
Introduction
The management of patients with localized articular cartilage 
defects presents an ongoing challenge to orthopedic surgeons. 
Hyaline cartilage heals poorly in response to partial thickness 
injury with minimal regenerative capabilities [1]. Full-thickness 

injuries lead to the formation of fibrocartilage, which is 
mechanically inferior to the native cartilage [2]. Inadequate 
repair of this cartilaginous defect can lead to continued cartilage 
degradation and may progress to osteoarthritis [2].
Both conservative and surgical techniques have been explored to 
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Introduction: Autologous matrix-induced chondrogenesis (AMIC) is a single-procedure technique used in the repair of chondral and 
osteochondral defects, particularly in the knee. Since its introduction, there has been an increasing body of literature exploring its outcomes not 
only in the knee but in other joints, including the hip, ankle, and shoulder. This review explores present evidence of the AMIC as well as 
comparing it to other cartilage repair techniques, including microfracture, autologous chondrocyte implantation (ACI), and autograft 
transplantation.
Materials and Method: A literature search was completed with two specific goals: first, to identify present available literature for AMIC and its 
outcomes; second, to identify literature comparing the outcomes of AMIC to other cartilage repair techniques.
Results: This review had identified that AMIC has superior functional outcomes compared to microfracture in the knee in both medium- and 
long-term follow-up. Within other joints, medium-term outcomes are favorable, but longer-term data are still required. Present literature 
demonstrates superior functional outcomes in AMIC compared to both matrix induced ACI and autologous minced cartilage implantation. 
Results from ACI and osteochondral autograft transplant are similar to those achieved with AMIC.
Conclusion: AMIC represents a viable and effective single-stage technique for the management and osteochondral defects. There is long-term 
data supporting its superiority to microfracture alone; however, additional evidence comparing outcomes to other repair techniques is still 
required to establish AMIC as the standard of care for chondral and osteochondral defect management.
Keywords: Autologous matrix-induced chondrogenesis, autologous matrix-induced chondrogenesis, cartilage repair, chondral defects, 
osteochondral defects, microfracture.

Abstract

Learning Point of the Article:
AMIC is a promising single-stage treatment for cartilage defects that appears to provide more lasting benefits than microfracture, 

but stronger long-term comparisons are needed against ACI/MACI, OAT/mosaicplasty, and transplant to determine which 
patients benefit most.
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identify the optimum management strategies when managing 
articular cartilage damage. Autologous matrix-induced 
chondrogenesis (AMIC) was designed to improve on 
microfracture alone by utilizing a collagen bilayer seeded with 
chondrocytes as a scaffold, similar to the principles used in 
matrix-associated chondrocyte transplantation [3]. AMIC is a 
s ingle-step minimal ly  invasive procedure in w hich 
microfracture is followed by the application of a biodegradable 
collagen I/III membrane to cause clot stabilization and allow 
the differentiation of the mesenchymal stem cells (MSCs) 
present within the clot to differentiate into chondrocytes [4].
Present evidence of AMIC has demonstrated efficacy in the 
treatment of chondral and osteochondral defects throughout 
multiple joints.
The aim of this review is to identify the 
strengths and limitations of AMIC to treat 
chondral defects in the knee and compare it to 
other available cartilage repair procedures.

Background
The presence of articular cartilage is key in the 
normal function of synovial joints. It covers 
the opposing articular bony surfaces, 
providing a smooth surface with low friction. 
It also forms a protective cushion that is 
r e s i s t a n t  t o  c o m p r e s s i v e  l o a d s  a n d 
deformation [5], thus allowing for pain-free 
joint movement. In utero and throughout 
early life, chondrocytes build articular 
cartilage. In early adulthood, they switch to 
cartilage-maintaining activity, leading to 
lower anabolic and proliferative capacity [2]. 

These features, combined with the avascular nature 
of articular cartilage led to its limited self-healing 
ability [1]. Due to this, superficial injuries where 
there is no hemorrhage or inflammatory response 
undergo little to no healing. In full-thickness injuries 
where there is also injury to the subchondral bone, 
hemorrhage and blood clot formation can aid in the 
healing process [6]. Acute cartilaginous injuries can 
lead to symptoms of locking, pain, swelling and 
functional impairment [7] whilst more generalized 
degeneration causes stiffness, immobility and loss of 
quality of life [8]. Full thickness injuries lead to the 
formation of fibrocartilage rather than hyaline 
cartilage [9], which is lacks the mechanical properties 
of native cartilage and bonds poorly with adjacent 
normal cartilage [2]. This fibrocartilage replacement 
has been demonstrated to breakdown under normal 
joint loading [6]. Regardless of the depth or origin of 

articular cartilage defect, there is an increased risk of the 
development of osteoarthritis [10].
Chondral and osteochondral defects can be managed 
conservatively or surgically. Conservative management 
strategies include the restriction of physical activities, and 
physiotherapy has yielded mixed results. Poorer prognosis was 
also identified in those with larger lesions >12 mm2, unstable 
lesions, and in those with open physis [11]. Therefore, these 
patients, along with those with mechanical symptoms, should 
be offered surgical treatment.
A variety of surgical techniques are used in the management of 
chondral and osteochondral defects. These can largely be 
divided into repair, bone marrow stimulating techniques, and 
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Figure 1: Modified Cincinnati score for patients who underwent microfracture, autologous 
matrix-induced chondrogenesis (AMIC) with glue to secure graft (AMIC-glue), and AMIC 
with sutures to secure graft (AMIC-suture), from baseline to 10-year follow-up.

Figure 2: Visual analogue score pain for patients who underwent microfracture, autologous matrix-
induced chondrogenesis (AMIC) with glue to secure graft (AMIC-glue), and AMIC with sutures to 
secure graft (AMIC-suture), from baseline to 10-year follow-up.
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transplantation. The foundation of bone marrow stimulation 
(BMS) for the management of osteochondral defects was 
initially described by Pridie in 1959 [12]. This was further 
developed by Steadman et al.  in the 1990s into the 
microfracture procedure [13], which remains a popular surgical 
technique. Microfracture involves the penetration of 
subchondral bone to access the bone marrow. This allows the 
formation of a blood clot that contains MSCs, bioactive 
molecules, and fibrin [14], which can aid in the healing process. 
Microfracture provides good mid-term results; however, 
unsatisfactory results have been reported in long-term results, 
especially in those with larger lesions [15].
Transplantation techniques can be performed with either 
implantation of osteochondral plugs into the defect with 
autograft or allograft tissue. Autografts are commonly done by 
osteochondral autograft transplant (OAT), mosaicplasty, or by 
the introduction of autologous chondrocytes as in autologous 
chondrocyte implantation (ACI). Both OAT and mosaicplasty 
involve autograft transplantation of articular 
cartilage from less important anatomical locations, 
usually away from the articular surface. Whereas 
OAT utilises a single osteochondral plug , 
mosaicplasty uses multiple smaller autografts to 
fill the defect [16]. ACI was initially described by 
Brittberg et al. in 1994 [17] and is a two-step 
procedure in which chondrocytes are harvested 
from a non-weight-bearing surface, expanded in a 
laboratory before reimplantation. This technique 
has been further developed into collagen-covered 
ACI (ACI-C) and matrix-assisted chondrocyte 
implantation (MACI).
Osteochondral allograft transplantation (OCAT) 
was first reported as a treatment method for 

chondral and osteochondral defects in the 1980s by 
Meyer’s et al. [18] and involves the transplantation of 
surviving hyaline cartilage and subchondral bone into 
the cartilage defect. Since then, the technique has 
continued to develop and remains an effective 
treatment, particularly for larger cartilage defects, with 
graft survival reported up to 59.4% at 25 years post-
operatively [19].
AMIC was described by Behrens in 2005 [20], which 
combines microfracturing of the subchondral bone 
after cartilage debridement with the fixation of a 
collagen I/III matrix. This covers the blood clot 
providing additional structure and protection against 
shearing forces during joint motion, as well as allowing 
the MSCs to develop into chondrocytes [21]. AMIC 
has been demonstrated to be a safe and effective 
treatment for the management of chondral and 

osteochondral defects [22,23] in the short and medium-term; 
however, longer-term outcomes are required to establish this 
technique as the optimal surgical choice.

Principles
AMIC was designed to expand on BMS techniques, such as 
subchondral drilling and microfracture. BMS techniques work 
on the principle that accessing the highly vascular bone marrow 
allows the formation of a clot within the defect. This clot 
contains a variety of active substrates and MSCs that eventually 
form fibrocartilage [4]. Microfracture is a simple, cost-effective 
single-stage procedure that can be completed arthroscopically 
and, if required, in conjunction with additional procedures, 
such as meniscus surgery or ligament repair [24]. Fibrocartilage 
is not an ideal replacement for hyaline cartilage as it lacks the 
viscoelastic properties and therefore is unable to distribute 
force or absorb shock as effectively [2,24] and deteriorates 
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Endpoint AMIC (n=52) MFx (n =18) MD P

Follow-up 

(months)
44.2±19.9 41.5±18.1 n/a n.s.

MOCART 80.0±25.4 66.8±33.1 13.2 0.08

AOFAS 83.8±12.4 75.0±19.3 8.8 0.03

VAS (0–10) 1.9±0.8 3.3±3.1 1.4 0.003

Tegner 4.3±1.5 3.1±2.1 1.2 0.01

Table 1: Results of functional and radiographical scores comparing 

AMIC and microfracture (MFx) in the talus, Migliorini et al . [52]

AMIC: Autologous matrix-induced chondrogenesis, MFx: 

microfracture, MOCART: Magnetic resonance observation of 

cartilage repair tissue, AOFAS: American Orthopaedic Foot and 

Ankle Society, VAS: Visual analogue scale, MD: Mean difference

Endpoint AMIC mACI MD P

Follow-up 

(months)
37.8±29.9 39.8 ±17.2 n.s.

VAS 2.8±2.2 2.9±1.3 0.07 n.s.

Tegner 4.4±0.6 4.7±0.8 0.3 n.s.

Lysholm 81.9±7.1 65.7±28.2 16.1 0.02

IKDC 79.2±10.4 71.5±6.3 7.7 0.03

Table 2: Results of functional and pain scores comparing AMIC and 

MACI in the knee, Migliorini et al . [54]

MACI: Matrix-assisted chondrocyte implantation, IKDC: International 

Knee Documentation Committee, AMIC: Autologous matrix-induced 

chondrogenesis, VAS: Visual analogue scale, MD: Mean difference
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more quickly under normal joint loading [6]. These factors may 
contribute to the relatively high failure rates seen in 
microfracture [25].
AMIC aims to improve on standard BMS techniques by the 
application of a 3D matrix to act as a scaffold for clot formation 
and durability. The scaffold material should ideally mimic the 
biological, architectural, and structural properties of the native 
tissue whilst allowing cell infiltration, attachment, proliferation, 
and differentiation [16]. A variety of different materials have 
been used, including natural protein- or carbohydrate-based 
scaffolds and synthetic scaffolds [26]. Three matrices are 
commonly used: Chondro-Gide (Geistich Biomaterials), 
Chondrotissue (BioTissue), and Hyalofast (Fida Advanced 
Biopolymers). The most common matrix used in AMIC 
is Chondro-Gide, a porcine-derived collagen I/III 
bilayer membrane that functions as both a porous cell 
adhesive and a smooth occlusive layer. The porous layer 
allows MSCs to attach, proliferate, and differentiate, 
while the occlusive layer aims to keep the clot within the 
defect. Gille et al. [27] demonstrated that collagen I/III 
matrices showed better retention of their chondrocyte 
morphology and properties for chondrogenesis than 
collagen II matrices.
Chondrotissue is an absorbable non-woven polyglycolic 
acid textile treated with hyaluronic acid [28]. This works 
as a sponge to hold the blood clot and progenitor cells 
within the defect, protecting the area and inducing 
hemostasis [28]. Hyaluronic acid has also been 
demonstrated to cause differentiation of MSCs along the 
chondrogenic l ineage [28].  The feasibi l ity of 
chondrotissue was demonstrated by Erggelet et al. [29] 
in ovine models where its use resulted in increased type 
II collagen formation when compared to microfracture 
alone.

Hyalofast is a 3D, semi-synthetic, non-woven matrix 
made of a proprietary material called Hyaff, which is a 
chemically modified form of hyaluronic acid [30]. It was 
designed on the principle of hyaluronic acid causing the 
differentiation of MSCs into chondrocytes and was 
confirmed as a viable material by Facchini et al. [31] in 
laboratory studies. As with other matrices, it is designed 
to be a scaffold for clot formation as well as a protective 
layer.

Surgical Technique and variations
The standard AMIC technique is described by Benthien 
and Behrens [4] and is indicated for symptomatic full-
thickness cartilage lesions (International Cartilage 
Repair Society [ICRS] grade 4) and in <1.5 cm2 in size. It 
can be completed under spinal or general anesthesia and 

begins with an arthroscopic examination of the affected joint. 
The size and location of the defect are identified, and additional 
lesions and ligamentous injuries are excluded. A minimally 
invasive arthrotomy is completed, and the defect is visualized 
openly. A curette is used to remove damaged cartilage and 
subchondral bone. A template can be measured at this stage. If 
an osteochondral defect is identified, cancellous bone can 
subsequently be harvested from the head of the tibia through 
the same incision. Microfracture is then carried out. This was 
initially described using microfracture awls; however, the 
authors subsequently changed their recommendation to the use 
of a 1.1 mm K-wire following studies demonstrating its 
improved effectiveness at reaching the subchondral stroma. 
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Endpoint Technique Pre Post Change P

OATS 6.59 5.47 −1.12 0.006

AMIC 3.58 4.92 1.33 0.013

OATS 57.7 79.7 22 <0.001

AMIC 60.1 88.3 28.2 <0.001

OATS 56.2 79.5 24 <0.001

AMIC 58.3 86.4 28.1 <0.001

OATS 54.5 81.3 26.8 <0.001

AMIC 56.9 88.2 31.3 <0.001

Table 3: Results of functional scores comparing AMIC and OAT pre-

operatively and at 2 years post-op, Debieux et al . [56]

Tegner

Lysholm

Kujala

Fulkerson

AMIC: Autologous matrix-induced chondrogenesis, OAT: 

Osteochondral autograft transplant

Endpoint AMIC MCI P

Follow-up (months) 37±8.8 32.2±7.9

VAS 1.9±1.9 4.1±2.7 0.004

Lysholm 83.1±13.9 70.1±25.7 0.043

Pain 88.3±11.7 72.8±26.5 0.016

Quality of life 65.6±24.4 50.4±22.3 0.036

Functioning in daily 

living
92.9±8.2 82.6±22.9 n.s.

Symptoms 86.7±12.2 77.2±21.4 n.s.

Sports 64.5±34.1 60.4±28.5 n.s.

Table 4: Results of functional outcomes and pain scores 

comparing AMIC and MCI in the knee, Berhendt et al . [58]

KOOS

AMIC: Autologous matrix-induced chondrogenesis, MCI: Minced 

cartilage implantation, VAS: Visual analogue scale, KOOS: Knee 

injury and osteoarthritis score
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Following microfracture, the matrix is hydrated and then 
attached. The matrices require different hydration fluids, and 
guidance is available from the manufacturer. Attachment of the 
matrix is commonly done with fibrin glue, sutures, or a 
combination of both. Concerns have been raised that suturing 
of the matrix may lead to cartilage damage [32], and fibrin glue 
may reduce chondrocyte proliferation and migration [33]; 
however, follow-up studies have not demonstrated any 
difference in these techniques [34]. The collagen matrix is 
placed below the level of the cartilage to ensure it is not 
displaced when the joint moves. The joint should then be 
cycled gently and reassessed to ensure there has been no 
displacement of the membrane. Post-operatively, the authors 
recommend limited weight bearing, with flexion limited to 30� 
for 2 weeks post-op followed by a further 2 weeks each at 60� 
and 90�. More recent studies exploring early full weight bearing 
and full range of motion have been published with good results 
[35].
Nanofractured AMIC (NAMIC) is a variation of AMIC where 
nanofracture is used in place of microfracture. It was described 
by Benthien and Behrens in 2015 [36] as a further advancement 
of standard AMIC. Using nanofracture allows smaller holes (<1 
mm diameter) to be created that penetrate deeper into the bone 
(9 mm). This leads to reduced trabecular fragmentation and 
compaction and subsequently better restoration of normal 
bone architecture [37]. This allowed the authors to update their 
rehabilitation recommendations in line with more recent 
publications, with a shorter period of reduced weight bearing 
and earlier physiotherapy than following a standard AMIC 
procedure. Initial results for NAMIC are promising [38], but 
long-term data are still required.
An all-arthroscopic variation of AMIC has also been described 
[39]. Following initial debridement, the knee is emptied of 
irrigation fluid and dry arthroscopy is performed. This 
facilitates drilling of the subchondral layer with a 1.1 mm K-
wire. The Chondro-glide membrane is then inserted and 
clamped into place before attachment with fibrin glue. In larger 
lesions, multiple pieces of Chondro-glide are inserted to fill the 
defect. This is left to set before the knee is cycled. Here the 
authors describe the use of these flexion-extension cycles to 
identify the safe range of motion for use in rehabilitation post-
operatively. More recently, an all arthroscopic nanofracture 
AMIC technique has been described [40]. This is similar to the 
technique described by Piontek et al. [39], but nanofracture is 
used for subchondral bone penetration in place of K-wire 
drilling.

Clinical Outcomes
The AMIC procedure has now been in regular clinical use for 

more than 20 years. Its use has been described for the treatment 
of chondral and osteochondral defects in various joints, though 
most of the literature is related to the knee and talus.

Knee
There is a growing body of literature to support the use of AMIC 
within the knee. Early data published by Gille et al. [41] 
followed up 27 patients who underwent AMIC procedures for 
chondral defects within the knee. They were followed up for a 
mean of 37 months. Post-operatively, these patients 
demonstrated increased Myer, Lysholm, Tegner, ICRS, and 
Cincinnati scores at 12, 24, and 36 months compared to pre-
operative scores, with the highest scores being achieved at 24 
months. Of the patients who underwent a questionnaire, 87% 
were subjectively highly satisfied with the results. Peras et al. 
[42] added this data with a retrospective multicenter study 
including 101 patients with a mean follow-up of 2.5-years. The 
mean knee injury and osteoarthritis score (KOOS) increased 
from 45% to 73%, the mean International Knee Documentation 
Committee (IKDC) score increased from 43% to 74%, and the 
mean SF-36 score increased by 20%. Magnetic resonance 
imaging (MRI) scans were completed at 2 years in 58 patients 
who had a mean magnetic resonance observation of cartilage 
repair tissue (MOCART) 2.0 score of 75, though there was no 
correlation between these radiological outcomes and the 
functional outcomes. 
Kaiser et al. [43] demonstrated good long-term outcomes for 
26 patients following AMIC procedures. Their data showed a 
sustained improvement in both Lysholm and Visual Analog 
Scale (VAS) for pain scores between 2- and 9-years post-
procedure. However, patients in this study underwent leg axis 
correction when malalignment was identified, which may have 
influenced the outcomes. Tradati et al. [44] assessed the 
outcomes of AMIC on patellar chondral and osteochondral 
defects. They demonstrated improvements in IKDC scores and 
VAS pain scores in line with other literature at 2- and 5- years. 
The specificity of this, however, led to a reduced participant 
number, with only 14 meeting inclusion criteria.
Whilst AMIC was initially described for use in defects <1.5 
cm2, present literature exists that reports good outcomes in 
much larger defects [41,42,43,44]. The present data 
demonstrate both good short- and medium-term outcomes for 
knee AMIC. Longer-term data are still required. Present 
published literature rarely discriminates between patellar and 
femoral lesions or chondral and osteochondral defects. Often 
these outcomes are reported together. Further research 
investigating these individually will allow for more robust 
analysis of outcomes.
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Ankle
Good post-operative outcomes have been reported for ankle 
AMIC. Weigelt et al. [45] followed 33 patients for a mean of 4.7-
years post-operatively following AMIC procedures to the talar 
dome in pat ients  w ith osteochondral  defects.  The 
demonstrated significant improvement in VAS pain scores 
(6.4–1.4) and Tegner score (3.5–5.2), with a mean American 
Orthopedic Foot and Ankle Society (AOFAS) score of 93 
sustained at final follow-up. This study included radiological 
follow-up with MRI and MOCART score. The mean 
MOCART score was 60.6, which is similar to other literature. 
As with Peras et al. [42] study, the MOCART score did not 
correlate clinically.
Longer-term follow-up of talar dome AMIC by Deiss et al. [46] 
also demonstrated good outcomes. 18 of the included patients 
were followed up 10-years post-operatively. Functional foot 
index D scores had a statistically significant reduction that was 
sustained at 10-years (56–21). Additional research with larger 
patient numbers is needed to improve on present literature.

Hip
The use of AMIC in the hip is less common than in the knee and 
ankle, and the available literature reflects this. An all-
arthroscopic technique for treatment of hip cartilage defects 
was described by Fontana in 2012 [47]. This technique was 
used by the same author in a series of 201 patients with a mean 
defect size of 2.9 cm2, who were followed up for 5-years [48]. 
Post-operatively, their outcome was assessed with the modified 
Harris Hip Score (mHHS). A sustained improvement was seen 
from baseline (44.9) from 6 months post-operatively through 
to final follow-up. Maximum benefit was reported at 3 years 
post-operatively, with a mean mHHS score of 85.5, with no 
patients reporting a poor score (<60). Further studies with 
longer follow-up are required for hip AMIC.

Upper limb
There is currently limited literature related to the use of AMIC 
in the upper limb. Cuéllar et al. [49] described the use of AMIC 
in the glenohumeral joint and reported stability of the 
implanted membranes at 2- and 7-months, though no 
functional or VAS pain scores were completed. AMIC has also 
been explored in the hand and wrist by López-Osornio De Vega 
et al. [50], who completed a 3-case series with patients involved 
describing improved pain and function post-operatively. This is 
an emerging field of research and much more data will be 
required before this is an established practice.

Comparative Studies

AMIC versus microfracture
There is a large volume of publications comparing AMIC and 
microfracture outcomes in multiple joints. Volz et al. [22] 
completed a randomized controlled trial for knee AMIC (glued 
and sutured groups) versus microfracture. Patients were 
assessed with the modified Cincinnati score. Mean scores in all 
groups improved at 1- and 2-year post-operatively, though 
whilst the scores were maintained or improved in the AMIC 
groups at 5 years, there was a decrease in the microfracture 
group. This was also seen in both subjective and objective 
functional scoring, where all groups saw improved at 1 year 
post-operatively, but at 5 years, 66% of the microfracture group 
had abnormal knees compared to 6–7% in the AMIC groups. 
MRI assessment of the defects was completed at 2 years post-
operatively, which demonstrated that two-thirds of the defect 
was filled in 60% of the AMIC groups, whereas this degree of 
filling was present only in 25% of the microfracture group. Volz 
et al. [34] subsequently published 10-year follow-up data for 
the same patients. There was no statistically significant change 
in the modified Cincinnati (Fig. 1) or VAS pain scores (Fig. 2) 
between the 5- and 10-year in either the AMIC or microfracture 
group; thus, at 10 years the AMIC outcomes remain superior to 
microfracture. Both the AMIC and microfracture groups 
underwent little change in their modified Cincinnati and VAS 
pain scores between the 5- and 10-year follow-up period.
Similar results were reported by Migliorini et al. [51], who 
compared AMIC versus microfracture in patellar lesions. The 
AMIC group saw improvements in IKDC, Lysholm, Tegner, 
and VAS pain scores when compared to the microfracture group 
at a mean follow-up of 45 months. Lower failure rates were seen 
in the AMIC group, and revision or progression to arthroplasty 
was the same in both groups.
Migliorini et al. [52] published data on talar shoulder AMIC 
versus microfracture and followed patients up for a mean of 43 
months. They demonstrated an improvement in AOFAS, VAS 
pain, and Tegner scores in the AMIC group compared to the 
microfracture group (Table 1). There were also greater rates of 
revision surgery in the microfracture group, with 39% 
undergoing further surgery for ongoing pain at 4 years post-
operatively compared to 10% in the AMIC group. Becher et al. 
[53], however, reported no statistically significant difference 
between microfracture and AMIC in the talus, comparing the 
Hannover Scoring System, VAS pain, function, and satisfaction 
scores at 5 years post-operatively. This paper limited the size of 
included defects to < 2 cm2, whereas Migliorini et al. [52] 
patients had a mean defect size of 2.7 cm2, possibly suggesting 
increased effectiveness in larger defects.
Fontana et al. [48] compared femoral-acetabular impingement-
induced chondral lesions in 140 patients treated with AMIC 



and microfracture. These patients were followed up yearly for 5 
years. The mHHS score significantly improved in both groups 
at 6 months post-operatively. These scores were maintained in 
the AMIC group up to 5 years, whilst those in the microfracture 
group’s scores began to fall between 1- and 2-years, reaching the 
lowest between 4- and 5-year follow-up. In addition, 6 patients 
in the microfracture group went on to require total hip 
arthroplasty compared to 0 in the AMIC group.

AMIC versus ACI
Fossum et al. [23] compared the outcomes of AMIC and ACI-C 
at 1- and 2-years. They demonstrated no statistically significant 
difference between the two groups when comparing VAS pain, 
KOOS, or Lysholm score. At present, there are no longer-term 
studies comparing these procedures.
MACI has also been compared to AMIC in the knee by 
Migliorini et al. [54] in a systematic review. This demonstrated 
that AMIC performed better than MACI for chondral defects, 
with a mean of 40 months follow-up. Lysholm and IKDC scores 
were superior in the AMIC group, who also had a lower rate of 
complications. Tegner and VAS scores were similar in both 
groups (Table 2). However, in a paper by Schnider et al. [55], 
there was no statistically significant difference identified in VAS 
pain, KOOS pain, or KOOS symptoms between the AMIC and 
MACI groups, with both achieving good outcomes. Similarly, 
no statistically significant difference was seen in MACI versus 
AMIC for chondral defects in the talus in VAS, AOFAS, or 
MOCART scores [52].

AMIC versus transplant
Short-term data have been published by Debieux et al. [56] 
comparing AMIC and OAT in patellar chondral lesions. Both 
groups saw statistically significant improvements in Lysholm, 
Fulkerson, and Kujala scores at 2 years post-operatively. The 
AMIC group also had a statistically significant improvement in 
Tegner scores, whereas this score was reduced post-operatively 
in the OAT group, though the difference between the follow-up 
scores (5.47 vs. 4.92) was not statistically significant (Table 3). 
In addition, those in the AMIC group had significantly larger 
lesions compared to those in the OAT group (2.18 cm2 vs. 1.13 
cm2) and achieved similar outcomes. Lesion size is significant 
in OAT due to the increased morbidity associated with larger 
donor site harvesting. Gedikbas et al. [57] compared 
mosaicplasty and AMIC in the talus, and while post-operative 
results were similar in both groups, complications were higher 
in the mosaicplasty (36% vs. 18%); this included donor site 
pain. This suggests that larger defects are likely best managed by 
AMIC though further research comparing outcomes in larger 

defects would be required [56].
Autologous minced cartilage implantation (MCI) is also used 
for the management of chondral defects. Behrendt et al. [58] 
compared MCI and AMIC in the knee with a mean of 36 
months follow-up. The AMIC group demonstrated superior 
VAS pain, Lysholm, and KOOS scores at follow-up with 
statistically significant differences in VAS pain and Lysholm 
scores (Table 4). Schnider et al. [55] did not replicate these 
findings, with no difference in outcomes identified, though 
follow-up was shorter at 2 years and intervention groups were 
smaller (16 vs. 24). Further long-term data are required for 
comparison.
Present literature review identified no studies directly 
comparing the outcomes of AMIC and osteochondral allograft 
transplant.

Future Development

Rehabilitation
Initial rehabilitation protocols for AMIC were conservative 
with limited weight bearing [4]; this was due to concerns of 
dislodgement of the matrix and/or super clot interfering with 
the healing process. Laborator y studies suggest that 
compression and shear forces may improve chondrogenic gene 
expression, glycosaminoglycan and collagen II formation [59], 
suggesting the formation of cartilage more similar to the pre-
injury state. This, along with the move from the use of 
microfracture awls to 1.1 mm k-wires or nanofracture, has 
allowed research to explore early mobilization and weight 
bearing in the post-operative phase. While initial data 
demonstrate good results [35], comparative studies with 
longer-term outcomes are required to ensure sustained benefit.

Matrix development
Following cartilage injury, present repair techniques aim to 
promote the formation of a new articular surface, though this is 
not necessarily hyaline cartilage [60].
New research is exploring the use of 3D bioprinting to develop 
advanced scaffold materials. Zhou et al. [61] completed a 
laboratory study in which a 3D bioprinting hydrogel containing 
chondrogenic progenitor cells was implanted into a rat cartilage 
defect model. They demonstrated the formation of a stable 
structure similar to that of the natural surrounding cartilage in 
the model. Other groups are exploring different scaffold 
materials [62] and active molecules [63] to improve on current 
matrix technologies.

Other
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LIPO-AMIC is a technique described by Sciaretta et al. [64]. It 
is an adaptation of the standard AMIC technique in which fat 
aspirate is harvested, prepared, and placed onto the matrix 
before application to the defect. It is based on the principle that 
adipose tissue can provide an additional source of MSCs and 
has local immunomodulatory effects that may enhance 
cartilage repair. Follow-up was completed at 2 and 5 years [65] 
with significant improvements demonstrated in VAS, IKDC, 
Lysholm, and KOOS scores. This was a small trial with only 18 
patients treated, with no control group used. Comparative 
studies will be required to further explore the viability of this 
technique.

Discussion
Present published data confirm that AMIC is an effective 
treatment option for both chondral and osteochondral defects 
in a variety of joints. The strongest evidence exists in the knee, 
where short-, medium-, and long-term studies consistently 
demonstrate significant improvements in functional scores 
[34,50]. Comparative studies indicate that these improvements 
are sustained over time and are superior to those achieved with 
isolated microfracture [34]. Although evidence in the ankle and 
hip is less extensive, similar improvements in pain and 
functional outcomes have been demonstrated [46,48], 
suggesting application beyond the knee.
There is an increasing body of evidence that AMIC 
outperforms microfracture as a treatment option with better 
sustained outcomes. This superiority of AMIC over 
microfracture may be explained by the increased stability within 
the clot due to the presence of the scaffold. AMIC provides 
stability to the local environment during the critical early phase 
of healing, allowing for the proliferation and retention of MSCs 
[4] and resistance to shearing forces [21], potentially increasing 
clot stability when compared to microfracture alone. These 
factors may contr ibute to the sustained f unctional 
improvements seen in short- and medium-term results and may 
explain the progressive decline seen in the microfracture 
cohorts.
Within published literature, there is little difference identified 
between the outcomes of AMIC and ACI/MACI. Studies 
directly comparing outcomes are l imited and often 
underpowered [66] and further research with robust 
randomized controlled trials is required. Authors, however, 
recognize the single-stage nature of AMIC as an advantage over 
MACI/ACI.  A s AMIC does not require laborator y 
proliferation of harvested chondrocytes, it is associated with 
lower costs that ACI/MACI [44,54]. Another benefit of the 
single-stage nature of AMIC would be the ability to institute 
rehabilitation at an earlier time without the delay related to a 

second procedure. This may provide a biological and functional 
“head start” compared to ACI/MACI and potentially 
facilitating an earlier return to normal function. However, this 
hypothesis has not been tested and warrants further study.
There is l imited ev idence comparing the results of 
OAT/mosaicplasty and AMIC. Literature available suggests 
that AMIC does offer improved outcomes, though the study 
was underpowered to demonstrate statistical significance [57]. 
A significant drawback of OAT/mosaicplasty compared to 
AMIC is the requirement of a donor site and the potential 
burden of donor site complications.
One area of significant heterogenicity within published 
literature is the defect size of chondral and osteochondral 
lesions treated. AMIC was initially described for defects <1.5 
cm2 [4], though several studies demonstrate defects up to 8 
cm2 being treated with successful outcomes [41,42,67]. At 
present, there is no published literature that compares the 
outcomes of AMIC across different-sized lesions; therefore, it 
remains unclear whether lesion size influences the clinical 
outcomes or the longevity of the repair. Much of the published 
literature also deals with chondral and osteochondral lesions in 
a single cohort despite the possibility of differing treatment 
requirements or biological responses to treatment.
Despite favorable outcomes, AMIC also has important 
limitations. Due to the use of animal-derived materials, 
hypersensitivity can occur to fibrin glues or to the matrices 
themselves. Therefore, in patients with known hypersensitivity 
to porcine collagen derivatives, AMIC is contraindicated [68]. 
Active or recent infection and synovial inflammation are 
additional contraindications [68]. In these patients, 
microfracture alone or autograft procedures will therefore be 
required.
The influence of knee alignment on the outcomes of AMIC also 
requires consideration. Several published studies include knee 
realignment procedures alongside AMIC, including patella 
realignment, medial patellofemoral ligament reconstruction 
and osteotomies around the knee, or a combination of multiple 
procedures [8,43]. However, other studies excluded those with 
known patellofemoral or knee instability [34,51] and offered 
no corrective procedures as part of the procedure. Evidence of 
statistically significant improvements in functional outcomes 
scores have been reported in studies that included knee 
alignment procedures [8,43] and those that didn’t [34,51]. It is 
therefore a possibility that these procedures independently 
improve symptoms, joint biomechanics and functional 
outcomes and without direct comparative evidence this effect 
cannot be quantified.
Most cartilage injuries occur in young males with a normal body 
mass index (BMI). Consequently, these patients are 
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disproportionately represented in the current AMIC literature. 
As a result, the generalizability of these findings to other 
populations remains uncertain. Although limited, some 
published data do indicate that comparable outcomes can be 
achieved with AMIC in the older population as well as in those 
with higher BMIs.
Interpretation of the current available evidence should be 
undertaken cautiously. Much of the current available literature 
consists of retrospective cohort studies and case-series studies 
with relatively small patient numbers, thus increasing the risk of 
selection and reporting bias. There is limited evidence of direct 
comparison between AMIC, ACI/MACI, OAT, mosaicplasty, 
and OCAT. Direct quantitative comparison between studies is 
significantly limited due to the variety of scoring systems used. 
MRI and MOCART scores are reported in several included 
studies; however, this review identifies no consistent 
correlation between radiological and functional outcomes. The 
clinical significance of the findings on imaging therefore 
remains uncertain.
There is also considerable heterogenicity regarding lesion size, 
anatomical location, patient age, BMI, associated pathology, 
rehabilitation protocols, and reported outcome measures. 
Studies often include pathology across several anatomical sites, 
and are often pooled together, despite the potential for differing 
clinical and biomechanical outcomes. There is significant 
variation in the application of current AMIC techniques. 
Variation in membranes, fixation methods, open versus 
ar throscop ic  techniques ,  and nanof racture  ver sus 
microfracture potentially confounds outcome comparison. A 
similar limitation relates to the heterogeneity of rehabilitation 
protocols. Post-operative weight-bearing status and range-of-
motion protocols vary substantially between studies, making it 
difficult to isolate the effect of surgical techniques on outcomes.
Risk of bias was not formally assessed, which limits confidence 
in the findings. Given the predominance of small, retrospective 

observational studies, selection bias, confounding, and 
selective outcome reporting are plausible. Publication bias was 
not formally assessed and cannot be excluded; therefore, 
favorable outcomes may be overrepresented in the available 
literature.

Conclusion
Currently AMIC represents a viable and effective single-stage 
technique for the management of chondral and osteochondral 
defects. Current literature suggests that it is superior to 
microfracture, while further data are required comparing ACI 
and autograft/allograft transplantation techniques. Due to 
being a single-stage procedure with no donor site requirement, 
it would likely represent the more favorable option should 
longer-term comparative studies suggest superior or non-
inferior outcomes. Future research is currently directed at 
enhancing 3D matrix development to improve cartilage 
regeneration. Robust long-term outcomes from comparative 
studies will be essential to definitively establish AMIC as the 
standard of care for chondral and osteochondral defect 
management.

Clinical Message

AMIC is a safe, effective, single-stage operation for chondral and 
osteochondral defects and should be considered ahead of 
microfracture alone due to the increasing body of evidence 
supporting superior mid- and long-term outcomes. AMIC avoids 
donor-site morbidity and may have lower procedural costs than 
ACI/MACI and OAT/mosaicplasty; however, long-term, robust 
comparative evidence comparing these techniques remains limited. 
Therefore, AMIC should be considered on an individual patient 
basis considering lesion characteristics, patient factors, concomitant 
pathology, and local expertise. Current evidence does not establish 
AMIC as superior to all alternative cartilage restoration techniques 
or as a universal standard of care.
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