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After Chondroplasty, Patient Election to Proceed With
Cartilage Transplantation Is Closely and Additively
Associated With Preoperative AMADEUS (Area
Measurement And DEpth Underlying Structure)
Grade, Condylar Involvement, Knee Injury and
Osteoarthritis Outcome Score Pain Score, and
Veterans Rand 12-Item Health Survey Physical Score
Adam B. Yanke, M.D., Ph.D., Mario Hevesi, M.D., Ph.D., Navya Dandu, M.D.,
Nicholas A. Trasolini, M.D., Reem Y. Darwish, B.S., Athan G. Zavras, M.D., and
Brian J. Cole, M.D. M.B.A.

Purpose: To identify risk factors for patient election to proceed with cartilage transplant after staging chondroplasty.
Methods: This study retrospective reviewed patients prospectively enrolled at the time of staging chondroplasty, with
early election deﬁned as patient decision to proceed to cartilage transplantation within 6 months of chondroplasty. Cox
proportional hazards analysis was used to determine univariate predictors of conversion, and a predictive calculator, the
Cartilage Early Return for Transplant score, was formulated using stepwise regression employing the Akaike information
criterion. Receiver operator curves and the area under the curve were used to evaluate the predictive ability of the ﬁnal
model on the studied patient population. Results: Sixty-ﬁve knees (63 patients) were evaluated, with an overall
transplant election rate of 27.7% within 6 months after chondroplasty. Based on multivariate results, the ﬁnal Akaike
information criterionedriven Cartilage Early Return for Transplant score employed preoperative Knee Injury and Osteoarthritis Outcome Score Pain Score, Veterans Rand 12-Item Health Survey Physical Score, condylar involvement, and
AMADEUS (Area Measurement And DEpth Underlying Structure) score to generate a 0- to 7-point risk-stratiﬁcation
system with a 3% early election to proceed to transplant risk in the 0- to 2-point score group, 33% risk in the 3- to 4point group, and 79% risk in the 5þ-point group (P < .01) and an overall AUC of 0.906 (P < .01). Conclusions: Risk
of early patient election to pursue cartilage transplantation after chondroplasty is closely and additively associated with
preoperative AMADEUS grade, condylar involvement, Knee Injury and Osteoarthritis Outcome Score Pain Score, and
Veterans Rand 12-Item Health Survey Physical Score. Clinical Relevance: Understanding risk factors for conversion to
cartilage transplantation may improve preoperative planning and counseling prior to staging chondroplasty.
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rticular cartilage injuries are common in a symptomatic knee, with chondral or osteochondral lesions noted in up to 69% of patients undergoing
diagnostic knee arthroscopy.1 Treatment of these
articular cartilage lesions requires an algorithmic
approach with consideration of bony alignment,
concomitant meniscal pathology, patellofemoral or
tibiofemoral stability, lesion size and location, lesion
uni- versus bipolarity, and patient-speciﬁc physical demands.2,3 Management options are diverse due to the
lack of a standard-of-care treatment.4 Signiﬁcant clinical improvements have been reported with biologic
injections,5 osteotomies,6-8 chondroplasty,9 marrow
stimulation,10,11 autologous culture-expanded chondrocytes,12,13 particulated juvenile articular cartilage,14
osteochondral autograft transfer,15 and osteochondral
allograft (OCA) transplantation.16,17
While many of these procedures can be performed in
a single stage, surgeons may elect to employ a staging
chondroplasty to directly evaluate the size and location
of chondral lesions, to debride unstable areas of articular cartilage, and to assess for concomitant and relevant pathology such as meniscus deﬁciency, apposing
chondral surface status, and ligament status. Chondroplasty as a primary procedure for focal articular
cartilage defects has demonstrated inconsistent results
in the literature.9,18-21 Speciﬁcally, chondroplasty was
not shown to provide symptomatic beneﬁt as compared
with observation alone in a randomized controlled
trial,19 or provide signiﬁcant beneﬁt in delaying
arthroplasty.18 However, other series have suggested
that chondroplasty for articular cartilage defects less
than 2 cm2 and in the absence of concurrent meniscal
pathology may be efﬁcacious.9,21 Given the potential
for meaningful clinical beneﬁt and further informed
decision-making following direct defect visualization,
probing, and chondroplasty at the time of initial diagnostic arthroscopy, a single-stage deﬁnitive cartilage
restoration procedure (OCA, minced cartilage allograft,
etc.) may be found to be unnecessarily aggressive for
certain patients.22,23
To date, clinicians have insufﬁcient data to determine
which patients with full-thickness chondral defects will
derive therapeutic and/or subsequent surgical planning beneﬁt from an initial staging chondroplasty and
which will not. Indeed, there may be cohorts of patients with particular preoperative clinical and imaging
factors that predispose them to a poor outcome from
initial chondroplasty or a high propensity to proceed
with second-stage transplantation. In those patients,
single-stage cartilage procedures may be considered.
The purpose of this study was to identify risk factors
for patient election to proceed with cartilage transplant
after staging chondroplasty. We hypothesized that
important factors would be the degree of preoperative

disability (as measured by patient-reported outcome
scores), lesion location, topology, meniscal status, and
lesion characteristics on magnetic resonance imaging
(MRI).

Methods
After institutional review board approval (ORA
16081206), a retrospective analysis of a prospectively
collected cartilage database was performed. Patients
with symptoms and imaging ﬁndings consistent with
focal cartilage defects of the knee were consented and
prospectively enrolled into this clinical study before
planned arthroscopic chondroplasty with 1 of 2 senior
surgeons (A.B.Y. and B.J.C.).
Patients were included in this retrospective analysis if
they consented to the prospective study, were considered adequate cartilage transplant candidates (specifically
for OCA or
autologous chondrocyte
implantation), had a preoperative MRI available for
review, and had a minimum of 6 months’ follow-up for
election to proceed with cartilage transplantation. Patients were excluded from this analysis if they were
undergoing revision cartilage transplant procedures or
were indicated for future ligament reconstructions, had
large meniscal tears, were found to have extensive
arthritis, or were considered for treatments other than
cartilage transplant, such as arthroplasty or biologics
(Appendix
Table
1,
available
at
www.
arthroscopyjournal.org). Of note, patients were
excluded from analysis if they were thought to be
clearly indicated for a single-stage chondral procedure,
such as may be the case for osteochondritis dissecans
fragment reﬁxation for large, nonfragmented lesions in
young individuals or osteochondral allograft for patients with preoperative imaging clearly demonstrating
a large (>2 cm2) single osteochondral defect in a
weight-bearing location with clear subchondral/
marrow involvement. In such a way, the study population was selected to be representative of cartilage
patients in whom staging arthroscopy may provide both
diagnostic and informed decision-making beneﬁts.
For patients who underwent staging chondroplasty
between 2017 and 2020, chart review was performed to
determine age at time of chondroplasty, sex, body mass
index (BMI), etiology of injury, and history of previous
surgery. Indication for future meniscal allograft transplantation and indication for realignment procedure
(high tibial osteotomy or distal femoral osteotomy)
based on preoperative presentation and arthroscopic
ﬁndings also were derived from chart review. Preoperative MRI was used to grade identiﬁable cartilage lesions according to the AMADEUS (Area Measurement
And DEpth Underlying Structure) classiﬁcation system,
proposed by Jungmann et al.24 The ﬁnal AMADEUS
grade (grade I [best, score >75] to grade IV [worst,
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Table 1. Descriptive Characteristics of Chondral Pathology
Characteristic
Clinical history
History of previous surgery
Yes
No
Etiology
Degenerative
Traumatic
Instability
Defect locations
Condylar involvement
Present
Absent
Bipolar lesions
Present
Absent
Multiple lesions
Present
Absent
MRI characteristics
Defect area, cm
Defect depth
Signal
Partial
Full
Subchondral bone involvement
Present
Absent
Bone marrow edema
Present
Absent
AMADEUS score
AMADEUS grade
Grade 1
Grade 2
Grade 3
Grade 4

Number (%)

35 (53.8%)
30 (46.2%)
41 (63.1%)
17 (26.2%)
7 (10.7%)

34 (52.3%)
31 (47.7%)
14 (21.5%)
51 (78.5%)
16 (24.6%)
49 (75.4%)
2.4  1.4
5 (7.7%)
18 (27.7%)
42 (64.6%)
18 (27.7%)
47 (72.3%)
33 (50.8%)
32 (49.2%)
58.5  14.7
5 (7.7%)
36 (55.4%)
23 (35.4%)
1 (1.5%)

AMADEUS, Area Measurement And DEpth Underlying Structure;
MRI, magnetic resonance imaging.

score <25]), as well as lesion location, number, bipolarity, bone marrow edema, and subchondral involvement were analyzed as risk factors. All measurements
were made by one board-eligible orthopaedic surgeon
(N.A.T.).
Outcome Measures
The primary outcome measure was the patient decision to proceed with cartilage transplant procedure
within 6 months after initial arthroscopic chondroplasty
based on continued symptoms, failure of conservative
measures, or postoperative review of intraoperative
ﬁndings prompting the patient to elect to the second
stage treatment as part of a joint decision-making process. Due to the inherent variability in insurance
authorization process, which could lead to delays in
scheduling a surgical date for the transplant, this end
point was standardized to the date at which the patient
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elected to undergo further surgery, as dictated in a
clinical note, and the insurance authorization process
was initiated. This was considered to be a true postoperative decision and deﬁned as the failure endpoint
for analysis.
Analyses included predictive factors for conversion,
including demographic data (age, sex, BMI), lesion
etiology, lesion location, preoperative defect characteristics on MRI (lesion bipolarity, AMADEUS grade,
bone marrow edema, subchondral involvement),
concomitant meniscal deﬁciency (indication for
meniscal allograft transplantation) or malalignment
(indication for realignment osteotomy), and patientreported functional assessment according to International Knee Documentation Committee (IKDC),
Lysholm, Knee Injury and Osteoarthritis Outcome
Score (KOOS), and Veterans Rand 12-Item Health
Survey (VR-12 Mental and Physical) at baseline.
To corroborate patient symptoms with the decision to
elect, a subanalysis of postoperative patient-reported
outcomes was performed to (1) compare outcomes at
2 weeks and 6 weeks after chondroplasty between patients electing to proceed versus not electing to proceed
to establish predictive thresholds for impending election
and (2) examine trajectory of outcomes in patients not
electing to proceed.
Statistical Analysis
Descriptive statistics were used to present demographic data with means, standard deviations, and
percentages, as appropriate. Patients electing to proceed
with cartilage transplant within 6 months of chondral
debridement were compared with those completing at
least 6 months of follow-up without electing to proceed
to transplant. Cox proportional hazards analysis was
used to determine univariate predictors of conversion.
A predictive scoring system was generated by
entering all variables with univariate predictive value
into a multivariable binary regression model. Subsequently, the ideal set of predictive variables was
determined using stepwise regression employing the
Akaike information criterion (AIC).25 Using the AIC,
goodness of ﬁt could be quantiﬁed and optimized for
univariate predictive variables while penalizing overﬁtted models that contain more parameters than justiﬁed by the data. This method was chosen to identify the
variables with additively contribute to the ﬁnal model
while eliminating the univariate predictors which do
not substantially contribute. Subsequently, receiver
operator curves and the area under the curve (AUC)
was used to evaluate the predictive ability of the
Cartilage Early Return for Transplant (CERT) score on
the studied patient population, as previously methodologies have described.26 Testing was 2-sided, with P <
.05 considered statistically signiﬁcant. Analyses were
conducted in R 4.0.0 (R Core Team, Vienna, Austria).
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Table 2. Univariate Predictors of Early Failure of Therapeutic
Chondroplasty
Variable
Demographics
Age, y
<30
30
Sex
Female
Male
BMI
<30
30
History of previous surgery
Preoperative imaging and
surgical indications
Defect location
Patellofemoral
Femoral condyles
Number of lesions
Single
Multiple
Lesion topology
Unipolar
Bipolar
Bone marrow edema
Absent Edema present
Subchondral involvement
Absent
Present
AMADEUS grade
Grade 1
Grade 2
Grade 3-4
Lesion etiology
Degenerative (OA)
Traumatic
Instability
Concurrent indication for MAT
Concurrent indication for
realignment procedure
Preoperative outcome scores
IKDC
KOOS
Symptoms
Pain
ADL
Sports
Quality of life
Joint replacement
Lysholm
VR-12
Mental Health
Physical Health

Hazards Ratio
(95% CI)

P Value

Reference
1.14 (0.47-2.81)

.77

Reference
0.84 (0.36-1.99)

.70

Reference
1.21 (0.44-3.35)

.71

Reference
3.83 (1.34-10.94)

.01

Reference
3.98 (1.37-11.61)

.01

Reference
4.01 (1.62-9.95)

<.01

Reference
2.74 (1.09-6.87)

.03

Reference
0.91 (0.37-2.25)
Reference
2.49 (1.00-6.20)

.83

Reference
>99
>99
Reference
1.90 (0.74-4.90)
1.12 (0.26-4.72)
1.19 (0.46-3.03)
Reference
3.94 (1.33-11.68)

.05

<.01
<.01

.18
.88

.72
.013

0.96 (0.93-0.99)
0.98 (0.95-1.00)
0.97 (0.95-0.99)
0.97 (0.94-0.99)
0.99 (0.96-1.02)
0.96 (0.92-1.00)
0.96 (0.93-0.99)

.02
.06
.01
.02
.51
.07
.01

0.98 (0.95-1.00)
0.95 (0.91-0.98)
0.92 (0.86-1.00)

.08
<.01
.04

AMADEUS, Area Measurement and DEpth Underlying Structure;
ADL, activities of daily living; CI, conﬁdence interval; IKDC, International Knee Documentation Committee; KOOS, Knee Injury and
Osteoarthritis Outcome Score; MAT, meniscal allograft transplantation; OA, osteoarthritis; VR-12, Veterans Rand 12-Item Health
Survey.

Results
A total of 120 patients (122 knees) were prospectively
enrolled, and 80 knees met inclusion criteria for the
study (Appendix Table 1, available at www.
arthroscopyjournal.org). Thirteen patients were lost to
follow-up, and 2 patients did not have preoperative
MRI available for review. A ﬁnal cohort of 65 arthroscopic chondroplasties performed between May 2017
and June 2020 in 63 patients (35 male, 30 female) were
analyzed. Mean age was 32.6  8.5 years and mean
BMI was 27.7  5.7. Patients were followed for a mean
of 14.1  7.4 months (range 6.0-36.1). All excluded
patients were similar in age (34.40  9.62 vs 32.69 
8.66, P ¼.305) and sex (52.70% vs 55.38% male, P ¼
.783) compared with included patients. However,
excluded patients had a slightly greater BMI than
included patients (30.30  6.63 vs 27.81  5.70, P ¼
.029). Descriptive characteristics of the chondral pathologies are presented in Table 1.
Preoperative Risk Factors for Failure of
Chondroplasty
During the course of follow-up, 18 patients (18/65
knees, 27.7%) elected to proceed with cartilage transplantation within 6 months of chondroplasty, with the
decision occurring at an average of 2.0  1.5 months
(range 0.2-4.8) following their index surgery. Signiﬁcant differences were observed on univariate Cox proportional hazards analysis between early conversion
patients and controls for femoral condyle defect location, bipolar and multiple lesions, subchondral
involvement, AMADEUS grade, as well as preoperative
IKDC score, KOOS pain, activities of daily living (ADL),
and joint replacement score, and VR-12 Mental and
Physical Health Score (Table 2). History of previous
surgery (hazard ratio 3.83, 95% conﬁdence interval
1.34-10.94, P ¼ .01) and indication for realignment
procedure (hazard ratio 3.94, 95% conﬁdence interval
1.33-11.68, P ¼ .013) were also signiﬁcant on univariate analysis. However, they become nonsigniﬁcant on
multivariate analysis. Ultimately, 16 of 18 patients who
elected to proceed underwent cartilage transplantation.
Development of a Preoperative Risk Calculator
Multivariable analysis for predictors of early conversion to cartilage transplant was performed employing
stepwise regression with the AIC and assessment of the
relative risk represented by each predictive factor.
Femoral condyle involvement was determined to be a
signiﬁcant predictor of early conversion to transplantation in the ﬁnal model, along with KOOS Pain
score, VR-12 Physical Score, and AMADEUS score 3 to
4. When we examined the risk relationship between
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Fig 1. Relative risk of failure and
conversion to cartilage transplantation by preoperative (A)
KOOS Pain score, and (B) VR-12
Physical Health score. Shaded
area represents 95% conﬁdence
interval. (KOOS, Knee Injury and
Osteoarthritis Outcome Score;
VR-12, Veterans Rand 12-Item
Health Survey.)

KOOS Pain and VR-12 Physical Score and election to
proceed with transplant, patients with respective preoperative scores <40 were found to demonstrate substantially greater risk of failure (P ¼ .04 and .02,
respectively) than patients with scores 40, as
demonstrated in Fig 1 A and B.
Normalization of the relative contributions of each
the 4 variables in the AIC-driven ﬁnal model generated
a readily employable preoperative scoring system, the
CERT score (Table 3). CERT scores were calculated and
applied to our dataset to determine its prognostic value.
Post hoc analysis determining the ability of the CERT
score to stratify patient’s transplantation was then
performed. Patients with increasing CERT scores
demonstrated increased rates of election of cartilage
transplantation, with a 3% risk in the 0- to 2-point
score group, 33% risk in the 3- to 4-point group, and
79% risk in the 5þ-point group (P < .01). To further
quantify CERT score performance, the receiveroperating characteristics of the CERT score and its
associated AUC were generated (Fig 2). The CERT score
was determined to have satisfactory and statistically
signiﬁcant AUC of 0.906 (P < .01).
Comparison of Patient-Reported Outcomes
Between Patients Electing or Not Electing to
Proceed
Patient-reported outcome questionnaires were
completed at 2 weeks’ and 6 weeks’ postchondroplasty
by 58.21% and 74.63% of patients. At 2 weeks, earlyelecting patients demonstrated lower functional scores
for KOOS Pain (51.49  19.26 vs 68.37  17.41,
P ¼ .01), KOOS ADL (72.92  19.10 vs 57.01  21.07,
P ¼ .03), and KOOS Quality of Life (40.52  19.87 vs
17.79  14.84, P ¼ .001). By 6 weeks, early electing
patients demonstrated signiﬁcantly worse pain (61.71
 17.97 vs 77.03  14.79, P ¼ .003), daily living (84.75
 14.26 vs 67.55  20.69, P ¼ .002), sports (57.36

 22.94 vs 32.14  28.67, P ¼ .002), and quality of life
scores (49.31  21.27 vs 22.33  20.33, P < .001).
Analysis of Patients Not Electing to Proceed With
Transplant by 6 Months
Forty-ﬁve patients (47 knees) in the overall cohort
did not elect to proceed with cartilage transplantation
within 6 months. Three patients eventually elected to
proceed to cartilage transplant procedure at a mean of
1.32  0.30 years after chondroplasty. One patient
suffered an acute patellar tendon rupture 8 months
after chondroplasty, so outcomes after the 6-month
timepoint were not included for analysis.
Mean postoperative outcomes signiﬁcantly improved
from baseline to 2 weeks for KOOS Symptoms
(56.08  17.41 to 62.58  16.31, P ¼ .039), KOOS Pain
(61.32  20.12 to 68.37  17.41, P ¼ .040), and KOOS
Quality of Life (32.25  17.18 to 40.52  19.87,
P ¼ .031). All baseline scores signiﬁcantly improved by

Table 3. Early Cartilage Transplant Score Calculation
Risk Factor
Defect location
Patellofemoral
Femoral condyles
KOOS Pain
40
<40
VR-12 physical score
40
<40
AMADEUS score*
1-2
3-4
Total:

Point Value
0
2
0
2
0
2
0
1
0-7 points

AMADEUS, Area Measurement And DEpth Underlying Structure;
KOOS, Knee Injury and Osteoarthritis Outcome Score; VR-12, Veterans Rand 12-Item Health Survey.
*Lesion with greatest score in case of multiple lesions.
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Fig 2. ROC curve for the study data. (AUC, area under the
curve; ROC, receiver operating characteristic.)

6 weeks for KOOS Symptoms (72.12  13.92,
P < .001), KOOS Pain (77.03  14.79, P < .001), KOOS
ADL (73.96  17.19 to 84.75  14.26, P < .001), KOOS
Sports (35.97  16.77 to 57.36  22.94, P < .001), and
Quality of Life (49.31  21.27, P < .001). At 6 months
and 1 year, 64.44% and 57.78% of patients, respectively, completed questionnaires. All scores were
signiﬁcantly greater at 6 months, for IKDC (42.10 
12.77 to 63.64  16.47, P < .001), KOOS Symptoms
(74.28  13.83, P < .001), KOOS Pain (78.55  15.03,
P < .001), KOOS ADL (87.17  16.83, P < .001), KOOS
Sports (59.00  21.65, P < .001), and KOOS Quality of
Life (51.00  23.98, P < .001). All postoperative scores
at 1 year were also signiﬁcantly greater than baseline
scores for IKDC (66.45  19.62, P < .001), KOOS
Symptoms (75.29  18.32, P < .001), KOOS Pain
(78.67  15.99, P < .001), KOOS ADL (86.77  17.04,
P ¼ .013), KOOS Sports (61.20  24.68, P < .001), and
KOOS Quality of Life (55.01  23.59, P < .001).

Discussion
This study identiﬁed several preoperative risk factors
that were predictive of early patient election to proceed
with cartilage transplantation procedures after staging
chondroplasty, which additively formed a risk
calculatorecondylar involvement, defect AMADEUS
grade of 3 to 4 on preoperative MRI, KOOS Pain Score
<40, and VR-12 Physical Score <40. Overall, early
election was a relatively common occurrence, with
27.7% of patients electing for transplantation before 6
months.

When an early decision to proceed to transplant
occurred, it did so at a mean of 2.0 months status
postchondroplasty, with the earliest decision made
within the ﬁrst postoperative week. Of note, such early
decision-making was based on joint decision-making
with the patient following review of arthroscopic ﬁndings as well as continued postoperative dissatisfaction
with symptomatic state. Understandably, patients with
large condylar defects noted intraoperatively and high
pre- and postoperative pain scores may wish to convert
early to second stage planning as not to extend overall
recovery timeline rather than following a prolonged
“wait-and-see” approach in light of substantial visualized intra-articular pathology and associated disability.
While several variables that are traditionally taken
into consideration during the surgical decision-making
process (e.g., alignment, lesion topology) were signiﬁcant on univariate analysis, only the selected variables
(AMADEUS grade, condylar involvement, KOOS Pain
Score, and VR-12 Physical Score) independently and
additively contributed to the ﬁnal model and were
therefore the only ones included in the calculator.
These ﬁndings are further supported by the subanalysis
of patient-reported outcomes, which demonstrated that
patients electing to proceed with cartilage transplantation reported worse outcomes at 6 weeks (which
was approximately the mean time to decision)
compared with patients not electing to proceed.
Therefore, while the decision to proceed with transplantation may be a shared decision by surgeon and
patient, it was driven by severity of patient symptoms.
Patients who did not elect to proceed within 6 months
demonstrated signiﬁcant improvements from baseline
out to 1 year postchondroplasty, demonstrating some
sustained therapeutic beneﬁt of chondroplasty.
The ﬁnding that severe AMADEUS grade signiﬁcantly
predicted early conversion provides additional evidence
for its use as a metric for presurgical planning. It was
designed speciﬁcally as a preoperative score to address
deﬁciencies in existing MRI-based classiﬁcation systems
that failed to incorporate several pathologic components that typically guide management decisions (e.g.,
lesion size).24,27,28 The individual components of the
scoring system have been shown to have high interrater reliability, with the lowest interclass correlation
coefﬁcient being 0.63 for defect depth grading and all
others in the range of 0.8 to 0.9, making it a valuable
option for preoperative staging of cartilage lesions.24
Previous studies that investigated its clinical utility
demonstrated a moderate correlation with the Core
Outcome Measures Index preoperatively for patients
undergoing matrix-associated autochondrocyte implantation, indicating that its major components capture the speciﬁc parameters which directly correlate
with the patient’s pathology.29 The results of the present study therefore further demonstrate the utility of
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the AMADEUS system for assessing a patient’s response
to chondroplasty and planning for potential future
surgical procedures when considered in the context of
the other additive calculator factors, including patient
symptoms and defect location.
Additional preoperative MRI factors that were signiﬁcant on univariate analysis included lesion bipolarity
and number of lesions. While these factors may inﬂuence surgical decision-making, they were found in
multivariate statistical analysis to not independently
contribute sufﬁciently on stepwise regression analysis
to factor into the CERT scoring system. The characteristics of the most severe lesion and its location had a
greater impact on the decision to return for early
cartilage transplant. It is possible that bipolarity and
number of lesions contribute to preoperative KOOS
Pain and VR-12 Physical Score, but this potential confounding effect requires further study. In addition,
indication for realignment procedure was signiﬁcant on
univariate analysis, but became nonsigniﬁcant on
multivariate analysis. This ﬁnding is aligned with the
expert consensus in that malalignment is among several
important factors that are necessary to assess and
address either before or in conjunction with cartilage
transplantation.30 Our study suggests that although
indication for a realignment procedure correlates
independently with subsequently proceeding with a
second stage procedure, election to proceed is better
predicted by a constellation of other variables involving
anatomic location, defect grade, and patient function.
Similarly, history of previous surgery was also signiﬁcant on univariate analysis, but became nonsigniﬁcant
on multivariate analysis. As this cohort was heterogenous in types of previous surgery (e.g., anterior cruciate
ligament vs previous arthroscopy), and sample size was
insufﬁcient for subanalysis, the speciﬁc effects of cartilage versus noncartilage-related previous surgery could
not be assessed. Future studies are required to deﬁne a
speciﬁc threshold for concerning malalignment and to
investigate the role of previous cartilage versus
noncartilage-related previous surgery.
The ﬁnding that worse preoperative pain and function scores predict early reoperation was expected in
this study and is consistent with literature demonstrating that pain and related psychological tendencies
are associated with poorer outcomes.31 Patients with
worse preoperative function may need more aggressive
interventions to return to an acceptable level of function. In contrast to this, Anderson et al.9 found that
patients with lower preoperative PROs demonstrated
larger improvements after chondroplasty for articular
cartilage defects of the knee. In their cohort of patients
with isolated chondral pathology, only 15% of patients
underwent subsequent surgery within the follow-up
period. The greater rate cited by our study may
potentially be attributed to the inclusion of patients
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with additional pathologies such as meniscal deﬁciency
or malalignment, which was not reported by authors of
the aforementioned study. Another differentiating factor is the absence of threshold analysis to determine
factors related to outcome failure. Without threshold
analysis for outcome, it is difﬁcult to directly correlate
these ﬁndings to the results of our study. Further prospective application of the CERT score should be performed to test its prognostic ability and clarify its
external validity.
The univariate risk factor analysis was useful in
identifying factors that were not signiﬁcant predictors of
early conversion to cartilage transplant. Patient age,
sex, and BMI were not predictors of early conversion.
Similarly, lesion etiology did not have a signiﬁcant
impact on early failure of chondroplasty. These results
align with previous studies, such as that of 54 chondroplasties in professional athletes, which found no
effect of lesion size or patient age on return to sport
rates.32 Although these factors may not predict early
conversion, they should remain a part of the surgical
treatment algorithm for chondral lesions and retain a
critical role in surgical planning for deﬁnitive cartilage
restoration.30
There are clinical applications of this study. First, decisions regarding 1-stage versus 2-stage cartilage treatment can be challenging. While single-stage treatments
are appealing, staging arthroscopy has been shown to
change the deﬁnitive surgical plan in 36.7% of cases.23
In addition, chondroplasty performed at the staging
procedure may lead to symptomatic improvements.9
Unfortunately, the beneﬁt of chondroplasty is not
universal; in the present study, 29.9% of patients did
not beneﬁt and elected to proceed with subsequent
surgical treatment by 6 months postoperatively. This
could be due in part to patient selection, which could
potentially be improved with implementation of the
risk calculator designed by this study.
Limitations
There are several limitations to this retrospective
analysis of prospectively collected data. While sample
size was adequate for the statistical comparisons and
the creation of a statistically signiﬁcant risk calculator, a
larger sample size would further improve statistical
power and ﬁne-tune stratiﬁcation between each individual CERT subscore. This applies also the subscore
addition of other variables to the CERT scores. While
our post hoc receiver operating characteristic curves
and stratiﬁcation testing yielded statistically signiﬁcant
results for the CERT score’s stratiﬁcation value (P < .01)
and sensitivity / speciﬁcity (P < .01), increased sample
sizes would allow for subregression of additional variables, understanding that models ideally contain
approximately 10 events per predictive variable,
particularly as it relates to simulation methods, but a

e8

A. B. YANKE ET AL.

lower number of events per variable (5 in our presented
analysis) may provide the signiﬁcant results observed,
particularly if there is substantial separation amongst
groups, such as was the case in our data as well as the
discriminant analysis investigation performed with 3
subjects per group by Lachenbruch and Goldstein.33-35
While previous studies, like ours, have published an
AUC tested on the same cohort as the originating study,
future efforts of external validation in a different patient population will be necessary to demonstrate broad
generalizability and applicability of this and other clinical scores. Larger sample size would also allow further
exploration of history of previous surgery, as this was a
heterogenous variable in the current sample. Further
investigation will be needed to evaluate the potential
effects of previous noncartilage-related procedures
(e.g., ACL) versus previous arthroscopy. Many patients
also were excluded based on a priori criteria. While
there were no clear demographic differences in the
excluded cohort aside from BMI, there remains the
possibility of selection bias. Furthermore, patients with
2 affected knees would generally choose one knee to
treat ﬁrst, if electing to proceed at all. However, our
failure (i.e., decision to proceed to a second stage)
cohort did not include any patients with bilateral pathology, and therefore this variable did not play a
confounding role in the presented series and was not
included in analyses. In addition, as indication for
realignment procedure was collected retrospectively,
not all patients within this cohort had mechanical axis
views to measure coronal alignment. Therefore,
although it was signiﬁcant on univariate, alignment will
require further exploration and we could not draw
adequate conclusions from this study. Finally, this was
a study of early treatment failure and reoperation. It
was limited in its minimum duration of follow-up of
only 6 months. While the follow-up period was sufﬁcient for the study to address its purpose of deﬁning risk
factors for early conversion to cartilage transplant, it did
not evaluate the longer-term beneﬁts of staging chondroplasty and did not deﬁne reoperation rates at later
time points. The outcomes of cartilage transplantation
were also not assessed, and therefore the ﬁnal status of
patients electing to proceed cannot be commented
upon. Furthermore, the clinical utility of the CERT
score may be limited for surgeons who primarily opt for
2-stage procedures (e.g., autochondrocyte implantation). However, it would still allow for evidence-based
discussion about expected therapeutic beneﬁt from
chondroplasty with the patient. Lastly, this study design
was subject to bias. Speciﬁcally, the exclusion criteria
(e.g., large meniscal tears), while employed to identify a
more homogenous cohort, may increase the risk of
selection bias. Similarly, the endpoint of election to
proceed, while chosen to eliminate issues with
insurance-related delays, is subject to cognitive and

presentation bias from operative counseling in the
shared decision-making model.36,37

Conclusions
Risk of early patient election to pursue cartilage
transplantation after chondroplasty is closely and
additively associated with preoperative AMADEUS
grade, condylar involvement, KOOS Pain Score, and
VR-12 Physical Score.
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Appendix Table 1. Patients Meeting
Exclusion Criteria

Exclusion Criteria
Not considered adequate transplant candidate or other
procedures recommended (biologics)
Extensive osteoarthritis, arthroplasty candidates
Large meniscal tears noted at debridement
Indication for concomitant ACLR
Complicated patellar instability or indication for MPFLR
Revision cartilage procedure
Lost to follow-up
No preoperative MRI

N
13
11
6
5
5
2
13
2

ACLR, anterior cruciate ligament reconstruction; MPFLR, medial
patellofemoral ligament reconstruction; MRI, magnetic resonance
imaging.

