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Background: Although osteochondritis dissecans (OCD) lesions are well-described in the femoral condyles and have been asso-
ciated with varus limb alignment, there is limited data on OCD lesions in the trochlea.

Purpose: To compare the baseline imaging characteristics in pediatric patients with trochlear OCD with those with medial femoral
condyle (MFC) OCD to understand whether measures of coronal plane alignment predispose to OCD development by anatomic
location.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: This study retrospectively reviewed all pediatric patients (age <18 years) diagnosed with isolated trochlear OCD at
a tertiary-care medical center from January 2016 to May 2023; all included patients had weight-bearing hip-to-ankle alignment
radiographs. Hip-knee-ankle angle (HKA), mechanical lateral distal femoral angle (mLDFA), medial proximal tibial angle
(MPTA), mechanical axis deviation (MAD), Caton-Deschamps Index (CDI), patellar tilt, and sulcus angle were measured on ini-
tial/preoperative anteroposterior and lateral knee radiographs. Tibial tubercle-trochlear groove (TT-TG) distance and OCD lesion
size were measured on initial/preoperative magnetic resonance imaging sequences. Patients were 1 to 2 matched based on age
(=2 years) and sex to a cohort with isolated MFC OCD.

Results: A total of 18 extremities in 16 patients were included in the trochlear OCD cohort and matched to 36 extremities in the
MFC OCD cohort. The mean age at the first clinical visit for all patients was 14.8 = 1.5 years and did not differ significantly
between the two groups (P = .40). The extremities with trochlear OCD had significantly less varus HKA (1° = 2° vs —1° = 2°;
P =.004) and MAD (4 = 8 vs —3 = 8 mm; P = .004) compared with the MFC cohort as well as lower mLDFA (86° + 2° vs 88°
+ 2°; P = .004). There were no differences in MPTA, CDI, patellar tilt, sulcus angle, TT-TG distance, or OCD lesion size between
groups.

Conclusion: Pediatric patients with trochlear OCD had statistically less varus coronal plane alignment compared with age- and
sex-matched patients with MFC OCD, with the latter exhibiting more significant varus based on the HKA and MAD.
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Osteochondritis dissecans (OCD) is an idiopathic, acquired
defect of the subchondral bone that often presents in ado-
lescents. Although the exact cause of OCD is unknown,
most patients report a long history of intensive exercise
or sport, which may predispose them to repetitive micro-
trauma and vascular compromise.®> OCD lesions are most
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commonly reported in the posterolateral medial femoral
condyle (MFC) due to watershed vascularity.” MFC OCD
lesions have also been associated with varus limb
alignment. 24518

There is limited data on OCD lesions in the patellofe-
moral joint, particularly those in the trochlear region. Sev-
eral previous case reports and case series detail trochlear
OCD lesions in pediatric patients with a high rate of satis-
faction and return to sports after surgery.”®1%-1213.15,16,19
In the largest case series of pediatric trochlear OCD lesions
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to date (n = 34 lesions), Price et al'? speculated that

increased patellofemoral joint loading may predispose to
the development of trochlear OCD lesions.!? We postulated
that increased patellofemoral joint loading may be related to
aberrations in alignment, which we sought to investigate.

No study to date has compared measures of lower
extremity alignment in pediatric patients with trochlear
OCD with those with MFC OCD. In this study, we sought
to describe the imaging characteristics in pediatric and
adolescent patients with trochlear OCD compared with
those with MFC OCD.

METHODS

This was an institutional review board—approved retro-
spective case series of consecutive patients aged <18 years
with trochlear OCD lesions at a tertiary-care hospital
between January 2016 and May 2023. Two pediatric ortho-
paedic sports medicine surgeons (P.D.F. and D.W.G.) cared
for all patients in the study. Patients were identified from
a medical record query using the International Classifica-
tion of Diseases—Tenth Revision—Clinical Modification
codes M93.262 (osteochondritis dissecans, left knee),
M93.261 (osteochondritis dissecans, right knee), and
M93.269 (osteochondritis dissecans, unspecified knee).
Patients with trochlear and MFC OCD lesions were con-
firmed via manual chart review. Patients with chondral
shear or patella OCD were excluded, as were patients
with patellar dislocation or instability. Given the known
association of coronal plane alignment with the develop-
ment of OCD, all patients at our institution presenting
with OCD receive standing radiographs. Patients without
complete radiographic imaging—standing hip-knee-ankle
(HKA) or EOS imaging (ATEC Spine Group) radiographs
and anteroposterior/Merchant/lateral knee radiographs—
or magnetic resonance imaging (MRI) scans were excluded.

Radiographic Measurements

Radiographic parameters of coronal lower extremity align-
ment and patellofemoral instability were measured on pre-
operative radiographs for operative patients and on the
most recent radiographs for nonoperative patients. Stand-
ing EOS imaging radiographs were used to measure 48
extremities (16 with trochlear lesions, 32 with MFC
lesions), and full-length, standing hip-to-ankle radiographs
were used to measure 6 extremities (2 with trochlear
lesions, 4 with MFC lesions). Mechanical lateral distal
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femoral angle (mLDFA), medial proximal tibial angle
(MPTA), and HKA were measured on full-length hip-to-
ankle plain radiographs or standing, full-length EOS
radiographs. Mechanical axis deviation (MAD) was calcu-
lated (in mm) as the distance from the center of the inter-
condylar tibial spine to the mechanical axis of the limb,
measured as the line between the center of the femoral
head to the center of the tibiotalar joint.!! Patellar height
was assessed via the Caton-Deschamps Index (CDI) on
plain lateral radiographs.?® Patellar tilt and sulcus angle
were assessed on Merchant view radiographs. Descriptions
of the radiographic measurements are available in Appen-
dix Figures Al to A3.

MRI Measurements

Trochlear morphology was assessed on MRI via the tibial
tubercle-trochlear groove (TT-TG) distance.’ In addition,
the largest length of the OCD lesion was measured (in
mm) on MRI. Descriptions of the MRI measurements are
shown in Appendix Figures A4 and A5.

Statistical Analysis

An a priori power analysis indicated that at least 16 troch-
lear OCD extremities and 32 matched MFC OCD extremi-
ties would be required to detect a 3° difference in mLDFA
assuming a SD = 4°, a = .05, and B = 0.8. To minimize selec-
tion bias, patients were matched 1 to 2 based on sex and
chronologic age (£2 years) between the trochlear OCD
and MFC OCD cohorts. All categorical variables were
assessed using chi-square tests. Continuous variables
were assessed using independent-sample ¢ tests or Mann-
Whitney U tests after data normality was assessed with
Kolmogorov-Smirnov tests. Statistical analysis was per-
formed using SPSS software Version 29 (IBM), with the
2-tailed significance threshold set as P < .05.

RESULTS

A total of 18 extremities in 16 patients with trochlear OCD
were included in this series and matched to 36 extremities
in 34 patients with MFC OCD. The mean age at the first
clinical visit in case patients was 14.8 * 1.5 years, and
two were women. The mean age did not differ significantly
between the trochlear OCD and MFC OCD groups (P =
.40). Of the trochlear OCD patients, 3 of the 18 (17%)
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TABLE 1
Characteristics of Patients with Trochlear
OCD (N = 16 Patients, 18 Extremities)®

Characteristic n (%) or mean *+ SD
Male sex 14 (88)

Age, y 148 + 1.5
Right side affected 6 (33)°

“0OCD, osteochondritis dissecans.
®No. (%) of extremities.

extremities had valgus deformity about the knee, defined
as mechanical axis deviation lateral to the lateral tibial
spine, and 1 of the 18 (6%) extremities had varus deformity
about the knee, defined as mechanical axis deviation
medial to the medial tibial spine (Table 1).

As compared with the MFC OCD group, those with
trochlear OCD had greater radiographic valgus. The
mean MAD was significantly greater (less varus deviation)
in the trochlear OCD group compared with the MFC OCD
group (4 = 8 vs —3 = 8 mm; P = .004) (Figure 1). The mean
HKA was significantly greater (less varus) in the trochlear
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group compared with the MFC OCD group (1° = 2° vs —1°
+ 2°; P =.004), driven by lower mean mLDFA in the troch-
lear group compared with the MFC OCD group (86° * 2° vs
88° = 2°, P = .004). The two groups had no differences in
MPTA, CDI, patellar tilt, or sulcus angle. On preoperative
or most recent MRI, no difference was found in TT-TG dis-
tance or OCD lesion size between the trochlear and MFC
OCD groups (Table 2). Further analysis revealed no signif-
icant correlations between the size of the OCD lesion and
MAD in patients with MFC OCD (P = .17 and P = .61) or
trochlear OCD (P = .09 and P = .26).

DISCUSSION

In this study, patients presenting with trochlear OCD had
statistically significantly less varus alignment relative to
patients with MFC OCD. The mean MAD was within the
normal range (3-7 mm)® in the trochlear group, whereas
the MAD of the MFC OCD group had a mean varus devia-
tion. Despite a statistically significant difference in
mLDFA between the two groups, mean values for both
groups were within normal reported ranges for this

-7mm

Figure 1. Neutral coronal plane alignment of a patient with trochlear OCD compared with the varus deviation of a patient with
MFC OCD. Weightbearing hip-to-ankle alignment radiograph with details of MAD demonstrating (A) neutral and (B) varus align-
ment. MAD, mechanical axis deviation; MFC, medial femoral condyle; OCD, osteochondritis dissecans.
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TABLE 2
Comparison of Imaging Parameters of Lower
Extremity Alignment and Patellofemoral Stability
in Patients With Trochlear OCD and MFC OCD*

Trochlear OCD MFC OCD

Variable (n =18) (n = 36) P
HKA 1+2 -1+2 .004
mLDFA 86 + 2 88 + 2 .004
MPTA 88 + 2 87 +2 .26
MAD 4+8 -3=*8 .004
CDI 1+02 1+02 .67
Patellar tilt 5+5 5+5 .32
Sulcus angle 140 = 8 140 = 8 .89
TT-TG distance 10 =5 11+5 .33
OCD lesion size

Sagittal 20 + 6 22 + 6 .30

Coronal 14 +5 16 + 4 11

“Data are presented as means * standard deviation. Boldface
P values indicate a statistically significant difference between
groups (P < .05). CDI, Caton-Deschamps Index; HKA, hip-knee-
ankle angle; MAD, mechanical axis deviation; MFC, medial femo-
ral condyle; mLDFA, mechanical lateral distal femoral angle;
MPTA, medial proximal tibial angle; OCD, osteochondritis disse-
cans; TT-TG, tibial tubercle-trochlear groove.

measurement.!! Overall, patients with trochlear OCD
demonstrated a neutral coronal plane alignment on aver-
age based on MAD, suggesting no clinically meaningful
coronal malalignment predisposition to the underlying
pathogenesis of trochlear OCD.

OCD lesions of the trochlea are less common as com-
pared with OCD lesions of the medial femoral condyle.?
While no clear causes have been determined, repeated
microtrauma to the bone and increased loading on the
patellofemoral joint have been proposed as plausible
causes.'? Previous literature has examined the association
between trochlear OCD lesion formation and athletic activ-
ity in adolescent patients. Price et al*? identified a correla-
tion between trochlear OCD lesion formation and
basketball or soccer participation, suggesting that repeti-
tive loading of the patellofemoral joint may play a role in
the development of trochlear OCD lesions. These authors
derived their hypothesis based on work by McElroy
et al,? who identified specific joint loading patterns associ-
ated with athletic positions that can predispose to OCD
lesion formation in the knee. Further, Wall et al?? identi-
fied 95% of adolescent patients with trochlear OCD as ath-
letes, suggesting a strong association between OCD lesion
formation and sports. However, it is possible that patients
who do not participate in sports could have asymptomatic
trochlear OCD lesions that are not identified due to less
loading of the patellofemoral compartment.

Previous research has identified the association
between mechanical axis deviation and OCD lesions,
with varus alignment increasing the risk of MFC OCD for-
mation due to increased loading stress in the medial com-
partment of the knee.’®?! In a study by Brown et al,?
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valgus mechanical axis deviation was found in two-thirds
of patients with symptomatic lateral femoral condyle
OCD, and varus MAD was found in one-third of patients
with MFC OCD. Gonzalez-Herranz et al* found a similar
association between varus deformity and lower limb axis
deviation in patients with MFC OCD. However, they also
found valgus deformity in patients with lateral femoral
condyle lesions. All patients were reported to have either
lateral (24.5%) or medial (75.5%) condyle lesions, with no
trochlear lesions reported.* Jacobi et al® reported that val-
gus deformity was closely associated with lateral condyle
OCD, while varus deformity was associated with medial
condyle OCD. In none of these studies was lesion size asso-
ciated with a specific coronal deviation, with our study sim-
ilarly failing to identify a correlation between MAD and
OCD lesion size on MRI.

Our work observed that patients with trochlear OCD
had statistically less varus alignment compared with those
with MFC OCD, driven largely by more distal femoral varus
in the MFC cohort. Additional patellofemoral radiographic
measurements have been previously studied in assessing
knee alignment in patients with lower extremity OCD
lesions. Kramer et al” suggested that an elevated TT-TG
distance was a risk factor for patellar and trochlear OCD
development. However, in reporting their findings, the
authors did not differentiate the TT-TG distance measure-
ments between the patellar and trochlear OCD groups.
They also observed no difference in patellar height between
OCD groups.” Our study similarly observed trochlear OCD
and MFC OCD to have both mean TT-TG distance and CDI
values within normal ranges.'*'” This suggests that altera-
tions in coronal alignment and patellofemoral mechanics
may not predispose to trochlear OCD development.

Limitations

Our study had several limitations. First, not all patients
were skeletally mature at the time of imaging or surgical
intervention, and therefore, further growth may alter
future alignment that was not captured on initial preoper-
ative radiographs. However, further research should inves-
tigate how lower extremity alignments may change over
time in patients with OCD. Second, long-term functional
outcomes and follow-up were beyond the scope of this
study, which sought primarily to evaluate predisposing
factors to trochlear OCD development. Third, patients
were matched only on age and sex, as OCD lesion size
and stability are heterogeneous between trochlear and
MFC lesions. It was felt that attempting to match these
other characteristics would potentially introduce bias.
Additionally, MAD was assessed utilizing a distance mea-
surement (in mm) as is most common, although this is
not standardized to height, which may affect this parame-
ter. Trochlear OCD lesion location (central, lateral, and
medial) was not available for all patients and was therefore
not included. However, the study population was ade-
quately powered to our primary outcome and observed dif-
ferences in alignment between OCD groups.
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CONCLUSION

The results of this study demonstrated that patients with
trochlear OCD have less varus radiographic coronal align-
ment than patients with MFC OCD. No differences were
observed in patellofemoral radiographic parameters
between trochlear and MFC OCD patients, suggesting no
obvious alignment predisposition to trochlear OCD devel-
opment. Despite statistical differences in varus alignment
between the trochlear and MFC OCD patients, the clinical
relevance of these findings is unknown, and it is unclear
whether differences in coronal plane alignment predispose
to OCD lesion formation.
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APPENDIX

Trochlear OCD Measurements on Radiographs

Figure A1. (A) The HKA—measured as the angle formed between a line drawn from the center of the femoral head to the center
of the femoral intercondylar notch and a line from the center of the tibial spines to the center of the talus. (B) The mLDFA—meas-
ured as the angle formed between a line drawn from the center of the femoral head to the femoral intercondylar notch and a line
across the most distal aspect of the femoral condyles. (C) The MPTA—measured as the angle formed between a line drawn
across the proximal tibial plateau and a line from the center of the tibial spines to the center of the talus. (D) The MAD —calculated
as the distance from the center of the intercondylar tibial spines to the mechanical axis of the limb, measured as the line between
the center of the femoral head to the center of the tibiotalar joint (image adapted from Paley D, Pfeil J. Prinzipien der Kniegelen-
knahen Deformitdtenkorrektur [Principles of deformity correction around the knee]. Orthopade. 2000;29(1):18-38). HKA, hip-knee-
ankle angle; MAD, mechanical axis deviation; mLDFA, mechanical lateral distal femoral angle; MPTA, medial proximal tibial angle.

Figure A2. The CDI—measured as the ratio between the shortest distance from the posterior edge of the patella to the proximal,
anterior aspect of the tibia and the length of the patellar articular cartilage (Adapted from Thévenin-Lemoine C, Ferrand M, Cour-
voisier A, Damsin J-P, Pointe HD le, Vialle R. Is the Caton-Deschamps Index a Valuable Ratio to Investigate Patellar Height in
Children? J Bone Joint Surg Am. 2011;93(8):e35). CDI, Caton-Deschamps Index.
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130.03(50.0%)

Figure A3. (A) Patellar tit—measured as the angle between a line along the femoral condyles and a line through the center of the
patella on Merchant/sunrise view. This value was recorded as positive if the patella was laterally tilted and negative if the patella
was medially tilted. (B) The sulcus angle—measured as the 3-point angle between the most prominent aspect of the lateral fem-
oral condyle, the deepest portion of the trochlear groove, and the most prominent aspect of the medial femoral condyle on Mer-
chant/sunrise view.

Trochlear OCD Measurements on MRI

Figure A4. Tibial tuberosity-trochlear groove distance. (A) On axial view MRI, locate the most proximal slice with complete artic-
ular cartilage covering the trochlea. Draw a line parallel to the posterior femoral condyles. Draw a line perpendicular to this line.
Move the perpendicular line so that it sits at the deepest part of the trochlear groove. Locate the tibial apophysis. Select the most
distal axial slice at which the patellar tendon inserts on the tibial tubercle—usually the slice where the tibial apophysis looks the
largest. Place the crosshair in the center of the patellar tendon from medial to lateral. (B) On the trochlear view, draw a line through
the crosshair that is parallel to the line through the trochlear groove and perpendicular to the line through the posterior condyles.
Measure the distance between the 2 parallel lines. MRI, magnetic resonance imaging.

Figure A5. Lesion size, measured as the distance of the OCD lesion on (A) sagittal and (B) coronal MRI. MRI, magnetic resonance
imaging; OCD, osteochondritis dissecans.



