Current Reviews in Musculoskeletal Medicine
https://doi.org/10.1007/s12178-019-09595-x

OUTCOMES RESEARCH IN ORTHOPEDICS (O AYENI, SECTION EDITOR)

®

Check for
updates

Cartilage Restoration in the Adolescent Knee: a Systematic Review

Ryan P. Coughlin’ - Arnav Gupta? - Olawale A. Sogbein® - Ajaykumar Shanmugaraj’ - Adrian Z. Kurz' -
Nicole Simunovic' - Yi-Meng Yen* - Olufemi R. Ayeni'

© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract

Purpose of Review The purpose of this systematic review was to assess the outcomes and complications of described cartilage
restoration techniques for cartilage defects (grades I to IV) in the adolescent knee.

Recent Findings Eleven studies satisfied the inclusion criteria comprising 307 patients with a mean follow-up of 4.6 years (range
1-18.9 years). Study patients were treated with autologous chondrocyte implantation (ACI) (n =98, mean age 16.0),
microfracture (MFx) (n =36, mean age 15.4), internal fixation (n = 71, mean age 13.1), osteochondral allograft (OCA) trans-
plantation (n =78, mean age 16.4), and cartillage and excision (n =24; mean age 14.2). ACI, MFx, OCA transplantation, and
internal fixation showed significant improvement in knee functionality scores. The overall complication rate was 10.6% (n =31).
OCA transplantation had the highest complication rate (26.9%; n=21/78).

Summary In summary, our review shows that ACI was the most commonly used technique. Furthermore, ACI, MFx, OCA
transplantation, and internal fixation show the most promise in treating the adolescent population due to positive postoperative
functional outcomes and low complication rates. However, future studies with large sample sizes, standardized outcome docu-
mentation, and long-term follow-up are required to confirm these preliminary results.
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Introduction

Chondral defects in the knees of adolescent patients are prevalent
for multiple reasons, ranging from osteological disorders to acute
trauma, especially with increasing participation in sports [1e, 2,
3]. Full-thickness chondral/osteochondral articular defects from
osteochondritis dissecans (OCD) alone can affect up to 15 to 30
in 100,000 adolescent patients [1e, 2]. Therefore, appropriately
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treating chondral lesions in adolescent populations is important to
prevent or slow long-term complications such as osteochondral
refractures or premature osteoarthritis [1e, 2].

Compared to adults, the adolescent population shows more
promise in the treatment of such chondral defects given their
increased potential for cellular differentiation and proliferation
[1e, 2]. Particularly, the relatively increased capacity for chondral
injury healing may capitalize upon various available treatment
options to allow for better outcome in treatment of chondral
defects [1e, 2]. However, given the overall limited capacity of
hyaline cartilage regeneration, it is necessary to determine an
appropriate method of treatment to maximize outcomes in such
a young population. There is a wide array of cartilage restoration
techniques available to the adolescent population (less than
19 years of age) to treat these chondral defects [1e, 2].
Abrasion arthroplasty, drilling, and microfracture (MFx) are op-
tions whereby underlying bone marrow is stimulated for
fibrocartilage repair. Likewise, autologous chondrocyte implan-
tation (ACI) is a newer option in which a chondrocyte scaffold is
used to initiate chondral repair, which is more hyaline-like.
Recent systematic reviews investigating the utility of ACI have
found it to be an extremely safe and effective method [1e, 2].

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12178-019-09595-x&domain=pdf
mailto:ayenif@mcmaster.ca

Curr Rev Musculoskelet Med

More specifically, studies have shown its benefit in the treatment
of large cartilage lesions in adolescent patients due to their regen-
erative capacity [1, 4].

Mosaicplasty uses autografts or allografts from cadaveric do-
nors to treat chondral defects [ 1, 2]. However, graft mismatching
is an inherent risk with this technique. Mosaicplasty is typically
only utilized in larger chondral defects (i.e., 2 sz) [T, 2].
Internal fixation of intact, full-thickness chondral defects in-
volves reduction of chondral fragments; excellent radiologic
and clinical outcomes have been observed previously [5].

There is an increasing interest in the treatment of this chal-
lenging clinical problem via cartilage restoration. The objec-
tive of this systematic review was to identify trends, outcomes,
and complications of various cartilage restoration techniques
for full-thickness cartilage defects in the adolescent knee. It
was hypothesized that all identified cartilage restoration tech-
niques will yield similar long-term outcomes and that ACI
will be the most commonly used restoration technique.

Methods

This systematic review was completed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) and Revised Assessment of Multiple
Systematic Reviews (R-AMSTAR) [6, 7].

Study Screening

A systematic screening approach was employed from title to
full-text screening stages in duplicate by two independent
reviewers [8]. Discrepancies were discussed and resolved with
input by a third reviewer. The references of included studies
were also screened using the same systematic approach to
capture any additional relevant articles.

Search Strategy

Two independent reviewers searched EMBASE and
MEDLINE (including Epub Ahead of Print articles) for the
literature on cartilage restoration techniques to treat full-
thickness cartilage defects in the knee from January 1946 to
January 15, 2019. The search terms included “articular carti-
lage,” “adolescent,” “chondropathy,” and similar phrases
(Table 3). The research question and inclusion and exclusion
criteria were established a priori. Inclusion criteria included
the following: (1) all levels of evidence, (2) patients aged <
19 years [5], (3) studies primarily focusing on focal cartilage
defects (grades I-1V) of the knee (all compartments, i.e.,
tibiofemoral, patellofemoral), (4) cartilage restoration tech-
nique(s) used (ACI, MFx, osteochondral allograft (OCA)
transplantation, etc.), (5) surgical outcomes reported, (6) hu-
man subjects, and (7) > 5 patients. The exclusion criteria
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included (1) osteoarthritis, (2) inflammatory arthritis, (3) as-
sociated ligamentous injury, (4) cadaver/non-human studies,
(5) review articles, and (6) non-surgical treatment studies
(e.g., conservative treatment and technique articles without
outcomes).

Quality Assessment

Using the Journal of Bone and Joint Surgery (JBJS) classifi-
cation system for the literature in the field of orthopedics, the
level of evidence (I to IV) for each study was determined by
the two reviewers independently and in duplicate [7]. The
methodological quality of non-randomized comparative stud-
ies was evaluated using the Methodological Index for
Nonrandomized Studies (MINORS) [9]. A score of 0, 1, or
2 is given for each of the 12 items on the MINORS checklist
with a maximum score of 16 for non-comparative studies and
24 for comparative studies. Methodological quality was cate-
gorized a priori as follows: a score of 0-8 or 0—12 was con-
sidered poor quality, a score of 912 or 13—18 was considered
fair quality, and a score of 13—16 or 19-24 was considered
excellent quality, for non-comparative and comparative stud-
ies, respectively.

Data Abstraction

Two reviewers independently abstracted relevant data from
included articles. Demographic data included author, year of
publication, sample size, study design and location, level of
evidence, and patient demographics (e.g., gender and age).
Information regarding postoperative outcomes (surgical and
radiographic) and complications was documented.

Statistical Analysis

Due to the high statistical and methodological heterogeneity
and lack of higher-quality comparative studies, a meta-
analysis could not be performed. The results are summarized
descriptively. Descriptive statistics such as mean, range, and
measures of variance (e.g., standard deviations and 95% con-
fidence intervals (CIs)) are presented where applicable. The
intraclass correlation coefficient (ICC) was used to evaluate
inter-reviewer agreement for the quality assessment. A kappa
(k) statistic was used to evaluate inter-reviewer agreement at
all screening stages. Agreement was categorized a priori as
follows: an ICC/k value of 0.81 to 0.99 was considered as
almost perfect agreement, an ICC/x value of 0.61 to 0.80
was substantial agreement, an ICC/x value of 0.41 to 0.60
was moderate agreement, an ICC/k of value 0.21 to 0.40
was fair agreement, and a ICC/k value of 0.20 or less was
considered slight agreement [10].
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Results
Study Characteristics

The initial search of online databases yielded a total of 4680
articles. After excluding 1290 duplicates, the systematic
screening process identified eleven articles that satisfied the
inclusion and exclusion criteria (Fig. 1). There was substantial
agreement among reviewers at the title (x =0.865 (95% CI
0.841 to 0.889)), abstract (k=0.650 (95% CI 0.593 to
0.706)), and full-text (x = 0.761 (95% 0.685 to 0.837)) screen-
ing stages.

Study Quality

The 11 included studies comprised of 8 case series, 2 case-
control studies, and 1 retrospective cohort. The majority of
included studies were of level IV evidence (63.6%; n="7).
The mean MINORS score for non-comparative studies was

4630 Studies Identified
Medline/EPub Ahead of Print:
2507 Studies

Embase: 2123 Studies

Removal of
duplicates
A

‘ 3340 Studies ‘

Title Review

A,
‘ 1219 Studies ‘

11.2+0.4 indicating poor quality of evidence, and that for
comparative studies was 18.0 indicating fair quality of evi-
dence with only one presenting an adequate statistical analysis
(n=1/11; 9.1%) and one studying having baseline equiva-
lence of groups (n =1/11;9.1%). Based on the MINORS scor-
ing criteria, the top 3 strengths with respect to adequate
reporting were clearly stated aim (n = 11/11; 100%), appropri-
ate follow-up period (n = 11/11; 100%), and end points appro-
priate for the aim (n=11/11; 100%). There was near-perfect
agreement among the reviewers for the quality assessment
using the MINORS criteria (weighted ICC =0.962; 95% CI
0.945 to 0.973) (Table 1).

Patient Characteristics

In this systematic review, there were 307 patients (320 defects)
with a mean age of 13.1 years (range, 9.0 to 18.9) of which
48.9% (n=150) were male. Patients had a mean follow-up of
4.6 years with a reported range of 1-27.1 years. Seven studies

Removed: 1290

i

Removed: 2121

i

Removed: 879

AbStraCt ReView
v

A,

I 340 Studies |

Full Text Review

Removed: 331

249 Unrelated/Ligamentous Injury/Arthroplasty/
»| >19years

65 Other Reasons

10 Review/Commentary/Meta-Analysis

6 Duplicate

1 Cadaver/Non-Human

\4

11 Studies Included For
Qualitative Analysis

Fig. 1 PRISMA flow diagram
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Country of
publication

Mean age
(range), years

Follow-up time
(range), years

Skeletal
maturity

Number of patients (defects) % male

MINORS
score

(level of evidence)

Study characteristics and demographics
Study design

Authors (year)

Table 1
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16 years SD (2.06) Germany

60% NR 3 years

40 patients (43 defects)

15/24
Control

Case-control (IIT)

Niethammer et al.

Comparison = 36.7 years SD

Comparison = 3 years

Comparison = 62.5%

40 patients

(2017)

(8.2)

15.9

USA

9.6 years (2-19)

Immature (9)
Mature (18)

48%
NR

27 patients (29 defects)

11/16

Case series (IIT)

Ogura et al. (2017)

USA
USA
USA

6.6 (12-18.9)

6.4 (11-17.9)

6.4 (11-17.9)

France

3.5 (11.2-15)

Germany
UK

6.3 (14-18)

Germany
China

—_ e e e e = =

5.8 years (2-13.3)

46%

26 patients

8.4 years (1.7-27.1)
8.4 years (1.7-27.1)

2.5 years
3.3 years

NR

61%
61%
50%
74%

39 patients (43 defects)
39 patients (43 defects)

14 patients

NR

Immature (14)

NR

23 patients

5.5 years (1-10.5)

3.5 years
2.1 years

NR

71%
80%

31 patients
10 patients

NR

NR

2%

19 patients

— e e = = —

Case series (IV)
Case series (IV)

Case series

Steadman et al. (2015)
Murphy et al. (2014)

1\%)
V)

=

Pennock et al. (2013)
Chotel et al. (2011)

=

Case series

1\%)
V)

— = T

Case-control (IIT)
Case series
Case series

Schmal et al. (2010)

Macmull et al. (2011)

Salzmann et al. (2012)
Kang et al. (2018)

Retrospective cohort

Comparison = 2.6 years Comparison = 14.2 years

Comparison = 24 patients

15 patients

(1)

Case series (IV)

USA

12.7 years

1 year

Immature = 14

Mature = 1

73%

11/16

Fabricant et al. (2018)

reported chondral-only defect lesion sizes with a mean defect
size of 5.1 cm? (range 2 to 8.4). Three studies (n = 56) reported
skeletal maturity based on the status of the epiphyseal growth
plate. Of those patients, 37 (66%) were skeletally immature.
Nine studies (n = 270) comprising 294 defects reported defect
location (Table 2). These comprised of the patella (n =73 de-
fects), medial femoral condyle (n = 51 defects), lateral femoral
condyle (n =43 defects), trochlea (n = 11 defects), lateral tibial
plateau (n = 6 defects), medial tibial plateau (n = 1 defect), and
multiple locations (4 defects). One study reported 17 femoral
defects without specifying if they were trochlear or condylar.
There were an additional 33 femoral condyle defects reported
that did not specify whether they were medial or lateral.
Finally, four studies that reported tibial plateau defects did
not specify a location. The etiologies of the full-thickness
articular cartilage defects were 83 osteochondritis dissecans,
160 trauma, 34 degenerative, 72 chondromalacia patella, 1
osteomyelitis, and 2 unknown. There was insufficient infor-
mation regarding grade of full-thickness articular cartilage
defects.

Surgical Techniques

Study patients were treated with ACI (31.8%; n =98, mean
age 16.0), OCA transplantation (25.3%; n =78, mean age
16.4), internal fixation (23.1%; n =71, mean age 13.1), MFx
(11.9%; n =36, mean age 15.4), and cartillage and excision
(7.8%; n =24, mean age 14.2) (Table 2). Of the internal fixa-
tion studies that reported fixation implants, fixation implants
included bioabsorbable tacks alone (n=8), tacks and screw
(n=1), tacks/screw and suture (n =3), sutures alone (n=1),
sutures with suture anchor (n=1), and tacks and suture with
suture anchors (7 = 1). Lesion sizes were reported in Table 2.

Outcomes
Radiographic Outcomes

Radiographic outcomes were only reported in 1 study. In the
internal fixation group (n=71), 56% (n=5/9) of measured
patients showed satisfactory cartilage restoration via MRI ex-
amination (median 12.0 months postoperatively) [11].

Knee Functionality

In the OCA transplantation group (n = 78), mean International
Knee Documentation Committee (IKDC) scores significantly
increased in 100% (n=78) of patients (p <0.05).
Additionally, KS-F scores significantly increased in 100%
(n="78) of patients (p <0.05). In 100% (n=39) of measured
patients, based on the modified Merle d’ Aubigné-Postel scale,
87.5% of patients had a “good” or “excellent” score postop-
eratively [12, 13] (Table 2).
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In the ACI group (n = 98), the mean subjective IKDC score
significantly increased postoperatively in 100% (n =40) of
measured patients (p =0.002) and Cincinnati Knee Rating
Scale scores significantly increased in 100% (n=57) of mea-
sured patients (p < 0.05) [14-16] (Table 2).

In the internal fixation group (n =71), the mean subjective
IKDC score significantly increased in 100% of patients (n =
37) (p <0.05). Additionally, 56.7% (n=21) of measured pa-
tients noted at least a “good” HSS score [17, 18] (Table 2).

Return to Sport

Return to sport was measured in only 1 study (n = 15). All of
these patients returned to sport at a satisfactory level [11].

Complications and Revision Rates

The overall complication rate was 10.6% (n=31).
Complication rates were reported based on the populations
of individual techniques: OCA transplantation (26.9%, n =
21/78), internal fixation (12.7%; n=9/71), and ACI (1.0%,
n=1/98). OCA transplantation had the highest revision rate
(26.9%, n=21/78), of which the most common reasons were
diagnostic arthroscopy (n =6), loose body removal (n=4),
and chondroplasty (n = 3). Internal fixation had a revision rate
of 42% (n=3/71) [12-16].

Discussion

The most important finding of this systematic review was that
all techniques yielded similar outcomes at a short-term follow-
up with ACI being the most commonly used restoration tech-
nique. These findings are consistent with a recent systematic
review on cartilage restoration in the adult population [19e¢].
Additionally, OCA transplantation, internal fixation, and ACI
had the highest complication rates, respectively. OCA trans-
plantation and internal fixation had the highest revision rates,
respectively.

The adolescent population generally presents with some
important differences with respect to adults which can affect
their outcomes. Particularly, given their younger age, it has
been proposed that adolescent patients’ epiphyseal
chondrocytes have greater growth factor expression allowing
for improved chondral restoration (which otherwise has ex-
tremely limited restorative capacity) [1, 2, 20]. However, in
spite of this potential, adolescent patients are more susceptible
to lesions that last for long periods of time which may impair
chondral function [1, 2, 19¢¢]. Thus, these factors emphasize
the need to repair and preserve cartilage in adolescent patients
to maximize long-term outcomes [1, 2, 20].

It has been previously noted that techniques leading to
successful outcomes in the short term have better long-term

outlook compared to those with poorer short-term outcomes
[1, 2, 20]. Subsequently, it is not surprising that in the current
review, ACI, MFx, internal fixation, and OCA transplantation
showed the best improvement in knee functionality. All of
these techniques use different methodologies to restore
chondral lesions which translate into better long-term out-
comes [1, 2, 20]. Moreover, various studies have found that
techniques such as ACI capitalize on this capacity effectively
which leads to greater success in restoring functionality in the
adolescent population, as compared to adult age-matched con-
trols [1, 2, 20]. In OCA transplantation patients, age has been
said to have a significant impact on successful outcomes such
that younger patients are more likely to have successful out-
comes [21]. A systematic review evaluating MFx, ACI, and
OCA transplantation in a similar population affirmed the suc-
cess of these results [22¢]. Similarly, there still is a dearth of
evidence available to determine a superior technique [19+].

Interestingly, despite the claim that adolescent patients have a
better chance for success, the current review noted a high revision
rate for patients treated with OCA transplantation. Successful
OCA transplantation is dependent upon the successful integra-
tion of the allograft in the host; however, this is influenced by
several factors including graft type, location of the defect, immu-
nogenic status, mechanical load, and preoperative osteoarthritis
[21]. Particularly, the studies that used OCA transplantation in
this systematic review did not report graft type or the host envi-
ronment; hence, it is possible that it was used for bipolar lesions,
a known predictor of failure, and could explain the high revision
rate (26.9%) [21]. The high revision rate could also be attributed
to potentially large lesion sizes [21].

ACI and MFx demonstrated excellent outcomes with minimal
complication rates. ACI is more likely to be successful in this
young population due to the younger age and low likelihood of
osteoarthritic changes [23¢, 24]. MFx may show great potential as
a technique as it uses a minimally invasive technique to capitalize
on the increased proliferative capacity of mesenchymal stem cells
in adolescents for superior tissue regeneration and, thus, excellent
clinical outcomes and minimal complications [20, 25]. MFx also
shows superior clinical outcomes in adolescents compared to
adult counterparts [20, 25]. The remaining techniques such as
chondroplasty demonstrated less favorable improvement, on av-
erage, of knee outcomes, compared to the previously mentioned
techniques, despite their low complication rates. This finding is
not surprising given that these techniques do not focus on restor-
ing or repairing cartilage; hence, they are less likely to improve
knee function to the extent of the other techniques.

The documentation and reporting of the size of lesions was
rather limited in this systematic review, thus limiting our ability to
draw any definitive conclusions regarding its impact on the suc-
cess of certain techniques. It should be noted, however, that the
size of lesions is an important factor that should be considered. It
has previously been reported that the size of lesion should be
taken into account when deciding upon the most ideal treatment.
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Table 2

Surgical techniques/surgical outcomes

Authors (year) Technique used

Defect location

Defect size (SD) Radiographic outcomes Clinical outcomes

Niethammer et al. Autologous
(2017) chondrocyte
implantation
Ogura et al. (2017) Autologous
chondrocyte
implantation
Steadman et al. (2015)  Microfracture
Murphy et al. (2014) Osteochondral
allograft
transplantation

@ Springer

Femoral (17) 53 cm® (2.5)

Patellar (26)

Lateral femoral condyle 6.2 cm” (2-23.4) No significant difference

(10), medial femoral
condyle (8), trochlea
(6), patella (10),
lateral tibial plateau
(5), medial tibial
plateau (1)

Patellar (10), medial NR
femoral condyle (7),
lateral femoral
condyle (9)

Medial femoral condyle NR
(18), lateral femoral
condyle (15), patella
(3), trochlea (2), tibial
plateau (4), multiple
“

No significant difference
was seen in
Keller-Lawrence
grades

was seen in

Keller-Lawrence

grades

NR

NR

In the ACI group (n = 67), the mean
subjective IKDC score
significantly increased in 100%
(n=40) of measured patients
(p=0.002) and Cincinnati Knee
Rating Scale scores significantly
increased in 100% (n=27) of
measured patients (p < 0.001).

In the ACI group (n = 67), mean VAS
scores significantly increased
postoperatively in 100% (n=67)
of measured patients (p <0.01).

In the ACI group (n=27), mean
WOMALC scores significantly
decreased in 100% (n=27) of
measured patients (p <0.001).

In the ACI group (n=27), SF-36,
MCS, and PCS significantly
increased in 100% (n=27) of
measured patients (p < 0.001)

In the ACI group (n = 67), the mean
subjective IKDC score
significantly increased in 100%
(n=40) of measured patients
(»=0.002) and Cincinnati Knee
Rating Scale scores significantly
increased in 100% (n =27) of
measured patients (p < 0.001).

In the ACI group (n =67), mean VAS
scores significantly increased
postoperatively in 100% (n=67)
of measured patients (p <0.01).

In the ACI group (n=27), mean
WOMAC scores significantly
decreased in 100% (n=27) of
measured patients (p <0.001).

In the ACI group (n=27), SF-36,
MCS, and PCS significantly
increased in 100% (n=27) of
measured patients (p < 0.001)

In the microfracture group (n = 26),
the mean Lysholm score and
Tegner activity score significantly
increased in 100% of patients
(n=26) (p<0.05).

In the microfracture group, mean
patient satisfaction was 10 which
had a significant correlation with
Lysholm scores (p =0.001)

In the OAT group (rn =78), mean
IKDC scores significantly
increased in 100% (n =78) of
patients (p < 0.05). Additionally,
KS-F scores significantly in-
creased in 100% (n=78) of pa-
tients (p < 0.05). In 100% (n=39)
of measured patients, based on the
modified Merle d’Aubigné-Postel
scale, 87.5% of patients had a
“good” or “excellent” score post-
operatively.

In the OAT group (n=39), 100%
(n=39) of measured patients were
noted to be “satisfied” with their
knee outcome
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Table 2 (continued)

Authors (year)

Technique used

Defect location

Defect size (SD) Radiographic outcomes Clinical outcomes

Pennock et al. (2013)

Chotel et al. (2011)

Schmal et al. (2010)

Macmull et al. (2011)

Salzmann et al. (2012)

Kang et al. (2018)

Osteochondral
allograft
transplantation

Internal fixation

Internal fixation

Autologous
chondrocyte
implantation

Microfracture

Internal fixation

Femoral condyle (33)

Medial patellar facet

20.8)

NR NR

NR NR

Medial femoral condyle 5.25 cm?

(15), lateral femoral
condyle (7), patella
(8), trochlea (3)

Medial femoral condyle 1.2 cm®

(3), lateral femoral
condyle (2), patella
(2), lateral tibial
plateau (1)

<2 e’ (8)
(14), lateral femoral ~ >2 cm?® (11)
condyle (11), both (4)

8.4 cm? 2.2 to

NR

NR

The radiological
outcome score did not
correlate with the HSS

score (85.73 £0.81
with abnormal

radiological findings
vs. 88.33 £ 1.67 with
anatomical restitution)

NR

In the OAT group (n =78), mean
IKDC scores significantly
increased in 100% (n="78) of
patients (p < 0.05). Additionally,
KS-F scores significantly in-
creased in 100% (n="78) of pa-
tients (p < 0.05). In 100% (n=39)
of measured patients, based on the
modified Merle d’Aubigné-Postel
scale, 87.5% of patients had a
“good” or “excellent” score post-
operatively.

In the OAT group (7 =39), 100%
(n=39) of measured patients were
noted to be “satisfied” with their
knee outcome

In the internal fixation group (n=71),
the mean subjective IKDC score
significantly increased in 100% of
measured patients (n=37)

(p <0.05). Additionally, 56.7%
(n=21) of measured patients
noted at least a “good” HSS score.

In the internal fixation group (n = 33),
93.9% (n=31) of measured
patients were noted to be at least
“satistied” with their knee
outcome

In the internal fixation group (n="71),
the mean subjective IKDC score
significantly increased in 100% of
measured patients (n =37)

(p <0.05). Additionally, 56.7%
(n=21) of measured patients
noted at least a “good” HSS score.

In the internal fixation group (n =33),
93.9% (n=31) of measured
patients were noted to be at least
“satisfied” with their knee
outcome

In the ACI group (n =98), mean
subjective IKDC score
significantly increased in 100%
(n=40) of measured patients
(p=0.002) and Cincinnati Knee
Rating Scale scores significantly
increased in 100% (n=57) of
measured patients (p < 0.05)

In the microfracture group (n = 36),
the mean Lysholm score and
Tegner activity score significantly
increased in 100% of patients
(n=36) (p<0.05). IKDC and
NAS-P scores significantly im-
proved in 100% (n = 10) of mea-
sured patients

In the internal fixation group (n =71),
mean subjective IKDC score
significantly increased in 100% of
measured patients (n=37)

(p <0.05). Additionally, 56.7%
(n=21) of measured patients
noted at least a “good” HSS score.

In the internal fixation group (n = 33),
93.9% (n=31) of measured
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Table 2 (continued)

Authors (year) Technique used Defect location

Defect size (SD) Radiographic outcomes Clinical outcomes

Kang et al. (2018) Cartilage excision Medial patellar facet
(14), lateral femoral
condyle (3), both (2)

Fabricant et al. (2018)  Internal fixation

>2 cm?

patients were noted to be at least
“satisfied” with their knee
outcome

In the cartilage and excision drilling
group (n=24), 100% (n=24) of
patients reported satisfactory knee
outcomes

In the internal fixation group (n=71),
the mean subjective IKDC score
significantly increased in 100% of
measured patients (n=37)
(p <0.05). Additionally, 56.7%
(n=21) of measured patients
noted at least a “good” HSS score.

In the internal fixation group (n =33),
93.9% (n=31) of measured
patients were noted to be at least
“satisfied” with their knee
outcome

56% (n=5/9) of patients
demonstrated
satisfactory cartilage
restoration on MRI
examination

For instance, in non-adolescent populations, it has been stated
that ACI is ideally performed in patients with a lesion size of
greater than 4 cm?”; however, techniques such as OCA transplan-
tation may succeed irrespective of lesion size [26]. As a result,
such considerations may be prognostic in determining the suc-
cess of certain techniques in this sensitive population and must be
considered in the future studies to ascertain appropriate guide-
lines [27].

The strengths of this systematic review stem from the rigorous
methodology employed which includes a broad search strategy
conducted on multiple databases, and a duplicate systematic ap-
proach to reviewing the literature. The systematic screening ap-
proach was employed in duplicate, thus minimizing reviewer
bias. There was excellent agreement at all screening stages and
for the quality assessment, thus suggesting that a thorough meth-
odology was used throughout the preparation of this manuscript.
Especially with respect to temporality, the two strengths of ap-
propriate follow-up period and appropriate end points for assess-
ment were critical in ensuring results were assessed appropriately
despite being of such low quality of evidence.

The most significant limitations of this review are the lack of
high-quality studies with large sample sizes and long-term fol-
low-up in the literature pertaining to each technique and the
methodological heterogeneity (due to inconsistency in patient
characteristics, pathology, surgical techniques, length of follow-
up, and outcomes). Moreover, there was a lack of reporting on
skeletal maturity and type of lesions which limited the conclu-
sions regarding its role in predicting outcomes. Finally, due to
similarities in patient characteristics and etiology, it was difficult
to completely exclude OCD patients who had concurrent
chondral-only defects which ultimately limited the ability to
make definitive conclusions pertaining to patients with purely
chondral defects.
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As a result, future studies with long-term follow-up, larger
sample sizes, and randomized designs are needed to further con-
firm the results found in existing studies, especially in studies
investigating the use of osteochondral autologous transplanta-
tion. Ideally, future studies will have improved documentation
of necessary data (i.e., demographics, outcomes, skeletal maturi-
ty, graft failures, and complications), which is often lacking in the
available literature. Future studies should also focus on indica-
tions for each technique in order to determine the best treatment
for various combinations of signs and symptoms.

Conclusion

Overall, ACI was the most commonly used technique.
Furthermore, ACI, MFx, OCA transplantation, and internal fix-
ation show the most promise in treating the pediatric population
due to positive postoperative functional outcomes and low com-
plication rates. However, future studies with large sample sizes,
standardized outcome documentation, and long-term follow-up
are required to confirm these preliminary results.
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Table 3

Search strategy

Embase

1
2
3

O 0 9 N U B

10
11

Exp articular cartilage/ or cartilage.mp. or exp. cartilage
Chondr.mp. or exp. chondrpathy/

Exp ostechondritis/ or osteochondr*.mp. or exp. osteochondritis
dissecans/

Exp knee/ or exp. knee injury/ or knee.mp.
Patella*.mp. or exp. patella/

Exp adolescent/ or adolescent.mp.
Surg*.mp.

lor2or3

4or5

6 and 7 and 8 and 9

Limit 10 to (human and English language)

MEDLINE®

1
2
3
4

O 00 3 O W

10
11
12

Exp adolescent/ or adolescent.mp.
Exp cartilage, articular/ or exp. cartilage/ or cartilage®.mp.
Exp chondrocytes/ or chondr*.mp.

4 exp. osteochondritis/ or osteochondr*mp. or exp. osteochondritis
dissecans

Exp knee/ or exp. knee joint/ or exp. knee injuries/ or knee*.mp.
Exp articular cartilage/ or cartilage.mp. or exp. cartilage

Exp patella/ or exp. patellofemoral joint/ or patella*.mp.
Surg*.mp.

2or3or4

S5or6

1 and 7 and 8 and 9

Limit 10 to (human and English language)

*Ovid MEDLINE Epub ahead of print, in-process and other non-indexed
citations, Ovid MEDLINE® daily and Ovid MEDLINE® 1946 to present
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