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Decreasing Thickness of Partial Lateral Trochlear
Cartilage in Patients with Patellar Instability

Chongyi Fan, MD, Ming Li, MD, Guangmin Yang, MD, Xunkai Feng, MD, Fei Wang, DC

Department of Joint Surgery, The Third Hospital of Hebei Medical University, Shijiazhuang, China

Objective: To explore morphological characteristics of patellofemoral joint surface of patients with patellar instability
by adopting the MRI-based method.

Methods: A retrospective analysis was performed from March 2016 to January 2020 to assess morphological charac-
teristics of the patellofemoral joint surface by Magnetic Resonance Imaging (MRI) scanning knees of 30 patients
(24 females, six males) with patellar instability and trochlear dysplasia and knees of 30 subjects from a randomly
selected control group (25 females, five males). The control group was matched as per age and sex. All participants
had undergone MRI scans in the supine position and keep knees in or near full extension. Six parts were measured in
total, including thickness of trochlear cartilage, thickness of patella cartilage, cartilaginous sulcus angle, cartilaginous
Wiberg angle, contact range and frequency and distributions of the mean difference measurement of the femoral troch-
lea, to evaluate the difference of trochlear and patellar morphology between the patient group and the control group.
The threshold for statistical significance was set at P < 0.05.

Results: There were significant differences in four values between the two groups (P < 0.05). The cartilage thickness
two-third along the lateral condyle in the patient group was significantly lower than that in the control group
(LCT2,1.80 � 0.37 vs 2.06 � 0.52, 1.92 � 0.36 vs 2.17 � 0.50), but there was no significant difference in other
sites. There was no significant difference in patella thickness between the patient group and the control group. The
cartilaginous sulcus angle in the patient group was larger than that in the control group (157.90 � 6.64 vs
142.23 � 3.95, P < 0.001), but there was no significant difference in cartilaginous Wiberg angle. The patient group
had a larger initial contact ratio (59.47 � 6.13 vs 46.50 � 3.67, P < 0.001), and a smaller contact range
(16.55 � 4.14 vs 27.55 � 4.09, P < 0.001). The deepest part of the intercondylar suclus appears more often in the
lateral of the deepest part of the osseous concavity of the femoral trochlea. Among the patient group, 18 cases (60%)
were found with the deepest part of the intercondylar suclus lateral to the deepest point of the osseous concavity of
the femoral trochlea while among the control group only 4 cases (13.33%) were found. The distribution of trochlear
dysplasia of Dejour grades was type B (n = 22), type C (n = 5), and type D (n = 3).

Conclusion: Thickness of partial lateral trochlear cartilage decreases in patients with patellar instability and the troch-
lear cartilage develops abnormal morphological characteristics. Moreover, it also suggests that MRI can be used to
further present the morphology of cartilage for the convenience of surgical planning.
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Introduction

Recurrent patellar dislocation is a repeated dislocation
that follows from an initial episode of minor trauma dis-

location1. It generally occurs to patients who have been found
with various predisposing factors and causes, such as trochlear

dysplasia and the Medial patellofemoral ligament injury and
so forth2. Trochlear dysplasia is one of the major predisposing
factors related to patella instability, especially in children and
adolescents3. Chronic abnormal patellofemoral joint stress is
most likely to lead to patellar softening and accelerate the
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development of patellofemoral arthritis4. Non-surgical treat-
ment is not effective in preventing the patellar dislocation,
and may lead to further injuries of the patellofemoral articular
cartilage5. In clinical practices, X-ray examination and com-
puted tomography (CT) are widely used to diagnose the mor-
phology of the trochlear, which is limited when studying
morphological changes of early patellofemoral arthritis carti-
lage caused by patella instability. Furthermore, associated
studies show patients with patellar dislocation or subluxation
are more likely to cause bony dysplasia of the trochlear joint.
What is more, early relocation could reduce the incidence of
trochlear dysplasia6. Meanwhile, peers must be aware that
radiographic indices for measuring the osseous anatomy of
the patella and femoral trochlea may not represent the surface
morphology of the patellofemoral joint7. Therefore, further
studies on the morphology of articular cartilage are necessary.
Previous studies have evaluated cartilage-bone mismatch in
the dysplastic trochlea. Yamada et al. also used 3D MRI in
discovering that the lateral distribution of cartilage in patients
with recurrent patellar dislocation was more obvious than that
in the control group8. It is well known that patients with
patellar instability are often accompanied by damage to articu-
lar cartilage, which may also cause edema of articular carti-
lage9, 10. In recent years, researches have shown that the
WNT/ β-catenin pathway can inhibit the formation of carti-
lage, stimulate hypertrophy of cartilage cells and regulate the
formation and damage of articular cartilage11. Besides, other
authors have also mentioned that mechanical stress can pro-
mote inflammation of cartilage repair9. In addition, Wang
et al. reported that early relocation of the patella can prevent
femoral trochlear dysplasia in growing rabbits12. Furthermore,
previous studies have described that early patellar reduction
can also improve the morphology of the femoral groove13, 14.
The lateralized patella concentrated excessive mechanical
stress on the lateral condyle, whether it will cause hyperplasia
or wear on the lateral surface is unknown. Meanwhile,
whether the insufficient stress on the center and medial troch-
lear facet could lead to degeneration or proliferation of the
trochlear cartilage remains unknown. Therefore, it needs fur-
ther studies how thickness of patellofemoral articular cartilage
will change under the long-term abnormal stress.

The main purposes of this research are: (i) to compare
the thickness, distribution and contact range of trochlear carti-
lage and patella cartilage between normal subjects and patients
with patellar instability by analyzing the MRI-based measure-
ments of patients with patellar instabilities; (ii) explore mor-
phological characteristics of the patellofemoral joint surface:
and (iii) and hypothesize that there would be a decrease in the
thickness of the patellofemoral articular cartilage due to
chronic abnormal stress.

Materials and Methods

Inclusion and Exclusion Criteria
Patient selection was based on the following inclusion
criteria: (i) clinically diagnosed patients had a history of

recurrent patellar dislocation (≥3 times); (ii) physical find-
ings, like a lateral position of the patella, passive subluxation
of the patella, a positive apprehension sign in response to a
lateral thrust to the patella etc, were objective; (iii) there were
radiologic evidences that confirm the dislocation or subluxa-
tion by MRI. The exclusion criteria were: (i) body mass
index (BMI) > 30 kg/m2; (ii) patellar chondromalacia or
patellofemoral arthritis; and (iii) there was history of knee
surgery and trauma.

Patients’ Information
We retrospectively analyzed some patients with patellar
instability in Third Hospital of Hebei Medical University
from March 2016 to January 2020. Thirty patients (patient
group) were selected according to the above criteria, con-
taining six males and 24 females, whose ages range from
13 to 23 years old.

The control group consisted of patients without any
radiological signs of trochlear dysplasia, or clinical signs of
objective and subjective patellofemoral instability. The con-
trol group was matched as per age and sex (30 cases, five
males and 25 females ranging from 13 to 23 years old).

MRI Measurement
The MRI used for this study were obtained with a 1.5T MRI
(Sonata Magnetom, Siemens Medical Solutions, Erlagen,
Germany) with the knee in or near full extension. All mea-
surements were performed on the PACS (Picture Archiving
and Communications System; General Electrics, Chicago, IL,
US) using a mouse cursor with automated distance or angle
calculation. Six parts were measured in total, including thick-
ness of trochlear cartilage, thickness of patella cartilage, carti-
laginous sulcus angle, cartilaginous Wiberg angle and contact
range and frequency and distributions of the mean difference
measurement of the femoral trochlea.

Outcome Measures

Evaluation of the Thickness of the Articular Cartilage
The trochlear cartilage to be measured was selected in the
next plane, near the proximal femur, after the trans-
epicondylar axis. This level shows the boundary between
bone and cartilage was seen more clearly on MRI. Moreover,
many previous studies have shown that the proximal troch-
lear cartilage is dysplastic15, 16, so this level can better reflect
the changes of the trochlear cartilage. We used the method
of van Huyssteen et al. to measure the cartilage’s thickness at
five positions of the trochlea10. (the thickness of the cartilage
in the sulcus at one-third and two-thirds along each con-
dyle, Fig. 1).

The thickness of the patella was measured at three posi-
tions. The cartilage of the patella was divided into three subre-
gions, as previously described9. The transverse diameter was
measured in ‘mm’ between the most medial and the most lateral
edge of the patella and was defined as the baseline. Two perpen-
dicular lines to (BL) through the cartilaginous and the
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subchondral posterior patellar edge were drawn to measure the
vertical cartilaginous (BLC) and subchondral (BLS) patella size of
the articular part of the patella (in mm). The thickness of the ret-
ropatellar cartilage (T) was calculated out of the difference
between (BLC) and (BLS) in mm, according to Staubli et al.
(Fig. 2A). Select the midpoint of the facies lateral and the medial
surface of patella respectively to measure the difference between
the osseous structure and cartilage structure as the thickness of
the medial cartilage and the lateral cartilage (Fig. 2B).

We measure five values of the trochlea, including
trochlear groove cartilage thickness (TGCT), the mean carti-
lage thickness one-third along the lateral (LCT1) and medial
condyles (MCT1) and the mean cartilage thickness two-third
along the lateral (LCT2) and medial condyles (MCT2). We
measure three values of the patella, including medial patellar

cartilage thickness (MPCT), lateral patellar cartilage thick-
ness (LPCT) and patellar crest cartilage thickness (PCCT).

Frequencies and Distributions of the Mean Differences
Measurement for the Femoral Trochlea
The measurement refers to the mean distance differences for
the locations of the deepest part for the surface concavities
of the intercondylar sulcus(C) and the corresponding deepest
part of the osseous contour of the femoral trochlea (S). Con-
struct a medial tangent (M) that is perpendicular to posterior
femoral tangent (PFT)7; assess the matching relation between
the deepest part for the surface concavities of the inter-
condylar sulcus and the corresponding deepest part of the
osseous contour of the femoral trochlea by comparing MS
with MC (Fig. 3A).

Fig. 1 MRI scans showing trochlea

cartilage thickness. LCT2, MCT2, the

mean cartilage thickness two-third

along the lateral and medial condyles

(white arrow 1,5); LCT1, MCT1, the

mean cartilage thickness one-third

along the lateral and medial condyles

(white arrow 2,4); TGCT, trochlear

groove cartilage thickness (white

arrow 3).

A B

Fig. 2 MRI scans showing patellar cartilage thickness. (A) The thickness of the retropatellar cartilage (T) was calculated out of the difference

between (BLC) and (BLS). PCCT, patellar crest cartilage thickness (T); (B) Select the midpoint of the facies lateral and the medial surface of patella

respectively to measure the difference between the osseous structure and cartilage structure as the thickness of the medial cartilage and the lateral

cartilage. MPCT, medial patellar cartilage thickness (white arrow 1), LPCT, lateral patellar cartilage thickness (white arrow 3).
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Evaluation of the Contact Range of the Articular Cartilage
Through MRI sagittal plane, observe, from medial to lateral,
the contact (Fig. 4B,C) and separation (Fig. 4A,D) of patella
and trochlear cartilage. Select the plane of transepicondylar
axis, and adopt the posterior condyle line as the baseline,
with the position of the medial epicondyle is defined as the
origin of this coordinate system, and the position of the lat-
eral epicondyle represents 100%. Calculate the proportions
of the distance between the first contact and the last contact
in the coordinate system. (Fig. 4E).

Statistical Analysis
All of measurements were statistically analyzed by t test; If
the data had been found not normally distributed, Mann–
Whitney U non-parametric test would have been alterna-
tively taken. A P value less than 0.05 was considered statisti-
cally significant. The thickness of cartilage was separately
measured by two of the authors, who were then blinded to
the results and interclass correlation coefficient (ICC) was
then calculated. Zero indicated no agreement, 0 to 0.2 was a
mild agreement, 0.2 to 0.4 was a fair agreement, 0.4 to 0.6
was a moderate agreement, 0.6 to 0.8 was a substantial agree-
ment, and 0.8 to 1.0 was excellent agreement. The data were
represented with mean � standard deviation (SD). All ana-
lyses were performed using SPSS software (Version 21.0,
IL, USA).

Results

Demographic
From March 2016 to January 2020, MRI scanning was per-
formed on 30 patients (24 females, six males) with patellar
instability, and 30 cases of knees (25 females, five males) were
randomly selected for a retrospective analysis. Patients aver-
aged at 17.30 � 3.13 years old (13 to 23 years) while the aver-
age age of the control group was 17.27 � 3.11 years old (13 to
23 years). The average BMI of patients was 23.23 � 2.71
kg/m2 and that of controls was 22.50 � 1.68 kg/m2 (Table 1).

The patients with patellar instability were classified
into Dejour type17, with 3 grade D, 5 grade C and 22 grade
B in 30 knees.

Cartilage Thickness
There was a significant difference in cartilage thickness two-
third along the lateral condyle (1.80 � 0.37 vs 2.06 � 0.52,
P = 0.031; 1.92 � 0.36 vs 2.17 � 0.50, P = 0.029), but there
were no significant differences in the thickness of other mea-
sured cartilage. The ICC results for the two observers ranged
from 0.879 to 0.990. All measurement data are shown in
Table 2.

Cartilaginous Sulcus Angle and Wiberg Angle
The mean angle of cartilaginous sulcus angle was
157.90� � 6.64�(143�to173�) in patients and 143.23� � 3.95�

A B

C D

Fig. 3 (A) The relationship between

the deepest part of the intercondylar

sulcus and the corresponding deepest

part of the osseous contour of the

femoral trochlea. (B) lateral

(MC > MS). (C) medial (MS < MC) (D)

match (MS = MC). MC: The distance

from the deepest part for the surface

concavities of the intercondylar sulcus

to a medial tangent that is

perpendicular to posterior femoral

tangent. MS: The distance from the

corresponding deepest part of the

osseous contour of the femoral

trochlea to a medial tangent that is

perpendicular to posterior femoral

tangent.
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A

C

D

E

B

Fig. 4 Assess the contact range of patellofemoral articular cartilage. A to D are four consecutive planes. (A) uncontacted plane: patellofemoral joint

cartilage in the sagittal plane is not in contact. (B) contacted plane: patellofemoral joint cartilage in the sagittal plane is in contact, in the meantime,

the coronal plane is regarded as the first plane of contact. (C) contacted plane: patellofemoral joint cartilage in the sagittal plane is in contact, in the

meantime, the coronal plane is regarded as the last plane of contact. (D) separation plane: separation of the patella from the femoral trochlear in the

sagittal plane. (E) contact range: the range from B to C (the range between the red line and the yellow line) The position of the medial epicondyle is

defined as the origin of this coordinate system, and the position of the lateral epicondyle represents 100%.Calculate the proportion of the distance

between the red line and the yellow line in the coordinate system.
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(137�to 152�) in controls. There was significant differences in
cartilaginous sulcus angle which was larger in patients
(P < 0.001). The mean angle of cartilaginous Wiberg angle
was 140.97� � 3.57� (131�to148�) in patients and 142.23� �
5.87� (137�to 156�) in controls. There were no significant dif-
ferences in cartilaginous Wiberg-angle (P = 0.316) (Table 3).

Frequencies and Distributions of the Mean Differences
Measurement for the Femoral Trochlea
In the patient group 18 knees (60.00%), the deepest part of
the intercondylar suclus is lateral to the deepest part of the
osseous concavity of the femoral trochlea (Fig. 3B), and in
4 knees (13.33%), the deepest part of the intercondylar sulcus
is medial to the deepest part of the femoral trochlea
(Fig. 3C). In 8 knees (26.67%), the contours of cartilage sur-
face and subchondal bone match (Fig. 3D).

In the control group, four knees (13.33%), the deepest
part of the intercondylar suclus is lateral to the deepest part
of the osseous concavity of the femoral trochlea, and in
16 knees (53.34%), the deepest part of the intercondylar sul-
cus is medial to the deepest part of the femoral trochlea. In
10 knees (33.33%), the contours of cartilage surface and sub-
chondal bone match.

According to the frequencies and distributions of the
mean differences measurement for the femoral trochlea, the

deepest part of the intercondylar suclus appears more often
in the lateral of the deepest part of the osseous concavity of
the femoral trochlea (Table 4).

The Contact Range of the Articular Cartilage
The mean ratio of initial contact ratio was 59.47% � 6.13%
(45% to 70%) in patients and 46.50% � 3.67% (41% to 59%)
in controls. The mean ratio of contact range was 17.33% �
3.74% (13% to 26%) in patients and 27.56% � 3.41% (18%
to 32%) in controls. There were significant differences in ini-
tial contact ratio (59.47% � 6.13% vs 46.50% � 3.67%,
P < 0.001) and contact range (17.33% � 3.74% vs 27.56% �
3.41%, P < 0.001). Patellas of the patient group were found
to be more lateralized obviously than that of the control
group, and the contact range between the patella and the
femoral trochlea was smaller. There were no significant dif-
ferences in terminal contact ratio (Table 5).

Discussion

Trochlear Cartilage Thickness
Our study showed, compared with the control group, the
patients have lower cartilage thickness at the LCT2 site, and
the result was statistically different. Measurements suggested
the cartilage thinkness in the trochlear groove was the largest
and that of the condyle was the smallest, consistent with
results of van Huyssteen et al.10. Ficat et al. once put forward
the concept of Excessive Lateral Pressure Syndrome, that
excessive lateral pressure of the patella could cause the
patient’s pain on the outside of the knee joint, which might
lead to wear on the lateral of the trochlea, resulting in thin-
ner lateral cartilage of the trochlea, and loss of the lateral
cartilage of the trochlea18. In the process of chronic patellar
instability, the wear on the patellar cartilage may gradually
lead to the development of patellofemoral arthritis due to
excessive lateral pressure of the patella. This idea has been
confirmed by our research results. Hence, early surgical
reduction of the patella can change the mechanical

TABLE 1 patients and controls’ demographic characteristics

Characteristics Patients (n = 30) Controls (n = 30)

Gender
Male 6 5
Female 24 25
Age, years (range) 17.30 � 3.13

(13–23)
17.27 � 3.11 (13–23)

BMI (kg/m2) 23.23 � 2.71 22.50 � 1.68
Side
Right 10 8
Left 20 22

TABLE 2 Patients and controls’ cartilage thickness measurements

Thickness (mm)

Observer 1 Observer 2

ICCPatients Controls P Patients Controls P

MCT2 1.97 � 0.52 2.04 � 0.44 0.559 2.06 � 0.49 2.11 � 0.43 0.621 0.963
MCT1 2.02 � 0.52 2.12 � 0.46 0.433 2.09 � 0.49 2.21 � 0.43 0.293 0.938
TGCT 2.33 � 0.66 2.62 � 0.78 0.122 2.41 � 0.62 2.69 � 0.74 0.122 0.962
LCT1 2.03 � 0.41 2.26 � 0.56 0.091 2.04 � 0.43 2.22 � 0.50 0.139 0.918
LCT2 1.80 � 0.37 2.06 � 0.52 0.031 1.92 � 0.36 2.17 � 0.50 0.029 0.879
PCCT 2.37 � 0.56 2.51 � 0.63 0.372 2.37 � 0.56 2.51 � 0.63 0.520 0.988
MPCT 2.37 � 0.63 2.48 � 0.80 0.568 2.40 � 0.62 2.52 � 0.77 0.456 0.971
LPCT 2.44 � 0.75 2.74 � 0.66 0.104 2.51 � 0.73 2.81 � 0.64 0.095 0.990

LCT1,MCT1, the mean cartilage thickness one-third along the lateral and medial condyles; LCT2,MCT2,the mean cartilage thickness two-third along the lateral
and medial condyles; LPCT, lateral patellar cartilage thickness; MPCT, medial patellar cartilage thickness; PCCT, patellar crest cartilage thickness; TGCT, trochlear
groove cartilage thickness.; Bold letters in the table indicate that the item is statistically significant.
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environment of the patellofemoral joint, reduce the incidence
of early patellofemoral arthritis and change the surface mor-
phology of the patellofemoral joint, which is of great signifi-
cance to the selection of the treatments for patients with
patellar instability or dislocation.

To our knowledge, mechanical stress is one of the most
significant factors influencing cartilage and bone develop-
ment19. In addition, changes in microstructure and morphol-
ogy of trochlear subchondral bone will affect its capacity to
disperse the mechanical stress from the cartilage, thus caus-
ing abnormal mechanical stress on cartilage, and inducing
cartilage damage such as defects and collagen breakdown.
Studies showed that excessive mechanical stress could
directly damage the cartilage extracellular matrix and shift
the balance in chondrocytes to favor catabolic activity over
anabolism20, 21, whereas reduced loading also created catabolic
responses within articular cartilage22. In our study, a significant
decrease in the thickness of the lateral cartilages of the trochlea

was observed, while this was not the case in the medial and
central parts of the trochlea. We consider that this may be due
to the inconspicuous degeneration of the patellofemoral carti-
lages despite the early reduction in the medial and central
stresses. The abnormal stress environment caused by patellar
instability may lead to degeneration of the trochlear cartilage,
which may be one of the leading factors resulting in early
patellofemoral arthritis in patients with patellar instability23.

Cartilage Morphology
Our study showed that the sulcus angle of cartilage in the
patient group was greater than that in the control group.
Trochlear dysplasia is considered to be a key factor causing
patellar instability1, 24. In patients with patellar instability,
the dysplasia of the medial and lateral femoral condyle
makes the depth of the trochlear groove become shallower
and the trochlear sulcus angle become larger, which also
leads to the poor movement trajectory of the patella in the
trochlear groove. The classification of trochlear imaging has
been widely recognized. Furthermore, Dejour, Locatelli et al.
and Tavernier et al. have also classified and measured the
trochlear morphology by CT17. In fact, the geometric shape
of the patellofemoral joint surface is not just the morphology
of the bone, and the morphology of the cartilage is much
more reflective of the actual morphology. Compared with
CT and X-ray studies, MRI has the advantage of showing the
distribution characteristics of cartilage in patients with patel-
lar instability8, 24, 25. According to 3D-MRI, Yamada et al.
considered that the femoral trochlear cartilage formed “con-
vex femoral trochlea” which made the convex cartilage at the
proximal end of the trochlear and caused the patella to fail
to properly enter the trochlear groove and lead to instability
or dislocation of the patella8. Our results showed that the
deepest part of the intercondylar suclus appeared more often
in the lateral of the deepest part of the osseous concavity of
the femoral trochlea. This might shorten the length of the
lateral trochlear surface and also bring the patella closer to
the lateral condyle and enter the femoral trochlea. Mean-
while, if accompanied by a decrease in the depth of the
trochlear groove, patellar dislocation became more possible.
In addition, it is speculated that stimulation of patellar lateral
subluxation may, in turn lead to the extraverted distribution
of the trochlear cartilage.

Contact Range of Cartilage
We measured the contact range between the patella and the
femoral trochlea. In the condition of stretching the knees of
18 patients with patellar instability, we found that range of
contact with the femoral trochlea was smaller and the
starting part of the contact range was closer to the lateral
boundary compared with the control group. The contact area
of the patellofemoral joint also changes with the difference of
knee flexion Angle. Hayes et al.26 study present that
the patellofemoral compressive stress between 30� and 60� of
the knee is the fastest, and Mills et al. 27 found that
patellofemoral softening occurred in the contact area between

TABLE 3 Cartilaginous sulcus angle and cartilaginous Wiberg
angle

Groups
Cartilaginous sulcus

angle (�)
Cartilaginous Wiberg

angle (�)

Patients 157.90 � 6.64 140.97 � 3.57
Controls 143.23 � 3.95 142.23 � 5.87
P value <0.001 0.316

Bold letters in the table indicate that the item is statistically significant.

TABLE 4 Frequencies and distributions of the mean differences
measurement for the femoral trochlea

(case, %) MC>MS MC<MS MC = MS

Patients 18,60.00% 4,13.33% 8,26.67%
Controls 4,13.33% 16,53.34% 10,33.33%

MC: The distance from the deepest part for the surface concavities of the
intercondylar sulcus to a medial tangent that is perpendicular to posterior
femoral tangent.; MS: The distance from the corresponding deepest part
of the osseous contour of the femoral trochlea to a medial tangent that is
perpendicular to posterior femoral tangent.

TABLE 5 Contact range measurements

Groups
Initial contact

ratio (%)
Terminal contact

ratio (%)
Contact
range (%)

Patients 59.47 � 6.13 76.13 � 4.90 17.33 � 3.74
Controls 46.50 � 3.67 74.47 � 2.49 27.56 � 3.41
P value <0.001 0.102 <0.001

Bold letters in the table indicate that the item is statistically significant.
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40� and 80� of the knee. Our study found that the patellar
contact was close to the outside in the patients with patellar
instability when they stretched their knees, indicating that
the patellar trajectory had already tilted outward when the
patella entered the trochlear groove. In addition, it is cur-
rently believed that the distribution of compressive stress on
patellofemoral joint surface should be relatively symmetrical,
but patellar instability breaks this balance, making the com-
pressive stress on the lateral contact surface higher, which is
more prone to cartilage lesions. Although some scholars
suggested that changes in the trochlear groove have a genetic
origin28, 29, there was a lack of precise hypotheses about
patella morphology and its genetics. In recent years, many
scholars believe that the chronic patellar instability occurs in
the early time, which may lead to the poor movement of the
patella and cannot effectively stimulate the normal formation
of the femoral trochlea, resulting in the dysplasia of the fem-
oral trochlea. In addition, previous studies have suggested
that early patellar reduction could improve the morphology
of the femoral groove12–14. Although our study found that
the patients with patellar instability had developed abnormal
morphology of articular cartilage, whether it is congenital
or acquired remains unclear. Since previous studies have
focused on the bone morphology of the trochlea, it remains
to be further explored whether early patellar reduction is
likely to change the articular morphology.

Patellar Cartilage Thickness
Fucentese et al. have described that the patella of patients
with trochlear dysplasia is smaller than that of the control
group in terms of both the transverse diameter and medial.
Moreover, the medial of the patella may be shaped not by
the reduction of pressure on it, but by the traction on the

medial30. We focused on measuring changes in patellar carti-
lage thickness. There was no significant difference in mea-
sured cartilage thickness and cartilaginous Wiberg-angle,
which was consistent with what Fucentese et al. had discov-
ered. The patellar dislocation is more likely caused by the
factor of transformed patellar morphology. In other words,
thickness of the patella cartilage changes under the influence
of the factor, so it cannot be regard as the cause.

There are several limitations to our MRI-based study.
Firstly, patients with patellar dislocation are often found with
knee swelling, so we need to choose the clearest image as far
as possible. Sometimes our failure to distinguish the bound-
ary between cartilage and the edge of the bony structure on
the image would cause measuring errors. Secondly, most of
the patients we included were Dejour type B trochlear dys-
plasia, subjective errors were prone to exist in the measure-
ment data since the lowest point of the trochlea groove was
not obvious in the type C or D trochlea, Finally, our sample
size is small. In future research, we should use a larger sam-
ple size to measure the cartilage thickness in multiple layers
so that changes in cartilage geometry and thickness can be
reflected in a more accurate way.

Conclusion
Our research shows that cartilage thickness of patients with
patellar instability decreases at LCT2 trochlear part and the
trochlear cartilage develops abnormal morphology, which
might worsen the malformation of trochlear dysplasia. More-
over, it also suggests that MRI can be used to further present
the morphology of cartilage for the convenience of surgical
planning. For children and adolescent patients, early reloca-
tion should be advocated to reduce the occurrence of long-
term patellofemoral arthritis.
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