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    Abstract     Hyaline articular cartilage is an avascular and insensate tissue with a 
distinct structural organization, which provides a low-friction and wear-resistant 
interface for weight-bearing surface articulation in diarthrodial joints. Ideally, artic-
ular cartilage is maintained in homeostasis over the lifetime of an individual, with 
its biomechanical properties inherently suited to transmit a wide variety of physio-
logic loads through a functional range of motion. Although its viscoelastic charac-
teristics make it ideally suited to transmit a wide variety of physiologic loads 
through a functional range of motion while maintaining homeostasis, it also dis-
plays an intrinsic inability to heal when injured in the skeletally mature individual. 
Thus, articular cartilage lesions commonly lead to signifi cant disability, joint 
 dysfunction and ultimately osteoarthritis. Current treatment options are limited and 
often ineffective at restoring healthy articular cartilage, especially in complex 
 cartilage defects involving large areas of damage and associated subchondral bone 
loss. While several options for repair of articular cartilage defects do exist, fresh 
osteochondralallografting currently remains the only technique that restores 
 anatomically appropriate, mature hyaline cartilage in large articular defects. 
Osteochondralallografting is a valuable and uniquely versatile cartilage restoration 
technique that can address even complex or multiple lesions in topographically 
challenging environments by restoring the anatomy of the native joint both 
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 macroscopically and microscopically with a solid orthotopic replacement. As a 
result, osteochondralallografts have emerged to play an increasingly vital role in the 
clinical algorithm of cartilage restoration.  

  Keywords     Fresh osteochondral allograft   •   Cartilage transplantation   •   Allografting  

9.1          Indications 

 Due to their compound osteoarticular nature, fresh osteochondral allografts are 
uniquely suited to address a wide spectrum of articular cartilage pathology, espe-
cially in disease entities that present with an osseous defi ciency. Primary treatment 
can be considered for purely chondral defects whose size poses a relative contrain-
dication for other treatments, and especially those that present with a loss of con-
tainment or bone involvement exceeding a depth of 6–10 mm. Allografts have also 
proven valuable in the salvage of knees that have failed other cartilage resurfacing 
procedures such as microfracture, autologous chondrocyte implantation, and osteo-
chondral autologous plug transfer [ 1 ]. 

 Specifi c conditions most amenable to allografting include osteochondritis dis-
secans (OCD) [ 2 ], osteonecrosis [ 3 ], and posttraumatic defects [ 4 ]. Other indica-
tions for allografting of the knee include select cases of multifocal or bipolar lesions 
as encountered in isolated, unicompartmental patellofemoral or tibiofemoral osteo-
arthritis in patients of an age and activity level that is not optimally suited for partial 
or total knee arthroplasty. In case of an absent meniscus, this can be implanted as 
part of a compound graft attached to its correlating tibial plateau, avoiding many of 
the size match and fi xation pitfalls associated with isolated meniscal allograft trans-
plantation. The advantage of an allogenous graft source is that even large and com-
plex lesions can be resurfaced by reintroducing orthotopically appropriate, mature 
hyaline cartilage without inducing donor site morbidity and, with the fi xation issue 
predictably relegated to bone-to-bone healing.  

 Key Points 
•     Assess and optimize the biological and mechanical environment of 

the joint.  
•   Minimize the osseous portion of the allograft to 3–6 mm except on tibial 

grafts, and where predicated by lesion topography.  
•   Remove all residual soft tissue and perform pressurized lavage of osseous 

graft portion to remove marrow elements prior to insertion.  
•   Avoid excessively impacting the graft during insertion.  
•   Ensure adequate stability; utilize adjunctive fi xation where necessary.    
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9.2     Contraindications 

 Although bipolar and multi-compartmental allografting have been moderately success-
ful in the younger individual, allografting should not be considered an alternative to 
prosthetic arthroplasty in patients with advanced multi-compartment arthrosis and of an 
age and activity level suitable for prosthetic replacement. Likewise, the presence of 
open physes in the skeletally immature individual is a relative contraindication. Other 
relative contraindications to the allografting procedure include uncorrected ligamentous 
instability, meniscal insuffi ciency or contributory axial malalignment of the limb, which 
should be addressed prior or concomitantly to optimize the biomechanical environment. 
The presence of infl ammatory disease, crystal-induced arthropathy or unexplained 
global synovitis generally represents a contraindication to cartilage repair procedures.  

9.3     Alternative Treatments 

 Focal small to medium sized osteochondral lesions may be amenable to autologous 
grafting techniques or autologous chondrocyte implantation (ACI, see Chaps.   10     
and   11    ), which has shown good outcomes in well-contained, unipolar lesions. 
Although a “sandwich” modifi cation to the ACI procedure has been postulated to 
address signifi cant bony defi ciencies, results of this technique have not been indi-
vidually reported. Overall, lesions that meet inclusion criteria for osteochondral 
allografting are often poorly suited for other cartilage restoration procedures, espe-
cially in the revision situation. None of these restorative procedures should be con-
sidered an alternative to prosthetic arthroplasty in an individual with symptoms, age 
and activity level that is appropriate for prosthetic replacement. 

 When considering realigning osteotomy in addition to an osteochondral allograft 
to address axial malalignment, staging the procedure is advised when the osteotomy 
site is juxtaposed to the allograft site as not to jeopardize the microvascularity of the 
recipient bone bed. Patients gaining satisfactory symptomatic relief from an isolated 
osteotomy alone may not require further surgical intervention but should be fol-
lowed closely for signs of disease progression.  

9.4     Results 

 The use of osteochondral transplants in biologic reconstruction of the knee joint has a 
long-standing clinical history internationally, and has evolved into a mainstay of  clinical 
practice in the United States over the last quarter century. Traditionally, the allograft 
outcomes literature has been compounded by a high contingent of salvage cases owing 
to the lack of suitable treatment alternatives. However, the results of osteochondral 
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allografting compare favorably to those of other cartilage restoration procedures in 
matched indications, with consistent reports of good to excellent  outcomes in excess of 
80 % of cases at a mean follow up of up to 10 years (Table  9.1 ). Retrieval studies have 
demonstrated that viable chondrocytes are present and mechanical properties of the 
collagen matrix are maintained many years after transplantation [ 14 ,  15 ].

9.5        Surgical Technique 

9.5.1     Femoral Condyle [ 16 ] 

 The patient is positioned supine with a proximal thigh tourniquet. A leg or foot 
holder is helpful in accessing the lesion by positioning and maintaining the leg in 
between 70° and 100° of fl exion. A standard midline incision is made from the cen-
ter of the patella to the tip of the tibial tubercle. For most femoral condyle lesions, a 
minimal anterior approach is suffi cient, and eversion of the patella is not necessary. 
This skin incision is elevated subcutaneously, either medially or laterally to the 
patellar tendon, ipsilateral to the location of the lesion. A retinacular incision is then 
made from the superior aspect of the patella inferiorly, incising the fat pad without 
disrupting the anterior horn of the meniscus or damaging the articular surface. Once 
the joint capsule and synovium have been incised and the joint has been entered, 
retractors are placed medially and laterally, taking care to protect the cruciate liga-
ments and articular cartilage in the notch. The knee is then fl exed or extended to the 
proper degree of fl exion that presents the lesion to be treated into the arthrotomy site 
(Fig.  9.1 ). Excessive degrees of fl exion limit the ability to mobilize the patella. 
The lesion then is inspected and palpated with a probe, to determine the extent, mar-
gins, and maximum size. In some cases where the lesion is posterior or very large, 
the meniscus may have to be detached and refl ected, leaving a small cuff of tissue 
adjacent to the anterior attachment of the meniscus for reattachment at closure.

   Table 9.1    Selected outcomes – osteochondral allografting in the knee   

 Author 
 Site of 
lesion 

 Diagnosis/
indication 

 Number 
of patients 

 Mean follow 
up (years) 

 Successful 
outcome 

 Chu [ 5 ]  Knee  Multiple  55  6.2  84 % G/E 
 Krych [ 6 ]  Knee  Multiple  43  2.5  88 % RTS 
 McDermott [ 7 ]  Knee  Trauma  50  3.8  76 % SCS 
 Ghazavi [ 8 ]  Knee  Trauma  126  7.5  85 % SVS 
 Beaver [ 9 ]  Knee  Trauma  92  14.0  63 % SVS 
 McCulloch [ 10 ]  Femur  Multiple  25  3.9  84 % SCS 
 Williams [ 11 ]  Femur  Multiple  19  4.0  79 % SCS 
 LaPrade [ 12 ]  Femur  Multiple  23  3.0  91 % G/E 
 Gross [ 4 ]  Femur  Trauma  60  10.0  85 % SVS 
 Garrett [ 13 ]  Femur  OCD  17  2–9  94 % G/E 
 Emmerson [ 2 ]  Femur  OCD  69  5.2  80 % G/E 

   SCS  successful,  SVS  survivorship,  G/E  good/excellent,  RTS  return to sports  
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   The two commonly used techniques for the preparation and implantation of 
osteochondral allografts are the dowel technique and the shell graft technique. Each 
technique has advantages and disadvantages. The dowel technique is a similar tech-
nique in principle to autologous osteochondral transfer systems [refer to chapter]. 
This technique is optimal for contained condylar lesions between 15 and 35 mm in 
diameter. Fixation is generally not required in circumferentially contained lesions 
due to the stability achieved with the press fi t of the dowel. Disadvantages include 
the fact that many lesions are not conducive to the use of a circular coring system, 
such as very posterior femoral, tibial, patellar, and trochlear lesions. Additionally, 
more ovoid a lesion in shape require more normal cartilage to be sacrifi ced at the 
recipient site in order to accommodate the circular donor plug. Shell grafts are tech-
nically more diffi cult to perform and typically require fi xation. However, depending 
on the technique employed, less normal cartilage may need to be sacrifi ced. Also, 
certain lesions are more amenable to shell allografts due to their location.  

9.5.2     Dowel Allograft 

 There are several similar proprietary instrumentation systems that are currently 
available for the preparation and implantation of dowel allografts up to 35 mm in 
diameter. After a size determination is made using a sizing guide dowel (Fig.  9.2 ), 
a guide wire is driven into the center of the lesion, perpendicular to the curvature of 
the articular surface. The size of the proposed graft then is determined, utilizing 

  Fig. 9.1    Intraoperative 
photograph demonstrating an 
osteochondritisdissecans 
lesion in typical location on 
the lateral aspect of the 
medial femoral condyle, 
towards the intercondylar 
notch       
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sizing dowels, remembering that overlapping dowels (in a “snowman” confi gura-
tion) can possibly deliver the best area coverage. The remaining articular cartilage 
is scored circumferentially, and a core reamer is used to remove the remaining artic-
ular cartilage and at least 3–4 mm of subchondral bone (Fig.  9.3 ). In deeper lesions, 
fi brous and sclerotic bone is removed to a healthy, bleeding osseous base. More 
extensive lesions should be manually curetted and packed with morselized autolo-
gous bone graft to fi ll these more extensive osseous defects. The guide pin then is 
removed, and circumferential depth measurements of the prepared recipient site are 
made and recorded.

    The corresponding orthotopic location of the recipient site then is identifi ed on 
the graft. The graft is placed into a graft holder (Fig.  9.4 ) (or alternately, held 
securely with bone-holding forceps). A saw guide then is placed in the appropriate 
position and alignment, again perpendicular to the articular surface; and an appro-
priate sized tube saw is used to core out the graft under continuous irrigation. Prior 
to removing the graft dowel from the condyle, an identifying mark is made to ensure 
proper orientation upon implantation. Once the graft cylinder is amputated using an 
oscillating saw and removed, depth measurements, which were taken from the 
recipient, are transferred to the bony portion of the graft (Fig.  9.5 ). This graft then 

  Fig. 9.2    The same lesion as 
shown in Fig.  9.1 , being sized 
with a sizing dowel       
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is cut with an oscillating saw, trimmed with a rasp to the appropriate thickness in all 
four quadrants, and the deep edges of the bone plug can be chamfered with a  rongeur 
and bone rasp. Often this must be done multiple times to ensure precise thickness, 
preferably refashioning the graft rather than the recipient site and optimally keeping 

  Fig. 9.3    Appearance of the lesion after core reaming of the osseous defect. Note the central hole 
marking the position of the guide pin, which has been removed       

  Fig. 9.4    Fresh allograft hemicondyle secured in graft holder       
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the allograft and host cartilage moist throughout the procedure. Usually, a dowel 
plug will only comprise several millimeters of subchondral bone (Fig.  9.6 ). The aim 
is to transplant as much bone as is necessary to reconstruct an osseous defect, and 
as little as possible to minimize the bioburden to the host, as well as to optimize the 
rate limiting step of creeping substitution by minimizing the amount of allogeneic 
bone to be reconstituted. Prior to fi nal implantation, the graft is irrigated copiously 
with pulsatile lavage to remove marrow elements and debris, and the recipient site 
can be dilated using a slightly oversized tamp in order to ease the insertion of the 
graft to prevent excessive impact loading of the articular surface when the graft is 
inserted. At this point, any remaining osseous defects are bone grafted. The allograft 
is then inserted by hand in the appropriate rotation. In case of a line to line fi t it is 
often possible to seat the graft with gentle manual pressure or by using the 

  Fig. 9.5    Osteochondral 
allograft core with  ink mark  
correlating to depth of 
recipient graft bed       

  Fig. 9.6    The allograft dowel 
prior to fi nal implantation. 
Note the  ink marks  for 
orientation, and the reduced 
osseous component of the 
graft       
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appositional joint surface as a fulcrum while gently cycling the knee through a 
range of motion. Alternatively, a cupped mallet can be used to gently tamp the graft 
into place until it is fl ush, again minimizing mechanical insult to the articular sur-
face of both the native and graft tissue.

     Once the graft is seated, a determination is made whether additional fi xation is 
required. Circumferentially contained dowels often provide an inherentlystable 
press fi t that requires no additional fi xation (Fig.  9.7 ). If necessary, bioabsorbable 
pins are utilized, particularly if the graft is large or borders the intercondylar notch. 
Sometimes the graft needs to be trimmed in the notch region, to prevent impinge-
ment. The knee is then brought through a complete range of motion, in order to 
confi rm that the graft is stable and there is no catching or soft-tissue obstruction 
noted. At this point, the wound is irrigated copiously, and, if no further adjunct pro-
cedures are planned, routine closure is performed.

9.5.3        Shell Allograft 

 Shell allografts are employed for lesions that cannot be addressed by single or mul-
tiple plugs, either due to size, shape, or location, and depend on a free hand tech-
nique. The defect is accessed, identifi ed, and assessed through the previously 
described arthrotomy. The circumference of the lesion is marked with a surgical 
pen. An attempt is made to create a geometric shape that is amenable to hand craft-
ing a shell graft while minimizing the sacrifi ce of normal cartilage. A #15 scalpel 
blade is used to demarcate the lesion, and all tissue inside this mark is removed with 
ring curettes or other suitable instrumentation. Using motorized burrs and sharp 
curettes, the defect is then debrided down to a subchondral depth of 4–5 mm. Deeper 
cystic defects, again, are curetted by hand and later bone grafted. The allograft is 
fashioned in a freehand fashion, initially slightly over sizing the graft and carefully 

  Fig. 9.7    Intraoperative 
appearance of the fi nal 
construct at time of 
implantation. Note the fl ush 
alignment of the graft in 
relation to the surrounding 
nativearticular surface, and 
the stable press fi t without 
supplemental fi xation       
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removing excess bone and cartilage as necessary through multiple trial fi ttings. If 
there is deeper bone loss in the defect, more bone can be left on the graft and the 
defect can be grafted with cancellous bone prior to graft insertion. The graft is 
placed fl ush with the articular surface. The need for fi xation is based on the degree 
of inherent stability. Bioabsorbable pins are typically used when fi xation is required 
but compression screws may be used as an alternative. Wound irrigation and routine 
closure are performed as previously described.   

9.6     Postoperative Regimen 

 Patients are allowed full range of motion post-operatively, unless there are other 
additional reconstructive procedures that would dictate alternative rehabilitation. 
While range of motion exercises and quadriceps strengthening generally are intro-
duced early, patients are usually maintained in a toe-touch-only weight-bearing sta-
tus for a period of at least 8 weeks, ultimately depending on radiographic evidence 
of incorporation. At 4 weeks, patients are allowed closed-chain exercises such as 
cycling. Progressive weight bearing as tolerated usually is allowed at 3 months, and 
the patient is allowed to return to recreation and sports when functional rehabilita-
tion is complete, usually at 6 months. Typically, braces are not utilized, unless the 
grafting involves the patellofemoral joint, where fl exion is limited to <45° for the 
fi rst 4–6 weeks, or in cases where bipolar tibial femoral grafts are used, an unloader 
or range of motion brace can be employed to prevent excessive stress on the grafted 
surfaces.  

9.7     Avoiding Pitfalls and Complications 

9.7.1     Graft Selection 

 In current practice, small-fragment fresh osteochondral allografts are not HLA type 
or blood group matched between donor and recipient, and no immunosuppression is 
used. Rather, the allografts are matched to recipients on size alone. Preoperatively, the 
patient’s knee is sized using an anterioposterior radiograph with a standardized mag-
nifi cation marker. A measurement of the medial-lateral dimension of the tibia is then 
made, just below and parallel to the joint surface. The measurement is accurately 
adjusted for magnifi cation, and the tissue bank compares this to direct measurements 
on the donor tibial plateau. A match is considered acceptable within a tolerance of 
±2 mm; however, it should be noted that there is a signifi cant variability in anatomy. 
In particular, in treating osteochondritis dissecans, the pathologic condyle typically is 
larger, wider, and fl atter; therefore, a larger donor should generally be used. In gen-
eral, it is technically less challenging to fi t a larger donor to a smaller recipient con-
dyle than vice versa, due to radius of curvature. The surgeon is ultimately responsible 
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to inspect the tissue intended for transplantation, optimally before beginning the 
actual procedure. This should include affi rming site, size, and integrity of the tissue 
including packaging, and adequacy of storage and refrigeration.  

9.7.2     Allograft Failure [ 15 ] 

 Failure of the allograft procedure can occur due to nonunion or late fragmentation and 
graft collapse. While healing of the graft-host interface reliably occurs, particularly 
with smaller grafts, the degree of revascularization appears to be variable. Fragmentation 
and collapse typically occurs in areas of unvascularized allograft bone. Since it merely 
serves as an osteoconductive scaffold for healing to the host by creeping substitution, 
which is a rate limited process, the portion of transplanted bone should be minimized 
wherever possible, without compromising stability of the graft as warranted by the 
clinical situation. This will also minimize the potential antigenic burden of marrow 
elements possibly remaining in the transplanted cancellous bone. Patients with graft 
collapse typically present with new onset pain or mechanical symptoms. Radiographs 
may show joint space narrowing, cysts, or sclerotic regions. Magnetic resonance imag-
ing can help rule out contributory concomitant joint pathology in the differential diag-
nosis of post-operative symptoms. Depending on the status of the knee joint and 
patient factors, the treatment options include observation, removal of the fragmented 
portion of the graft, repeat allografting, or conversion to arthroplasty.   

9.8     Conclusion 

 Fresh osteochondral allografts have a role in the treatment of a wide spectrum of 
osteoarticular pathology, particularly in combined lesions presenting with an osse-
ous and a chondral component. The operative procedure for the treatment of femo-
ral condylar lesions is straightforward but demands precision to achieve reproducible 
results and to minimize early graft failures related to surgical technique. While 
many clinical and basic scientifi c studies support the theoretical foundation and 
effi cacy of the use of small fragment allografts, more scientifi c validation of empiri-
cal clinical practice is still needed. The indications for the use of fresh osteochon-
dral allografts continue to evolve, including use in other diathrodial joints.     
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