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Background: A well-established reference is lacking for diagnosing lateral patellar compression syndrome
(LPCS), and this diagnosis currently depends on clinicians’ subjective judgment and several examination
results. X-rays are primarily used to diagnose LPCS, but they have low detection rates of patellar tlt using
the congruence angle (CA) and patellar tilting angle (PTA).

Methods: We enrolled 87 patients (31 men and 56 women; mean age: 42.11£15.33 years) between 2016
and 2019 and divided them as per diagnosis into three groups of 29 each: LPCS, patellar dislocation (PD,
control), and meniscus tear (MT, negative control) groups. A senior radiologist and the chief physician
of sports medicine examined their patellar axial radiographs of the knee in 30° flexion using a computer
imaging system, measuring LPCA, CA and PTA. Univariate analysis of variance and Kruskal-Wallis H test
were used to compare measurement data with normal distribution and non-normal distribution, respectively.
Bonferroni correction was used to analyze different indicators for different groups. The area under the curve
(AUC) was calculated to verify the value of LPCA in the initial diagnosis of LPCS.

Results: LPCA (19.88+7.49) was significantly higher in LPCS group than in MT (13.68+4.69) and
PD groups (10.16+4.43) (P<0.01) and was also significantly higher on affected side than on healthy side
(16.44+5.00) (P=0.04). LPCA >13.9° had sensitivity and specificity of 89.66% and 68.97%, respectively, for
LPCS diagnosis (AUC: 0.82, 95% confidence interval: 0.719-0.891, P<0.001).

Conclusions: We demonstrated that LPCA measured using an axial patellar radiograph of the knee in 30°
flexion is high in patients with LPCS, and it may be used for diagnosing LPCS.
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Introduction

Lateral patellar compression syndrome (LPCS) covers a
series of clinical symptoms and signs and is caused by an
abnormal increase in lateral patellofemoral joint pressure.
This occurs with the long-standing lateral inclination of
the patella without dislocation, adaptive shortening of the
lateral retinaculum, and chronic stress imbalance between
the internal and external articular surfaces. Its pathogenesis
mainly involves increasing lateral stress on the patella (1-5),
with patellar cartilage injury and patellofemoral joint pain
being the most important pathological change (6) and most
common manifestation, respectively (5).

Because the etiology and pain mechanism of LPCS is
complex and diverse, it is very difficult and controversial
to accurately describe its clinical symptoms and establish
definite diagnostic criteria. To date, no well-established
reference for diagnosis exists. Currently, its diagnosis
mainly depends on the subjective judgment of clinicians and
several examination results (7-11).

Examination methods including X-ray, computed
tomography (CT), magnetic resonance imaging (MRI), and
arthroscopy are used in diagnosing LPCS. Although CT
can measure the position of the patella, it is inadequate to
evaluate the damage of the patellar joint surface in the early
stage and is thus unable to evaluate the treatment effect.
Moreover, the amount of radiation exposure to patients
in CT is 10 times that of X-ray. Arthroscopy can precisely
diagnose articular cartilage injury. However, it is an invasive
procedure and is unable to detect early-stage articular
cartilage lesions (12). MRI has the advantage of stereoscopic
evaluation of the joint structure in high resolution.
Compared with the other methods, it is the most advanced
imaging method for diagnosing and monitoring LPCS (13).
However, its sensitivity for patellofemoral joint lesions in
LPCS is only 70% (14), and some new technologies such as
gradient echo can achieve 90% sensitivity (15). Moreover,
MRI is not suitable as the first choice of examination;
thus, X-ray diagnosis and its derivatives are still the first
choice (16).

Although knee joint X-rays are primarily used to diagnose
LPCS, their detection rate of patellar tilt by measuring the
congruence angle (CA) and patellar tilting angle (PTA) is
low. Currently, its detection rate for patellar tilt by using
PTA is approximately 70-80% (17). Some studies suggest
that the narrow space of the lateral patellofemoral joint
can be easily demonstrated on axial patellar radiographs
along with the following features: bone volume on the
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medial joint surface, sclerosis of the subchondral bone on
the lateral joint surface, and development of osteophytes
on the lateral joint surface. These radiographs show unique
advantages in detecting early patellofemoral arthropathy,
patellar displacement, tilt, and dislocation (18-20).

We investigated whether the lateral patellar curvature
angle (LPCA) measured on axial patellar radiograph of
the knee in 30° flexion can be used as a new index for
diagnosing LPCS. We enrolled patients with LPCS,
meniscus tear (MT), and patellar dislocation (PD) because
they show the clinically similar symptom of anterior knee
pain. The differences in imaging parameters including CA,
PTA, and LPCA were analyzed among these three groups
using axial patellar radiography. We thus explored the
significance of relevant indicators in the diagnosis of LPCS,
and the study results may provide guidance and a reference
for the clinical diagnosis of LPCS.

We present the following article in accordance with
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-6410).

Methods
Study participants

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The Ethics
Committee of Hospital (IRB00006761-M2019464)
approved our study, and the ethics committee exempted
the study from requiring informed consent from study
participants. We enrolled 87 eligible volunteers from the
Institute of Sports Medicine between February 2016 and
April 2019. They were divided into the following three
groups of 29 each as per diagnosis: LPCS, PD, and MT
groups. They were diagnosed after therapeutic surgery by
doctors from the same department, with all surgeries being
unilateral and with 87 knees in total.

LPCS diagnosis

LPCS was jointly diagnosed by the surgeon and the medical
team leader after thoroughly examining symptoms, signs,
and results of physical examination, imaging analyses, and
intraoperative arthroscopy. For diagnosis, the following
manifestations were examined: (I) persistent anterior knee
pain aggravated by stress on the patellofemoral joint.
(II) The lateral margin or lateral retinaculum showing
limited tenderness points on physical examination along
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Figure 1 Schematic of measurement of the lateral patellar
curvature angle. Point O is the lowest point of the middle patellar
ridge, point P is the point of tangency of the lateral patellar
articular surface at the medial side, point Q is the point of tangency
of the lateral patellar articular surface at the lateral side, and
2POQ is the lateral patellar curvature angle (LPCA).

with positive patellar grinding and patella elution tests. (III)
Imaging examination demonstrating lateral inclination of
the patella; narrowed lateral patellofemoral joint space on
X-ray, CT, and MRI; and MRI T1p showing contracture
and tapering of the lateral retinaculum and degenerative
changes in the patellofemoral articular cartilage (3,8,9).

Inclusion criteria of LPCS group

LPCS was confirmed based on the aforementioned
examination and findings of arthroscopy, symptoms of knee
joint pain, and unilateral knee joint lesions.

Exclusion criteria of LPCS group

The exclusion criteria were as follows: patients with
meniscal injury, ligament injury, malunion of patella
fracture, free bodies in the joint, surgical contraindications,

and with both knees affected.

Inclusion criteria of MT group

MT was confirmed based on MRI and arthroscopic
findings, symptoms of pain and swelling of the knee joint,
and unilateral knee joint lesions.

Exclusion criteria of MT group

Patients with a history of knee surgery; severe osteoporosis
(according to Chinese diagnostic criteria); severe heart,
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liver, kidney, and other organ dysfunction; and rheumatoid
arthritis or knee osteoarthritis were excluded from the M'T

group.

Inclusion criteria of PD group

PD was confirmed by combining medical history, signs,
and radiographic findings; lateral dislocation of patella; and
unilateral knee joint lesions.

Exclusion criteria for PD group

Patients with previous knee surgery or collateral ligament
injury and rheumatoid arthritis were excluded from this

group.

Method of patellar axial radiography

Both the case group and control groups underwent patellar
axial radiography for both knees in 30° flexion. The
radiographs were taken by a radiologist in accordance with
standard operating procedures as follows: the knee joint
was placed on a frame and was flexed at 30°, the lower limb
muscles were relaxed, and the ball tube passed through the
patellofemoral joint at a tangent to the foot. The imaging
indexes on from these axial films were analyzed.

Iimage analyses

A senior radiologist and the chief physician of sports
medicine used the hospital imaging system to repeatedly
measure the following imaging indexes on the images for
87 patients according to a unified procedure.

Main observation indicators

For measuring LPCA, two tangents were drawn at a tangent
to the lateral articular surface of the patella from the lowest
point O of the middle patellar ridge. A is the tangency
from medial to lateral, and P is the tangency point. B is
the tangency from lateral to medial, and its tangent point
is Q (Figure I). To measure PTA, we measured the angle
between the line passing through the widest transverse axis
of the patella and the line passing through the medial and
lateral condyles of the femur. In the normal population,
PTA is 11.0°+2.5° and should not be greater than 15° (21),
which is an important index to diagnose PD (22) (Figure 2).
To measure CA, we first drew the angle made by connecting
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Figure 2 Schematic of measurement of the patellar tilting angle.
AO is the line through the widest transverse axis of the patella, BO
is the line between the medial and lateral condyles of the femur,

and £ZAOB is the patellar tilting angle (PTA).

Figure 3 Schematic of measurement of congruence angle. M and
L are the highest points of the medial and lateral condyles of the
femur, respectively. D is the lowest point of the trochlear groove of
the femur, O is the central ridge of the patella, and ZMDL is the
trochlear angle. Line A is the bisector of trochlear angle, and line
B is the connection of D and O. The angle between lines A and B
is the congruence angle (CA).

the highest point of the medial and lateral condyles of femur
with the lowest point of the trochlear groove of femur;
we then divided the trochlear angle equally and drew the
second line to connect the lowest point of the intermediate
ridge of the patella to the lowest point of the trochlear
groove of the femur. The angle between these two lines was
the CA. CA is -8°+9° in healthy people and >16° in patients
with lateral patella dislocation (23) (Figure 3).

Sample estimation

We measured LPCA in 39 patients before the study and
calculated the area under the curve (AUC). We then
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estimated the required sample size for the cases and controls
to be 29 and 58, respectively.

Statistical analysis

Measurement data are summarized as mean = standard
deviation. Univariate analysis of variance was used for the
comparison of measurement data with normal distribution.
The Kruskal-Wallis H test was used for comparison of
measurement data with non-normal distribution. Bonferroni
correction was used to analyze different indicators for
different groups, and the 7-test was used for index
comparison within the same group. The interference of sex
can be eliminated by comparing the difference in the same
index in different sexes. The counting data are described
as rates (percentages) and were compared using the chi-
square test. We used SPSS 21.0 for statistical analysis of the
data and MedCalc v19.0.7 was used for calculating the area
under the receiver operating characteristic (ROC) curve.
Statistical significance was set at P<0.05.

Results
Basic information

Among the 87 patients (31 men and 56 women; mean age:
42.11£15.33 years; age range: 13-69 years), no differences
were observed on the affected side between the three groups
(P=0.955). The age in the LPCS group was significantly
higher than that in the PD group (P<0.001). A significant
difference in sex was observed between the LPCS and M'T
groups (P<0.001) (1able I).

Previous reports suggest that PD and LPCS are more
common in adolescents (24) and older people, respectively
(5,25). The sex of patients in the three groups was not
completely matched. No significant sex difference in the
indexes was observed in this study (P>0.05), which could
eliminate sex as a confounding factor.

Comparison of imaging indexes on axial patellar
radiographs between three groups

The Kruskal-Wallis H test showed significant differences
among the three imaging indexes within the groups
(P<0.001). No differences were observed in PTA between
the LPCS and MT groups (P=0.576) or in CA between the
LPCS and PD groups (P=0.451). Moreover, LPCA in the
LPCS group was higher than that in the other two groups
(P<0.01) (Tatble 2).
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Table 1 Basic information of the three groups of patients
Sex Affected side
Group Age
Man Woman Left Right
LPCS 51.3+13.7 [18-69] 4 (13.79%) 25 (86.21%) 16 (565.17%) 13 (44.83%)
MT 46.5+11.5 [21-64] 19 (65.52%) 10 (34.48%)* 15 (51.72%) 14 (48.28%)
PD 28.5+10.2 [13-47]* 8 (27.59%) 21 (72.41%) 16 (65.17%) 13 (44.83%)
F/x2 value 29.994 18.142 0.093
P value <0.001 <0.001 0.955

*, represents that compared with LPCS group, P<0.05. LPCS, lateral patellar compression syndrome; MT, meniscus tear; PD, patellar

dislocation.

Table 2 Comparison of imaging indexes of the affected side of the
three groups

Table 3 Comparison of LPCA between the affected and healthy
sides in the three groups

Group LPCA PTA CA
LPCS 19.88+7.49 10.04+5.37 11.36+21.96
MT 13.68+4.69 12.44+4.50 -3.8+11.56
PD 10.16+4.43 21.60+10.48 17.43£17.22
Z value 28.531 24.826 19.521

P value <0.001 <0.001 <0.001

P1 () value  0.009 (2.977) 0.576 (1.305) 0.013 (2.863)
P2 (z) value <0.001 (5.329) <0.001 (4.817)  0.451 (1.482)
P3 (z) value  0.056 (2.353) 0.001 (3.512)  <0.001 (4.346)

Using Bonferroni correction, P<0.017 is significant. P1, comparison
between the LPCS and MT groups; P2, comparison between
the LPCS and PD groups; P3, comparison between the MT and
PD groups. LPCS, lateral patellar compression syndrome; MT,
meniscus tear; PD, patellar dislocation; LPCA, lateral patellar
curvature angle; PTA, patellar tilting angle; CA, congruence
angle.

Comparison of LPCA between bealthy and affected sides in
the three groups

No differences were observed in LPCA between the healthy
and affected sides in the M'T and PD groups (paired 7-test,
P>0.05), whereas the LPCS group showed significant
differences between the sides (paired 7-test, P=0.04; Table 3).

Comparison of imaging indexes between bealthy and
affected sides of the LPCS group

The paired T-test showed no difference in PTA and CA
between the healthy and affected sides in the LPCS group
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LPCA LPCA

Group (affected side) (healthy side) | VaUe P value
LPCS group 19.88+7.49  16.44:500  3.166  0.04
MTgroup  13.68:4.69 13.74x4.42 -0111 0912
PDgroup  10.16:4.43 10.07:5.08  0.149  0.883

LPCS, lateral patellar compression syndrome; MT, meniscus
tear; PD, patellar dislocation; LPCA, lateral patellar curvature
angle.

(P>0.05); however, LPCA on the affected side was higher
than that on the healthy side in the LPCS group (P=0.04)
(Tuble 4).

ROC curve of LPCA

To confirm the value of LPCA in the diagnosis and
differential diagnosis of LPCS, an ROC analysis of the
three imaging indexes was performed. The patients in the
LPCS group were classified as the positive group, and the
patients in the M'T and PD groups were the negative group.

The AUC of LPCA was the largest, as observed in Table 5.
The analysis showed that an LPCA of >13.9° determined
the presence of LPCS with sensitivity and specificity of
89.66% (26 of 29) and 68.97% (40 of 58), respectively
(AUC: 0.82, 95% confidence interval: 0.719-0.891,
P<0.001).

Discussion

The results of our study showed that LPCA in the LPCS
group was significantly higher than that in the other two
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Table 4 Comparison of imaging indexes between the affected and
healthy sides in the LPCS group

Imaging LPCS group  LPCS group

parameters (affected side) (healthy side) Tvalue P value
PTA 10.04+5.37 9.47+5.00 0.630 0.534
CA 11.36£21.96  9.59+20.66 0.665 0.512

LPCS, lateral patellar compression syndrome; PTA, patellar
tilting angle; CA, congruence angle.

Table 5 AUC of the three imaging indexes

Imaging index AUC SE 95% ClI

LPCA 0.82 0.0529 0.719-0.891
CA 0.55 0.0675 0.442-0.659
PTA 0.73 0.0575 0.628-0.823

AUC, area under curve; SE, standard error; LPCS, lateral
patellar compression syndrome; PTA, patellar tilting angle; CA,
congruence angle.

groups; the AUC of LPCA in the initial screening of LPCS
was higher than that of PTA and CA.

PD is a common disease that needs to be differentiated
from LPCS. It is characterized by blunt pain around
the patellofemoral joint and has a higher incidence in
women (24). Although its symptoms and X-ray manifestations
are similar to those of LPCS, its pathogenesis is different.
Therefore, it is typically used as a control group.

MT is also a common knee disease requiring surgery;
however, it does not usually demonstrate a clear patellar
abnormality. M'Ts without patellofemoral cartilage damage
and patellar chondromalacia (26) are easily identified using
MRI. Therefore, it is classified as a negative control group.

Although an X-ray of the knee joint is the most basic
method for diagnosing LPCS, the detection rate of patellar
tilt by calculating CA and PTA is low. We hoped that LPCS
can be diagnosed more quickly and accurately through
the axial patellar radiograph. Therefore, we examined the
axial patellar radiographs of several patients with LPCS
and found a unique imaging feature. The lateral articular
surface of patella is deeper and more curved than that in
normal people because of osteophyte formation and patellar
malacia. Hence, we thought of using the new index LPCA
to measure this rare characteristic, that is, the curvature of
the affected lateral articular surface of the patella.

We think that LPCA can be used to evaluate the degree
of deformity and osteophyte formation of the lateral
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patellar articular surface, thus aiding the diagnosis of LPCS.
Our results showed that LPCA was significantly higher
in the LPCS group than in the other two groups. This
demonstrated a relatively obvious deformity of the lateral
patellar articular surface consistent with the pathological
characteristics of patellar malacia in LPCS (6).

The AUC of LPCA was the largest. Moreover, the
positive value of LPCA was higher than its negative value
when preliminary screening for LPCS was performed.

Limitations

"This study has limitations. The patients’ age and sex are not
matched, and the new index is lack of comparing the case
group and normal population. Technical limitations may
have led to errors with the manual measurement of data.
The imaging indexes of our study require high-quality X-ray
films, especially for axial X-ray films.

Conclusions

In our study, we demonstrated that LPCA measured using
an axial patellar radiograph of the knee in 30° flexion is high
in patients with LPCS, and it may be used for diagnosing
LPCS.
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