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Short- to Midterm Clinical Outcomes After
Autologous Minced Cartilage Implantation
for Focal Chondral Defects of the Knee Are
Comparable to Microfracture and
Autologous Chondrocyte Implantation:
A Systematic Review

Brian E. Caplan, B.A.,® Krish S. Sardesai, B.A., Jason E. Jesse, B.S., @ Dillon Synchef, B.A.,,
Yusuf N. Mufti, B.S., Jared Sachs, B.S.,® Samuel Alfonsi, M.D.,© Kyle N. Kunze, M.D.,
and Brian J. Cole, M.D., M.B.A.*

Purpose: To evaluate the safety and efficacy of autologous minced cartilage implantation (AMCI) compared with microfracture
(MFX) and autologous chondrocyte implantation (ACI)/matrix-assisted ACI (MACI).
Methods: Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines, PubMed, Embase, and
Cochrane databases were queried in May 2025. Inclusion criteria were Level I to IV human studies published between 2015 and
2025 with >12-month follow-up and reporting >2 validated clinical outcomes. Analysis of patient cohorts was performed using
forest plots to make qualitative assessments, whereas descriptive statistics and ranges were used to report quantitative data to avoid
heterogeneous pooling.
Results: A total of 41 studies (2116 patients) were included. Of these, 1590 underwent ACI/MACI, 302 MFX, and 224 AMCIL The mean
patient age was 34.4 years for ACI/MACTI, 45.0 years for MFX, and 32.7 years for AMCI. The mean follow-up was 61.1 months for ACI/MACI,
58.6 months for MFX, and 29.3 months for AMCI. Overall, there were no significant differences between International Knee Documentation
Committee, Knee Injury and Osteoarthritis Outcome Score subscores, Lysholm, Tegner, and Visual Analog Scale pain at postoperative follow-
up after ACI, MACI, MFX, and AMCI. Most relevantly, there was no significant difference between International Knee Documentation
Committee for ACI (50.91-92.70), MACI (34.18-89.57), MFX (37.63-79.53), and AMCI (56.97-87.29). Qualitative analysis suggests that
failure was lowest in AMCI (0%) compared with MFX (1.32%) and ACI/MACI (3.21%), and reoperation rates were variably reported
but tended to be lower in AMCI and MFX (n=10 and n = 14, respectively) compared with ACI/MACI (n = 155).
Conclusions: AMCI shows clinical outcomes that are at least comparable to ACI, MACI, and MFX and may be an appropriate
alternative treatment for focal chondral defects of the knee. However, available studies are heterogeneous, and long-term data for
AMCI remain limited.
Level of Evidence: Level IV, systematic review of Level I to IV studies.
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ecause articular cartilage defects of the knee are a  osteoarthritis and disability, a shift toward developing
frequently recognized cause of knee pain that canlead  effective surgical strategies has become an important
to functional deficits and the development of early  focus. The spectrum of surgical treatments ranges from
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reparative to reconstructive approaches, with microfrac-
ture (MFX) representing 1 of the first developed and ini-
tially the most used techniques. However, the repair tissue
formed after MFX is predominantly fibrocartilage, which
is biomechanically inferior to native hyaline cartilage, and
outcomes have been reported to decline over time.'
Therefore, contemporary approaches to cartilage treat-
ment have investigated cell-based cartilage repair techni-
ques, including autologous chondrocyte implantation
(ACI), matrix-assisted ACI (MACI), and more recently
autologous minced cartilage implantation (AMCI), which
aim to restore more anatomic, hyaline-like cartilage.

Indeed, numerous studies have shown that ACI, and
more recently MACI, can achieve sustained improvements
in pain, function, and quality of life, particularly at longer-
term follow-up, with lower rates of deterioration com-
pared with MFX.” Nonetheless, these approaches have
significant limitations. For example, they both require
2 procedures, are associated with increased morbidity
and rehabilitation burden, and are costly because of the
cell culture process and specialized facilities required.”
Therefore, alternative solutions to cartilage treatment that
can overcome these limitations remain an area of interest
with important clinical and financial implications.

AMCI has emerged as an innovative single-stage
option for the treatment of focal chondral defects. This
technique involves harvesting small amounts of healthy
cartilage from nonweight-bearing areas, mechanically
mincing it into small fragments, and reimplanting the
fragments directly into the chondral defect and securing
it with fibrin glue. The minced fragments contain viable
chondrocytes capable of migrating and producing new
extracellular matrix, with the goal of forming hyaline-like
repair tissue in situ.”> AMCI seeks to combine the advan-
tages of a single-stage and minimally invasive approach
that can be done arthroscopically or through smaller inci-
sions with the biological promise of cell-based therapy
while avoiding the cost and complexity of laboratory
expansion.® It should be noted that the recovery of
AMCT is similar to that of ACI/MACI.” Early clinical series
and short-term follow-up studies have reported encourag-
ing improvements in patient-reported outcomes, return to
sport, and magnetic resonance imaging evidence of defect
filling.”” However, data remain limited and durability has
not yet been established.

Direct comparative evidence involving AMCI with
established cartilage treatments is scarce, with only lim-
ited case series and early outcomes reported to date.
Surgeons treating symptomatic cartilage defects must
choose between treatment modalities that vary widely
in invasiveness, cost, and biological rationale, often

without strong comparative evidence to guide decision-
making.''" Patients may be appropriate candidates for
multiple techniques, yet optimal selection is hindered
by limited data on how newer single-stage procedures per-
form relative to long-standing standards.'> Consequently,
the role of AMCI relative to established treatments
remains uncertain.”* Dasari et al. showed promising out-
comes of AMCI compared with other single-stage techni-
ques; however, this study failed to provide a broader
comparison to commonly used 2-stage approaches; addi-
tionally, further AMCI studies have been published in
recent years."” As such, there is a need for a synthesis
of contemporary evidence comparing AMCI to established
treatments to help define the relative efficacy of the pro-
cedure and to determine if it has a role in the contempo-
rary cartilage treatment algorithm. The purpose of the
current study was to evaluate the safety and efficacy of
AMCI compared with MFX and ACI/MACI. The authors
hypothesized that AMCI would confer comparable clinical
outcome improvement at short- to midterm follow-up.

METHODS
Search Strategy and Data Extraction

The literature search was conducted according to the
2020 Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines and was registered with
PROSPERO (CRD420251145815). On May 19, 2025, a
comprehensive literature search of PubMed, EMBASE,
and Cochrane library was conducted for studies reporting
clinical outcomes related to the following treatment
groups: AMCI, MFX, ACI, and MACI. The search criteria
for all treatment groups included the following keywords
combined with Boolean operators: “knee,” “chondral,”
“osteochondral,” “articular cartilage,” “cartilage defect,”
and “focal cartilage”. The following respective treat-

ment-specific keywords were included: “autologous
minced cartilage,” “minced cartilage,” “autocart,”
“Microfracture,” “marrow stimulation,” “subchondral
drilling,” “Abrasion Arthroplasty,” “autologous chondro-
cyte implantation,” “matrix-associated chondrocyte
implantation,” “matrix associated chondrocyte implanta-

tion,” “ACL” and “MACL.”

Inclusion criteria were Level I to IV papers published
in English and involving human subjects. Studies
published between 2015 and 2025 were included if they
reported a minimum 12-month follow-up and at least 2
of the following patient-reported outcome measures
(PROMs) related to knee pain or function: Knee
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Injury and Osteoarthritis Outcome Score (KOOS) sub-
scores, International Knee Documentation Committee
(IKDC), Lysholm, Tegner, and Visual Analog Scale
(VAS). Exclusion criteria included nonhuman studies,
interventions including juvenile or cartilage autograft
implantation system or osteochondral grafting, revision
cartilage surgery, and studies reporting less than 2 of the
aforementioned PROMs. Biomechanical studies, in
vitro/cadaveric studies, radiologic-only studies, letters
to editors, nonfull-text articles, case reports, meta-
analyses, review articles, and studies with follow-up
periods less than 12months were also excluded.
Osteochondral autograft transfer was excluded because

Studies from databases/registers (n = 2796)
Embase (n = 1517)
PubMed (n = 972)
Cochrane (n = 307)
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it involves transplantation of intact osteochondral tissue
rather than cell-mediated in situ cartilage repair, repre-
senting a fundamentally different biological mechanism
from the cell-based techniques (ACI, MACI, and AMCI)
and marrow stimulation (MFX) evaluated herein.
Similarly, the cartilage autograft implantation system
was excluded as its proprietary scaffold composition
differs sufficiently from standard AMCI to warrant
separate evaluation.

Of the 1171 unique studies identified through the ini-
tial database search, 106 studies were screened for full-text
review, yielding 41 studies (Figure 1). For studies reporting
more than 1 treatment arm meeting inclusion and
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FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram. A total of 1171 records were identified
through database searches of PubMed, EMBASE, and Cochrane. After screening, 41 studies (2116 patients) met inclusion criteria and

were included in the final qualitative synthesis.
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exclusion criteria, each arm was extracted and analyzed as
an independent study group. Data were extracted from
each study’s methods and results and manually entered
into a Microsoft Excel workbook (Version 2505,
Microsoft, Redmond, WA). Two authors (B.E.C., K.S.S.)
reviewed abstracts and full-text articles independently,
and a third author (J.E.J.) resolved any discrepancies.

Data Extraction and Outcomes of Interest

Variables of interest included lead author’s name,
publication year, level of evidence (LOE), patient
demographics, mean follow-up time, treatment group,
failure and complication rate, all available PROMs data
at the final follow-up, and study limitations. Adverse events
including complications, reoperations, and failure were
recorded if reported. Given the heterogeneity of failure
definitions, failure was recorded if stated and qualitatively
analyzed; no additional failure definition was analyzed
because of the heterogeneity in data reporting among
studies.

Risk of Bias

Two authors (B.E.C., K.S.S.) independently assessed the
risk of bias using the Methodological Index for Non-
Randomized Studies criteria and Cochrane Risk of Bias
2.0 (Tables 1 and 2). Any discrepancies were resolved by
a third investigator (J.E.J.). The Methodological Index for
Non-Randomized Studies criteria use a numerical scale
with 8 items for noncomparative, nonrandomized studies
and 12 items for comparative, nonrandomized studies.'*
Each item is scored as follows: 0 if not reported, 1 if reported
but inadequate, and 2 if reported adequately. The maxi-
mum possible score is 16 points for noncomparative studies
and 24 points for comparative studies, with a score >9
deemed an acceptably low risk of bias for noncomparative
studies and >13 for comparative studies. For randomized
controlled trials (RCTs), risk of bias was assessed using
the Risk of Bias 2.0 tool across its 5 domains (randomiza-
tion, deviations from interventions, missing outcome data,
outcome measurement, and selection of reported results),
with judgments classified as low risk, moderate risk, or high
risk of bias based on established criteria.

To mitigate bias in data analysis, all treatment cohorts
were treated as independent treatment outcomes. As such,
data like PROMs were organized by treatment arms, and
any treatment cohorts that did not act independently of
others (e.g., crossover arms and 2 modality arms) were
excluded from data extraction. Assessing risk of bias along
with other metrics of study quality (e.g., LOE and

statistical power) is important to contextualize results
when interpreting studies as individual results and when
combining them to generate insights from systematic
review.””

Data Analysis

Forest plots of PROMs were used for qualitative analysis
when both mean and standard deviation were reported.
Otherwise, failure, reoperation, and adverse events were
analyzed. For each PROM of interest, heterogeneity among
treatment cohorts was assessed using the I* statistic. A high
risk of bias was expected given the differences in surgical
techniques, patient populations, surgeon experience, fol-
low-up, and reported outcome measures. Thus, heterogene-
ity of treatment arms for each PROM was intentionally
reported for transparency. Because of the nonrandomized
nature of most included studies and potential for heteroge-
neity and methodological bias, pooled data analysis was not
performed to avoid misleading conclusions. Likewise,
pooled weighted means were intentionally removed from
forest plots to avoid misleading summary estimates; given
that the included studies varied substantially in design (66%
noncomparative), sample size, follow-up duration, and sur-
gical technique, a single pooled estimate would imply a
level of precision not supported by the underlying data
and could obscure clinically meaningful variation between
individual studies, consistent with Cochrane Handbook
guidance for reviews with substantial clinical and method-
ological heterogeneity.”* Instead, ranges for each outcome
were reported, and a qualitative assessment was conducted
by examining the confidence intervals of individual studies
to interpret the differences between MFX, ACI, MACI, and
AMCI. Forest plots were generated using RStudio (Boston,
MA).

RESULTS

A total of 41 studies, comprising 51 unique treatment
arms and 2116 patients, were included in the final analysis.
Among these patients, 1590 were in the ACI/MACI group,
302 in the MFX group, and 224 in the AMCI group. The
mean patient age was 34.4years (range, 12-74) for ACI/
MACI, 45.0years (range, 18-66) for MFX, and 32.7 years
(range, 14-61) for AMCI. All groups met the inclusion crite-
rion of a minimum 12-month follow-up. Across included
studies, mean follow-up durations ranged from 12 to
217 months for ACI/MACI, 14 to 66 months for AMCI,
and 24 to 132 months for MFX, with corresponding mean
durations of 61.1, 29.3, and 58.6 months, respectively.
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E.2 A total of 41 studies were included in the final analysis, 10

g E g|l° = = == of which contained 2 distinct treatment arms that indepen-
= & dently met the inclusion criteria. Therefore, each arm was
§ o e 2 2 o analyzed as a separate cohort, resulting in 51 total cohorts:

g 35 within the ACI/MACI group (17 ACI and 18 MACI), 9
§2E2 within the MFX group, and 7 within the AMCI group.” %>
2 Patients who underwent ACI were treated with a wide

range of first-, second-, and third-generation ACI techni-
ques, including periosteum-, collagen-, spheroid-, hydro-

Equivalence Statistical Total

of Groups

Adequate 10. Contem- 11. Baseline Adequate

g gel-, and scaffold-based variations. Patients who

" 5 underwent MACI received matrix-associated ACI with

g? ﬁ various scaffolds and membranes, most commonly colla-

= e gen-based, spheroid, hydrogel, or periosteum-covered

-EW E implants. Although MACI is considered a third-generation

: ‘gg g ACI technique, for the purposes of this review, studies

° cl,%l’ were classified according to the terminology used by the

ggz o original authors. The AMCI group underwent 1-stage

Eég 2 minced cartilage repair using fibrin glue, platelet-rich

gg7% g lasma, or a combination of both, with 138 patients spe-
L g p p 1Y

20®n

cifically treated using the Autocart system (Arthrex,

N
2oz X Naples, FL). The MFX group consisted of patients treated
g0 -5
g %; 3 ~ with MFX using the Steadman technique. Of the 41 stud-
@ P> — o |- S}
E% g2 = ies, 7 were LOE I, 4 were LOE II, 11 were LOE III, and 19
St Q
“ "3 g were LOE IV. Additional characteristics of each individual
kel
25§ 3 study are presented in Table 3.
gzEx|c o -« o o |3
== 2 5
NE S 3
Q Q .
5 25, 2 Quality Assessment
g'é.g 5 E] g
=5 & 7N | N« N N~ = . .
£AZs2 g Of the 41 studies, 9 (22%) were RCT. Among the remain-
s 27 i ing studies, 5 (12%) were comparative, and 27 (66%) were
g R g g noncomparative. Of the 32 non-RCT studies, the
= % E Bl =~ - <0 Methodological Index for Non-Randomized Studies assess-
: g & é ment was performed and resulted in scores of 19.0 £ 1.4 in
288 £ comparative studies and 10.6 £ 1.7 in noncomparative
g ‘g Tz i studies (Table 1). Of the 9 RCTs, all showed high risk of
E gi & % bias, associated primarily with high loss to follow-up
X S g (Table 2). Twenty studies clearly included consecutive
e _ s 2 patients. One study used blinded assessors to record rele-
g% g %" 3 vant clinical outcomes. Two studies had loss to follow-up
é%; E £ of less than 5%, and 20 did not report loss to follow-up.
O = T
o < 5 Eight studies conducted an a priori power analysis to ensure
5, 2 g adequate study size. All 5 comparative studies showed base-
B w Q . .
g § g 2 é line equivalence between cohorts, adequate control groups,
3 25 S k and adequate statistical analysis. When applying the Risk of
. & g E Bias 2.0 framework, all studies showed low risk in random-
?g <E%¢ % 3 ization, deviation from intended intervention, and outcome
S 8- (SIS « N 1) . . . . ..
ué “g8< ij < measurement, but consistent high risk in missing outcome
@ % SR g ;‘é data, primarily because of limited long-term follow-up. If
» = § :g_ T S R|E - loss to follow-up is disregarded, all trials would be classified
= S 22 g 375 g as moderate risk overall, driven primarily by uncertainty in
S | Sy & °| . s . .
ﬁ €3 2 s 2% % & 2z prespecified statistical analysis plans rather than evidence
= <5 |5 88 28 B 5|2 =

of selective or differential outcome reporting. Sex
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TABLE 2 Risk of Bias Assessment Using the Cochrane RoB2 Tool for Randomized Studies Included in This Review

1. Bias Arising 2. Bias Because of

From the Deviations From 3. Bias Because 4. Bias in the 5. Bias in

Author Randomization Intended of Missing Measurement of  Selection of the  Total
and Year Process Intervention Outcome Data the Outcome Reported Results Score
Barié et al. 2020** Low Low High Low Moderate High
Brittberg et al. 2018" Low Low High Low Moderate High
Hoburg et al. 2022* Low Low High Low Moderate High
Ibarra et al. 2021* Low Low High Low Moderate High
Kim et al. 2020* Low Low High Low Moderate High
Kim et al. 2024* Low Low High Low Moderate High
Niemeyer et al. Low Low High Low Low High
2020
Snow et al. 2023°! Low Low High Low Low High
Yoon et al. 2024°> Low Low High Low Moderate High
Note: Each Domain Represents a Specific Methodological Criterion, With Color Coding Indicating the Overall Judgment of Risk (Low = Low Risk,
Moderate = Some Concerns, High = High Risk). All Studies Showed a High Overall Risk of Bias Primarily Because of Inadequate Follow-Up, Whereas
Most Were Additionally Rated as Moderate Risk in Domains Related to Unclear Prespecification of Analysis Plans.
RoB2, Risk of Bias 2.0.

desegregation was not performed owing to the lack of
reporting of outcomes based on sex.

Patient-Reported Outcome Measures
International Knee Documentation Committee

Postoperative IKDC scores were reported in 28 studies,
with mean values ranging from 48.5 to 84.2 points
(Figure 2)‘8,9,15,16,18721,28,29,31,33736,38,39,41,43752 By Subgroup,
mean scores ranged from 57.3 to 84.2 points for ACI, 48.5
to 81.6 points for MACI, 66.3 to 77.0 points for AMCI,
and 50.7 to 71.2 points for MFX. Heterogeneity was
P=93% for ACI, ’=87% for MACL, I’=0% for AMCI,
and I’ = 68% for MFX. Overall heterogeneity was I* = 88%.

KOOS Activities of Daily Living

Postoperative KOOS Activities of Daily Living
scores were reported in 17 studies, with mean values rang-
ing from 18.0 to 94.1 points (Figure 3),'>!%2>2%31,36:38,41.4549
By subgroup, mean scores ranged from 21.5 to 86.3
points for ACI, 64.2 to 94.1 points for MACI, 80.9 to 87.8
points for AMCI, and 18.0 to 83.1 points for MFX.
Heterogeneity was I* =98% for ACI, I’ =94% for MACI,
I2=15% for AMCI, and P> =99% for MFX. Overall hetero-
geneity was I” = 99%.

KOOS Pain

Postoperative KOOS Pain scores were reported in 18
studies, with mean values ranging from 21.9 to 91.2 points
(Figure 4).9,15,18,25729,31,36738,41,45749 By Subgroup, mean
scores ranged from 23.4 to 82.2 points for ACI, 50.0 to
91.2 points for MACI, 72.8 to 85.1 points for AMCI, and
21.9 to 77.9 points for MFX. Heterogeneity was I = 98%
for ACI, I’=96% for MACI, I’=0% for AMCI, and
I? =98% for MFX. Overall heterogeneity was I* = 99%.

KOOS Quality of Life

Postoperative KOOS Quality of Life scores were reported
in 19 studies, with mean values ranging from 32.1 to 80.4
points (Figure 5).”'>182>2%31.3538414599 By qubgroup, mean
scores ranged from 40.4 to 74.2 points for ACIL, 40.3 to 80.4
points for MACI, 48.4 to 66.3 points for AMCI, and 32.1 to
61.7 points for MFX. Heterogeneity was I* =94% for ACI,
P=95% for MACI, I’=59% for AMCI, and I’ =86% for
MEX. Overall heterogeneity was I* = 93%.

KOOS Sports

Postoperative KOOS Sports scores were reported in 17
studies, with mean values ranging from 28.9 to 77.9
points (Figure 6).9'15’18’25_29'31’36’38'41’45_49 By Subgroup,
mean scores ranged from 37.2 to 71.0 points for ACI,
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AUTOLOGOUS MINCED CARTILAGE IMPLANTATION IS COMPARABLE TO PREDECESSORS
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FIGURE 2 Forest plot illustrating postoperative IKDC scores with 95% CIs. Each horizontal line represents 1 study’s mean
postoperative IKDC score with its 95% CI. Studies are grouped by treatment: ACI, MACI, AMCI, and MFX. Pooled weighted means were
intentionally omitted given substantial clinical heterogeneity across studies (overall I> = 88%). Overlapping CIs across treatment groups
suggest comparable postoperative IKDC outcomes at short- to midterm follow-up. (ACI, autologous chondrocyte implantation; AMCI,
autologous minced cartilage implantation; CI, confidence interval; IKDC, International Knee Documentation Committee; MACI, matrix-

associated autologous chondrocyte implantation; MFX, microfracture.)

28.9 to 77.9 points for MACI, 57.1 to 67.0 points for
AMCI, and 30.1 to 60.0 points for MFX. Heterogeneity
was I’=91% for ACI, I’=98% for MACI, I’=0% for
AMCI, and I’=79% for MFX. Overall heterogeneity
was I* = 94%.

KOOS Symptoms

Postoperative KOOS Symptoms scores were reported in
18 studies, with mean values ranging from 16.1 to 86.4
points (Figure 7).9:15,18:25-29,31,36-38,41,45-49 By subgroup,

mean scores ranged from 17.4 to 81.7 points for ACI,

46.1 to 86.4 points for MACI, 72.9 to 84.0 points for
AMCI, and 16.1 to 81.8 points for MFX. Heterogeneity
was IP=99% for ACI, I’=98% for MACI, I*=30% for
AMCI, and I* = 98% for MFX. Overall heterogeneity was
I’ =99%.

Lysholm

Postoperative Lysholm scores were reported in 10 stud-
ies, with mean values ranging from 64.8 to 86.8
points,®!%253%38:43444751.52 By subgroup, mean scores
ranged from 64.8 to 84.5 points for ACI, 72.4 to 86.8 points
for MACI, 70.1 to 76.5 points for AMCI, and 64.9 to 82.1
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FIGURE 3 Forest plot illustrating postoperative KOOS ADL subscores with 95% CIs. Each horizontal line represents 1 study’s mean
postoperative KOOS ADL subscore with its 95% CI. Studies are grouped by treatment: ACI, MACI, AMCI, and MFX. Pooled weighted
means were omitted given substantial heterogeneity (overall I* = 99%). Overlapping Cls across groups suggest comparable postoperative
function in ADL at short- to midterm follow-up. (ACI, autologous chondrocyte implantation; ADL, Activities of Daily Living; AMCI,
autologous minced cartilage implantation; CI, confidence interval; KOOS, Knee Injury and Osteoarthritis Outcome Score; MACI, matrix-

associated autologous chondrocyte implantation; MFX, microfracture.)

points for MFX. Heterogeneity was I*=85% for ACI,
I’ =74% for MACI, I? = 22% for AMCI, and 12 =23% for
MFX. Overall heterogeneity was I* = 85%.

Tegner

Postoperative Tegner scores were reported in 13 studies,
with mean values ranging from 2.7 to 6.5
points‘%l 5,16,19,20,25,27,31,36,37,43,44,47 By Subgroup, mean
scores ranged from 4.8 to 5.6 points for ACI, 2.7 to 6.5 points
for MACI, 3.7 to 5.8 points for AMCI, and 4.4 to 4.4 points
for MFX. Heterogeneity was I> = 0% for ACI, I =98% for

MACL P?=88% for AMCI, and P=NA% for MFX.
Overall heterogeneity was I* = 95%.

Visual Analog Scale

Postoperative VAS scores were reported in 11 studies,
with mean values ranging from 0.6 to 36.2
points.”!#20-27:31,33,37.3948.49.52 By qubgroup, mean scores
ranged from 2.0 to 18.3 points for ACI, 0.8 to 6.1 points
for MACI, 0.6 to 4.1 points for AMCI, and 4.5 to 36.2 points
for MFX. Heterogeneity was I’ = 99% for ACI, I’ = 98% for
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FIGURE 4 Forest plot illustrating postoperative KOOS Pain subscores with 95% CIs. Each horizontal line represents 1 study’s mean
postoperative KOOS Pain subscore with its 95% CI. Studies are grouped by treatment: ACI, MACI, AMCI, and MFX. Pooled weighted
means were omitted given substantial heterogeneity (overall I> = 99%). Overlapping Cls across treatment groups suggest comparable
postoperative pain outcomes at short- to midterm follow-up. (ACI, autologous chondrocyte implantation; AMCI, autologous minced
cartilage implantation; CI, confidence interval; KOOS, Knee Injury and Osteoarthritis Outcome Score; MACI, matrix-associated

autologous chondrocyte implantation; MFX, microfracture.)

MACI, I? = 94% for AMCI, and I = 91% for MFX. Overall
heterogeneity was I* = 100%.

Minimal Clinically Important Difference,
Patient Acceptable Symptom State, and
Substantial Clinical Benefit

None of the included studies reported patient-level
achievement of minimal clinically important difference,
patient acceptable symptom state, or substantial clinical
benefit thresholds for any PROM. Given the heterogeneity
of preoperative PROM reporting across studies and the
absence of individual patient data, these metrics could

not be calculated at the study level. This represents a limi-
tation of the existing literature and underscores the need
for future studies to report these clinically meaningful
benchmarks.

Adverse Events

Across all treatment groups, the overall failure rate
was low (2.60%), with most failures occurring in
ACI/MACI cohorts (3.21%) and few in MFX (1.32%) or
AMCI (0%). A total of 179 reoperations were reported,
most frequently for debridement or arthroscopy, followed
by arthroplasty and marrow stimulation procedures.
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FIGURE 5 Forest plot illustrating postoperative KOOS QoL subscores with 95% CIs. Each horizontal line represents 1 study’s mean
postoperative KOOS QoL subscore with its 95% CI. Studies are grouped by treatment: ACI, MACI, AMCI, and MFX. Pooled weighted
means were omitted given substantial heterogeneity (overall I* = 93%). Overlapping Cls across groups suggest comparable postoperative
QoL at short- to midterm follow-up. (ACI, autologous chondrocyte implantation; AMCI, autologous minced cartilage implantation; CI,
confidence interval; KOOS, Knee Injury and Osteoarthritis Outcome Score; MACI, matrix-associated autologous chondrocyte

implantation; MFX, microfracture; QoL, Quality of Life.)

Adverse events were similarly most common in
ACI/MACI (n=429), with substantially fewer events
in AMCI (n =10) and MFX (n = 14). These trends reflect
a generally favorable safety profile across all techniques,
with AMCI showing the lowest rates of reoperation and
complications.

DISCUSSION

The principal finding of this systematic review was that
AMCI produced short- to midterm clinical outcomes compa-
rable to those of ACI, MACI, and MFX. Across all included

studies, PROMs such as IKDC, KOOS subscores, Lysholm,
Tegner, and VAS pain showed substantial overlap across
interventions. Qualitative analysis suggests that among
AMCI, MFX, and traditional cell-based therapies, no single
cartilage technique showed clear superiority in functional or
pain outcomes at minimum 1-year follow-up.

When comparing ACI/MACI and MFX, no qualitative
differences were observed in functional or pain outcomes
within the present review. These findings align with prior
comparative analyses showing similar short-term
improvements between cell-based and marrow-stimula-
tion approaches.”””® However, long-term data have sug-
gested that MFX results often deteriorate over time
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FIGURE 6 Forest plot illustrating postoperative KOOS Sports subscores with 95% CIs. Each horizontal line represents 1 study’s mean
postoperative KOOS Sports subscore with its 95% CI. Studies are grouped by treatment: ACI, MACI, AMCI, and MFX. Pooled weighted
means were omitted given substantial heterogeneity (overall I? = 94%). Overlapping CIs across groups suggest comparable postoperative
sports-related function at short- to midterm follow-up. (ACI, autologous chondrocyte implantation; AMCI, autologous minced cartilage
implantation; CI, confidence interval; KOOS, Knee Injury and Osteoarthritis Outcome Score; MACI, matrix-associated autologous

chondrocyte implantation; MFX, microfracture.)

because of fibrocartilage formation and subchondral bone
changes."”” Collectively, these data suggest that short-
term recovery may be similar.

When comparing ACI/MACI and AMCI, short- to mid-
term outcomes were also comparable across PROMs.
Despite variability in harvest, fragmentation, and fixation
techniques, mean improvements in KOOS, IKDC, and
Lysholm scores were largely equivalent. These findings
are consistent with previous literature that have shown
comparable outcomes between AMCI and ACI/
MACL>*** Some studies have suggested that AMCI
may lead to superior improvements compared with
ACI; however, inconsistency in AMCI technique and
insufficient long-term data limit the ability to draw

definitive conclusions regarding its comparative efficacy
and durability."’ Nonetheless, ACI and MACI remain sup-
ported by more extensive long-term clinical and radiologi-
cal data.””°>®" From a clinical standpoint, AMCI offers
practical advantages as a single-stage, autologous tech-
nique that eliminates the need for cell culture and reduces
cost, while achieving comparable early functional
gains.>””°” Notably, because preoperative PROM values
were inconsistently reported across studies, this review
focused on final follow-up scores rather than change
scores. Although comparable final follow-up values sug-
gest similar clinical endpoints, the magnitude of improve-
ment from baseline could not be determined, and minimal
clinically important difference could not be calculated for
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FIGURE 7 Forest plot illustrating postoperative KOOS Symptoms subscores with 95% CIs. Each horizontal line represents 1 study’s
mean postoperative KOOS Symptoms subscore with its 95% CI. Studies are grouped by treatment: ACI, MACI, AMCI, and MFX. Pooled
weighted means were omitted given substantial heterogeneity (overall I* = 99%). Overlapping ClIs across groups suggest comparable
postoperative symptom outcomes at short- to midterm follow-up. (ACI, autologous chondrocyte implantation; AMCI, autologous minced
cartilage implantation; CI, confidence interval; KOOS, Knee Injury and Osteoarthritis Outcome Score; MACI, matrix-associated

autologous chondrocyte implantation; MFX, microfracture.)

any group. It should also be noted that the AMCI cohort
tended to have higher baseline IKDC and KOOS scores
relative to ACI/MACI and MFX cohorts in studies that
did report preoperative data, which may reflect differences
in patient selection and could influence the observed mag-
nitude of change. Future studies with standardized preop-
erative reporting are needed to enable more robust
comparisons of treatment effect size. Further comparative
studies, especially in long-term settings, are necessary
to examine meaningful differences between these 2
techniques.

Comparisons between AMCI and MFX also showed no
significant qualitative differences in PROMs at final follow-
up. However, several previous studies have reported trends

favoring AMCI at 2-year follow-up.®>** Prior reviews have
noted that MFX often yields fibrocartilage repair tissue,
which can deteriorate within 2 to 5 years, whereas minced
cartilage techniques may promote more hyaline-like regen-
eration through viable chondrocyte migration and matrix
integration.>”*>°® However, comparative data remain lim-
ited, necessitating further examination of meaningful clini-
cal differences between AMCI and MFX.

Limitations

This systematic review has several limitations. The
included studies exhibited heterogeneity in design,
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patient populations, lesion characteristics, and concom-
itant procedures, with evidence levels ranging from I
to IV. Variation in outcome definitions, follow-up
duration, and timing of assessments limited direct
comparison across cohorts. Inconsistent reporting of
failure criteria and the lack of standardized subgroup
analyses further reduced comparability. Additionally,
few studies provided direct head-to-head comparisons
between techniques, and results were synthesized
qualitatively rather than through formal meta-analysis
because of methodological heterogeneity. These factors
should be considered when interpreting the findings and
their generalizability.

CONCLUSIONS

AMCIT shows clinical outcomes that are at least compa-
rable to ACI, MACI, and MFX and may be an appropriate
alternative treatment for focal chondral defects of the
knee. However, available studies are heterogeneous, and
long-term data for AMCI remain limited.

DISCLOSURES

The author (B.J.C.) declares the following financial
interests/personal relationships which may be considered
as potential competing interests: B.J.C. reports a relation-
ship with B Braun Aesculap Japan, Medipost, the American
Journal of Sports Medicine, the Journal of the American
Academy of Orthopaedic Surgeons, and the National
Institutes of Health that includes nonfinancial support;
Arthrex that includes consulting or advisory and nonfi-
nancial support; Elsevier that includes funding grants
and nonfinancial support; JRF Ortho that includes fund-
ing grants; OSSIO that includes equity or stocks. The other
authors (B.E.C., K.S.S,, J.EJ., DS, YN.M,, ]S, S.A.,
K.N.K.) declare that they have no known competing finan-
cial interests or personal relationships that could have
appeared to influence the work reported in this article.

ORCID

Brian E. Caplan
Jason E. Jesse
Dillon Synchef
Jared Sachs
Samuel Alfonsi
Brian J. Cole

https://orcid.org/0009-0008-8751-0164
https://orcid.org/0009-0009-6379-0007
https://orcid.org/0009-0009-6591-1431
https://orcid.org/0009-0000-5919-0193
https://orcid.org/0000-0001-9100-9948
https://orcid.org/0000-0002-4006-2113

REFERENCES

1. Bumberger A, Homere AJ, Smith RD, Lattermann C.
Microfracture and microfracture plus of the knee joint. Clin
Sports Med. 2025;44:513-525.

10.

11.

12.

13.

14.

15.

The Journal of Arthroscopic and Related Surgery T

. Niemeyer P, Schubert T, Grebe M, Hoburg A. Treatment costs of

matrix-associated autologous chondrocyte implantation com-
pared with microfracture: Results of a matched-pair claims data
analysis on the treatment of cartilage knee defects in germany.
Orthop J Sports Med. 2019;7:2325967119886583.

. Salzmann GM, Ossendorff R, Gilat R, Cole BJ. Autologous

minced cartilage implantation for treatment of chondral and
osteochondral lesions in the knee joint:
Cartilage. 2021;13(suppl 1):1124S-1136S.

An overview.

. Lu Y, Dhanaraj S, Wang Z, et al. Minced cartilage without

cell culture serves as an effective intraoperative cell source for
cartilage repair. J Orthop Res Off Publ Orthop Res Soc.
2006;24:1261-1270.

. Roth KE, Ossendorff R, Klos K, Simons P, Drees P, Salzmann

GM. Arthroscopic minced cartilage implantation for chondral
lesions at the talus: A technical note. Arthrosc Tech. 2021;10:
€1149-e1154.

. Cotter EJ, Sachs JP, Cole BJ. Editorial commentary: Autologous

minced repair of knee cartilage is safely and effectively per-
formed using arthroscopic techniques. Arthroscopy. 2025;41:
771-773.

. Schneider S, Ossendorff R, Walter SG, et al. Arthroscopic autol-

ogous minced cartilage implantation of cartilage defects in the
knee: A 2-year follow-up of 62 patients. Orthop J Sports Med.
2024;12:23259671241297970.

. Runer A, Ossendorff R, Ottl F, et al. Autologous minced cartilage

repair for chondral and osteochondral lesions of the knee joint
demonstrates good postoperative outcomes and low reoperation
rates at minimum 5-year follow-up. Knee Surg Sports Traumatol
Arthrosc. 2023;31:4977-4987.

. Wodzig MHH, Peters MJM, Emanuel KS, et al. Minced autolo-

gous chondral fragments with fibrin glue as a simple promising
one-step cartilage repair procedure: A clinical and MRI study at
12-month follow-up. Cartilage. 2022;13:19-31.

Aae TF, Randsborg PH, Lurds H, Areen A, Lian @B. Microfracture
is more cost-effective than autologous chondrocyte implantation:
A review of level 1 and level 2 studies with 5 year follow-up. Knee
Surg Sports Traumatol Arthrosc. 2018;26:1044-1052.

Clar C, Cummins E, Mclntyre L, et al. Clinical and cost-
effectiveness of autologous chondrocyte implantation for
cartilage defects in knee joints: Systematic review and economic
evaluation. Health Technol Assess Winch Engl. 2005;9:
1-82.

Runer A, Salzmann GM. Moving towards single stage cartilage
repair—Is there evidence for the minced cartilage procedure? J
Cartil Jt Preserv. 2022;2:100053.

Dasari SP, Jawanda H, Mameri ES, et al. Single-stage autologous
cartilage repair results in positive patient-reported outcomes for
chondral lesions of the knee: A systematic review. J ISAKOS.
2023;8:372-380.

Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J.
Methodological index for non-randomized studies (minors):
Development and validation of a new instrument. ANZ J
Surg. 2003;73:712-716.

Akgun I, Unlu MC, Erdal OA, et al. Matrix-induced autologous
mesenchymal stem cell implantation versus matrix-induced
autologous chondrocyte implantation in the treatment of chon-
dral defects of the knee: A 2-year randomized study. Arch Orthop
Trauma Surg. 2015;135:251-263.


https://orcid.org/0009-0008-8751-0164
https://orcid.org/0009-0008-8751-0164
https://orcid.org/0009-0009-6379-0007
https://orcid.org/0009-0009-6379-0007
https://orcid.org/0009-0009-6591-1431
https://orcid.org/0009-0009-6591-1431
https://orcid.org/0009-0000-5919-0193
https://orcid.org/0009-0000-5919-0193
https://orcid.org/0000-0001-9100-9948
https://orcid.org/0000-0001-9100-9948
https://orcid.org/0000-0002-4006-2113
https://orcid.org/0000-0002-4006-2113

LB Arthrescopy /8 AANA

16.
17.

18.

19.
20.

21.

22.
23.
24.
25.
26.
217.

28.

29.

CAPLAN ET AL.

ADVANCING THE SCOPE"

The Journal of Arthroscopic and Related Surgery T

Andriolo L, Reale D, Di Martino A, et al. High rate of failure after
matrix-assisted autologous chondrocyte transplantation in oste-
oarthritic knees at 15 years of follow-up. Am J Sports Med.
2019;47:2116-2122.

Barbaret A, Wein F, Jacquet C, Ollivier M. One-stage minced
cartilage autograft with platelet-rich plasma improves early clin-
ical outcomes: A multicentric retrospective study. J Exp Orthop.
2025;12:€70162.

Behrendt P, Eggeling L, Lindner A, et al. Autologous matrix-
induced chondrogenesis provides better outcomes in comparison
to autologous minced cartilage implantation in the repair of knee
chondral defects. Knee Surg Sports Traumatol Arthrosc.
2024;32:3023-3030.

Berruto M, Ferrua P, Pasqualotto S, et al. Long-term follow-up
evaluation of autologous chondrocyte implantation for symp-
tomatic cartilage lesions of the knee: A single-centre prospective
study. Injury. 2017;48:2230-2234.

Binder H, Hoffman L, Zak L, Tiefenboeck T, Aldrian S, Albrecht C.
Clinical evaluation after matrix-associated autologous chondro-
cyte transplantation: A comparison of 4 different graft types.
Bone Jt Res. 2021;10:370-379.

Bumberger A, Niemeyer P, Angele P, Wright EK, Faber SO.
Hydrogel-based and spheroid-based autologous chondrocyte
implantation of the knee show similar 2-year functional out-
comes: An analysis based on the german cartilage registry
(KnorpelRegister DGOU). Knee Surg Sports Traumatol
Arthrosc. 2024;32:2258-2266.

Carey JL, Shea KG, Lindahl A, Vasiliadis HS, Lindahl C,
Peterson L. Autologous chondrocyte implantation as treatment
for unsalvageable osteochondritis dissecans: 10- to 25-year
follow-up. Am J Sports Med. 2020;48:1134-1140.

Cvetanovich GL, Riboh JC, Tilton AK, Cole BJ. Autologous
chondrocyte implantation improves knee-specific functional
outcomes and health-related quality of life in adolescent
patients. Am J Sports Med. 2017;45:70-76.

Dai X, Fang J, Wang S, et al. Short- to midterm clinical and radio-
logical outcomes after matrix-associated autologous chondrocyte
implantation for chondral defects in knees. Orthop J Sports Med.
2021;9:2325967120982139.

Ebert JR, Fallon M, Wood DJ, Janes GC. A prospective clinical
and radiological evaluation at 5 years after arthroscopic matrix-
induced autologous chondrocyte implantation. Am J Sports Med.
2017;45:59-69.

Ebert JR, Fallon M, Smith A, Janes GC, Wood DJ. Prospective
clinical and radiologic evaluation of patellofemoral matrix-
induced autologous chondrocyte implantation. Am J Sports
Med. 2015;43:1362-1372.

Gobbi A, Chaurasia S, Karnatzikos G, Nakamura N. Matrix-
induced autologous chondrocyte implantation versus multipotent
stem cells for the treatment of large patellofemoral chondral
lesions: A nonrandomized prospective trial. Cartilage. 2015;6:82-97.
Heinz T, Oberfeld J, Luetkens KS, et al. The AMADEUS score is
not a sufficient predictor for functional outcome after autologous
chondrocyte implantation (ACI) of the knee: Data from the ger-
man cartilage registry (KnorpelRegister DGOU). Arch Orthop
Trauma Surg. 2023;143:7097-7105.

Kreuz PC, Kalkreuth RH, Niemeyer P, Uhl M, Erggelet C. Long-
term clinical and MRI results of matrix-assisted autologous

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

chondrocyte implantation for articular cartilage defects of the
knee. Cartilage. 2019;10:305-313.

Matsushita T, Matsumoto T, Araki D, et al. A phase I/IIa clinical
trial of third-generation autologous chondrocyte implantation
(IK-01) for focal cartilage injury of the knee. Asia-Pac J Sports
Med Arthrosc Rehabil Technol. 2022;28:6-12.

Mayr J, Warth F, Oehler N, Majewski M, Lutter C, Blanke F.
Treatment of large chondral lesions with an autologous minced
cartilage technique and synovial flap leads to superior results
compared to matrix associated autologous chondrocyte trans-
plantation technique after 24 months: A controlled clinical trial.
Knee Surg Sports Traumatol Arthrosc. 2025;34:815-824.
Niemeyer P, Angele P, Spiro R, Kirner A, Gaissmaier C.
Comparison of hydrogel-based autologous chondrocyte implan-
tation versus microfracture: A propensity score matched-pair
Analysis. 2023;11:23259671231193325.

Niethammer TR, Uhlemann F, Zhang A, Holzgruber M, Wagner F,
Miiller PE. Hydrogel-based autologous chondrocyte implanta-
tion leads to subjective improvement levels comparable to
scaffold based autologous chondrocyte implantation. Knee
Surg Sports Traumatol Arthrosc. 2022;30:3386-3392.

Pellegrino M, Trinchese E, Bisaccia M, et al. Long-term outcome
of grade III and IV chondral injuries of the knee treated with
Steadman microfracture technique. Clin Cases Miner Bone
Metab. 2016;13:237-240.

Retzky JS, Carey EG, Selley RS, et al. Management of patellar
and trochlear cartilage lesions with matrix-induced autologous
chondrocyte implantation in conjunction with patellofemoral
realignment procedures improves patient-reported outcomes
and magnetic resonance image appearance. J ISAKOS.
2024;9:100311.

Rosa D, Balato G, Ciaramella G, Soscia E, Improta G, Triassi M.
Long-term clinical results and MRI changes after autologous
chondrocyte implantation in the knee of young and active mid-
dle aged patients. J Orthop Traumatol. 2016;17:55-62.
Schneider S, Linnhoff D, Ilg A, Salzmann GM, Ossendorff R,
Holz J. Comparison of 3 different techniques for the treatment
of cartilage lesions—matrix-induced autologous chondrocyte
implantation (MACI) versus autologous matrix-induced chon-
drogenesis (AMIC) and arthroscopic minced cartilage—A 2-year
follow-up on patient-reported pain and functional outcomes.
J Clin Med. 2025;14:2194.

Siebold R, Suezer F, Schmitt B, Trattnig S, Essig M. Good clinical
and MRI outcome after arthroscopic autologous chondrocyte
implantation for cartilage repair in the knee. Knee Surg Sports
Traumatol Arthrosc. 2018;26:831-839.

Silva AN, Lim WAJ, Cheok JWG, Gatot C, Tan HCA. Autologous
collagen-induced chondrogenesis versus microfracture for chon-
dral defects of the knee: Surgical technique and 2-year compari-
son outcome study. J Orthop. 2020;22:294-299.

Uchio Y, Kuroda R, Niki Y, Sugawara K, Ishibashi Y.
Effectiveness and safety of matrix-associated autologous chon-
drocyte implantation for the treatment of articular cartilage
defects: A real-world data analysis in japan. Am J Sports Med.
2024;52:3232-3243.

van Duijvenbode DC, Jonkers FJ, Konst YE, van Royen BJ,
Benink RJ, Hoozemans MJM. Gel-type autologous chondrocyte
implantation for cartilage repair in patients with prior



AUTOLOGOUS MINCED CARTILAGE IMPLANTATION IS COMPARABLE TO PREDECESSORS

HE

Arthrescopy /8 AANA

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

ACL reconstruction: A retrospective 2 year follow-up. Knee.
2016;23:241-245.

Weishorn J, Wiegand J, Zietzschmann S, et al. Factors influenc-
ing long-term outcomes after matrix-induced autologous chon-
drocyte implantation: Long-term results at 10 years. Am J Sports
Med. 2024;52:2782-2791.

Yoon KH, Kang SG, Kwon YB, Kim EJ, Kim SG. Clinical out-
comes and survival rate of autologous chondrocyte implantation
with and without concomitant meniscus allograft transplanta-
tion: 10- to 15-year follow-up study. Arch Orthop Trauma
Surg. 2019;139:1117-1123.

. Barié A, Kruck P, Sorbi R, et al. Prospective long-term

follow-up of autologous chondrocyte implantation with perios-
teum autologous chondrocyte
implantation: A randomized clinical trial. Am J Sports Med.
2020;48:2230-2241.

Brittberg M, Recker D, Ilgenfritz J, Saris DBF. Matrix-applied
characterized autologous cultured chondrocytes versus micro-
fracture: Five-year follow-up of a prospective randomized trial.
Am J Sports Med. 2018;46:1343-1351.

Hoburg A, Niemeyer P, Laute V, et al. Sustained superiority in
KOOS subscores after matrix-associated chondrocyte implanta-
tion using spheroids compared to microfracture. Knee Surg
Sports Traumatol Arthrosc. 2023;31:2482-2493.

Ibarra C, Villalobos E, Madrazo-Ibarra A, et al. Arthroscopic
matrix-assisted autologous chondrocyte transplantation versus
microfracture: A 6-year follow-up of a prospective randomized
trial. Am J Sports Med. 2021;49:2165-2176.

Kim MS, Chun CH, Wang JH, et al. Microfractures versus a
porcine-derived collagen-augmented chondrogenesis technique
for treating knee cartilage defects: A multicenter randomized
controlled trial. Arthroscopy. 2020;36:1612-1624.

Kim MS, Chun CH, Wang JH, Kang SB, Chang MJ, In Y.
Microfracture versus a porcine-derived collagen-augmented
chondrogenesis technique for treating knee cartilage defects:
Results at midterm follow-up. Orthop J Sports Med.
2024;12:23259671241292093.

Niemeyer P, Laute V, Zinser W, et al. Safety and efficacy
of matrix-associated autologous chondrocyte implantation
with spheroid technology is independent of spheroid dose
after 4 years. Surg  Sports Arthrosc.
2020;28:1130-1143.

Snow M, Middleton L, Mehta S, et al. A randomized trial of
autologous chondrocyte implantation versus alternative forms
of surgical cartilage management in patients with a failed pri-
mary treatment for chondral or osteochondral defects in the
knee. Am J Sports Med. 2023;51:367-378.

Yoon KH, Lee J, Park JY. Costal chondrocyte-derived
pellet-type autologous chondrocyte implantation versus micro-
fracture for the treatment of articular cartilage defects: A 5-year
follow-up of a prospective randomized trial. Am J Sports Med.
2024;52:362-367.

versus matrix-associated

Knee Traumatol

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

ADVANCING THE SCOPE"

The Journal of Arthroscopic and Related Surgery T

Higgins J, Thomas J, Chandler J, et al. Cochrane Handbook for
Systematic Reviews of Interventions. 2nd ed. Chichester, UK:
John Wiley & Sons; 2019.

Cumpston M, Li T, Page MJ, et al. Updated guidance for trusted
systematic reviews: A new edition of the cochrane handbook for
systematic reviews of interventions. Cochrane Database Syst Rev.
2019;10:10ED000142.

Kraeutler MJ, Belk JW, Purcell JM, McCarty EC. Microfracture
versus autologous chondrocyte implantation for articular carti-
lage lesions in the knee: A systematic review of 5-year outcomes.
Am J Sports Med. 2018;46:995-999.

Gou GH, Tseng FJ, Wang SH, et al. Autologous chondrocyte
implantation versus microfracture in the knee: A meta-analysis
and systematic review. Arthroscopy. 2020;36:289-303.

DiBartola AC, Everhart JS, Magnussen RA, et al. Correlation
between histological outcome and surgical cartilage repair
technique in the knee: A meta-analysis. The Knee. 2016;23:344-349.
Ossendorff R, Grede L, Scheidt S, et al. Comparison of
minced cartilage implantation with autologous chondrocyte
transplantation in an in vitro inflammation model. Cells.
2024;13:546.

Kutaish H, Klopfenstein A, Obeid Adorisio SN, Tscholl PM,
Fucentese S. Current trends in the treatment of focal cartilage
lesions: A comprehensive review. EFORT Open Rev.
2025;10:203-212.

Wang AS, Nagelli CV, Lamba A, Saris DBF, Krych AJ, Hevesi M.
Minimum 10-year outcomes of matrix-induced autologous
chondrocyte implantation in the knee: A systematic review.
Am J Sports Med. 2024;52:2407-2414.

Pareek A, Carey JL, Reardon PJ, Peterson L, Stuart MJ, Krych AlJ.
Long-term outcomes after autologous chondrocyte implantation.
Cartilage. 2016;7:298-308.

Frodl A, Siegel M, Fuchs A, et al. Minced cartilage is a one-step
cartilage repair procedure for small defects in the knee-a
systematic-review and meta-analysis. J Pers Med. 2022;12:1923.
Hax J, Leuthard L, Ottl F, et al. Hand-minced cartilage versus
microfracture for the repair of articular cartilage defects: A pro-
pensity score matched-pair analysis with 2-year follow-up. Knee
Surg Sports Traumatol Arthrosc. 2025;34:1198-1208.

Wein F, Ferri C, Peduzzi L, Barbaret A, Walbron P. Arthroscopic
minced cartilage implantation provides superior clinical and
magnetic resonance imaging outcomes compared to microfrac-
ture in patellar cartilage defects. Knee Surg Sports Traumatol
Arthrosc. 2025;34:2000-2012.

Moser LB, Fickert S, Pitzek S, et al. Minced cartilage for focal
cartilage defects—A comprehensive systematic review of
surgical techniques in clinical studies, animal studies and basic
research studies. Knee Surg Sports Traumatol Arthrosc. 2025;
33:3571-3591.

Salzmann GM, Calek AK, Preiss S. Second-generation autolo-
gous minced cartilage repair technique. Arthrosc Tech. 2017;6:
el27-e131.



	Short- to Midterm Clinical Outcomes After Autologous Minced Cartilage Implantation for Focal Chondral Defects of the Knee Are Comparable to Microfracture and Autologous Chondrocyte Implantation: A Systematic Review
	temp:book:Section1_2
	METHODS
	Search Strategy and Data Extraction
	Data Extraction and Outcomes of Interest
	Risk of Bias
	Data Analysis

	RESULTS
	Quality Assessment
	Patient-Reported Outcome Measures
	International Knee Documentation Committee
	KOOS Activities of Daily Living
	KOOS Pain
	KOOS Quality of Life
	KOOS Sports
	KOOS Symptoms
	Lysholm
	Tegner
	Visual Analog Scale

	Minimal Clinically Important Difference, Patient Acceptable Symptom State, and Substantial Clinical Benefit
	Adverse Events

	DISCUSSION
	Limitations

	CONCLUSIONS
	DISCLOSURES


