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Background: Although the incidence of osteochondritis dissecans (OCD) of the knee may be low, an overview and comparison of
sports-related outcomes with current surgical management techniques are needed.

Purpose: To summarize the available evidence regarding outcomes for different surgical treatment options for unstable OCD of
the knee in both skeletally mature and immature patients by calculating the return to sports (RTS) rate, the mean RTS time, and
other sports-related postoperative outcome measures.

Study Design: Systematic review; Level of evidence, 4.

Methods: A systematic review of studies on RTS after surgical correction of unstable OCD within the knee was conducted uti-
lizing PubMed, Embase, and the Cochrane databases. Included were studies discussing the treatment of unstable OCD with min-
imum 1-year follow-up outcomes. Multivariate analysis was used to compare studies grouped together based on RTS and
skeletal maturity.

Results: Of 2229 articles, 6 studies (197 patients; 198 knees) met the inclusion criteria and were included in our analysis. The
percentage of patients who returned to the previous level of sport ranged from 52% to 100%; those returning to any level of sport
ranged from 87% to 100%. Clinical outcomes did not differ between patients with open versus closed physes. Osteochondral
Autograft Transfer System (OATS) procedures had a 100% RTS rate across several studies with skeletally mature and mixed co-
horts, and microfracture had the lowest overall RTS rate (52%). For skeletally immature patients, all examined studies that utilized
either open or arthroscopic reduction and internal fixation, 77% and 78%, respectively, had acceptable RTS rates. Arthroscopic
fixation had a higher rate of revision surgery in both skeletally mature and immature patients.

Conclusion: Our analysis indicated that the treatment of unstable OCD lesions using the OATS technique demonstrated high RTS
rates across several studies, while microfracture alone exhibited the lowest RTS rate. Both arthroscopic and open internal fixation
utilizing bioabsorbable screws yielded satisfactory RTS rates for juvenile patients with OCD.
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Although the epidemiology of osteochondritis dissecans
(OCD) has been established, its etiology remains elusive.
The Research in OsteoChondritis of the Knee (ROCK) group
defines OCD as a focal, idiopathic alteration of subchondral
bone with a risk for instability and disruption of adjacent

articular cartilage that may result in premature osteoar-
thritis.17 Several theoretical etiologies have been proposed,
including repetitive microtrauma, inheritance, inflamma-
tory causation, and vascular abnormalities.2,9,11-14,25,29,30,41

Given that this pathology has increased frequency in those
engaging in sporting activities, there is a strong case for
repetitive microtrauma as the leading hypothesis.7

The symptoms of OCD within the knee vary according
to the stage of pathology and its site. In juvenile OCD,
when lesions are considered stable, symptoms may be
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absent or vaguely described, are often longstanding,
worsen with activity, and may occasionally lead to an ant-
algic gait.8 Surgical intervention is generally indicated
when there is evidence of an unstable lesion with a visible
loose body or if conservative measures have failed. Several
classification systems exist for the arthroscopic evaluation
of OCD lesions. However, the most widely known is the
arthroscopic classification, according to Andriolo et al.4

This classification uses a simple grading system to discern
stable from unstable: grade 1, intact cartilage and sub-
chondral bone; grade 2, initial signs of fragment separation
but fragment in situ, nonmobile; grade 3, partially
detached mobile fragment in situ (flap lesion); and grade
4, craters with loose bodies (salvageable or unsalvageable).

Many surgical techniques have been developed to treat
unstable OCD lesions of the knee, including fixation with
metallic or bioabsorbable implants, as well as biologic repair
with autograft or allograft osteochondral plugs, and chondro-
cyte transplantation. Several studies have shown better
results when using procedures to reconstruct the bone and
cartilage.5,22,23,27,36 Deciding on the best operative treatment
depends mainly on lesion stability, grade, chronicity, and
age.24 The most common technique for juvenile OCD with
unstable lesions or loose bodies is fixation, with previous
studies6 reporting success rates ranging from 91.7% to
100%. The best approach for surgical treatment of skeletally
mature populations is less clear, and several studies have
reported significantly worse clinical and radiographic out-
comes when compared with skeletally immature patients.1,32

While patient-reported outcomes for OCD have been previ-
ously described in those engaging in sporting activities,
return to sports (RTS) has not been thoroughly evaluated.

RTS can significantly influence the quality of life of those
who engage in athletics. Since OCD of the knee is associated
with participation in athletics, there is a need for an over-
view and comparison of sports-related outcomes with the
current surgical management techniques.10 This review
aimed to summarize the available evidence regarding sports
outcomes for different surgical treatment options in skele-
tally mature and immature populations by calculating the
RTS rate, the mean RTS time, and data on other sports-
related outcomes after the treatment of unstable OCD of
the knee. We hypothesized that there would be no difference
between surgical treatment options for unstable OCD of the
knee with respect to sports outcomes.

METHODS

A systematic literature review was conducted utilizing
PubMed, Embase, and the Cochrane database. The

PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analysis) guidelines were followed.34

The search was conducted using the following terms,
which were combined by the Boolean operators AND/
OR: ‘‘osteochondritis dissecans,’’ ‘‘OCD,’’ ‘‘osteochondral,’’
articular cartilage,’’ ‘‘repair,’’ ‘‘surgery,’’ ‘‘treatment,’’
‘‘osteochondral allograft,’’ autologous chondrocyte implan-
tation,’’ ‘‘fixation,’’ ‘‘unstable,’’ ‘‘knee,’’ ‘‘clinical studies,’’
and ‘‘return to sport.’’ All studies pertaining to the treat-
ment of unstable OCDs within the knee were reviewed
between April 1996 and March 31, 2022. All articles dis-
cussing the treatment of unstable osteochondral defects
with reported outcomes with a minimum 1-year follow-
up were included.

The exclusion criteria were published abstracts, narra-
tive reviews, articles not written in English, commentar-
ies, study protocols, cadaveric studies, sample size \10,
nonevaluation of RTS, nonisolated unstable OCD, nonspe-
cified surgical technique, or a minimum follow-up of \1
year. The literature search results were independently
reviewed by 2 authors (R.G., G.C.), and any disagreements
regarding eligibility were resolved by consensus between
the reviewers.

The full texts from all included studies were reviewed.
These articles were categorized based on the surgical tech-
nique and the skeletal maturity of the study population.
Studies were stratified based on the population they exam-
ined as follows: skeletally mature, skeletally immature,
and mixed cohorts. Because of the heterogeneity of
reported outcomes, the mean results were not pooled but
instead reported as a range of means.

Quality Assessment

The methodological quality of nonrandomized studies was
evaluated using the MINORS (Methodological Index for
Non-Randomized Studies) criteria. Each study was graded
on methodological quality by 2 independent reviewers
(R.G., G.C.), with any conflicting outcomes resolved by dis-
cussion. In case of persisting conflict, the senior author
(M.E.B.) was consulted, whose opinion was decisive. The
revised Cochrane risk of bias tool was used for assessing
randomized control trials.39

Data Extraction

A standardized form was used to retrieve data on study
characteristics. Acquired data on patient characteristics
included study properties (authors, publication year, level
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of evidence, and the number of patients), patient charac-
teristics (age, sex, surgical history, and sport played),
lesion characteristics (location, size, method to determine
instability, and physeal status), surgical details, outcomes
(patient-reported outcome scores; functional, clinical,
radiographic, and outcomes; and RTS), complications, fail-
ures, and reoperations. The described treatment techni-
ques were examined per study, and they were divided
into corresponding treatment groups. If other sports-
related clinical outcomes were present, these were addi-
tionally extracted from the studies and recorded as well
as subsequently analyzed where possible.

Data Analysis

For this study, 2 types of RTS were considered: (1) return
to the previous level of sport, where patients had to per-
form in the same sport at the preinjury level and (2) return
to any level of sport, whereby the patients could participate
in any sport at any level, regardless of their performance
before their injury. With regard to skeletal maturity, the
terms ‘‘immature,’’ ‘‘juvenile’’ (open physeal plate), and
‘‘mature’’ (closed physeal plate) were accepted as indicative
of physeal status.

Statistical Analysis

Results of the individual studies were extracted and syn-
thesized for qualitative and quantitative analysis. Descrip-
tive and central tendency statistics were outlined, and
categorical values were compared using chi-square analy-
sis or Fisher exact tests. Statistical significance was set
at P \ .05. All statistical analyses were performed with
R studio software Version 3.6.3 (RStudio).

RESULTS

The database search identified 2229 records. After title
and abstract screening, the full texts of 82 articles were
reviewed, and the reference lists were checked to avoid
missing other articles. Six studies21,28,31,33,43,45 met the
inclusion criteria and were included in our final analysis
(Figure 1).

Table 1 summarizes the characteristics of the included
studies. Outcome data were available on 197 patients,
with ages ranging from 15 to 25 years old. Overall, 139
men and 29 women were evaluated within the included
studies—not all studies provided information regarding
patient sex. Sample sizes varied, with the average study
including 32 patients (range, 17-57 patients). Studies
generally were of level 4 evidence, retrospective, and per-
formed as a single-institution case series. Four retrospec-
tive case28,31,33,43 series, 1 prospective case series,45 and
1 randomized controlled trial were included.21 Overall, 2
studies28,43 were conducted on isolated juvenile OCDs, 3
studies33,43,45 on isolated skeletally mature patients, and
2 studies21,31 on both skeletally mature and immature
patients. The mean follow-up length for studies consisted

of midterm (2-8 years) in 4 studies28,31,33,43 and long term
(�8 years) in 2 studies.21,45

The surgical technique was also heterogeneously dis-
tributed, with 2 studies28,43 examining fixation using bio-
absorbable screws (n = 62 patients) and others
performing an Osteochondral Autograft Transfer System
(OATS) with high tibial osteotomy (n = 30 patients),33

hybrid OATS with bioabsorbable nail fixation (n = 17
patients),31 matrix-assisted chondral transplantation
(MACT) (n = 31 patients),45 microfracture (n = 29
patients),21 or mosaicplasty (n = 28 patients).21 Both
studies28,43 that isolated skeletally immature patients per-
formed open or arthroscopic reduction and internal fixa-
tion (n = 36 patients) (Table 1).

The mean defect size ranged from 2 to 3.8 cm2 across all
included studies. Most of the studies (5 of 6) reported lesion
location, with the medial femoral condyle being the most
commonly affected (71.2%), followed by lateral femoral con-
dyle (13.7%), trochlea (14.4%), and lastly, patella (0.7%)
(Table 2).

Quality Appraisal

Using the MINORS system to assess study quality, the
mean quality score for the studies we identified was 15.3
(range, 9-19) (Table 1). Only 1 of the studies identified
was performed as a randomized controlled trial.21 To
assess its quality, the revised Cochrane risk of bias tool
was utilized.40 Five domains were examined to address
important mechanisms by which bias can be introduced
into the results of a trial based on a combination of empir-
ical evidence and theoretical considerations. The study was
judged to be at an overall low risk of bias.
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Studies included in review
(n = 6)

Full-texts assessed
for eligibility

(n = 82)

Records iden�fied from:
• Cochrane (n = 120)
• Embase (n = 1201)
• PubMed (n = 908)

Total (n = 2229)

Titles screened
(n = 2127) Records excluded (n = 2045)

Reports excluded (n = 76):
• Non–original research 

studies (n = 5)
• RTS not evaluated (n = 27)
• Non-OCD pa�ents (n = 30)
• Follow-up <1 year (n = 9)
• No isola�on of unstable 

OCD (n = 5)

Iden�fica�on of studies via databases and registers

Records removed before 
screening:
• Duplicate records removed 

(n = 87)
• Records marked as ineligible 

by automa�on tools (n = 15)

Figure 1. PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-analysis) flowchart of the study inclusion
process. OCD, osteochondritis dissecans; RTS, return to
sports.

The Orthopaedic Journal of Sports Medicine RTS After Surgical Treatment of Unstable OCD 3



Return to Sports

The percentage of patients who returned to the previous
level of sport ranged from 52% to 100%, and the percentage
of those returning to any level of sport ranged between 87%
and 100%. The time to return to the previous level of sport
ranged between 6.5 months and 9.7 months for all studies.
RTS timelines varied by surgical technique, rehabilitation
protocol, and study design (Table 3).

Microfracture. Gudas et al21 examined RTS after micro-
fracture and compared outcomes with those after mosaic-
type OATS (mosaicplasty). At the 10-year follow-up, 45%
of patients (n = 13) who underwent microfracture were
able to play at their previous level of sport, with a mean
RTS time of 7.2 months in patients with OCD and 6.2
months in patients with articular cartilage defect.

Matrix-Assisted Chondral Transplantation. The study
by Zaffagnini et al45 evaluated RTS after MACT. The
mean age in this group of 31 patients was 22.6 6 6.3 years

and consisted of all men. These patients had autologous
bone grafts harvested from the ipsilateral tibia to fill the
subchondral defect before continuing MACT. Return to
the competitive level of sport was found to be 64.5%, with
58.1% returning to preinjury levels. Notably, multivariate
analysis demonstrated that previous surgery was the sin-
gle most influencing factor for returning to the same sport
level (P = .010), with 84% of athletes who had no previous
history of surgery able to RTS as opposed to 33% of athletes
who had undergone previous surgery.

Osteochondral Autograft Transplantation. Two studies
evaluated RTS data after OATS (47 patients, 48 knees),
with Minzlaff et al33 examining skeletally mature patients
and Melugin et al31 examining a mixed cohort. Melugin et
al utilized a hybrid technique that involved fixation with
nails, screws, or plugs of salvageable fragments and
replacement of unsalvageable fragments using an OATS
technique. Magnetic resonance imaging assessment at
a mean of 7.8 months postoperatively demonstrated

TABLE 1
Characteristics of the Included Studiesa

Lead Author (Year) LOE Operative Technique

Patients

(Knees), n Male Sex, % Age, Yearsb

Skeletal

Maturity

Follow-up,

Monthsb

MINORS

Score

Minzlaff33 (2016) 4 OATS 1 HTO 30 (30) NR 31 6 6 Mature 82.8 6 28.8 12

Wang43 (2020) 4 Bioabsorbable

ARIF

� Mature: 26 (26)

� Immature: 19 (19)

� Mature: 84.6

� Immature: 84.2

� Mature:

18.3 6 2.5

� Immature:

14.9 62.2

Both � Mature:

70.9 6 35.6

� Immature:

47.5 6 20.8

17

Zaffagnini (2019)45 4 MACT 31 (31) 100 22.6 6 6.3 Mature 31 6 7.1 (24-48) 9

Lee (2021)28 4 Bioabsorbable

ORIF 1 LRL

17 (17) 100 15.9 6 0.9 Immature 77.16 6 0.8 11

Melugin (2018)31 4 Hybrid fixation

OATS 1 nail

fixation

17 (18) 94.4 17 (12-28) Both 36 (24-67.2) 18

Gudas21 (2012) 1 Mosaicplasty

(OATS) or MF

� Mosaicplasty: 28 (28)

� MF: 29 (29)

63.2 24.6 6 6.54 Both 129.6 (108-132) 19

aARIF, arthroscopic reduction and internal fixation; HTO, high tibial osteotomy; LOE, level of evidence; LRL, lateral retinacular length-
ening; MACT, matrix-assisted chondral transplantation; MF, microfracture; MINORS, Methodological Index for Non-Randomized Studies;
NR, not reported; OATS, Osteochondral Autologous Transfer; ORIF, open reduction and internal fixation.

bReported as mean 6 SD or mean (range).

TABLE 2
Defect Size and Locationa

Study (Year) Defect Size, cm2
Defect Location, % (MFC/LFC/

Trochlea/Patella)

Minzlaff et al33 (2016) 2.05 6 0.88 30/0/0/0
Wang et al43 (2020) � Mature: 3.84 6 1.38

� Immature: 2.74 6 1.33
NR

Zaffagnini et al45 (2019) 2.1 6 0.7 18/8/5/0
Lee et al28 (2021) NR 0/0/17/0
Melugin et al31 (2020) 2.8 (0.8-6.25) 13/4/0/1
Gudas et al21 (2012) � Mosaicplasty: 2.80 6 0.65

� MF: 2.77 6 0.68
� Mosaicplasty: 48/9/0/0
� MF: NR

aData are shown as mean 6 SD or mean (range). LFC, lateral femoral condyle; MF, microfracture; MFC, medial femoral condyle; NR, not
reported.
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a mean MOCART score of 87.5. Overall, both studies
showed successful RTS rates in a skeletally mature ath-
letic population using an OATS technique; Melugin et al
reported that 100% of their patients returned to their pre-
vious level of sport, and Minzlaff et al33 reported an RTS
rate of 76.7%.

Mosaicplasty. Gudas et al21 found a significantly higher
RTS rate and lower failure rates after mosaicplasty when
compared with microfracture at a 10-year follow-up.

Fixation. We identified 3 studies28,31,43 that evaluated
RTS data after fixation of knee OCD lesions. All studies
used bioabsorbable nails or screws. Two studies28,43 that
examined skeletally immature patients found a mean return
to the previous level of sport ranging from 76.5% to 78%. The
range for mean return to any level of sport was 94% to 100%.
Only 1 of the examined studies reported time to return to the
previous level of sport (9.7 6 2.1 months).28 Notably, Lee et
al28 examined a population of only trochlear lesions, wherein
94.1% were able to return to any level of sport. Melugin et
al31 utilized a hybrid procedure that used bioabsorbable nails
to fix salvageable fragments and an OATS procedure for the
unsalvageable portions. Although no RTS times were
reported, 100% of the patients in this study could return to
their previous level of sport.

Comparative Studies. The study by Gudas et al21

directly compared mosaicplasty and microfracture techni-
ques within their cohort of athletes, with a long-term fol-
low-up of 10 years. The study had a mix of skeletally
immature and mature patients. Return to a previous level
of sport was found to be 86% in the mosaicplasty group and
46% in the microfracture group. The mean time to RTS dif-
fered between the mosaicplasty and microfracture groups,
with patients able to RTS after a mean of 6.8 and
7.2 months, respectively. Revision rates also differed sig-
nificantly between mosaicplasty and microfracture groups,

with 14% and 38% needing a revision within the follow-up
period, respectively.

Wang et al43 directly compared outcomes in skeletally
mature and immature patients by performing a subgroup
analysis. In this study, it was found that 100% of skeletally
immature and 78% of skeletally mature patients were able
to return to the previous level of sport utilizing a reduction
and internal bioabsorbable screw fixation. However, no
statistically significant difference in either RTS overall or
RTS at the same level was found between groups (P =
.511 and P = .657, respectively).43

Patient-Reported Outcomes

Patient-reported outcomes were heterogeneously reported
and available for 5 studies21,28,31,33,45 (Table 4). Although
there was no consistent use of outcome measures through-
out the included studies, the most commonly used patient-
reported outcome measures were the Tegner (4 stud-
ies28,31,33,45) and International Knee Documentation Com-
mittee Subjective Knee Form (IKDC) scores (3
studies28,31,45). The mean postoperative Tegner score
ranged between 5 and 8.9. Three studies28,31,33 reported
no significant change in the Tegner score after surgery,
and 1 study45 reported an increase in the mean Tegner
score. The mean postoperative IKDC score ranged between
88.7 and 95.2, with all 3 studies28,31,45 reporting increased
IKDC scores after surgery.

Revision Rates and Complications

Complications reported in this review consisted of superfi-
cial infection, painful hardware due to screw back out, and
intraoperative K-wire incarceration (Table 5). The rates of

TABLE 3
RTS Outcomesa

Study Athletes (Level of Competition), %

RTS

At Prior Level (Timeb), % At Any Level, %

Minzlaff et al33 (2016) 77 (high school, college) 76.7 (NR) NR
Wang et al43 (2020) � Mature: 57.7 (recreational,

professional)
� Immature: 56.3 (NR)

� Mature: 69 (NR)
� Immature: 78 (NR)

� Mature: 87
� Immature: 100

Zaffagnini et al45 (2019) 100 (NR) 64.5 (2, 5, 10 y)
61.3 (2 y)
45.2 (5 y)
35.5 (10 y)

NR

Lee et al 28 (2021) 100 (NR) 76.5 (9.7 6 2.1 mo) 94.1
Melugin et al31 (2018) 100 (NR) 100 (NR) NR
Gudas et al21 (2012) 100 (NR) � Mosaic-OCD: 86 (6.8 mo)

� Mosaic-ACD: 93 (6.7 mo)
� MF-OCD: 46 (7.2 mo)
� MF-ACD: 56 (6.7 mo)

NR

aData are reported as mean 6 SD or mean (range). ACD, articular cartilage defect; MF, microfracture; Mosaic, mosaicplasty; NR, not
reported; OCD, osteochondral defect; RTS, return to sports.

bDenotes intervals used for assessing RTS among study participants.

The Orthopaedic Journal of Sports Medicine RTS After Surgical Treatment of Unstable OCD 5



revision ranged33,43 from 0% to 40%. Overall, there was an
observable difference in revision rates between arthro-
scopic (40%) and open fixation (5.9%) techniques in skele-
tally immature studies.28,43 Arthroscopic fixation had
higher revision rates in both skeletally mature and imma-
ture cohorts when compared with alternate techniques on
the same population.31

DISCUSSION

The main findings of this study are 2-fold. First, microfrac-
ture alone led to lower rates of RTS (46%) compared with
other surgical techniques (64.5% MACT, 76.7% OATS,
94% fixation). Second, RTS rates were good in skeletally
immature patients undergoing resorbable screw fixation
performed either arthroscopically or open (100%), although
arthroscopic fixation had a higher rate of revision surgery
(40% vs 5.9%).

There has yet to be a consensus on the gold standard
treatment for patients with unstable OCD lesions. The
goal of surgical correction of osteochondral defects is to pro-
mote healing by interrupting the sclerotic interface
between fragment and healthy bone, thereby facilitating
the reintegration of blood supply. This can be achieved

by drilling, allogenic or autologous transfer of bone graft,
and fixation techniques. Younger patients with open
physes are typically treated conservatively for 3 to 6
months and re-evaluated for progression. Still, surgery
may be a first-line treatment if the lesion is unstable or
if there are loose bodies present.3

Patient sex, age, lesion location, physeal status, and
lesion size have all been implicated as prognostic factors
of surgical success and complete healing of OCD lesions.3

The studies within this review were predominantly men,
which is supported by epidemiologic studies showing
a higher incidence in men compared with women.35 More-
over, several studies have demonstrated poor outcomes
and lower rates of healing with larger OCD lesions.8,26,39,42

In the present review, most studies reported a mean lesion
size of ?3 cm2. However, 1 study43 reported a mean defect
size of 3.83 cm2, with a return to a previous level of sport
of 69%. Everhart et al19 demonstrated a significantly
greater risk for total knee arthroplasty in patients with
full-thickness cartilage defects .2 cm2 compared with
those with lesions \2 cm2. This alone has implications on
RTS and must be taken into account when evaluating tech-
nique-based differences.

RTS has become a widely used measure of quality of life
and clinical outcomes, particularly in the young athletic

TABLE 4
Outcome Measures and Study Summariesa

Lead Author (Year) Outcome Measure Summary

Minzlaff33 (2016) Tegner, RTS A high RTS rate and an activity level comparable with the state at 1 y preop can be expected
in young and active patients after combined OATS and valgus HTO.

Wang43 (2020) RTS � Outcomes after internal fixation of OCD fragments were guarded, with a fragment
survival rate of 65.7% at a mean 4.1-y follow-up.

� No difference in fragment survival in skeletally mature vs immature patients.
� The number of previous operations was identified as an independent risk factor for

failure.
Zaffagnini45 (2019) Tegner, IKDC,

EQVAS, RTS
RTS rate varied significantly according to specific patient and lesion characteristics; the

best results were obtained in younger patients with traumatic lesions without previous
surgery.

Lee28 (2021) Tegner, Lysholm,
RTS, IKDC

Internal fixation of lateral trochlear groove OCD with simultaneous lateral retinacular
lengthening in adolescent athletes achieved satisfactory clinical and radiological
outcomes and high RTS rates.

Melugin31 (2020) KOOS, IKDC,
RTS Tegner,
MOCART

� All procedures were performed open, the salvageable fragment was stabilized with a pin,
screw, or bone plug, and the unstable fragment was removed and replaced using an
OATS technique.

� No significant difference between preop and postop Tegner scores.
� Mean postop IKDC and KOOS scores were similar to prior studies, which evaluated

patients after surgical treatment with other techniques that salvaged the entire
fragment.

� On MRI at a mean 7.8 mo postop, the mean MOCART score was 87.5.
Gudas21 (2012) HSS, ICRS, RTS � Mosaicplasty OATS technique for ACD or OCD repair in the athletic population allowed

for a higher rate of RTS and maintenance of sports at the preinjury level compared with
MF.

� No difference in the ICRS score when comparing MFC vs LFC lesion location.

aACD, articular cartilage defect; EQVAS, EuroQol-visual analog scale; HTO, high tibial osteotomy; HSS, Hospital of Special Surgery;
ICRS, International Cartilage Repair Society; IKDC, International Knee Documentation Committee Subjective Knee Form; KOOS, Knee
injury and Osteoarthritis Outcome Score; LFC, lateral femoral condyle; MF, microfracture; MFC, medial femoral condyle; MOCART, Mag-
netic Resonance Observation of Cartilage Repair Tissue; MRI, magnetic resonance imaging; OATS, Osteochondral Autograft Transfer Sys-
tem; OCD, osteochondritis dissecans; postop, postoperative; preop, preoperative; RTS, return to sports.
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population. When evaluating RTS, it is crucial to under-
stand any variables that may affect the rates at which ath-
letes RTS, such as extrinsic pressures to discontinue sport
because of age and level of sport or intrinsic concerns over
reinjury, concomitant pathology, and other patient-related
factors.15 Furthermore, rehabilitation protocols play a crit-
ical role in RTS. This was demonstrated in a study by Della
Villa et al,13 where a standardized rehabilitation protocol
after autologous chondrocyte implantation was compared
with a specialized on-field rehabilitation protocol, and it
was found that those in the specialized group had signifi-
cantly earlier RTS compared with the standard (mean,
10.6 and 12.4 months, respectively). This was further elu-
cidated by Ebert et al,16 who demonstrated that an acceler-
ated rehabilitation (8-week) protocol reduced pain and
symptoms and had a faster return to normal function 2
years after MACT compared with a conservative protocol
(12 weeks). In the present review, the method of evaluating
RTS varied between studies, making it difficult to identify
a timeline for RTS conclusively.

There are many factors that surgeons need to consider
when choosing a surgical approach that may offer a better
outcome for their patients. Despite this, the current litera-
ture does not reveal much in terms of an optimal surgical
technique. A 2020 systematic review of biologic techniques
for the repair of cartilage injury showed that rates of
return to preinjury levels of sport were highest after
MACT (69.3%), followed by OATS (62.3%), osteochondral
allograft (57.1%), and microfracture (55.1%), while return
to any level of sporting participation for MACT and

OATS was 74% and 84%, respectively.37 Although the
aforementioned review did not isolate unstable OCD
lesions, the findings of this study are in agreement with
previous studies, demonstrating MACT to be an acceptable
option for patients with defects not amenable to fixation
with good clinical outcomes.45 Moreover, the OATS tech-
nique demonstrated the highest RTS rate and previous
level of sport in the current review, thereby supporting
its efficacy as a surgical option for patients with OCD. Con-
versely, microfracture demonstrated the lowest RTS rate
(52%) and higher revision rate in 10 years (38%). The belief
behind the microfracture technique is that the holes made
provide spacing for the marrow to hold and adhere as dura-
ble cartilage while the subchondral plate is preserved.20,38

This, in turn, provides an environment where tissue regen-
eration can occur with the bodies endogenous healing capa-
bilities.18 When used alone, microfracture shows inferior
outcomes compared with other cartilage repair procedures.
This is similar to the results in our study, where we noted
good RTS with OATS and MACT, while microfracture
alone led to lower rates of RTS.

Considerations for skeletally immature populations are
considerably more nuanced, given their potential for recov-
ery. Previous studies have shown no statistical difference
in survivorship between skeletally mature and immature
patients after screw fixation.44 When examining fixation
techniques in skeletally immature patients, both open
and arthroscopic techniques led to satisfactory RTS rates;
however, the arthroscopic procedures were found to have
a higher rate of revision surgeries when compared with

TABLE 5
Surgical Techniques and Complication Ratesa

Author Surgical Details Complications Reoperation, %

Minzlaff et al33 (2016) OATS with valgus high tibial
osteotomy

No complications reported 0

Wang et al43 (2020) Arthroscopic reduction and internal
screw fixation

Painful hardware due to screw back out,
K-wire became incarcerated within the
subchondral bone of the femur
intraoperatively

� Mature: 30
� Immature: 40

Zaffagnini et al45 (2019) MACT No complications reported 3
Lee et al 28 (2021) Internal fixation of the lateral

trochlear groove using bioabsorbable
screws and simultaneous lateral
retinacular lengthening

No complications reported 5.9

Melugin et al31 (2018) Hybrid fixation technique involving
fixing a salvageable fragment and an
unsalvageable fragment underwent
OATS

No complications reported 5.6

Gudas et al21 (2012) When treating OCD with the MF
technique, the OCD fragments were
removed and debrided, and then MF
was performed in the defect bed
(spongiosa)

� Mosaic: Superficial infection (n = 2),
symptom recurrence during sports
activities (n = 1)

� MF: Degeneration of fibrocartilage
reparative tissue from defect site (n = 2),
symptom recurrence during sports
activities (n = 9)

� Mosaic: 14
� MF: 38

aMACT, matrix-assisted chondral transplantation; MF, microfracture; OATS, osteochondral autologous transplantation; OCD, osteochon-
dritis dissecans.
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open fixation procedures.28,43 One consideration for the
higher revision rates seen here may be the mean lesion
size of the cohort. However, of the skeletally immature
studies examined in this review, only Wang et al43

reported the mean defect size, further emphasizing the
need for future high-quality studies in skeletally immature
populations. As a whole, limited RTS data are available on
the skeletally immature population with unstable OCD in
the sports medicine literature, leaving much to be under-
stood about the overall impact of various surgical techni-
ques on sports-related outcomes.

The comparative studies within our review showed 3
major considerations for surgical intervention. Most nota-
bly, for the consideration of skeletally immature popula-
tions, Wang et al43 demonstrated that arthroscopic
reduction and internal fixation had acceptable outcomes
in both skeletally mature and immature patients with no
significant differences in RTS. Second, 1 of the significant
factors associated with fixation failure was undergoing
a previous surgical procedure to address the OCD lesion.
In addition, not considering physeal status, a subgroup
analysis by Gudas et al21 demonstrated the superiority
of mosaicplasty in younger patients (\25 years) compared
with older patients (.25 years; \41 years), with signifi-
cantly higher subjective patient outcomes and lower
incidence of failure after 10 years compared with
microfracture.

Limitations

This study has several limitations that are worth noting.
The small number and quality of studies included in this
review limit the generalizability of conclusions made
herein. The quality of studies assessed using the MINORS
criteria mainly was low or very low. Second, there was only
1 randomized control trial; however, the study did not iso-
late physeal status. Moreover, treatments were heteroge-
neous and did not follow a standardized treatment
algorithm. Therefore, these studies were open to surgeon
selection bias, and this review was relegated to a qualita-
tive examination of the included studies. Osteochondral
allograft was not a treatment method in any of the studies
we included, not allowing us to comment on its efficacy.
Validated patient-reported outcomes were not consistently
used in all studies and, therefore, could not be examined
objectively across all studies. Last, postoperative rehabili-
tation was not examined because of a lack of reporting,
and its impact on RTS could not be further investigated.
Further studies conducted in a prospective manner with
either a comparison or randomization of surgical techni-
ques in patients with open or closed physeal status are
warranted to further support the findings of this study.

CONCLUSION

Our analysis revealed the treatment of unstable OCD
lesions using the OATS technique demonstrated high rates
of RTS across several studies. At the same time,

microfracture alone exhibited the lowest RTS rate. Fur-
ther, both arthroscopic and open internal fixation utilizing
bioabsorbable screws yielded satisfactory RTS rates for
juvenile patients with OCD.
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22. Hangody L, Füles P. Autologous osteochondral mosaicplasty for the

treatment of full-thickness defects of weight-bearing joints: ten years

of experimental and clinical experience. J Bone Joint Surg Am.

2003;85-A (suppl 2):25-32. doi:10.2106/00004623-200300002-00004

23. Jacobi M, Wahl P, Bouaicha S, Jakob RP, Gautier E. Association

between mechanical axis of the leg and osteochondritis dissecans

of the knee: radiographic study on 103 knees. Am J Sports Med.

2010;38(7):1425-1428. doi:10.1177/0363546509359070

24. Jones MH, Williams AM. Osteochondritis dissecans of the knee:

a practical guide for surgeons. Bone Joint J. 2016;98-B(6):723-729.

doi:10.1302/0301-620X.98B6.36816

25. Kozlowski K, Middleton R. Familial osteochondritis dissecans: a dys-

plasia of articular cartilage? Skeletal Radiol. 1985;13(3):207-210.

doi:10.1007/BF00350575
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