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Abstract

Background: Biomaterials augmented with Bone Marrow Aspirate Concentrate (BMAC) are becoming increasingly
utilized in the cartilage treatment. However, the potential role of cellular parameters in the intraoperatively applied BMAC
have yet to be elucidated.

Purpose: (A) To evaluate clinical outcomes and safety of a combined single-step approach with scaffolds (fibrin glues,
collagen gels, collagen-hydroxyapatite membrane) and filtered Bone Marrow Aspirate (fBMA) for the treatment of os-
teochondral lesions of the talus (OLTs). (B) To identify significant factors for postoperative improvements, considering
cellular parameters as potential predictors.

Methods: All the patients operated on due to OLTs by the combination above were selected from the hospital registry
database (35 pts, years 16-55, and minimally | year follow-up). Treatment outcomes were followed clinically with Patient-
reported outcome measures (PROMs), and by pursuing serious adverse events (SAE) and graft failures (GF). Cellular
parameters of the injected fBMA were determined. Pre- and postoperative PROMs values were compared to evaluate
postoperative improvements. Multivariable regression models were applied to identify potential factors (demographics,
medical history, joint and lesion characteristics, scaffold type, surgical and cellular parameters) that predict the treatment
outcomes.

Results: At the mean follow-up of 32.2 (12.5) months, all Foot and Ankle Outcome Score (FAOS) and European Quality of
Life in Five Dimensions Three-Level (EQ-5D-3 L) values improved significantly. 4 (11%) SAE (3 arthrofibrosis, one
hardware removal), and 3 (9%) GF occurred. Female gender and concomitant procedures were the main negative
predictors for postoperative outcomes. The number of fibroblast colony forming units (CFU-F) or their proportion among
total nucleated cells (CFU-F/TNC) were positively correlated with the improvements of some PROMs.

Conclusions: Scaffolds augmented with fBMA proved as an adequate and safe approach for OLTs treatment. Cellular
parameters seem to influence the treatment outcomes, thus further attention should be given to the intraoperatively
applied products.
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Introduction

Mesenchymal stem/stromal cells (MSCs) are adult, non-
hematopoietic, multipotent stem cells which gained one of
the central roles in the rapidly growing field of tissue
engineering.'  Bone marrow has been the most common
and longest utilized source of MSCs with Friedenstein’s
pioneering research from 1966.* MSCs represent only
0.001%—-0.01% of the total mononuclear cells in the bone
marrow aspirates (BMA).> For increasing the density of
MSC:s, various concentration methods, like recovery of cells
from filters and clotting and/or bone marrow density gra-
dient centrifugation, have been developed to obtain prod-
ucts, known under the general term Bone Marrow Aspirate
Concentrate (BMAC). To emphasize the involvement of
filtration in the concentration process, the expression filtered
Bone Marrow Aspirate (fBMA) has been introduced.”

Bone Marrow Aspirate Concentrate in the combination
with biomaterials is becoming an increasingly studied and
practiced approach in the orthopaedic surgery for the
treatment of chondral and osteochondral lesions, which can
greatly affect the patients’ functioning and quality of
life.> ' The rationale for BMAC augmentation is to le-
verage the established positive mechanisms of action of
MSCs in cartilage regeneration by introducing additional
MSCs at the lesion site. Simultaneously, scaffolds are used
as a temporary biocompatible and biodegradable 3-
dimensional microenvironment, supporting MSCs reten-
tion, progenitor cell migration, and facilitating adhesion,
proliferation, and differentiation toward the desired
phenotypes.®'""'* A wide array of materials have been
utilized for the production of such scaffolds, including
synthetic or natural polymers, and the combination of both.
Various structural, compositional and architectural designs
have been employed, mainly ranging from membranes to
gels, and from monophasic to bi-/multiphasic scaffolds."
Some of them have already demonstrated promising clinical
results, both in stand-alone application and with biological
augmentation.'* '

In the present study, the absorbable gels: homologous
(Beriplast, CSL Behring,Germany) and autologous (Vivo-
stat, Alleroed, Denmark) fibrin glues or collagen gels
(CartiFill, Seoul, Korea, and ChondroFiller, Meidrix Bio-
medicals, Esslingen, Germany), and multilayered biomi-
metic membrane: MaioRegen (Finceramica, Faenza, Italy)

consisting of different ratios of equine collagen type I and
hydroxyapatite (HA), with fBMA have been used to treat
osteochondral lesions of talus (OLTs).

Although, the literature is limited to some case series, the
available results of treating OLTs with BMAC augmented
scaffolds are promising.'”>* To the best of our knowledge,
this is the first study reporting outcomes of such combined
approach that evaluates cellular parameters as one of the
possible prognostic factors. The hypotheses of the present
study were: (1) combined single-step procedure with
scaffolds and fBMA for OLTs treatment significantly im-
proves clinical status of patients; (2) such therapeutic ap-
proach is safe; (3) cellular parameters of the fBMA have the
potential to impact the treatment outcomes.

Methods
Study design

The present study was a retrospective case series. Clinical
investigational plan was approved by the National Medical
Ethics Committee (permit No. 0120-99/2019/4). It was part of
a larger ankle research project registered at ClinicalTrials.gov:
NCT04132076. All investigations were conducted in con-
formity with the ethical principles of Declaration of Helsinki,
and written informed consent was signed by all enrolled pa-
tients. Adult subjects operated on OLTs with combined single-
step approach (scaffold and fBMA), between July 2014 and
December 2018, that met the inclusion criteria were enrolled.
At the time of the index surgery, all patients were registered in
a hospital database. The following inclusion criteria were
defined: symptomatic OLTs, unresponsive to conservative
treatment, Hepple grades -V,” size >1.5 cmz, minimum
follow up of 12 months, only mild osteoarthritis (Kellgren-
Lawrence grades 1-2),>° and necessary concomitant proce-
dures around the ankle were allowed. The main exclusion
criteria were associated medical conditions (inflammatory,
metabolic, neoplastic, etc.) that could directly handicap the
musculoskeletal system or indirectly impact the quality of life.

Subjects

20 women and 15 men with the mean age of 34.5 (13.7) and
BMI 26.8 (4.8) kg/m2 were enrolled. 26 lesions were lo-
cated on the medial (74%), and nine on the lateral talar dome
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(26%). The mean lesion size was 2.4 (1.0) cm?. In the
majority of cases®® full arthroscopic implantation was uti-
lized, while medial malleolar osteotomy exposure was
performed in six and arthrotomy in three cases. One or more
concomitant ankle procedures were performed in 26 pa-
tients (74%), and 21 patients (60%) underwent previous
attempt of cartilage treatment in the index ankle. Details on
patients’ demographics, medical history, and operative
procedures are presented in Table 1.

Surgical intervention

All procedures were performed by the senior coauthor (M.D.)
at a single university orthopedic center. Patients were under
general or spinal anesthesia, placed supine on the operation
table. Initially, an arthroscopic evaluation of the ankle was
conducted to evaluate the joint, size and location of the OLTs,
and perform some of the concomitant procedures, if necessary
(decompression, debridement, etc.). Subsequently, the har-
vesting of 18-50 mL of bone marrow aspirate (BMA) from the
ipsilateral iliac crest and its processing followed, according to
the protocol already described in detail by Veber et al.” For the
processing of BMA, the filter-based cell separation device
CellEffic BM (Kaneka Corp., Osaka, Japan) was used, strictly
following the manufacturer’s instructions. After the isolation of
nuclear cells, around 50 mL of cell suspension in saline was
obtained. Small aliquots (2—4 mL) were sampled for cellular
evaluation. The remaining cell suspension was centrifuged for
5-10 min at 400-800 g and concentrated to the mean final
volume of 3.3 (1.6) mL fBMA. In the meantime, the remaining
steps of lesion preparation, scaffold implantation and potential
concomitant procedures were completed. During the OLTs
debridement, the exposure and removal of the diseased sub-
chondral bone cannot be avoided. However, in none of the
cases were additional drilling or hole-picking performed. For
the implantation of multilayered biomimetic scaffold
MaioRegen, either medial malleolar osteotomy exposure or
arthrotomy is required, while absorbable collagen (Chon-
droFiller, CartiFill) and fibrin (Beriplast, Vivostat) gels allowed
a full arthroscopic approach. MaioRegen was implanted into
the lesions in a press-fit manner, and additionally fixed with a
fibrin glue (Beriplast, CSL Behring, Marburg, Germany). In the
MaioRegen cases, the intra-operative tourniquet was released
before the injection of the processed fBMA, so that fresh blood
soaked the membrane, which is especially important for its
early stability, while gels were injected with fBMA before the
tourniquet release.”” Typically, 2/3 of the prepared fBMA was
injected into the scaffolds, while the remaining 1/3 was applied
freely into the joint at the end of the surgery.

Rehabilitation

Post-operatively, the subjects were restrained from weight-
bearing for 6—8 weeks, with special attention to the healing

Table I. Demographics, medical history, and operative details for
the 35 patients enrolled in the study. Categorical variables are
presented as frequencies (percentages), while continuous variables
are presented as mean (standard deviation).

Age 34.5 (13.7) years
Gender
Female 20 (57%)
Male 15(43%)
BMI 26.8 (4.8) kg/m?
Medical history (lesion etiology)
Spontaneously 3 (9%)
Injury I (31%)
Previous surgery 21 (60%)
Symptoms duration
<| year 0 (0%)
-3 years 3 (9%)
3-5 years 5 (14%)
>5 years 6 (17%)
Revision surgery 21 (60%)
Previous surgery
None 14 (40%)
Microfractures 13 (37%)
Scaffold 3 (9%)
Debridement 2 (6%)
Autologous chondrocyte implantation 2 (6%)
Fragment fixation I (3%)
Lesion size 2.4 (1.0) cm?
Lesion location
Medial talar dome 26 (74%)
Lateral talar dome 9 (26%)
Surgical approach
Arthroscopy 26 (74%)
Arthrotomy 3 (9%)
Medial malleolar osteotomy 6 (17%)
Scaffold
MaioRegen 9 (26%)
ChondroFiller 12 (34%)
CartiFill 9 (26%)
Fibrin glue 5 (14%)
Concomitant procedures
None 9 (26%)
Decompression 20 (46%)
Tibial cartilage treatment 5 (12%)
Achilles tendon lengthening 3 (7%)
Alignment correction 2 (5%)
Ligament reconstruction I (2%)
Others I (2%)

of' malleolar osteotomy in MaioRegen cases. During the first
2-3 weeks, the immobilization in a removable posterior
short-leg plastic splint was applied, and only passive range
of motion exercises were allowed. From that time onwards,
the subjects were allowed active and passive dorsal/plantar
exercises without side motions. Stationary cycling was
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allowed after 1 month. At 2 months, the crutches were
discontinued, and patients progressed to proprioceptive
exercise, aquatic rehabilitation, and gait training. After
3 months, they began strength training, including elliptical
trainers, and Nordic walking on stable grounds. If the an-
kle’s functional status permitted, they were allowed activ-
ities on uneven ground, including easy jogging, at 8 months
after the surgery. Return to full activities, even the partic-
ipation in strenuous sport activities (such as ball games,
martial arts, athletics training, etc.) was permitted only
1 year after the procedure.

Cellular evaluation

Samples for cell counting (100 uL), CFU-F assay (1-2 mL)
and flow cytometry (1-2 mL) were taken before and after
BMA processing with filter-based separation device. The
total nucleated cell (TNC) count was determined by
counting white blood cells with hematology analyzer
COULTER® Ac-T diff2™ (Beckman Coulter, Fullerton,
CA, USA). MSCs content was estimated with flow cy-
tometry (FACSCalibur, BD Biosciences, San Jose, CA,
USA) by determining CD271 positive (CD271") and
CD45 negative (CD45) cells, and concomitant assessment
of their viability using 7-amino-actinomycin D (7-AAD)
dye. Also, the fibroblast colony forming units (CFU-F)
assay, which is a functional assay for measuring the fre-
quency of MSCs with the colony forming abilities, was
performed. Briefly, cells were seeded at least in duplicates
into six well culture plates at 3.125 x 10%,62.5 x 10*,1.25 x
10%,2.5 x 10° or 5 x 10° nucleated cells/well and cultured in
standard conditions: 37°C, 5% CO,. After 14 days, colonies
containing >50 fibroblastic cells were manually counted
under the stereomicroscope. Detailed protocols for cellular
evaluation were described in Rebolj et al. study.”®

Clinical and radiological evaluation

Subjects were clinically followed using Patient Reported
Outcome Measures (PROMs): Foot and Ankle Outcome
Score (FAOS),” European Quality of Life in Five Di-
mensions Three-Level Time-Trade-Off (EQ-5D 3L TTO),
EuroQol-Visual Analogue Scale (EQ-VAS)* and Tegner
activity scale (TAS).' The weight-bearing ankle radio-
graphs were repeated at all evaluation time-points. The
preoperative and latest available radiographs were used for
the assessment of concomitant ankle OA, according to
Kellgren-Lawrence classification system (K-L OA score).?
Serious adverse events (SAE), defined as any hospitaliza-
tion or revision surgery (arthrofibrosis, synovitis, infection,
hardware problem, etc.), and graft failures (GF), defined as
revision surgery to the lesion or confirmed indication for it,
were recorded.

Statistical analysis

Descriptive statistical analysis was used to describe pa-
tients’ demographics, ankle joint status, lesions’ charac-
teristics, surgical and cellular parameters for the whole
cohort of 35 patients. Continuous variables were presented
as means with standard deviations (SD), and categorical
variables as frequencies with corresponding percentages.
Paired Student t test was applied to compare preoperative
and postoperative values of all PROMs. Clinical outcome
measures (FAOS subscales, EQ-5D 3L TTO, EQ-VAS) and
potential predicting factors (patients’ age, gender, BMI,
lesion size and location, medical history, symptoms dura-
tion, K- OA grade, concomitant procedures, previous
surgeries, surgical approach, scaffold type, length of follow
up, and cellular parameters: CFU-F, TNC, CFU-F/TNC,
CD271" CD45~ 7-AAD, cell viability) were further an-
alyzed. Multivariable regression models were used to assess
the influence of proposed predictors on postoperative im-
provements in the outcome measures. Statistical analysis
was performed with SPSS (version 25.0; IBM, Chicago, IL,
USA). The level of statistical significance was set at
p <0.05.

Results

At the mean follow-up time of 32.2 (12.5) months, 27 (77%)
patients returned their postoperative PROMSs question-
naires. All FAOS scores significantly increased at postop-
erative evaluation compared to preoperative values:
Symptoms from 60 to 71 (p = 0.04), Pain from 55 to 70 (p <
0.01), ADL from 69 to 80 (p < 0.01), Sport from 30 to 58
(» <0.01), QoL from 25 to 47 (p < 0.01), and Total Score
from 56 to 71 (p < 0.01). Improved quality of life was also
observed with significant increase in EQ-5D 3L TTO score
from 0.47 (0.15) preoperatively to 0.66 (0.28) at the time of
final follow-up (p < 0.01). Only the scores of TAS and EQ-
VAS were not significantly increased. In the whole cohort of
35 enrolled patients, 4 (11%) SAE (3 arthrofibrosis, one
hardware removal), and 3 (9%) GF occurred. The post-
operative progression of K-L OA in the operated ankles was
statistically insignificant (p = 0.08). Detailed results are
presented in Table 2.

In two of the 27 responding patients, cellular sampling
was incomplete. Therefore, cellular analysis and corre-
sponding regression models were performed for the
25 patients with the complete data set. Intraoperatively
prepared fBMA contained on average 140.9 (31.7) x 10°
TNC with 90.9 (5.0) % viability, among which 39.7 (26.7) x
10° were CD2717 CD45~ 7-AAD™ cells and 7878.0
(5579.1) CFU-F. Proportion of CFU-F among all nucleated
cells (CFU-F/TNC) was 0.0056 (0.0037) %. Cellular pa-
rameters are summarized in Table 3.
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Table 2. Joint specific patient outcomes, quality of life, activity level and radiographic ankle OA status of the 27 responding patients
treated operatively with scaffolds and fBMA for OLTs. Data is presented as means with standard deviations. Significant postoperative
improvements (differences between post- and pre-operative scores) are marked with *. The p values are reported.

Respondents (N = 27)

PRE-OP POST-OP Difference (POST-OP — PRE-OP) P value
FAOS symptoms 60 (16) 71 (22) Il (25)* 0.04
FAQS pain 55 (17) 70 (25) 15 (21)* <0.01
FAOS ADL 69 (15) 80 (23) I(17y* <0.01
FAOS sport 30 (21) 58 (32) 28 (32)* <0.01
FAOS QoL 25 (18) 47 (26) 22 (23)* <0.01
FAOS total 56 (13) 71 (23) I5 (18)* <0.01
EQ-VAS 66 (15) 72 (2) 6 (25) 0.18
EQ-5D 3L TTO 0.47 (0.15) 0.66 (0.28) 0.19 (0.21)* <0.01
Tegner activity scale 2.9 (1.6) 3.3 (1.6) 0.4 (1.8) 0.25
K-L OA 1.6 (0.8) 1.7 (0.7) 0.1 (0.3) 0.08

OLT: osteochondral lesion of talus; FAOS: Foot and Ankle Outcome Score; ADL: Activities of Daily Living; QoL: Quality of Life; EQ-VAS: EuroQol-Visual
Analogue Scale; EQ-5D 3L TTO: EuroQol-5D 3-Level Time-Trade-Off; K-L OA—: Kellgren-Lawrence ankle Osteoarthritis score.

Table 3. Cellular parameters of the intraoperatively prepared
and injected fBMA for the 25 patients with complete laboratory
evaluation.

Parameters of FBMA Mean (SD)

TNC count

TNC/mL

CD271" CD45~ 7-AAD ™ cells
CD271" CD45~ 7-AAD™ cells/mL
CFU-F Number

140.9 (31.7) x 10°
125.8 (228.0) x 10°
39.7 26.7) x 10°
67.1 (158.5) x 10°
7878.0 (5579.1)

PROMs. The number of CFU-F or their proportion among
all nucleated cells (CFU-F/TNC) in the injected fBMA
preparations were positively correlated with greater increase
in FAOS subscale ADL (p < 0.01), and FAOS Total Score
(» < 0.01), while TNC count turned out as a negative
predictor for postoperative improvements of FAOS sub-
scales Sport (p = 0.02) and QoL (p = 0.02). Other factors
evaluated as potential predictors: patients’ age, BMI,
medical history, length of follow up, scaffold type, lesion
size, surgical approach, symptoms duration, and previous

CFU-F/mL 8811.5 (21291.0) surgeries have not turned out as significant for any of the
Viability of the cells 90.9 (5.0) % outcome measures. Results of regression models are pre-
CFU-F/TNC 0.0056 (0.0037) % sented in Table 4.

fBMA: filtered Bone Marrow Aspirate; SD: Standard Deviation; TNC: Total
Nucleated Cell; CD: Cluster of differentiation; 7-AAD: 7-amino-
actinomycin-D; CFU-F: Fibroblast Colony Forming Units; TNC/mL:
TNC concentration per milliliter; CD271"CD45~7-AAD™ cells/mL:
CD271"CD45 7-AAD ™ cells concentration per milliliter; CFU-F/mL:
CFU-F concentration per milliliter; CFU-F/TNC: portion of CFU-F among
all TNC.

Multivariable regression models revealed that male
gender was correlated with greater increase of FAOS
subscales Symptoms (p = 0.03), Activities of Daily Living
(ADL) (p < 0.01), and FAOS Total Score (p < 0.01).
Concomitant procedures negatively affected the improve-
ments of FAOS subscales Symptoms (p = 0.02), ADL (p <
0.01), Quality of Life (QoL) (» < 0.05), FAOS Total Score
(» <0.01), and EQ-5D 3L TTO questionnaire (p = 0.04).
OLTs located on the medial talar dome had higher post-
operative FAOS subscale QoL scores, compared to the
lateral ones (p = 0.02). Patients with more advanced pre-
operative K-L OA improved significantly in FAOS subscale
ADL (p = 0.01). The impact of cellular parameters on
postoperative course also turned out as significant in some

Discussion

The main findings of the present study were: (1) combined
single-step approach with scaffolds and fBMA for OLTs
treatment proved to significantly improve patients’ per-
ceived ankle joint status, functioning and quality of life; (2)
the procedure is safe with relatively small number of SAE
(only three related to the graft) and GF; (3) female gender
and concomitant procedures were the main negative pre-
dicting factors for postoperative improvements; (4) cellular
parameters, the number of CFU-F and TNC, in intra-
operatively applied fBMA turned out as potential predictors
of the treatment outcomes.

The literature of treating cartilage lesions in the ankle
with BMAC augmented scaffolds is limited to some reports.
The favorable results of the present cohort, regarding
postoperative improvements and good safety profile, are in
line with the findings of other studies.'”* In their works,
Giannini et al. used porcine collagen powder or hyaluronic
acid membrane in combination with BMAC for the
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Table 4. Results of multivariable regression models for the significant predictors of postoperative improvements in significantly
increased PROMs. Only statistically significant independent variables are reported (p < 0.05). Gender was coded: Female = I, Male = 2;

and Location: Lateral = |, Medial = 2.
Dependent variable Significant predictors B P-value
Difference: POST-OP to PRE-OP values FAOS symptoms Concomitant procedures —.438 0.02
Gender .394 0.03
FAOS pain / / /
FAOS ADL Gender 671 <0.01
CFU-F/TNC .638 <0.01
Concomitant procedures —.591 <0.01
K-L OA .364 0.01
FAOS sport TNC count —.450 0.02
FAOS QoL Concomitant procedures —.334 <0.05
TNC count —.393 0.02
Location .384 0.02
FAOS total Concomitant procedures —.496 <0.01
CFU-F .527 <0.01
Gender .667 <0.01
EQ-5D 3L TTO Concomitant procedures —421 0.04

PROMs: Patient Reported Outcome Measures; OLT: osteochondral lesion of talus; FAOS: Foot and Ankle Outcome Score; K-L OA: Kellgren-Lawrence
ankle Osteoarthritis score; BMI: Body Mass Index; SAE: Serious Adverse Event; GF: Graft failure; POST-OP: Postoperative; PRE-OP: Preoperative; ADL:
Activities of Daily Living; QoL: Quality of Life; EQ-5D 3L TTO: EuroQol-5D 3-Level Time-Trade-Off; TNC: Total Nucleated Cell; CFU-F: Fibroblast

Colony Forming Units; CFU-F/TNC: portion of CFU-F among all TNC.

treatment of OLTs. Both, in vitro and in vivo results were
encouraging, as in vitro experiment confirmed that bone
marrow-derived cells are able to differentiate into chondral
and osseous lineages, and clinical outcomes were favorable
and durable at short-to mid-term follow-up. The significant
improvement of AOFAS score was documented at
48 months postoperatively, however some decrease was
observed from 24 months’ follow-up onwards. Histological
and Magnetic Resonance Imaging (MRI) evaluations re-
vealed the presence of new cartilaginous tissue with various
degrees of tissue remodeling toward hyaline cartilage,
which represented around 80% of the repaired tissue at
24 months’ follow-up. The percentage of hyaline like
cartilage showed a tendency to correlate with clinical
results.'”'® The combination of collagen I/III bilayer
matrix with BMAC proved to be safe and effective in
chondral treatment of the ankle in Murphy et al. and Richter
et al. studies.”> > Moreover, Buda et al. reported similar
clinical results in groups treated with Autologous Chon-
drocyte Implantation (ACI) and hyaluronic acid membrane
augmented with BMAC at 48 months’ follow-up. In ad-
dition to already known advantages of single-step proce-
dures, there was even higher presence of hyaline-like
cartilage and lower incidence of fibrocartilage in the BMAC
group.”

More evidence of such combined approach with scaf-
folds and BMAC have been gathered in the knee joint,
where some systematic reviews, documenting at most
13 clinical studies, have been published.** Likewise to the
ankle, all clinical studies in the knee, independent of the

study group or level of evidence, reported improved clinical
outcomes and higher macroscopic, magnetic resonance
imaging, and histology scores at different short-to mid-term
follow-ups.®”*%3 Interestingly, the comparative trials fa-
vored BMAC over microfracture, especially at mid-term
follow-ups and reported equivalent outcomes between
BMAC and Matrix-induced Autologous Chondrocyte
Implantation.**-*?

To the best of our knowledge, only five studies, all in the
knee joint, have reported some cellular parameters of in-
traoperatively applied BMAC.”? In 2 case series, Gobbi
et al. documented the concentration of CFU-F per milliliter
(CFU-F/mL) that ranged between 2000 and 5700/mL,
which is close to the mean concentration of 8811.5/mL
observed in the present cohort.’®*” Skowronski and Rutka
reported only the TNC per milliliter (TNC/mL), ranging
from 4.5 x 10° to 9 x 10° cells/mL, which is approximately
100-fold less than the mean TNC concentration of 125.8 x
10°/mL in the current group.*® In Martin¢ié et al. study, the
final products contained on average 1156 CFU-F, while
Veber et al. performed the most detailed evaluation of the
final cell suspensions and their processing, reporting the
mean dosage of 1571 CFU-F administered to the
patients.”’

However, there have not been analysed any cellular
parameters of the intraoperatively applied BMAC as pos-
sible prognostic factors for the treatment outcomes. In the
present study, the regression models identified some cellular
parameters that influence the treatment outcomes. Based on
the results, the total number of CFU-F, which represent the



Kolar et al.

MSCs with colony forming abilities in the injected BMAC,
seemed as the most important cellular parameter that
positively impacted the treatment outcomes. The estab-
lished positive mechanisms of action of MSCs, mainly their
multipotency, immunomodulation and trophic effects, are
consistent with the observed results.> Moreover, the
analysis indicated that the proportion of CFU-F among all
TNC, albeit being very small, may have the potential to
positively influence the results. This is to some extent in line
with the observed negative impact of TNC number on the
postoperative improvements in some PROMs. According to
the literature, the majority of TNC represent white blood
cells (WBC) with ambiguous role in orthopedic surgery due
to the possibility of increased expression of proin-
flammatory cytokines and inferior outcomes compared to
the leukocyte-poor preparations, or potential advantages
with eliciting the healing and other antiinflammatory re-
sponses in the cascade on the other hand.***

Female gender and concomitant procedures turned out as
the main risk factors for postoperative improvements. This
is in line with the findings of previous studies, in which
females were more affected by osteochondral lesions pre-
operatively and had less favorable results of operative
interventions.'®* It is interesting to note that higher pre-
operative OA K-L scores were positively correlated with
improvements in patients’ daily activities. This could be
attributed to the greater preoperative functional impairments
in such patients with concurrent OA, which was limited to
K-L grade 2, and therefore not too advanced, leaving the
potential for restoring joint function and homeostasis. In-
terestingly, the other variables analyzed as potential pre-
dictors: patients’ age, BMI, medical history, length of
follow up, scaffold type, lesion size, surgical approach,
symptoms duration, and previous surgeries, did not prove as
significant for any of the outcome measures.

The need to interpret the results of the present study in
light of several limitations has to be emphasized. It was a
limited patient series with short-term follow-up and non-
randomized, non-comparative, and un-blinded study de-
sign. The majority of patients underwent concomitant
procedures, which proved to be statistically significant, and
as such present a direct source of bias. Moreover, three
different types of scaffolds were used, however the scaffold
type did not significantly influence the results. The entire
patient cohort was treated at a single university orthopedic
center by one foot and ankle consultant orthopedic surgeon,
therefore indications, harvesting and processing of bone
marrow aspirates, and surgeries were standardized. Fur-
thermore, the findings are based on clinical follow-up with
PROMs and complications, while radiological and histo-
logical assessment of the repaired tissue was not performed.
Nevertheless, the present study demonstrated that the
combined single-step procedure with scaffolds and fBMA is
an adequate and safe approach for OLTs treatment, and

primarily recognized the potential impact of cellular pa-
rameters on the treatment outcomes, thus introducing an
additional aspect in the osteochondral treatment.

Conclusions

The findings of the present study allow to confirm the first
hypothesis, as the combined single-step approach with
scaffolds and fBMA significantly improved almost all
measures of patients’ perceived ankle status and quality of
life. Moreover, the relatively small number of SAE and GF,
and observed impact of the CFU-F and TNC number in the
injected fBMA on the treatment outcomes are in favour of
the second and third hypotheses. The study primarily
identified additional aspects in the field of cartilage treat-
ment, with an emphasis on the intraoperatively applied
products.
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