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Editorial Commentary: Biological Cartilage Repair
TechniquedAn “Effective, Accessible, and Safe”

Surgical Solution for an Old Difficult
Biological Problem
Alberto Gobbi, M.D., Ignacio Dallo, M.D., and Vetri Kumar, M.S.
Abstract: Achieving good long-term outcomes while treating chondral defects has always been a challenge. Several
surgical techniques for regeneration of the articular cartilage have been proposed. Among them, osteochondral autograft
transplantation and 2-step procedures such as autologous chondrocyte implantation have provided good results, pro-
moting formation of new hyaline-like cartilage tissue, whereas other techniques such as microfracture result in fibrous
cartilage and a less durable repair. Single-stage cell-based procedures are an attractive treatment option given the potential
for cost savings and avoiding a second-stage procedure. We believe that 1-stage cartilage repair in the knee with a hy-
aluronic acidebased scaffold embedded with mesenchymal stem cells sourced from bone marrow aspirate concentrate has
a prominent role in treating chondral defects because this is a simple technique that could improve the care of patients and
be cost-effective in the near future.
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Arthroscopy: The Journal of A
igh-quality studies such as systematic reviews, clinicians better insight into the pros and cons of widely
Hmeta-analyses, and randomized clinical trials are
critical to assess the long-term results and understand
the real efficacy of a procedure. The study by Zambor-
sky and Danisovic1 entitled “Surgical Techniques for
Knee Cartilage Repair: An Updated Large-Scale Sys-
tematic Review and Network Meta-analysis of Ran-
domized Controlled Trials” investigates the most
appropriate surgical interventions for patients with
knee articular defects from Level I randomized
controlled trials. The authors reviewed 21 articles,
including 891 patients.
We commend Zamborsky and Danisovic1 for con-

ducting a well-designed network meta-analysis of ran-
domized clinical trials that helps to build the body of
literature of different approaches that are readily
available. We believe that this study can provide
ship and publication
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performed cartilage repair techniques.
On the basis of the study by Zamborsky and Dan-

isovic,1 2 important things can be concluded. First,
microfracture (MF) results in poor long-term outcomes
compared with advanced repair procedures such as
autologous chondrocyte implantation (ACI), matrix-
induced autologous chondrocyte implantation
(MACI), and osteochondral autograft transplantation,
which is in line with findings from a previous study
from our institution.2 Second, advanced cartilage repair
techniques perform better than MF with a lower failure
rate and a faster return to activity.
Moreover, Zamborsky and Danisovic1 showed that

osteochondral autograft transplantation had good to
excellent results compared with MF whereas MF had
poor results compared with ACI and MACI. Conversely,
they did not find a significant difference among
different interventions regarding reintervention, biopsy
types, or adverse events. Finally, according to the
P value scores for intervention ranking, there was a
disagreement on the best intervention. However, MF
was always ranked last.
Articular cartilage lesions are frequently found

during knee arthroscopy. In a study of 1,000 patients
who underwent arthroscopy, the prevalence of
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osteochondral defects was 61%.3 In a review of a Polish
registry, 5.2% of patients had Outerbridge grade III or
IV lesions.4 Curl et al.5 found over 53,000 hyaline
cartilage lesions in 31,516 knee arthroscopies. Hence,
treating chondral defects of the knee with a durable
repair tissue that can provide long-term results has
remained the predictor of a successful repair procedure.
On the basis of our 25 years of experience performing

cartilage repair procedures, MF has been the workhorse
in treating cartilage defects, primarily because of its
simplicity and cost-effective nature. After our series of
studies, our approach toward managing chondral de-
fects has constantly evolved. In our study in which we
analyzed long-term results after MF, we found that
patients treated with MF had deterioration in their ac-
tivity level after 3 to 5 years and the results were short-
lived.6 Furthermore, in a nonrandomized controlled
trial, we (Kon et al.2) compared patients who under-
went treatment for chondral lesions with second-
generation ACI (MACI) and MF. The MACI group of
patients had superior clinical outcomes to the MF
group. Although ACI and MACI provide good to
excellent long-term outcomes,7 the high cost and 2-
stage procedure associated with these procedures
make them unfavorable procedures for treating all
chondral lesions. Hence, a single-stage cartilage repair
evolved using cell-free 3-dimensional scaffolds. Since
2005, the role of stem cells in treating cartilage lesions
has been explored, opening a new dimension of
obtaining similar results to ACI but with less morbidity
to the patients. In a 5-year follow-up prospective cohort
study, we compared 50 patients who had a diagnosis of
grade IV cartilage injury and were treated with a hy-
aluronic acidebased scaffold along with bone marrow
aspirate concentrate (HA-BMAC) and MF.8 A signifi-
cant difference was found with better outcomes and a
more durable cartilage repair at mid-term follow-up in
the HA-BMAC group of patients.
We further investigated the need for cell culture to

obtain optimal results by comparing the clinical out-
comes of MACI with HA-BMAC using the same scaffold
(Hyaff; Anika Therapeutics).9 At 3 years’ follow-up, we
did not notice any statistically significant differences
between the 2 groups and we concluded that both
techniques were viable and effective. Furthermore,
second-look arthroscopy after HA-BMAC treatment
showed that the repaired lesions were filled with stable
and well-integrated tissue that was nearly normal to
normal according to the International Cartilage Repair
Society visual scoring system. These findings were
comparable with those of the MACI group that un-
derwent second-look arthroscopy. Moreover, histologic
evaluation after biopsy of the repair tissue indicated
comparable success between HA-BMAC and MACI
treatment regarding the ability to regenerate hyaline or
hyaline-like tissue. Magnetic resonance imaging
evaluation of the repaired lesions was also performed
postoperatively and showed comparative success in the
ability to completely fill the defects with well-integrated
repair tissue in both groups.9

Recently, we analyzed the long-term outcomes after
single-stage HA-BMAC repair of chondral defects based
on the size and location of the lesion and showed
positive outcomes at long-term follow-up in small and
large lesions and in multiple-compartment lesions.10

Hence, single-step cartilage repair eliminates the need
for a 2-step procedure, thereby reducing the cost and
morbidity to the patient.
Bone marrowederived mesenchymal stem cells

(BMDSCs) interact with a nonwoven hyaluronan-
based scaffold that supports cellular adhesion, migra-
tion, and proliferation, promoting the synthesis of
extracellular matrix components under static culture
conditions.11-13 Nejadnik et al.14 compared the clinical
outcomes of patients treated with first-generation ACI
and patients treated with autologous BMDSCs,
concluding that BMDSCs are as effective as chon-
drocytes for articular cartilage repair. In addition, many
studies have shown multipotent mesenchymal stem
cells sourced from bone marrow aspirate concentrate in
combination with a biological scaffold to provide good
to excellent clinical outcomes at long-term follow-up,
as with ACI.9,11,15

Finally, as stated by Zamborsky and Danisovic1 in the
“Discussion” section and on the basis of the previous
literature that showed inferior long-term outcomes af-
ter MF,6,8,16 many surgeons are giving stronger
consideration to alternative cartilage restoration pro-
cedures. However, to have an algorithm in choosing the
treatment option for managing articular cartilage
defects, it would be incomplete without comparing
randomized controlled trials of single-stage cartilage
repair procedures. High-quality randomized controlled
trials are necessary to directly compare all cartilage
restoration procedures to determine differential efficacy
and cost-effectiveness. We believe that 1-stage cartilage
repair in the knee with a hyaluronic acidebased scaf-
fold embedded with mesenchymal stem cells sourced
from bone marrow aspirate concentrate has a promi-
nent role in treating chondral defects because this is a
simple technique that could improve the care of
patients and be cost-effective in the near future.10
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