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A B S T R A C T

Introduction: Articular cartilage injuries of the knee are a complex and challenging clinical pathology.
Objectives: The purpose of this study was to establish consensus statements via a Delphi process 
on osteochondral autograft (OATS) and osteochondral allograft (OCA) in the setting of cartilage 
defects in the knee.
Methods: A consensus process on knee cartilage injuries utilizing a modified Delphi technique 
was conducted. Seventy-nine surgeons across 17 countries participated in these consensus 
statements. Twenty-seven questions were generated on OATS and OCA, with 3 rounds of ques
tionnaires and final voting occurring. Consensus was defined as achieving 80% to 89% agree
ment, whereas strong consensus was defined as 90% to 99% agreement, and unanimous 
consensus was defined as 100% agreement with a proposed statement.
Results: Of the 27 total questions and consensus statements on OATS and OCA developed from 3 
rounds of voting, 0 achieved unanimous consensus, 11 achieved strong consensus, 7 achieved 
consensus, and 9 did not achieve consensus.
Conclusions: The statements that achieved strong consensus pertained to the contraindications of 
OATS and OCA, the preferred site for harvest, storage conditions and timeframe for grafting, site 
preparation, surgical approach, graft step-off, impact of multiple grafts on clinical outcome, and ways 
to minimize complications. The statements that did not reach consensus regarded indications for OATS, 
locations for OATS and OCA, backfilling, sizing, supplemental fixation, marrow venting, and the use of 
orthobiologics for OCA.

Journal of Cartilage & Joint Preservation® 4 (2024) 100191

https://doi.org/10.1016/j.jcjp.2024.100191 
Received 12 March 2024; Revised 27 April 2024; Accepted 30 April 2024 
Available online 10 May 2024 
2667-2545/© 2024 The Author(s). Published by Elsevier B.V. on behalf of International Cartilage Regeneration and Joint Preservation Society. This 
is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). 

☆ Eoghan T. Hurley and Richard M. Danilkowicz served as Guest Editors for this article in a special issue of JCJP. They, as well as Editor-in-Chief 
Rachel M. Frank, were not involved in the final editorial decision for this article.

]]]] 
]]]]]]

⁎ Frederic Baker Mills IV, Department of Orthopaedic Surgery, Duke University Medical Center, Durham, NC.
Email address: baker.mills@duke.edu (F.B. Mills).

1 See Appendix A for International Knee Cartilage Injury Delphi Consensus Study Group.

http://www.sciencedirect.com/science/journal/26672545
www.elsevier.com/locate/jcjp
https://doi.org/10.1016/j.jcjp.2024.100191
https://doi.org/10.1016/j.jcjp.2024.100191
https://doi.org/10.1016/j.jcjp.2024.100191
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcjp.2024.100191&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcjp.2024.100191&domain=pdf
mailto:baker.mills@duke.edu


Introduction

Cartilage lesions are a common source of pain and disability, impacting the quality of life for millions of individuals worldwide. 
Chondral injuries are identified in > 60% of arthroscopic knee procedures; however, not all lesions are symptomatic.1–4 These lesions 
are often the result of trauma, degenerative changes, and congenital anomalies and can manifest as pain, swelling, catching, and 
locking. The human body possesses limited intrinsic capacity to regenerate such lesions due to low chondrocyte turnover rates and 
avascularity, leading to dysfunction affecting daily life and potentially generalized osteoarthritis later in life.1,2,5–9 Treatment options 
for symptomatic lesions range from less-invasive options, including arthroscopic debridement with or without bone marrow sti
mulation, to more invasive replacement options, including osteochondral autograft (OATS) or osteochondral allograft (OCA) 
transplantation, among others.10 Treatment for focal lesions remains a topic of debate, and their functional impact can be significant, 
prompting a search for improved restorative techniques and standardized approaches.

When properly indicated, osteochondral transplantation seeks to restore the native topography of the articular surface and ad
dress subchondral pathology with a single-stage procedure.11,12 Using autograft tissue, OATS involves the transplantation of native 
and healthy cartilage from non–weight-bearing and nonarticulating or minimally articulating portions of the joint to the damaged 
area with generally high success rates.13,14 Good-to-excellent results have been observed at the 10-year follow-up in 92% of patients 
who underwent treatment for femoral condyle chondral defects, 87% of patients with tibial defects, 79% of patients with patellar 
and/or trochlear defects, and 94% of patients treated with talar defects.15 A meta-analysis demonstrated a 93% rate of return-to-play 
(RTP) following OATS while offering a fast RTP timeframe in the management of osteochondral defects sustained by 2549 patients. 
Comparatively, OCA offered an RTP rate of 88%, which took a mean of 4 months longer.16 OATS affords the opportunity to minimize 
the potential for an immunologic response, does not require a waiting period for graft availability or matching, and is typically 
indicated for smaller lesions.3,15,17 However, there remains a lack of consensus regarding ideal lesion size as the amount of potential 
autograft can be limited. In contrast, OCA involves the placement of grafts harvested from a cadaveric donor into the damaged area 
and is typically utilized for larger defects.18 The use of OCA also eliminates the possibility for donor-site morbidity, which is of 
concern with OATS. Additionally, OCAs offer an opportunity to select a donor site that more closely resembles the defective articular 
surface.

Previously, several societies have developed both national and international consensus statements on a variety of topics utilizing 
the Delphi method.19–26 The Delphi method requires multiple rounds of questionnaires to encompass expert opinion on a topic, 
ultimately leading to defined consensus statements. Therefore, the International Knee Cartilage Injury Delphi Consensus Study Group 
was created with a mandate to establish clinical guidelines for key aspects of the treatment of this pathology. The purpose of this 
study was to establish consensus statements via a Delphi process on OATS and OCA for knee cartilage injuries. Our hypothesis was 
that there would be consensus in the majority of statements on the use of and indications for OATS and OCA in the knee.

Methods

Consensus working group

Eighty-four orthopaedic sports medicine and knee surgeons participated in these consensus statements on knee cartilage injuries, with 79 
completing the consensus voting. The participants were members of The International Cartilage Regeneration & Joint Preservation Society 
(ICRS), Arthroscopy Association of North America (AANA), American Orthopaedic Society for Sports Medicine (AOSSM), Asia-Pacific Knee, 
Arthroscopy and Sports Medicine Society (APKASS), European Society for Sports Traumatology, Knee Surgery and Arthroscopy (ESSKA), 
International Society of Arthroscopy, Knee Surgery and Orthopaedic Sports Medicine (ISAKOS), and Latin American Society of Knee 
Arthroscopy and Sports Medicine (SLARD), from 19 countries. They were invited due to their active interest and research on the topic of knee 
cartilage surgery. The participants were instructed to answer the questionnaires with what they considered the best answer, regardless of their 
personal bias concerning the answer. Experts were assigned to 1 of 10 working groups defined by specific subtopics of interest within knee 
cartilage surgery, including (1) diagnosis, (2) nonoperative management, (3) cartilage fixation, (4) bone marrow stimulation, (5) os
teochondral autograft/allograft, (6) chondrocyte-based approaches and scaffolds, (7) concomitant procedures, (8) management of failed knee 
cartilage surgery, (9) rehabilitation and return-to-play, and (10) clinical and research follow-up. This study represents 1 of the working 
groups’ topics, and 9 separate companion manuscripts focus on the other topics. Working groups were kept geographically balanced to 
prevent bias and ensure the groups were representative of the field at large. Thus, each working group was assigned surgeons from at least 2 
different continents. A liaison (E.T.H.) served as the primary point of contact and facilitated communication and the distribution of surveys to 
ensure consistency across the working groups. Additionally, they formulated each subsequent round of questionnaires based on the prior 
round’s responses. To reduce the potential for bias in the data analysis and/or literature review, the liaison did not submit answers to the 
questionnaires or partake in the voting process.

Delphi consensus method

The questions were generated by the 10 members of the steering committee based on areas of controversy in the experts’ opinions 
as well as on questions identified through several systematic reviews of the literature. The Delphi method was used to generate 
consensus statements, with groups completing 3 initial rounds of questionnaires, amendments, and, last, a final vote. All the ques
tionnaire responses and voting were anonymous. Questions progressed from an open-ended to a more structured format and were 
designed to elucidate areas of agreement and disagreement between group members. Once a preliminary consensus statement was 
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generated within a working group, the liaison polled the participants as to whether they “agreed” or “disagreed” with the statement. 
If the agreement was not unanimous within a group, these questions were subject to further discussion by members of the entire 
consensus group, with statements being amended where there was agreement with the proposed change. The final voting process 
allowed all study participants to assess the consensus statements generated by the other working groups and vote on whether they 
“strongly disagree,” “disagree,” “agree,” “strongly agree,” or were “neutral” with them; thus, all statements were voted on by the 79 
participants. Surveys were distributed in a blinded fashion using the Research Electronic Data Capture internet-based application.27,28

Final voting

After the final votes for each question occurred, the degree of agreement was expressed using a percentage rounded to the nearest 
whole number. Consensus was defined as 80% to 89%, strong consensus as 90% to 99%, and unanimous consensus was indicated by 
receiving 100% of the votes in favor of a proposed statement.19–21,29–32

Results

Overall consensus

Of the 27 total questions and consensus statements on OATS and OCA developed from 3 rounds of voting, 0 achieved unanimous 
consensus, 11 achieved strong consensus, 7 achieved consensus, and 9 did not achieve consensus. The consensus statements for OATS 
and OCA are shown in Tables 1 and 2, respectively.

Consensus statements

Q1: What are the relative indications for OATS?

A1: The relative indications for OATS are (1) full-thickness, isolated osteochondral lesions and (2) between 2.25 cm2 and 4 cm2 

(ie, up to 20 mm by 20 mm).

Table 1 
Osteochondral autograft transfer system (OATS) consensus statements. 

Strong consensus
The relative contraindications for OATS are (1)  > 4 cm2 (ie, 20 mm by 20 mm), (2) patients older than 60 years of age, (3) patients with uncorrected asymmetric 

malalignment (coronal  >  5 degrees), (4) patients with uncorrected ligamentous injury, (5) patients with uncontrolled diabetes, (6) patients with a history of 
inflammatory arthritis or crystalline arthropathy, and (7) patients who are unable to comply with postoperative restrictions.

Preferrable harvesting sites for OATS include the non–weight-bearing portions of the knee, including the superomedial and superolateral portions of the femoral 
trochlea.

Both open and arthroscopic approaches are acceptable for OATS/OCA as long as the defect can be approached perfectly perpendicular during reaming and graft 
insertion.

Prior to OATS/OCA transplantation, osteochondral lesions should be debrided in their entirety unless debridement would result in loss of containment. 
Additionally, healthy cartilage resection should be  < 5 mm on any border unless it results in a violation of the cortical rim or requires overlapping plugs. 
Ultimately, single plugs with the sacrifice of healthy cartilage are preferred over the use of overlapping plugs unless the sacrifice of healthy cartilage is   
> 5 mm on any one side.

Graft congruency (perfectly flush when possible) is of paramount importance. When congruency cannot be obtained, then  < 1 mm of step-off is acceptable and it 
is better to be recessed than proud.

The number of grafts required for OATS or OCA affects the clinical outcome as increasing the number of grafts increases the risk of failure.
The following steps should be taken to minimize complications in those undergoing OATS or OCA: (1) ensure compliance with rehabilitation/return-to-play 

timeline, (2) address concomitant issues regarding alignment, menisci, and ligaments preoperatively and intraoperatively, (3) maximize contour and 
congruency, (4) avoid step-offs intraoperatively, (5) ensure reaming and graft preparation are completely perpendicular to the condylar surface, (6) minimize 
heat while reaming and irrigate liberally, (7) avoid overlapping plugs except when required by graft geometry, (8) avoid perforation of graft during 
preparation, (9) avoid using screw fixation and/or pins unless absolutely necessary, and (10) avoid loading the joint and weight-bearing early.

Consensus
The optimal drill depth and length of graft harvest is 8-10 mm for OATS and 6-8 mm for OCA.
Generally, the occurrence of postoperative cysts and/or bone marrow edema 9 mo after OATS and 12 mo after OCA is concerning.
OATS should not be washed prior to transplantation, but OCA should be washed with a minimum of 3 L of pulsatile lavage on the bone (without antibiotics).
Currently, orthobiologics do not have an established role alongside OATS.

No consensus
The relative indications for OATS are (1) full-thickness, isolated osteochondral lesions, and (2) between 2.25 cm2 and 4 cm2 (ie, up to 20 mm by 20 mm).
OATS may not be suitable for the trochlea, patella, and tibial plafond.
OATS may be preferable over OCA when used for full-thickness, isolated osteochondral lesions ≤1.44 cm2 (ie, up to 12 mm by 12 mm).
OATS donor sites should be backfilled whenever possible.
Graft diameter should be slightly oversized by 1 mm to allow for a tighter press-fit of the OATS/OCA.
Headless compression screw(s) are preferred when fixation is necessary for OATs or OCA.
Marrow venting should not be done for the recipient site or for the donor plug for OATS or OCA.
It may be beneficial for OCA to be presoaked in concentrated bone marrow aspirate (ie, BMAC), for a minimum of 3 min.

Abbreviations: BMAC, bone marrow aspirate concentrate; OCA, osteochondral allograft.
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No consensus—59% agreement (21% strongly agree, 38% agree, 13% neutral, 23% disagree, and 5% strongly disagree).
Q2: What are the relative indications for OCA transplantation?

A2: The relative indications for OCA are (1) full-thickness isolated osteochondral lesion, (2) ≥1.2 cm2 (ie, > 11 mm by 11 mm), 
(3) revision cartilage restoration lesion of any size, and (4) bipolar cartilage restoration lesion(s).

Consensus—86% agreement (30% strongly agree, 56% agree, 12% neutral, 3% disagree, and 0% strongly disagree).
Q3: What are the relative contraindications for OATS?

A3: The relative contraindications for OATS are (1) > 4 cm2 (ie, 20 mm by 20 mm), (2) patients older than 60 years of age, (3) 
patients with uncorrected asymmetric malalignment (coronal  >  5 degrees), (4) patients with uncorrected ligamentous injury, (5) 
patients with uncontrolled diabetes, (6) patients with a history of inflammatory arthritis or crystalline arthropathy, and (7) patients 
who are unable to comply with postoperative restrictions.

Strong consensus—90% agreement (34% strongly agree, 56% agree, 8% neutral, 1% disagree, and 1% strongly disagree).
Q4: What are the relative contraindications for OCA?

A4: The relative contraindications for OCA are (1) lesions < 1 cm2 (ie, 10 mm by 10 mm), (2) patients older than 60 years of age, 
(3) patients with a body mass index greater than 35, (4) patients with uncorrected asymmetric malalignment (coronal  >  5 degrees), 
(5) patients with uncorrected ligamentous injury, (6) patients with uncontrolled diabetes, (7) patients with a history of inflammatory 
arthritis or crystalline arthropathy, (8) patients with a history of infection, and (9) patients who are unable to comply with post
operative restrictions.

Strong consensus—91% agreement (38% strongly agree, 53% agree, 4% neutral, 5% strongly disagree, and 0% strongly disagree).
Q5: Are there any specific locations in which OATS cannot be used?

A5: OATS may not be suitable for the trochlea, patella, and tibial plafond.

Table 2 
Osteochondral allografts (OCA) consensus statements. 

Strong consensus
The relative contraindications for OCA are (1) lesions  < 1 cm2 (ie, 10 mm by 10 mm), (2) patients older than 60 years of age, (3) patients with a body mass index 

greater than 35, (4) patients with uncorrected asymmetric malalignment (coronal  >  5 degrees), (5) patients with uncorrected ligamentous injury, (6) 
patients with uncontrolled diabetes, (7) patients with a history of inflammatory arthritis or crystalline arthropathy, (8) patients with a history of infection, 
and (9) patients who are unable to comply with postoperative restrictions.

The preferred sites for harvesting OCAs are the donor medial femoral condyle and lateral femoral condyle grafts, which can be used for any lesion of any size of 
either femoral condyle. However, trochlea lesions should be treated with grafts harvested from the donor trochlea and patella lesions should be treated with 
grafts harvested from the donor patella.

Fresh (not frozen) is the ideal storage method for OCA. The ideal fluid medium has not been defined but needs to be maintained in a fluid medium that supports 
cell health, including an energy source, antibiotics, and other stabilizing medium.

The optimal and acceptable timeframe for OCA use is  < 4 wk.
Prior to OATS/OCA transplantation, osteochondral lesions should be debrided in their entirety unless debridement would result in loss of containment. 

Additionally, healthy cartilage resection should be  < 5 mm on any border unless it results in a violation of the cortical rim or requires overlapping plugs. 
Ultimately, single plugs with the sacrifice of healthy cartilage are preferred over the use of overlapping plugs unless the sacrifice of healthy cartilage is   
> 5 mm on any one side.

Graft congruency (perfectly flush when possible) is of paramount importance. When congruency cannot be obtained, then  < 1 mm of step-off is acceptable and it 
is better to be recessed than proud.

The number of grafts required for OATS or OCA affects the clinical outcome as increasing the number of grafts increases the risk of failure.
The following steps should be taken to minimize complications in those undergoing OATS or OCA: (1) ensure compliance with rehabilitation/return-to-play 

timeline, (2) address concomitant issues regarding alignment, menisci, and ligaments preoperatively and intraoperatively, (3) maximize contour and 
congruency, (4) avoid step-offs intraoperatively, (5) ensure reaming and graft preparation are completely perpendicular to the condylar surface, (6) minimize 
heat while reaming and irrigate liberally, (7) avoid overlapping plugs except when required by graft geometry, (7) avoid perforation of graft during 
preparation, (8) avoid using screw fixation and/or pins unless absolutely necessary, and (9) avoid loading the joint and weight-bearing early.

Consensus
The relative indications for OCA are (1) full-thickness isolated osteochondral lesion, (2) ≥1.2 cm2 (ie,  > 11 mm by 11 mm), (3) revision cartilage restoration 

lesion of any size, and (4) bipolar cartilage restoration lesion(s).
OCA can be performed for an uncontained lesion if there is  > 50% to 75% circumferential containment.
Radiographs can be beneficial, but MRI is necessary to procure a size-matched OCA.
Both open and arthroscopic approaches are acceptable for OATS/OCA as long as the defect can be approached perfectly perpendicular during reaming and graft 

insertion.
The optimal drill depth and length of graft harvest is 8-10 mm for OATS and 6-8 mm for OCA.
Generally, the occurrence of postoperative cysts and/or bone marrow edema 9 mo after OATS and 12 mo after OCA is concerning.
OATS should not be washed prior to transplantation, but OCA should be washed with a minimum of 3 L of pulsatile lavage on the bone (without antibiotics).
No consensus
OCA is suitable for all locations.
OATS may be preferable over OCA when used for full-thickness, isolated osteochondral lesions ≤1.44 cm2 (ie, up to 12 mm by 12 mm).
Graft diameter should be slightly oversized by 1 mm to allow for a tighter press-fit of the OATS/OCA.
Headless compression screw(s) are preferred when fixation is necessary for OATS or OCA.
Marrow venting should not be done for the recipient site or for the donor plug for OATS or OCA.

Abbreviations: MRI, magnetic resonance imaging; OATS, osteochondral autograft transfer system.
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No consensus—51% agreement (20% strongly agree, 31% agree, 16% neutral, 30% disagree, and 4% strongly disagree).
Q6: Are there any specific locations in which OCA cannot be used?

A6: No, OCA is suitable for all locations.
No consensus—79% agreement (40% strongly agree, 39% agree, 9% neutral, 10% disagree, and 1% strongly disagree).
Q7: Can an OCA be performed for an uncontained lesion?

A7: OCA can be performed for an uncontained lesion with > 50% to 75% circumferential containment.
Consensus—86% agreement (30% strongly agree, 56% agree, 9% neutral, 5% disagree, and 0% strongly disagree).
Q8: When is OATS preferred over OCA?

A8: OATS may be preferable over OCA when used for full-thickness, isolated osteochondral lesions ≤1.44 cm2 (ie, up to 12 mm 
by 12 mm).

No consensus—76% agreement (17% strongly agree, 59% agree, 17% neutral, 5% disagree, and 3% strongly disagree).
Q9: What is the preferred site (compartment and area) for OATS harvesting?

A9: Preferrable harvesting sites for OATS include the non–weight-bearing portions of the knee, including the superomedial and 
superolateral portions of the femoral trochlea.

Strong consensus—91% agreement (45% strongly agree, 46% agree, 5% neutral, 3% disagree, and 1% strongly disagree).
Q10: Should OATS donor sites be backfilled?

A10: OATS donor sites should be backfilled whenever possible.
No consensus—75% agreement (29% strongly agree, 46% agree, 17% neutral, 8% disagree, and 1% strongly disagree).
Q11: What is the preferred site (compartment and area) for harvesting OCA?

A11: The preferred site for harvesting OCAs are the donor medial femoral condyle and lateral femoral condyle grafts, which can 
be used for any lesion of any size of either femoral condyle. However, trochlea lesions should be treated with grafts harvested from 
the donor trochlea, and patella lesions should be treated with grafts harvested from the donor patella.

Strong consensus—95% agreement (40% strongly agree, 55% agree, 3% neutral, 3% disagree, and 0% strongly disagree).
Q12: Is there an ideal storage method for OCA?

A12: Fresh (not frozen) is the ideal storage method for OCA. The ideal fluid medium has not been defined but needs to be 
maintained in a fluid medium that supports cell health, including an energy source, antibiotics, and other stabilizing medium.

Strong consensus—99% agreement (51% strongly agree, 48% agree, 1% neutral, 0% disagree, and 0% strongly disagree).
Q13: Is there an optimal and acceptable timeframe for OCA use?

A13: The optimal and acceptable timeframe for OCA use is < 4 weeks.
Strong consensus—95% agreement (43% strongly agree, 52% agree, 3% neutral, 3% disagree, and 0% strongly disagree).
Q14: What measurement and imaging method of the knee is necessary to procure a size-matched OCA?

A14: Radiographs can be beneficial, but magnetic resonance imaging is necessary to procure a size-matched OCA.
Consensus—84% agreement (46% strongly agree, 38% agree, 7% neutral, 5% disagree, and 5% strongly disagree).
Q15: Should OATS/OCA be performed via an open or arthroscopic approach?

A15: Both open and arthroscopic approaches are acceptable for OATS/OCA as long as the defect can be approached perfectly 
perpendicular during reaming and graft insertion.

Strong consensus—91% agreement (52% strongly agree, 39% agree, 4% neutral, 4% disagree, and 1% strongly disagree).
Q16: How much lesion should you remove prior to OATS/OCA, how much can be left untreated, and how much healthy cartilage 

can be removed?

A16: Prior to OATS/OCA transplantation, osteochondral lesions should be debrided in their entirety unless debridement would 
result in loss of containment. Additionally, healthy cartilage resection should be < 5 mm on any border unless it results in a violation 
of the cortical rim or requires overlapping plugs. Ultimately, single plugs with the sacrifice of healthy cartilage are preferred over the 
use of overlapping plugs unless the sacrifice of healthy cartilage is > 5 mm on any one side.

Strong consensus—95% agreement (39% strongly agree, 56% agree, 1% neutral, 4% disagree, and 0% strongly disagree).
Q17: How should the lesion and the OATS/OCA be sized intraoperatively to the defect?

A17: Graft diameter should be slightly oversized by 1 mm to allow for a tighter press-fit of the OATS/OCA.
No consensus—70% agreement (23% strongly agree, 47% agree, 18% neutral, 7% disagree, and 5% strongly disagree).
Q18: How important is graft congruency? Is there an acceptable amount of step-off after graft placement? If yes, is it better to be 

proud or recessed?

A18: Graft congruency (perfectly flush when possible) is of paramount importance. When congruency cannot be obtained, then 
< 1 mm of step-off is acceptable, and it is better to be recessed than proud.

Strong consensus—92% agreement (53% strongly agree, 39% agree, 5% neutral, 3% disagree, and 0% strongly disagree).
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Q19: If supplemental fixation is required for OATS or OCA, what fixation device is preferred?

A19: Headless compression screw(s) are preferred when fixation is necessary for OATS or OCA.
No consensus—78% agreement (38% strongly agree, 40% agree, 17% neutral, 5% disagree, and 0% strongly disagree).
Q20: What is the optimal depth to drill the lesion site and optimal length of the graft to harvest for OATS or OCA?

A20: The optimal drill depth and length of graft harvest is 8 to 10 mm for OATS and 6 to 8 mm for OCA.
Consensus—87% agreement (35% strongly agree, 52% agree, 7% neutral, 5% disagree, and 1% strongly disagree).
Q21: Does the number of grafts required for OATS or OCA affect clinical outcome?

A21: The number of grafts required for OATS or OCA affects the clinical outcome, as increasing the number of grafts increases the 
risk of failure.

Strong consensus—91% agreement (38% strongly agree, 53% agree, 7% neutral, 3% disagree, and 0% strongly disagree).
Q22: What time point are postoperative cysts and/or bone marrow edema a concern after OATS or OCAs?

A22: Generally, the occurrence of postoperative cysts and/or bone marrow edema 9 months after OATS and 12 months after OCA 
is concerning.

Consensus—86% agreement (26% strongly agree, 60% agree, 10% neutral, 3% disagree, and 1% strongly disagree).
Q23: Which of the following steps should be taken to minimize complications in those undergoing OATS or OCA?

A23: The following steps that should be taken to minimize complications in those undergoing OATS or OCA are (1) ensure 
compliance with rehabilitation/RTP timeline, (2) address concomitant issues regarding alignment, menisci, and ligaments pre
operatively and intraoperatively, (3) maximize contour and congruency, (4) avoid step-offs intraoperatively, (5) ensure reaming and 
graft preparation are completely perpendicular to the condylar surface, (6) minimize heat while reaming and irrigate liberally, (7) 
avoid overlapping plugs except when required by graft geometry, (8) avoid perforation of graft during preparation, (9) avoid using 
screw fixation and/or pins unless absolutely necessary, and (10) avoid loading the joint and weight-bearing early.

Strong consensus—96% agreement (53% strongly agree, 43% agree, 1% neutral, 3% disagree, and 0% strongly disagree).
Q24: Should marrow venting be performed during OATS or OCA?

A24: Marrow venting should not be done for the recipient site or for the donor plug for OATS or OCA.
No consensus—70% agreement (23% strongly agree, 47% agree, 14% neutral, 12% disagree, and 4% strongly disagree).
Q25: Should the donor plug for OATS or OCA be washed/prepared prior to transplantation?

A25: OATS should not be washed prior to transplantation, but OCA should be washed with a minimum of 3 L of pulsatile lavage on 
the bone (without antibiotics).

Consensus—85% agreement (46% strongly agree, 39% agree, 16% neutral, 0% disagree, and 0% strongly disagree).
Q26: Should orthobiologic(s) be utilized for OATS?

A26: Currently, orthobiologics do not have an established role alongside OATS.
Consensus—89% agreement (38% strongly agree, 51% agree, 7% neutral, 4% disagree, and 1% strongly disagree).
Q27: Should orthobiologic(s) be utilized for OCA?

A27: It may be beneficial for OCA to be presoaked in concentrated bone marrow aspirate (ie, bone marrow aspirate concentrate 
[BMAC]) for a minimum of 3 minutes.

No consensus—59% agreement (12% strongly agree, 47% agree, 30% neutral, 10% disagree, and 1% strongly disagree).

Discussion

There are varying indications for the use of OATS. Current literature focuses on patient selection, which has previously been 
recommended for use in the treatment of younger patients (< 45 years of age) with focal and smaller lesions.3,33 However, there 
remains a lack of consensus regarding optimal age and physical activity for OATS in the literature. OATS may be used in settings 
requiring multiple plugs or grafts.3 However, patients with global arthrosis are not typically indicated.33 This study reached con
sensus with the recommendation of OATS for full-thickness, isolated osteochondral lesions measuring between 2.25 cm2 and 4 cm2 

(ie, up to 20 mm by 20 mm) and found OATS may be preferable over OCA in the treatment of full-thickness, isolated lesions 
measuring up to 1.44 cm2 (ie, up to 12 mm by 12 mm) and smaller. However, it should be noted that allograft may not be as freely 
accessible in all parts of the world, and some surgeons may not be able to use OCA.34 This may cause surgeons in certain regions to 
alter their indications and may lead to some challenges in coming to a consensus as there can be multiple right options with 
overlapping indications.

It is important to consider lesion locations as OATS may not be suitable for the trochlea, patella, and tibial plafond due to 
incongruity at the articular surface and the underlying tidemark, making topographical matching challenging.33,35,36 Notably, when 
harvesting OATS grafts, it should be from non–weight-bearing portions of the knee, including the superomedial and superolateral 
aspects of the femoral trochlea, which have been shown to have low donor-site morbidity.37–41 Although there is currently no 
consensus on backfilling donor sites following harvesting, complications such as overfilling of donor sites with hypertrophic fi
brocartilage leading to knee pain and locking have been described.42 OCA eliminates all considerations of donor-site morbidity and 
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presents the unique opportunity to select a transplant region that more closely resembles the recipient’s native contour.43 OCA has 
typically been recommended for patients not indicated for OATS by the aforementioned criteria and those with symptomatic, full- 
thickness osteochondral defects measuring ≥2 cm2.37,40,44–46

This consensus recommends the use of OCA for full-thickness, isolated osteochondral lesions 1.2 cm2 (ie, > 11 mm by 11 mm) or 
larger, revision cartilage restoration lesions of any size, and bipolar cartilage restoration lesions. Whereas the majority of prior 
literature utilizes size recommendations > 2.0 cm2 to 3.0 cm2, there was a strong consensus that OCA may be appropriate for use in 
all locations.35,39,40,46,47 Additionally, OCA may be performed for uncontained lesions if there is > 50% to 75% circumferential 
containment. When considering OCA graft selection, it is strongly recommended to select a graft that was harvested from the most 
anatomically similar location and advanced imaging in the form of a magnetic resonance imaging may be beneficial in procuring a 
size-matched OCA.9,15,38,48,49 For instance, trochlear and patellar lesions should be treated with grafts harvested from the donor 
trochlea and patella, respectively. In other cases, harvesting from the donor medial and lateral femoral condyles is preferred, al
though there is research to suggest more flexibility in the harvesting of condylar allografts.50 Specifically, Mologne et al51 found 
excellent OCA surface match with either a medial or lateral femoral donor graft into medial femoral condyle recipient sites, with no 
significant difference in graft height mismatch or step-off. Following harvesting, it is recommended fresh (never-frozen OCA) be used 
when possible, and OCA should be maintained in a fluid medium that supports cell health with an energy source, antibiotics, and 
stabilization when preserved.52 There was also a strong consensus that OCA should be implanted within 4 weeks of harvesting and 
washed with 3 L of pulsatile lavage, without antibiotics, on the bone prior to implantation.

Preferential surgical technique and approach varies between surgeons. Both open and arthroscopic approaches are appropriate if 
the defect is approached perfectly perpendicular during reaming and insertion, which had a strong consensus. In cases in which prior 
OATS/OCA has been performed, the osteochondral lesions should be debrided in their entirety unless it may result in loss of con
tainment. Additionally, healthy cartilage resection should be minimized (ie, < 5 mm) unless there is a violation of the cortical rim or 
overlapping of plugs is required. Single plugs with the sacrifice of healthy cartilage had strong consensus over the use of overlapping 
plugs unless the sacrifice of > 5 mm of healthy cartilage on any border is required, which is supported in the literature.15,38–40,42,47

During implantation, there is a lack of consensus regarding intraoperative sizing and whether grafts should be oversized by 1 mm to 
allow for a tighter press-fit, but there was consensus that optimal drill depth and length of graft harvest is 8 to 10 mm for OATS and 6 
to 8 mm for OCA. It is paramount to obtain graft congruency (< 1 mm of step-off) or leave the graft slightly recessed as opposed to 
proud when applicable, as biomechanical studies have shown the deleterious effects of grafts left proud.53–56 In cases in which 
supplemental fixation is necessary, headless compression screws may be used, but there was no consensus among our authors re
garding various methods.

Regarding adjunctive procedures as a means to increase local biology, there was no consensus regarding the potential role of 
marrow venting or the role and potential use of orthobiologics for OATS and OCA. While there is some limited evidence to support 
the use of orthobiologics in such cases, there remains a lack of consensus in the literature as well. A prior suggested that orthobiologic 
augmentation and graft-recipient microfracture preparation during OATS of the medial femoral condyle may improve allograft 
incorporation and decrease revision rates.57 In 1 study, the use of BMAC prior to OCA implantation to treat large femoral condylar 
defects demonstrated superior radiographic integration, leading to decreased sclerosis during the postoperative period.58 However, 
this finding was contested by Ackermann et al,59 who found no improvement in radiographic integration. A systematic review of 
platelet-rich plasma and BMAC as augmentation in the treatment of chondral defects with OCA concluded no difference in radio
graphic features.60 Similarly, Wang et al61 did not find a correlation between OCA augmented with BMAC and improved osseous 
integration or decreased rates of sclerosis compared with OCA alone at 6 and 12 months postoperatively.61 Rather, they suggested 
several influencing factors in the creeping substitution process, such as BMAC harvest and preparation, patient age, and a prior or 
current history of tobacco use.61

Several factors were considered regarding clinical outcome and prognosis following OATS and OCA. An increasing number of 
grafts required for OATS and OCA is felt to negatively impact clinical outcomes and increase the likelihood of failure, which has been 
established in the literature.35,62,63 There is concern for postoperative cysts and/or bone marrow edema in the initial 9 months 
following OATS and 12 months following OCA.64 However, postoperative imaging and the clinical significance of its findings are still 
under investigation.48,52,63,65,66 Last, in order to minimize complications in those undergoing OATS and OCA, the following re
commended steps should be taken: ensure patient compliance, address concomitant issues intraoperatively, maximize contour and 
congruency, avoid step-offs, ensure perpendicular reaming and graft preparation, minimize heat with liberal irrigation during 
reaming, avoid overlap, avoid graft perforation, avoid supplemental fixation unless necessary, and avoid early loading of the joint.

Limitations

This study has several potential limitations. First, consensus statements are considered to be level V data as they represent expert 
opinion, which makes them susceptible to inherent biases in the selection and allocation of participants. However, we sought to 
include surgeons who have an active interest and level of expertise in this area, as evidenced by their clinical and academic 
achievements on the topic. Furthermore, the questions and topics addressed may represent a potential source of bias as there was no 
standardized process for generating them. Instead, they were each selected and agreed upon by the group leaders. During the process, 
all the included authors had the opportunity to contribute to the manuscript and raise points for discussion. This was done in a 
blinded fashion in an effort to further reduce potential sources of bias. While attrition rates were low, participant dropout can also 
introduce a potential source of bias. Finally, there are some limitations with the Delphi process itself as it may represent the lowest 
common denominator of expert opinion with less ownership of ideas, ultimately representing level V data.
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Conclusion

The statements that achieved strong consensus pertained to the contraindications of OATS and OCAs, the preferred site for 
harvest, storage conditions and timeframe for grafting, site preparation, surgical approach, graft step-off, impact of multiple grafts on 
clinical outcome, and ways to minimize complications. The statements that did not reach consensus regarded indications for OATS, 
locations for OATS and OCA, backfilling, sizing, supplemental fixation, marrow venting, and the use of orthobiologics for OCA.
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