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Abstract

Objective. Osteochondritis dissecans (OCD) is a knee disorder of predominately pediatric populations. Because of low
incidence, it has traditionally been difficult to study OCD. The purpose of this study was to report long-term outcomes
of skeletally immature OCD lesions and determine risk factors for persistent knee pain at final follow-up. Design. A
geographic database of more than 500,000 patients was reviewed to identify patients with knee OCD. Clinical course
including operative management, persistent knee pain, and total knee arthroplasty (TKA) were analyzed through review
of radiographs, magnetic resonance images, and physician notes. Results. A total of 95 skeletally immature patients (70
male, 25 female, mean age 12.5 + 2.0 years) were followed for a mean of 14 years (range, 2-40 years). Fifty-three patients
were treated operatively and 42 were treated nonoperatively. At final follow-up, |3 patients noted persistent knee pain,
8 treated operatively versus 5 treated nonoperatively. Risk factors for knee pain were female gender, patellar lesions, and
unstable lesions. Four patients (8%) treated operatively and 2 patients (5%) treated nonoperatively developed symptomatic
osteoarthritis at a mean of 28.6 years following diagnosis. Three patients underwent TKA at a mean age of 52 years,
significantly younger than that observed for primary TKA at our institution (P = 0.004). Conclusions. Skeletally immature
OCD patients have promising histories, with an estimated 4% risk of persistent knee pain, 6% symptomatic osteoarthritis,
and 3% conversion to TKA at |4 years’ mean follow-up. Females, patellar lesions, and unstable lesions demonstrated
increased persistent knee pain risk. Patients with OCD undergo TKA at a significantly younger age than the general
population.
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Introduction regarding operative and nonoperative management is fairly
well accepted, significant room exists for interpretation on
a case-by-case basis. Current studies recommend complex
decision making taking into account history, physical exam
findings, and magnetic resonance imaging (MRI)."* To fur-
ther complicate management, the reliability and accuracy of
MRI in identifying lesions as stable or unstable, especially
in the skeletally immature population, has recently been

Osteochondritis dissecans (OCD) is a disorder commonly
affecting the knee of pediatric populations, with particular
predilection for the medial femoral condyle.'? OCD has an
incidence of approximately 0.03% in males and 0.02% in
females aged 10 to 20 years old.** Although the underlying
pathogenesis is not completely understood, lesions are
characterized by focal osseous necrosis, collapse, and sub-
sequent destabilization of overlying articular cartilage.>>°
Etiologies including vascular disruption,>® microtrauma,’
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brought into question in studies correlating imaging and
arthroscopic findings."’

If left untreated, focal OCD can progress to early arthri-
tis, pain, and disability.” It has been previously estimated
that four percent of primary knee osteoarthritis in men is
caused by previously undiagnosed OCD lesions.’ However,
few studies have reported the rate of OCD progression to
arthritis or compared the long-term effects of operative ver-
sus nonoperative management. Additionally, most studies
have been limited by small sample size and short duration
of follow-up due to the relative rarity of the condition.' "
Considering the risk for knee pain and progression to early
total knee arthroplasty, better understanding of the long-
term outcomes of operative and nonoperative management
of OCD lesions is necessary.

The purpose of this study, therefore, was to (1) to evalu-
ate the rate of persistent knee pain, symptomatic osteoar-
thritis and conversion to total knee arthroplasty (TKA) in a
skeletally immature population with OCD and (2) to deter-
mine factors associated with persistent knee pain at time of
final follow-up. Our hypotheses were that (1) patients with
OCD of the knee would have a clinically significant risk of
symptomatic knee pain at final follow-up and undergo
TKA at an earlier age than the general population and (2)
previously established short-term risk factors such as
unstable lesions and patellar location would predict worse
outcomes.

Methods

Patients with OCD lesions were identified using the
Rochester Epidemiology Project (REP), a collaborative
database providing access to the complete medical records
for all residents of Olmsted County, Minnesota, and neigh-
boring areas. Patients authorize and can choose not to par-
ticipate in health record disclosure for external use through
Minnesota Statute 144.295. This database has previously
been described in detail and allows for the determination of
the true geographic demographics and incidence of diseases
as well as provides records for associated surgical proce-
dures through the use of physician-determined diagnostic
codes and health record information."® The study was con-
ducted after approval from the institutional review board
(15-005636).

Patients with OCD lesions were identified by using the
International Classification of Diseases, Ninth Revision
(ICD-9) diagnosis code for OCD (732.7) in a period rang-
ing from 1976 to 2015. Following identification of n = 95
potential patients, the record for each subject was manually
reviewed to verify the accuracy of the diagnosis, note
demographics including age, body mass index, and lesion
laterality, as well as to capture details regarding treatment
course on a standardized documentation form.

Inclusion criteria consisted of (1) symptomatic OCD
lesions of the femoral condyle (medial or lateral), trochlea,
or patella and (2) skeletally immature patients with open dis-
tal femoral and proximal tibial physes on plain radiographs.
To be considered an OCD lesion, knee radiographs must
have demonstrated a radiolucent line separating an osteo-
chondral segment in the femur or patella from the underly-
ing bone or MRI showing high-signal intensity between an
osteochondral segment and the underlying bone. Patients
that had closed physes at the time of diagnosis were excluded
from analysis. On manual review, all 95 patients were con-
firmed to have met criteria for inclusion in this study.

Plain radiographs at time of diagnosis were reviewed to
describe lesions according to guideline established by the
Research in Osteochondritis of the Knee (ROCK) group'®
and MRI scans at the time of presentation were evaluated
by a musculoskeletal-trained radiologist and verified by a
senior orthopedic resident to evaluate lesion size and fac-
tors associated with lesion stability (edema, cystic changes,
breach in articular cartilage, and lesion detachment) accord-
ing to the De Smet classification.'” Lesions were defined as
radiographically unstable if plain films or MRI images
showed evidence of lesion detachment, cystic changes
under the lesion, high signal intensity under the lesion on
MRI, or breach of the articular surface with high signal
intensity traversing the cartilage layer on MRI.

Surgical procedures captured included fragment excision,
fragment preservation (lesion drilling and/or fragment fixa-
tion), and chondral defect grafting (osteochondral allograft or
autograft). When employed, OCD lesion drilling was per-
formed using multiple trans-articular drill holes. Fragment
preservation was attempted when intraoperative tissue qual-
ity and subchondral bone stock was deemed to be sufficient
for headless compression screw fixation with viable articular
cartilage (Fig. 1). Treatment decisions were made on an indi-
vidualized basis by the treating surgeon.

Following initial operative or nonoperative manage-
ment, medical records were reviewed to determine whether
patients developed persistent knee pain, symptomatic osteo-
arthritis, or went on to TKA. Persistent knee pain was
defined as pain or soreness, with or without catching, lock-
ing, or swelling, that caused limitations in activities of daily
living or prevented the patient from participating in sports
or recreational activities. Symptomatic osteoarthritis was
defined as physician-diagnosed osteoarthritis with support-
ive radiographs demonstrating degenerative Grade 2+
changes in the tibiofemoral or patellofemoral joint as
reported by the Kellgren-Lawrence grading system.

Statistical Analysis

Demographic variables and their associated standard
deviations and percentages were reported for descriptive
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Figure |. Preoperative (A) radiograph and (B) magnetic resonance image of a large lateral femoral condyle lesion with subsequent
(C) intraoperative lesion bed visualization and preparation, (D) fragment reduction, and (E) fixation. (F) Postoperative radiograph
demonstrating fragment fixation. Patient subsequently returned to competitive basketball with no pain.

representation of the study cohorts. Operative and nonop-
erative groups were compared to evaluate for potential dif-
ferences using Fisher’s exact test for proportions and the
Kruskall-Wallis test for continuously distributed and ordi-
nal variables. Cox proportional hazards regression was per-
formed to determine risk factors for symptomatic knee pain
at the time of final follow-up. P values <0.05 were consid-
ered significant. Analyses were conducted in R 3.4.1 (R
Core Team, Vienna, Austria).

Results

Ninety-five skeletally immature patients with confirmed
OCD lesions, 70 males and 25 females, were included in the
study. Mean age at the time of diagnosis was 12.5 + 2.0
years (range, 7-16 years, Table 1). Patients were followed
for a mean of 13.8 years (range, 2-40 years). Lesions
occurred most commonly on the medial femoral condyle
(MFC, 82%) followed by the lateral femoral condyle (LFC,

12%), patella (4%), and then trochlea (2%) (Table 2).
Eighty patients (84%) were playing sports at the time of
diagnosis. Overall, 53 patients (56%) were treated opera-
tively and 42 patients (44%) were treated nonoperatively.
49.1% of lesions in the operative group were unstable as
determined by the De Smet classification, while 38.1 % of
lesions in the nonoperative group were unstable (P = 0.39,
Table 3).

Operative Group

Thirty-nine males (74%) and 14 females (26%) with a mean
age of 12.8 years (range, 7-16 years) were treated opera-
tively and followed for a mean of 14.4 years (range, 2-40
years). Twenty-five patients (40%) underwent repair proce-
dures (drilling, fixation), | patient underwent osteochondral
allograft (OCA) transplantation for a 5.6 cm” defect, and 27
patients (51%) underwent palliative procedures. Of those
undergoing palliative procedures, 11 patients underwent
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Table |I. Demographics of Skeletally Immature Study Patients with Osteochondritis Dissecans of the Knee.”

Variable Operative (n = 53) Nonoperative (n = 42) P
Male 38 (71.7) 31 (73.8) 1.00
Age (years) 128+ 1.9 120 £ 2.0 0.05
Body mass index (kg/m?) 21.7 £ 44 23.0+5.6 0.32
Laterality

Left 30 (56.6) 18 (42.9)

Right 23 (43.4) 24 (57.1) 0.26
Race

White 46 (86.8) 36 (85.7)

Black I (1.9) 2 (4.8)

Unknown 6 (11.3) 4 (9.5) 0.71
Playing sports at diagnosis 45 (84.9) 35(83.3) 1.00
Mechanism of injury

Sports 42 (79.2) 33 (78.6)

Trauma 3(5.7) 4 (9.5)

Other 8 (15.1) 5(11.9) 0.72

*Values are presented as mean + standard deviation or n (%).

Table 2. X-Ray and Research in Osteochondritis of the Knee (ROCK) Lesion Characteristics for Operatively and Nonoperatively
Treated Osteochondritis Dissecans Lesions.”

Variable Operative Nonoperative P°

Lesion location

MFC 69.2 97.6

LFC 19.2 2.4

Patella 77 0.0

Trochlea 3.8 0.0 <0.01
AP radiograph measurements

Width (mm) 15.3 £4.0 13.0 £ 49 0.05

Depth (mm) 44+ 1.6 4.1+20 0.46
Lateral radiograph measurements

Width (mm) 18.6 £ 4.6 14.6 £ 6.4 <0.01

Depth (mm) 49+22 42+23 0.21
Location

Anterior 4.3 17.4

Posterior 95.7 82.6 0.34
Parent bone radiodensity

Same 100.0 100.0

Different 0.0 0.0 1.00
Progeny bone

Fragmented 16.7 0.0

Displaced 8.3 0.0

Distinct from lesion 542 542 0.08
Lesion contour

Convex 583 91.7

Concave 41.7 83 <0.01

AP = anterior-posterior; LFC = lateral femoral condyle; MFC = medial femoral condyle.

*Values provided as percentage of patients in whom corresponding x-ray views were available or as mean * standard deviation.

®Comparisons made using Fisher’s exact test to simultaneously evaluate proportions (i.e., location) between operative and nonoperative management.
Continuous variables (AP and lateral measurements) evaluated using the Kruskall-Wallis test. P values in boldface indicate statistical significance.

loose body removal, 8 underwent fragment excision, and 8  time of final follow-up, a total of 8 patients had symptom-
underwent isolated debridement / chondroplasty. At the  atic knee pain, 5 (16%) in the palliative group and 3 patients
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Table 3. MRI Characteristics of Operatively and Nonoperatively Treated OCD Lesions.”

MRI Characteristic Operative Nonoperative P
Increased T2 signal intensity 100.0 100.0 1.00
High signal at fragment/femur interface 88.0 92.9 1.00
Disruption of subchondral bone plate 56.0 14.3 0.03
Adjacent focal cystic areas 28.0 42.9 0.56
Intra-articular fragment displacement 32.0 0.0 0.0499
Focal articular cartilage defects adjacent to lesion (=5 mm in width) 320 0.0 0.0499
Line of high signal (=5 mm) between OCD lesion and underlying bone 64.0 64.3 1.00
Discrete area of high signal (=5 mm) beneath OCD lesion 20.0 14.3 0.99
High signal line traversing cartilage and subchondral bone into lesion 40.0 7.1 0.07
Lesion stability

Unstable 49.1 38.1 0.39

Stable 50.9 61.9

MRI = magnetic resonance imaging; OCD = osteochondritis dissecans.

*Values provided as percentage of patients in whom corresponding MRI imaging was available.

®P values in boldface indicate statistical significance.

(13.6%) in the restorative group. During the course of fol-
low-up, 13 patients (25%) had repeat interventions. Of
these, 5 were removals of hardware, 2 received fragment
fixation, 1 patient was salvaged with a combined OCA and
valgus producing osteotomy, 4 were removals of newly
formed loose bodies, and 1 underwent isolated debride-
ment. At a mean of 25.1 years postoperatively, 4 patients
developed symptomatic osteoarthritis, 2 from the palliative
group (mean age, 49.3 years) and 2 from the restorative
group (mean age, 24.4 years). Of these, 1 patient from the
palliative group converted to TKA at 39.6 years following
the time of initial diagnosis at an age of 52.7 years. The 10-,
20-, and 30-year survival free from osteoarthritis was 100%,
91.4%, and 91.4%, respectively. The 10-, 20-, and 30-year
survival free from TKA was 100%, 100%, and 100%,
respectively.

Nonoperative Group

Thirty-one males (74%) and 11 females (26%) with a mean
age of 12.0 years (range, 7-15) were treated nonoperatively
and followed for a mean of 13.0 years (range, 2-38 years).
Seven patients were immobilized and made nonweightbear-
ing, 32 patients were given a brace, and 13 patients were
given an assistance device to walk. At the time of final fol-
low-up, a total of 4 patients had symptomatic knee pain. At
a mean of 33.5 years postoperatively, 2 patients had devel-
oped symptomatic osteoarthritis. Of these, both converted
to TKA, 1 at 35.0 years of follow-up, and the other at 38.0
years. Thus, the 10-, 20-, and 30-year survival free from
both osteoarthritis and TKA was 100%, 100%, and 100%,
respectively.

In total, 3 patients managed operatively or nonopera-
tively converted to total knee arthroplasty at a mean age of
51.5 £ 2.6 years, which is statistically below (P = 0.004) our

latest available institutional average age of 68.0 + 10.0
years for primary TKA in the 2002-2005 period.'®

Risk Factors for Symptomatic Knee Pain at Final
Follow-Up

Demographic variables and factors, which differed between
the operative and nonoperative groups, such as lesion loca-
tion were assessed for predictive value for symptomatic
knee pain at the time of final follow-up using Cox propor-
tional hazards modeling. It was determined that males were
at a decreased risk of symptomatic knee pain (hazard ratio
[HR] = 0.24, 95% confidence interval [CI] = 0.07-0.81, P =
0.02) whereas patellar lesion location (HR = 5.30, 95%
CI =1.37-20.48, P = 0.02) and unstable lesions according
to the De Smet criteria (HR = 10.58, 95% CI = 1.26-
88.63, P =0.03) were associated with an increased risk of
symptomatic knee pain at final follow-up (Table 4).
Operative versus nonoperative treatment, patient age, lesion
width, depth, and contour, subchondral bone disruption,
intra-articular fragment displacement, and adjacent carti-
lage defects did not predict symptomatic knee pain. In a
subanalysis of the individual operative and nonoperative
management groups, unstable lesions trended toward pre-
dicting knee pain at final follow-up in the operative cohort
(HR =4.73,95% CI =0.46-48.05, P =0.19) whereas unsta-
ble lesions remained highly significant in predicting knee
pain in the nonoperative cohort (HR > 1000, P <0.001).

Discussion

OCD is a disorder that affects pediatric populations and can
lead to long-term consequences including persistent pain,
early arthritis, and TKA. The purpose of this study was to
evaluate the rates of symptomatic knee pain, clinical
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Table 4. Risk Factors for Persistent Knee Pain at the Time of Final Clinical Follow-Up.

Variable HR (95% Cl) P
Treatment

Nonoperative Reference

Operative I.16 (0.35-3.83) 0.81
Age at diagnosis, years

<I0 Reference

=10 10.3 (0.11-9.63) 0.98
Gender

Female Reference

Male 0.24 (0.07-0.81) 0.02
Location

MFC Reference

LFC 291 (0.57-14.97) 0.20

Patella 5.30 (1.37-20.48) 0.02

Trochlea 0.00 (0.00-0.00)° <0.01°
AP radiograph lesion width, mm

<20 Reference

>20 1.74 (0.23-12.97) 0.59
AP radiograph lesion depth, mm

<5 Reference

>5 0.68 (0.08-6.00) 0.73
Lateral radiograph lesion width, mm

<20 Reference

>20 1.75 (0.31-10.01) 0.53
Lateral radiograph lesion depth, mm

<5 Reference

>5 2.14 (0.38-11.95) 0.38
Lesion contour

Concave Reference

Convex 0.45 (0.08-2.54) 0.37
Disruption of subchondral bone

No Reference

Yes 0.73 (0.15-3.54) 0.70
Intra-articular displaced fragment

No Reference

Yes 0.85 (0.10-7.48) 0.88
Adjacent focal articular cartilage defects

No Reference

Yes 0.85 (0.10-7.48) 0.88
Stability

Stable Reference

Unstable 10.58 (1.26-88.63) 0.03

AP = anterior-posterior; Cl = confidence interval; HR = hazard ratio; LFC = lateral femoral condyle; MFC = medial femoral condyle.

*P values in boldface indicate statistical significnace.

®Of the n = 2 lesions present on the trochlea, none developed symptomatic knee pain. The estimated hazard ratio for trochlear location should be

interpreted with caution given the limited number of trochlear lesions.

osteoarthritis, and subsequent surgical interventions in a
skeletally immature population with OCD and to determine
factors associated with symptomatic knee pain at the time
of final follow-up. Our hypothesis was supported in
that patients with OCD demonstrated overall positive clin-
ical outcomes while demonstrating low but clinically

significant rates of knee pain at final follow-up as well as
undergo TKA at a younger age than observed for the pri-
mary TKA population at our institution. Additionally,
unstable and patellar lesions as well as female gender
were found to predict symptomatic knee pain at the time
of final follow-up.
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Because of the relative rarity of OCD, little is docu-
mented regarding the long-term expected clinical course of
lesions managed operatively and nonoperatively. The rates
of radiographic arthritis and conversion to TKA observed at
a mean of 14 years of follow-up in this study are reassuring
and fall at or below previous estimates for skeletally mature
and mixed maturity populations, with previously available
studies trending toward lower rates of arthritis with younger
patient age at presentation.'”'>?* The causes for this are
likely 2-fold, namely skeletal immaturity plays a protective
role in natural disease history and additionally, any effects
that might hasten the rate at which patients undergo total
knee arthroplasty are better captured in older patients. The
longest currently available mean follow-up in the OCD lit-
erature is 33.6 years for a series of 22 knees.”' However,
these results outline the clinical history of initial presentations
between 1953 and 1971 and are the product of now anti-
quated methods of OCD treatment including patellectomy.
Continued surveillance of our reported group, which we
believe to be the largest and longest followed contemporary
cohort of skeletally immature patients, will further outline
the long-term history of OCD lesions in the knee in the set-
ting of modern techniques.

In this study, unstable lesions were found to predict per-
sistent pain at the time of final follow-up. It is important to
note that unstable lesions likely represent more severe
forms of pathology, with larger fragments, less intact sub-
chondral bone, and higher contact forces, making them
unlikely to undergo spontaneous healing. The presence of
unstable lesions as an indication for surgery and potential
for poor outcomes if left untreated has been previously
described.'""” This is supported in our data, which suggest
that the risk of persistent symptomatic pain in patients with
nonoperative management of unstable lesions is signifi-
cantly higher than that of unstable lesions undergoing oper-
ative management. It is important to note that there is likely
a degree of confounding present, with operative lesions
implying worse pathology than can be captured by stable
versus unstable categorization. The fact that 38% of the
nonoperative group had unstable lesions highlights the
room for interpretation present from provider to provider
with regard to OCD management strategies as well as the
presence of shared decision making with patients with
regard to preference in pursuing operative versus nonopera-
tive management. The observed trend of unstable lesions
predicting persistent pain despite of operative management
(HR =4.73, P =0.19) is also in accordance with literature
that suggests that even though 92% of patients with unsta-
ble lesions undergoing open reduction internal fixation go
on to stable union, knee function and subjective outcome
scores do not return to normal, even at a mean of 9.2 years
of follow-up."'

Patellar lesions as a risk factor for continued symptom-
atology is a relatively novel finding of this study. Previous

literature has suggested that medial condyle lesions demon-
strate favorable natural histories whereas lateral condyle
lesions fare worse than medial condyle and patellofemoral
lesions.?"** In contrast, Kramer et al.”® suggested that
patients with patellofemoral OCD lesions demonstrate poor
clinical outcomes due to the high forces present at the joint
and that lesions in this area may heal more poorly than those
on the femoral condyles. Biomechanical analyses have cer-
tainly demonstrated patellofemoral forces parallel and
exceed those found at the tibiofemoral articulation, sup-
porting that the patella is a high-stress location for healing
to occur.”*?> Of note, the authors believe that a key compo-
nent to successful management of patellar lesions is
addressing any underlying malalignment and instability.
While patellar cartilage lesions have demonstrated histori-
cally poor outcomes, positive results have been published
in contemporary series employing concomitant biome-
chanical normalization procedures such as tibial tubercle
osteotomy.***’

The finding that female gender was a risk factor for pain
at final follow-up has been previously documented. In a
series of 26 patients with a mean of 3.8 years of follow-up,
female patients demonstrated a 9-fold increased risk of per-
sistent pain following surgical management.” Additionally,
a nonoperative MRI study trended toward increased healing
rates in males following both 6 and 12 months of nonopera-
tive management.”® Further research regarding the role of
gender in determining outcomes is needed, however, there
is likely some degree of interplay with skeletal immaturity,
which is prolonged in males and has been consistently
demonstrated to be an independent predictor of positive
outcomes.”” ! It is also noteworthy that the observed 2.8-
fold predominance of males in this study matches previous
literature estimating that males are 2.0 to 3.8-fold more
common than females in the OCD population.**

The current study has important limitations. Because of
the rarity of OCD and young age of patients at diagnosis,
outcomes measuring progression of radiographic arthritis,
the effect of operative management, and conversion to total
knee arthroplasty require extended periods of follow-up and
are limited by patient volumes. The current series followed
95 patients for a mean of 14 years and maximum of 40
years, resulting in 3 patients converting to TKA. Because of
this, we elected to undertake univariate proportional haz-
ards modeling for symptomatic knee pain, which was pres-
ent in 8 of the operative patients and 4 of the nonoperative
patients at the time of final follow-up for a total of 12
patients. Previous literature has suggested that approxi-
mately 5 to 10 events are required per variable modeled for
a reasonably well-powered analysis.”*** Additionally,
because of the nature of the epidemiological project from
which our data were obtained, the accuracy of diagnosis is
dependent on accurate record keeping, as is the case in any
retrospective review. By employing ICD-9 codes to identify
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OCD cases, there may be a selection bias for operative
cases as clinical coding is often more specific following
operative management than for nonoperative clinic visits.
Additionally, patients with symptomatology not warranting
clinical presentation and subsequent documentation are not
captured in the database, leading to some degree of under-
representation of clinically mild OCD.

Conclusion

Skeletally immature patients with OCD of the knee demon-
strate clinically promising outcomes at a mean of 14 years’
follow-up, with persistent knee pain rates at or less than
15%, symptomatic osteoarthritis rates at or less than 8%
and conversion to total knee surgery less than 5%, regard-
less of initial operative or nonoperative management.
However, unstable lesions, patellar lesion location, and
female gender are risk factors for persistent knee pain at the
time of final follow-up. While operative intervention
appears to decrease the risk of persistent knee pain, patients
presenting with unstable pathology tend to have worse out-
comes than those presenting with stable lesions. As such,
we recommend clinical counseling for patients in higher-
risk categories and continued long-term orthopedic follow-
up for patients with symptomatic OCD lesions.
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