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ABSTRACT
Full-thickness chondral lesions of the knee are a challenge for 
orthopedic surgeons when manifesting with symptoms in young 
patients. Fresh osteochondral allografts are a valid option for 
treating large osteochondral defects of the knee in young and 
active individuals in which prosthetic surgery is not indicated. 
This surgical technique allows immediate restoration of the 
original bone and chondral histological structure without adding 
comorbidity to the donor zone. It can also be used in complex 
joint reconstruction cases in the context of osteonecrosis, oste-
ochondritis dissecans, malunion, post-traumatic osteoarthritis, 
or in revision surgery. Cell and tissue banks have improved the 
availability of this type of allograft thanks to optimization of the 
processing and storage techniques. Likewise, the application of 
strict donor screening protocols based on serological tests en-
sures a minimum risk of disease transmission.
In order to ensure graft survival, adequate patient selection is 
required, with the evaluation of misalignment, ligament stability 
and meniscus deficit. The purpose of the present study was to 
review the indications and main aspects of the surgical tech-
nique, and to describe the fresh osteochondral allograft survival 
rate in different locations of the knee.
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RESUMEN
Injerto de cartílago en fresco. Indicaciones, técnica quirúrgica 
y evidencia científica

Las lesiones condrales de la rodilla de espesor completo supo-
nen un desafío para el cirujano ortopédico cuando se presentan 
en pacientes jóvenes y son sintomáticas. El aloinjerto osteocon-
dral en fresco es un procedimiento válido para tratar grandes 
defectos osteocondrales de rodilla en pacientes jóvenes y acti-
vos, en los que la cirugía protésica no está indicada. Esta técnica 
quirúrgica ofrece la posibilidad de restaurar de manera inme-
diata la estructura histológica condral y ósea original sin añadir 
comorbilidad a la zona donante. Puede ser también utilizada 
en casos complejos de reconstrucción articular en el contexto 
de osteonecrosis, osteocondritis disecante, mala unión, artritis 
postraumática o en procedimientos de revisión. Los bancos de 
células y tejidos han mejorado la disponibilidad de este tipo de 
aloinjerto gracias a la optimización de las técnicas de procesado 
y de almacenamiento. Asimismo, la aplicación de protocolos es-
trictos de cribado de los donantes mediante pruebas serológicas 
aseguran un riesgo de transmisión de enfermedades mínimo.
Para asegurar la supervivencia del injerto, es necesario reali-
zar una adecuada selección del paciente, así como evaluar las 
condiciones de malalineación, estabilidad ligamentosa y déficit 
meniscal. El objetivo de este trabajo es revisar las indicaciones 
y los aspectos más destacados de la técnica quirúrgica, además 
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Background

Knee joint cartilage injuries are frequent in young and ac-
tive people (between 26-47 years of age)(1). The prevalence 
of these lesions in arthroscopic evaluation is approxi-
mately 65%, and of these, 5-20% are high grade lesions(2-6). 
In most cases, joint cartilage damage is characterized by 
insidious pain and knee effusion in relation to sports ac-
tivity, and has a strong impact upon quality of life - not 
only during sports but also in activities of daily living(7). 
In patients with full-thickness chondral lesions, chondral 
repair techniques may prove necessary in up to 11% of all 
cases(5).

In patients of this kind, replacement arthroplasty has 
poor satisfaction outcomes and moreover entails a high 
risk of revision surgery due to loosening or wear(8,9). The 
aim of surgery therefore should be to restore joint biolo-
gy, alleviate pain, improve function and delay or eliminate 
the need for prosthetic surgery.

At present, the use of autografts (mosaicplasty) or 
fresh allografts offers the possibility of immediate resto-
ration of the original chondral histological structure. How-
ever, autografts have the inconvenience of damaging the 
healthy zone from which the graft is harvested. In addi-
tion, they do not have the same form, density and thick-
ness of the chondral tissue, since they come from zones 
different from the recipient zone.

Allogenic transplantation allows replacement of the 
damaged joint cartilage and subchondral bone with ma-
ture hyaline cartilage containing viable chondrocytes from 
the same anatomical region, along with the underlying 
healthy bone. It also allows us to cover virtually all types 
of defects and restore complex surfaces and non-con-
tained lesions(10-19). Furthermore, the technique does not 
cause donor zone morbidity and induces only a minimum 
immune response in the recipient, without clinical reper-
cussions(20). In this way, fresh osteochondral allografting is 
a valid indication for large osteochondral defects of the 
knee(17,21). This is particularly important in young patients 
in which previous surgeries have failed.

However, the use of fresh osteochondral allografts 
poses logistic and medical problems. In our setting, the 
obtainment of an adequate graft, in both cartilage quali-
ty and morphological terms, constitutes one of the main 
limitations of this surgical technique. Another problem is 
the programming of surgery; the viability period from do-

nor obtainment is 2-4 weeks, depending on the process-
ing method involved. On the other hand, the time delay in 
obtaining the quality control results (normally microbio-
logical controls) of the graft is one week. This means that 
the margin available for performing surgery is 1-3 weeks. 
Other concerns apart from cellular viability of the carti-
lage are graft immunogenicity and the risk of infectious 
disease transmission.

The presence of viable chondrocytes is crucial, as they 
are essential for maintenance of the extracellular matrix 
and for preventing graft degeneration over time. In fact, 
there is a direct correlation between chondrocyte viability 
and the success of osteochondral transplantation(19).

Cell and tissue banks process and store therapeutic 
resources for tissue repair, with the ethical need to offer 
patients products that are safe from the biological per-
spective, and clinically effective.

Fundamentally, these banks have two allograft storage 
options: fresh frozen and cryopreservation. The former is 
the most widely used option for tissue preservation in our 
setting, but is associated to loss of cell life, which in turn 
results in chondral tissue preservation failure. On the oth-
er hand, chondral tissue cryopreservation has not been 
found to be effective. The presence of a dense and con-
sistent extracellular matrix and the lack of vascularization 
complicate penetration of the cryoprotective substances. 
As a result, the cell viability (except in the case of small 
fragments measuring only a few mm3) obtained after 
thawing is not enough to guarantee the clinical efficacy 
of the allograft.

Another option is fresh preservation. Precisely the two 
characteristics that complicate satisfactory cryopreser-
vation (avascularity and consistency of the matrix) here 
appear as modulators or limiting factors against an even-
tual immune response of the recipient. Accordingly, stor-
age is proposed under conditions that allow availability 
of the allograft (with sufficient cell viability) long enough 
to perform the required quality controls (fundamentally 
intended to avoid the risk of disease transmission), and 
to program surgery. Tissue banks must validate the maxi-
mum fresh preservation time to guarantee the cell viabil-
ity needed for implant success.

Since the graft is not vascularized, the osteocytes 
of the bone component of the allograft do not survive. 
However, the bone tissue remains structurally intact and 
is mechanically resistant - thus acting as a support for 

de describir la tasa de supervivencia del aloinjerto osteocondral 
en fresco en distintas localizaciones de la rodilla.
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the hyaline cartilage and a binding link with the host or 
recipient bone. Over time, it is replaced by the recipient 
bone through a phenomenon known as creeping substitu-
tion(22,23). When using allografts, and considering that there 
is usually little subchondral bone involvement in acute le-
sions (except in high-energy impact scenarios), it is advis-
able to minimize the bone fraction of the tissue (6-8 mm 
in thickness) (Figure 1). This reduces the time required to 
replace the donor bone tissue with the recipient bone, 
with full incorporation of the bone graft. In any case, since 
nutrients reach the joint cartilage via diffusion through 
the synovial fluid and also from the underlying cancellous 
bone, it is necessary to guarantee conditions that facili-
tate consolidation of the bone fraction of the graft. In a 
baboon animal model, Malinin and Ouellete(24) observed 
the development of canals between the deepest cartilage 
layer and the subchondral bone in autografts - this sug-
gesting that routes are developed over the clinical course 
to allow nutrients to reach the graft.

From the immunological perspective, it is not clear 
whether there is an immune response conditioning evo-
lution of the graft. The studies made in this regard have 
evidenced the presence of antibodies targeted to colla-
gen(25), as well as class I and class II antibodies(26), follow-
ing the transplantation of cryopreserved osteochondral 
tissue. However, there are no data unequivocally identify-
ing the generated antibodies as being specifically targeted 
to donor HLA (human leukocyte antigen), and information 
is also needed about the response to fresh osteochon-
dral tissue transplantation. During surgery, and in order 
to reduce the presence of marrow stroma and hence its 
potential antigenic load, thorough bone washing under 
pressure is performed(27).

With respect to the storage of viable osteochondral 
tissue, although most banks that offer this service use a 

temperature of 4ºC, data from animal models have shown 
that cell viability can be optimized by "culturing" the tis-
sue at 37ºC, and the effective storage time is moreover 
prolonged as a result(28,29).

In order to limit the risk of infectious disease transmis-
sion as far as possible, the hospital transplant coordination 
teams in Spain (which are responsible for donor selection) 
receive extensive training, and the tissue banks moreover 
follow strict donor screening protocols based on serologi-
cal tests and aseptic processing of the samples. In addition, 
tissue manipulation in the bank is regulated to minimize 
the risk of environmental contamination(30,31). At present, 
thanks to the introduction of enzyme immunoassay (EIA) 
techniques combined with the development of chemilumi-
nescent microparticle immunoassay (CMIA) and micropar-
ticle enzyme immunoassay (MEIA) and nucleic acid testing 
(NAT), the risk of disease transmission is extremely low.

Based on the above, banks must work to implement 
protocols seeking to optimize their care services: 1) devel-
opment of methods to expand the therapeutic repertoire, 
incorporating composite joint tissue allografts; 2) optimiza-
tion of storage conditions to ensure improved preservation 
of cell viability; 3) adaptation of incubation temperature to 
allow prolonged preservation of cell viability, maintaining 
the properties of the extracellular matrix; 4) development 
of specific culture media; and 5)  elevation of hydrostatic 
pressure. In this way, culture medium nutrient diffusion is 
facilitated, and at the same time simulation of the biome-
chanical effect of movement is sought, since it also plays 
an important role in cell viability and function(32).

Indications and contraindications

Indications

• Young patients (under 50 years of age) not amenable 
to prosthetic replacement surgery.

• Localized unipolar or bipolar grade III and IV lesions.
• Primary management of chondral or osteochondral 

lesions over 2 cm in size, independently of whether they 
are contained or not.

• Osteochondritis dissecans (OCD).
• Spontaneous osteonecrosis of the knee.
• Large post-traumatic osteochondral lesions.
• Failed chondral repair revision surgery.

Contraindications

• Body mass index (BMI) > 30 kg/m2.
• Tricompartmental degenerative conditions.
• Systemic inflammatory diseases, presence of infec-

tion or a history of osteomyelitic infection in the graft re-
ceptor zone, and active neoplastic disease.

Figure 1. Ideal thickness of the fresh osteochondral allograft.
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• Medical conditions that may affect graft consolida-
tion, such as insulin-dependent diabetes or smoking.

Technical aspects

When considering the transplantation of a fresh osteo-
chondral allograft, we first must select a donor specimen 
of a size, side and form similar to those of the affected re-
ceptor area. This is particularly important in the case of the 
femoropatellar joint and in the tibial plateau. In this regard 
we can use anteroposterior and lateral projection radio-
graphs under loading and Merchant view(33). Preoperative 
computed tomography is more precise, and is moreover 
useful for assessing subchondral bone involvement. Once 
the measures of the required graft have been obtained, 
they are forwarded to the tissue bank to thus locate the 
ideal donor. Likewise, the tissue bank must offer detailed 
information about the dimensions of the allograft (if possi-
ble, performing a computed tomography scan of the latter) 
to allow its suitability to be confirmed (particularly in cases 
of patellar or femoral trochlear involvement).

As with other chondral repair procedures, it is impor-
tant to know the axial and coronal misalignment condi-
tions, meniscal absence or ligament instability. These fac-
tors must be adequately evaluated and treated. The same 
surgical step can be used for fresh osteochondral allograft 
transplantation with ligament reconstruction, meniscus 
transplant and/or corrective osteotomies(34).

Meniscus damage is a relative contraindication or at 
least a factor to be resolved on an associated basis, since 
the meniscus plays a fundamental role in the absorption 
and distribution of loads over the joint surface. We there-
fore must repair the peripheral lesions and, in the case of 
considerable deficiencies, a meniscus transplant should be 
made to improve survival of the osteochondral allograft.

Misalignment is to be assessed from radiographs of 
the extremity under loading conditions. If the mechanical 
axis passes through the affected compartment, a corrective 
osteotomy should be added to unload and protect the al-
lograft. Special care is required in the case of decompres-
sive osteotomies, since deviations of as little as 2-3º may 
deserve correction during the same surgical procedure. In 
general, opening osteotomies are preferred when plug or 
dowel allograft techniques are performed. In contrast, clos-
ing osteotomies are reserved for massive or shell allografts. 
As far as possible, it is advisable to perform the osteotomy 
in bone of the joint opposite to the lesion in order to min-
imize surgical procedures in the same bone (medial distal 
femoral closing osteotomy and osteochondral allograft of 
the lateral plateau for external plateau osteochondral le-
sions associated to marked genu valgum).

When a femoropatellar fresh osteochondral allograft 
transplant is performed, maltracking must be discarded, 
since it may be an underlying cause of allograft failure. 

In these cases we can associate techniques targeted to 
soft tissues, such as release or elongation of the lateral 
retinaculum, reconstruction of the medial femoropatellar 
ligament, trochleoplasties or bone realignments(35).

Rotational and translational instability can damage 
the graft due to the shear forces it exerts upon the latter. 
In such cases ligament repair/reconstruction techniques 
are indicated.

Ideally, surgery should be performed by two surgical 
teams working simultaneously. One team prepares the graft 
and the other performs arthrotomy, preparation of the re-
ceptor zone, and graft implantation. Intravenous antibiotic 
prophylaxis is provided according to the usual protocol, and 
general anesthesia or spinal anesthesia is administered. 
The patient is placed in supine decubitus on the surgical 
table, with the ischemia cuff on the proximal thigh.

Before arthrotomy, diagnostic arthroscopy better char-
acterizes the lesion and ensures a correct surgical approach. 
The options for access to the damaged zone depend on the 
affected area and the preferences of the surgeon. The more 
commonly used straight incision over the midline, followed 
by access to the joint through a medial or lateral parapa-
tellar arthrotomy, can be alternated with a parapatellar in-
cision and lateral arthrotomy if the lesion only affects the 
trochlea or patella. In patients with femorotibial lesions, ad-
aptation to each case is logically required - the most com-
mon practice being the use of anterolateral or anteromedial 
longitudinal incisions, depending on the case. When treat-
ing patellar lesions, it is advisable not to remove Hoffa's fat 
pad in excess, in order to avoid patellar devascularization. 
Likewise, proximal, medial and lateral denervation of the 
mentioned bone is indicated.

Dowel or plug, or shell allograft techniques are the 
most widely used procedures. In the case of solitary, well 
delimited and easily accessible defects, such as in the 
medial femoral condyle, use is made of plug allografts. 
The diameter of the graft can be precisely adjusted to the 

Figure 2. "Snowman" configuration of the plug osteochondral al-
lograft.
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size of the lesion, affording complete coverage of the af-
fected area and stable integration with the recipient bone 
and surrounding cartilage surfaces. In large or multiple 
lesions where a plug is unable to cover the entire defect 
- particularly if the length of the lesion is greater than its 
width - we can use a "snowman" (Figure 2) or "mastercard" 
(Figure 3) plug configuration, though this has been associ-
ated to increased revision surgery rates(36).

In the case of asymmetrical lesions (complete patella or 
extensive lesions of the trochlea), or in locations that prove 
difficult to access, use is made of the shell technique.

Femoral plug allografts

After exposing the lesion, the walls of healthy cartilage 
must be identified. Then, the size of the lesion is deter-
mined using the measurement templates that come with 
the allograft transplantation instruments.

After determining the size, a Kirschner needle is placed 
at the center of the lesion and perpendicular to its sur-
face. A circular drill of the chosen size is used to work in-
depth approximately 6-8 mm, without exceeding 10 mm. 
If the depth of the subchondral lesion, after debridement 
down to healthy bone, is over 8-10 mm, filling with autol-
ogous bone graft material (iliac crest or proximal tibia) 
should be carried out until achieving an ideal depth of 
6-8 mm. With the prepared receptor bed, we measure the 
depth in the 12, 3, 6 and 9 o'clock positions.

On the graft preparation table, a trephine of the same 
size is used to extract a plug from the fresh allograft pro-
vided by the tissue bank. The excess subchondral bone is 
withdrawn and the 12 o'clock position is marked for correct 
orientation. In order to eliminate the remaining subchondral 
bone marrow, we irrigate (as a pulsatile flow) at least 6 litres 

of physiological saline solution. This step is made with each 
of the pieces before graft implantation in the receptor zone.

The surgeon in charge of preparing the allograft then 
transfers it to the lesion site. If the graft accidentally falls 
to the floor, a new washing step is advised, lasting at least 
20 minutes, with immersion in a 1 g/100 ml vancomycin 
solution for 10 minutes.

The graft is placed with gentle pressure from the 
thumb or an appropriate impactor. Fixation is normally 
not needed, but reabsorbable screws or pins can be used 
if so required. The knee is mobilized over its full mobil-
ity range to assess stability of the graft or impingement 
zones.

Femoral shell allografts

After identifying the condylar lesion, the receptor zone is 
prepared. It should have a depth of 4-5 mm and a flat sur-
face. The necrotic or damaged bone tissue must be removed.

The graft is traced on a paper template slightly over-
sized with respect to the receptor area. Gradual manual 
adjustment is made using a rongeur until the definitive 
size is obtained. Temporary fixation with Kirschner nee-
dles is made, and possible impingement zones along the 
full mobility range are discarded. Definitive fixation is car-
ried out using reabsorbable pins or compression screws.

Patellar allografts

The shell technique is indicated in patients with extensive 
patellar osteochondral lesions. The surgical technique is 
the same as that used in prosthetic surgery when placing 
a patellar implant. After measuring the patellar thickness 
and surface, a sectioning plane is established parallel to 
that passing through the patellar and quadricipital ten-
dons, using the knee prosthesis instruments and an oscil-
lating saw piece. In order to minimize fracture risk, a thick-
ness of between 12-15 should be maintained. The patella 
is systematically denervated through electrocoagulation, 
with the theoretical aim of reducing the incidence of post-
operative anterior knee pain.

The allograft is prepared likewise using the knee pros-
thesis instruments; its thickness will be that affording a 
patellar thickness identical to that of the original, once 
implanted. If the graft is a little larger (as sometimes hap-
pens), it should be trimmed to adapt it to receptor size. 
The proximal and lateral part of the implant is marked so 
that the position of the graft is adequate when transferred 
to the receptor zone.

Provisional fixation is carried out with two Kirschner 
needles inserted through the anterior cortical layer of the 
patella, and joint congruence and tracking are checked. 
Definitive fixation in turn is made with 3-4 compression 

Figure 3. "Mastercard" configuration of the plug osteochondral 
allograft.
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screws from the dorsal surface of the patella, or preferably 
using reabsorbable pins from the joint surface (Figure 4), 
allowing postoperative assessment of the osteochondral 
tissue based on magnetic resonance imaging (MRI)(23).

Tibial plateau allografts

Tibial plateau allografts are usually indicated in patients 
presenting sequelae of medial or lateral tibial plateau 
fractures.

An oscillating saw is used to cut 1-2 cm in depth within 
the plateau, according to the size of the defect. The cut 
should be perpendicular to the tibial axis, maintaining 
the posterior slope and preserving coronal and sagittal 
alignment. We preserve the tibial eminence or spine and 
the root of the contralateral meniscus in the sagittal cut. 
The meniscus is removed from the affected compartment, 
preserving the wall where the meniscal allograft will be 
sutured.

After preparing the size and shape of the tibial osteo-
chondral allograft, temporary fixation with Kirschner nee-
dles is made, and stability over the full mobility range is 
assessed. Definitive fixation is achieved with 2-3 cancel-
lous bone screws measuring 3.5 mm in diameter, followed 
by meniscal allograft suturing over the residual meniscal 
wall(37).

Femoral trochlea allografts

As commented, the technique based on one or two plugs 
is used in the case of small defects. In the same way as 
with central patellar lesions, preparation of the receptor 
bed and extraction of the allograft plugs may be compli-
cated by failure to achieve perfect alignment of the circu-

lar cut template in the central trochlear zones, due to the 
double joint contour.

Shell allografting is advised in the case of large le-
sions, bipolar defects or defects involving practically the 
entire trochlea, and especially in patients with dysplastic 
trochlear lesions. It is crucial to select a trochlear allo-
graft of adequate size, receptor side and form. Resection 
of the receptor trochlea is carried out in a way similar to 
anterior cut of the distal femur performed when placing a 
knee prosthesis, or preferably using 3-4 Kirschner needles 
serving as guides oriented 45º with respect to the coro-
nal plane - thus allowing us to more efficiently advance 
towards the intercondylar zone (Figure 5). Once the graft 
has been provisionally placed, and after checking joint 
congruence and tracking, fixation is carried out with two 
medial screws and two lateral screws, or using reabsorb-
able pins.

Results. Literature review. 
Scientific evidence

Although there is no evidence based on randomized con-
trolled trials regarding fresh osteochondral allograft trans-
plantation, many short-, medium- and long-term studies 
are available, since this technique has been used for al-
most 50 years. Many of the studies report high survival 
rates and good and/or excellent functional and patient 
satisfaction outcomes. In other patients, the incidence of 
recovery of activity levels equivalent to those before the 
lesion is close to 80%(38-40).

The largest published retrospective series (129 knees) of 
fresh osteochondral allograft transplantation reported a sur-
vival rate of 82% at 10 years, 74% at 15 years and 66% at 20 
years(17). In the mentioned study, the identified graft failure 
risk factors were a patient age of over 30 years and a history 

Figure 4. Definitive fixation of the patellar shell osteochondral 
allograft using reabsorbable pins.

Figure 5. Provisional shell osteochondral allograft fixation in the 
femoral trochlea.
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of two or more previous surgeries. These survival outcomes 
are similar to those reported in other earlier series(16,41).

On the other hand, the series with the longest dura-
tion of follow-up to date(42) (mean 21.8 years) recorded a 
survival rate of 91% at 10 years, 84% at 15 years, 69% at 20 
years and a predicted estimated rate of 59% at 25 years. In 
that study, 90% of the patients were under 40 years of age 
and presented a high physical activity demand.

In contrast, fewer published data are available on tib-
ial plateau osteochondral lesions, since injuries in this 
location that are amenable to treatment with this tech-
nique are less common. Shasha et al.(43), with a mean fol-
low-up period of 12 years, recorded a survival rate of 80% 
at 10 years and 65% at 15 years. These results are similar 
to those of Gross et al.(16), who moreover reported recon-
version to prosthesis in one-third of the allografts, due to 
failure of the latter after approximately 10 years.

Spontaneous osteonecrosis of the knee is character-
ized by focal osteonecrosis of the medial femoral condyle 
of the knee that can progress towards severe osteoarthro-
sis of the medial femorotibial joint. It is different from os-
teonecrosis secondary to alcoholism, chronic corticoster-
oid use or systemic diseases. In most cases it responds to 
conservative management in its early stages. In contrast, 
advanced stage lesions or osteochondral defects larg-
er than 40% of the condyle width have an unfavourable 
prognosis and evolve towards osteoarthrosis(44). Fresh os-
teochondral allograft transplantation has been used in 
large lesions and also after failed surgery(45). Tirico et al.(46) 
described 7 patients with stage 2 and 3 lesions of the me-
dial femoral condyle, with a mean lesion size of 4.6 cm2 
and a median percentage proportion between lesion size 
and condyle width of 56.8%. No graft failures were docu-
mented after 7 years of follow-up.

Osteochondritis dissecans that fails to improve with 
conservative treatment may be difficult to resolve from the 
clinical perspective, particularly in the case of mature skel-
etal structures and in patients with large and/or unstable 
osteochondral fragments. Although a number of options 
are available for treating chondral lesions, it is difficult 
to compare them, due to differences between the patient 
populations. It has been seen(47-49) that fresh osteochon-
dral allograft transplantation in this disease affords good 
functional outcomes and high survival rates. The long-term 
survival (93% at 10 years) and functional outcomes are ex-
cellent despite the fact that this is a salvage technique and 
that the treated lesions involve the worst possible scenario 
(large size, stages II and III, and failed previous surgeries)(50). 
Therefore, although there is no consensus as to which treat-
ment is best, fresh osteochondral allograft transplantation 
is a valid management option - with the added advantage 
of restoring both the chondral and the bone defect.

Bipolar chondral injuries of the femorotibial joint, 
whether associated to bone involvement or not, may be 
regarded as a relative contraindication, due to the limit-

ed success obtained of the clinical outcomes(51) and the 
considerable percentage of failures. This is more apparent 
when establishing comparisons with monopolar trans-
plants in the femoral condyle(52-55). One of the causes of 
failure and thus of the poorer outcomes may be progres-
sion of the cartilage disease(56,57).

On the other hand, a relationship has been estab-
lished between allograft size and transplant failure in 
injuries of this kind(58). Thus, it could be assumed that 
large bipolar osteochondral lesions may be indicative of 
advanced stages of chondral degeneration. This means 
that we must be more cautious when indicating fresh 
osteochondral allograft transplantation in large bipolar 
osteochondral defects. However, the relatively good clini-
cal outcomes (both subjective and objective) recorded in 
patients with bipolar allografts that survive encourage the 
use of this technique when the patient age and activity 
level cause arthroplasty to be inadequate.  Thus, although 
the outcomes are not as good as in the case of monopolar 
injuries, fresh osteochondral allograft transplantation can 
be regarded as a potential biological treatment option in 
patients with bipolar cartilage injuries of the knee.

Femoropatellar cartilage lesions pose a clinical man-
agement challenge, and as described in a recent system-
atic review (scientific level of evidence IV)(59): “it is not 
possible to define an ideal surgical procedure for lesions 
≥ 4 cm2 in size in patients under 50 years of age”. In young 
patients, the implantation of femoropatellar prostheses 
should be limited, due to the risk of wear and loosening. If 
such patients present deep and extensive lesions, the use 
of massive fresh osteochondral allografts could be con-
sidered. However, few studies have been published on the 
use of massive fresh osteochondral allografts in applica-
tion to the femoropatellar joint, and most of the existing 
information comes from case series(35,51,56,60,61).

Due to the anatomy of the trochlear sulcus, transplan-
tation in this location is technically more demanding than 
in the tibiofemoral joint. In fact, the orientation of the graft 
in the coronal plane is more critical than in defects of sim-
ilar size in the tibiofemoral joint(62). This may explain the 
allograft revision surgery rates reported in most of these 
series(35,51,56,60). Nevertheless, more recent studies describe 
very consistent long-term outcomes that are comparable 
to those of other chondral repair procedures, and should 
serve to encourage the use of allograft transplants for the 
femoropatellar joint. Gracitelli et al.(35) reported a survival 
rate of 78.1% at 10 years and of 55.8% at 15 years, while 
Cameron et al.(61) found survival to be 100% at 5 years and 
91.7% at 10 years for isolated trochlear defects.

As commented, bipolar femorotibial lesions offer poor-
er outcomes, with an increased failure rate compared with 
monopolar defects. This does not seem to apply in the case 
of the femoropatellar joint, since considering the failure rate 
of monopolar allografts in this location and of bipolar allo-
grafts, the figures are similar(35,51,56,60). All this defines fresh 
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osteochondral allograft transplantation as having an im-
portant role in osteochondral defects that are deep, bipolar 
and/or in revision procedures of the femoropatellar joint.

A key point for avoiding allograft failure is identification 
of the possible causes of axial misalignment, meniscal fail-
ure or ligament instability. It has been described that align-
ment of the knee and over 50% narrowing of the joint space 
are related to allograft failure(52). Likewise, grafts implanted 
in compartments subjected to greater compressive forces 
are histologically characterized by a delay in revasculariza-
tion and creeping substitution, together with loss of joint 
cartilage(22). It is therefore essential to assess misalignment 
from the preoperative radiographs under loading condi-
tions, in order to protect the allografts by means of a rea-
lignment osteotomy(43,63), even in the case of small angle de-
viations in the range of 2-3°. In fact, osteotomy concomitant 
to allografting affords better outcomes than when osteot-
omy is performed before or after grafting(16). Similar results 
have been reported in tibial plateau osteochondral allograft 
transplants that were associated to varizing osteotomies of 
the distal femur(64). On the other hand, although there may 
be a theoretical risk of altered vascular supply to the bone 
surrounding the graft, thereby affecting its integration, there 
are no data clearly corroborating this possibility(65).

Likewise, in the event of subluxation or asymmetrical 
loading of the lateral patellar facet, femoropatellar in-
stability or incipient femoropatellar osteoarthritis, fresh 
osteochondral allograft transplantation should be com-
bined with a medial patellofemoral ligament reconstruc-
tion procedure or femoropatellar realignment(56,62).

Conclusions

Fresh osteochondral allograft transplants are a useful op-
tion for treating large osteochondral defects of the knee 
in young and active individuals in which prosthetic re-
placement surgery is not expected to be a good solution. 
The current processing techniques ensure high chondro-
cyte viability, with a negligible risk of disease transmis-
sion. Adequate patient selection, as well as the assess-
ment of misalignment, ligament stability and meniscal 
deficits are crucial for ensuring graft survival. Allografting 
of femoral defects affords excellent middle- and long-
term outcomes, while the prognosis is adversely affect-
ed by chronic lesions, bipolar injuries, involvement of the 
femoropatellar joint, and older patient age.
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