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Arthroscopic Mechanical Chondroplasty
of the Knee Is Beneficial for Treatment of
Focal Cartilage Lesions in the Absence
of Concurrent Pathology

Devon E. Anderson,* PhD, Michael B. Rose,* MD, Aaron J. Wille,* BS, Jack Wiedrick,† MS,
and Dennis C. Crawford,*‡ MD, PhD

Investigation performed at Oregon Health & Science University, Portland, Oregon, USA

Background: Articular cartilage lacks the ability for intrinsic repair after acute injury, and focal articular cartilage lesions cause
significant morbidity worldwide. Arthroscopic debridement (chondroplasty) represents the majority of cartilage procedures of the
knee; however, limited data exist regarding outcomes after chondroplasty performed in isolation of concurrent procedures or not
as a primary treatment for osteoarthritis (OA).

Hypothesis: Arthroscopic mechanical chondroplasty is beneficial for patients with a focal cartilage lesion of the knee in the
absence of meniscal pathology or OA.

Study Design: Case series; Level of evidence, 4.

Methods: Potential participants were identified by querying billing data from a 3-year period in a single-surgeon practice, and
eligible patients were verified to meet inclusion criteria through electronic medical record review. OA was quantified through
Kellgren-Lawrence (KL) scoring. Subjective patient-reported outcome (PRO) scores, including International Knee Documentation
Committee (IKDC), Knee injury and Osteoarthritis Outcome Score (KOOS), Western Ontario and McMaster Universities Arthritis
Index (WOMAC), Tegner, Lysholm, and Veterans RAND 12-Item Health Survey (VR-12), were collected preoperatively and at
follow-up intervals. International Cartilage Repair Society (ICRS) grade and lesion size were determined at arthroscopy. Linear
regression was used to determine the effect of baseline score on final follow-up score. Correlated regression equations were used
to assess the relationship of covariates and change in PRO scores.

Results: Fifty-three of 86 (62%) eligible participants completed postoperative questionnaires at an average of 31.5 months (range,
11.5-57 months). The mean patient age was 37.3 ± 9.7 years and mean body mass index (BMI) was 27.7 ± 5.6 kg/m2; 33 (62%)
participants were women. The mean treated lesion size was 3.3 ± 1.9 cm2, of these, 36 (68%) were ICRS grade 2 or 3, and 42 (79%)
patients had a KL score of 0 to�2. On average, the cohort demonstrated significant improvement from baseline for almost all PRO
scores. Regression analysis of change in score versus baseline indicated participants with lower preoperative scores gained more
benefit from chondroplasty. Correlated regression equations showed KL score >0 and male sex had a consistent positive effect on
change in PRO scores, high ICRS grade had a consistent negative effect, and lesion size, age, and obesity had no effect. Eight
patients (15%) required further surgical intervention within the follow-up period.

Conclusion: The clinical efficacy of chondroplasty for repair of focal cartilage defects of the knee has not been studied in isolation
from concurrent orthopaedic procedures. Our data show that arthroscopic mechanical chondroplasty is beneficial to patients, and
response to surgical intervention is correlated with baseline PRO scores, sex, ICRS grade, and KL score.
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Articular cartilage defects cause significant morbidity, as
cartilage has limited ability for intrinsic repair or regener-
ation in adults.5 Patients with focal cartilage damage of the
knee often present with pain and mechanical catching or
popping symptoms, which collectively lead to substantial

disability. Procedures to treat focal articular cartilage
defects can be classified as palliative (lavage, chondro-
plasty), reparative (microfracture), or restorative (autolo-
gous chondrocyte implantation, osteochondral allograft, or
osteochondral autograft).11,13 Arthroscopic debridement is
a technique utilized to alleviate pain, mechanical symp-
toms, and recurrent effusions associated with symptomatic
articular cartilage lesions.15 Currently, arthroscopic chon-
droplasty represents the vast majority of all cartilage
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procedures of the knee performed in the United States.13 Of
the roughly 300,000 total patients who underwent surgery
for focal knee cartilage disease in the United States in 2010,
an estimated 220,000 patients underwent arthroscopic
chondroplasty; however, the proportion of these patients
who underwent a concomitant surgery at the time of chon-
droplasty or who had evidence of degenerative joint disease
is unknown.11 Chondroplasty includes a spectrum of tech-
niques specific to individual surgical practices, ranging
from radiofrequency thermal ablation to abrasion chondro-
plasty or mechanical chondroplasty. The latter, and least
invasive, consists of debriding the unstable cartilage tissue
to a stable rim. No standard of care for chondroplasty
exists, and surgical technique remains quite variable.

Despite the high prevalence of chondroplasty, limited
outcomes data exist regarding short- and long-term results.
To date, the procedure has only been characterized as a
primary treatment for osteoarthritis (OA) or with concur-
rent surgical intervention, most commonly subtotal menis-
cectomy.1,4,8,12,14,17 Heavily cited studies have investigated
the effect of debridement and lavage in patients with OA,
demonstrating limited benefit.9,14 While investigation into
efficacy of this procedure as a primary treatment for OA
was warranted, a majority of patients receiving chondro-
plasty are between 40 and 59 years old, an age group that
may or may not have degenerative changes in the setting of
a focal chondral injury.13 The lack of outcomes data on iso-
lated chondroplasty in patients without OA, meniscal
injury, or concomitant ligament tear demands investiga-
tion to determine if chondroplasty is an efficacious thera-
peutic strategy.

The purpose of our study was to define the clinical out-
comes of arthroscopic chondroplasty in isolation. We
hypothesized patients undergoing chondroplasty would
have a clinically meaningful improvement in patient-
reported outcome (PRO) measures at minimum 2-year
follow-up.

METHODS

Ethical approval was obtained from the institutional
review board at Oregon Health & Science University before
enrollment (IRB# 4745 and 11437). All participants who
presented to the principal investigator’s clinic had con-
sented to participate in a prospective longitudinal database
(SOCRATES, Ortholink Pty Ltd) for use in any future ret-
rospective studies. Potential participants were identified on
querying billing data for chondroplasty codes (CPT [Cur-
rent Procedural Terminology] 29877 and G0289) from Jan-
uary 2011 through December 2014, and evidence of a
chondroplasty procedure was verified on review of elec-
tronic medical records (EMRs). Participants were excluded

if additional CPT codes were listed with their index proce-
dure, or if a concurrent procedure was identified within the
EMR. Potential participants initially presented or were
referred to the clinic for knee pain and/or mechanical symp-
toms and subsequently underwent arthroscopy for 1 or
more identified chondral lesions. Patients were not
excluded for previous surgical intervention that was at
least 12 months prior on the ipsilateral knee. Patient demo-
graphics and baseline PRO data were collected preopera-
tively. PRO measures included the International Knee
Documentation Committee (IKDC) subjective knee evalua-
tion form, all 5 domains (symptoms, pain, activities of daily
living [ADL], sports and recreation [Sports], and quality of
life [QOL]) of the Knee injury and Osteoarthritis Outcome
Score (KOOS), the Western Ontario and McMaster Univer-
sities Arthritis Index (WOMAC), the Veterans RAND 12-
Item Health Survey (VR-12), the Lysholm Knee Scoring
Scale, and the Tegner Activity Score. All patients under-
went a preoperative history and physical examination and
standard weightbearing knee radiographs. The degree of
OA for both the overall operative knee and the operative
compartment was quantified by a senior orthopaedic sur-
gery resident using a standardized Kellgren-Lawrence
(KL) scoring system: grade 0 showed no arthritis, grade 1
showed minimal osteophytes, grade 2 showed definite
osteophytes and possible joint space narrowing, grade 3
showed definite joint space narrowing and subchondral
sclerosis, and grade 4 showed bony deformity.

All procedures were performed by a fellowship-trained
orthopaedic surgeon. Arthroscopic treatment was per-
formed under general anesthesia and without a tourniquet.
Ringer’s lactate solution was used to distend the joint dur-
ing confirmatory examination and the procedure. Articular
lesions in the medial, lateral, or patellofemoral compart-
ments were graded according to the International Cartilage
Repair Society (ICRS) classification.2 Lesion size was mea-
sured intraoperatively with an arthroscopic ruler. Dam-
aged articular cartilage and/or associated flap(s) were
debrided with a 4.5-mm oscillating shaver and a sharp
curette to produce a stable tissue border at the minimum
depth possible regardless of ICRS grade for the lesion. Also
independent of ICRS grade, no subchondral abrasion was
performed, and the calcified cartilage layer was left intact.
On completion of the operation, local anesthetic (bupiva-
caine 0.5%, 10 mL) was injected into the dermis at incision
sites, but no anesthetic was placed into the joint. Surgical
compartment, size of lesion(s), and ICRS grade(s) were
recorded in the EMR after surgery. For patients with more
than 1 treated lesion, only a single index lesion was used for
analysis. The index lesion happened to be unanimously the
largest and the most severe based on ICRS grade for all
these patients. Routine clinical follow-up was conducted at
2 and 6 weeks and at 3, 6, 12, and 24 months postoperatively
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at the discretion of the patient. PRO surveys were distri-
buted to all patients 6 weeks after surgery and annually
thereafter. If study participants did not complete PRO
surveys on automatic distribution, investigators sent 2
reminder emails and 1 phone call to encourage participa-
tion before patients were considered lost to follow-up. No
financial incentive was offered for participation.

Statistical analysis was performed with Stata v14 (Stata-
Corp LP). Sample means, standard deviations, and 95%
confidence intervals were calculated for PROs at baseline,
final follow-up, and change from baseline. Comparison of
patient demographics, lesion characteristics, and baseline
PRO scores between the cohort lost to follow-up with the
final cohort were performed using an unpaired t test to
compare means and an F test to compare variance. A
Mann-Whitney rank-sum test was used to compare nonnor-
mal data. Differences in distribution between categorical
data were tested using Fisher exact test. For the final
cohort, clinical improvement was defined as an increase
in mean change in PRO scores from baseline greater than
would be expected for the population given the distribution
of baseline scores. For each outcome measure, we calcu-
lated this expected amount of change through mathemati-
cal modeling based on multiple assumptions. We expected

(1) near-universal improvement in PRO scores from base-
line, (2) participants with lower baseline scores should
improve more than those with higher scores due to the
ceiling effect of outcome measures, and (3) the range of
baseline scores should predictably influence mean improve-
ment seen at final follow-up. For example, if baseline scores
for an outcome were mostly small, then mean improvement
should be larger than if baseline scores were spread evenly
across the scale.

The amount of change for a PRO measure that would be
predicted from these assumptions was labeled the minimal
interesting change (MIC) and was calculated as follows.
Baseline scores were converted to Z scores for normali-
zation. The change from baseline was regressed against
the normalized baseline score using errors-in-variables
regression, which accounted for the test-retest reliability
of the outcome measure. The slope of the regression was
taken as the MIC, which represented the amount of shift
in improvement induced by a standard deviation difference
at baseline. A set of baseline scores that differed, on aver-
age, by 1 standard deviation was expected to yield a set of
changes from baseline that differed, on average, by this
slope. If mean improvement across the entire group was
no larger than the MIC, then we concluded that average

Excluded (n = 310) 

Exclusion Criteria 
No Baseline PROs (n = 43) 
Concurrent procedure  

o Meniscectomy (n = 28)  
o Ligament repair (n = 71) 
o Advanced cartilage 

repair (n = 30) 
o Other: ganglion cyst, 

hardware removal, 
osteotomy, extensive 
debridement, multiple 
procedures (n = 138)

Lost to follow-up (n = 33) 

Failed to complete follow-up 
PROs after 3 contact attempts 
(n = 30) 
Declined to further participate 
(n = 3) 
Analyzed demographic and 
surgical data from EMR  

Analysed (n = 53) 

PROs from SOCRATES 
Demographic and surgical data 
from EMR 
KL score from radiographs 

Analysis 

Follow-Up

Included (n = 86) 

Inclusion Criteria 
CPT code 29877, G0289 
1/1/2011 to 12/31/2014 
Surgical record of only 
chondroplasty in EMR 
Complete baseline PROs  

Enrollment 

Assessed for eligibility (n = 396) 

Consented to participate in 
SOCRATES registry   

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) diagram categorizing the cohort by patient enrollment, follow-
up, and analysis. CPT, Current Procedural Terminology; EMR, electronic medical records; KL, Kellgren-Lawrence; PRO, patient-
reported outcome.
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improvement was within expected bounds. If, on average,
the group improved more than the MIC, it was considered
clinically significant.

A Student t test was used to compare mean change from
baseline with MIC for all outcome measures, with signifi-
cance set at P < .05. Potential factors (covariates) influenc-
ing change from baseline for PRO scores were selected for
correlated regression analysis. These included baseline
PRO score, KL score, ICRS grade, lesion size, age, body
mass index (BMI), and sex. Correlated regressions were
performed using the Zellner method of seemingly unrelated
regression (SUR), which enabled simultaneous estimation
of multiple related regressions within a unified frame-
work.21 If the SUR suggested a net positive or negative
effect for a covariate on a given outcome score when con-
trolling for the other factors, univariate analysis (adjusted
for baseline score) was used to confirm that this relation-
ship was retained in the presence of confounding in the
clinical cohort. If the coefficient estimate was similar for
the correlated and univariate regressions, we considered
it clinically relevant.

RESULTS

A total of 396 potential participants were identified from
billing data, and 86 subjects met inclusion criteria (Figure
1). Of the 86 patients, 53 (62%) completed the postoperative
questionnaires, with a final follow-up reported on average
at 31.5 ± 13.9 months. The cohort that completed follow-up
was characterized by baseline demographics and surgical
findings (Table 1). Average age of the patients was 37.3 ±
9.7 years with an average BMI of 27.7 ± 5.6 kg/m2. All but 1
patient presented with subjective pain at baseline as
reported in the KOOS pain questionnaire. Thirty-three
(62%) participants were female, 35 (66%) had mechanical
symptoms, and 24 (48%) had a flap tear, such that greater
than 50% of the circumference was displaced to create an
anchored chondral flap. Thirty (57%) patients presented
with acute symptoms (less than 6 months). Thirty-one
(58.5%) had a lesion in the patellofemoral joint, followed
by 9 (17%) lateral compartment, 7 (13.2%) medial compart-
ment, and 1 (1.9%) tibial plateau lesion. The remaining
5 (9.4%) patients did not have a specific compartment
recorded in the surgical note. Average lesion size was
3.3 ± 1.9 cm2, and the highest percentage of patients had
ICRS 3c lesions (41.5%). There were 2 (3.8%) ICRS grade 2
lesions, 34 (64.2%) ICRS grade 3 lesions, and 11 (20.8%)
ICRS grade 4 lesions. In comparison with the final cohort,
the cohort lost to follow-up was of similar mean age and
BMI but had significantly smaller lesions (Table 2). Rela-
tive to the final cohort, this cohort also had mostly ICRS
grade 3 lesions (21 patients, 63.6%) but contained a signif-
icantly different distribution regarding sex and compart-
ment, with a predominance of males (20 of 33) and an
increase in medial compartment disease (11 of 33). Eight
study participants (15%) required further surgical inter-
vention (2 total knee arthroplasties, 1 autologous chondro-
cyte implantation, 1 meniscectomy, 1 DeNovo [Zimmer],
2 anterior cruciate ligament reconstructions, and 1 tibial

tubercle osteotomy). Comparison of the baseline scores for
participants lost to follow-up with those for the final cohort
indicated a significant mean difference for only WOMAC,
although there was no difference in the variance of scores
(Table 2).

Overall, the final cohort demonstrated improvement from
baseline to final follow-up for all PRO outcomes scores except
the mental component of the VR-12 (Table 3). The IKDC,
WOMAC, Lysholm, and VR-12physical function scores all
improved more than the minimal clinically important differ-
ence (MCID) reported in the literature.3,6,20 All KOOS sub-
sets improved more than 15 points, with the KOOSSports and
KOOSQOL subsets showing the greatest improvement (25.5
and 30.6, respectively). Data for the IKDC are given as an
example of trends seen in the pre- and postsurgical outcome
measures (Figure 2). Linear regression models found statis-
tically significant associations between the change from
baseline and the standardized baseline scores for all outcome
measures (P < .001). The strongest relationships (R2 > 0.5)
were in KOOSADL, KOOSQOL, KOOSSports, and WOMAC
(R2 ¼ 0.57, 0.61, 0.81, and 0.58, respectively). Regression

TABLE 1
Patient Demographics and Surgical Characteristicsa

Variable Mean ± SD or Fraction (%)

Age, y 37.3 ± 9.7
�40 y 21/53 (40)

BMI 27.7 ± 5.6
Sex, male/female, n 20/33
Mechanical symptoms 35/53 (66)
Acute (<6 mo) 30/53 (57)
Preoperative Tegner �6 6/48 (13)
Follow-up, mo 31.5 ± 13.9
Flap tear 24/50 (48)
Lesion size, cm2 3.3 ± 1.9

Size >2 cm2 26/42 (62)
ICRS grade (N ¼ 53)

2 2 (3.8)
3 34 (64.2)

3a 7
3b 4
3c 22
3d 1

4 11 (20.8)
4a 8
4b 3

Unassigned 6 (11.3)
Compartment (N ¼ 53)

Medial 7 (13.2)
Lateral 9 (17.0)
Patellofemoral 31 (58.5)
Other 1 (1.9)
Unassigned 5 (9.4)

KL grade (N ¼ 53)
0 28 (52.8)
1-2 14 (26.4)
3-4 5 (9.4)
Unassigned 6 (11.3)

aBMI, body mass index; ICRS, International Cartilage Repair
Society; KL, Kellgren-Lawrence.
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analysis of change in score versus baseline score showed that
for all outcome measures, patients with lower preoperative
scores gained more benefit from surgery than those with

higher preoperative scores. Data for the IKDC are given as
an example of trends seen in change in outcome measures
(Figure 3). Importantly, the IKDC and VR-12physical function

TABLE 2
Comparison of Final Cohort With Cohort Lost to Follow-up (Baseline Measurements)a

Variable Cohort Lost to Follow-up t Test P Valueb F Test P Value

Patient and lesion characteristic
Age, y, mean ± SD 37.3 ± 9.7 34.9 ± 10.1 .147c .801
BMI, kg/m2, mean ± SD 27.7 ± 5.6 29.4 ± 6.4 .211 .381
Lesion size, cm2, mean ± SD 3.3 ± 1.9 2.4 ± 1.5 .034 .273
Sex, male/female, n 20/33 20/13 .047d

Compartment, PF/M/L, n 31/7/9 13/11/8 .068d

ICRS grade 2/3/4, n 2/34/11 2/21/8 .852d

Outcome measure, mean ± SD
IKDC 42.7 ± 16.4 42.6 ± 18.1 .995 .530
KOOSSymptoms 57.2 ± 20.2 51.9 ± 17.1 .204 .305
KOOSPain 61.8 ± 18.2 55.0 ± 19.6 .112 .626
KOOSADL 71.6 ± 19.8 66.6 ± 20.1 .257 .905
KOOSSports 36.4 ± 29.8 32.2 ± 26.2 .498 .454
KOOSQOL 26.0 ± 21.2 28.8 ± 17.7 .322c .276
WOMAC 27.8 ± 18.2 37.2 ± 17.5 .023 .831
Lysholm 56.4 ± 19.6 51.7 ± 19.6 .306 .960
Tegner 3.2 ± 2.1 3.2 ± 1.5 .680c .063
VR-12PCS 34.6 ± 10.6 33.8 ± 10.5 .723 .967
VR-12MCS 52.7 ± 10.0 51.2 ± 11.5 .547 .364

aADL, activities of daily living; BMI, body mass index; ICRS, International Cartilage Repair Society; IKDC, International Knee Docu-
mentation Committee; KOOS, Knee injury and Osteoarthritis Outcome Score; L, lateral; M, medial; MCS, mental component score; PCS,
physical component score; PF, patellofemoral; QOL, quality of life; VR-12, Veterans RAND 12-Item Health Survey; WOMAC, Western
Ontario and McMaster Universities Arthritis Index.

bBoldfaced values are statistically significant for P < .05 with trends identified for P < .1.
cMann-Whitney rank sum.
dFisher exact test.

TABLE 3
Patient-Reported Outcome (PRO) Scoresa

Outcome Measure
Baseline PRO Score,

Mean ± SD
Change From Baseline,

Mean (95% CI) MIC P Value
MCID From

Literature3,6,20

IKDC 42.7 ± 16.4 23.3 (16.4 to 30.3) 14.6 .007b 3.19-16.7
KOOSSymptoms 57.2 ± 20.2 15.8 (10.5 to 21.2) 15.6 .465 NA
KOOSPain 61.8 ± 18.2 19.7 (14.1 to 25.3) 15.6 .075 NA
KOOSADL 71.6 ± 19.8 16.7 (10.9 to 22.5) 17.9 .660 NA
KOOSSports 36.4 ± 29.8 25.5 (15.6 to 35.3) 49.1 >.999 NA
KOOSQOL 26.0 ± 21.2 30.6 (22.0 to 39.2) 33.1 .719 NA
WOMACc 27.8 ± 18.2 16.0 (10.6 to 21.3) 14.2 .258 11.5
Lysholm 56.4 ± 19.6 17.4 (11.0 to 23.8) 18.2 .600 10.1
Tegner 3.2 ± 2.1 1.8 (1.0 to 2.7) 2.0 .667 NA
VR-12PCS 34.6 ± 10.6 13.1 (9.6 to 16.5) 8.1 .003b 6.5
VR-12MCS 52.7 ± 10.0 �0.2 (�3.6 to 3.2) 9.4 >.999 7.9

aValues are reported as mean ± SD or mean (95% CI) for interpretation of spread of scores or comparison to MIC, respectively. MIC is
calculated by standardizing the baseline scores (converting to Z scores) and regressing the change in score on the baseline score. The slope
of the regression line, accounting for reliability of the outcome measure, represents the MIC for the outcome score of interest. If the mean
change was significantly greater than MIC, as assessed by a Student t test, the result was considered statistically significant. ADL,
activities of daily living; IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis Outcome Score;
MCID, minimal clinically important difference; MCS, mental component score; MIC, minimal interesting change; NA, not available; PCS,
physical component score; QOL, quality of life; VR-12, Veterans RAND 12-Item Health Survey; WOMAC, Western Ontario and McMaster
Universities Arthritis Index.

bP < .05.
cWOMAC score was reversed, so larger (rather than smaller) values would be considered improvements.
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scores showed significant improvement based on the MIC
(Table 3). KOOSSymptoms, KOOSPain, and WOMAC scores
also improved more than the MIC, but not significantly.
Correlated regression equations showed that lower baseline
score, KL score greater than 0, and male sex had the most
consistent positive effect on change in outcome scores,
while ICRS score of 3 or 4 had the most consistent negative
effect. For our study population, lesion size, age, and obesity
(BMI �30 kg/m2) did not have a net positive or negative
effect on change in outcome scores (Table 4).

DISCUSSION

Limited data exist on the clinical outcomes after isolated
chondroplasty in patients with focal cartilage lesions. His-
torically, debridement of cartilage lesions has been shown to
be successful in resolving symptoms for elite soccer
players.10 This procedure, however, involved removal of the
calcified cartilage through abrasion; therefore, it is not
directly comparable to our surgical technique. More
recently, a retrospective review showed that 67% of athletes
returned to professional football after chondroplasty; how-
ever, most patients received concomitant procedures, and
the specific effect of the chondroplasty could not be evalu-
ated. For these athletes, postoperative activity did not
depend on age, lesion size, grade, or location.15 These results
are in partial concordance with our data, which showed that
postoperative improvement is independent of age and size of
lesion. We found, however, that lesion severity correlated
with improvement, as patients with ICRS grade 3 and 4

lesions improved less on average. Additionally, we found
male sex and lower baseline PRO scores were positive pre-
dictors of patient-reported response to surgery. Our data
also indicated that participants with KL score >0 in the
affected compartment improved more than would be
expected, which was surprising after randomized clinical
trials that showed negligible benefit to a patient population
with KL score �2.4,9,14 We were unable, however, to distin-
guish among discreet KL scores with the small sample size of
patients with arthritis (8 with KL score �2). Based on this
limitation and the lack of a control group in our study, we are
hesitant to generalize these results to a larger population
with OA. The correlated regression model was limited by
small sample sizes and the need to restrict the estimation
sample to participants with complete observations on all out-
comes and covariates. Although this restriction was neces-
sary for direct comparability of the outcome effects, the
ability to detect small effects was decreased, and decisive
conclusions cannot be made about the magnitude of an
effect. Therefore, we only made conclusions about the direc-
tion of an effect (positive, negative, or neutral).

Of most interest, we found that for all outcome measures,
baseline score had a large and unambiguous effect on
patient response at follow-up. Through regression model-
ing, we showed that baseline score predicted a quantifiable

Figure 2. (A) Scatterplot of International Knee Documentation
Committee (IKDC) final values (post) and baseline values (pre).
The dashed line represents no change in final score from base-
line score for all possible values. Data points above the line
represent an improvement from baseline. (B) Histogram plot of
improvement from baseline (change) for final follow-up scores.
Dashed gray vertical line represents no change. On average,
the group improved 23.3 points. The minimal interesting
change for the IKDC from our model was 14.6 (dashed red
line).

Figure 3. Regression of change in International Knee Docu-
mentation Committee (IKDC) score versus the standardized
baseline score. There was a statistically significant but weak
correlation between IKDC change and baseline score (R2 ¼
0.31, P < .001). Vertical red bars indicate mean (42.7) and
standard deviation units (approximately ± 20) of the baseline
IKDC scores. Horizontal red lines indicate the average change
from baseline (mD ¼ 23.3) and the minimal interesting change
(MIC ¼ 14.6). MIC is based on the slope of the regression line
and represents the expected change induced by standard
deviation differences in baseline score. Note: if you follow the
regression line from right to left starting at where it crosses 0,
the dots progressively cluster higher for each standard devi-
ation block; this is visual evidence that the IKDC changes
tended to be larger than we would have predicted from base-
line scores alone.
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effect in the change from baseline. However, when we com-
pared mean change with the MIC, we found that only 2
outcome measures were significantly greater. We conclude
that improvement from baseline was clear for most out-
come measures. For many measures, however, this change
was not more than what would be expected based on
observed variation in baseline presentation. Our method
of calculating the MIC is unique and has not been reported
previously in the literature. This method was preferred
over the MCID because it is based on the distribution of
our population and not on historical norms. Previously
reported MCIDs have wide-ranging values, which limit
interpretation in a specific population.7 Furthermore, our
method allows for a critical interpretation of clinically sig-
nificant response that can be consistently applied even
when the MCID is not available for a given outcome score
(eg, KOOS). Importantly, we were able to interpret the
response of the cohort to treatment across multiple PROs
using a standardized system with the MIC, and this anal-
ysis was previously not possible using historically
reported MCIDs for each PRO.

The strength of our study lies in the single-surgeon prac-
tice, which allowed for surgical indication and technique to
be standardized for all participants in the study. Among the
wide variety of techniques that are categorized as arthro-
scopic chondroplasty, our study benefits from clear defini-
tion of interventions performed. This is in contrast to other
short- to long-range studies that have compared mechani-
cal chondroplasty with radiofrequency ablation. In these
studies, concurrent subtotal meniscectomy was performed
at a higher rate in the group receiving mechanical chondro-
plasty as compared with radiofrequency ablation, thus lim-
iting the direct comparison of the groups.17,18 We excluded
concomitant pathologies, including meniscal tears, to
remove confounding variables and to define the efficacy of
mechanical chondroplasty in isolation.

Limitations of our study include loss to follow-up, lack of
a control group, and lack of blinding. We know that the
cohort lost to follow-up had equivalent baseline scores for
all but 1 PRO; however, this group contained half of the
total eligible males. Since being male had a net positive
effect on outcome measures, our cohort may have been
weighted toward high responders after losing half of the
male population. The group lost to follow-up also had sig-
nificantly smaller lesions on average. Losing this cohort
may have diminished the effect of lesion size on outcome
measures, such that there was no influence in the final
cohort.

We know from previous randomized controlled trials that
arthroscopic lavage can have a substantial placebo effect in
patients with arthritis.9,14 In our cohort, there was a trend
for longer follow-up times to be associated with larger
changes from baseline for most PRO scores. A trend of sus-
tained benefit would argue against a pure placebo effect for
surgical intervention, as we would expect the effect to
diminish over a finite period, but we cannot discount the
possibility of temporal improvement due exclusively to the
natural history of an untreated chondral injury that does not
present with mechanical symptoms.16 Additionally, since we
are not treating patients with diffuse arthritis, our study
population differs from previous widely cited studies. Future
investigation with a larger prospective randomized trial for
patients with focal cartilage lesions in the absence of concur-
rent pathology may allow surgeons to better predict the mag-
nitude of change that can be expected based on patient
characteristics. Along with a larger cohort, additional
follow-up intervals and a longer total follow-up period may
elucidate trends in patient-reported outcomes not captured
at an average 31-month follow-up. Specifically, more inva-
sive cartilage repair and restoration procedures such as
microfracture and autologous chondrocyte implantation
show gradual improvement in PROs over the first few years

TABLE 4
Correlated Regression Resultsa

Outcome Measure
Higher

Baseline Score KL Score >0
ICRS

Grade >2
Lesion

Size >2 cm2 Age > Mean
Obesity

(BMI �30 kg/m2) Male Sex

IKDC 0/– þ – 0 0 0 þ
KOOSSymptoms – þ – 0 þ 0 þ
KOOSPain – þ – 0 0 – þ
KOOSADL – þ – 0 0 0/– 0/þ
KOOSSports – þ – 0 þ – þ
KOOSQOL – 0 – 0 0/þ 0 þ
WOMAC – 0/þ – 0 0 0 þ
Lysholm – þ – 0 þ – þ
Tegner – 0 – 0 0 0 þ
VR-12PCS – 0/þ – 0 0 0 þ
VR-12MCS – – 0 – 0 – 0/–

aImprovement more than expected is noted with a “þ” sign, a decline as “–”, and negligible or ambiguous effect on the change value as “0.”
Correlated regressions were internally validated by comparing the coefficient estimates to those obtained in one-by-one individual regres-
sions. To receive a “þ” or a “–” in the table, the coefficient had to be of consistent sign and magnitude in both regressions and have P � .15 in
the correlated regressions. ADL, activities of daily living; BMI, body mass index; ICRS, International Cartilage Repair Society; IKDC,
International Knee Documentation Committee; KL, Kellgren-Lawrence; KOOS, Knee injury and Osteoarthritis Outcome Score; MCS, mental
component score; PCS, physical component score; QOL, quality of life; VR-12, Veterans RAND 12-Item Health Survey; WOMAC, Western
Ontario and McMaster Universities Arthritis Index.
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followed by a subsequent plateau or decline,19 which are
trends not afforded by the current study design.

With inherent limitations of the current study, future
studies with larger populations and increased follow-up
duration may better inform clinical decisions regarding
repair of focal cartilage defects of the knee and help to
define the role of chondroplasty in current clinical practice.
Importantly, this is the first study to investigate the effi-
cacy of chondroplasty absent of potentially confounding
surgical interventions. It is also important to note that
three-quarters of our initial patient population were
excluded from the final cohort because they received
another intervention at the time of chondroplasty. The
exclusion of these participants allowed interpretation of
subjective clinical outcomes exclusive to chondroplasty, and
this protocol allowed us to define outcomes that have not
previously been defined despite the widespread use of
mechanical chondroplasty worldwide. Based on our clinical
experience, we expect that the majority of patients under-
going chondroplasty receive a concomitant surgical inter-
vention, but we can now better define the contribution of
chondroplasty to clinical outcomes. Our data showed signif-
icant improvements in most PROs in patients undergoing
mechanical chondroplasty as a primary treatment for focal
cartilage lesions in knees with minimal degenerative dis-
ease. These improvements were present up to 31 months
after the chondroplasty. The improvement in PROs was
highest in patients with greater subjective disability at
baseline.
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débridement for osteoarthritis of the knee on health-related quality

of life. J Bone Joint Surg Am. 2002;85-A:10-19.

5. Gilbert JE. Current treatment options for the restoration of articular

cartilage. Am J Knee Surg. 1998;11:42-46.

6. Irrgang J. Summary of Clinical Outcome Measures for Sports-Related

Knee Injuries. Baltimore, MD: AOSSM Outcomes Task Force; 2012.

7. Irrgang JJ, Anderson AF, Boland AL, et al. Development and valida-

tion of the International Knee Documentation Committee Subjective

Knee Form. Am J Sport Med. 2001;29:600-613.

8. Jackson RW. Arthroscopic surgery and a new classification system.

Am J Knee Surg. 1998;11:51-54.

9. Kirkley A, Birmingham TB, Litchfield RB, et al. A randomized trial of

arthroscopic surgery for osteoarthritis of the knee. N Engl J Med.

2009;359:1097-1107.

10. Levy AS, Lohnes J, Sculley S, LeCroy M, Garrett W. Chondral delam-

ination of the knee in soccer players. Am J Sport Med. 1996;24:

634-639.

11. McCormick F, Harris JD, Abrams GD, et al. Trends in the surgical

treatment of articular cartilage lesions in the United States: an analy-

sis of a large private-payer database over a period of 8 years. Arthros-

copy. 2014;30:222-226.

12. Merchan EC, Galindo E. Arthroscope-guided surgery versus nonop-

erative treatment for limited degenerative osteoarthritis of the femor-

otibial joint in patients over 50 years of age: a prospective

comparative study. Arthroscopy. 1993;9:663-667.

13. Montgomery SR, Foster BD, Ngo SS, et al. Trends in the surgical

treatment of articular cartilage defects of the knee in the United

States. Knee Surg Sports Traumatol Arthrosc. 2013;22:2070-2075.

14. Mosely BJ, O’Malley K, Petersen NJ, et al. A controlled trial of arthro-

scopic surgery for osteoarthritis of the knee. N Engl J Med. 2002;347:

81-88.

15. Scillia AJ, Aune KT, Andrachuk JS, et al. Return to play after chon-

droplasty of the knee in National Football League athletes. Am J Sport

Med. 2015;43:663-668.

16. Shelburne KD, Jari S, Gray T. Outcome of untreated traumatic artic-

ular cartilage defects of the knee. J Bone Joint Surg. 2003;85-A(suppl

2):8-16.

17. Spahn G, Hofmann GO, von Engelhardt LV. Mechanical debridement

versus radiofrequency in knee chondroplasty with concomitant

medial meniscectomy: 10-year results from a randomized controlled

study. Knee Surg Sports Traumatol Arthrosc. 2016;24:1560-1568.

18. Spahn G, Klinger HM, Mückley T, Hofmann GO. Four-year results

from a randomized controlled study of knee chondroplasty with con-

comitant medial meniscectomy: mechanical debridement versus

radiofrequency chondroplasty. Arthroscopy. 2010;26(suppl 9):

S73-S80.

19. Vasiliadis HS, Wasiak J. Autologous chondrocyte implantation for full

thickness articular cartilage defects of the knee. Cochrane Database

Syst Rev. 2010;10:CD003323.

20. Ware JE, Bayliss MS, Rogers WH, Kosinski M, Tarlov AR. Differences

in 4-year health outcome for elderly and poor, chronically ill patients

treated in HMO and fee-for-service systems. JAMA. 1996;276:

1039-1047.

21. Zellner A. An efficient method of estimating seemingly unrelated

regressions and tests for aggregation bias. J Am Stat Assoc. 1962;

57:348-368.

8 Anderson et al The Orthopaedic Journal of Sports Medicine



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


