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Osteochondral Allografts and Re-alignments Procedures

Introduction

Articular cartilage injuries of the knee are highly prevalent, 
with chondral or osteochondral pathology observed in 60% 
to 66% of knee arthroscopy patients.1-4 Often painful and 
debilitating, chondral lesions have limited capacity for 
intrinsic healing secondary to the avascular, hypocellular, 
and aneural nature of cartilage.5 Self-repair of cartilaginous 
lesions depends on factors such as patient age, size or thick-
ness of the defect, and location.6,7 Small defects may adapt 
with the formation of near-normal hyaline cartilage, whereas 
larger chondral or osteochondral defects will instead incor-
porate fibrocartilage.5,6 The predominance of type 1 carti-
lage in maladaptive fibrocartilage may be transiently 

effective but ultimately inadequate, without the friction-
reducing and load-bearing characteristics of native hyaline 
tissue.6 This process does not ensure symptom resolution 
and may predispose the subchondral bone to further degen-
erative damage and osteoarthritis (OA).6,8 Several surgical 
techniques have been developed to address symptomatic 
cartilage defects, especially in young, active patients; 
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Abstract
Objective. Osteochondral allograft (OCA) transplantation is a restorative surgical option for large, full-thickness chondral 
or osteochondral defects in the knee. Variability in outcomes reporting has led to a broad range of graft survival rates. 
Using rate of salvage surgery following OCA as a failure metric, the purpose of this study was to analyze the incidence and 
risk factors for failure in a nationwide cohort. Design. The M151Ortho PearlDiver database was queried for patients aged 
20 to 59 who underwent primary OCA between 2010 and 2020. Patients with prior cartilage procedures or arthroplasty 
were excluded. Kaplan-Meier survival analysis was performed to characterize cumulative rate of salvage surgery, defined as 
any patient subsequently undergoing revision OCA, autologous chondrocyte implantation (ACI), osteochondral autograft 
transfer system (OATS), unicompartmental knee arthroplasty (UKA), or total knee arthroplasty (TKA). Multivariable 
logistic regression was used to determine the effect of several variables on odds of salvage surgery. Results. Around 6,391 
patients met inclusion criteria. Cumulative 5-year salvage rate was 1.71%, with 68.8% in the first 2 years. Age 20 to 29 and 
concomitant or prior bony realignment procedures were associated with significantly decreased rate of salvage surgery 
(age—adjusted odds ratio [aOR] = 0.49, 95% confidence interval [CI], 0.24-0.99, P = 0.046; realignment—aOR = 0.24, 
95% CI, 0.04-0.75, P = 0.046). Conclusions. In the largest OCA cohort studied to date, less than 2% of patients required 
salvage surgery. Young age and bony realignment were protective. These findings suggest that OCA in the knee is a durable 
cartilage-restoration procedure, especially in young patients with corrected alignment.
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although indications vary based on pathology and patient 
demand, controversy remains in distinguishing a clearly 
superior technique.9,10 Surgical treatment options for focal 
chondral defects can be broadly categorized as palliative 
(chondroplasty), repair (marrow stimulation with micro-
fracture or drilling), or restoration.9-11 Restorative proce-
dures include cell-based methods such as autologous 
chondrocyte implantation (ACI), in addition to whole-tis-
sue reconstructive techniques such as osteochondral auto-
graft transfer system (OATS) and osteochondral allograft 
(OCA) transplantation.10,12-14

Modern OCA is a single-stage procedure involving 
transfer of a size-matched cartilage and subchondral bone 
allograft to treat large (>2 cm2), full-thickness chondral or 
osteochondral defects.14,15 It may also be used for multifo-
cal or multicompartmental defects.16 In comparison to other 
cartilage procedures, OCA is efficient and uniquely restor-
ative of both cartilage and underlying bone. The procedure 
has also demonstrated significant improvement in patient-
reported outcomes (PROs) and good mid- to long-term 
survivorship.16-18

Although OCA use is common, there is no consistently 
used method to evaluate failure. Metrics used to assess out-
comes are variable, including PROs on postoperative symp-
toms and function, incorporation on imaging, graft removal/
revision, arthroplasty, or in many cases, a combination of 
these factors. This variability in reporting lacks clinical util-
ity and prevents analysis of graft durability. Failure rates 
using these methods range widely from approximately 8% 
to 43%.12,16,18-29 A salvage surgery addressing the same 
articular surface—defined in this study as revision OCA, 
other cartilage-restoration procedure, or knee arthro-
plasty—is the clearest indication of failure. A similar study 
from Gillinov et al. evaluated incidence of salvage surgery 
following ACI.30 Previous studies using secondary surger-
ies as a failure metric for OCA have been limited by small 
sample sizes and inconsistent follow-up.19,21,23,24,27,29

The primary purpose of our study is to use a nationwide 
administrative claims patient registry to investigate the inci-
dence and timing of salvage cartilage surgery within 5 years 
of index OCA. Secondary goals include identification of per-
tinent patient factors that influence risk of OCA failure. Using 
the incidence of salvage procedures as a utilitarian failure 
metric, we aim to provide large-scale data to guide clinical 
decision-making regarding OCA transplant in the knee.

Methods

Data Source

This retrospective epidemiological analysis was completed 
using the de-identified data from the M151Ortho data set 
within the larger PearlDiver (PearlDiver Technologies, 
Colorado Springs, CO) Mariner database from January 1, 

2010, through October 31, 2020. PearlDiver is an insurance 
claims database compiled from Humana Incorporated insur-
ance claims, contains records of more than 150 million 
patients, and provides researchers the ability to longitudi-
nally track patients and characterize short-, medium-, and 
long-term disease progression and/or postoperative compli-
cations As these data are de-identified, this analysis did not 
require Institutional Review Board (IRB) approval at our 
institution.

Patient Selection

The M151Ortho data set was queried for all patients who 
underwent an OCA (CPT-27415, CPT-29867) between the 
ages of 20 and 59 years. Those patients who previously 
received an OCA, OAT (CPT-27416, CPT-29866), unilat-
eral knee arthroplasty (CPT-27446), chondroplasty (CPT-
29877), or microfracture (CPT-29879) before their index 
OCA were excluded from the study as previous arthroplasty 
or cartilage repair has been previously associated with 
increased rates of chondrocyte implantation failure. These 
age and exclusion criteria were used to remain consistent 
with previously published literature.12,30-32

Potential risk factors of interest were extracted from the 
aforementioned database; these included sex, age, body 
mass index (BMI), Elixhauser Comorbidity Index (ECI), 
bony realignment procedures with index OCA or within 1 
year prior (femoral shaft osteotomy CPT-27450, tibial 
tubercle osteotomy CPT-27418, proximal tibial osteotomy 
CPT-27455 or CPT-27457), and comorbidities including 
vitamin D deficiency, tobacco use, diabetes, hypertension, 
and obstructive pulmonary disease. Of note, ECI was used 
in this study as a cumulative comorbidity index, functioning 
to practically quantify severity of comorbid conditions, 
rather than as a mortality predictor. Age was divided into 
four 10-year brackets: 20 to 29, 30 to 39, 40 to 49, or 50 to 
59 years; patients age 20 to 59 were specifically analyzed as 
this represents a range that captures a population most likely 
to undergo restorative cartilage procedures, specifically 
OCA.11,26 BMI was divided into <25, 25 to 40 (overweight 
or obese), and >40 (Class III obesity), and ECI, a combined 
comorbidity index used to predict inpatient mortality, was 
stratified into 0, 1 to 3, or >3. These variables were selected 
for the model to be consistent with models from previously 
published literature.30

Outcomes

Rates of salvage surgery were calculated over a 5-year 
period for each patient and was defined as any patient sub-
sequently undergoing a revision OCA (CPT-27415, CPT-
29867), ACI (CPT-27412), OATS (CPT-27416, CPT-29866), 
unicompartmental knee arthroplasty (UKA, CPT-27446), or 
total knee arthroplasty (TKA, CPT-27447). These 
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procedures were chosen to reflect clinical recommendations 
for appropriate revision procedures following failure of 
index OCA transplant in the knee.33,34

Statistical Analysis

Kaplan-Meier survival analysis was performed to charac-
terize the cumulative rate of salvage surgery over a 5-year 
period following an index OCA. All patients in the cohort 
were included in this analysis. However, patients who 
lacked sufficient follow-up for reasons such as change in 
insurance, no further follow-up with the physician, or death 
were censored at the time point when data were no longer 
available. Multivariable logistic regression was used to 
determine how patient demographics, comorbidities, 
arthroscopic versus open operation, and concomitant bony 
realignment changed the odds of undergoing a secondary 
surgery within 5 years of the index OCA. A P value of 
<0.05 was determined to represent statistical significance a 
priori. All statistical analyses were performed using the R 

Statistical Package (v4.2.1; R Core Team 2022, Vienna, 
Austria) embedded within PearlDiver. Mean and standard 
deviation (SD) were calculated for all quantitative variables.

Results

Study Population

A total of 6,391 patients met the inclusion criteria; see Table 
1 for demographic breakdown and surgical differences. The 
number of patients available for follow-up in years 1, 2, 3, 
4, and 5 were 5,650; 5,015; 4,400; 3,868; and 3,331 patients, 
respectively. Bony realignment procedures were performed 
in 477 patients (7.5%); 466 of those were performed at the 
time of OCA and 11 occurred within 1 year prior to the 
index OCA procedure.

Subsequent Surgery and Timing

Salvage surgery over time is depicted as a cumulative inci-
dence by Kaplan-Meier failure analysis in Figure 1. Over 5 
years, a total of 109 patients required secondary procedures. 
The cumulative rate was 1.71%. Most of these procedures 
occurred in the first (n = 43, 39.4%) and second year (n = 
32, 29.4%), with the first 2 years accounting for 68.8% of 
total surgeries over the 5 years assessed. The percentage of 
salvage surgeries in the following years was 19.3% (year 3), 
9.1% (year 4), and 2.8% (year 5).

Risk Factors for OC Allograft Surgical Salvage

The results of the logistic regression analysis performed to 
identify risk factors for salvage surgery are presented in 
Table 2. Younger age was associated with a significantly 

Table 1.  Demographics of Patients Undergoing Osteochondral 
Allograft.

Sample Size

Total

Value Percentage

Age, years, mean (SD) 37.7 (10.3)
  20-29 1,598 25.0
  30-39 1,991 31.2
  40-49 1,849 28.9
  50-59 953 14.9
Surgical approach
  Open 3,950 60.4
 A rthroscopic 2,589 39.6
Sex
  Male 3,212 50.3
  Female 3,174 49.7
BMI
  >30 778 12.2
  >40 288 4.5
ECI score, mean (SD) 2 (2.3)
  0 1,948 30.5
  1-3 3,261 51.0
  >3 1,182 18.5
Bony realignment
  Yes 477 7.5
  No 5,914 92.5
Comorbidities
 T obacco use 907 14.2
  Diabetes 410 6.4
  Hypertension 1,123 17.6
 L ung disease 505 7.9
  Hypovitaminosis D 456 7.1

BMI = body mass index; ECI = Elixhauser Comorbidity Index.

Figure 1.  Kaplan-Meier failure analysis depicting the cumulative 
rate of subsequent surgery following an osteochondral allograft. 
The blue dotted lines depict the 95% confidence interval. 
Cumulative rates at 1 (43, 0.67%), 2 (32, 1.17%), 3 (21, 1.50%), 4 
(10, 1.66%), 5 (3, 1.71%) years.
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decreased risk of subsequent surgery (aOR = 0.49, 95% CI, 
0.24-0.99; P = 0.046). Previous or concomitant bony 
realignment was also associated with a significant decrease 
in the rate of salvage surgery following OCA transplanta-
tion (aOR = 0.24, 95% CI, 0.04-0.75; P = 0.046). There 
was no relationship between sex, BMI, ECI score, or spe-
cific diagnoses like tobacco use, diabetes, hypertension, 
lung disease, hypovitaminosis D (P > 0.05 for each).

Discussion
In this analysis of the largest known OCA transplant 
cohort, 5-year rate of salvage surgery was 1.71%. Young 
age and bony realignment surgery were also identified as 
protective against risk of requiring salvage surgery. This 
rate of failure is much lower than previously reported in 
the literature, with the nearest being 8% as reported by 
Cook et al. and Sadr et al.18,20 These rates may be larger 
secondary to a limited inter-provider variability—the 
cases from Cook et al. were all performed by a single sur-
geon, and the cohort from Sadr et al. was gathered from a 

single clinic. In a recent database study, Burroughs et al. 
captured 1,631 patients that underwent OCA between 
2010 to 2018 and determined the cumulative rate of sec-
ondary surgery to be 23.9%.32 Our present analysis cap-
tured a larger sample of patients compared to this study, 
likely secondary to utilization of the larger M151Ortho 
data set which is the most comprehensive data set pro-
vided by PearlDiver. Sampling error is a function of sam-
ple size; therefore, the large nationwide scope of our 
results may be more representative of the population as a 
whole and suggests a promisingly lower rate of failure of 
the OCA transplant. Furthermore, we excluded patients 
who had previous underwent cartilage-related surgery, in 
an attempt to represent the risk of OCA failure for all-
comers. Prior research has determined a significant rela-
tionship between reoperation after OCA and number of 
prior ipsilateral knee surgeries.12 This may explain the dis-
crepancy between the low rate of reoperation, or failure, in 
this study as compared to the existing literature. It also 
suggests that OCA may be a better option for patients 
without surgical history in the operative knee.

Table 2. R isk Factors for Undergoing Subsequent Surgery Following an Osteochondral Allograft.

Risk Factor N, Total N, Subsequent (%) aOR (95% CI) P Value

Age, years, mean (SD)
  20-29 1,598 15 (0.94) 0.49 (0.24-0.99) 0.046
  30-39 1,991 29 (1.46) 0.74 (0.41-1.37) 0.330
  40-49 1,849 46 (2.49) 1.25 (0.74-2.19) 0.426
  50-59 953 20 (2.10) Reference N/A
Surgical Approach
  Open 3,950 72 (1.82) 2.00 (0.59-5.10) 0.197
 A rthroscopic 2,589 42 (1.62) Reference N/A
Sex
  Male 3,212 54 (1.68) 0.99 (0.67-1.46) 0.949
  Female 3,174 56 (1.76) Reference N/A
BMI
  ≥25 778 13 (1.67) 0.65 (0.26-1.26) 0.215
  ≥40 288 <11 (N/A) 1.73 (0.60-4.79) 0.293
ECI score, mean (SD)
  0 1,948 30 (1.54) 0.77 (0.40-1.51) 0.437
  1-3 3,261 52 (1.59) 0.73 (0.43-1.28) 0.262
  >3 1,182 28 (2.37) Reference N/A
Bony Realignment
  Yes 477 <11 (N/A) 0.24 (0.04-0.76) 0.046
  No 5,914 N/A Reference N/A
Comorbidities
 T obacco use 907 16 (1.76) 0.82 (0.45-1.42) 0.508
  Diabetes 410 <11 (N/A) 1.05 (0.47-2.08) 0.927
 L ung disease 1,123 15 (1.34) 1.71 (0.91-3.01) 0.076
  Hypertension 505 26 (5.25) 1.10 (0.63-1.85) 0.735
  Hypovitaminosis D 456 <11 (N/A) 1.00 (0.46-1.42) 0.995

aOR = adjusted odds ratio; CI = confidence interval; BMI = body mass index; ECI = Elixhauser Comorbidity Index.
Bold font indicates statistical significance (P value of <0.05).
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Previous studies on the topic have reported outcomes of 
OCA transplant in the knee using an assortment of metrics 
including PROMs, graft incorporation via imaging evalua-
tion, gross appearance of failure with second-look arthros-
copy, or removal/revision of the allograft. This lack of 
standardization in outcomes reporting is not clinically useful, 
as it prevents effective comparison between patient cohorts 
and clear communication of risk to patients; evidence of this 
issue is the wide range of reported OCA graft “failure” rates, 
from 8% to 43%.12,16,18-29 As posited by Gillinov et al. in their 
analysis of ACI, another cartilage restoration procedure, the 
use of salvage surgery as a failure metric can provide 
immense clarity regarding graft durability.30 Other studies 
have reported rates of reoperation following OCA, but are 
inadequate due to small cohort size, single surgeon series, or 
noncomprehensive inclusion of secondary surgery.12,16,35 The 
lack of standardized language to describe OCA outcomes is 
problematic, and possibly detrimental to patient-centered 
communication; patients may identify any reoperation as a 
relative failure, due to the large burden associated with ortho-
pedic surgery and recovery.

This study reports a 5-year operation-free survival of 
98.3%. This 5-year graft survival rate is higher than others 
reported in the literature; Burroughs et al. report a 88% 5-year 
survival, and a systematic review including 1,036 patients 
from Familiari et al. report 86.7%.20,35 These short- to mid-
term outcomes are very promising; however, it should be 
noted that due to the database nature of this study, we were not 
able to differentiate between initial osteochondral defect 
pathologies (i.e., location, size, focality) and treatment charac-
teristics (i.e. freshness, storage, technique), which have been 
shown to adversely affect survival rates.20 In addition, graft 
durability in this study should be understood merely as a 
proxy for important variables such as functionality and patient 
satisfaction, which were unable to be assessed. When we 
broke down the results by postoperative year, the first 2 years 
accounted for 68.8% of all salvage surgeries in the 5-year 
period assessed. Rate of salvage then decreased stepwise 
according to postoperative year. A similar trend was reported 
by Burroughs et al. and suggests that failure of OCA trans-
plants is identified early.35 Reported failure mechanisms spe-
cific to OCA are commonly related to transplant integrity or 
bony incorporation and include graft fracture, subchondral 
bone collapse, subsidence, and cartilaginous delamination.36,37 
Bone healing, and thus incorporation of an OCA, occurs in 
three phases—inflammation, repair, and remodeling—trig-
gered by an initial immune response; successful transplant 
requires the coordination of a multifaceted healing immune 
response, prolonged to approximately 9 to 12 months due to 
the introduction of foreign material.27,36 OCAs are incorpo-
rated through “creeping substitution,” through which allograft 
is gradually repopulated by viable recipient cells, with an 
appropriate balance of osteoclastic and osteoblastic activity.36 
Stannard et al. similarly reported that a majority of failures 

occurred in postoperative year 1; interestingly, there was a 
large overlap (46%) in their study between failures and patient 
noncompliance, resulting in mechanical failure.27 The authors 
suggest that the greatest risk for noncompliance occurs in con-
junction with the reported period of initial pain relief from the 
procedure itself, between 6 weeks and 6 months; this is far 
before the gradual process of graft integration is complete, 
suggesting that pre-emptive return to activity results in the 
high failure rates of OCA in the early postoperative years.

The effect of age on OCA transplants is controversial, 
with literature reporting both older or younger age as risk 
factors.12,17,23,24,28 This study identified that age between 20 
and 29 was associated with decreased odds of salvage sur-
gery. Although the mechanism remains unclear, the known 
relationship between increasing age and loss of healing 
capacity, cellular degeneration, and immunoprotection intui-
tively supports the notion that there is increased risk with 
increased age.24 Wang et al.’s study demonstrates a marked 
decrease in allograft survivorship in patients aged 40 or 
older.23 Kunze et al. also conclude that age is an additional 
important risk factor for failure after OCA, in addition to 
higher BMI.28 Although the aforementioned studies report a 
similar trend, an important distinction must be made between 
their results and that of this study—young age was associ-
ated with significantly decreased odds of requiring salvage 
procedures, but no significant odds were identified for older 
age cohorts. Based on our results, patients in the third decade 
of life may be good candidates for OCA transplantation in 
the knee, but more research must be done to further charac-
terize risk profile for older patients. Overall, our study adds 
evidence to the discussion on best indications for OCA per 
age, but due to the current heterogeneity of data, clinical 
decision-making must take into account patient-specific 
goals and weigh the risk of subsequent surgery with the 
potential for functional improvement.

Prior or concomitant bony realignment was also identi-
fied as a protective factor against the risk of salvage surgery 
following OCA transplantation. Realignment osteotomy is 
often indicated as a concomitant or staged procedure with 
OCA transplantation, in patients in which the weight-bear-
ing axis falls through the cartilage defect.38 High tibial oste-
otomy or lateral distal femoral osteotomy, for varus and 
valgus malalignment, respectively, act to decrease the load 
on the graft and effectively increase survival.39 Tibial tuber-
cle osteotomy similarly can transfer the load from the dam-
aged patellofemoral chondral surface to a healthier area, in 
patients with patellar maltracking.38 A recent systematic 
review from Kunze et al. reported that concomitant proce-
dures—such as realignment osteotomy, or meniscus trans-
plant—at the time of OCA were not associated with graft 
failure.28 Our results take this one step further, suggesting 
that patients having undergone bony realignment prior or 
with current indications for realignment may be better can-
didates for OCA with longer graft durability. Of note, we 
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have no information on the coronal plane alignment of the 
patients in our study, limiting the impact of our findings 
related to associated osteotomies.

As with all retrospective analyses of insurance claims data 
sets, this study is not without its limitations. First and fore-
most, the interpretation of the results relies on accurate cod-
ing and is subject to potential sampling bias. Fortunately, this 
study primarily relies on CPT codes to identify the sample 
population and outcome of interest, as opposed to International 
Classification of Diseases (ICD) codes, which provides more 
certainty in their accuracy. However, due to reliance on CPT 
codes, we were unable to confirm or report patient or proce-
dure-specific details such as injury severity, activity demand, 
laterality, graft site, surgical technique, size/preparation of 
the allograft, and perioperative or intraoperative complica-
tions. There is a small chance that some salvage procedures 
were not captured by the included set of CPT codes; how-
ever, our best attempt was made to gather all salvage proce-
dures based on current clinic recommendations for revision 
after failed cartilage restoration. Second, given the use of 
billing codes, there is no way to determine postoperative 
course via adherence to postoperative recommendations or 
PROMs, both of which likely influence the rates of allograft 
failure and salvage surgery. Similarly, we are unable to eluci-
date patient-specific indications for subsequent surgeries. 
Similar to the limitations described by Gillinov et al., there 
was a large portion of patients without the full 5-year follow-
up, which may change the true rate of allograft failure.30 
However, the used Kaplan-Meier function censors those 
patients without the full 5-year follow-up which provides a 
more accurate estimate of the true rate of allograft failure 
over the initial 5-year postoperative period. Finally, further 
research is needed to address the reoperation risk in other 
populations considering OCA for cartilage defects, namely 
those with more extensive knee surgical history.

Conclusion

In an analysis of 6,391 patients who underwent OCA trans-
plant, less than 2% of patients required a failure-defining 
articular cartilage salvage surgery. Most subsequent surger-
ies occurred in the first two postoperative years. Young age 
and concomitant or prior bony realignment procedures were 
protective factors against graft failure. These findings sug-
gest that OCA in the knee is a durable cartilage replacement 
procedure, especially in young patients with corrected bony 
malalignment. The use of salvage surgery as a utilitarian 
failure metric can clarify success of cartilage procedures 
and should be interpreted alongside other outcome metrics 
for optimal clinical decision-making.
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