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Abstract
Purpose of Review Numerous surgical techniques are available to treat osteochondral defects of the knee. The aim of this review
is to analyse these procedures, including their methodology, outcomes and limitations, to create a treatment algorithm for optimal
management.
Recent Findings Osteochondral defects of the knee significantly alter the biomechanics of the joint. This can cause symptomatic
and functional impairment as well as considerable risk of progressive joint degeneration. Surgical interventions aim to restore a
congruent, durable joint surface providing symptomatic relief and reducing the risk of early arthritic changes. These methods
include fixation, chondroplasty, microfracture, autologous matrix-induced chondrogenesis, autograft transplants, allograft trans-
plants and autologous chondrocyte implantation. There is currently much debate as to which of these methods provides optimal
treatment of osteochondral defects.
Summary The overall evidence supports the use of each technique depending on the individual characteristics of the lesion. New
technologies provide exciting prospects; however, long-term outcomes for these are not yet available.
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Introduction

Osteochondral defects of the knee occur when a unit of artic-
ular cartilage is removed from the surface of a joint with or
without a portion of the underlying bone. These can occur as a
result of mechanical factors (i.e. trauma or overuse leading to
repetitive micro trauma) or biological factors (i.e.
osteochondritis dissecans or osteonecrosis) [1]. Symptomatic
defects can cause pain, locking, swelling and functional im-
pairment with reports that these symptoms can be worse than
those of an anterior cruciate ligament–deficient knee or even
those awaiting a knee replacement [2]. The natural history of
these defects typically results in the production of type I

collagen in the form of fibrocartilage, rather than type II col-
lagen normally found in articular, hyaline cartilage.
Fibrocartilage has poorer characteristics with regard to resil-
ience, stiffness and wear properties and, as such, has a predi-
lection for advancing arthritis [3]. The aim of any surgical
treatments of such defects is to re-establish the joint surface
with hyaline cartilage to provide a congruent joint with correct
alignment, symptomatic relief and reduce the risk of progres-
sive arthritic changes requiring further intervention.

The ICRS (International Cartilage Repair Society) classify
defects on a scale of grade 0 to 4 depending on the depth of the
defect and involvement of subchondral bone (see Table 1) [4].
The risk of premature arthritis becomes inevitable in grade 3–
4 defects due to articular incongruity [5]. As such, most treat-
ments are aimed at these groups. Defects can also be classified
by their anatomical location (such as medial femoral condyle,
lateral femoral condyle or patellofemoral compartment) or the
size of articular surface lost (in cm2).

Conservative management, including restricting physical
activity and physiotherapy, have yielded average healing rates
of 61% (range 10–95%). Poor prognosis is found in larger
lesion size > 12 mm2, lesion stability and age (open physis)
[6]. Patients in these cohorts and those with mechanical
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symptoms (locking or swelling) should be considered for sur-
gical management.

Numerous surgical techniques exist to address these de-
fects which exemplifies the difficulty in reproducing the func-
tion of hyaline cartilage and a congruent articular surface.
Treatment options can be described as palliation (e.g.
chondroplasty or microfracture), repair (fixation) or restora-
tion (osteochondral autograft transplant (OAT), autologous
matrix induced-chondrogenesis (AMIC), autologous chon-
drocyte implantation (ACI)) [7].

Fixation

Fixation of the osteochondral fragment into the defect is the
first surgical option to be considered as this has potential to
perfectly restore the native articular surface. It has been sug-
gested that this is indicated if the fragment is partially or to-
tally detached, in a weight-bearing zone and larger than 1 cm2

(fragments smaller than this are vulnerable to fragmentation
on attempted fixation) [8]. This can be performed open or
arthroscopically where the defect base is usually freshened
by microfracture or drilling to provide blood supply to the
fragment which is subsequently reattached.

A variety of fixation methods exist, the choice of which is
largely dependent on the individual surgeon’s preference.
Initially, Kirchner wires were used [9]; however, progression
of technologies has led to the development of headless cannu-
lated compression screws and bioabsorbable devices (such as
pins or nails) which are naturally resorbed eliminating any re-
quirement for routine removal. Research comparing these two
fixation methods is limited, and as such, it is difficult to recom-
mend the optimal surgical technique for this. One advantage of
bioabsorbable devices is that they do not require routine remov-
al; however, the majority of compression screws are not re-
moved unless they become problematic. Whilst there are no
randomised controlled trials (RCTs) comparing the two tech-
niques, both have demonstrated good rates of radiographic
healing (82% with metal headless compression screws [10]
and 67% with bioabsorbable devices [11]). Whilst union rates
may appear lower with bioabsorbable devices, it is worth noting
the average defect size was larger in this cohort (average 5.3
cm2 vs. 3.8 cm2), a significant confounding factor. Both studies

reported good International Knee Documentation Committee
scores (or IKDC—one of many joint-specific subjective assess-
ments of patient-reported outcomes) of 85 and 82 at follow-up
of 5 years or greater. A recent systematic review reported good
to excellent results of fixation methods from 13 studies, dem-
onstrating radiographic union in 67–100% and improved
patient-reported outcomes. Nevertheless, re-operation was
commonwith reports of up to 44% requiring further procedures
[12]. Themost common reason for further surgery was excision
of loose body fragments; however, chondral revision, chondral
resurfacing procedures and unplanned removal of hardware
were also reported. Unfortunately, they were unable to recom-
mend an optimal fixationmethod or risk factors of failure due to
the poor level of data restricted to mostly level 4 case series.
This is clearly an area that could benefit from further research.

Chondroplasty

Chondroplasty involves debriding the edges of the defect to
smooth the margins. Theoretically, this will reduce friction
and risk of propagation resulting in a joint that moves more
freely and with less pain. Traditionally done arthroscopically
with a mechanical shaver, the newer method of using radiofre-
quency energy (RFE) is thought to create a plasma layer that
might strengthen the cartilage base by realigning the collagen
fibres and annealing the surface [13]. One RCT comparing the
two techniques for grade 3 defects of medial femoral condyle
demonstrated better Knee and Osteoarthritis Outcome Severity
(KOOS) and physical activity (Tegner) scores in those treated
with RFE [14]. Short-term improvements subsequent to RFE
were also demonstrated in a large case series which also report-
ed low complication and re-operation rates (2.2% and 2.7%,
respectively) at 6 months [15]. As well as improved short-
term results, longer follow-up of the same RCT has shown a
significantly longer mean time to revision in those treated with
RFE (94.1 vs. 62.5 months) [16].

It has been suggested that chondroplasty is best reserved for
grade 2 or 3 defects, with the efficacy of attempting to create a
plasma layer on grade 4 defects remaining unclear [13]. The use
of RFE was reviewed by the National Institute of Health and
Care Excellence (NICE) with guidelines suggesting that, whilst
evidence for the procedure is limited, the short-term benefits
and low safety concerns mean the procedure can be used with
normal arrangements for clinical governance. Nonetheless, they
do suggest the procedure is only performed by clinicians with
specific training of the technique [17].

Microfracture

Bone marrow stimulation, via microfracture or drilling, aims
to allow mesenchymal stem cells to migrate from the under-
lying bone marrow to the articular surface where they can
form an amalgam of bone and fibrocartilage [18]. By filling

Table 1 CRS classification of osteochondral defects

Grade 0—Normal
Grade 1—Nearly normal (superficial defect with soft indentation, fissures

or cracks)
Grade 2—Abnormal (defect extending to < 50% of cartilage depth)
Grade 3—Severely abnormal (defect extending > 50% of cartilage, but

not through subchondral bone)
Grade 4—Severely abnormal (defect penetrating through subchondral

bone)
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the defect, this improves joint congruency and reduces the risk
of early osteoarthritis [19]. Unfortunately, fibrocartilage lacks
the mechanical integrity of hyaline cartilage, and it has been
suggested that degeneration of repair tissue and deteriorate of
clinical outcomes is an expectant result. Many studies have
demonstrated that patient-reported outcomes improve signifi-
cantly in the short to medium term (up to 5 years postopera-
tively). Unfortunately, this is usually followed by a decline in
outcomes with reports of subjective scores comparable to pre-
operative levels 15 years postoperatively [20–24].
Complications are not uncommon, such as early OA reported
in 40–50% of cases [25, 26] and bone overgrowth which is
visualized on MRI in 63% of cases at 2 years. Whilst over-
growth is rarely symptomatic, with no significant difference in
KOOS scores between those radiographically diagnosed with
or without overgrowth, it does predict a significantly higher
failure rate (25% vs. 3%) [27]. Risk factors for poorer out-
comes include long-standing symptoms, poor baseline
Lysholm score, concurrent mild degenerative changes or par-
tial meniscectomy [23].

Continuing evolution of the technique has led to the advent
of nanofracture. This aims to make finer perforations deeper
into the subchondral bone, the advantage being less trabecular
fragmentation and compaction. This has been demonstrated to
provide better restoration of bone architecture and cartilage
quality in ovine models [28] and defects of the talus [29];
however, studies on the knee have yet to be published.

Microfracture continues to be popular, largely due to its
good short- to medium-term results and cost-effectiveness
[30]. It has been suggested that this procedure is reserved for
small defects in patients with low postoperative demands [31].

Autologous Matrix-Induced Chondrogenesis

AMIC involves a cell-free microstructural scaffold being laid
over the defect after it has been debrided and stimulated (e.g.
microfractured or drilled). The synthetic covering is cut to size
and adhered with sutures or fibrin glue with the aim of cap-
turing the bone marrow cells and stem cells released by the
bone stimulation and subsequently provide a scaffolding net-
work in which the cartilage can grow. RCTs comparing the
use of scaffold insertion to microfracture have repeatedly
demonstrated superior filling of defect and quantity of hyaline
cartilage onMRI [22, 32]. Whilst clinical outcomes are equiv-
alent at 12 months [32], AMIC appears to prevent the regres-
sion of outcomes commonly seen in microfracture with one
RCT demonstrating significantly superior outcomes at 2 and
5 years. This trial included defects greater than 2 cm2 and
found that only 7% of AMIC patients reported deteriorating
outcomes at 5 years compared with 66% of MFx cases [22].
Modified Cincinnati score, pain scores and MRI outcomes
were also significantly superior.

Unfortunately, literature on this subject is limited with no
long-term results published yet. However, the relative simplic-
ity and lack of specialist resources required in comparison to
other techniques is appealing.

Osteochondral Autograft Transplant and
Mosaicplasty

When a primary repair is not possible, osteochondral autograft
transplant allows defects to be filled by harvesting tissue from
a less important anatomical location (typically the margins of
the femoral condyles or intercondylar notch). Similar to OAT,
mosaicplasty also relies on transplanting articular cartilage
using multiple smaller osteochondral grafts which are harvest-
ed and transplanted to fill the defect with a mosaic of smaller
plugs [33]. Figure 1 demonstrates both of these techniques.
Both procedures can be performed open or arthroscopically
and provide immediate coverage with mature, hyaline articu-
lar cartilage. One additional benefit is the ability to control
depth of the donor graft, facilitating a more congruent cover-
age and filling of the defect [34].

Debate regarding superiority of these two procedures con-
tinues. Whilst mosaicplasty benefits from reduced donor-site
morbidity, there are concerns that fibrocartilage formation be-
tween plugs creates a mixed healing result [35]. Data from a
systematic review imply that mosaicplasty is typically used for
larger defects than OAT (2.71 cm2 vs. 1.02 cm2) [33]. This
review found that outcome scores were better for OAT proce-
dures; however, with such a large discrepancy in defect size, it
is difficult to interpret these results. Good results have been
reported; however, successful long- and medium-term results
are strongly reliant on appropriate patient selection. In a series
of 73 mosaicplasties, the risk of poor outcomes (defined as
Lysholm score less than 64 or requiring arthroplasty surgery)
at 10–14 years were reduced from 40 to 12.5%with appropriate
patient selection. Risk factors for poorer outcomes were age
40 years or older (59%), female (61%) and defects larger than
3 cm2 (57%). Conversely, failure rates were low in males under
40 with defects smaller than 3 cm2 (12.5%) [36]. Other reports
advocate use of the procedure in young, active patients [20].

When compared with microfracture, mosaicplasty demon-
strated considerably lower rates of symptom recurrence
10 years postoperatively. This was found in all but one of
the studies included in a Cochrane review evaluating long-
term outcomes [20]. It is worth noting that the one randomized
control trial included in this review that found no significant
difference between the treatments had a small number of cases
(14 mosaicplasty vs. 11 MFx) [26] which may reflect a steep
learning curve associated with the procedure.

Whilst the procedure can have good results, obtaining a
curved, congruent surface with donor implants is a technically
challenging skill. As such, NICE guidelines require the pro-
cedure to be performed by experienced cartilage surgeons,
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with patient data uploaded to the ICRS Patient Registry for
audit purposes [37].

Osteochondral Allografts

On some occasions, defects are so large that concerns of
donor-site morbidity can prevent reconstruction via OAT
or mosaicplasty procedures. For such cases, the use of
osteochondral allograft (OCA) transplant has been sug-
gested. Here fresh, fresh frozen or cryopreserved cadaveric
samples are used to fill the defects. Fresh allografts do not
required blood type or human leukocyte antigen matching
due to the barrier that the intact hyaline cartilage provides
[38]; however, their short shelf life (28 days from harvest-
ing) and higher cost can restrict their availability [39].
Unfortunately, the processing and storage techniques of
fresh frozen and cryopreserved treatments risk loss of up
to 95% of chondrocytes in the sample [40]. Fresh samples
appear to be most popular, being the most used allograft in
a systematic review on the subject [38].

OCA has demonstrated favourable outcomes with radio-
graphic union in 86% and excellent or good results in 86–89%
at 2 years [39]. However, long-term results show a significant
deterioration with survival rates falling from 95% at 5 years to
80–85% at 10 years and 65–74% at 15 years [41–43], whilst re-
operation rates requiring revision or arthroplasty procedures of
32–47% in the first 10 years have been reported [41]. Risk
factors for poor outcomes include age over 30 and those who
have received three or more prior procedures [39] [43].

Research on the subject is largely composed of historic
case series with a distinct lack of comparative studies or mod-
ern papers available suggesting that the development of resto-
ration techniques has reduced demand for this procedure.
Nevertheless, it remains an option for larger, deep defects (>
3 cm2 grade 4) or revision procedures [40].

Autologous Chondrocyte Implantation

Autologous chondrocyte implantation (ACI) is a two-stage pro-
cess that aims to harvest chondrocytes from the patient via a
0.5–1-cm fragment, as demonstrated in Fig. 2. Chondrocytes

from the sample are isolated and reproduced in vitro, and sub-
sequently replanted into the defect along with a protective cov-
erage 3–5 weeks later [44]. The procedure continues to see
advancing developments. First-generation techniques used a
layer of periosteum autograft to protect and contain
chondrocytes, whilst the second generation used a piece of
porcine collagen membrane. Third-generation techniques
termed MACI (matrix-induced autologous chondrocyte
implantation, not to be confused with AMIC) impregnate the
chondrocytes into the collagen matrix in vitro, rather than the
matrix being applied on top of cellular material.

Long-term results for first-generation techniques were gen-
erally poor, with no significant difference in comparison with
MFx in several studies. In fact, one RCT with long-term re-
sults demonstrated that patients receiving ACI had a higher
rate of failure than those receiving MFx (43% vs. 34%) at 14–
15 years of follow-up. ACI patients were also more likely to
require subsequent conversion to a total knee replacement
(15% vs. 8%) [25]. In another case series, failure rates of
37% were reported after 20 years with 16% requiring conver-
sion to a knee replacement. On average, arthroplasty was per-
formed in under 6 years after the index procedure [45].

Results improved with second-generation techniques, with
superior outcomes in comparison with mosaicplasty in larger
defects (mean 4.0–4.4 cm2). In the present study, failure rates
(defined as arthroscopic evidence of failure of the graft, or
revision surgery of any kind) were actually superior with
mosaicplasty in the short term (for the first 2 years); however,
these patients subsequently suffered a steep decline which was
not seen in the ACI cohort. At 10 years, ACI had significantly
lower failure rates (17% vs. 55%) and better subjective out-
come scores (Cincinnati and Bentley–Stanmore scores) [44].

Evolution of techniques and the use of MACI have seen
further improvement with results. The SUMMIT trial is an
ongoing, prospective, multicentre trial comparing MACI with
microfracture in defects > 3 cm2. Their 5-year results have
demonstrated superior outcome scores (KOOS, Cincinnati
and Visual Analogue Scores) in those who received MACI.
Impressively, the results for those treated with MACI appear
to get better with time as serial results showed continued im-
provement between 2 and 5 years of follow-up. Reassuringly,

Fig. 1 Illustration comparing
OATS and mosaicplasty
procedures
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treatment failures were minimal in both groups [46]. This
improvement in clinical outcomes over time has also been
demonstrated in a case series evaluating outcomes up to
5 years [47].

Current NICE guidelines recommend MACI as an option
for treating symptomatic grade 3 or 4 defects greater than 2
cm2 in patients who have minimal arthritic changes and no
previous surgical repairs to the articular cartilage [48]. Long-
term results from the SUMMIT trial and other studies are
required prior to more widespread use of the technique.

Discussion

The large number of treatment options available for
osteochondral defects highlights the challenge of reproducing

the articular surface of the knee. A recent meta-analysis aimed
to compile results from all RCTs on the subject. Using data
from 21 RCTs on microfracture, OAT, ACI and MACI, they
found that the re-operation, re-intervention and adverse event
rates were similar for all procedures. However, microfracture
demonstrated the worst patient-reported outcomes, with partic-
ular emphasis placed on the poor long-term results of this op-
eration. They concluded that cartilage repair techniques provid-
ed higher quality repair of tissue, lower failure rates and higher
return to activity rates in comparison to MFx. According to
efficacy and safety, they recommended that ACI was the best
intervention, followed by OAT [49]. Unfortunately, no RCTs
have been conducted on AMIC or OCA and hence outcomes of
these treatments were not included for comparison.

It has previously been suggested that procedure choice is
determined by size of the defect; however, consideration must

Fig. 2 Illustration demonstrating
autologous chondrocyte
implantation (ACI) procedure

Osteochondral 
Defect

Acute injury

Good Bone 
Fragment
[>1cm2]

Fixation

Poor Bone 
Fragment

Chronic Injury

Chondroplasty

Grade 3-4 
defect <3cm2

OAT, 
Mosaicplasty

Second choice: 
Microfracture

Grade 3-4 
defect >3cm2

ACI

Second choice: 
MACI or OCA

Fig. 3 Treatment algorithm for
osteochondral defects of the knee
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also be taken regarding depth/ICRS grade of the defect and
patient factors (including age, activity levels and associated
degenerative changes). Whilst microfracture has previously
been considered procedure of choice for defects < 2 cm2

[50], long-term results of this procedure and advancing tech-
nology make this difficult to justify. Nevertheless, the good
short-term results, relative ease and low cost make it a com-
mon choice in reality. It is possible that the development of
nanofracture techniques may improve long-term results; how-
ever, more research on the technique is required.

Conclusion

In general, fixation of fragments is the treatment of choice in the
acute setting provided the bone fragment is of sufficiently good
quality and size (> 1 cm2). Low-grade defects (ICRS grade 2)
should be treated with chondroplasty to avoid propagation of
the defect. Smaller grade 3–4 defects (< 3 cm2) are best treated
with OAT or mosaicplasty depending on surgeon preference
and defect configuration. It is probable that AMIC will have a
developing role in smaller defects; however, the lack of long-
term results of randomized studies mean this should be used
with caution. Larger defects (> 3 cm2) should receive ACI.
However, OCA or MACI treatment is a viable alternative if
ACI is unavailable. This algorithm is summarized in Fig. 3.
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