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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 AMCI. The mean
patient agewas 34.4 years for ACI/MACI, 45.0 years forMFX, and 32.7 years for AMCI. Themean follow-upwas 61.1months for ACI/MACI,
58.6months for MFX, and 29.3months for AMCI. Overall, there were no significant differences between International Knee Documentation
Committee, Knee Injury andOsteoarthritis Outcome Score subscores, Lysholm, Tegner, andVisual 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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Because articular cartilage defects of the knee are a
frequently recognized cause of knee pain that can lead

to functional deficits and the development of early

osteoarthritis and disability, a shift toward developing
effective surgical strategies has become an important
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.1

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.2 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.2

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.3-5 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.6 It should be noted that the recovery of
AMCI is similar to that of ACI/MACI.3 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.7-9 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.10,11 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.12 Consequently,
the role of AMCI relative to established treatments
remains uncertain.7,8 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.13 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,” “ACI,” and “MACI.”

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 12 months were also excluded.
Osteochondral autograft transfer was excluded because

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

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.14

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.53

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 I2 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.54 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 34.4 years (range, 12-74) for ACI/
MACI, 45.0 years (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
217months for ACI/MACI, 14 to 66months for AMCI,
and 24 to 132months for MFX, with corresponding mean
durations of 61.1, 29.3, and 58.6months, respectively.
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A total of 41 studies were included in the final analysis, 10
of which contained 2 distinct treatment arms that indepen-
dently met the inclusion criteria. Therefore, each arm was
analyzed as a separate cohort, resulting in 51 total cohorts:
35 within the ACI/MACI group (17 ACI and 18 MACI), 9
within the MFX group, and 7 within the AMCI group.7-9,15-52

Patients who underwent ACI were treated with a wide
range of first-, second-, and third-generation ACI techni-
ques, including periosteum-, collagen-, spheroid-, hydro-
gel-, and scaffold-based variations. Patients who
underwent MACI received matrix-associated ACI with
various scaffolds and membranes, most commonly colla-
gen-based, spheroid, hydrogel, or periosteum-covered
implants. Although MACI is considered a third-generation
ACI technique, for the purposes of this review, studies
were classified according to the terminology used by the
original authors. The AMCI group underwent 1-stage
minced cartilage repair using fibrin glue, platelet-rich
plasma, or a combination of both, with 138 patients spe-
cifically treated using the Autocart system (Arthrex,
Naples, FL). The MFX group consisted of patients treated
with MFX using the Steadman technique. Of the 41 stud-
ies, 7 were LOE I, 4 were LOE II, 11 were LOE III, and 19
were LOE IV. Additional characteristics of each individual
study are presented in Table 3.

Quality Assessment

Of the 41 studies, 9 (22%) were RCT. Among the remain-
ing studies, 5 (12%) were comparative, and 27 (66%) were
noncomparative. Of the 32 non-RCT studies, the
Methodological Index for Non-Randomized Studies assess-
ment was performed and resulted in scores of 19.0 ± 1.4 in
comparative studies and 10.6 ± 1.7 in noncomparative
studies (Table 1). Of the 9 RCTs, all showed high risk of
bias, associated primarily with high loss to follow-up
(Table 2). Twenty studies clearly included consecutive
patients. One study used blinded assessors to record rele-
vant clinical outcomes. Two studies had loss to follow-up
of less than 5%, and 20 did not report loss to follow-up.
Eight studies conducted an a priori power analysis to ensure
adequate study size. All 5 comparative studies showed base-
line equivalence between cohorts, adequate control groups,
and adequate statistical analysis. When applying the Risk of
Bias 2.0 framework, all studies showed low risk in random-
ization, deviation from intended intervention, and outcome
measurement, but consistent high risk in missing outcome
data, primarily because of limited long-term follow-up. If
loss to follow-up is disregarded, all trials would be classified
as moderate risk overall, driven primarily by uncertainty in
prespecified statistical analysis plans rather than evidence
of selective or differential outcome reporting. SexT
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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).8,9,15,16,18-21,28,29,31,33-36,38,39,41,43-52 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
I2= 93% for ACI, I2= 87% for MACI, I2= 0% for AMCI,
and I2= 68% for MFX. Overall heterogeneity was I2= 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).15,18,25-29,31,36-38,41,45-49

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 I2= 98% for ACI, I2= 94% for MACI,
I2= 15% for AMCI, and I2= 99% for MFX. Overall hetero-
geneity was I2= 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).9,15,18,25-29,31,36-38,41,45-49 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 I2= 98%
for ACI, I2= 96% for MACI, I2= 0% for AMCI, and
I2= 98% for MFX. Overall heterogeneity was I2= 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).9,15,18,25-29,31,35-38,41,45-49 By subgroup, mean
scores ranged from 40.4 to 74.2 points for ACI, 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 I2= 94% for ACI,
I2= 95% for MACI, I2= 59% for AMCI, and I2= 86% for
MFX. Overall heterogeneity was I2= 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,

TABLE 2 Risk of Bias Assessment Using the Cochrane RoB2 Tool for Randomized Studies Included in This Review

Author
and Year

1. Bias Arising
From the

Randomization
Process

2. Bias Because of
Deviations From

Intended
Intervention

3. Bias Because
of Missing

Outcome Data

4. Bias in the
Measurement of
the Outcome

5. Bias in
Selection of the
Reported Results

Total
Score

Barié et al. 202044 Low Low High Low Moderate High

Brittberg et al. 201845 Low Low High Low Moderate High

Hoburg et al. 202246 Low Low High Low Moderate High

Ibarra et al. 202147 Low Low High Low Moderate High

Kim et al. 202048 Low Low High Low Moderate High

Kim et al. 202449 Low Low High Low Moderate High

Niemeyer et al.
202050

Low Low High Low Low High

Snow et al. 202351 Low Low High Low Low High

Yoon et al. 202452 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.
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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 I2 = 91% for ACI, I2 = 98% for MACI, I2 = 0% for
AMCI, and I2 = 79% for MFX. Overall heterogeneity
was I2 = 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 I2= 99% for ACI, I2= 98% for MACI, I2= 30% for
AMCI, and I2= 98% for MFX. Overall heterogeneity was
I2= 99%.

Lysholm

Postoperative Lysholm scores were reported in 10 stud-
ies, with mean values ranging from 64.8 to 86.8
points.8,18,25,34,38,43,44,47,51,52 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

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 I2 = 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.)
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points for MFX. Heterogeneity was I2= 85% for ACI,
I2= 74% for MACI, I2= 22% for AMCI, and I2= 23% for
MFX. Overall heterogeneity was I2= 85%.

Tegner

Postoperative Tegner scores were reported in 13 studies,
with mean values ranging from 2.7 to 6.5
points.7,15,16,19,20,25,27,31,36,37,43,44,47 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 I2= 0% for ACI, I2= 98% for

MACI, I2= 88% for AMCI, and I2=NA% for MFX.
Overall heterogeneity was I2= 95%.

Visual Analog Scale

Postoperative VAS scores were reported in 11 studies,
with mean values ranging from 0.6 to 36.2
points.7,18,20,27,31,33,37,39,48,49,52 By subgroup, 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 I2= 99% for ACI, I2= 98% for

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 I2 = 99%). Overlapping CIs 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.)
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MACI, I2= 94% for AMCI, and I2= 91% for MFX. Overall
heterogeneity was I2= 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.

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 I2 = 99%). Overlapping CIs 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.)
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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.55,56 However, long-term data have sug-
gested that MFX results often deteriorate over time

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 I2= 93%). Overlapping CIs 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.)
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because of fibrocartilage formation and subchondral bone
changes.1,57 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/
MACI.3,58,59 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.13 Nonetheless, ACI and MACI remain sup-
ported by more extensive long-term clinical and radiologi-
cal data.29,60,61 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.3,59,62 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

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 I2= 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.)
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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.63,64 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.59,65,66 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,

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 I2= 99%). Overlapping CIs 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.)
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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

AMCI 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.
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