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Background: Trochlear dysplasia is a primary risk factor for patellar instability and leads to loss of the osteochondral constraint of
the patella. Trochleoplasty techniques include the Peterson grooveplasty, which alters the length of the trochlea; however, a
radiographic measurement of trochlear length to support this has not been described.

Purpose: To describe measurements to quantify trochlear length on sagittal magnetic resonance imaging in patients with and
without patellar instability and to correlate trochlear length with measurements of trochlear dysplasia.

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

Methods: A total of 66 age- and sex-matched knees (36 female and 30 male; mean age, 20.8 ± 4.8 years) were included in this
study, of which 33 had patellar instability. Trochlear extension length (TEL) and trochlear alpha angle (TAA) were measured on 3
sagittal magnetic resonance imaging scans (center of the knee, center of the medial condyle, and center of the lateral condyle), and
measurements were compared between symptomatic and control knees. Receiver operating characteristic curve analysis was
performed, and the area under the curve (AUC) was calculated to describe the accuracy of each measurement to distinguish
between knees with and without patellar instability. Linear and multivariate regression analyses were performed to assess the
relationship between sagittal measurements and axial measurements of trochlear dysplasia, including lateral trochlear inclination,
sulcus angle, and trochlear depth, as well as patient size reflected by the epicondylar distance.

Results: In symptomatic knees, the central trochlea extended more proximally than in control knees, as determined by the TEL
(14.0 ± 3.0 vs 11.5 ± 2.3 mm, respectively; P< .001) and TAA (68.4� ± 3.8� vs 70.5� ± 3.4�, respectively; P¼ .017). AUC calculations
showed that a TEL �11 mm at the central trochlea was predictive of patellar instability in both male and female knees (AUC ¼ 0.83
and 0.77, respectively), as was a TAA�67� in female knees (AUC¼ 0.72). An independent association between the central TEL and
sulcus angle was found. The central TEL showed a weak correlation with patient size, as measured by the epicondylar distance,
while the TAA did not.

Conclusion: In knees with symptomatic patellar instability, the central trochlea was found to extend 2.5 mm more proximally than
in control knees, and this increase in length correlated with severity of trochlear dysplasia. As radiographic examinations of the
trochlea and grooveplasty procedures are often based on the proximal extent of the cartilaginous trochlea, further studies are
needed to identify the role of trochlear length in the assessment and treatment of trochlear dysplasia in the setting of patellar
instability.
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Trochlear dysplasia is a primary contributor to patellar
instability and has been identified in 96% of patients with
patellar dislocations.13 It is characterized by flattening of
the trochlear groove, which can reduce the bony constraint
of the patellofemoral joint. The shape of the trochlea pro-
vides stability to the patellofemoral joint in knee flexion

>30�, while the soft tissue restraints play a prominent role
in extension.3 The abnormal shape of a dysplastic trochlea
has been described on axial imaging as a decreased slope of
the medial or lateral condyle as well as a decreased depth
of the trochlear floor and abnormalities in trochlear
width.2,8,14,15,26

Several studies5,6,17,23 have assessed patients who sus-
tained first-time patellar dislocations and identified troch-
lear dysplasia as a primary risk factor for recurrent
instability. While the cause of patellar instability is
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multifactorial, Christensen et al10 noted in a retrospective
study of 584 patients that the presence of trochlear dyspla-
sia was the primary risk factor (odds ratio, 18.1) for the
recurrence of instability after a first-time patellar disloca-
tion episode. Furthermore, the time to recurrence was
decreased by 23.0 months in patients with trochlear
dysplasia.

Given the association between abnormal trochlear mor-
phology and patellar instability, there has been increased
interest in addressing the geometry of the trochlea in the
surgical treatment of patellar instability. Trochleoplasty has
been described to address dysplasia in severe cases, with
multiple techniques proposed to increase the osteochondral
constraint of the patellofemoral joint.19 Albee1 described a
trochleoplasty technique that increases the height of the lat-
eral condyle. The Dejour deepening trochleoplasty increases
the depth of the trochlea in cases of a shallow or convex
sulcus.12 The Peterson technique20 is another trochleoplasty
procedure that involves removal of the proximal trochlea
and coverage with a synovial flap. This procedure is
designed to remove a supratrochlear spur that can prevent
proper patellofemoral articulation in early knee flexion.
Arendt4 recently discussed the benefits of this technique as
a safe alternative to deepening trochleoplasty but empha-
sized that very little guidance exists on the exact indications
for the procedure. Such limitations can be attributed to the
fact that understanding of normal anatomy regarding troch-
lear length, and a method to assess the amount of resection
needed, has not been described. Furthermore, Arendt4 noted
that “improved imaging measurements are needed to help
characterize the most proximal trochlea sulcus.”

A dysplastic trochlea can be characterized in terms of
depth and length, with the combination of an inadequate
depth and an excessive length contributing to the charac-
teristic appearance of a supratrochlear spur. While many
radiographic measurements of trochlear dysplasia exist,
the majority of measurements assess the geometry and
depth of the groove in the axial view. However, consider-
able variability in trochlear measurements has been
reported based on the axial slice on which the measurement
is performed.2 Currently, no consensus exists on the opti-
mal axial slice on which to measure trochlear anatomy. The
most proximal axial cut demonstrating the trochlear carti-
lage is commonly utilized for measurements; however, the
position of this cut may vary between patients if the troch-
lear length is not consistent.

The aim of this study was to describe the sagittal length
of the trochlea and its relationship to trochlear dysplasia in
knees with and without symptomatic patellar instability.

We hypothesized that the trochlea would demonstrate
greater proximal extension in patients with patellar insta-
bility. Furthermore, we hypothesized that these measure-
ments would correlate with the severity of traditional
radiographic measurements of trochlear dysplasia and may
serve as an additional tool when evaluating or surgically
correcting trochlear morphology in the management of
patellar instability.

METHODS

After obtaining institutional review board approval, we
reviewed the records of consecutive patients with symptom-
atic patellar instability, aged 15 to 40 years, who under-
went magnetic resonance imaging (MRI) of the affected
knee between 2019 and 2021. Patients with a history of
surgical treatment and those with degenerative or trau-
matic changes that affected the morphology of the trochlea
were excluded. Knees were compared with MRI of age- and
sex-matched controls with a diagnosis of an isolated menis-
cal injury, which were obtained from an institutional data-
base. Images, radiology reports, and hospital charts were
reviewed to confirm that the patients had no current or
previous patellofemoral symptoms or injuries, and those
who did were excluded from the control group.

MRI measurements were performed using software with
a sensitivity of 0.1 mm (Visage Imaging) by a sports medi-
cine orthopaedic fellow (N.P.J.P.) and a graduate student
(Z.L.L.) trained to perform the measurements. The central
sagittal cut through the knee was identified as the image on
which the most proximal aspect of the intercondylar notch
was visualized. On this image, the axis of the femoral shaft
was identified as a line perpendicular to the line connecting
the overlap of 2 circles (shown in blue in Figure 1) that
spanned the diameter of the femoral shaft, as previously
described by Biedert et al.7 A reference plane was identified
perpendicular to the axis of the femoral shaft, through the
midpoint of the Blumensaat line. The midpoint was defined
as the bisecting point on the line that represented the most
proximal aspect of the notch in the sagittal view (Figure 1).

The sagittal length of the trochlea was described based
on the most proximal extension of the trochlea relative to
these reference lines. The trochlear extension length (TEL)
was defined as the distance from the plane through the
midpoint of the Blumensaat line to the proximal extent of
the trochlea; this distance was measured in line with
the axis of the femoral shaft and reported in millimeters
(Figure 2). The trochlear alpha angle (TAA) was defined as
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the angle between the femoral axis and a line from the
intercondylar midpoint through the most proximal extent
of the trochlea (Figure 3); a smaller angle indicates more
proximal extension of the trochlea and greater trochlear
length.

Each measurement was performed on 3 sagittal MRI
scans using constant reference points on the femur to
account for variability in the trochlear position on the
femur.24 Measurements were performed on sagittal images
through the center of the knee, center of the medial com-
partment, and center of the lateral compartment. The cen-
ter of the knee was defined in the sagittal view as the image
best demonstrating the linear roof of the intercondylar
notch and was confirmed in the axial view as the center
of the Roman arch appearance of the posterior condyles.
The centers of the medial and lateral compartments were
identified by choosing the cut that best demonstrated the
greatest diameter of the posterior medial and lateral con-
dyles, respectively. To aid in identification of the sagittal
slices, the axial view was used to identify the sagittal slice
that corresponded with the center of the medial and lateral
condyles.

On axial MRI, standard measurements of trochlear
dysplasia were performed. The axial cut demonstrating
the classic Roman arch between the posterior condyles was
selected for the measurements to account for variability in
the trochlear length and position between knees (Figure 4,
A-C). Lateral trochlear inclination (LTI) was measured as
the angle formed by a line from the deepest portion of the
cartilaginous trochlear groove to the most anterior point on
the cartilaginous lateral femoral condyle with a line along
the posterior condylar axis (Figure 4A).9 Sulcus angle was
measured as the angle formed between the deepest portion

Figure 1. The axis of the femoral shaft (red line) was identified
based on a line perpendicular to the line connecting the over-
lap of 2 circles (blue) that spanned the diameter of the femoral
shaft. A reference plane (yellow line) was identified perpen-
dicular to the shaft, through the midpoint of the Blumensaat
line (yellow star).

Figure 2. The trochlear extension length (red line) was defined
as the distance between the plane (yellow line) through the
midpoint of the Blumensaat line (yellow star) to the proximal
extent of the trochlea, measured parallel to the axis of the
femoral shaft (blue line).

Figure 3. The trochlear alpha angle was defined as the angle
(red lines) on the sagittal image between the femoral axis and
a line from the intercondylar midpoint (yellow star) through the
most proximal extent of the trochlea.
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of the cartilaginous trochlear groove and the 2 most ante-
rior points on the cartilaginous trochlea (Figure 4B).11

Trochlear depth was calculated by subtracting the distance
between the posterior condylar axis and the deepest point of
the trochlear groove from the mean anteroposterior dis-
tance of the medial and lateral femoral condyles (Figure
4C),21 with a depth <3 mm considered to be abnormal.21

To assess the trochlear position on the femur and its
relationship to trochlear length, the medial and lateral
margins of the trochlea were quantified as a medial-
lateral percentage along the posterior condylar axis. In
the axial view best demonstrating the Roman arch, the
deepest point of the cartilaginous trochlea was identified
as well as the most anterior points of the cartilaginous
medial and lateral trochlea. All points were expressed as
a percentage along the posterior condylar axis, with
0% representing the medial border of the femur and 100%
representing the lateral border of the femur (Figure 5).
Additionally, on the same axial slice, the epicondylar dis-
tance was measured as a reflection of patient size; this
was measured as the maximal distance between the
medial and lateral epicondyles at the margin of the sub-
chondral bone.

Statistical Analysis

To test our hypothesis that measurements of trochlear
length would vary between symptomatic and asymptomatic
knees, an independent t test was used after assessing for
normality. To achieve 95% statistical power for detecting a
difference of 2.0 mm with a 3.0-mm SD in trochlear length
between symptomatic and asymptomatic knees, with an
overall 2-tailed type I rate of 5%, we calculated that a min-
imum of 60 knees was needed. Sample-size calculation was
performed using G*Power (Version 3.1).

To assess for interobserver agreement, an orthopaedic
surgeon (M.J.T.), a sports medicine orthopaedic fellow
(N.P.J.P.), and a graduate student (M.V.V.) trained to per-
form the measurements conducted all measurements inde-
pendently in 5 randomly selected knees. Intrarater

reliability was determined by a single observer (M.V.V.) per-
forming each measurement 3 times in 5 randomly selected
knees on nonconsecutive days. Interobserver and intraobser-
ver agreement were assessed using the intraclass correlation
coefficient (ICC) through a 2-way mixed-effects model with
absolute agreement. Absolute agreement in an ICC evalu-
ates how much each measurement performed per observer
differs from the other observer and was interpreted accord-
ing to the guidelines proposed by Shrout and Fleiss22 as
follows: 0.00-0.10, virtually none; 0.11-0.40, slight; 0.41-
0.60, fair; 0.61-0.80, moderate; and 0.81-1.00, substantial.

Descriptive statistics were used to present the measure-
ments of trochlear morphology. The Shapiro-Wilk test was

Figure 4. (A) Lateral trochlear inclination was measured as the angle formed by a line from the deepest portion of the cartilaginous
trochlear groove to the most anterior point on the cartilaginous lateral femoral condyle with a line along the posterior condylar axis
(dashed line). (B) Sulcus angle was measured as the angle formed between the deepest portion of the cartilaginous trochlear
groove and the 2 most anterior points on the cartilaginous trochlea. (C) Trochlear depth was calculated by subtracting the distance
between the posterior condylar axis and the deepest point of the trochlear groove from the mean anteroposterior distance of the
medial and lateral femoral condyles: ((A þ C)/2) – B.

Figure 5. To assess the role of the trochlear position on the
femur, the deepest portion of the trochlear groove and medial
and lateral margins of the trochlea (blue lines) were quantified
as a percentage along the posterior condylar line (red line
divided by white line).
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performed to assess for normality of the data, and an inde-
pendent t test was performed to assess for significant dif-
ferences in the TEL and TAA between symptomatic and
asymptomatic knees.

Receiver operating characteristic curve analysis was per-
formed, and the area under the curve (AUC) was calculated
to describe the accuracy of each measurement to distin-
guish between knees with and without patellar instability.
An AUC >0.7 was considered to be a valuable diagnostic
test. The Youden J statistic was calculated (J ¼ sensitivity
þ specificity – 1) to determine optimal cutoff values for each
measurement to distinguish between knees with and with-
out patellar instability.

Univariate linear regression analysis was performed to
assess the relationship between each measurement and
patient size, which was reflected by the epicondylar dis-
tance. Stepwise multiple regression analyses were per-
formed to assess for independent relationships between
sagittal measurements and axial measurements of troch-
lear dysplasia, including LTI, sulcus angle, and trochlear
depth, as well as the medial-lateral positions of trochlear
landmarks. All analyses were performed using Real Statis-
tics Resource Pack software (Release 7.2) in Excel (Micro-
soft). P values <.05 were considered significant.

RESULTS

A total of 66 knees were included in this study: 33 knees
from 33 symptomatic patients (18 female and 15 male) were
compared with 33 age- and sex-matched control knees. The
mean age was 20.8 ± 4.8 years in both the symptomatic and
control groups. The ICCs for interrater and intrarater reli-
ability were 0.839 and 0.966 for the TEL, indicating excel-
lent agreement. Similarly, the ICC was 0.887 and 0.907 for
interrater and intrarater reliability, respectively, for the
TAA.

The results of trochlear length measurements are sum-
marized in Table 1. In symptomatic knees, the central
trochlea was found to extend more proximally than in
asymptomatic knees, as determined by the TEL (14.0 ±
3.0 vs 11.5 ± 2.3 mm, respectively; P < .001) and TAA
(68.4� ± 3.8� vs 70.5� ± 3.4�, respectively; P ¼ .017).

AUC calculations showed that a TEL �11 mm at the
central trochlea was predictive of patellar instability
in both male and female knees (AUC ¼ 0.83 and 0.77,
respectively), as was a TAA <67� in female knees (AUC ¼
0.72). The AUC values for each measurement are presented
in Table 2. A TEL �11 mm was found to have a sensitivity
of 75.8%, specificity of 66.7%, positive predictive value of

TABLE 1
TEL and TAA Measurementsa

Total Female Male

Symptomatic Control P Symptomatic Control P Symptomatic Control P

TEL, mm
Central 14.0 ± 3.0 11.5 ± 2.3 < .001 13.4 ± 3.7 10.6 ± 2.0 .007 14.7 ± 1.7 12.6 ± 2.2 .005
Lateral 14.0 ± 4.0 12.7 ± 3.2 .163 12.1 ± 3.8 11.4 ± 2.3 .522 16.2 ± 3.2 14.2 ± 3.5 .121
Medial –8.3 ± 7.7 –6.3 ± 7.5 .275 –3.9 ± 5.3 –3.1 ± 5.5 .651 –13.6 ± 6.9 –10.1 ± 8.1 .202

TAA, deg
Central 68.4 ± 3.8 70.5 ± 3.4 .017 68.1 ± 4.4 71.0 ± 3.4 .036 68.6 ± 3.0 70.0 ± 3.3 .261
Lateral 69.2 ± 5.6 71.3 ± 4.3 .080 70.5 ± 6.2 71.8 ± 4.1 .465 67.5 ± 4.5 70.8 ± 4.6 .057
Medial 107.5 ± 15.4 102.4 ± 14.8 .178 99.3 ± 11.9 96.4 ± 11.3 .462 117.3 ± 13.4 109.6 ± 15.6 .158

aData are presented as mean ± SD. Bolded P values indicate a statistically significant difference between symptomatic and control knees
(P < .05). TAA, trochlear alpha angle; TEL, trochlear extension length.

TABLE 2
Cutoff and AUC Values for TEL and TAAa

Total Female Male

Cutoff AUC (95% CI) Cutoff AUC (95% CI) Cutoff AUC (95% CI)

TEL, mm
Central 11 0.78 (0.67-0.89) 11 0.77 (0.61-0.92) 11 0.83 (0.68-0.98)
Lateral 14 0.65 (0.51-0.78) 14 0.60 (0.42-0.79) 14 0.70 (0.51-0.89)
Medial –6 0.58 (0.45-0.72) –6 0.55 (0.36-0.73) –16 0.65 (0.46-0.85)

TAA, deg
Central 68 0.72 (0.69-0.84) 67 0.72 (0.55-0.88) 70 0.62 (0.41-0.82)
Lateral 70 0.68 (0.55-0.81) 69 0.61 (0.42-0.80) 70 0.75 (0.57-0.93)
Medial 98 0.61 (0.46-0.74) 98 0.56 (0.40-0.74) 118 0.68 (0.48-0.87)

aAUC, area under the curve; TAA, trochlear alpha angle; TEL, trochlear extension length.
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69.4%, and negative predictive value of 73.3% in identifying
knees with patellar instability. In female knees, a TAA
<67� at the central trochlea had a sensitivity of 88.9%,
specificity of 55.6%, positive predictive value of 66.7%, and
negative predictive value of 83.3%.

The symptomatic knees displayed a greater severity of
trochlear dysplasia on all axial measurements, with a smal-
ler LTI (12.0� ± 4.9� vs 16.9� ± 3.8�; P < .001), larger sulcus
angle (158.9� ± 9.8� vs 146.7� ± 6.0�; P < .001), and smaller
trochlear depth (3.1 ± 1.2 vs 4.4 ± 1.1 mm; P < .001). The
assessment of the medial-lateral position of the trochlea
showed a significant difference in the medial boundary of
the trochlea (40.9% ± 3.9% vs 37.7% ± 3.2%, respectively; P
< .001) and no differences in the central or lateral aspects.
A summary of these measurements is shown in Table 3.

To assess the association of measurements with patient
size, linear regression analysis between trochlear length
measurements and epicondylar distance was performed.
This demonstrated a weak correlation between the central
TEL and epicondylar length (R¼ 0.32; R2¼ 0.10; P ¼ .009).
No significant relationship between patient size and TAA
was identified. Stepwise multiple regression analysis dem-
onstrated an independent relationship between the central
TEL and sulcus angle (coefficient ¼ 0.12; R ¼ 0.42; R2 ¼
0.18; P < .001). Results of multiple linear regression anal-
yses are shown in Table 4.

DISCUSSION

The most important finding of this study was that proximal
extension of the trochlea, as measured by the TEL and
TAA, was greater in knees with patellar instability than
in control knees. These measurements were found to be
reliable and reproducible and may serve as a future tool for
the evaluation of trochlear length on sagittal MRI. Identi-
fied TEL and TAA cutoff values were predictive of knees
with patellar instability, demonstrating the role of troch-
lear length in the pathophysiology of patellar dislocations.
Furthermore, the severity of trochlear dysplasia, as mea-
sured in the axial view, was found to correlate with these
measurements, suggesting that procedures to address
trochlear morphology should also consider an evaluation
of the sagittal plane.

Currently, little is known about trochlear length in
patients with patellar instability. Voss et al25 quantified
trochlear length and volume on computed tomography

based on the distance between the first axial cut distal to
the physeal scar and the final axial image on which the
sulcus was visualized at the level of the intercondylar
notch. In their study, they reported that the trochlear
length was shorter in knees with dysplasia However, the
patients were not matched by sex, and the authors
reported that there was no significant difference in troch-
lear length when male patients were excluded from the
analysis. In contrast, our study used an age- and sex-
matched control group to identify differences in both the
male and female populations . We also utilized MRI to
accurately visualize the length of the cartilaginous troch-
lea. Furthermore, in establishing a reference plane
through the midpoint of the Blumensaat line, we identi-
fied a consistent point relative to which trochlear length
could be measured. This may have value when performing
trochleoplasty procedures to normalize the shape of the
distal femur. Future studies are needed to explore the
utility of these measurements in identifying knees that
may benefit from such procedures.

Biedert et al7 aimed to describe the morphology of the
trochlea on sagittal MRI using the lateral condyle index.
In their study, the authors measured the distance from the
most distal point of the femur to the proximal aspect of the
anterior and posterior condyles, performing measurements
at the most lateral aspect of the cartilaginous trochlea.
These measurements were presented as a ratio, with a
smaller ratio indicating a smaller trochlear length at the
lateral condyle. The authors reported high interrater reli-
ability with this measurement and indicated that this ratio

TABLE 3
Medial-Lateral Position of Trochlear Landmarksa

Total Female Male

Symptomatic Control P Symptomatic Control P Symptomatic Control P

Medial 40.9 ± 3.9 37.7 ± 3.2 < .001 40.0 ± 3.6 38.3 ± 3.3 .156 42.0 ± 4.1 36.9 ± 3.0 < .001
Central 53.4 ± 4.0 53.2 ± 2.4 .828 53.3 ± 4.7 53.0 ± 2.5 .813 53.6 ± 2.9 53.5 ± 2.3 .980
Lateral 78.5 ± 2.7 79.3 ± 4.2 .389 79.0 ± –3.1 78.8 ± 2.2 .802 77.9 ± 2.0 79.9 ± 5.9 .238

aData are presented as mean ± SD in percentages (0%¼most medial aspect of femur; 100%¼most lateral aspect of femur). Bolded P values
indicate a statistically significant difference between symptomatic and control knees (P < .05).

TABLE 4
Results of Stepwise Linear Regression Analysesa

Correlation Coefficient R R2 P

TEL
Central Sulcus angle 0.12 0.42 0.18 < .001
Lateral Trochlear depth –0.04 0.35 0.12 .004
Medial Trochlear depth 0.11 0.51 0.26 < .001

TAA
Central — — — — .100
Lateral LTI 0.29 0.29 0.08 .020
Medial Trochlear depth –0.23 0.51 0.26 < .001

aDashes indicate not applicable. Bolded P values indicate a sta-
tistical significance (P < .05). LTI, lateral trochlear inclination;
TAA, trochlear alpha angle; TEL, trochlear extension length.

6 Tanaka et al The Orthopaedic Journal of Sports Medicine



was significantly smaller in symptomatic knees than in
control knees (86% vs 93%, respectively). In our study, the
primary difference was found to be at the central trochlea,
where the trochlea was noted to be longer in knees with
patellar instability. Our measurements in the lateral troch-
lea approached statistical significance and were found to be
longer in the symptomatic group, in contrast to the findings
of Biedert et al.

While Biedert et al7 described the lateral condylar index
based on the most lateral sagittal image on which the artic-
ular cartilage can be visualized, our study performed lat-
eral measurements at the center of the lateral femoral
condyle. In utilizing a reference on the femur, as opposed
to the trochlea, we accounted for the variability that can
exist in the medial-lateral position of the trochlear sulcus
on the femur24, allowing for comparisons between knees. In
our study, the location of the medial boundary of the troch-
lea was found to differ between symptomatic and control
knees on the axial cut. Although our study did not show
significant differences in the position of the lateral margin
of the trochlea, the utilization of different sagittal cuts to
visualize the trochlear cartilage may have contributed to
the discrepancy between our findings and those of Biedert
et al. Given that our measurements at the central trochlea
were able to identify knees with patellar instability with
high accuracy, further studies are needed to understand
the optimal measurements of trochlear length that can be
applied to trochleoplasty and to describe the influence of
trochlear position and length on the kinematics of patello-
femoral instability.

The proximal extent of the cartilaginous trochlea is often
utilized as a reference point when analyzing radiographic
images. Many axial measurements of the patellofemoral
joint rely on identifying the proper axial cut to ensure
proper measurements of trochlear morphology.2,18 Fucen-
tese et al16 reported on changes that occur after trochleo-
plasty for trochlear dysplasia in the treatment of patellar
instability. They reported on 18 knees with trochlear dys-
plasia that had undergone trochleoplasty and described
measurements on axial computed tomography before and
after the procedure. After the procedure, they reported that
trochlear depth, sulcus angle, and LTI improved, particu-
larly in the proximal aspect of the trochlea, which they
defined as the initial cut in which the trochlea is
“completely covered with cartilage.” As our study demon-
strates that this initial cut of the trochlea may vary in loca-
tion between knees with and without patellar instability,
further studies are needed to understand the optimal tech-
niques for assessing and re-creating normal trochlear anat-
omy and length during the surgical treatment of patellar
instability.

Surgical techniques to address trochlear length during
trochleoplasty have previously been described. Although
most trochleoplasty procedures have focused on increasing
trochlear depth, the technique described by Peterson et al20

addresses trochlear length, removing the excess bone and
cartilage at the proximal margin of the trochlea. However,
the ideal amount of resection during this procedure has not
been previously described. In our study, we found that
knees with patellar instability had an increased TEL of

2.5 mm at the center of the knee, and that the normal
length was 10.6 and 12.6 mm in female and male knees,
respectively. These values may serve as a reference for
future studies to further refine guidelines for trochleo-
plasty techniques.

Limitations

This study has some limitations that should be considered.
The study was performed retrospectively, and therefore, no
physical examination or patient-reported outcomes were
available to correlate to the images, as the patients were
not contacted regarding their symptoms. We also did not
differentiate between first-time and recurrent dislocations
in this study. Moreover, the standard cut on MRI was 3 mm
in thickness, which could lead to variation in the sagittal
images selected for measurements. Imaging was conducted
at 1 institution but was not performed on the same MRI
scanner, which may contribute to variability in imaging
protocols. Additionally, the status of the patients was not
blinded to the observers who were performing the measure-
ments. Last, while we standardized the central, medial,
and lateral sagittal images on which measurements were
performed based on condylar morphology, these locations
may not necessarily correlate with the cartilaginous bound-
aries on the proximal trochlea, and further studies are
needed to better understand the role of trochlear length,
3-dimensional morphology, and function as they relate to
patellar stability.

CONCLUSION

In knees with symptomatic patellar instability, the central
trochlea was found to extend 2.5 mm more proximally than
in control knees, and this increase in length correlated with
measurements of trochlear dysplasia. TEA and TAA mea-
surements may have utility in defining the indications for
surgical procedures that address trochlear length. As groo-
veplasty procedures and radiographic examinations of the
trochlea are often based on the proximal extent of the car-
tilaginous trochlea, further studies are needed to identify
the role of trochlear length in the assessment and treat-
ment of trochlear dysplasia in the setting of patellar
instability.
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