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• Purpose: Despite the publication of several randomized controlled trials (RCTs), it is not clear which technique 
for the treatment of focal chondral and osteochondral defects of the knee grants the best clinical outcome. 
The aim of this network meta-analysis (NMA) was to compare the efficacy and safety of microfractures (MF), 
autologous chondrocyte implantation (ACI), autologous matrix-induced chondrogenesis (AMIC), osteochondral 
autograft transplantation (OCT) at short (< 1 year), intermediate (1–5 years) and long-term (> 5 years).

• Methods: We carried out an NMA with Bayesian random-effect model, according to PRISMA guidelines. The 
search was performed in MEDLINE, EMBASE, Web of Science, CENTRAL, CINAHL, SPORTDiscus, clinicaltrials.gov, 
WHO ICTRP, from inception to November 2022. The eligibilities were randomized controlled trials on patients 
with knee chondral and osteochondral defects, undergoing microfractures, OCT, AMIC, ACI, without restrictions 
for prior or concomitant surgery on ligaments, menisci or limb alignment, prior surgery for fixation or ablation 
of osteochondritis dissecans fragments, and prior cartilage procedures as microfractures, drilling, abrasion, or 
debridement.

• Results: Nineteen RCTs were included. No difference among treatments was shown in the pooled comparison of 
patient reported outcome measures (PROMs) at any timepoint. Safety data were not available for all trials due 
to the heterogeneity of reporting, but chondrospheres seemed to have lower failure and reoperation rates.

• Conclusion: This NMA showed no difference for PROMs with any technique. The lower failure and reoperation 
rates with chondrospheres must be interpreted with caution since adverse event data was heterogenous 
among trials. The standardization of the efficacy and safety outcome measures for future trials on knee 
cartilage repair and regeneration is necessary.
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Introduction

Focal chondral lesions of the knee account for 19–28% 
of all chondral lesions encountered during arthroscopy 
(1, 2, 3). They are mainly related to acute traumas (> 
58%), including sports injuries (46%), but also to chronic 
repetitive injuries (2, 4). While knee chondral defects 
can be asymptomatic in 14% of cases, as demonstrated 
in studies in athletes, they often manifest with pain, 
effusion, swelling, and sometimes locking, impairing 
daily activities and sporting performance (2, 4, 5).
In the last century, the treatment of symptomatic 
patients has remarkably evolved. Repair techniques 
such as bone marrow stimulation, debridement, 
abrasion, and subchondral drilling have been 
gradually replaced by microfractures (MF) and 
autologous matrix-induced chondrogenesis (AMIC) 
(6, 7, 8). Regeneration and graft transfer techniques 
have also expanded, thanks to the development of an 
arthroscopic technique for osteochondral autologous 
transplantation (OCT) (9), minced cartilage procedures 
for allografts and autografts replacement (10, 11), 
and multiple generations of autologous chondrocyte 
implantation (ACI). The latter has evolved from the 
injection of cultured autologous chondrocytes below 
a periosteum membrane (first generation, ACI1) or 
porcine type I and III collagen membrane (second 
generation, ACI2) (12, 13), to their dispersion in a matrix 
(third generation, ACI3), also called matrix-induced 
autologous chondrocyte implantation (MACI) (14). The 
ACI3 has differentiated into scaffold-based (polymers, 
hyaluronan, collagen sponges, or gels) and scaffold-
free chondrocytes supports, such as chondrospheres, 
made of a matrix built by chondrocytes themselves (15). 
The fourth generation of ACI will implicate the use of 
mesenchymal stromal cells and gene therapy (16, 17).
Concurrently with the development of new techniques, 
the treatment algorithm has evolved. Apart from 
addressing concomitant misalignment, instabilities, 
meniscal pathologies, and patients’ activity, the main 
criteria for treatment choice remain lesion size, 
defect site, and bone loss (18, 19). In cases of bone 
involvement, OCT is indicated for small (< 2 cm2) 
defects, and allografts or even sandwich ACI (an ACI 
lying on bone graft) are best suited for medium (2–4 
cm2) and large (> 4 cm2) defects. In the absence of 
bone involvement, microfracture, OCT, and AMIC can 
be used for small defects, while ACI seems to be a 
valuable option for all defect sizes and locations (19). 
As described, not only can multiple techniques be 
indicated for the same type of defect, but multiple 
generations are also available for each technique. 
Available randomized controlled trials and pairwise 
meta-analyses do not allow establishment of which 
treatment has the best efficacy and safety profile since 
they compare only two techniques each (20). This 
necessitates the summary of evidence with network 

meta-analyses (NMA) that, by allowing the comparison 
of multiple treatments, bypass the limits of pairwise 
comparison. Even though three NMAs on this subject 
have been published (21, 22, 23), it is still unclear 
which treatment and technique offers the best clinical 
outcome, due to discordant results of available NMAs. 
In addition, since their divulgation, new randomized 
controlled trials have been published, prompting the 
need to provide an updated summary of available 
evidence. We conducted a systematic review and NMA 
on randomized controlled trials (RCT) on patients 
with knee cartilage defects and OCD, treated with MF, 
OCT, AMIC, and ACI, including chondrospheres, which 
represents the last generation of ACI. Our aim was 
to answer the following questions: 1. Which of the 
above treatments permits the restoration of the best 
functional outcome over short (< 1 year), intermediate 
(1–5 years), and long (> 5 years) term? 2. Which is the 
safest treatment?

Materials and methods

Protocol and registration
This review was planned and performed according 
to the PRISMA NMA extension statement (24) and 
registered in PROSPERO (CRD42021285656).

Search strategy and selection criteria
The bibliographic search was performed on MEDLINE, 
EMBASE, Web of Science, CENTRAL, CINAHL, 
SPORTDiscus, clinicaltrials.gov, and WHO ICTRP Search 
Portal from inception to 17 November 2022. The search 
strategy for each database is shown in Supplementary 
Appendix 1 (see section on supplementary materials 
given at the end of this article).

The archives of the last 20 years of the European 
Society of Sports Traumatology, Knee Surgery and 
Arthroscopy (ESSKA), ICRS, Arthroscopy Association of 
North America (AANA), OsteoArthritis Research Society 
International (OARSI), and French Society of Arthroscopy 
(SFA) congresses have also been accessed.

The eligibility criteria were defined a priori and are 
shown in Table 1. Among scaffold-free ACI3, we included 
only chondrospheres because these are approved by 
EMA in Europe.

Two blinded reviewers (SV, BA) independently 
performed the study selection by means of 
Covidence software (https://www.covidence.org). Any 
disagreement was resolved with the senior authors (PB, 
DH, RSN) and by contacting the corresponding authors, 
if necessary.

https://www.covidence.org
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Data extraction
The data extraction was independently carried out by 
two reviewers (SV, BA). All variables of interest were 
collected on an Excel sheet, previously tested on ten 
random publications. In case of disagreement, a third 
reviewer (PB) was involved to reach a consensus. Study 
authors were contacted to gather information on 
missing or unclear data.

We collected the following data: i) general study 
information: title, date of publication, authors, country, 
contact details of the corresponding author, funding 
sources; ii) characteristics of the study: design, eligibility 
criteria, follow-up duration; iii) demographics: mean 
age, overall population (patients and knees), males, 
affected site (condyles, patella, trochlea), inclusion of 
patients with osteochondritis dissecans, intention-to-
treat (ITT) population, per-protocol (PP) population; iv) 
primary (efficacy) endpoints: mean and SD of Lysholm, 
Tegner, KOOS, HSS, Modified Cincinnati, WOMAC, IKDC 
over short (< 1 year), intermediate (1–5 years), and 
long term (> 5 years); v) secondary (safety) endpoints: 
rate of infections, symptomatic cartilage loosening or 
hypertrophy, persistent pain, reoperation, and failures 
(including its definition) at the longest follow-up 
available for each trial. The complete list is shown in 
Supplementary Appendix 2, section A.

The Cochran Risk of Bias 2.0 tool was used by two 
independent reviewers (SV, BA). For each domain, a 
low, high or unclear risk of bias vote was decided. The 
CINeMA app (https://cinema.ispm.unibe.ch/), which 
applies the modification of the GRADE framework for 
network meta-analysis (25), was used for the evaluation 
of confidence in the NMA findings.

Statistical analysis
The unit of analysis was the trial population to avoid 
data duplication. Therefore, when multiple reports on 
the same trial population were encountered, the most 
recent trial with the longest follow-up was included.

A Bayesian random-effect model NMA was carried 
out, pooling direct and indirect comparisons using the 
hierarchical model of Lu et Ades, implemented with the 
Markov chain Monte Carlo model (26). The Bayesian 
approach does not allow for the calculation of the 
P-value, but estimates are based on a 95% credible 
interval (CI), which is a posterior probability of 95% 
that the endpoints lie within it. Risk ratios and mean 
differences were used for the comparison of binary and 
continuous outcomes respectively, with 95% CI. In forest 
plots, no difference for the relative risk corresponded 
to one, and for mean differences to zero. The ranking 

Table 1 Eligibility criteria.

Inclusion criteria Exclusion criteria

• Patients presenting symptomatic isolated and/or multiple knee 
cartilage defects of the knee graded 3–4 according to IRCS and/or 
Outerbridge classification

• Osteochondritis dissecans (OCD) graded 3–4 according to IRCS 
classification

• Age > 15
• Treatments: microfractures, autologous chondrocyte implantation 

(ACI), chondrospheres, autologous matrix-induced chondrogenesis 
(AMIC), and osteochondral autograft transplantation (OAT)

• Any follow-up length
• Any prior surgery on ligaments and/or menisci and/or limb alignment 

procedure
• No restrictions for prior cartilage surgery, such as microfractures, 

drilling, abrasion, debridement, fixation, or ablation of OCD fragments 
• No restrictions for concomitant knee surgery
• Randomized controlled trials
• No restrictions for language and publication date 

• Patients presenting knee cartilage defects graded 
as 1–2 according to IRCS and/or Outerbridge

• Osteoarthritis Kellgren–Lawrence grade 3–4
• Rheumatoid arthritis
• Age < 15 
• Biologically enhanced cell-based and marrow 

stimulation techniques
• Subchondral drilling, debridement, abrasion 

techniques, chondroplasty 
• Osteochondral allograft transplantation
• Cartilage substitutes such as hydrogels (Cartiva) 

and bioceramic composite (MaioRegen) 
• Scaffold-free techniques different from 

chondrospheres
• Studies evaluating different chondrosphere 

doses, without comparison with other 
techniques. 

• Prior cartilage surgery, other than microfractures, 
drilling, abrasion, debridement, fixation, or 
ablation of OCD fragments 

• Multiple types of cartilage restoration procedures 
performed simultaneously

• Trials evaluating pre- or post-operative 
supportive medical and/or rehabilitative 
treatments 

• Other studies than randomized controlled trials
• Animal studies 

OCD, osteochondritis dissecans.

https://cinema.ispm.unibe.ch/
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diagrams were generated for each outcome using the 
ranking probabilities.

We used the formulas of the Cochrane Handbook (27) 
and by Hozo et  al. (28) to estimate the SD, the mean, 
and the SD of the difference between baseline and 
post-surgery scores.

Statistical analysis was performed using R software, 
version 3.5.2 (R Foundation for Statistical Computing, 
Vienna, Austria), using the gemtc R-package for 
Bayesian analysis (version 0.8-2) and the netmeta 
R-package (version 0.9-8) for network diagrams.

Network diagrams were used to show direct 
comparisons for primary efficacy outcomes over short, 
intermediate, and long term, and secondary safety 
outcomes, and also the safety outcome at the mean 
follow-up of the included studies. Seven nodes were 
defined: microfractures, AMIC, OCT, ACI1, ACI2, ACI3 
(scaffold-based), and chondrospheres. The size of the 
nodes was proportional to the sample size of each 
treatment. The thickness of the lines was proportional 
to the number of available studies. Heterogeneity 
within each network comparison was studied with the 
I2 statistics. Inconsistency was studied by comparing 
the fit between consistency and inconsistency 
models. Transitivity was assessed across comparisons 
by evaluating patients’ demographics and studies’ 
characteristics.

Clinical heterogeneity could be due to multiple effect 
modifiers such as age, etiology of the chondral or 
osteochondral defect, number of lesions treated in the 
index knee, defect size, prior surgery, and concomitant 
knee surgery. We planned to carry out subgroup 
analysis for studies including vs. excluding patients with 
OCD and including vs. excluding prior microfractures, 
drilling, abrasion, and debridement.

Comparison-adjusted funnel plots of considered 
treatments were carried out to assess small study 
effects within the pairwise comparison.

Results

Study characteristics
The bibliographic search retrieved 2269 studies from 
databases and registries. Forty-five full texts were 
assessed for eligibility, and 19 trials met the eligibility 
criteria for NMA (Fig. 1).

The mean average trial sample size was 60.5 knees, for 
a total of 1149 knees in all assessed trials. The MF had 
the largest size (421 knees, 36.6%), followed by ACI3 
(208 knees, 18.1%) and ACI1 (204 knees, 17.7%). Most 
patients were male (59%), with a mean age of 33.5, and 
ten trials included patients with OCD. Six trials allowed 

Figure 1

PRISMA flow diagram. #: ESSKA 2008–2021, ICRS 2007–2019, OARSI 2008–2021, SFA 2010–2019, AANA 2000–2020.
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for the inclusion of concomitant surgery, and 11 allowed 
for prior MF or cartilage debridement (Supplementary 
Appendix 2, section A). Only one trial had three arms 
(29), and all others had two arms.

Primary outcome
The primary outcome was represented by all available 
Patient Reported Outcome Measures (PROMs) over 
short, mid-, and long term. The most used scale was 
IKDC (9/19 trials, 47.3%), followed by KOOS and Lysholm 
(7/19 trials, 36.8%).

The global network for the primary outcome is shown 
in Fig. 2. The main comparator was MF, whereas 
the main comparison was between ACI3 and MF 
(four comparisons). The results of the pairwise 
comparison and NMA forest plots of pooled data did 
not indicate any differences among the functional 
outcomes (Supplementary Appendix 2, section B). 
The rankograms of multiple functional scores rated 
MF as the first treatment at short-, mid-, and long-
term (shown in Supplementary Appendix 2, section B).  
Nevertheless, the forest plots of pooled data did 
not show any difference among PROMs at any  
timepoint (Fig. 3).

Secondary outcome
The safety analysis represented our secondary outcome, 
retrieved at a mean of 57.8 postoperative months in  

the overall NMA (Supplementary Appendix 2, section A).  
The forest plots of pooled data on the postoperative 
infection rate allowed the analysis of 15 paired 
comparisons, whose two showed a difference 
advantageous for ACI2 in the comparison versus 
ACI1 and AMIC (risk ratio (RR): 7.24e+08 (95% CI: 
6.5–3.06e+26) and RR: 0 (95% CI: 0–0.1), respectively), 
and one for MF (AMIC vs MF – RR: 1.93e+07 (95% 
CI: 2.43–1.2e+26)), with I2 of 23% (Fig. 4). The rank 
probabilities for the infection classified ACI2 as first 
treatment followed by MF (Supplementary Appendix 2,  
section B). A description of failure was reported in 
8/19 trials, where 6/8 defined it as a need for cartilage 
revision surgery (Supplementary Appendix 2, section A).  
Of the 15 available comparisons of the failure forest 
plot, 4/5 comparisons involving chondrospheres 
showed fewer failures with chondrospheres (ACI1 vs 
chondrospheres – RR: 1.6e+13 (95% CI: 37.5–7.5e+32); 
ACI3 vs chondrospheres – RR: 6.0e+12 (95% CI: 12.7 to 
3.3e+32); MF vs chondrospheres – RR: 1.2e+13 (95% CI: 
28.3–4.7e+32); OCT vs chondrospheres – RR: 2e+12 (95% 
CI: 5.7–9.8e+31); I2: 0%). The rank probabilities classified 
chondrospheres as the first treatment, followed by 
ACI2. Of the 21 paired comparisons of the forest plot 
for reoperations, only six showed a difference, in all 
cases favoring chondrospheres (vs ACI1 – RR: 4.0e+10, 
(95% CI: 35.9–4.6e+25); vs ACI2 – RR: 1.3e+10, (95% CI: 
10.5–1.5e+25); vs ACI3 – RR: 3.3e+10, (95% CI: 32.3–
3.5e+25); vs AMIC – RR: 2.8e+10, (95% CI: 26.3–3.6e+25); 
vs MF – RR: 3.3e+10, (95% CI: 25.7–3.8e+25); vs OCT –  

Figure 2

Network diagrams for the clinical scores and adverse events. The network diagrams show the direct comparisons (lines) among techniques (nodes). The 
size of the nodes is proportional to the sample size of each treatment. The thickness of the lines is proportional to the number of available studies, 
indicated by the white number. ACI1, autologous chondrocyte implantation with periosteal membrane; ACI2, autologous chondrocyte implantation with 
collagen membrane; ACI3, autologous chondrocyte implantation with scaffold; AMIC, autologous matrix-induced chondrogenesis; MF, microfracture; 
OA, osteoarthritis; OCT, osteochondral transplantation; spheroids refer to chondrospheres.
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RR: 2.7e+10, (95% CI: 22.5–2.9e+25); I2: 0%). The rank 
probabilities classified the chondrospheres as the best 
treatment, followed by ACI2 and OCT.

Among ten comparisons of the forest plot for persistent 
pain, four showed a difference, favoring OCT (vs 
ACI1 – RR: 4.3e+07 (95% CI: 4.2–2.6e+24); vs ACI3 – 
RR: 3.55e+07 (95% CI: 2.62–2.15e+23); vs AMIC – RR: 
2.13e+08 (95% CI: 7.41–1.3e+24); vs MF – RR: 3.6e+07 
(95% CI: 2.24–2.15e+23), I2: 0%). The forest plot on 
symptomatic cartilage loosening shows mainly wide CI 
without any significant difference among treatments 
(Fig. 4). The complete report, including the raw data 
and the detailed reporting of adverse events is shown 
in sections A and B of Supplementary Appendix 2, 
respectively.

Subgroup analyses
For the subgroup analyses (Fig. 5), we chose to 
assess the most used PROM, IKDC, as well as failures 
and reoperations. The subgroups for failure with 
the inclusion/exclusion of OCD were not feasible. 
Chondrospheres were the only treatment favored 
for fewer reoperations when OCD and prior cartilage 

surgery were included, in 6/21 comparisons each, but 
no difference was shown when OCD and prior cartilage 
surgery were excluded. The same result was confirmed 
in the subgroup analysis for failures. No difference 
was shown for IKDC in any subgroup (Supplementary 
Appendix 2, section B).

Risk-of-bias assessment
We assessed the risk of bias for the primary outcome 
and ITT. An adequate random sequence generation was 
specified in 89.5% (17/19) of trials. Outcome assessors 
and patients were blinded only in one study (29), 
resulting in a high risk of bias in 94.7% (18/19) of trials. 
In 52.6% (10/19) of trials, the analysis was intention-
to-treat. Missing outcome data were responsible for a 
high risk of bias in 26.3% (5/19) of trials. A low risk of 
bias was shown for the selection of reported results in 
94.7% (18/19) of trials. The overall risk of bias was high 
in all evaluated trials. Consequently, the GRADE analysis 
for the primary outcome showed low confidence in the 
results of the NMA (Supplementary Appendix 2, section 
C). Funnel plots for IKDC, failure, and reoperation are 
shown in Supplementary Appendix 2, section C.

Figure 3

Forest plots of the most used clinical scores. There were no available studies using Lysholm over the short term. In forest plots, no difference for the 
mean differences corresponds to 0. The I2 for KOOS: over short term 25%, mid-term 8%, long term 10%. The I2 for Lysholm: mid-term 16%, long term 
15%. The I2 for IKDC: at short term 16%, mid-term 2%, long term 2%. ACI1, autologous chondrocyte implantation with periosteal membrane; ACI2, 
autologous chondrocyte implantation with collagen membrane; ACI3, autologous chondrocyte implantation with scaffold; AMIC, autologous matrix-
induced chondrogenesis; MF, microfracture; OA, osteoarthritis; OCT, osteochondral transplantation; spheroids refer to chondrospheres.
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Discussion

The current systematic review with NMA showed no 
differences in PROMs among the assessed treatments. 
The secondary (safety) outcome analysis, showing lower 
failure and reoperation rates with chondrospheres, 
must be interpreted with caution since adverse event 
data were incomplete for multiple techniques.

To date, the results of available NMA have shown 
different results for the safety analyses. Riboh et al. (21) 
showed lower reoperation rates with OCT at 5 years and 
with ACI2 at 10 years, while Migliorini et al. (22) showed 
reoperation rates with AMIC at a median follow-up of 

36 months. Zamborsky et al. (23) showed fewer failures 
with ACI at 10 years and Migliorini et  al. (22) showed 
failures with AMIC at 3 years.

The absence of a difference in PROMs at any time 
point is concordant with the NMA of Riboh et  al. (21), 
and a previous meta-analysis comparing MF and three 
generations of ACI at a 5-year follow-up (30). The 
NMA of Migliorini et  al. (22) showed better Lysholm 
and Tegner scores for AMIC at a median follow-up  
of 36 months, and that of Zamborsky et al. (23) for OCT 
at > 3 years.

The discordant results of the efficacy and safety  
analyses of the available NMAs can be explained by 

Figure 4

Forest plots of adverse events. In forest plots, no difference for the relative risk corresponds to one. The I2 for infection was 23%, for symptomatic cartilage 
loosening was 29%, and for failure, reoperation, and persistent pain was 0%. ACI1, autologous chondrocyte implantation with periosteal membrane; ACI2, 
autologous chondrocyte implantation with collagen membrane; ACI3, autologous chondrocyte implantation with scaffold; AMIC, autologous matrix-
induced chondrogenesis; MF, microfracture; OA, osteoarthritis; OCT, osteochondral transplantation; spheroids refer to chondrospheres.
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their different methodological features. The eligibility 
criteria of three previous NMAs included pediatric 
patients (21, 22, 23) and non-randomized trials (22), 
which we excluded in the present study. The nodes 
also differed among NMAs: ACI1 and ACI2 were pooled 
together in the study by Zamborsky et al. (23), whereas 
Migliorini et  al. (22) grouped ACI3 and chondrospheres. 
We decided to distinguish not only each ACI generation 
(1, 2, 3) but also the latest generation of commercially 

available scaffold-free ACI3 (chondrospheres) from 
scaffold-based ACI3 like MACI, due to the different 
technologies necessary for their production, techniques 
of implantation, and economic impact. Indeed, 
the production, cell costs, and transportation were 
estimated by NICE to be £10 000 per patient for 
chondrospheres and a maximum of £16 000 per patient 
for ACI1, ACI2, and MACI (31, 32). Moreover, the type of 
surgical implantation, being under a periosteum or a 

Figure 5

Forest plots of the subgroup analysis showing difference among groups. In forest plots, no difference for the relative risk corresponds to one and for 
mean differences to zero. ACI1, autologous chondrocyte implantation with periosteal membrane; ACI2, autologous chondrocyte implantation with 
collagen membrane; ACI3, autologous chondrocyte implantation with scaffold; AMIC, autologous matrix-induced chondrogenesis; MF, microfracture; 
OA, osteoarthritis; OCT, osteochondral transplantation; spheroids refer to chondrospheres.
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collagen membrane (ACI1 vs ACI2), and sutured or not 
sutured to the surrounding cartilage (ACI1–3) can have 
an impact on the healing process, and therefore may 
affect the clinical outcome. This is the case with ACI1, 
where graft hypertrophy and bone spur development 
have been described together with cell dedifferentiation 
leading to the development of osteoarthritis (33, 34, 
35). Another difference among NMAs is the analysis 
of clinical scores. Riboh et  al. (21) considered only 
Lysholm and Tegner, Zamborsky et  al. (23) used all 
available PROMs distinguishing among excellent or 
good versus poor results, and Migliorini et  al. (22) 
used the standardized mean differences (SMD). We 
decided to use all available scores first, but once shown 
no difference among treatments, we decided not to 
proceed with SMD.
Differently from the other NMAs, we carried 
out subgroup analyses addressing two effect 
modifiers debated in the literature: OCD and prior  
cartilage surgery (microfracture, drilling, debridement, 
or abrasion).
For unstable OCD with surgical indication, it is 
debated if debridement and microfracture (the 
prevalent comparison in our NMA) can adequately 
restore the subchondral bone and joint congruity 
and relieve symptoms (36). Literature on bone-
stimulating treatment prior to ACI showed discordant 
results, associated with both good and negative ACI 
outcomes (37, 38). In our study, the subgroup analysis 
assessing IKDC did not show any difference with 
or without prior cartilage treatment or OCD, which 
was coherent with the main analysis. On the other 
hand, the subgroup analysis evaluating failures and 
reoperations showed a difference with fewer failures 
and reoperations for chondrospheres in most of the 
comparisons when OCD or prior cartilage surgery 
were considered and showed no difference excluding 
them, confirming the results of the main safety 
analysis. From the results of our main and subgroup 
analyses, we can question whether PROMs are good 
indicators of outcomes to establish the superiority of 
treatments in trials. Moreover, there is no evidence 
proving which PROM is best for the assessment of 
knee cartilage surgery, nor do the guidelines for trial 
development in the knee cartilage field restrict the 
choice of PROMs (39). The heterogeneity in the use 
of PROMs added methodological differences among 
NMAs, possibly responsible for their discordant results. 
Similarly, the reporting of adverse events was very 
heterogeneous or incomplete in some cases. It must 
be noted that only one trial for chondrospheres and 
for ACI2 was available, which could add a bias related 
to their limited amount of data compared to other 
treatments used in multiple trials. For this reason and 
due to the low confidence in the NMA results provided 
by GRADE, further studies should demonstrate if 
chondrospheres do provide a benefit in terms of 
safety compared to other ACI generations. To improve 

the quality of trials and the summary of evidence 
(systematic reviews), we suggest that future evidence 
or guidelines for the design and conduction of trials 
on knee cartilage surgery standardize the PROMs 
and the reporting of adverse events. This is relevant 
because the technologies for knee cartilage defects 
have a remarkable economic impact. Future systematic 
reviews and cost-effectiveness studies should guide 
practitioners towards the use of the best and most 
cost-effective treatment.

Our study has the following limitations: the assessment 
of the risk of bias and GRADE was based on PROMs, in 
a batch of 18/19 open-label, non-blinded trials, resulting 
in overall high risk of bias and low confidence in the 
NMA results; the differences highlighted for the safety 
analysis in the main and subgroup analyses must be 
interpreted carefully, as explained before; a subgroup 
analysis on patellofemoral defects was not possible 
due to the absence of related raw data. Moreover, 
matching treatments with defect size could have been 
interesting, but we considered the mean average of 
the defect size provided by the trial authors not to 
be the best indicator of defect size. In fact, even for 
average medium-size defects (< 4 cm2) the size range  
could be > 10 cm2.

Conclusion

This systematic review with NMA compared MF, 
AMIC, OCT, ACI1, ACI2, ACI3 scaffold-based, and 
chondrospheres in adult patients with focal knee 
cartilage defects. There were no differences among 
treatments in terms of PROMs, and the results of our 
secondary (safety) analysis, showing lower failures and 
reoperations with chondrospheres are limited by the 
incomplete and heterogeneous reporting of adverse 
events in the assessed trials. Recommendations and 
guidelines aimed to define the best outcome measure 
in trials on cartilage repair and regeneration, as well as 
the standardization of PROMs use and adverse event 
reporting are needed to draw solid conclusions on the 
efficacy and safety of available techniques for knee 
cartilage repair and regeneration.
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