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Abstract

Background Osteochondritis dissecans (OCD) is a common cartilage disorder that specifically affects the knees of skeletally
immature and young adult patients. There have been a few treatments that have been proposed: fixation of the fragment,
drilling, microfractures. The aim of this study was to analyze retrospectively clinical and imaging results obtained by treating
it with one-step bone marrow-derived cells Transplantation (BMDCT) technique.

Methods From 2007 to 2014, 18 patients (mean-age 19.1 +5.0 years) affected by OCD were treated with one-step BMDC
transplantation. In our observational study, clinical evaluation was performed at a scheduled follow-up through IKDC,
Tegner, KOOS and EQ-VAS. X-rays and MRI were conducted preoperatively and at 12 months. At final follow-up, MRI
MOCART Score was evaluated.

Results IKDC and KOOS clinical scores showed a progressive increase. Tegner Score at final follow-up (5.3 £2.7) was
significantly lower compared to the pre-injury level (6.5 +2.1); however, these results showed a statistically significant
improvement that remained over time. EQ-VAS showed a significant improvement in every follow-up measure. MRI Mocart
Score showed a complete or almost complete filling of the lesion in 13 patients.

Conclusions “One-step” technique allows articular surface restoration with viable physiologic osteochondral tissue with a
high clinical efficacy and imaging results. The number of cases is still limited, and further studies with larger sample sizes
and greater follow-up evaluations are required to confirm our results. Nevertheless, we believe that BMDCT may represent
a suitable option to treat OCD lesion in young adults.
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bone, potentially reversible, which can lead to secondary
instability in the overlaying cartilage. OCD is postulated
to primarily stem from repetitive microtrauma, ischaemia
factors, genetic influences, and growth disturbances may
also play a role [4]. Its incidence mostly affects young
patients between 10 and 20 years of age, with a prevalence
of 15-29 per 100,000 population [5, 6]. The most com-
mon locations of OCD of the knee are the medial femo-
ral condyle (70-80%), lateral femoral condyle (15-20%),
and patella (5-10%) [7]. Bilateral OCD of the knee has
been reported in 12-30% of cases [8]. When an adult was
involved, OCD is thought to be owing to persistence of
an unresolved juvenile OCD lesion (JOCD), although de
novo adult OCD lesions have been reported and both adult
and juvenile OCD lesions have potential for later sequelae
(particularly premature degenerative joint disease) [9].

Patients with a suspected OCD of the knee should be
evaluated with radiographs including AP, lateral, sunrise/
merchant, and tunnel views, but a magnetic resonance
imaging (MRI) is most commonly used to further evalu-
ate the lesion. MRI allows characterization of the lesion
as stable or unstable [10]. Many researchers propose treat-
ment with different approaches: currently, it is well estab-
lished that nonoperative early management is indicated
for stable lesions in skeletally immature patients [11, 12].
Conversely, surgical treatment is recommended for any
detached or unstable lesions in patients nearing physeal
closure or when the complaints are severe (intense pain,
effusion, and generalised weakness). Surgical options
include debridement, drilling, microfracture, reduction
and fixation, autograft osteochondral transplantation,
autologous chondrocyte implantation, and allograft osteo-
chondral transplantation [13-20].

In the last decade, a new bone marrow-derived cells
(BMDC) so-called “One-step technique” technique has
been developed for the treatment of osteochondral defects
obtaining several successes and achievements in the treat-
ment of focal cartilage lesions of the knee and ankle [21,
22]. On the wave of such promising results, we decided to
treat lesions with bone marrow-derived cells transplanta-
tion (BMDCT) technique.
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Fig.1 Study summary

Therefore, the aim of this study was to analyse clinical
and imaging results of the BMDCT one-step technique, from
a sample of 18 individuals.

Materials and methods

From June 2007 to August 2014, 18 patients (11 males and
7 females with mean-age of 19.1 + 5.0 years) affected by
OCD of the femoral condyles were treated with one-step
BMDC transplantation. Inclusion criteria consisted of
patients between 15 and 30 years who complained of typical
OCD symptoms such as knee pain, swelling, and locking and
then failed 3—6 months of conservative therapies; type II and
III lesions according to ICRS classification were included.
(Mean lesion size was 2.03 + 0.6 cm?, and mean deep was
7.7 £ 3.9mm.) Exclusion criteria were: advanced osteoar-
thritis, concomitant anterior cruciate ligament (ACL) or
posterior cruciate ligament (PCL) deficiency. Patients with
infective, metabolic or inflammatory pathologies were also
excluded from the study.

The clinical study protocol was approved by an independ-
ent Ethical Committee, and signed informed consent for par-
ticipation to the study was obtained from all the included
patients (Fig. 1).

Surgical technique

All the patients underwent BMDCT through the “one-step”
arthroscopic procedure with different phases:

Platelet gel production

120ml of the patient’s venous blood is harvested and pro-
cessed through a plasma plateletpheresis procedure, using
the Vivostat System (Vivostat, Allergd, Denmark), which
allows to obtain 6ml of platelet-rich fibrin gel ready for use.



European Journal of Orthopaedic Surgery & Traumatology (2023) 33:857-867

859

The gel can be produced just before or in the days preced-
ing the surgery. In this case (the latter), it needs to be frozen
and kept at —35°C until the day of the surgery, when it is
defrosted slowly, about 30 min before its uses.

The platelet-rich fibrin (PRF) gel is preferred to the plate-
let-rich plasma (PRP) gel because of its higher fibrin con-
centration, which allows a faster gelification of the product
in the lesion site.

Bone marrow harvesting

For this surgical procedure, a IOR-G1 Kit (Novagenit S.r.1,
Mezzolombardo, TN, Italy) is used. A specific marrow nee-
dle (size 11 G9 100 mm) was inserted 3 cm deep into the
spongy bone of the posterior iliac crest. The purpose of this
step was to fill a 20 ml syringe (internally coated with cal-
cium—heparin solution) with 5Sml of bone marrow. Other 5
ml were extracted after rotating by 90 degrees the needle
in order to collect 5 ml of bone marrow at each aspiration.
In some cases, other rotations were performed with a mod-
erate withdrawing from different points allow to maximize
harvesting and reduce blood dilution. The procedure was
repeated 3—4 times using the same skin opening. At the end
of this procedures, 60ml of bone marrow was obtained.

Bone marrow concentration

The collected bone marrow is processed through a centri-
fuge (Res-Q, Thermogenesis, Rancho Cordova, CA) directly
in the operating room which allows to remove most of the
erythrocytes and plasma and to obtain 10 ml of concentrate,
containing the total nuclear and mononuclear fractions
(TNC and MNC). The system is made of a 60 mL centri-
fuge tube to collect the bone marrow aspirate. The device
is equipped with a special density controlled floating fun-
nel that throughout centrifugation at 3200 rpm for 12 min.
It collects a range of 6-10 mL of BMDC containing the
buffy coat rich in either nuclear/mononuclear cells or PRP
(Platelet-Rich Plasma) and isolating it from erythrocytes and
PPP (Platelet Poor Plasm). The device is then placed on
the magnetic processing tray that resuspend the buffycoat
for the final extraction. The BMC containing TNC/MNC
is recovered in a syringe through a recovery tubing and a
Luer Lock port in sterile conditions. In conclusion, the sys-
tem maximizes the percentage yield of total nucleated cells
(TNC) and mononuclear cells (MNC), and/or platelets at
the point of care, while reducing sample volume by up to
20x [23, 24].

Arthroscopic transplantation of BMDC

Once the harvesting phase has been completed, the patient is
turned to the supine position and a standard knee arthroscopy

is initiated. Using antero-medial and antero-lateral standard
arthroscopic accesses, the OCD lesion is located and evalu-
ated (Fig. 2a). At this point, damaged cartilage is removed,
and the subchondral bone is exposed (Fig. 2b). The depth
and surface of the lesion are measured, and a piece of colla-
gen scaffold (Biopad, Novagenit S.r.1, Mezzolombardo, TN,
Italy) is cut to fit its size. The sized scaffold is then loaded
with 10 mL of bone marrow concentrate and brought inside
the joint through an open cannula (Fig. 2c). The concentrate
is uniformly spread over the porous collagen-based scaf-
fold. The hydrophilicity and the porosity of the construct
allow the fast absorption of BMC and related TNC/MNC
fractions. The TNC and MNC significantly increase in a
range of 5.8—6.7-fold in comparison to unprocessed bone
marrow aspirate. The estimated number of TNC in the BMC
is roughly 1.82 x 106 cells in 7 mL, while the number of
MNC is 364 x 106.

The biomaterial was regularized using a flat probe, and
the previously provided PRF was applied to cover the lesions
using a special spray pen (Fig. 2d). PRF is crucial to obtain
growth factors and a fibrin clot to fasten the implanted bio-
material and stimulate regeneration. The stability of the
implanted scaffold is tested through multiple flexions and
extensions of the knee. Conventional closure of the skin was
performed.

Clinical and imaging evaluation

Clinical evaluation with IKDC subjective score, Tegner
sports activity score, KOOS score and with EQ-VAS was
performed at 12, 24, 36, 48, and at final follow-up of 60
months.

X-rays and high-resolution magnetic resonance imaging
(MRI) evaluation were conducted preoperatively in order
to assess the characteristics of the lesion, i.e. location, size,
ICRS-OCD grade and subchondral oedema. MRI control
was also performed at 12 months and at last follow-up.

The medial femoral condyle was involved in 15 (83.3%)
patients, whereas the lateral femoral condyle was affected
only in 3 (16.7%) patients. In 10 cases, the affected knee was
the right one, in 8 the left one.

Post-operative rehabilitation

Continuous passive motion (CPM) (0°-35°; 1 cycle/min)
was initiated on the first post-operative day for 6-8 h per day.
The literature widely describes beneficial results of CPM
enhancing joint nutrition, cartilage healing and lowering rate
of post-operative adhesions [24, 25]. Weight bearing must
be avoided for the subsequent 6 weeks.
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Fig. 2 Intraoperative procedure. a Osteochondritis dissecans (OCD) lesion—Arthroscopic View. b Osteochondritis dissecans (OCD) lesion
exposed. ¢ Bone marrow-derived cells with scaffold loading in the lesion. d Platelet-rich fibrin (PRF) gel spraying on the scaffold

Four weeks after surgery the treatment are intensified
with the introduction of muscular reinforcement exercises,
closed kinetic-chain and proprioceptive rehabilitation, static
exercises and swimming.

Six weeks after surgery partial and gradual weight-bear-
ing are allowed, and extension exercises are introduced.

Open kinetic-chain exercises and cycling, together with
complete weight-bearing, are introduced only 10 weeks after
surgery. In-line running is allowed 6 months after surgery,
whereas high-impact sports only after 12 months.

Magnetic resonance imaging

All the MRI studies available, performed before and after
surgical treatment, were evaluated. MRI has been performed
in several medical centre with different MRI equipments.
The studies included only MRI's performed with at least
1.5 Tesla Magnet and acquired with standard protocols (T1
coronal spin echo sequence, sagittal proton density with fat
saturation (PD-FS) sequence, axial dual echo with PD-FS
and T2 with fat saturation sequence and 3-dimensional PD
sequence.

The post-operative MRI-scan at final follow-up was evalu-
ated using the MOCART (Magnetic Resonance Observation of
Cartilage Repair Tissue) Score with additional assessments of
subchondral bone marrow and cysts, which allowed a quantita-
tive and morphological assessment of the regenerative tissue,

@ Springer

defining both the depth (expressed in mm) and the surface
(expressed in mm?) of the new tissue.

MRI scans were scored in a blinded method by a musculo-
skeletal radiologist, with MOCART score (score of 0 [worst]
to 100 [best]).

Statistical analysis

The clinical and radiological results were statistically cor-
related. All continuous variables were expressed in terms of
mean and standard deviation. Specific analysis is made to eval-
uate significant differences of the clinical score trend along the
follow-up. For repeated measures, the ANOVA test was used.
For multiple comparisons for repeated measures, Sidak cor-
rection is used. To assess the influence on clinical scores of the
variables, the Mann—Whitney for small samples was used. To
assess the influence of continuous or rank variables on clinical
scores, the Spearman rank correlation test was used.

For all the tests, a p value <0.05 was considered significant.
The analysis was performed using the Statistical Package for
the Social Sciences (SPSS) software version 15.0 (SPSS Inc.,
Chicago, the USA).
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Results
Clinical results

No post-operative complications were observed. IKDC
and KOOS clinical scores showed a progressive increase
from pre-surgery level confirmed at the last follow-up. In
particular, mean IKDC subjective score at final follow-up
was 89.3 + 8.1 (p < 0.005) compared to the pre-opera-
tive score of 46.8 + 9.7. Analysing the collected data,
the IKDC score results at the designated follow-ups had
statistically significant increases (Fig. 3). The KOOS score
mean value at final follow-up was 94.3 + 9.4 (p < 0.005)
compared to pre-operative score of 47.8 + 6.8. In particu-
lar as for IKDC score, KOOS score was improved, with
statistically significance, at every established follow-up
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(Fig. 4). The pre-injury Tegner score was 6.5 + 2.1, while
the pre-operative value was 1.7 + 1.3. This improved to
5.2 + 2.6 at 3-year follow-up and to 5.3 + 2.7 at the final
follow-up. The level of sport activity at 2 and 3 years was
significantly lower compared to the pre-injury level (p <
0.05); however, these results showed a statistically sig-
nificant improvement (p < 0.05) stable over time (Fig. 5).

Self-assessment of quality of life (EQ-VAS) showed a
significant improvement from pre-operative evaluation (43 +
6.8) at 1-year (68.5 & 5.1) and final follow-ups (87.4 + 7.3)
(p < 0.05); (Fig. 6) Regarding patient’s gender, it was noted
that both the IKDC and the KOOS pre-op were correlated as
statically significant (p = 0.001 for the IKDC and p = 0.012
for the KOOS) The male subjects tended to start from lower
clinical scores than women. However, it was found, although
not statistically significant, that at the final follow-up male
patients reached higher scores than women.

IKDC Score

g 1 8
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= =
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KOOS Score
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Fig.5 TEGNER Sports Activ-
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Analysing lesion’s characteristics, a statistically sig-
nificant correlation can be observed between the course
of the IKDC at 12 months and pre-operative depth of
the lesion (p = 0.046): the patients who have a lesion’s
depth <4mm show an IKDC score at 12 months greater
than those with a lesion >4 mm deep. This significant
result difference disappears in subsequent follow-ups.
Lesion’s depth also affects the IKDC pre-op, which is sig-
nificantly lower (p = 0.001) in patients for depth >4mm;
similarly, the size of the lesion significantly influences
the IKDC pre-op (p = 0.013), which is higher in patients
with lesions <150 mm?. No statistically significant cor-
relation between patient’s age and BMI at time of surgery
was found.
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MRI results

All the patients recruited underwent the post-operative MRI
assessment at 12 and last follow-up. The “DPFSE fat-satu-
rated” MRI images were evaluated using the 3D-MOCART
Score.

In 13 patients, a complete (100%) or almost complete
(75-100%) filling of the lesion was observed, whereas in 3
patients, the regenerative tissue proved to be hypertrophic.
Only 2 patients showed incomplete (<75%) filling of the
defect.

The chondral integration of the regenerative tissue with
the native hyaline cartilage was complete or almost complete
in 14 out of 18 patients. Three of four remaining patients
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Fig.7 Case imaging. a Pre-Op MRI, b 12 months follow-up MRI, ¢ MOCART Score Evaluation on 12 months follow-up MRI

showed a visible defect <50%, 1 patient >50%. 8 patients
showed complete osteointegration, proven by the absence of
demarcating borders between the regenerative tissue and the
surrounding native tissue. The remaining 10 patients showed
a good osteointegration, even though signs of partial delami-
nation were still detectable.

The surface of the regenerative tissue proved to be intact
in 8 patients, whereas in 9 patients, it was possible to detect
some irregularities affecting <50% of the overall thickness
of the regenerate. Only 1 patient shows >50% damages of
overall thickness. 11 patients showed nearly normal signal
intensity in the regenerative tissue; in 3 patients, the sig-
nal intensity was abnormal. Six patients present perfectly
homogeneous structure of the regenerate tissue, and 7 was
inhomogeneous. 5 patients were possible to observe clefts.

The subchondral bone plate was intact or nearly intact
(>50%) in 10 patients, whereas abnormalities were shown
in 8 patients. The subarticular spongiosa was normal in 10
patients. No adhesion or osteophytes were detected, whereas
a small amount of intraarticular effusion was shown in 9
patients. A small area of subchondral oedema could be
detected in 8 patients.

When the degree of filling of osteochondral defect
resulted complete, this tended to positively impact the clini-
cal scores.

Furthermore, comparing pre-op and final follow-up MRI
subchondral bone regeneration was evident in all cases. No
correlations were seen between the remaining MOCART
parameters and the clinical score (Figs. 7, 8).

Discussion

OCD today continues to be a pathological entity charac-
terized by a non-unique interpretation of aetiology and
histopathological appearance. The main finding of the
present study is that the use of BMDC transplantation can
mitigate clinical symptoms and function impairment in
young patients affected by OCD of the knee, with sustain-
able results observed at 72 months follow-up. Otherwise,
there is much confusion regarding classification and defi-
nition of OCD lesions and their differentiation from oth-
ers, as well as with regard to a clear definition of juvenile
OCD and adult OCD. These diagnostic uncertainties often
have generated no clear scientifically significant recom-
mendations and consequently raise doubts about the most
appropriate surgical strategy, especially among so-called
regenerative techniques.

As indicated in the Detterline therapeutic algorithm,
fixation of the detached osteochondral fragment is still
considered the first-line treatment for osteochondritis
dissecans [26]. This option, in fact, is able to restore the
native architecture of the osteocartilaginous layer, thereby
obtaining a stable and a long-lasting efficacious clinical
outcome. However, often the osteochondral fragment can-
not be reattached, or it fails to heal after initial fixation
[27-29].

Unfortunately, no specific trauma emerged in our case
series which led to a striking clinical symptomatology

@ Springer
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Fig.8 MOCART score at final
follow-up MOCART SCORE
COMPLETE 72%
DEGREE OF DEFECT INFILL HYPERTROPHY (75%-100%) 17 %
HYPOTROPHIC (< 75%) 11%
COMPLETE 78 %
CARTILAGE INTEGRATION
INCOMPLETE 22%
COMPLETE 89 %
BONE INTEGRATION PARTIAL 11%
INCOMPLETE 0%
SURFACE INTACT 33%
SURFACE OF REPAIR TISSUE SURFACE DAMAGED: < 50% OF REPAIR TISSUE DEPTH 61%
SURFACE DAMAGED > 50% OF REPAIR TISSUE DEPTH 6%
OR TOTAL DEGENERATION
HOMOGENEOUS 39%
STRUCTURE OF THE REPAIR TISSUE
INHOMOGENEOUS 61 %
ISO-INTENSE 0%
SIGNAL INTENSITY OF REPAIR TISSUE | MODERATELY HYPERINTENSE 83 %
MARKEDLY HYPERINTENSE 17%
PRESENT 0%
OSTEOPHYTES
NOT PRESENT 100 %
INTACT 89 %
SUBCHONDRAL LAMINA
NOT INTACT 11%
INTACT 83 %
SUBCHONDRAL BONE
NOT INTACT (EDEMA OR SUBCHONDRAL CYST) 17%
YES 0%
ADHESIONS
NO 100 %
YES 17%
EFFUSION
NO 83 %
COMPLICATION SUBCHONDRAL EDEMA 4 Cases

often remains clinically silent in the initial stages. In fact,
due to a slow onset of the pathology, from the etiologi-
cal point of view, the mechanism of microtraumatism had
prevailed in our case series. This pathogenesis renders the
fixation of the fragment unworkable [30, 31].

Several techniques have been proposed over time in
OCD developed to repair chondral surface and adapted
to reconstruct the osteochondral damaged area. Britt-
berg first, in osteochondral defects with ACI technique,
proposed to regenerate cartilaginous tissue with biome-
chanical properties comparable to those of the surrounding
healthy cartilage [32]. The procedure showed promising
findings also for OCD lesions: some authors in their case
series have reported a 37% reoperation rate and 22% fail-
ure rate in this setting; furthermore, in other case series, a
persistent subchondral oedema-like signals and incomplete

@ Springer

maturation of the bone graft at follow-up were mentioned
[33].

Another level-IV study reported similar results in 40
exclusively JOCD patients. A follow-up in 80% after the
classic ACI treated patients a success rate of 85% was found,
while the failure rate was 19% [34] Ferruzzi et al. compared
ACI via an arthrotomy (n = 48) with an arthroscopic proce-
dure (n = 50) using a cell-seeded matrix. They observed a
significant improvement in both groups, but the failure rate
after an open procedure was 19%, distinctly higher than after
the arthroscopic technique (4%). In addition, they noted a
faster rehabilitation following arthroscopy-mediated treat-
ment [35].

Otherwise, a comparison of ACI with mosaicplasty was
made by Bentley et al. the first in 2003 with a mean follow-
up of 1.7 years and the second in 2012 with a minimum
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follow-up of 10 years [36, 37]. At the first follow-up, 9 of
42 mosaicplasty patients (21%) exhibited an excellent result
in contrast to 23 out of 58 (40%) in the ACI group. Further-
more, the rate of poor results for the mosaicplasty patients
was distinctly higher (17%) than in the ACI group (0%).

Arthroscopy at 1-year postoperatively demonstrated
excellent or good repairs in 82% after ACI. Following mosa-
icplasty, 34% had good results, no “excellent” outcome. At a
minimum of 10 years follow-up, the repair had failed in 10
out of 58 ACI patients (17%) and 23 out of 42 (55%) from
the mosaicplasty group.

In this light, the main characteristics of an optimal sur-
gical treatment for unstable OCD were the presence of an
arthroscopic technique and procedure aiming at recreating
a hyaline-like tissue to restore the chondral elements of the
articular surface as similar as possible to the physiological
one.

But the requirement of two surgical procedures and the
high costs associated with cell expansion have been major
drawbacks of ACIL. Moreover, there is a frequent eventual-
ity of periosteal hypertrophy and delamination, which often
requires revision surgery. Technical problems were also
identified, such as subsistence of chondrocyte phenotype,
non-homogeneous cell distribution and cell loss using liquid
suspension [38].

The rationale for the BMDC transplant with “one-step
technique” is to transfer the entire regenerative niche without
using the laboratory phase [21]. This allows cells to be han-
dled directly in the operating room, without the requirement
of a laboratory phase, and allows BMDC transplantation to
be performed in “one step” instead of the two required for
ACI [21, 39-41]. Aim and benefits of transplantation niche
are to maintain the reciprocal regulatory interaction between
the stem cells and the microenvironment, and also to transfer
into the lesion site the entire regenerative potential present in
the bone marrow mononuclear component [43, 44].

The results obtained in this study with the one-step tech-
nique in OCD repair closely be alike those obtained with
other reparative techniques in similar lesions.

In our case series, a significant improvement both in
IKDC, KOOS and TEGNER scores, from pre-op to each
follow-up, was found (p < 0.05).

MRI examination with MOCART score showed satisfac-
tory growth of bone and cartilage, nearly complete defect
filling and good integration of the graft at follow-up in 80%
of cases. Among various MRI parameters, only signal inten-
sity was significantly correlated with the KOOS and IKDC
score at especially at last follow-up.

In four patients, subchondral oedema was also present:
Alparslan et al. reported that the presence of subchondral
oedema had an influence on the clinical results; nevertheless,
in our case series, this occurrence had no negative impact
on clinical scores [42].

The limitations of this study include the small sample size
of our case series. Our data are gathered in one institution
only, and this may affect the external validity of the results.
Although commonly used, the IKDC, KOOS and TEGNER
scores are not validated for JOCD. The adult forms of the
questionnaires were used. However, most of the patients had
turned 18 when they answered these. In addition, our study
lacked a control group. Finally, although the data have been
collected prospectively, it is basically a retrospective study
with possible unchecked biases.

Conclusion

According to our results “One-step” technique, among
regenerative osteochondral procedures, transferring the
whole bone marrow aspirate niche permit articular surface
restoration with viable physiologic osteochondral tissue
providing clinical efficaciousness as demonstrated through
MRI.

The number of cases is still limited and further studies
with larger sample sizes and greater follow-up evaluations
are required to confirm our results. Nevertheless, we believe
that BMDCT may represent a suitable option to treat OCD
lesion in young adults.
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