
CARTILAGE REPAIR TECHNIQUES IN THE KNEE (A DHAWAN, SECTION EDITOR)

Osteochondral autografts

Shantanu Patil1 & Sachin R. Tapasvi1

Published online: 17 September 2015
# Springer Science+Business Media New York 2015

Abstract The healing potential for articular cartilage lesions
is limited due to many physiological, local and mechanical
factors. Spontaneous healing of partial- and full-thickness le-
sions is slow, and subsequent tissue response is usually not
durable. In symptomatic, and high-demand, patients, a defin-
itive treatment modality must be offered which allows for a
sustained recovery with minimal debilitation. Injuries, which
damage the subchondral bone, heal with the formation of
fibrocartilage. This tissue fails long-term survival because of
its inability to withstand the variable cyclic loads and com-
pression forces that it is subjected to. While regeneration of
the damaged cartilage by an entirely new articular surface is a
goal beyond current available techniques, repair of the
osteochondral defects with normal hyaline cartilage is possi-
ble by various options. Osteochondral defects that are larger
then 2 cm are best treated by osteochondral autograft tech-
nique. The short-term outcomes of the present series show
excellent results.
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Introduction

Full-thickness articular defects have little potential for self-
repair. When such defects penetrate the subchondral bone,
the healing capacity is further compromised. The quality of
the spontaneously repaired articular cartilage leaves much to
be desired because of its inability to sustain the cyclical loads
and high compression forces [1]. The naturally Brepaired^
surface is formed of fibrocartilage, which can deteriorate over
time leading to functional deterioration [2]. Curl et al. found
that articular cartilage defects are seen in nearly 63 % of pa-
tients undergoing arthroscopy, but barely 5 % are of Interna-
tional Cartilage Repair Society (ICRS) grades III and IV [3].
The treatment of these focal chondral defects presents
many challenges, especially in the younger and more
active population.

One of the more successful procedures to repair the defect
involved drilling multiple holes through the subchondral bone
in an attempt to stimulate bone-marrow-derived stem cells to
form cartilage. This Bmicrofracture^ process reintroduced by
Steadman produces fibrocartilage and is indicated for small
defects in a younger subject [4]. Brittberg pioneered autolo-
gous chondrocyte implantation where autologous cultured
chondrocytes are injected under a sutured periosteal flap.
The results of this procedure, though favourable, are not pop-
ular due to the technical difficulties of procuring the
chondrocytes and suturing the flap in place. More recently,
the autologous chondrocytes are either cultured or engineered
from stem cells onto an osteochondral matrix or scaffold and
delivered arthroscopically, as shown by Zheng [5].

The challenge of treating larger focal defects led to the
development of using osteochondral grafts from autologous
source (autografts) such as the patella or the posterior femoral
condyle [6, 7]. However, due to an anatomical mismatch, and
non-congruence with the surrounding tissue, these procedures
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were not successful. This was overcome by the use of multiple
cylinder osteochondral grafts by Hangody and Bobic, a pro-
cess they described as mosaicplasty. They harvest cylindrical
osteocartilaginous plugs from the non-articular area of the
femur and transferred it to the site of the defect. Though the
osseous integration occurred at roughly 4 weeks, the gaps
persisted between the donor cartilage and recipient. The inter-
vening connective tissue was fibrocartilage when evaluated at
8 weeks [8, 9•].

Technique of osteochondral autologous transfer

The surgical procedure starts with careful arthroscopic inspec-
tion and evaluation of the chondral or osteochondral defect.
The size of the defect is carefully measured, as this has an
important bearing on further treatment planning and execu-
tion. The periphery of the chondral defects demonstrates in-
creased peak pressure as the diameter of the defect increases.
The donor area for graft harvest should ideally be subjected to
low stress, with curve and cartilage thickness characteristics
similar to that of the recipient site. The femoral trochlea is a
preferred site because the medial trochlea experiences low
contact pressures and has a convex surface, which matches
closely with the weight-bearing region of the condyles. De-
pending on the tools available, one can either harvest the au-
tograft donor plugs via open or arthroscopic surgery. The re-
cipient site needs to be sized and prepared to receive the donor
plugs. Care must be taken to limit the removal of normal
healthy tissue while ensuring a uniform clean margin. Testing
with a long needle such that it is perpendicular to the condylar
defect can assess if open or arthroscopic surgery is required,
depending on recipient site accessibility. The defect is then
prepared to receive the donor autograft by press-fit. The donor
graft usually has a slightly larger diameter, which helps with
horizontal graft stability [10]. The autograft is delivered by
either gentle tapping or a screw-home technique, depending
on the instrumentation. As long as the insertion forces remain
below a threshold of 400 N (<10 MPa) on an 8-mm diameter
graft, the cell viability of the graft remains good. In general,
several low-force impactions are less damaging than a few
high-force blows on the graft [11] Care must be taken to de-
liver the graft either congruent with the surrounding or coun-
tersunk by 1 mm. If the graft remains proud, it undergoes
necrosis due to stress concentration. If the graft is recessed
beyond 2 mm, it may get resorbed due to the lack of surface
stress [12].

The bony part of the transplanted graft usually heals
completely with the surrounding bone, while the cartilage sur-
face though viable may not be fully healed to the surrounding
bone. The autograft is a viable living structure, which provides
excellent bony support to the overlying hyaline cartilage. The
use of either a single or multiple grafts, to achieve congruent

repair, can cover the recipient defect. The space between the
osteochondral plugs gets filled by fibrocartilage. The donor
sites may be left empty and show filling up by a fibrous tissue
[13].

Author’s experience

We have performed the osteochondral autograft transfer sur-
gery on a cohort of 20 patients.

Material and methods

Twenty patients (15 males, 5 females) aged between 19 and
46 years (mean 31.4; SD 7) were operated for chondral defects
between 5- and 12-mm diameter. Clinical evaluation included
detailed history, examination, assessment and severity of pain
and association with other symptoms such as locking or effu-
sion. Pre-operative imaging included long leg weight-bearing
views, anteroposterior, lateral and skyline radiographs to rule
out any impingement or alignment issues. Pre-operative MRI
scans were utilized to assess the size, location and severity of
the chondral defect. Donor site was also evaluated to match
congruence as well as cartilage thickness. Specific cartilage
sequences such as 3D gradient echo T1 sequences with fat
saturation provide 3- to 4-mm-thick slices on three spatial
planes, and fast spin echo T2 (FSE) sequences with fat satu-
ration which improve these results were employed in the scan-
ning. Cartilage maps were generated pre-operatively for as-
sessment of the cartilage adjacent to the defect. Post-operative
MRI was performed at 1 year for assessment by all points on
the MOCART score and for viability of the graft.

Results

The mean follow-up was 42 months (24 to 64 months). The
operating surgeon evaluated all patients clinically. At latest
follow-ups, the patients were all evaluated according to the
International Knee Documentation Committee (IKDC) evalu-
ation protocol for cartilage injuries. One out of the 20 had a
patellar chondral defect while the rest were all femoral. The
commonest locations in order of frequency were medial con-
dyle, lateral condyle and trochlea (10, 7 and 3, respectively).
The mean Tegner activity scores were 4 and SD 2 currently, as
compared to the pre-injury scores of 4.7 and SD 1. The mean
IKDC subjective score was 81.6 (SD 15.3, range 34.5–100).
The poorest scores (34.5) were seen in a patient who had
suffered a road traffic accident resulting in multiple ligament
ruptures on the affected knee. Both his cruciate ligaments and
his partially torn menisci were repaired along with a 6-mm
grade 3A chondral injury. One female patient with 10-mm-
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diameter chondral defects on both condyles secondary to
osteonecrosis had a subjective score of 69. The younger, more
active patients with less than 8-mm diameter had scores great-
er than 85. While MRI scans were not available at latest
follow-up for all patients, bony consolidation had been
achieved at 1-year follow-up for the subjects in the cohort.

Twelve of the 20 patients had an associated injury to the
knee, which required additional surgical interventions. Nine
of the 12 had an ACL repair done. Other procedures included
meniscal suturing for a bucket handle tear and partial
meniscectomy, as well as an open-wedge medial osteotomy
for a varus knee deformity. The following figure (Fig. 1)
shows an example of a successfully treated patient.

Discussion

The largest cohort of 789 defects with a maximum of 15 years
follow-up, published by Hangody [14•] showed 92 % of good
or very good results for the femoral condyle. Numerous reports
have shown 84–88 % very good results at minimum 2 years
follow-up [15, 16]. All the reports emphasize the simplicity of a
single-stage procedure to deliver living tissue at lower cost and
limited morbidity. The frequency of associated injuries in
Gudas’ and Horas’ series ranged from 45 to 85 % [17•, 18].

Osteochondral autograft allows return to sports at about
6 months after surgery, particularly in athletes younger than
30 years of age [19]. At long-term follow-up, MRI and radio-
graphs show incorporation of bone plugs with restoration of
articular surface. The histology of this restored surface is more
often hyaline or fibro-hyaline. Though there is clinical im-
provement, lack of peripheral integration of the cartilage is
frequently observed [20].

Very meticulous attention to the harvesting and delivery of
the graft is necessary to ensure that the articular surface is not
damaged. The grafts may fracture during insertion and thus
lead to instability within the recipient site. This instability may
cause the graft to sink beyond 2 mm from the surface, thereby

rendering it ineffective. Donor site defects can lead to
haemarthrosis in early post-operative period requiring needle
aspiration. It can also remain painful for up to 12 weeks and
interfere with patellofemoral movement. Necrosis of the car-
tilage and non-union of the graft with surrounding tissue have
also been seen [11].

Osteochondral autografts are an attractive method of treat-
ment of medium- and small-sized chondral and osteochondral
lesions of the knee. The beauty of the technique is in its capa-
bility to restore the articular geometry and the subchondral
bone as a single-step procedure that is easily reproducible
and relatively inexpensive.

The success of the procedure depends on the correct selec-
tion of the patient. There have been various studies to deter-
mine the best outcomes of this procedure. If one considers the
patient demographics to be taken into consideration, then we
would need to look into the following parameters:

& Size of the defect
& Site of the defect
& Age of the patient
& Return to sport

The size and site of the chondral or osteochondral defect is
probably the most important determinant of success of the pro-
cedure. It is accepted that the smaller the defect size, the better
the outcome. Gudas et al. reported that the lesions that were less
than 2 cm2 reported better outcomes with osteochondral trans-
fer than similar lesions treated with microfracture [21]. Krych
looked at his patient cohort of 96 who had lesion sizes ranging
from 1 to 6 cm2 with a mean size of 2.65 cm2 [22]. He did not
find any differences within the lesion sizes but demonstrated the
efficacy of osteochondral autografts over microfracture for all
lesion sizes. Gudas et al. also documented that defect sizes that
were less than 2.8 cm2 were associated with better outcomes
than larger lesions [23, 24].

There are a few levels I and II studies published that com-
pare the efficacy of osteochondral autografts with

Fig. 1 Two years post-
mosaicplasty shows full bony
integration as well cartilage
healing as seen on the cartilage
mapping. (T2 image scale
between 40 and 50 indicating
healing)
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microfracture and/or autologous cartilage implantation. The
technique of osteochondral autografts has been found to be
consistently superior for lesions that are on an average less
than 3 cm2. Horas et al. looked at lesions in 40 patients that
were randomized to receive either osteoarticular autografts or
an Autologous Chondrocyte Implantation (ACI). The mean
size was 3.75 cm2. They conducted post-treatment 2-year bi-
opsies on representative patients from each group that showed
predominant fibrocartilage fill of the ACI patients and hyaline
character in osteoarticular autograft patients. Both group pa-
tients had resolution and had a decrease in their symptoms, but
the ACI group showed slower progress as compared to the
osteoarticular autograft group [18] Bentley et al. looked at
100 patients with a mean defect size of 4.66 cm2 with a mean
follow-up of 19 months. Functional and clinical assessments
showed superiority of ACI over osteoarticular autografts (88
vs. 68 % excellent results, respectively) [25]. The efficacy of
osteoarticular autografts has been proven to be superior to
microfracture in terms of quality of cartilage formed and re-
turn to sport as well as the satisfaction rates.

The currently available commercial systems allow for
single-donor plugs of 2.7-, 3.5-, 4.5-, 6.5-, 8- and 10-mm
diameter. When tackling lesions that are greater than 4 cm2,
one needs to use more than one plug. This presents with cer-
tain unique peculiarities. Thus, it is safe to conclude that in
lesions up to 3 cm2, osteoarticular autograft is the preferred
treatment option to microfracture as well ACI [26].

The lesions that are treated most commonly affect the me-
dial femoral condyle. The lateral femoral condyle is probably
the next most commonly treated site followed by the trochlea,
patella and the tibia [27, 28]. The same findings were echoed
in our clinical experience as well. Patellar osteochondral de-
fects are particularly not favourable for osteoarticular auto-
grafts since there is difference in the morphology of the carti-
lage of the patella and the donor site. The differences of struc-
tural orientation, cartilage thickness and stress shear patterns
make the osteoarticular autograft technique less suitable for
the patella. The femoral condyle defects report the best out-
comes of this procedure.

Chondral and osteochondral injuries most frequently occur
with medium- to high-velocity injuries. There is injury and
tearing of ligaments associated with these injuries. A signifi-
cant proportion of these may be in high-level athletes. Gudas
reported in his series of elite athletes that 82 % were able to
return to the same level of sport. The type of cartilage treat-
ment determined the time for returning to sport. The group
with ACL reconstruction with osteochondral autograft recov-
ered the fastest with a mean time of return to sport at
10.2 months, as against 11.1 and 11.5 months for the ACL
reconstruction with microfracture and ACL reconstruction
with debridement groups, respectively [19].

For adequate outcomes of chondral and osteochondral de-
fects, it is necessary to obtain a stable joint and a well-aligned

joint. The results of osteochondral autograft treatment in
malaligned or unstable knees are poorer than in stable and
aligned knees [29]. The importance of this observation is that
many times, osteochondral defects are discovered incidentally
at the time of arthroscopy and the surgeon should be prepared
for treating the same adequately.

There is paucity of levels I and II studies as regards the
long-term results of osteochondral autografts. Gudas reported
on 10-year outcomes of cartilage procedure in athletes and
showed that 75 % of athletes treated with osteochondral auto-
grafts could engage in sport as compared to about 37 % ath-
letes treated with microfracture [19]. Ulstein also reported on
10-year outcomes in a non-athletic population [26]. He did not
find any difference between microfracture and osteochondral
autografts. He also reported that the microfracture group
(54 %) had more incidences of re-operations as compared to
osteochondral autografts (36 %).

Osteoarticular autografts have also been used to cover de-
fects in the patella, tibia, capitellum, talus and the hip with
varying degrees of success [30–32].

Conclusions

Osteochondral autologous transfer surgery delivers viable
hyaline cartilage to a damaged articular surface in a
weight-bearing region of the knee in a single-stage proce-
dure. There are many treatment options for isolated symp-
tomatic femoral condyle defects. Ideally, chondral repair
should be considered in cases of deep local loss of carti-
lage (ICRS grades III and IV) with painful knee and as-
sociated injuries. Lesions smaller than 1 cm2 can be left
alone and observed. Autografts work well when they cov-
er less than 3 cm2 of defects and the graft provides max-
imum coverage and press-fit stability. Any misalignment
of the limb beyond 5° and any associated intra-articular
injury need to be addressed simultaneously to ensure a
good result. Current evidence shows improved clinical
outcomes with the osteochondral autograft technique
when compared with preoperative conditions. Further
high-quality prospective studies are necessary to develop
an algorithm for management and intervention of articular
cartilage defects.
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