantation; none were attributable to sepsis.

Table 2. Summary of treatment-emergent adverse events possibly related to study treatment (per systemorgan class and preferred term)

Patients with at least one treatment-
emergent adverse event

BMAC group (n =30) Osteoblastic cell group (n = 33)

Non-serious Serious Non-serious Serious

Total, presented as % (n) 17 (5) 3 (1) 9 (3) 6 (2)

General disorders and
administration-site conditions

10 (3) 3 (1) 9 (3) 6 (2)

Pyrexia 10 (3)a 0 (0) 9 (3)a 3 (1)

Systemic inflammatory
response syndrome

0 (0) 3 (1)a 0 (0) 3 (1)a

Vascular disorders 0 (0) 0 (0) 0 (0) 3 (1)

Hypotension 0 (0) 0 (0) 0 (0) 3 (1)

Blood and lymphatic
system disorders

0 (0) 0 (0) 0 (0) 3 (1)

Pancytopenia 0 (0) 0 (0) 0 (0) 3 (1)

Nervous system disorders 0 (0) 0 (0) 0 (0) 3 (1)

Altered state of
consciousness

0 (0) 0 (0) 0 (0) 3 (1)

Injury, poisoning, and
procedural complications

7 (2) 0 (0) 0 (0) 0 (0)

Post-procedural
complications

3 (1) 0 (0) 0 (0) 0 (0)

Procedural pain 3 (1) 0 (0) 0 (0) 0 (0)

Adverse events were coded by preferred term and system organ class using theMedical Dictionary for Regulatory Activities Version
18.0. Treatment-emergent adverse events were defined as adverse events occurring on or after the day of core decompression or
drug implantation (single procedure). Treatment-emergent adverse events were considered prevalent if they were observed in
more than five patients in at least one group.
aThree patients with non-serious transient fevers and one with serious systemic inflammatory response syndrome underwent
treatment of both hips on the same day (one hip with osteoblastic cells and the other hip with BMAC).

Fig. 2 This survival analysis shows the lack of progression to fracture at more than 36
months after treatment.
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Discussion

Clinical investigations assessing the benefits of cell-based
therapies for the treatment of ONFH, mostly using BMACs,
generally have reported favorable outcomes like pain relief,
reduction of evolution to subchondral bone fracture stages,
reduction in the proportion of patients converted to THA [3,
10, 12, 20]. Our first trial in non-fracture ONFH compared
core decompression alone to core decompression augmented
with BMAC [3, 4], and we found BMAC added to core
decompression was superior to core decompression alone in
terms of pain relief, reduction of evolution to subchondral
bone fracture stages, and reduction in the proportion of
patients converted to THA. These findings have been reported
by others [11]. Although the osteogenic effect of BMACmay
be a function of MSCs, it may also be a function of the non-
cell part of theBMAC, including cytokines and growth factors
[6], although we are not aware of any specific study demon-
strating this. Some research suggests that the efficacy of the
BMAC treatment is related to the number of implantedMSCs
[12], and the number of MSCs can vary widely in BMAC.
This points to a limitation of the therapeutic use of autologous
BMAC: the inability to deliver sufficient numbers ofMSCs to
the site of the treated lesion. We therefore developed another
approach that produces an adequate number of osteoblastic
cells by ex vivo culture, and in this study sought to evaluate its
efficacy by comparing BMAC with a pure cell product (os-
teoblastic cells) in a randomized trial inwhich both study arms
included the same core decompression procedure. However,
in this randomized, controlled trial, we found no benefit to the
use of osteoblastic cells in terms of the risk of progression to
subchondral fracture, pain relief, or conversion to THA.

Limitations

This study had several important limitations. First, it was
probably underpowered. We hoped to recruit 100 hips.
Over 7 years, 82 hips were assessed for the trial but only 53
hips completed it. In this situation, we encourage the reader
to consider both possible interpretations of our no-
difference finding: Either there indeed is no difference
between the groups, or a difference was present but was not
detected because of insufficient sample size. Our data may
be used to determine sample size for future trials on this
topic. A further limitation is that the follow-up was only for
36 months. We tried to obtain a follow-up at 5 years, but
too much data was missing.

Other study aspects may have impacted the results.
Concerning the blinding process, the study could not be
double blind since treating physicians and patients knew
which cell-based therapy was used. Nevertheless, we believe
that pain and functional assessments were not affected by this
limitation; first, no information on the possible superiority of

one cell therapy over the other was provided during the in-
formed consent procedure; and second, the pain and func-
tional assessments were found to be consistent with unbiased
blind outcome assessments of radiographic imaging on frac-
ture evolution. However, there remains a risk ofmore positive
reporting bias among patients who received osteoblastic cell.

Patients with bilateral ONFH were included; doing this
may violate the assumptions of the statistical tests we used
(which assume independence of all observations). However,
in non-traumatic ONFH, bilateral ON lesions are frequent
[8]. Since each patient with bilateral ONFH served as his or
her own control, we believe this is not a severe limitation.

Progression to Fracture and Pain Scores

Concerning the primary outcomes of treatment efficacy
(progression to subchondral fracture and improvement in
pain scores), we found no benefit of osteoblastic cells over
BMAC. In the BMAC group, the results observed were not
as good as previously published results [3, 10, 12, 20]. We
do not have a robust explanation for this. One possible ex-
planation for the lack of response to osteoblastic cell treat-
ment may have been the delivery of an insufficient number
of cells. Future studies might seek to determine whether
doses higher than 20.106 osteoblastic cells aremore effective
thanwhatwe observed. Such further tests would require new
randomized controlled trial; indeed, no appropriated ON
animal models exist to test these treatments.

Secondary Outcomes: THA and Adverse Events

There was no difference between the groups in terms of
secondary outcomes, namely the frequency of conversion
to THA, and the frequency or severity of adverse events,
although we were grossly underpowered on this endpoint.
Transient post-implantation fever was reported in both
groups. Pyrexia was observed in three patients after bi-
lateral treatment and in one patient treated with OB cells on
one hip. Symptoms were resolved within 24 hours without
further therapy; this may represent a reaction to cell im-
plantation or to the decompression procedure itself, as
reported by others [10, 16]. Karyotypic abnormalities of
the kinds we observed in a subset of osteoblastic cell
samples in this study remain of unknown clinical impor-
tance, but nevertheless deserve further investigation as well
as longer prospective follow-up of the treated patients.

Conclusions

Given the fact that osteoblastic cells were no more effective
than BMAC for the treatment of ON, and considering the
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large cost associated with the treatment as well as the ques-
tion of karyotype abnormalities of unknown importancewith
osteoblastic cell expansion cultures, we cannot recommend
the use of osteoblastic cells for this indication until the im-
portance of karyotypic abnormalities is ascertained and larger
studies demonstrate efficacy and safety. Although our study
was underpowered, we believe it may serve to inform
sample-size calculations for future, larger, multicenter
RCTs—perhaps using higher doses of osteoblastic cells—
which we think should be conducted because the therapeutic
challenge of the early ON stages remains poorly resolved.
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