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Subchondral stem cell therapy versus contralateral total knee
arthroplasty for osteoarthritis following secondary osteonecrosis
of the knee
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Abstract
Purpose Total knee arthroplasty (TKA) implanted in patients with secondary osteonecrosis (ON) related to corticosteroids have
relatively poor outcome (20% revision rate) at a mean follow-up of only eight years. With the hypothesis that subchondral bone
marrow injection might improve knees in these patients, we evaluated 30 patients who had bilateral knee osteoarthritis with severe
joint space narrowing and received TKA in one knee and subchondral bone marrow concentrate injection in the contralateral knee.
Material and methods A prospective randomized controlled clinical trial was carried out in 60 knees of 30 patients (mean age
28 years, 18–41) who presented bilateral osteoarthritis secondary to knee ON related to corticosteroids in relation with different
severe medical conditions. During the same anesthesia, one knee received TKA; for the other knee, a bone marrow graft
containing an average of 6500 MSCs/mL (counted as CFU-F, range 3420 to 9830) was delivered to the subchondral bone of
the femur and tibia. The length of anesthesia related to each procedure (bone marrow aspiration and subchondral injection of
concentrated bone marrow versus total knee arthroplasty) was measured. Peri-operative outcomes, morbidity, complications, and
safety of the two procedures were compared. Subsequent admissions for revision surgery were identified. At the most recent
follow-up (average of 12 years, range 8 to 16 years), clinical outcomes of the patient (Knee Society score) were obtained along
with radiological imaging outcomes (MRIs for knees with subchondral bone marrow injection).
Results Anesthesia related to the TKA side was longer than for the cell therapy group. Medical and surgical complications were
more frequent after TKA. A higher number of thrombophlebitis was observed on the side with TKA (15%) versus none on the
side with cell therapy (0%). At the most recent follow-up (average of 12 years, range 8 to 16 years), six (out of 30) TKA knees
needed subsequent surgery versus only one with cell therapy. The Knee Score had improved and remained similar in the TKA
and cell therapy groups (respectively 80.3 points ± 11 versus 78.3 ± 23); 21 patients preferred the knee with cell therapy and 9
preferred the knee with TKA. Knees with cell therapy had improvement on cartilage and bonemarrow lesions observed at the site
of bone marrow subchondral injection.
Conclusions Subchondral autologous bone marrow concentrate was an effective procedure for treating young patients with knee
osteoarthritis following secondary ON of the knee related to corticosteroids with a lower complication rate and a quicker recovery
as compared with TKA.
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Secondary osteonecrosis of the knee related to corticosteroids
usually affects patients younger than 45 years of age, involves

both femoral condyles, as well as the tibial epiphysis, and
metaphyses of the femur and tibia are frequently affected
(Fig. 1). In patients who have late stage IV disease, with le-
sions on both sides of the joint and collapsed articular cartilage
with osteoarthritis (OA), total knee arthroplasty (TKA) is one
of the solution. The therapeutic benefits after TKA performed
for secondary atraumatic osteonecrosis of the knee should
theoretically be comparable to those of TKA performed for
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OA. However, published results [1–3] of TKA for secondary
osteonecrosis (ON) revealed only 74% good outcomes, with a
20% revision rate at a relatively short follow-up of eight years
(range 4.2–10 years), and there is no data about the revision
scores of the knees in this young population with associated
severe comorbidities [4–6] as transplantation, lupus, or other
causes of high doses of corticosteroids.

Due to these reasons, there is a growing need to postpone
TKA in these patients and to propose less-invasive therapies
in these young patients with comorbidities. One such therapy
could be the use of autologous, bone marrow concentrate
injected into the subchondral bone marrow of the affected
joint(s). Our rationale for subchondral bone injection of bone
marrow concentrate (BMC) was that intraosseous delivery of
stem cells has been proven to be efficacious in bone fracture
healing and ON [7, 8], and physiopathology has revealed that
functional fibrocartilage tissue is synthesized only when the
subchondral bone is involved through bone marrow-
stimulating procedures such as Pridie drilling and
microfractures [9, 10]. Pain associated with OA is likely mul-
tifactorial, but since cartilage has no innervation, the highly
innervated subchondral bone may be the source of pain.

The aim of this study designed in 1999 was therefore
to assess a novel approach to treating OA secondary to
ON, by adding to the classical percutaneous drilling for
the treatment of secondary osteonecrosis of the knee [11]
subchondral bone intraosseous injection of BMC as pro-
posed in hip ON [8], not only at early stages but also at
the stage of OA. Since secondary ON is frequently bilat-
eral [12–14], patients who had bilateral pain and were
planned to undergo bilateral TKA were proposed to re-
ceive a subchondral injection of BMC on one of the knees
during the same anaesthetic. Our hypothesis was that the
subchondral injection of BMC should give at midterm a

clinical improvement and could postpone TKA for one of
the knee. This study was performed to assess how both
techniques perform in the same patients and determine the
following: (1) the number of cells obtained from the iliac
crest as compared to the number of cells in the knee of
these patients; (2) what were the general, local complica-
tions, and special considerations related to the two tech-
niques; (3) whether they have the same durable effect on
pain during the average follow-up of 12 years (range 8 to
16 years) and obtained the same functional scores at the
most recent follow-up.

Methods

Patient selection and study design

After institutional review board approval, we conducted a
study on 30 patients (18 women, 12 men) who had secondary
bilateral ON of the knees related to corticosteroids. Age at
time of surgery averaged 28 years ranging 18 to 41 years.
All these young patients had taken high doses of corticoste-
roids (> 2000 mg) for different medical conditions including
leukaemia (15 patients, 30 knees), variable organ (cardiac,
renal transplantation (6 patients, 12 knees)), lupus erythema-
tosus (4 patients, 8 knees), cerebral tumour (3 patients, 6
knees), and Crohn’s disease (2 patients, 4 knees). The delay
between knee surgery and onset of severe medical condition
with corticosteroid treatment was average eight years (range 5
to 15 years). At the time of surgery, 24 of these patients had
received hip arthroplasties for associated hip ON [15], and 12
of the 30 patients were taking oral corticosteroids.

Analysis of the knees with pre-operative radiographs and
MRI determined that there was collapse and degradation of

Fig. 1 Osteonecrosis of both
condyles and tibial plateau treated
with knee arthroplasty
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the cartilage surface with secondary OA. According to the
usual classifications [12], they were stage IV with collapse,
degenerative changes present on both sides of the joint, joint
space narrowing, osteophytes, and osteosclerosis on affected
condyle and ipsilateral tibial plateau and bone marrow edema
in the subchondral bone. For sizing [16], ONwas present in all
the quadrants of the knees.

The two knees of the same patient were randomized into
either the TKA group or the MSC group. Simple random-
ization method conducted by a staff member blinded to the
patients’ data was used; each patient was asked to choose
either of two identical envelopes with either the TKA or
MSC group indicated inside. Subchondral bone marrow
concentrate injection and TKA were performed on the
same day during the same anesthesia from 2000 to 2008
and this study was completed in 2016. At the most recent
follow-up (average of 12 years, range 8 to 16 years), no
knee was lost to follow-up.

Surgical technique

Surgery was performed under general anaesthesia three times.
Each patient underwent knee-preserving surgery at the same
time TKA surgery was performed. Patients were placed on
supine position. The length of anaesthesia related to each pro-
cedure (bone marrow aspiration and subchondral injection of
concentrated bone marrow versus total knee arthroplasty) was
measured.

Mesenchymal stem cell aspiration from bone marrow was
first performed After installation, the patient for knee
arthroplasty and before TKA incision, bone marrow was har-
vested on the anterior iliac crest as previously reported
[17–19]. The quantity of bone marrow aspirate extracted from
the patient’s anterior iliac crests averaged 105 mL (range 90 to
110), which was then concentrated by centrifugation. The
concentration of MSCs in the bone marrow aspirate was on
average 1370 MSCs/mL (range 637 to 2155).

Knee arthroplasty was performed secondly Before anterior
incision, the number ofMSCs present in the subchondral bone
of the knee with TKAwas determined from samples (approx-
imately 4 mL of bonemarrow) aspirated percutaneously under
general anaesthesia using the same technique from the tibia
plateau and the femoral condyle. For TKA, cemented implants
were utilized in all patients (Ceraver Total Knee System) and
all were posterior-stabilized prostheses including patellar
components. Stems (Fig. 2) were used when extension of
the ON was present either on the femur or on the tibia.
Protected weight bearing with crutches was instituted during
the two post-operative weeks for these patients who had sur-
gery on both knees at the same time.

MSCs were supercharged in the subchondral bone of the
contralateral knee Before reinjection of the bone marrow as-
pirated from the iliac crest, the number of MSCs present in the
subchondral bone of the knee treated with MScs was also
determined from samples aspirated percutaneously under gen-
eral anaesthesia from the tibia plateau and the femoral con-
dyle. Following this aspiration, each knee received a BMC
graft containing an average of 6500 MSCs/mL (counted as
CFU-F, range 3420 to 9830). Treatment was performed by
percutaneous injection of 40 mL BMC in the subchondral
medial and lateral femorotibial compartments of each knee,
i.e., 10mL in the medial tibial plateau and 10mL in the medial
condyle, 10 mL in the lateral tibial plateau and 10 mL in the
lateral condyle. The bone marrow concentrate was injected
slowly through the trocar and the wound closed using a single
nylon suture. Patients were discharged with instructions for
partial weight bearing using crutches for the first post-
operative week, and then total weight bearing without
crutches. Physical therapy was not necessary.

Comparative analysis of bone marrow of the iliac
crest, and knee subchondral bone

The number of MSCs present in the subchondral bone before
injection were determined from samples (approximately 4 mL
of bone marrow) aspirated percutaneously under general an-
aesthesia from each patient recruited using the same technique
from the anterior iliac spine, the tibia plateau, and the femoral
condyle. Cell counts were carried out with a hemocytometer.
Presence of connective tissue progenitor (MSC) in the
subchondral bone before intraosseous injection as well as in
the concentrated cell suspension was evaluated using colony-
forming unit fibroblast (CFU-F) assays as previously reported
[19]. Additional analysis included the number of nucleated
cells, erythrocytes, and platelets, as well as the differential
count of the nucleated cells. Estimates of MSC prevalence
and biological performance based on CFU-F assays were per-
formed for populations of freshly isolated cells. The number
of CFU-F colonies was not the only parameter studied for
these cells. Other parameters were used as previously reported
[20] to explore the functional capacity of cell populations
coming from the iliac crest and knee.

Peri-operative morbidity, complications, and safety
of the two procedures

Patients were evaluated clinically at four to six weeks,
three months, one year, and then yearly intervals thereaf-
ter. Acute medical complications were evaluated during
the first 90 days after surgery. Additional complications
of the procedures also included transfusions, deep-vein
thrombosis, and pulmonary embolism.
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Outcomes

Subsequent re-operations, causes of failures evaluation

Subsequent admissions for revision surgery were identified.
All patients were encouraged to return for routine clinical and
radiographic follow-up. Orthopaedic complications of
arthroplasties included revision knee arthroplasty, arthrosco-
py, arthrotomy, debridement, synovectomy, or other surgery.

Clinical outcome of the patient

The clinical results were graded according to the Knee Society
score [21]. Evaluation was scheduled at six months, one year,
and yearly thereafter. At the most recent follow-up, three pa-
tients were unable or unwilling to return for full clinical eval-
uation, and in these patients, local radiographic evaluationwas
arranged and obtained, and clinical examination performed
locally by their medical doctor. Thus, the status of the knee
was known for all patients at final follow-up.

Radiological and imaging outcome of the patients

Radiographs and knee MRI acquisitions During follow-up, in
radiographic evaluation, standing antero-posterior and lateral
views of the knee as well as skyline, and long-standing AP
views were obtained for both knees. Knee joint space changes
and subchondral changes were assessed at final follow-up on
radiographs (narrowing, stabilization, improvement) and

MRI.MRIwas performed at baseline, at 24months, five years,
and at most recent follow-up on a 2.5-T MRI (Siemens) using
a standard knee coil. The sequence acquisitions were for the
cartilage [22–24] and subchondral bonemarrow lesion (BML)
volume measurement (Fig. 3). The cartilage volume was mea-
sured by using a computer program. The change in knee car-
tilage volume was obtained by subtracting the follow-up vol-
ume from the initial (baseline) volume. Bone marrow lesion
(BML) volume were measured with a semi-automated

Fig. 2 Knee of Fig. 1 treated with
arthroplasty and stems

Fig. 3 Pre-operative Knee MRI of contralateral knee treated with cell
therapy

International Orthopaedics (SICOT)



segmentation method that detects, extracts, and quantifies the
structure of BMLs based on the coronal and sagittal MRI
sequences, using a graphical user interface (Photoshop) to
manually identify the crude boundaries of the tibia and femur
in each slice of the MR imaging data set by marking multiple
points along the articular surface. We focused on BMLs adja-
cent to the chondral surface. BML volumes were calculated
for four regions: medial femur, lateral femur, medial tibia, and
lateral tibia.

Statistical analysis

Demographic and medical variables were determined by
the mean, standard deviation, range, and percent. For this
study, a pair protocol analysis was used. Comparisons
were performed by Student’s 푡 test for paired-samples
parametric data or the Wilcoxon signed-rank test for
paired-samples nonparametric data.

Results

Progenitor counts in the cell therapy group

Differences were observed in the number of progenitor’s
concentration at the three sites

CFU-F counts were performed on aspirations performed at dif-
ferent sites (femur, tibia) of both knees and iliac crests; the mean
volumes of aspirate obtained from the pelvis, femur, and tibia
were respectively 4.2 ml ± 2.68, 3.60 ml ± 2.05, and 4.5 ml ±
1.50. CFU-F counts showed a significant difference (p < 0.001)
between the three sites in terms of both the CFU-F per million
nucleated cells (respectively 29.4, 9.7, and 9.0) and the CFU-F
per milliliter of bone marrow aspirate: 1370 MSCs/mL (range
637 to 2155) for the iliac crest, 125MSCs/mL (range 78 to 195)
for the femur, and 81 MSCs/mL (range 24 to 125) for the tibia.
Nevertheless, the assessment of proliferative ability and cell
differentiation did not reveal any obvious differences between
the different locations: MSC growth was evaluated by compar-
ing the cell number and the doubling time of MSCs during
successive passages for bone marrow isolated from different
sites for each patient (iliac crest versus femur and tibia).

The number of progenitor cells in the bone marrow
concentrate graft implanted in the subchondral bone

The average BMC graft contained 6500 MSCs/mL (counted as
CFU-F, range 3420 to 9830)/mL, which represents an average
30-fold increase compared to the concentration of MSCs present
in the bone marrow aspirate of the subchondral bone of the OA
knees of patients before implantation. Bone graft volume was
40 cm3 (20 cm3 in the tibia and 20 cm3 in the femur).

Peri-operative outcomes, morbidity, complications,
and safety of the two procedures

When the duration of anesthesia in the operating room were
calculated for each side, the duration was on average 1.5 times
(range 1.2 to 1.9) longer for sides receiving TKA compared
with sides receiving cell therapy. As compared with the usual
length of hospital stay of patients receiving only cell therapy
procedure for both sides (1 day for cell therapy procedure) in
our usual protocol [8], the length of hospital stay of patients
receiving simultaneous TKA and cell therapy was increased to
average eight days in the hospital, the difference being related
to the TKA side. With the same mode of comparison, the
length of anticoagulation was lower for a bilateral cell therapy
simultaneous procedure in our usual protocol (1 week maxi-
mum) as for simultaneous TKA and cell therapy procedures
(4 weeks). The period of time for use of crutches was signif-
icantly different for the two procedureswith average three days
(range none to 7 days) for two crutches related to the bilateral
procedure, but three weeks more (range 2 to 6 weeks) with the
persistent crutch related to the TKA side.

During the post-operative period (6 months), the number of
adverse events were higher (p = 0.04) in the TKA group. The
TKA group had a higher rate of blood transfusion (30 versus
0%), and a higher number of thrombophlebitis was observed
on the side with TKA (15%) versus none on the side with cell
therapy (0%). One patient with TKA developed wound necro-
sis two weeks post-operatively. This was treated with plastic
surgery and patient subsequently healed with healthy scar but
loss of range of motion.

Outcomes of the two procedures as primary surgery

Subsequent re-operations and causes of failure in each group

At the most recent follow-up (average of 12 years, range 8 to
16 years), six of the 30 knees operated with TKA required a
subsequent anaesthesia and surgery. One had haematoma at
one month with surgical evacuation, two had a revision after
their initial TKA (one for periprosthetic fracture and one for
patella pain), and two had loosening and revision at seven and
eight years follow-up). Among knees with cell therapy, three
knees had a subsequent surgery for TKA at six, eight, and
12 years follow-up.

Functional outcome for knees without subsequent surgery

Clinical pre-operative knee scores of cell therapy knees be-
fore treatment (47 points ± 12) were similar (p = 0.08) to
knee’s scores of the TKA group before treatment (knee 44
points ± 8; function 45 points ± 13). The mean overall
changes in knee scores at three months follow-up were sim-
ilar (p = 0.24) for the cell therapy group (81.3 points ± 12)
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when compared with the TKA group (79 points ± 21). At the
time of the most recent follow-up, the Knee Score remained
similar in the group with cell therapy as compared with the
group with TKA (respectively 80.3 points ± 11 versus 78.3
± 23). If the mean scores were similar, the distribution was
different in the two groups: a greater proportion of patients
had higher knee scores and described the results of their
operation as excellent after TKA (8 of 30 respondents) when
compared with cell therapy (4 of 30 respondents), which
may reflect better joint involvement associated with TKA;
but the proportion of patients with poor results not reporting
significant improvements was also greater for the TKA
group (four patients for TKA versus one patient with cell
therapy), which may reflect a higher number of dissatisfied
patients with knee arthroplasties than with cell therapy.
Among the 30 patients, 21 preferred the knee with cell ther-
apy and nine the knee with TKA (P < 0.05).

Radiological and imaging outcome of the patients
without subsequent surgery

Figures 3 and 4 show the status of the knee before treatment
and Figs. 5 and 6 the aspect of the same knee treated with
subchondral injections at a ten years follow-up. Cartilage vol-
ume changes over time were measured on knees with cell
therapy: In the group of knees treated with BMC injection,

the percentage cartilage volume measured with MRI (without
osteophytes) increased compared to baseline (2.3% ± 1.1% at
two years, 3.8% ± 2.1% at five years, and 4.2% ± 2.5% at the
most recent follow-up).

Subchondral bone marrow lesion changes Increased
subchondral bone marrow (BML) volume of the femorotibial
compartment representing the size of the ONwas associatedwith
joint space narrowing in the same tibiofemoral compartment
(odds ratio (OR) = 1.80; 95% confidence interval (CI) = 1.23 to

Fig. 4 The same knee as Fig. 3; pre-operative radiograph

Fig. 5 MRI of the same knee (as Fig. 3) at 10 years follow-up after cell
therapy treatment. The subchondral lesions have decreased

Fig. 6 Radiographs of the same knee after (as Fig. 4) at 10 years follow-
up after cell therapy treatment
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2.32; p = 0.01) at baseline before bone marrow injection. The
average baseline BML volume of the femorotibial compartments
(i.e., size of the necrotic bone) ranged from6.4 to 12.5 cm3 (mean
8.4 cm3). Larger total baseline BML volumes were associated
with greater knee pain (p= 0.01%). After treatment with bone
marrow injection, femorotibial compartment BML volume ex-
perienced regression over 24 months and five years (respectively
mean 3.5 cm3, range 1.2 to 5.3 cm3; mean 4.1 cm3, range 3.2 to
6.2 cm3), representing a decrease in size ON of average 40%.
The regressionmodels indicated that total BMLvolume decrease
and pain change were significantly related (odds ratio (OR) =
3.42; 95% confidence interval (CI) = 2.46 to 4.62; p = 0.02), as
BML volume decreases and cartilage increases.

The correlations between cartilage healing status, BML
changes and the number of progenitors were analyzed and dem-
onstrated that a poor response was correlated with a low dose of
progenitors in the graft (less than 1200 MSCs/mL). However,
for higher dose of progenitors, there was no correlation between
the response and the dose of cells. To determine whether there
were other reasons for the observed cartilage healing status,
other patient demographic factors were analyzed. No correla-
tions were not found between the cartilage healing status and
patient body mass index, age, or limb alignment.

Revision surgery was easier and had better outcome
in the cell therapy group

Knees with cell therapy undergoing revision with TKA had
implants without stems

During the TKA of the three knees that had first cell therapy,
evaluation of the repair process was performed: (1) a bone mar-
row samplewas collected for cell analysis of theMSC content of
the femur and tibia, after which the cuts were fixed for subse-
quent histological evaluation. The mean concentration of MSCs
observed in the BMMSC-treated osteonecrotic knees (both in the
necrotic area of the tibia and talus) had increased (p = 0.001)
from 96 (range 72 to 115) progenitors per cubic centimeter ob-
tained at the aspiration before injection to 1124 progenitors per
cubic centimeter (range 910 to 1500) at aspiration at the time of
arthroplasty. (2)Cartilage repairwas evaluated with histology in
the zones where MRI demonstrated some improvement: accord-
ing to the Kanamiya grading system, fibrocartilage coverage
(grade 4), or partial fibrocartilage coverage (grade 3), were ob-
served as regenerative changes in these knees. (3) Bone repair
was also observed in osteonecrotic lesions treated with MSCs;
this resulted in the formation of new bone, whichwas determined
by histological evaluation of sections of the fixed femoral and
tibial sections obtained during the three TKA. An assessment of
new bone formation showed that osteonecrotic lesions treated
with BMMSCs had produced new bone (mean of 45%; range
25 to 55%) which allowed implantation of cemented
arthroplasties without stems.

Revision of knees with TKA as the primary surgery needed
extended stems

Knees with TKA as the primary surgery undergoing revision
with a subsequent TKAs needed extended stems since they
had short stems at the primary surgery; they were more likely
to have a re-revision (two among six knees) than knees with
cell therapy undergoing revision with TKA (no re-revision
among three knees) for the same follow-up.

Discussion

Knee ON in young patients treated with high doses of corti-
costeroids is usually multifocal with locations in several
joints, especially the large joints of the lower extremity [15]
as hips and knees. The size and location of the lesion typically
influence the rate of disease progression with quicker progres-
sion on the hip as compared with the knees. In some cases,
small lesions of the knees may stabilize spontaneously, but
large lesions usually progress [12–16]. Ischemia and necrosis
limit repair, causing bone resorption of the affected condyle or
tibial plateau. This acellular region weakens the mechanical
stability of the surrounding bone, leading to subchondral frac-
ture. The collapsed regions increase stress on their adjacent
articular surfaces, inducing further degenerative changes.
When secondary OA arrives with extensive arthritis and in-
congruity and when the lesions are large, one of the solutions
is TKA. However, the longevity of knee arthroplasty in youn-
ger patients is limited [1], and this can be devastating in young
patients when complication occurs.

Historically, microfracture surgery has been applied to treat
cartilage defects. During the procedure, the subchondral bone
is penetrated, allowing bone marrow-derived mesenchymal
stem cells to migrate towards the defect site and form new
cartilage tissue or fibrocartilage. Patients treated with bone
marrow stimulation by microfracture generally show clinical
improvements up to three years [25, 26]. If this time of clinical
improvement could be extended by better stimulation of the
bone marrow through increasing the concentration of bone
marrow progenitors in the subchondral bone of the knee, this
would be highly beneficial in young patients with OA.

There was a low concentration of progenitor cells in the
subchondral bone lesions of knees with OA secondary to ON
as compared to the iliac crest. So, if one concern is the quantity
and quality of osteoprogenitor cells harvested from the pelvis
in patients who have received medications such as corticoste-
roids [27], the arthritic knee or areas of focal bone marrow
lesion under cartilage degeneration is much more deficient in
the stem cell or progenitor cell population as compared with
the iliac crest number of progenitors. This deficiency may be
corrected by the harvest and transplantation of cells from the
iliac crest of patients which could provide sufficient
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population of progenitor cells to have an effect on pain relief
[28], resolve bone marrow lesions and decrease wear of the
cartilage (by multiplication of cells or cytokine effect).

The < 40 years patient population of this study has a high
risk of revision arthroplasty due to the age but also to preva-
lence of comorbidities, including knee osteoporosis. There are
many studies of treatment of secondary knee ON [29–33]; but
to our knowledge, this is the first long-term study with com-
parison between cell therapy and TKA in knee OA. Starting
treatment of knee OA in patients with subchondral injection of
bone marrow instead of the standard TKA suggests that sur-
geons and patients expect improvement in patient’s quality of
life that would offset the potential risk of revision surgery
during at least one decade, and if possible an easier revision
surgery when necessary; this was observed in this young pop-
ulation when TKA and subchondral injection were compared
in the same patients. However, this population is a specific
population; most of them had multiple joint involvements in
relation to multifocal ON; therefore, despite the young age of
patients of our series, there activity is lower than other young
patients of the same age without co-morbidities.

Despite randomization of patients, this study has some
limits. We did not perform biopsies of cartilage in this popu-
lation, and most probably, the new formation of cartilage ob-
served on MRI is rather formation of fibrocartilage as ob-
served on knees that received TKA. Another factor is that
these young patients had severe medical disease and for some
of them had the presence of three arthroplasties (two hips and
one knee); therefore, we can question whether they would be
willing to be volunteers for a second knee arthroplasty even if
the cell therapy treatment proved ineffective. However, most
of them preferred the knee with cell therapy, had less medical
complications and equivalent results with cell therapy as com-
pared with TKA during the decade of follow-up.

In conclusion, this study showed that subchondral bone
marrow concentrate was an effective procedure as compared
with TKA for knee OA in young patients with secondary ON
related to corticosteroids.
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