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Revision Surgery Is the Most Common Definition of
Failure in Studies Evaluating Knee Cartilage
Restoration Outcomes: A Systematic Review
Lexy Farrington, B.S., Marcus Trotter, M.D., Ezra Goodrich, M.D., Armin Tarakemeh, B.A.,
Erik Henkelman, M.D., Paul Schroeppel, M.D., Christopher D. Bernard, M.D.,

Rachel Long, B.S., Tucker Morey, B.S., Jacob White, M.S., and Bryan G. Vopat, M.D.
Purpose: To assess the definitions of “failure” of knee chondral restoration surgery in the current literature and to
provide a recommendation on what should define failure. Methods: By use of Preferred Reporting Items for Systematic
Reviews and Meta-analyses criteria, a systematic search of the PubMed, Embase, Ovid, and Cochrane Library databases
was conducted to identify studies published between January 1, 2017, and May 1, 2021. The inclusion criteria consisted of
studies containing patients who underwent knee cartilage surgery that included a definition of failure. We excluded
animal studies; articles comparing alternative medical treatments, such as rehabilitation, anti-inflammatory medications,
and physical therapy; studies enrolling patients with diseases other than those of the knee, and noneEnglish-language
studies. Failure data were extracted and categorized as surgical, graft related, or based on patient-reported outcomes
(PROs). This information was analyzed to develop a recommendation for a standardized definition of failure of knee
cartilage restoration. Results: A total of 61 studies met the inclusion criteria. The most common definition of knee
chondral restoration failure was the need for any revision surgery (52 of 61 studies, 85.3%), with failure rates ranging
from 3.22% to 75%. Graft failure, defined as delamination and/or graft inadequacy (39 of 61, 63.9%), with failure rates
ranging from 2.10% to 47%, and conversion to knee arthroplasty (34 of 61, 55.7%) were also used as definitions. Failure
to return to sport and/or regular activity (4 of 61, 6.6%), presence of symptoms (21 of 61, 34.4%), removal of graft or
implant (14 of 61, 22.9%), and other unclassified follow-up revisions (8 of 61, 13.1%) were additional definitions of
failure documented. Subjective PROs were used in 54.1% of the studies (33 of 61), with failure rates ranging from 3.45%
to 59%. Conclusions: A variety of definitions of failure are used to evaluate knee chondral restorative surgery outcomes
in the orthopaedic literature. Any unplanned revision surgery and graft failure, defined as delamination and/or graft
inadequacy, were the most common criteria defining knee chondral restoration failure. Patients’ functionality and quality
of life, determined by PROs, were also used to define knee chondral restoration failure in multiple studies. Higher rates of
failure were observed after knee chondral restorative procedures when using multiple definitions of failure that were
more inclusive. To account for heterogeneity in definitions, procedures, and patient circumstances, we recommend using
multiple outcomes, including unplanned surgical procedures, PROs, and the ability to return to the desired level of
function, as factors to define failure. Level of Evidence: Level IV, systematic review of Level II to IV studies.
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Arthroscopy, Sports Medicine, and Rehabilitat
With approximately 750,000 arthroscopic knee opera-
tions each year, chondral lesions are found in nearly
60% of knee arthroscopies performed.1,2 At the same
time, knee chondral defects are 20% more common in
athletes.3,4 Knee chondral defects can be treated in a
conservative or surgical manner. Surgical management
of knee chondral defects consists of palliation, repair, or
restoration and includes a wide variety of surgical
techniques, including but not limited to chondroplasty,
microfracture, autologous chondrocyte implantation
(ACI), osteochondral autograft transfer (OAT), and
osteochondral allograft. These procedures seek to
conserve patients’ native tissue, and a standard defini-
tion of “failure” facilitates comparison between these
ion, Vol 7, No 2 (April), 2025: 101044 1
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2 L. FARRINGTON ET AL.
procedures and their outcomes. Whereas diversity in
knee chondral surgical techniques provides consider-
able options for surgeons in treating knee chondral
defects, the use of varied definitions of failure limits the
ability of researchers to compare these procedures. The
breadth of surgical techniques leading to different
mechanisms of failure further complicates the issue.
A previous systematic review showed that included

studies only reported outcome results for singular knee
chondral surgical techniques but did not analyze or
provide a universal standard for the definition of failure
across all knee chondral restoration surgical tech-
niques.5 A meta-analysis revealed that multiple studies
have examined knee chondral restoration surgical
techniques and used failure rates to determine what
technique is statistically “best” to treat knee chondral
defects in patients, despite lack of standardization of the
term “failure.”4

Given the complexity of knee chondral injuries, the
variety of surgical techniques for knee chondral defects,
and the magnitude of knee chondral procedures per-
formed, a universal definition of failure for general
knee chondral restoration outcomes is necessary. The
purposes of this study were to assess the definitions of
“failure” of knee chondral restoration surgery in the
current literature and to provide a recommendation on
what should define failure. We hypothesized that
studies of patients who underwent knee chondral
restoration procedures would have varying definitions
of failure.

Methods

Literature Search
A systematic search of the PubMed, Embase, Ovid,

and Cochrane Library databases was conducted by a
university librarian to identify studies related to knee
chondral restoration failure. The search terms used
included “knee cartilage restoration,” “knee cartilage
surgery,” “knee chondral restoration,” “knee cartilage
repair,” “microfracture,” “chondroplasty,” “ACI” or
“autologous chondrocyte implantation,” “articular
cartilage restoration,” “osteochondral autograft trans-
fer,” “OATS,” “osteochondral allograft transplant,” and
“MACI” or “matrix-induced autologous chondrocyte
implantation.” Preferred Reporting Items for Systematic
Reviews and Meta-analyses guidelines were used dur-
ing this systematic review, and institutional review
board approval was not required.

Study Eligibility Criteria
The inclusion criteria consisted of studies containing

patients who underwent knee cartilage restorative
surgery that included a definition of failure. All eligible
studies were published in English between January
2017 and May 2021 and comprised Level II to IV
evidence. We excluded articles comparing alternative
medical treatments, such as rehabilitation, anti-
inflammatory medications, and physical therapy;
cadaveric studies; animal studies; and publications
enrolling patients with diseases other than those of the
knee. A knee chondral restorative procedure was
defined as a surgical intervention that treated articular
chondral lesions or defects. This included but was not
limited to ACI, microfracture, OAT, osteochondral
allograft transplantation, matrix-assisted autologous
chondrocyte transplantation, and autologous cartilage
transplantation. Concomitant procedures involved with
the knee were also included in this review.

Study Selection and Data Extraction
Once all the studies from the aforementioned data-

bases were identified, 2 research team members (L.F.
and E.G.) independently screened each article’s title
using previously determined exclusion criteria. The
remaining articles were subsequently screened by their
abstracts. The full text of each qualifying article was
then reviewed and either included or excluded from
the final list. After each step, the respective lists of
included and excluded articles were compared. If there
was disagreement on inclusion, both team members
would review the article again separately before
meeting to discuss their reasoning, and a joint decision
would be made to include or exclude the article. If there
was still disagreement, a senior team member (E.H.)
was consulted to make the final decision. Two team
members (L.F. and E.G.) then divided the final list of
included articles and extracted the data from each full-
text publication. Failure data were extracted from each
study and divided into the following categories: surgical
(any revision, conversion to knee arthroplasty, and
other knee cartilage procedures), graft failure
(confirmed by imaging and second-look arthroscopy),
and patient-reported outcomes (PROs) (lack of signifi-
cant improvement, dissatisfaction or persistent pain,
and inability to return to sport).

Risk-of-Bias Assessment
The quality of all included studies was evaluated by 2

independent authors (L.F. and R.L.) using the Meth-
odological Index for Non-randomized Studies tool
(Table 1). Disagreements would have been resolved by
a third author (C.D.B.); however, no disagreements
occurred. The scoring for each question is as follows: 0,
not reported; 1, reported but insufficient; and 2, re-
ported and sufficient. The maximal score is 24 points for
a comparative study and 16 points for a non-
comparative study.

Results
A total of 1,812 studies were identified and screened

in the initial search (Fig 1). Of these studies, 61 (3.36%)



Table 1. Breakdown of Study Characteristics Including Surgical Technique, Number of Knees, Number of Failed Knees, Reported Failure Definition, and MINORS Score

Authors Year Type of Study/LOE Surgical Technique Failure Definition
Failure
Rate, %

No. of Failed
Knees/No. of
Total Knees

Mean
Follow-Up

Time
MINORS
Score

Barbieri Mestriner
et al.6

2020 Cohort study/III Patellofemoral ACI Reoperation; removal of allograft;
conversion to arthroplasty, confirmed
by imaging and/or arthroscopy; poor
integration of graft; PROs (KOOS,
Lysholm score, TAS, IKDC score)

4.35 2/46 3.7 yr 20 of 24

Barié et al.7 2020 RCT/II ACI, MACI Reoperation, confirmed by imaging 56.25 9/16 9.6 yr 19 of 24
Di Martino et al.8 2021 Cohort study/III OATS Reoperation because of SXS due to

primary defect and/or absence of
clinically significant improvement in
PROs, consisting of IKDC score (10
IKDC subjective points per literature
definition with respect to basal
evaluation)

25.93 7/27 16 of 24

Gomoll et al.9 2017 Cohort study/III Cell-seeded ACI Reoperation; removal of >25% of
original defect size; graft failure,
confirmed by imaging

15.48 13/84 3.275 yr 16 of 24

Hoburg et al.10 2021 RCT/II ACI, microfracture Reoperation 3.92 4/102 3 yr 21 of 24
Riff et al.11 2020 Cohort study/III ACI, OAT, second-look

arthroscopy
Reoperation, conversion to arthroplasty,

persistent or recurrent SXS, graft
delamination or grade IV chondrosis
involving significant portion of graft
site on second-look arthroscopy

10.03 36/359 2.72 yr 16 of 24

Pike et al.12 2017 Case series/IV ACI plus some cases of
concomitant ACL
reconstruction

Reoperation, graft delamination,
conversion to arthroplasty, no clinical
improvement based on PROs (MCRS,
WOMAC score, VAS score)

30.77 8/26 9 of 16

Teo et al.13 2019 Cohort study/III ACI plus some cases of
concomitant HTO

Reoperation, conversion to arthroplasty 12.50 9/72 10.75 yr 19 of 24

Roffi et al.14 2020 Case series/IV ACT combined with autologous
bone grafting

Reoperation owing to SXS due to
primary defects, conversion to
arthroplasty, no clinical improvement
based on PROs (IKDC score [10 IKDC
subjective points per literature
definition with respect to basal
evaluation], TAS)

15.79 3/19 14 of 16

von Keudell et al.15 2017 Case series/IV ACI plus some cases of
concomitant TTO, lateral tissue
release, and trochleoplasty

Reoperation; structural failure,
confirmed by imaging and/or
arthroscopy

10.00 3/30 7.33 yr 10 of 16

Cole et al.16 2021 Cohort study/III Microfracture Graft delamination, confirmed by
imaging and/or arthroscopy

2.08 1/48 2 yr 14 of 16

Johnson et al.17 2017 Case series/IV OCA plus some cases of
concomitant ACL
reconstruction and partial
medial and/or lateral
meniscectomy

Reoperation; removal of implant; graft
inadequacy; conversion to
arthroplasty, confirmed by imaging
and/or second-look arthroscopy

29.41 10/34 1.4 yr 11 of 16

(continued)
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Table 1. Continued

Authors Year Type of Study/LOE Surgical Technique Failure Definition
Failure
Rate, %

No. of Failed
Knees/No. of
Total Knees

Mean
Follow-Up

Time
MINORS
Score

Ibarra et al.18 2021 RCT/II MACT, microfracture, second-
look arthroscopy plus some
cases of concomitant ACL
reconstruction and meniscal
repair

Reoperation because of SXS caused by
primary defect, tissue detachment
and/or absence, PROs (SXS)

8.33 4/48 6 yr 20 of 24

Cinats et al.19 2021 Case series/IV OCA Reoperation, confirmed by imaging and/
or second-look arthroscopy; PROs
(SXS)

11.76 2/17 2 yr 10 of 16

Anderson et al.20 2018 Cohort study/III OCA Reoperation, removal of allograft, graft
inadequacy, conversion to arthroplasty

3.75 3/80 3.71 yr 16 of 24

Martin�ci�c et al.21 2019 Case series/IV ACI plus some cases of
concomitant ACL
reconstruction and osteotomy

Reoperation; graft failure, confirmed by
imaging and/or arthroscopy;
conversion to arthroplasty

12.77 18/141 10 yr 11 of 16

Thomas et al.22 2019 Case series/IV OCA plus some cases of
concomitant osteotomy

Inability to return to sport, reoperation,
conversion to arthroplasty, PROs (VAS
score, SXS [persistent pain])

42.62 26/61 3.84 yr 10 of 16

Wang et al.23 2019 Case series/IV OCA plus some cases of ACL
reconstruction, osteotomy, and
meniscal transplantation

Reoperation; removal of allograft;
conversion to arthroplasty; graft
inadequacy, confirmed by second-look
arthroscopy

16.13 5/31 4.1 yr 10 of 16

Wang et al.24 2021 Cohort study/III Mosaicplasty, OCA plus some
cases of ACL reconstruction,
osteotomy, and partial
meniscectomy and/or repair

Reoperation; removal of allograft;
conversion to arthroplasty, confirmed
by imaging; graft inadequacy; poor
PROs (IKDC score, KOOS, Marx
activity rating, Cincinnati knee rating
system)

18.58 21/113 4.5 yr 10 of 16

Solheim et al.25 2020 Cohort study/III Microfracture, mosaicplasty PROs (poor Lysholm score, <65 points
[at 1-year follow-up or later]),
conversion to arthroplasty,
reoperation

62.07 126/203 12 yr 17 of 24

Solheim et al.26 2018 Case series/IV Microfracture, mosaicplasty Reoperation, conversion to arthroplasty 11.22 23/205 14 yr 11 of 24
Solheim et al.27 2019 Cohort study/III Mosaicplasty PROs (poor Lysholm score, <65 points),

conversion to arthroplasty,
reoperation

51.19 43/84 4 yr 19 of 24

Blanke et al.28 2021 Case series/IV ACT Reoperation; removal of tissue; tissue
inadequacy; SXS and pain on follow-
up physical examination, confirmed by
imaging (low MOCART score); PROs
(persisting pain); conversion to
arthroplasty; focal articular prosthetic
resurfacing

3.45 1/29 2.08 yr 11 of 24

Balazs et al.29 2018 Case series/IV OCA Reoperation; removal of graft; graft
inadequacy; conversion to
arthroplasty, confirmed by imaging

18.18 2/11 10.7 mo 8 of 16

(continued)
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Table 1. Continued

Authors Year Type of Study/LOE Surgical Technique Failure Definition
Failure
Rate, %

No. of Failed
Knees/No. of
Total Knees

Mean
Follow-Up

Time
MINORS
Score

Merkely et al.30 2021 Cohort study/III OCA (revision vs primary) Reoperation; failure of >25% of graft;
conversion to arthroplasty, confirmed
by imaging and/or arthroscopy;
additional surgical MST

15.38 4/26 2.1 yr 16 of 24

Ackermann et al.31 2020 Case series/IV ACI plus some cases of
concomitant osteotomy

Reoperation; failure of >25% of graft,
confirmed by imaging and/or
arthroscopy; conversion to
arthroplasty

15.79 27/171 8.45 yr 10 of 16

Beck et al.32 2018 Cohort study/III ACI Reoperation; graft inadequacy; PROs
(SXS on physical examination),
confirmed by second-look
arthroscopy; conversion to
arthroplasty, general non-healing and/
or loose bodies

40.00 4/10 12 yr 10 of 16

Kim et al.33 2019 Case series/IV Microfracture plus some cases of
concomitant meniscectomy

Reoperation; conversion to arthroplasty,
confirmed by imaging; HTO

5.63 4/71 7.2 yr 9 of 16

Carey et al.34 2020 Case series/IV ACI; second-look arthroscopy Reoperation; conversion to arthroplasty;
failed fixation with drilled pins; failure
to improve from baseline PROs
(KOOS, Lysholm score), confirmed by
second-look arthroscopy; violation of
subchondral bone

18.18 10/55 19 yr 12 of 16

Stannard and
Cook35

2020 Cohort study/III OCA plus some cases of
concomitant ACL
reconstruction, TTO, HTO, and
DFO

Reoperation; conversion to arthroplasty,
confirmed by imaging

13.40 26/194 2.5 yr 18 of 24

Ebert et al.36 2017 Cohort study/III Tibiofemoral or patellofemoral
MACI plus some cases of
concomitant ACL
reconstruction, PCL
reconstruction, partial
meniscectomy, and HTO

No discernible tissue; graft hypertrophy;
clinically symptomatic based on PROs
(KOOS, pain, general symptoms),
confirmed by imaging

8.76 17/194 2 yr 18 of 24

Ebert et al.37 2017 Case series/IV MACI Graft delamination, confirmed by
imaging

6.45 2/31 5 yr 11 of 16

Ebert et al.38 2021 Case series/IV MACI Graft delamination, confirmed by
imaging

9.09 9/99 13.1 yr 13 of 16

Ebert et al.39 2019 Cohort study/III MACI Graft delamination, confirmed by
imaging

8.33 5/60 10 yr 18 of 24

Ebert et al.40 2020 RCT/II MACI Reoperation; conversion to arthroplasty;
graft delamination, confirmed by
imaging

9.38 6/64 10 yr 22 of 24

Ebert et al.41 2017 RCT/II MACI Graft delamination, confirmed by
imaging

29.73 11/37 8 wk 22 of 24

(continued)
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Table 1. Continued

Authors Year Type of Study/LOE Surgical Technique Failure Definition
Failure
Rate, %

No. of Failed
Knees/No. of
Total Knees

Mean
Follow-Up

Time
MINORS
Score

Tjörnstrand et al.42 2018 RCT/II Microfracture vs ACI plus some
cases of concomitant
mosaicplasty within 2 yr of
surgery

Reoperation, confirmed by imaging;
progression to OA

75.00 12/16 17 yr 15 of 24

Zellner et al.43 2017 Case series/IV Bone augmentation combined
with MACT plus some cases of
concomitant drilling,
microfracture, OCT, meniscal
refixation, distal realignment of
patella, ACL reconstruction,
and HTO

Inadequate integration; PROs (SXS
[limited ROM]), confirmed by imaging
and/or arthroscopy

2.17 1/46 2 yr 10 of 16

Schüttler et al.44 2019 Case series/IV Cell-free type I collagen scaffold
for cartilage repair

Reoperation; SXS due to implant wear,
confirmed by imaging; PROs (TAS,
KOOS, IKDC score, VAS score)

17.86 5/28 5 yr 9 of 16

Yoon et al.45 2019 Cohort study/III ACI Reoperation; SXS (unrelieved); graft
inadequacy, confirmed by imaging;
PROs (poor results for Lysholm score
[<65])

42.42 14/33 20 of 24

Andriolo et al.46 2021 Case series/IV MACT Reoperation; SXS due to primary defects;
return to activity; graft inadequacy;
conversion to arthroplasty, confirmed
by imaging; PROs (IKDC score, EQ-
VAS, TAS)

12.90 4/31 13 of 16

Andriolo et al.47 2020 Case series/IV MACT plus some cases of
concomitant meniscectomy,
ACL reconstruction, loose body
removal, PCL reconstruction,
osteotomy, meniscal implant,
meniscal suture, lateral release,
and patellar realignment

Reoperation, PROs (SXS on physical
examination), conversion to
arthroplasty

15.04 17/113 15 yr 12 of 16

Andriolo et al.48 2019 Case series/IV MACT plus some cases of
concomitant HTO, loose body
removal, microfracture, ACL
reconstruction, lateral release,
patellar realignment,
meniscectomy, PCL
reconstruction, and hardware
removal

Reoperation; SXS; conversion to
arthroplasty, confirmed by imaging;
PROs without clinical improvement
(10 IKDC subjective compared with
baseline)

58.54 24/41 15 yr 13 of 16

(continued)
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Table 1. Continued

Authors Year Type of Study/LOE Surgical Technique Failure Definition
Failure
Rate, %

No. of Failed
Knees/No. of
Total Knees

Mean
Follow-Up

Time
MINORS
Score

Tírico et al.49 2019 Case series/IV OCA plus some cases of
concomitant DFO, HTO,
meniscal allograft, meniscal
repair, diagnostic arthroscopy,
hardware removal, lateral
release, ligament
reconstruction, loose body
removal, and partial
meniscectomy

Reoperation, removal, graft inadequacy 8.00 16/200 6.7 yr 11 of 16

Berruto et al.50 2017 Cohort study/III ACI Reoperation, confirmed by imaging;
PROs (IKDC score, Tegner score, EQ-
VAS)

28.13 9/32 11 of 16

Zarkadis et al.51 2017 Case series/IV ACI plus some cases of
concomitant osteotomy and
ligament reconstruction

Reoperation, inability to return to active
military duty, SXS, conversion to
arthroplasty

45.05 41/91 4.99 yr 11 of 16

Müller et al.52 2020 Cohort study/III ACI Reoperation and/or partial graft
insufficiency

15.00 26/40 18 of 24

Frank et al.53 2017 Case series/IV OCA plus some cases of
concomitant MAT, ligament
reconstruction, HTO, and DFO

Reoperation; conversion to knee
arthroplasty; graft inadequacy,
confirmed by arthroscopy

13.33 24/180 2.5 yr 8 of 16

Siebold et al.54 2018 Case series/IV ACI Poor results on MOCART via imaging;
other definition (i.e., no/little cartilage
regeneration)

10.00 3/30 11 of 16

León et al.55 2019 Case series/IV OCA and realignment osteotomy Reoperation, removal of allograft, graft
inadequacy, conversion to arthroplasty

23.33 14/60 11.4 yr 8 of 16

Zaffagnini et al.56 2019 Case series/IV MACT Reoperation, SXS due to primary defects,
return to sport considered in
evaluation

3.23 1/31 11 of 16

Saris et al.57 2021 Case series/IV Cartilage repair with
mesenchymal stromal cells

Reoperation; graft inadequacy,
confirmed by imaging and/or
arthroscopy; other definition (i.e.,
reinjection)

14.29 5/35 5.08 yr 10 of 16

Minas et al.58 2018 Cohort study/III ACI Reoperation; partial graft failure;
conversion to arthroplasty; SXS
(evident swelling and persistent pain),
confirmed by Imaging and/or
arthroscopy; PROs (Cincinnati knee
rating system, WOMAC score, VAS
score, Short Form 36 score, patient
satisfaction survey)

26.83 11/41 11.75 yr 15 of 24

Ogura et al.59 2017 Case series/IV ACI plus some cases of
concomitant TTO, HTO, DFO,
and ACL reconstruction

Reoperation; conversion to arthroplasty;
PROs (SXS), confirmed by imaging
and/or arthroscopy; graft delamination

37.50 9/24 20.6 yr 12 of 16

(continued)
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Table 1. Continued

Authors Year Type of Study/LOE Surgical Technique Failure Definition
Failure
Rate, %

No. of Failed
Knees/No. of
Total Knees

Mean
Follow-Up

Time
MINORS
Score

Ogura et al.60 2020 Case series/IV Arthroscopic examination, with
removal of chondral fragments

Reoperation; removal of graft, confirmed
by imaging

16.67 1/6 13 of 16

Ogura et al.61 2017 Case series/IV ACI plus some cases of
concomitant DFO, MAT, HTO,
MCL repair, and TTO

Persistent/recurrent SXS, confirmed by
imaging; graft delamination; removal
of 25% of graft; reoperation; violation
of subchondral bone

10.34 3/29 9.6 yr 10 of 16

Ogura et al.62 2018 Case series/IV ACI plus some cases of
concomitant TTO, HTO, and
DFO

PROs (persistent/recurrent clinical SXS),
confirmed by imaging and/or
arthroscopy; graft delamination;
removal of 25% of graft; reoperation;
conversion to arthroplasty

20.69 12/58 8.3 yr 12 of 16

Ogura et al.63 2019 Case series/IV ACI plus some cases of
concomitant marrow
stimulation technique, bone
grafting, TTO, HTO, ACL
reconstruction, MAT, removal
of hardware, lateral release, and
VMO advancement

Reoperation; conversion to arthroplasty
for persistent or recurrent SXS,
confirmed by imaging; graft
delamination or inadequate fill; PROs
(SXS)

27.96 26/93 11.2 yr 12 of 16

Wang et al.64 2018 Case series/IV OCA, ACI, subchondral marrow
stimulation

Reoperation; removal; conversion to
arthroplasty, confirmed by imaging
and/or arthroscopy; poor integration
of graft

9.30 4/43 3.5 yr 8 of 16

Fossum et al.65 2019 RCT/II ACI, MACI Conversion to arthroplasty and/or new
resurfacing procedure, PROs (clinical
deterioration in KOOS compared with
baseline, VAS score, Lysholm score)

19.51 8/41 2 yr 19 of 24

Ebert et al.66 2021 RCT/II MACI Delamination or graft bed devoid of
repair tissue; conversion to
arthroplasty, confirmed by imaging;
reoperation

8.11 3/37 5 yr 20 of 24

ACI, autologous chondrocyte implantation; ACL, anterior cruciate ligament; ACT, autologous chondrocyte transplantation; DFO, distal femoral osteotomy; EQ-VAS, EuroQol visual analog
scale; HTO, high tibial osteotomy; IKDC, International Knee Documentation Committee; KOOS, Knee Injury and Osteoarthritis Outcome Score; LOE, level of evidence; MACI, matrix-induced
autologous chondrocyte implantation; MACT, matrix-associated chondrocyte transplantation; MAT, meniscal allograft transplantation; MCL, medial collateral ligament; MCRS, modified
Cincinatti rating scale; MINORS, Methodological Index for Non-randomized Studies; MOCART, magnetic resonance observation of cartilage repair tissue (scoring system); MST, marrow
stimulating technique; OA, osteoarthritis; OAT, osteochondral autograft transfer; OCA, osteochondral allograft; PCL, posterior cruciate ligament; PRO, patient-reported outcome; RCT, ran-
domized controlled trial; ROM, range of motion; SXS, symptoms; TAS, Tegner activity scale; TTO, tibial tubercle osteotomy; VAS, visual analog scale; VMO, vastus medialis oblique; WOMAC,
Western Ontario and McMaster Universities Osteoarthritis Index.
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FAILURE IN KNEE CARTILAGE RESTORATION 9
met the inclusion criteria and were analyzed in this
review6-66 (Table 1). There were 8 Level II studies (8 of
61, 13.11%), 19 Level III studies (19 of 61, 31.11%),
and 34 Level IV studies (34 of 61, 55.74%). The average
Methodological Index for Non-randomized Studies
score was 17.7 (range, 11-22) for comparative studies
and 10.7 (range, 8-14) for noncomparative studies.
There were numerous definitions of failure of knee
chondral restoration surgery used in the current liter-
ature (Fig 2).
A total of 4,277 knees were included, with a total of

777 failed knee chondral restoration procedures. There
were more male patients (62.35%) than female pa-
tients (37.65%). A plurality of studies included ACI as
the singular knee chondral surgical technique (19 of 61,
31.14%). Additional knee chondral restoration tech-
niques were included as follows: microfracture (2 of 61,
3.28%), OAT (2 of 61, 3.28%), osteochondral allograft
transplantation (11 of 61, 18.03%), matrix-assisted
autologous chondrocyte transplantation (10 of 61,
16.39%), autologous cartilage transplantation (2 of 61,
3.28%), and other surgical techniques (3 of 61, 4.92%).
Some studies included multiple surgical techniques,

analyzing ACI and matrix-assisted autologous chon-
drocyte transplantation (2 of 61, 3.28%), ACI and
microfracture (2 of 61, 3.28%), osteochondral allograft
Fig 1. Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses flow-
chart for inclusion of articles showing
number of articles screened, included, and
excluded at each stage. Each article was
screened by 2 team members, and dis-
crepancies were discussed and resolved by
a third team member.
transplantation and OAT (1 of 61, 1.63%), ACI and
OAT (1 of 61, 1.63%), matrix-assisted autologous
chondrocyte transplantation and microfracture (3 of 61,
4.92%), OAT and microfracture (2 of 61, 3.28%), and
ACI and osteochondral allograft transplantation (1 of
61, 1.63%) (Table 2). ACI plus microfracture was the
combined surgical technique with the largest failure
rate (39.46%). OAT had a failure rate of 38.06%, and
ACI plus matrix-induced autologous chondrocyte im-
plantation had a failure rate of 37.88%. OAT plus
microfracture had a failure rate of 36.5% in this review.
Isolated microfracture had a failure rate of 3.87%
(Table 2). The weighted mean follow-up period was
6.59 years (range, 8 weeks to 26 years).

Subsequent Operations
Most publications included some type of reoperation

in their definition of failure (54 of 61, 88.5%). Publi-
cations inclusive of this type of failure were any studies
that indicated reoperation of the knee. Failure rates
ranged from 3.22% to 75%. The most common defi-
nition of knee chondral restoration failure used was the
need for any revision surgery (52 of 61 studies, 85.3%).
Conversion to knee arthroplasty was another common
definition (34 of 61, 55.7%) and was used more
frequently than removal of graft or implant (14 of 61,



Fig 2. Definition of failure breakdown including percentage of each classification of failure definition in knee chondral resto-
ration procedures. (IKDC, International Knee Documentation Committee; PRO, patient-reported outcome.)
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22.9%). An additional definition in the included studies
was other revisions (8 of 61, 13.1%).

Graft Failure
Publications that included graft failure in the defini-

tion of failure indicated that the knee tissue was inad-
equate and/or required treatment as a result of tissue
deterioration or damage. Failure rates ranged from
2.10% to 47%. In some publications, graft failure was
defined as delamination and/or graft inadequacy (39 of
61, 63.9%). Imaging (37 of 61, 60.7%) and second-
look arthroscopy (18 of 61, 29.5%) were used to
Table 2. Breakdown of Knee Chondral Restoration Failure per S

Knee Chondral Restoration
Surgical Technique No. of Studies

ACI 19
Microfracture 2
OAT 2
OCA 11
MACT/MACI 10
ACT 2
Other 3
ACI þ MACI 2
ACI þ OAT 1
ACI þ OCA 1
ACI þ microfracture 2
OAT þ OCA 1
MACI þ microfracture 3
OAT þ microfracture 2

ACI, autologous chondrocyte implantation; ACT, autologous chondroc
implantation; MACT, matrix-associated chondrocyte transplantation; OAT
confirm graft failure. Imaging and second-look
arthroscopy were used in combination in 13 studies
(21.31%). Imaging alone was used to confirm failure in
24 studies (39.34%), whereas 5 studies (8.20%) used
second-look arthroscopy solely to confirm failure.

Patient-Reported Outcomes
Multiple studies also used subjective PROs to define

failed procedures, including but not limited to lack of
significant improvement, failure to return to activity, or
persistent pain using subjective measuring tools (33 of
61, 54.1%). Failure to return to sport and/or regular
urgical Technique and Failure Rate

No. of Patients

Failure Rate, %

Mean Range

1,106 23.08 4.50-47
119 3.87 2.10-5.63
111 38.06 25-51.11
894 17.61 3.75-42.62

695 (697 knees) 11.17 3.22-17
48 9.73 3.45-16
69 16.22 14-18
57 37.88 19.51-33

359 10 7.6-15.19
43 9.3 9.30

118 39.46 3.92-75
113 19 19
135 23.16 2.17-59
408 36.5 11-62

yte transplantation; MACI, matrix-induced autologous chondrocyte
, osteochondral autograft transfer; OCA, osteochondral allograft.
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activity was used to define failure in 4 studies (4 of 61,
6.56%).
The presence of postoperative symptoms was used to

define failure in 21 articles (34.43%). Postoperative
symptoms included pain, decreased limb function, in-
hibition of activity level, swelling, limited range of
motion (ROM), and/or decreased overall quality of life.
No clinical improvement was used to define failure in
13 articles (21.31%). Persistent pain was part of the
definition in 5 articles (8.20%). Among these studies,
the failure rates ranged from 3.45% to 59%.
The International Knee Documentation Committee

questionnaire was the most used PRO measure, incor-
porated in 9 studies (14.75%). In 3 studies (4.92%), the
absence of clinically significant improvement, specified
as an increase in the International Knee Documenta-
tion Committee subjective score by 10 points or less
compared with the baseline evaluation, was defined as
failure.8,14,19 The Lysholm score was used in 6 studies
(9.84%), with failure most commonly defined as a
score of less than 65 points.24,25,27 Studies that used the
Lysholm score to define failure indicated a range of
failure rates from 13% to 62%. In addition, the Tegner
activity scale was identified in 6 studies (9.84%); visual
analog scale score, 6 studies (9.84%); Knee Injury and
Osteoarthritis Outcome Score (KOOS), 5 studies
(8.20%); modified Cincinnati knee rating system, 2
studies (3.28%); and Western Ontario and McMaster
Universities Osteoarthritis Index, 1 study (1.64%).
Among these studies, the failure rate ranged from
4.50% to 62%. Regarding the KOOS, failure was
defined as any deterioration in the KOOS at follow-up
compared with baseline.65

Multiple Definitions
Publications inclusive of multiple definitions indicated

that there were 2 or more definitions that outlined
failure postoperatively. All studies that used PROs as a
concrete definition of failure paired other definitions of
failure with this definition. In terms of binary modes of
defining failure, subsequent procedures and PROs were
identified as the most used combination; this combi-
nation was reported in 27 studies (27 of 61, 44.26%).
Graft failure and delamination were paired with PROs
in 1 study (1 of 61, 1.64%).

Failure Rates
The average failure rate of all included studies was

approximately 20%. The 5 studies with the highest
failure rates all included multiple outcomes to define
knee chondral restoration failure.22,25,27,42,51 Solheim
et al.25,27 produced 2 studies (2 of 61, 3.28%) that
defined failure as a poor Lysholm score (<65 points) or
reoperation on the knee (conversion to arthroplasty),
and they indicated a failure rate of 51.11% with a mean
follow-up period of 4 years and a failure rate of 62%
with a mean follow-up period of 12 years. Thomas
et al.22 defined failure as the need for reoperation
(conversion to arthroplasty) and no clinical improve-
ment in PROs, including visual analog scale score, as
well as inability to return to sport, continued symptoms,
and persistent pain, and reported a failure rate of
42.62% with a mean follow-up period of 3.8 years.
Tjörnstrand et al.42 defined failure as any reoperation or
progression to osteoarthritis confirmed by imaging and
reported a failure rate of 75% with a mean follow-up
period of 17 years. Zarkadis et al.51 defined failure as
reoperation (conversion to arthroplasty), inability to
return to active military duty (based on PROs), and
continued symptoms and indicated a failure rate of
45% with a mean follow-up period of 5 years. An
average of 2 modes of failure were used in these
studies, ranging between 1 mode and 3 modes of
failure.22,25,27,42,51 Reoperation was used as a definition
of failure in all 5 studies, whereas PROs were used in 4
of these studies and return to activity was used in 2 of
the top-5 studies.
The 5 studies with the lowest documented failure

rates included 2 modes of failure on average. These
studies ranged from 1 mode to 4 modes of failure.
Anderson et al.20 indicated a failure rate of 3.75% with
a mean follow-up period of 3.6 years, with failure
defined as reoperation (conversion to arthroplasty),
removal of allograft, and graft inadequacy. Blanke
et al.28 defined failure as reoperation (conversion to
arthroplasty), removal of tissue, tissue inadequacy, and
persisting pain and symptoms based on PROs and re-
ported a failure rate of 3.45% with a mean follow-up
period of 2 years. Cole et al.16 reported a failure rate
of 2.1% with a mean follow-up period of 2 years and
defined failure as graft delamination confirmed by im-
aging or arthroscopy. Hoburg et al.10 reported a failure
rate of 3.92% with a mean follow-up period of 3 years
and defined failure as any follow-up reoperation. Zell-
ner et al.43 defined failure as inadequate integration
confirmed by imaging or arthroscopy, as well as
continued symptoms determined through PROs
(limited ROM), and indicated a failure rate of 2.17%
with a median follow-up period of 2 years. PROs were
included in only 2 of these studies.

Discussion
The most important finding of this systematic review

was the consistency of revision surgery as the main
component of failure across most included studies (52
of 61, 85.3%). Graft failure, defined as delamination
and/or graft inadequacy, was the second most common
definition of failure identified in this review (39 of 61,
63.9%). PROs were also highlighted as a common
definition of failure in multiple studies (33 of 61,
54.1%). Subsequent procedures and PROs were iden-
tified to be used in conjunction as binary modes of
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failure in 27 studies (44.26%). The studies that showed
the top-5 highest failure rates, that is, 51.11%, 62%,
42.62%, 75%, and 45%, included multiple definitions
of failure, and reoperation was used as a definition of
failure in all of these studies. The mean follow-up time
for each study was 4 years, 12 years, 3.8 years, 17 years,
and 5 years, respectively.22,25,27,42,51 Of the 5 studies
with the lowest failure rates, that is, 3.92%, 2.1%,
3.75%, 3.45%, and 2.17%, 2 studies used only 1
outcome to determine failure. The follow-up time for
each of these studies was a mean of 3.6 years, mean of 2
years, mean of 2 years, mean of 3 years, and median of
2 years, respectively.10,16,20,28,43

Conversion to arthroplasty was described as the pri-
mary definition of failure in 34 studies (55.74%). Knee
arthroplasty is a more indicative procedure for failure
because it seeks to relieve issues that cannot be resolved
via arthroscopic or nonoperative means. However,
knee arthroplasty is typically pursued in older patient
populations. As such, conversion to arthroplasty is an
unrealistic endpoint in young and/or highly active pa-
tients and thus undervalues the true extent of treat-
ment failure if used solely.67 Furthermore, there are
patients who elect for nonoperative treatment after
suboptimal outcomes of primary cartilage surgery.68

These patients may have an unacceptable body mass
index, diabetes control, and/or tobacco use that pre-
cludes an arthroplasty procedure. Moreover, others
may not pursue arthroplasty because of financial rea-
sons. With this in mind, even though conversion to
arthroplasty is an acceptable definition of failure, it
cannot be used solely because it will underestimate the
degree of patients with suboptimal results.
The second most common definition of failure was

graft failure, defined as delamination and/or graft in-
adequacy. Examples of graft failure include visible graft
collapse due to inadequate integration and tissue infill
discrepancies.39,41 Martin�ci�c et al.21 defined graft failure
as revision cartilage repair, arthroplasty, or low clinical
outcome together with radiologic or arthroscopic evi-
dence of failure. In addition, several articles included
graft failure and revision surgery to expand the criteria
for knee chondral restoration failure. Broadening the
failure definition more accurately reflects the reality in
which some patients are not offered or do not pursue
revision surgery despite having documented graft fail-
ure.31 It is important to note that advanced imaging and
second-look arthroscopy are great tools for confirming
failure. No included studies specified that imaging alone
defined failure; rather, it was used to confirm failure
determined by other means such as functional out-
comes. Second-look arthroscopy is commonly used for
diagnostic and therapeutic purposes if patients have
continued symptoms postoperatively.
PROs are also an important factor in defining failure.

In this review, 54.1% of studies highlighted PROs in
their definition of failure (n ¼ 33). The presence of
continued symptoms was the most used indication of
failure, occurring in 21 studies (34.42%). Postoperative
symptoms included pain, decreased limb function, in-
hibition of activity level, swelling, limited ROM, and/or
decreased overall quality of life. Evaluating self-
reported outcomes as a determinant between success
and failure is essential and provides useful support for
the complex shared decision-making process between
the surgeon and the patient.69 Lack of significant
improvement and/or presence of persistent pain is a
critical factor that a surgeon needs to consider when
evaluating a patient and determining knee chondral
restoration failure. It is important to note that personal
interpretations postoperatively may be more important
than objective PROs. For instance, in the study by
Ogura et al.,59 4 patients rated their knee as better
postoperatively and they were also satisfied with the
surgical procedure even though they objectively had
failure based on a lack of clinical improvement ac-
cording to the modified Cincinnati score. With this in
mind, objective PROs are vital to postsurgical assess-
ment; however, a surgeon must not overlook the pa-
tient’s subjective self-assessment as well.
Although PROs allow surgeons to effectively evaluate

patients postoperatively, one should keep in mind the
heterogeneity in scoring systems and patient pop-
ulations that could influence failure rates. For example,
a recent study noted that “older participants showed
higher pain thresholds than younger,” and as a result,
despite similar pathology, the reported outcomes are
expected to be different.70 The abundance of available
scoring systems, along with cutoff parameters, further
complicates the understanding of failure after knee
chondral restoration surgery. We recommend using
standardized PRO measures such as the minimal clini-
cally important difference, patient acceptable symp-
tomatic state, and substantial clinical benefit that are
specific to the patient cohort to minimize this
heterogeneity.
One useful description of failure is the inability to

return to sport. Younger, more active patients will seek
surgical intervention to relieve pain, address athletic
injuries, and enhance performance. Zaffagnini et al.56

found that 64.5% of patients were able to return to a
competitive level after chondral restoration procedures
whereas 58.1% of the same patients performed at the
same preinjury level. Although these authors did not
use return to sport to determine failure, their study
discussed how the level of activity is of much greater
importance to athletes than any score or functional
parameter. The ability to return to the same level of
sport activity or functional ability must be considered a
main outcome in athletic or military personnel. If the
preinjury level of function is not achieved, the surgical
procedure should be considered a failure. However, a
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competitive athlete’s goal may be vastly different from
that of a middle-aged patient who hopes to perform
activities of daily living and ambulate without pain.
The need to define the term “failure” for knee

chondral restoration procedures is essential because it
will offer surgeons a standardized measure to counsel
patients before surgery and assess patients after surgery.
One primary objective in knee chondral restorative
procedures is to conserve patients’ native tissue. A
standard definition of failure across all procedures
facilitates comparison between their outcomes.
Currently, the varied definitions of knee chondral
restoration failure among authors may lead to an
inaccurate representation of facts when discussing goals
of care with patients or when providers are attempting
to estimate the success of a procedure.31 Although this
may be challenging given the heterogeneity in pathol-
ogy, treatment, and complexity of the injury, a stan-
dardized definition of failure is essential. We
recommend including binary outcomes such as un-
planned surgical procedures and PROs with standard-
ized measures of minimal clinically important
difference, patient acceptable symptomatic state, and
substantial clinical benefit, along with the ability to
return to normal function, as the main factors to define
failure. Furthermore, the ability to compete at a high
level in athletes or return to duty in military personnel
should be implemented. Advanced imaging and/or
second-look arthroscopy is a helpful tool that may aid
in diagnosing and confirming chondral failures. It is
essential for each surgeon to cater factors of failure to
his or her specific cohort to establish proper expecta-
tions after knee cartilage surgery.
Although our recommendations will inherently in-

crease “failure rates” among patients, it is important to
use this knowledge to properly counsel patients about
realistic outcomes after knee chondral restoration sur-
gery. Using our recommendation for defining failure
will equip surgeons with a better understanding of the
risks, benefits, and consequences of knee chondral
restoration procedures, allowing for better education
and expectations for patients.

Limitations
The limitations of this study largely reflect the het-

erogeneity of the pathology discussed. There are many
indications, surgical procedures, and techniques avail-
able to address chondral pathology. This reality, com-
bined with the heterogeneity of patient populations,
presenting symptoms, PROs, activity levels and
comorbidities, makes it difficult to standardize the
definition of failure to each patient. Another limitation
in this study was the inclusion of studies with patients
of differing lengths of postoperative follow-up. Incon-
sistent follow-up periods may result in variations in
failure rates.
Conclusions
A variety of definitions of failure are used to evaluate

knee chondral restorative surgery outcomes in the or-
thopaedic literature. Any unplanned revision surgery
and graft failure, defined as delamination and/or graft
inadequacy, were the most common criteria defining
knee chondral restoration failure. Patients’ function-
ality and quality of life, determined by PROs, were also
used to define knee chondral restoration failure in
multiple studies. Higher rates of failure were observed
after knee chondral restorative procedures when using
multiple definitions of failure that were more inclusive.
To account for heterogeneity in definitions, procedures,
and patient circumstances, we recommend using mul-
tiple outcomes, including unplanned surgical proced-
ures, PROs, and the ability to return to the desired level
of function, as factors to define failure.
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