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Abstract

Objective. To perform a systematic review of clinical outcomes following microfracture (MFX), autologous chondrocyte
implantation (ACI), osteochondral allograft transplantation (OCA), and osteochondral autograft transplantation system
(OATY) to treat articular cartilage lesions in pediatric and adolescent patients. We sought to compare postoperative
improvements for each cartilage repair method to minimal clinically important difference (MCID) thresholds. Design.
MEDLINE, Web of Science, Scopus, and Cochrane Library databases were searched for studies reporting MCID-validated
outcome scores in a minimum of 5 patients <19 years treated for symptomatic knee chondral lesions with minimum |-year
follow-up. One-sample t tests were used to compare mean outcome score improvements to established MCID thresholds.
Results. Twelve studies reporting clinical outcomes on a total of 330 patients following cartilage repair were identified. The
mean age of patients ranged from 13.7 to 16.7 years and the mean follow-up was 2.2 to 9.6 years. Six studies reported
on ACI, 4 studies reported on MFX, 2 studies reported on OATS, and | study reported on OCA. ACI (P < 0.001, P =
0.008) and OCA (P < 0.001) showed significant improvement for International Knee Documentation Committee (IKDC)
scores with regard to MCID while MFX (P = 0.66) and OATS (P = 0.11) did not. ACI (P < 0.001) and OATS (P = 0.010)
both showed significant improvement above MCID thresholds for Lysholm scores. MFX (P = 0.002) showed visual analog
scale (VAS) pain score improvement above MCID threshold while ACI (P = 0.037, P = 0.070) was equivocal. Conclusions.
Outcomes data on cartilage repair in the pediatric and adolescent knee are limited. This review demonstrates that all
available procedures provide postoperative improvement above published MCID thresholds for at least one reported
clinical pain or functional outcome score.
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Introduction nonsurgical management fails, surgical intervention is rec-
ommended to restore the articular surface. The surgeon is
challenged to address the cartilage lesion in a way that
maximizes the integrity of the knee to protect against

future degeneration. Advancements in surgical technique

Focal articular cartilage injuries continue to present as
challenging clinical problems, particularly when young
patients present with large lesions in weight-bearing
joints such as the knee. Because of its avascular nature,
articular cartilage lacks the ability to spontaneously heal.!

Furthermore, osteochondral defects that result from dis-
placed osteochondritis dissecans lesions can be particu-
larly problematic as they do not have normal subchondral
bone architecture. Chondral and osteochondral lesions can
result in significant pain and functional impairment.” If
left untreated, these lesions can progress to premature
knee osteoarthritis, which is particularly problematic in
the active pediatric and adolescent population with high
functional demands and long life expectancies.”> When
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have provided biological alternatives for the repair of
damaged articular cartilage and subchondral bone. These
procedures include microfracture (MFX), autologous
chondrocyte implantation (ACI), osteochondral allograft
transplantation (OCA), and osteochondral autograft trans-
plantation system (OATS).*

Despite a myriad of outcomes reports on these tech-
niques, the fundamental weakness of existing literature is
the inconsistent use of validated outcome measures, making
it difficult to objectively compare the treatment efficacies of
these procedures.’ Indeed, though several surgical options
have been proposed based on location, lesion size, and time
elapsed since injury, there is no consensus on the ideal indi-
cations and outcomes for each procedure. Furthermore, cur-
rent evidence to guide decision making is mainly in the form
of case series rather than prospective randomized controlled
trials. When pediatric and adolescent populations are studied
alone, even fewer reports are available for comparison to
guide treatment decisions. The purpose of this study was to
conduct a systematic review of clinical outcomes following
MEFX, ACI, OCA, and OATS surgery for the treatment of
focal knee lesions in pediatric patients. We sought to com-
pare postoperative improvement in functional and activity
outcome scores to validated thresholds for minimal clini-
cally important difference (MCID). Our initial hypothesis
was that that all available procedures—MFX, ACI, OCA,
and OATS—would provide clinically significant improve-
ments in outcomes scores when compared with the current
published MCID threshold for each outcome measure.

Materials and Methods

Literature Search

A systematic review was performed using the Web of
Science, PubMed, Cochrane Library, and Scopus databases.
The review was registered on the PROSPERO database
(Registration number: CRD42016052287, University of
York, York, United Kingdom). PubMed, Scopus, and
Cochrane library databases were searched on December 23,
2015 with the search terms “microfracture” AND “knee.”
PubMed, Web of Science, and Cochrane library databases
were searched on April 12, 2016 with the search terms
“((osteochondral autograft transplantation) OR (osteochon-
dral autografting) OR (osteochondral autograft) OR (OC
autograft) OR (mosaicplasty) OR (osteoarticular transfer
system) OR (osteochondral cylinder transplantation) OR
(osteochondral cylinder) OR (autologous chondrocyte
implantation) OR (osteochondral allograft) OR (OC
allograft)) AND knee.” Search terms were general to avoid
inadvertent exclusion of relevant studies. Duplicate studies
and stand-alone abstracts were excluded. The search algo-
rithm was refreshed on August 25, 2017 to ensure inclusion
of all literature published in the interim.

Following the primary search, article titles and abstracts
were individually reviewed in accordance with the standard
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) checklist. Articles that con-
tained relevant information were identified and systemati-
cally analyzed to ensure compliance with the following
inclusion criteria: (1) minimum of 5 subjects; (2) pediatric
patients aged 19 years and younger; (3) intervention of
MFX, ACI, OCA, or OATS; (4) minimum of 1 year of clini-
cal follow-up; (5) clinical outcome reported; and (6) study
published in the English language. Review articles, system-
atic reviews, meta-analyses, cadaveric, in vitro, and animal
studies were excluded.

Data Abstraction and Statistical Analysis

Studies that met the inclusion/exclusion criteria were inde-
pendently reviewed and used to extract cohorts of pediatric
patients who had undergone MFX, ACI, OCA, and OATS
procedures. Reported data on patient age, gender, lesion
size, lesion location, number of lesions, presence of prior
surgeries and concurrent procedures in the index knee, time
between injury and procedure, length of follow-up, as well
as pre- and postoperative clinical outcome scores were col-
lected and reviewed. Clinical outcome scores with validated
MCID scores included the International Knee
Documentation Committee (IKDC), Lysholm, and visual
analog scale (VAS) pain scores.”® Two-tailed, 1-sample
Student 7 tests were conducted to evaluate for significance
of pre- to postoperative mean improvement compared with
current MCID thresholds for each individual study.
Statistical analyses were performed using SPSS 21 software
(IBM Corp., Armonk, NY).

Results

In total, 1,768 articles from PubMed, 156 articles from
Cochrane library, 774 articles from Scopus, and 2,084 arti-
cles from Web of Science matched our initial search terms,
for a total of 4,782 articles. These studies were serially
assessed using standardized PRISMA protocol (Fig. 1).
After duplicates, patents, and published abstracts were
removed, 3,102 articles remained for title and abstract
review. After application of exclusion criteria, 18 articles
remained for full-text review. Of these 18 articles, 4 did not
report on subjects younger than 19 years, and 2 did not
address a relevant intervention. Twelve articles were
included in our review, but 4 articles did not provide suffi-
cient statistics (measure of center and spread for both base-
line and final follow-up for IKDC, VAS pain, or Lysholm
score) for MCID analysis (Table 1). Eight articles were ulti-
mately included for statistical analysis. Four of these stud-
ies reported on ACI, 3 reported on MFX, 1 reported on
OCA, and 1 reported on OATS. All ACI studies and the
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“Microfracture” AND “Knee”

“((osteochondral autograft transplantation) OR (osteochondral
autografting) OR (osteochondral autograft) OR (OC autograft) OR
(mosaicplasty) OR (osteoarticular transfer system) OR (osteochondral
cylinder transplantation) OR (osteochondral cylinder) OR (autologous
chondrocyte implantation) OR (osteochondral allograft) OR (OC

Inclusion criteria
. Intervention: MFX ACI, OCA, or OATS

allograft)) AND knee”

PubMed: (n=536); (n=1,232)
Cochrane Library: (n=68); (n=88)
Scopus: (n=774)

Web of Science: (n=2,084)

Total: 4,782 hits

. Reports clinical outcome scores

. Reports data on patients age < 19 years
. Minimum n=5 patients

. Minimum one year of clinical follow-up

. Study in English language

_| Excluded patents (n=32)

A 4

"| Excluded duplicates (n=1,623)
Excluded published abstracts (n=25)

Title and Abstract
Review (n=3,102)

Excluded (n=3,084)

A 4

Reasons for exclusion

\ 4

Full Text Review
(n=18)

A\ 4

Excluded (n=6)

. Did not address relevant intervention: 2,242
. Case report/small series (n<5): 87

. Editorial: 4

. Review article/systematic review/MA: 252

. Animal/in vitro/cadaveric study: 279

. Language other than English: 37
. Did not report on patients age < 19 years: 183

Reasons for exclusion

A 4

Included in Review
(n=12)

Excluded (n=4)

v

. Did not report on patients age < 19 years old: 4
. Did not address relevant intervention: 2

Reasons for exclusion
. Insufficient statistics reported (did not report

\ 4
Included in
Statistical Analysis
(n=8)

A 4

mean =+ SD for baseline and final follow-up for
IKDC, VAS pain or Lysholm score): 4

Figure |. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram outlining the application of the

inclusion and exclusion criteria for the systematic review.

OCA study included patients with focal cartilage lesions as
well as those resulting from juvenile osteochondritis disse-
cans (JOCD). The OATS study included only patients with
JOCD while the MFX studies did not include any patients
with JOCD.

Demographics

Eleven studies were level IV case series and 1 study was a
level 1 randomized controlled trial (RCT). Six studies
reported on ACI, 2 studies reported on OATS, 1 study
reported on OCA, and 4 studies reported on MFX (Gudas
et al*' reported on 2 procedures, comparing OATS and
MFX). There were 330 unique patients identified across all

studies; 192 underwent ACI (58.2%), 36 underwent OATS
(10.9%), 39 underwent OCA transplantation (11.8%), and
63 underwent MFX (19.1%). Of the entire combined
cohort, 58.5% of patients were male. The mean age of all
subjects ranged from 13.7 to 16.7 years and mean follow-
up ranged from 2.2 to 9.6 years. Average lesion size ranged
from 1.2 to 8.4 cm” (Table 1). Lesions were localized to the
medial and lateral femoral condyles, trochlea, patella, and
tibial plateau; 251 lesions were condylar (70.1%), 72 were
patellar (20.1%), 25 were trochlear (7.0%), and 10 were
localized to the tibial plateau (2.8%). Number of lesions
treated in each procedure, presence of previous and con-
current surgeries in the index knee, and time between
injury and procedure were not uniformly reported across
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Table 2. Lesion Characteristics and Prior and Concomitant Surgeries for Studies Identified in Systematic Review.

First Author, Year

No. with Prior
Surgeries in Index

No. with Concomitant
Procedures in Index

Study No.  of Publication Intervention n (Patients)  Single or Multiple Lesions Knee Knee
| Cvetanovich, 2017 ACI 37 Not reported 37/37 patients 22
2 Gudas, 2009 OATS 25 Single lesions 0/25 patients 0
2 Gudas, 2009 MFX 22 Single lesions 0/22 patients 0
3 Lee, 2012 MFX 5 Single lesions 0/5 patients 2
4 Macmull, 2011 ACI 31 30/31 with single lesions;  Mean .4 £ 0.6 Not reported
1/31 with multiple lesions  surgeries per knee
5 Micheli, 2006 ACI 37 35/37 with single lesions;  26/37 patients Not reported
2/37 with multiple lesions
6 Mithofer, 2005 ACI 20 Mean .3 £ 0.3 per knee  Mean 2.5 £ 0.3 Not reported
surgeries per knee
7 Murphy, 2014 OCA 39 35/39 with single lesions;  Mean 1.5 surgeries 15
4/39 with multiple lesions  per knee
8 Niethammer, 2016 ACI 40 37/40 with single lesions;  Not reported Not reported
3/40 with multiple lesions
9 Ogura, 2017 ACI 27 Mean .5 + 1.0 per knee ~ 22/27 patients 22
10 Salzmann, 2012 MFX 10 Single lesions 4/10 patients Not reported
Il Sasaki, 2012 OATS Il Single lesions 0/10 patients Not reported
12 Steadman, 2015 MFX 26 Single and multiple lesions Not reported Not reported

ACI = autologous chondrocyte implantation; MFX = microfracture; OATS = osteochondral autograft transplantation system; OCA = osteochondral

allograft transplantation.

all studies (Table 2). A total of 347 procedures were per-
formed on 330 patients.

Functional Outcome Scores

The most commonly reported outcomes measures were
IKDC (6/12), Lysholm (4/12), and VAS pain scores (4/12).
Four of these 12 studies were incomplete in reporting data on
outcome scores (e.g., mean improvement without measure of
spread such as standard deviation, only postoperative score,
etc.). Eight studies with 189 unique patients and 202 proce-
dures were included in statistical analysis (Table 3). Of these
8 studies, 5 reported complete IKDC scores (2 ACI, 1 MFX,
1 OCA, 1 OATS), two studies reported complete Lysholm
outcome scores (1 ACI, 1 OATS), and three studies reported
a complete VAS pain outcome score (2 ACI, 1 MFX).

ACI*'* (P =0.008, P < 0.001) and OCA" (P < 0.001)
showed improvement of IKDC scores above MCID at fol-
low-up; mean improvement in MFX'? and OATS" proce-
dures were not significantly above MCID for IKDC. For
Lysholm score, both ACI'* (P < 0.001) and OATS" (P =
0.010) procedures showed significantly greater improve-
ment relative to known MCID values. MFX" (P = 0.002)
showed significantly greater improvement than MCID with
regard to VAS pain score while ACI'*'® (P = 0.037; P =
0.070) was equivocal.

Discussion

Most recent reports on the surgical management of articu-
lar cartilage lesions focus on adult patients, paralleling the
prevalence of these injuries in this population. Pediatric
and adolescent patients with articular cartilage defects,
though fewer in number, require special attention as these
injuries can result in progressive articular cartilage degen-
eration and functional disability if not properly managed.
Common etiologies that cause osteochondral injuries in
this patient population include trauma, patellar disloca-
tion, and JOCD. Chondral and osteochondral defects that
result from JOCD can be particularly problematic as they
do not have normal subchondral bone architecture; thus,
traditional MFX or biologically enhanced marrow stimu-
lation techniques may be less effective than in adults.
Literature on outcomes following articular cartilage resto-
ration in the pediatric and adolescent population is limited
and has not been critically reviewed with regard to objec-
tive metrics. This systematic review identified 12 studies
and a total of 330 patients reporting clinical outcomes fol-
lowing MFX, ACI, OATS, and OCA for focal lesions of
the knee. Here we found that all four of these procedures
provided clinically significant improvement in at least one
outcomes score when compared to the current published
MCID thresholds.**
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Table 3. Statistical Analysis of IKDC, Lysholm, and VAS Pain Score Improvements Compared with MCID.

First Author, Year of Follow-up in Years, Mean
Publication Intervention n Mean (Range) Improvement SD P
IKDC (MCID = 16.7)
Cvetanovich, 2017 ACI 37 4.6 (2-10.6) 29.7 27.9 0.008*
Niethammer, 2016 ACI 40 3.0 337 294 <0.001*
Lee, 2012 MFX 5 2.5 (1.3-4.5) 12.2 21.5 0.66
Murphy, 2014 OCA 39 8.4 (1.7-27.1) 332 26.1 <0.001*
Sasaki, 2012 OATS I 2.2 (0.5-5) 244 15.4 0.1
Lysholm (MCID = 10.1)
Mithofer, 2005 ACI 20 3.9 (1.9-7.6) 23.0 7.6 <0.001*
Sasaki, 2012 OATS I 2.2 (0.5-5) 21.9 13.2 0.010*
VAS (MCID = 2.7)
Ogura, 2017 ACl 27 9.6 (2-19) 35 22 0.080
Niethammer, 2016 ACl 40 3.0 4.0 38 0.037*
Salzmann, 2012 MFX 10 35 6.2 25 0.002*

ACI = autologous chondrocyte implantation; IKDC = International Knee Documentation Committee; MCID = minimal clinically important difference; MFX
= microfracture; OATS = osteochondral autograft transplantation system; OCA = osteochondral allograft transplantation; VAS = visual analog scale.

°P value calculated using 2-tailed, |-sample Student t test.
*P < 0.05.

Microfracture

At present, MFX is still considered by many to be the “gold
standard” procedure for repair of focal articular cartilage
defects of the knee. First described by Pridie in 1959 and
later refined by Steadman who popularized the technique,
MFX is a marrow stimulation technique wherein an awl is
used to arthroscopically induce multiple subchondral frac-
tures to facilitate infiltration of blood and stem cells into a
local hematoma.'”'® Theoretically, these stem cells differen-
tiate into fibrocartilage to repair the defect, with the best
clinical results seen for patients with lesions <4 cm” in size."
While it is a cost-effective procedure, MFX does not treat
underlying bone defects and has proved less useful in the
management of defects that measure greater than 4 cm?® in
size. Similarly, because MFX does not treat abnormal sub-
chondral bone it is less effective for lesions resulting from
JOCD.® In this review, four articles'>'>?'*? focused on
MEFX as an intervention and 2 of these articles'*'” provided
sufficient statistics for MCID analysis. Lee ez al.'? retrospec-
tively evaluated the outcomes of five adolescent patients
(12-17 years old) who underwent MFX for patellar osteo-
chondral defects (mean size 1.2 cm?) following patellar dis-
location. The time between injury and procedure was not
explicitly stated; however, patients who presented greater
than 4 weeks from injury were excluded from the study.
Though they demonstrated statistically significant improve-
ment in postoperative IKDC scores, the mean improvement
did not exceed published MCID thresholds in our indepen-
dent analysis, likely attributable to an underpowered sample
size. In their study, they also found that patients treated with
MFX had higher KOOS (Knee injury and Osteoarthritis
Outcome Score) and IKDC improvements at short-term

when compared with patients treated with open fixation of
osteochondral fragments. Salzmann et al."> conducted a ret-
rospective review to study the clinical outcomes of 10 pedi-
atric patients who underwent MFX for knee articular
cartilage defects (mean size 1.2 cm?). Mean time from injury
to operation was 12.1 + 13.1 months. Lesions were located
on the femoral condyles (5/10), patella (2/10), trochlea
(2/10), and tibial plateau (1/10). At an average short-term
follow-up of 3.5 years, mean improvement in VAS pain was
above the published MCID threshold (P = 0.002). Compared
with adult subjects treated with MFX for osteochondral
defects at their institution, they reported significantly greater
postoperative improvements in Lysholm, IKDC, and Tegner
scores. Patients older than 40 years experienced greater
deterioration in postoperative score as compared with
younger patients.” This difference in outcome may be attrib-
utable to decreased quality of cartilage fill resulting from
MFX, fibrocartilage rather than hyaline cartilage, paired
with a lower regeneration capacity in aging patients.”*

Steadman et al.** evaluated the effectiveness of MFX for
the treatment of full-thickness chondral knee lesions (mean
size 1.9 cm?) in 26 adolescent patients (28 knees), of whom
22 were available for follow-up at an average of 5.8 years.
Eleven patients underwent MFX within 6 months of injury.
Lesions were located on the femoral condyles (17/28),
patella (10/28), and trochlea (1/28). Mean Lysholm score
was 90 (range 50-100), median Tegner scale was 6 (range
2-10), and median patient satisfaction was 10 (range 1-10).
One patient required a revision MFX procedure -year
postoperatively. This study reported insufficient clinical
data for MCID analysis in this review.
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Autologous Chondrocyte Implantation

ACl is a 2-stage procedure that aims to provide hyaline-like
cartilage in a full-thickness articular cartilage lesion using
autologous chondrocytes harvested from the patient.” This
review identified 6 studies™'*'****® that focused on ACI as
an intervention in the pediatric and adolescent knee; 4 of
these studies”'*'*** provided sufficient statistics for MCID
analysis.

In their recently published series, Cvetanovich et al.’
reported clinical outcomes following ACI in 37 adolescent
patients with a mean lesion size of 4.0 cm” and mean fol-
low-up of 4.6 years. The time between injury and ACI was
not reported. Lesions were located on the femoral condyles
(23/37), patella (7/37), and trochlea (7/37). At final follow-
up, mean improvement in IKDC was 29.7 points and mean
improvement in KOOS—Quality of Life was 31.0 (P <
0.001). In our statistical analysis, IKDC scores showed sig-
nificant improvement relative to MCID following ACI (P =
0.008). Of note, the authors reported that 14 of the 37
patients (37.8%) required 1 to 3 subsequent surgeries after
ACI, including debridement for graft hypertrophy (54%),
meniscectomy (11%), MFX (9%), and loose body removal
(9%). In the adult population, reoperation rate averages
37%; however, the indication for reoperation differs: 35%
not related to original defect, 29% lysis of adhesions, 19%
knee arthroplasty, 19% revision cartilage operation, 6% to
39% graft hypertrophy.” Reoperation following ACI in
young patients may be attributable to a more robust response
to graft incorporation as compared with adults. Overall, the
reoperation rate for ACI is substantially higher than that
reported in the MFX literature.

Mithofer ef al.*® evaluated the clinical efficacy of ACI in
the management of full-thickness articular cartilage lesions
(mean size 6.4 cm®) of the knee in 20 adolescent athletes
(23 knees, average 1.3 lesions per knee). Lesions were
located on the femoral condyles (20/27), patella (1/27),
trochlea (4/27), and tibial plateau (2/27). The mean time
from injury to ACI was 21 + 17 months. At an average fol-
low-up of 3.9 years, mean improvement in Lysholm score
was above the established MCID (P < 0.001). Of note, 96%
of patients were routinely engaged in high-impact aerobic
sports at a recreational level or higher at follow-up. In their
2016 study, Niethammer ef al.'"® studied clinical results of
ACI in the treatment of full-thickness chondral knee lesions
(mean size 5.3 cm?®) in 40 children and adolescents (43
knees) with 3-year follow-up. Cartilage defects were the
result of OCD in 13 patients, acute trauma (<12 months
from injury) in 9 patients, old trauma (>12 months from
injury) in 5 patients, and of unclear etiology in 13 patients.
Lesions were located on the femoral condyles (17/43) and
patella (26/43). In our statistical analysis, ACI'® showed
significant improvement in both IKDC (P < 0.001) and
VAS pain scores (P = 0.037) with regard to MCID. Ogura

et al.'® reviewed clinical outcomes of 27 adolescents (29
knees, average 1.5 lesions per knee) undergoing ACI for
knee articular cartilage defects (mean size 6.2 cm?®). Mean
duration of symptoms prior to ACI was 3.3 years. Lesions
were located on the femoral condyles (18/40), patella
(10/40), trochlea (6/40), and tibial plateau (6/40). At an
average follow-up of 9.6 years, mean improvement in VAS
pain score was 3.5 + 2.2 (P = 0.070). While they demon-
strated statistically significant improvement in VAS pain
scores, the mean improvement did not exceed published
MCID thresholds in our independent analysis. Of note, 20
knees required a total of 29 subsequent procedures; 44.8%
(13/29) were graft-related while 55.2% (16/29) were unre-
lated to the graft. Graft-related complications were more
common with the use of periosteum (76.9%) as compared
with Bio-Gide (23.1%). The overall failure rate was 20%
(4/20). Failure was defined as unresolved or recurrent
symptoms paired with MRI confirmation of graft delamina-
tion, surgical debridement of more than 25% of graft area,
or a second cartilage restoration procedure, including revi-
sion ACI, MFX, and autologous bone grafting.

Though they reported insufficient statistical data to per-
form MCID analysis, 2 other ACI studies deserve mention.
Micheli et al.*’ noted that 6 of 37 patients (mean size 5.2
cm?) required a revision operation following ACI, and one
additional patient had graft failure due to infection and was
treated with MFX. Time between injury and ACI was not
reported. In their series of 31 patients (mean size 5.3 cm?),
Macmull et al.*® reported 1 failure at 4 years following ACI,
which was revised with matrix-assisted chondrocyte implan-
tation (MACI), and another patient who had symptomatic
periosteal graft hypertrophy that required arthroscopic
debridement. Mean time between injury and ACI was 43
months. The average lesion size among the 6 ACI studies
was 5.4 cm”. From this body of literature, we conclude that
while ACI surpasses published MCID thresholds in postop-
erative clinical improvement, there is a notably high rate of
complications and reoperations in the pediatric/adolescent
cohort. While reported reoperation rates are comparable
between pediatric and adult populations, 37.8% and 37%,
respectively, the majority of pediatric complications are due
to graft hypertrophy whereas adult complications are more
often unrelated to the initial operation or associated with
graft failure.**

Osteochondral Allograft Transplantation

OCA transplantation procedures have become increasingly
popular for the treatment of large, focal cartilage defects.
The goal of OCA is to transplant a size-matched fresh donor
allograft, with viable chondrocytes and underlying sub-
chondral bone, into a socket drilled at the site of the recipi-
ent’s defect. Advantages of this procedure include the
ability to address abnormal subchondral bone and to treat
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large defects. The notable disadvantage is that fresh allograft
is expensive and in limited supply, which can lead to pro-
longed surgical delays. One study'' focused on OCA as an
intervention and provided sufficient statistics for MCID
analysis. In this study, Murphy et al."" reported a case series
to evaluate OCA graft survivorship in 39 pediatric patients
(43 knees) with large osteochondral defects (mean size 8.4
cm?) at an average follow-up of 8.4 years. The time between
injury and OCA was not reported. Lesions were located on
the femoral condyles (33/39), patella (3/39), trochlea (2/39),
and tibial plateau (1/39). Mean improvement in IKDC score
at an average follow-up of 8.4 years was 33.2 + 26.1. At a
median of 2.7 years, 5 grafts had failed. Four of these were
successfully managed with a second OCA, while 1 patient
underwent total knee arthroplasty after attempted revision
OCA approximately 8.6 years after the initial procedure.
The authors report a 90% graft survivorship at 10 years and
an 88% good/excellent (18-point scale) patient rating at
final follow-up. In our statistical analysis, OCA'" showed
significant improvement relative to MCID for the IKDC
score (P <0.001).

Osteochondral Autograft Transplantation System

OATS/mosaicplasty involves removing osteochondral bone
plugs from an unaffected, low-weight bearing region of the
patient’s own knee and transplanting it into the defect loca-
tion."” Donor site morbidity imposes size constraints for
this procedure, which is preferably used for medium-sized
lesions (2.5-4 cm?)."” As with OCA, the radius of curvature
of the graft and defect location must be closely matched as
incongruity can compromise graft survival due to increased
contact pressure.”” Because it is autologous tissue, OATS
does not carry the same risk of disease transmission as
OCA. Furthermore, OATS is a cost-effective procedure that
can be performed during a single open or arthroscopic pro-
cedure. Two studies'*?' reported on OATS in the pediatric
and adolescent population, one of which'® provided suffi-
cient statistics for MCID analysis; the other’’ was an RCT
comparing MFX and OATS.

Sasaki et al." investigated clinical outcomes of OATS
surgery in patients with JOCD. Eleven unique patients with
an average lesion size of 2.7 cm® underwent 12 OATS pro-
cedures for condylar lesions. Mean time from symptom
onset to OATS was 13.5 months. At an average follow-up of
2.2 years, observed mean improvement in IKDC score and
Lysholm score were 24.4 = 15.4 and 21.9 + 13.2, respec-
tively. OATS" showed postoperative improvements signifi-
cantly greater than the published Lysholm MCID score (P =
0.010), while IKDC scores were not.

The only RCT identified in this review was published by
Gudas ef al.,*' comparing MFX and OATS as treatment for
JOCD defects of the femoral condyles (mean size 3.2 cm?).
Mean time from symptom onset to operation was 23.5 + 4.2

months. International Cartilage Repair Society (ICRS) func-
tional and objective evaluation showed that both OATS and
MFX groups had significant clinical improvement (P <
0.05) after 1 year, and maintained significant clinical
improvement compared with pretreatment values after 4.2
years. At the 1-year follow-up, 23/25 (92%) patients had
excellent or good results following OATS procedure while
19/22 (86%) patients had excellent or good results following
the MFX procedure. At mean follow-up of 4.2 years, 19/23
(86%) patients who underwent the OATS procedure main-
tained excellent or good results as compared with 12/19
(63%) patients who underwent the MFX procedure. There
were no failures in the OATS cohort while the failure rate in
the MFX group was 41% (9/22 patients) at follow-up.

While this review identifies a series of 12 studies that
have documented clinical outcomes of pediatric and adoles-
cent patients that underwent MFX, ACI, OCA, and OATS
procedures, the literature remains nonstandardized in its
reporting of specific clinical outcome scores.’’ This makes
the objective comparison of results from different studies
near impossible, thereby complicating clinical decision
making. Small sample sizes in the remaining studies further
complicate analysis by limiting the power of statistical
tests. Specific guidelines for the reporting of clinical out-
come scores, consistent among all studies, should be estab-
lished to ensure the ability to compare results with one
another. We also note the lack of high-quality level I or II
studies (only 1 identified in this review) that would most
reliably help guide clinical decision making.** Finally, the
literature is heterogeneous in reporting the etiology of
osteochondral lesions of the knee, which is an important
consideration given that JOCD has a distinct pathophysiol-
ogy, natural history, and outcome compared with acute trau-
matic cartilage injuries.

In summary, our results demonstrate that all available
cartilage restoration procedures (MFX, ACI, OCA, and
OATYS) are effective surgical treatments for pediatric and
adolescent patients with symptomatic articular cartilage
lesions of the knee. Of note, MFX lesions were on average
smaller than ACI, OATS, and OCA lesions (1.9 cm?, 5.4
cm?, 3.0 cm’ and 8.4 cm’, respectively). Additionally,
61/63 MFX lesions were single and only 4/63 patients
(6.3%) had prior surgery in the index knee at the time of
operation. From this, we conclude that if MFX was per-
formed, it was likely to be applied as first-line treatment for
smaller osteochondral lesions. These procedures all provide
significant postoperative improvement in functional and
activity outcome scores relative to validated MCID. Head-
to-head RCTs and larger case series reporting consistent
validated outcomes measures are needed to guide clinical
decision making in young patients, particularly ones that
distinguish between traumatic chondral defects and osteo-
chondral defects resulting from JOCD. Currently, no con-
sensus exists for optimal treatment of articular cartilage
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lesions in the pediatric population, with algorithms being
primarily surgeon specific.
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