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Does progress in microfracture techniques necessarily translate into clinical
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Abstract

BACKGROUND

Multitudinous advancements have been made to the traditional microfracture (MFx)
technique, which have involved delivery of various acellular 2nd generation MFx and
cellular MFx-III components to the area of cartilage defect. The relative benefits and

pitfalls of these diverse modifications of MFx technique are still not widely understood.

AIM
To comparatively analyze the functional, radiological, and histological outcomes, and
complications of various generations of MFx available for the treatment of cartilage

defects.

METHODS

A systematic review was performed using PubMed, Embase, Web of Science, Cochrane,
and Scopus. Patients of any age and sex with cartilage defects undergoing any form of
MFx were considered for analysis. We included only randomized controlled trials
(RCTs) reporting functional, radiological, histological outcomes or complications of
various generations of MFx for the management of cartilage defects. Network meta-
analysis (NMA) was conducted in Stata and Cochrane’s Confidence in NMA (CINeMA)

approach was utilized for appraisal of evidence.




RESULTS

A systematic review was performed using PubMed, Embase, Web of Science, Cochrane,
and Scopus. Patients of any age and sex with cartilage defects undergoing any form of
MFx were considered for analysis. We included only RCTs reporting functional,
radiological, histological outcomes or complications of various generations of MFx for
the management of cartilage defects. NMA was conducted in Stata and Cochrane’s

CINeMA approach was utilized for appraisal of evidence.

CONCLUSION

A systematic review was performed using PubMed, Embase, Web of Science, Cochrane,
and Scopus. Patients of any age and sex with cartilage defects undergoing any form of
MFx were considered for analysis. We included only RCTs reporting functional,
radiological, histological outcomes or complications of various generations of MFx for
the management of cartilage defects. NMA was conducted in Stata and Cochrane’s

CINeMA approach was utilized for appraisal of evidence.
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Core Tip: Chondral lesions have been reported in 60% of patients undergoing
arthroscopic procedures of the knee; and such defects are described as one of the
leading causes of chronic knee pain. As compared with the other cartilage restoration
strategies, microfracture (MFx) is relatively cost-effective, simple, minimally-invasive
and may also be performed in a single stage. Nevertheless, recent stu&ies have

demonstrated that modifications of the traditional MFx technique, such as the use of
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synthetic and autologous biological adjuvants may enhance the repair tissue quality,
resilience, and overall efficacy of the procedure. Based on the current network meta-
analysis we could conclude that the use of acellular and cellular adjuvants has shown
only marginal improvement in the clinical (pain and functional scores) and radiological
outcome in patients undergoing microfracture for cartilage defects of the knee. The
safety and efficacy of the higher generation MFx procedures are also clearly evident
from our review. However, there is a substantial potential for further improvement in
the cellular components (chondrocytes over other cellular lineage), culture or
processing methodology, delivery modalities (including appropriate scaffolds); as well
as better surgical techniques to achieve demonstrable significant outcome

improvement.

INTRODUCTIi}N

Lesions of the articular cartilage of the knee remain a challenging clinical entity in view
of the limited capacity of the cartilaginous tissues to heal and poten&al progression to
chronic degenerative arthritis(!l. The deficient endogenous cartilage repair mechanism
has been attributed to the pgor recruitment of regenerative cells into the area of
cartilage defectl?l. Based upon the theory of marrow stimulation by subchondral drilling
purported by Pridie et al (1959), Steadman et all¥ popularized the concept of
microfracture (MFx) technique, whereby the migration of the growth factors and
mesenchymal stem cells (MSCs) across the subchondral bone stimulates the
development of the hyaline-like fibrocartilage. As compared with the other cartilage
restoration strategies, MFx is relatively cost-effective, simple, minimally-invaive and
may also be performed in a single stagel4l. Despite still being regarded as the gold-
standard first-line treatment for cartilage deficiencies of the knee, there are concerns
regarding their long-ttém outcomes and durability of the restored fibrocartilagel>®l. In
this context, alternate cartilage restoration procedures such as autologous chondrocyte
implantation (ACI), osteoarticular transfer system and osteochondral allograft

transplantation have been advocated as the better treatment strategies in the recent
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years. In fact, the United Kingdom ational Institute for Health and Care Excellence, in
a recent assessment, has recommended for the abandonment of MFx in favor of ACI in
the management of articular knee defectsl”-1l.

Nevertheless, recent sadies have demonstrated that modifications of the traditional
MFx technique, such as the use of synthetic and autologous biological adjuvants may
enhance the repair tissue quality, resilience and overall efficacy of the procedurel”!1l,
Some researchers have purported that the suboptimal efficacy of the traditiong]l marrow
stimulating techniques may be attributed to the insufficient concentrations of MSCs and
growth factors getting released from subchondral marrow. To circumvent this
limitation, it has been proposed that supplementation of MFx with intra-articular
adjuvants in the form of platelet-rich plasma (PRP) or hyaluronic acid (HA) can
improve the outcomel'218]. In addition, augmentation of defect with scaffolding matrix
or cell-free polymer-based implant can provide a bioreactor-like structure, over which
the marrow elements get trapped, concentrated and thereby, facilitate the restoration of
an effective cartilage layer(1921l. MFx has also been combined with diverse cellular
additives like bone marrow aspiration concentrates (BMAC), MSCs, and peripheral
blood stem cells (PBSCs). While individual studies on these biological augmentation
[popularly described as “microfracture plus” (MFx+)] techniques have demonstrated
Ecouraging histological and clinical outcomes, our understanding regarding these
techniques has been limited by substantial heterogeneity among the study cohorts and
paucity of high quality, prospective trials.

The purpose of our study was to consolidate the available evidence; compare the
clinical, functional and radiological outcomes of three different generations of MFx
techniques (traditional MFx, MFx + acellular additives, and MFx + cellular additives);
and to provide the best recommendations on their relative efficacies, advantages,

complications and pitfalls in the management of cartilaginous defects of the knee joint.

MATERIALS AND METHODS

Extraction of data
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Cochrane Consumers and Communication Group recommendations were followed for
data extraction from the included studies. The following were extracted, and a master
chart was prepared: (1) Study characteristics: Author name, country, publication year,
number of patients in the study; (2) baseline characteristics: Age for the individual
treatment arms, gender proportions, cartilage defect size, interventions analyzed, and
duration of follow-up; (3) functional outcomes: Visual Analog Scale (VAS) score for
pain, Western Ontario McMaster Universities Osteoarthritis Index score, Tegner score,
Lysholm score, International Knee Documentation Committee (IKDC) score, Cincinnati
score, and Knee Osteoarthritis Outcome Scale (KOOS) score; (4) radiological outcomes:
Magnetic resonance observation of cartilage repair tissue (MOCART) score, and
successful magnetic resonance imaging (MRI)-based defect filling (= 2/3 of the defect);
and (5) complications: Adverse events and failures (patient requiring revision
surgeries).

Data extraction was performed independently by two reviewers. The different
generations of MFx techniques, described in accordance with the ORG classification,
include: First-generation MFx (MFX-I) representing the traditional MFx technique;
second-generation MFx (MFX-II) involving MFX-I combined with acellular additives
[such as PRP, HA, collagen, and procedures such as autologous matrix-induced
chondrogenesis (AMIC)]; and third-generation MFx (MFX-III) involves combining
MFEX-I with cellular additives such as MSCs, BMAC, PBSCs, and stromal vascular
fraction (SVF)I24l,

We anticipated heterogeneity among the diverse studies in the duration of follow-up
for the analysis of outcome measures. Therefore, we analyzed individual outcomes at
short-term (1 years and 2 years), intermediate-term (5 years), and if available long-term
(= 10 years), based on the available data at individual time points for the outcome
concerned. The risk of bias of included studies was analyzed RoB2 tool from Cochrane
groupl?sl. It was agreed upon that studies with a high risk of bias would be excluded

from the study.




RESULTS

Overall, 9416 ticles were shortlisted for initial screening. De-duplication resulted in
3584 articles. Title and abstract screening excluded 3231 articles. Among them, 353
articles qualified for full-text review; and 44 eligible RCTsl*%1315192031-68] wyith 2629
included patients qualified for inclusion in the study. PRISMA flow diagram for the
inglusion of studies is shown in Figure 1.

The included studies reporﬁd at least one of the generations of MFx employed in
cartilage defect management. The baseline characteristics of the studies included in the
network are presented in Table 1. Norway (n = 6), Germany (n =5), and United States (n
= 5) were the leading countries reporting the highest number of RCTs in the field. The
network plot has been presented in Figure 1. The network had 36 possible pair-wise
comparisons, among which, 14 had direct evidence data. The network had 42 two-
armed studies and 2 multi-armed studies. We did not find significant variability among
the characteristics of the included patients in the network concerning age and gender

proportions. The mean age of the patients included in the trials was 39.40 (+ 9.46) years.

The mean follow-up in the included trials ranged between 1 and 15 years.

uality assessment
None of the included studies demonstrated high risk of bias to warrant exclusion from
the study. The risk of bias in the pairwise comparisons is presented in Supplementary
Figure 1. We did not find any significant publication bias using the funnel plot for most
of the outcome measures analyzed. When publication bias was noted, we adjusted
using the “trim and fill” method to identify the missing studies and their effects on the
overall estimate. We did not find any significant imﬁxct of the missing studies on the

overall outcomes, as shown in Supplementary Figure 2.

Network analysis results @
;
We performed a pooled NMA using a frequentist approach to every outcome of

interest. Among all the treatment arms in the network, MFX-I had high data strength as
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compared with all the other comparators (as shown in the network plots in
Supplementary Figure 3). Therefore, MFX-I is taken as the constant comparator and all
the outcomes have been reported in comparison to the performance of MFX-I. The
outcomes have been analyzed in terms of pain, functional outcomes, radiological

outcomes, adverse effects, and failures.

Pain: Inference from the VAS score is taken into consideration for pain outcomes. VAS
score was reported at one year in 13 studiesl#1533.3841.44,45.49,53,55-58] jny olving 676 patients,
at two years in 10 studies415333841,4550,53,57,68] involving 690 patients and at 5 years in 3
studies??4154 involving 297 patients. The pooled forest plot of the VAS score outcome
based on the aforementioned follow-up time points is presented in Figures 2, 4, and 5
respectively. Although we did not note a statistically significant improvement in the
pain reduction with the advancements to the traditional MFx, the SUCRA ranking of
the interventions were consistent in favouring the higher generations in the following

order MEX-III > MFEX-II > MFX-I as shown in Table 2.

Functional outcomes: The functional outcomes were reported using KOOS, Lysholm
score, IKDC score, and Cincinnati score. Figure 2 shows the pooled forest plot of
various scores. KOOS score was reported at one year in 8 studiesl32334446515557]
involving 569 patients, and at 2 years in 4 studies[323351571 involving 361 patients.
Lysholm score was reported at 1 year in 10 studiesl433341444748535965] jnyolving 499
patients, and at 2 years in 8 studiesl4153339.4147.5359] involving 516 patients. IKDC score
was reported at 1 year in 15 studiesl'>337,43-4556-60646667] jnyolving 631 patients, at 2
years in 13 studies[!>37:3943.45505759,6466-68]  inyolving 782 patients, and at 5 years in 4
studies3%545859 involving 295 patients. Cincinnati score was reported at 1 year in 3
studiesP13865] involving 117 patients, and at 2 years in 4 studies[383%50 involving 349
patients.

The functional outcomes reported at 1, 2, and 5-year time points using the

aforementioned scores were clubbed together for the sake of understanding (despite the
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limitation of such an approach), in view of the heterogenicity in the reporting of

functional outcomes among the reviewed studies.

One-year functional outcomes: The pooled forest plot of the functional outcomes, sub-
grouped based on the individual scores at 1 year, is presented in Figure 2. We observed
statistically significant outcome in the higher generations of MFx evaluated with IDKC
score (WMD = 3.40; 95%CI: 0.65, 6.16; P = 0.045; without significant heterogeneity).
However, the difference was not clinically relevant; and less than the minimum clinical
difference for the outcome concerned. Although we did not note a statistically
significant improvement in most of the functional outcomes with the advancements to
the traditional MFx; we observed that (with the exception of Lysholm score) the SUCRA
ranking of the interventions consistently favoured the higher generations in the

following order: MEX-III > MEX-II > MFX-I (Table 2).

Two-year functional outcome: The pooled forest plot of the functional outcomes, sub-
grouped based on the individual scores at 2 years, is presented in Figure 4. We did not
note statistically significant difference with the higher generations of MFx with regard
to the functional scores such as KOOS, Lysholm score, IDKC score, and Cincinnati
score. Nevertheless, similar to the functional outcome at I-year time point; SUCRA
rankings of interventions were consistent in favouring the higher generations in the
following order MFX-IIT > MEX-II > MEX-I (for all outcome measures except the
Lysholm score (Table 2).

Five-year functional outcomes: We did not have sufficient data points to evaluate mid-
term and long-term functional outcomes. However, based on the available data, there
was no significant change in the functional outcome with the higher generations of
MFx, as compared to the traditional technique (based on IKDC score; Figure 5).
Nevertheless, as with the earlier time points, the SUCRA ranking of interventions

favoured the higher generations (in the order MFX-III > MFX-[; Table 2).
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Radiological outcomes

The MOCART (magnetic resonance observation of cartilage repair tissue) Score and
MRI defect filling (> 2/34) have been used to report the radiological outcomes in the
included studies. The MOCART score was reported at 1 year in 8 studiesl*?3244,56.57,59,60,65]
involving 439 patients, and at 2 years in 3 studies(!3325] involving 230 patients. The
MRI-based defect filling was reported at 1 year in 17 studies(19203137384043-45,47,56,57,60,62-
64671 involving 847 patients, and at 2 years in 10 studies(13:19,31,38,4547,5064,67.68] jnvolving
610 patients.

The pooled forest plots of the radiological outcomes, sub-grouped based on the
individual scores at 1- and 2-year time points, are presented in Figures 3 and 4,
respectively. We observed statistically better MOCART score in the higher generations
of MFx (WMD = 17.44; 95%CI: 0.72, 34.16; P = 0.025; without significant heterogeneity)
at 1 year. However, the difference was not maintained at 2 years. Although we did not
note a statistically significant improvement in the MRI-filling with the advancements to
the traditional MFx, the SUCRA ranking of the interventions were consistent in
favouring the higher generations in the following order MFX-III > MFX-II > MFX-1
(Table 2).

Complications

Adverse events: The adverse events following the compared interventions were
reported in 32 studiesl®19.2031-33,37-39,43,44,46-48,50-55,57,58,60-63,65-67.69-75] jnvolving 1752 patients.
Figure 3 shows the pooled forest plot of the reported complications for the analyzed
interventions. In comparison with MFX-I, there was no statistically significant
difference in the reported rates of adverse events in the higher generations. On the other
hand, the SUCRA ranking of the interventions favoured the higher generations in the
following order MEX-1II > MFEX-II > MFX-I (Table 2); thereby, highlighting the safety of

the higher generations in comparison with the traditional technique.
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Failures: The need for subsequent procedures following the interventions was
considered as treatment failure, and the same was reported in 31 studies[431333435-
42.46,48,5759 61,63-65,69,72.73,76.77] involving 1059 patients. Figure 3 shows the pooled forest plot
of the failure events for the reported interventions. In comparison with MFX-I, there
was no statistically significant difference in the failure events among the higher
generations of MFx techniques. Moreover, the SUCRA ranking of the interventions
favoured the higher generations in the following order MEX-III > MFX-II > MFX-I
(Table 2); thus, highlighting the reliability of the higher generations in comparison to
the traditional technique.

Sensitivity & subgroup analysis

We did not observe significant heterogeneity across various outcomes analyzed in the
network (based upon the heterogeneity values in the corresponding individual forest
plots of pairwise comparisons of interventions). We sub-grouped and analyzed the
studies based on the outcome measures and follow-up time point in order to avoid any

heterogeneity in the pooled results.

Consistency

We did not observe any significant evidence of global inconsistency, which could have
affected the transivity of the nel“worlﬁesults. The consistency analysis was performed
for the individual outcomes; and the chjzsquare values in the corresponding pair-wise
comparison forest plots were presented. We noted the indirect pooled estimates to have
wider CI compared to direct estimates in some of the paired networks analysed
(although without any evidence of systematic differences concerning the potential effect
modifiers). We considered these apparent inconsistencies to be the effect of true
differences between the direct and indirect estimates. The indirect estimates were
considered to reflect a more precise estimate, since they were from a network involving

a larger number of studies.

10/ 40




Confidence in evidence

Upon grading the paired comparisons in the network using the CINeMA approach, a

“high” confidence was noted across a majority of the paired comparisons (Table 3).

However, some of the comparison pairs demonstrated “moderate” confidence. The lack
precision was the most common reason, which downgraded the quality of evidence

in the indirect estimates, in view of wider CIs extending on either side of the axes. We

also observed some concerns due to certain “within-study bias”, following selective

reporting of some of the outcome measures.

DISCUSSION

Chondral lesions have been reported in 60% of patients undergoing arthroscopic
procedures of the knee; and such, defects are described as one of the leading causes of
chronic painl?-8ll. These defects may result from acute trauma, repetitive microtrauma,
osteochondritis dessicans or early osteoarthritis; and can produce symptoms like pain,
swelling, catching, stiffness and lockingl®l. In 1743, Hunter et all828] described the
challenge of cartilaginous injury by stating that, “once the cartilage is destroyed, it
never recovers”. These observations still hold true; and the avascular as well as aneural
nature of cartilage substantially limits its ability to self-regeneratel8l. If left untreated, a
transgressed cartilage gradually results in severe osteoarthritis of the joint and ensuing
long-standing disability[s5l.

Superficial cartilage deficiencies do not induce a local inflammatory response;
therefore, despite proliferation of matrix molecules and chondrocytes, the surface is not
adequately restored8¢l. When the cartilage defect penetrates the subchondral plate, the
vascularized bone marrow can enable the formation of clot rich in chondroprogenitor
cells, fibrin and bioactive molecules; which in turn, facilitates the formation of type I
collagen and fibrocartilagel®”]. This is the rationale underlying the MFx technique, which
has traditionally remained the first-line treatment for small to medium-sized defects!53l.
The purported benefits of the procedure include low cost, easy technique and proven

improvement in short-term outcomel®.88l. Nevertheless, 47% to 80% of patients have
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been reported to demonstrate substantial functional deterioration at 18 to 36 months
post-surgicallyll%l, which may be attributed to the poor viscoelastic properties of the
restored f&rocartilagels‘al. Since the initial description of MFx technique, multitudinous
attempts have been made in the fields of tissue engineering and cartilage repair in an
attempt to find the “holy grail”, which enables the restoration of hyaline cartilage that

can consistently integrate into the deficiency!*2l.

Evolution of MFx
In the traditional MFx technique described by Steadman et all®l, the debri ent of the
unstable cartilaginous tissues is initially performed arthroscopically; and a well-
ouldered vertical wall is created around the periphery of the lesion. Following this,
layers of calcified cartilage are removed using a curette. An arthroscopic awl is then
utilized in a direction perpendicular to the bone in order to create holes in the
subchondral plate around 3-4 mm apart (ascertaining that the interposed subchondral
bone between the MFx perforations is maintained intact). Alternately, microdrilling
using a 1.5 mm drill may be performed to perforate the subchondral plate to a depth of
1cm.

While lesions smaller than 2 cm? in low-demand individuals are amenable to
treatment with traditional MFx technique; lesions larger than 4cm? have been purported
to require additional adjuvant modalities tool?0l. Diverse acellular biomaterials such as
alginate, collagen, tri-copolymer and poly-lactic-glycolic acid have been utilized for
engineering of cartilaginous tissues/?!l. These tissues serve as carriers for delivery of
cells and growth factors; as well as provide an appropriate milieu for tissue
regenetationl®?,

The cell therapy for cartilage repair was initially proposed by Robert Langer and
Charles Vacanti in the 1980s using the technology of tissue engineering!®l]; and cellular
therapeutic innovation was eventually realized in 1994, when Brittberg et all*l described
the ACI technique. Further on, scaffold-based ACI (matrix-induced ACI-MACI: FDA-

approved in 2016) technique has also been described as a modification of the traditional
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MFx. The discovery of adult stem cells resulted in a paradigm shift in the field of

regenerative medicinel®l. A variety of stem cell-based therapies involving multipotent
MSCs implantation (like bone marrow, adipose tissue, synovium, periosteum,
peripheral blood, etc.) have been employed for cartilage repair. The chondgogenesis and
development of neo-cartilaginous tissues from such undifferentiated MSCs can be
guided using growth factors, and other biophysical or biomechanical stimulil®*7].

As an alternative form of cell-based therapy, Gobbi et alll%l described the technique of
implanting the bone marrow aspirate concentrate delivered via HA-based scaffold (HA-
BMAC) over the micro-fractured area. Such an approach relies on the presence of MSCs
and growth factors at the deficient zone so as to steer chondrogenesis. They concluded
that such an approach yielded successful medium-term clinical outcome with
restoration of durable cartilage, irrespective of the size and age of the lesion.

Despite such extensive publications, there has been a substantial dearth of large-scale,
high-quality RCTs on this subject. In a recent systematic review; among 540 reviewed
manuscripts, only 10 studies were found to be methodologically sufficient to be
included for final analysis. The current evidence on this subject is therefore, still largely
unclearl®]. The purpose of the current NMA was to comprehensively analyse the
existing literature on chondral injuries of the knee; and comparatively evaluate the
histological, radiological and clinical outcome following 3 different generations of MFx,
namely traditional MFx (MFx-I), modified MFx technique using acellular adjuvant
(MFx-II); and modified MFx technique using cellular adjuvant (MFX-III).

Observations from our study

Clinical and functional outcome: Overall, in our meta-analysis, we compared the pain
scores and functional outcome measures (KOOS, Lysholm score, IKDC score, and
Cincinnati scores) among the three generations of MFx. We could clearly observe a
trend of improved pain scores and functional outcome scores (KOOS, IKDC and
Cincinnati scores) with the use of cellular adjuvants (MFx-III-MSC, BMAC, PBSC, and

SVF). Although the difference in the pain and functional scores improved with the use
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of acellular adjuvants (such as PRP, HA, collagen, and AMIC) too in comparison with
traditional MFx, the differences were not as substantial as for cellular adjuvants.

This observation is in concurrence with a majority of the studies, which have
demonstrated overall improved clinical outcome with acellular (MFx-II) adjuvants. In a
prospective, multicenter clinical triall3l, AMIC with biodegradable type I/IIl collagen
membrane showed significantly improved longer-term radiological (MRI defect filling)
and functional outcome (as assessed by Cincinnati and modified ICRS scores) at the 5-
year time point, in comparison with MFx-I. In another recent RCT, Shive et all'
concluded that the wuse of BST-CarGel (soluble polymer scaffold containing
polysaccharide chitosan dispersed in uncoagulated blood) following MFx leads to
improved cartilage resurfacing and wound healing. On a similar note, various
prospective studies have also reported meliorated outcome (clinical and radiological)
following the use of diverse cellular components after MFx (MFx-III). Some such
cellular components, which have been successfully tried in cartilage defects, include
single-stage cell-based therapy using autologous cartilage fragments (cartilage autograft
implantation system-CAIS)I®l, collagen-covered ACI (ACI-C), AMICP3, micro-
fragmented_stromal-vascular fraction (rich in adipose-derived MSCs-ADMSC)#9], and
tri-layered collagen hydroxyapatite biomimetic osteochondral scaffold (CHAS) seeded
intra-operatively with autologous chondrocytes (AC) or filtered bone marrow
stem/stromal cells (fBMSC)®L Ip a prospective series by Liu ef all3l, it was
demonstrated that the application of Kartigen (matrix with autologous bone marrow
MSC-derived chondrocyte precursors embedded in atelocollagen) enabled the
restoration of columnar surface of articular cartilage, collagen type 2 and

glycosaminoglycan in similar composition to native hyaline cartilage (on histology).

Radiological outcome: A majority of the studies reported on MOCART score and MRI
filling defect during the follow-up. There was a statistically significant improvement in
the MOCART score at the end of 1 year in patients following the use of cellular

adjuvants after MFx, indicating a substantially improved cartilage tissue quality and
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integration. Although the radiological outcome scores at the subsequent follow-up time
points were not statistically different; similar to the clinical outcome, there was a
definitive trend towards better outcome after the use of cellular and acellular adjuvants
following MFx (cellular > acellular).

In a prospective randomized study by Ibarra et all5%, it was concluded that structural
outcome (as assessed by MRI-T2 mapping and MOCART score) and significantly
improved clinical outcome (as evaluated by KOOS subscale and Tegner scale) at 1 to 6
years and 4 to 6 years, respectively in patients undergoing matrix-assisted autologous
chondrocyte transplantation, as compared with traditional MFx. Patients undergoing
adjuvant cell therapy also demonstrated higher response and lower failure rates in this
series. Similar prospective cohort studies have demonstrated improved cartilage fill on
T2WI MRI and mean MOCART score following surgical treatment with PRP-loaded
scaffold (MFx-II)I™I, scaffold augmentation using BMAC (MFx-III)I'%  and
transplantation of autologous BMSCs (BMSC-MF x-III)[60].

Complications and adverse events: Based on our network analysis, we could also
clearly identify mitigated complication and failure rates with the higher generations of
MFx (although the differences were not statistically significant. In a prospective series
by Martincic et all®l, tri-layered CHAS seeded intra-operatively with AC or fBMSC
demonstrated significantly improved outcome, in comparison with MFx. In this study,
blood soaking of the scaffold prior to cell seeding substantially reduced early post-
operative complications like synovitis and arthrofibrosis.

Limitations: Though our study is one of the most comprehensively-performed reviews
of the existing literature on this subject, there are certain limitations. The long-term data
on histological and radiological outcomes following recent generations of MFx are
limited. There is substantial paucity as well as heterogeneity in the reporting on the

diverse functional outcome measures, which prevented uniform comparison of events.




Current status and future directions: Based on our comprehensive review and NMA,
we could conclude that the use of acellular and cellular adjuvants (2d and 3+
generation) marginally improves the overall clinical status (pain and functional scores)
and radiological outcome (MOCART score and MRI-filling) in patients undergoing MFx
for cartilage defects of the knee. The safety and efficacy of the higher generation MFx
procedures are also clearly evident from our review. However, there is a substantial
potential for further improvement in the cellular components (chondrocytes over other
cellular lineage), culture or processing methodology, delivery modalities (including

appropriate scaffolds); as well as better surgical techniquesltl.

CONCLUSION

The use of acellular and cellular adjuvants (2"¢ and 3™ generation) has shown only
marginal improvement in the clinical (pain and functional scores) and radiological
outcome (MOCART score and MRI-filling) in patients undergoing MFx for cartilage

defects of the knee.

ARTICLE HIGHLIGHTS

Research background

We have noted improvements in the traditional microfracture (MFx) techniques over
the decades of its routine use in the management of cartilage defects. The recent
generations include the addition of acellular components and cellular components to
the cartilage defect. However, the effectiveness of these modifications is not explored

further.

Research motivation
To explore the clinical effectiveness of the various generations of the MFx technique to

understand their clinical effect in the management of cartilage defects.

Research objectives
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To comparatively explore the clinical, radiological and histological outcomes along with
the complications reported in the various generations of MFx in the context of the

management of cartilage defects.

Research methods

We made a systematic review by utilizing the databases such as PubMed, Embase, Web
of Science, Cochrane, and Scopus to identify the randomized controlled trials (RCT'’s)
reporting the outcomes of utilization of various generations of MFx in the management

of cartilage defects. Network meta-analysis was performed among the three generations

for the outcomes analysed using Stata.

Research results

Forty-four RCTs were included in the analysis with patients of mean age of 39.4 (+ 9.46)
years. Upon comparing the results of the other generations with MFX-I as a constant
comparator, we noted a trend towards better pain control and functional outcome
(KOOS, IKDC and Cincinnati scores) at the end of 1-, 2-, and 5-year time points with
MFx-11I, although the differences were not statistically significant (P > 0.05). We also
noted statistically significant MOCART score in the higher generations of MFx (WMD =
17.44; 95%CIL: 0.72, 34.16; P = 0.025; without significant heterogeneity) at 1 year.
However, the difference was not maintained at 2 years. There was a trend towards
better defect filling on MRI with the second and third generation MFx, although the

difference was not statistically significant (P > 0.05).

Research conclusions
The higher generations of traditional MFx technique utilizing acellular and cellular
components to augment its potential in the management of cartilage defects has shown

only marginal improvement in the clinical and radiological outcomes.

Research perspectives
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Future work could focus on the improvement in the cellular components (chondrocytes
over other cellular lineage), culture or processing methodology, delivery modalities
(including appropriate scaffolds); as well as better surgical techniques to make the

clinical impact with their further advancements.
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Figure 2 Forest plot comparing the generations of microfracture for the functional
outcomes reported at 1 year among the included studies in the network. 95%CI: 95%

confidence interval; VAS: Visual Analog Scale; MFx: Microfracture; KOOS: Knee

Osteoarthritis Outcome Scale; IKDC: International Knee Documentation Committee;

Figure 3 Forest plot comparing the generations of microfracture for the radiological
outcomes reported at 1 year among the included studies in the network. 95%CI: 95%
confidence interval; MFx: Microfracture; MRI: Magnetic resonance imaging; MOCART:

Magnetic resonance observation of Cartilage repair tissue.

Figure 4 Forest plot comparing the generations of microfracture for the functional

and radiological outcomes at 2 years reported among the included studies in the
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network. 95%CI: 95% confidence interval; VAS: Visual Analog Scale; MFx:
Microfracture; KOOS: Knee Osteoarthritis Outcome Scale; IKDC: International Knee
Documentation Committee; MRI: Magnetic resonance imaging; MOCART: Magnetic

resonance observation of cartilage repair tissue.

Figure 5 Forest plot comparing the generations of microfracture for the functional
outcomes reported at 5 years among the included studies in the network. 95%CI: 95%
confidence interval; mFX: Microfracture; IKDC: International Knee Documentation

Committee.
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