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Abstract

the relationship between PTLFCFS and patellofemoral instability in magnetic resonance imaging (MRI).

chondromalacia patella relationship was also evaluated.

there was a positive correlation between the chondromalacia patella and the ventral trochlear prominence.

having high sensitivity and specificity suggest that these parameters can be used as risk factors and for the diagnosis.

imaging

Aim: The etiology of the patellar tendon-lateral femoral condyle friction syndrome (PTLFCFS) is not fully known and the
number of studies on the diagnosis, treatment, and prognosis of PTLFCFS is limited. The aim of this study was to evaluate

Material and Methods: Six morphological parameters were measured in MRI to evaluate patellofemoral stability
in patients with PTLFCFS (study group n = 82) and patients without detection PTLFCFS (control group n = 204) in the
knee MRI examination. These parameters include the Insall-Salvati ratio, ventral trochlear prominence, sulcus angle,
lateral trochlear inclination angle, patellar inclination angle, and patellar lateralization measurement. In addition, the

Results: The Insall-Salvati ratio, patellar inclination angle, patellar lateralization, sulcus angle, and ventral trochlear
prominence were significantly higher and lateral trochlear inclination angle was significantly lower in the study group than
in the control group. The incidence of chondromalacia patella was significantly higher in the study group. In the study group,

Conclusion: Among the factors causing PTLFCFS, patellofemoral instability was found to be effective. The measured parameters
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Amag: Patellar tendon-lateral femoral kondil stirtinme sendromunun (PTLFKSS) etiyolojisi tam olarak bilinmemektedir
ve PTLFKSS'unun tanisi, tedavisi ve prognozu ile ilgili calismalarin sayisi sinirhdir. Bu ¢alismada amacimiz PTLFKSS ile
patellofemoral instabilite iliskisini manyetik rezonans gortintiileme (MRG) ile degerlendirmektir.

Gere¢ ve Yontemler: Diz MRG'sinde PTLFKSS saptanan hastalarda (calisma grup n=82) ve PTLFKSS saptanmayan
hastalarda (kontrol grup n=204) patellofemoral stabiliteyi degerlendirmek icin alti morfolojik parametre MRG'de ol¢ildi.
Bu parametreler Insall-Salvati orani, 6n troklear cikinti, sulkus acisi, lateral troklear egim acisi, patellar egim agisi ve pateller
laterilizasyon 6l¢timu idi. Ayrica kondromalazik patella iliskisi de degerlendirildi.

Bulgular: Calisma grubunda kontrol grubuna gore Insall-Salvati orani, patellar egim acisi, patellar lateralizasyon, sulkus
acisi ve On troklear ¢ikinti anlamli olarak daha yiiksek ve lateral troklear egim acisi ise anlamli olarak daha disik bulundu.
Kondromalazik patella insidansi calisma grubunda anlamli derecede yulksekti. Calisma grubunda kondromalazik patellaile

on troklear cikinti arasinda pozitif bir korelasyon vardi.
Sonug: PTLFKSS' ye sebep olan faktérler arasinda patellofemoral instabilitenin etkili oldugu bulundu. Olciilen
parametrelerin yiiksek sensitivite ve spesifiteye sahip olmasi; bu parametrelerin hem risk faktorl, hem de tanida
kullanilabilecegi 6nerilmektedir.

Anahtar kelimeler: Patellar tendon-lateral femoral kondil siirtinme sendromu; patellar insitabilite; manyetik rezonans

goriintileme

Introduction

The knee is a hinge type joint in which the patellar tendon,
ligaments, and sections of fascia lata provide passive stabili-
zation, whereas the quadriceps muscle and aponeurosis pro-
vide active stabilization [1]. Excessive movement of the joint
is restricted externally by Hoffa (infrapatellar fat pad) and the
femoral and tibial condyles [1,2].

Patellar tendon-lateral femoral condyle friction syndrome
(PTLFCFS) is considered as one of the leading causes of ante-
rior knee pain, especially seen in young people [3]. Although
the etiology of PTLFCFS is not fully known, its pathology is
considered to result from the deterioration of knee biome-
chanics due to previous trauma. Generally accepted view is
that the development of inflammation in the Hoffa and the di-
rect contact of the lateral femoral condyle and patellar tendon
due to trauma lead to clinical symptoms [1,4].

Magnetic resonance imaging (MRI) is an excellent diagnostic tool
for knee imaging. With MRI, all the structures of the knee can be
evaluated simultaneously, and this method allows a comprehen-
sive understanding of the causes of anterior knee pain.

In PTLFCFS, an MRI examination shows an increased focal signal to
the superolateral of the infrapatellar fat pad due to edema [1,4,5].

The aim of this study was to evaluate the quantitative param-
eters demonstrating patellofemoral instability of the knee us-
ing MRI in patients with PTLFCFS
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Materials and Methods

The ethical compliance of this retrospective study was ap-
proved in accordance with the Helsinki Declaration by the
Hospital Local Ethics Committee, Ankara, Turkey. Between May
1,2016, and February 1, 2019, 1542 patients who were admit-
ted to the orthopedics and traumatology department were
evaluated. The inclusion criteria were as follows: (1) patients
between 18-40 years old; (2) patients who had knee MRl in our
radiology database. The exclusion criteria were as follows: (1)
a history of major trauma, surgery or arthroscopy, tumor, pa-
tellar dislocation, inflammatory knee disease; (2) patients with
findings of internal derangement, meniscal pathology, joint
effusion; (3) artifacts precluding a proper MRI examination.

Eighty-two patients (18-40 years old) who had for more than 3
weeks due to anterior knee pain and increased focal signal to the
superolateral of the infrapatellar fat pad in fat-suppressed pro-
ton density-weighted images were evaluated as a study group,
whereas 204 patients (23-40 years old) with absence of anterior
knee pain and no pathological findings in the superolateral of the
infrapatellar fat pad were evaluated as a control group. Quantita-
tive parameters used to evaluate patellofemoral stability were per-
formed in MRI and two groups were compared with each other.

MRI protocol

MRI examinations were performed using a 1.5 T scanner (Gy-
roscan Intera, Philips Medical Systems, Nederland B. V.) with a
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standard dedicated knee coil. During scanning, the patients
were given a supine position with their knees at full extension.
The imaging protocol constituted the following five routine
sequences: coronal fast spin-echo T1-weighted, sagittal fat-
suppressed proton density-weighted, coronal fat-suppressed
proton density-weighted, axial fat-suppressed proton density-
weighted and sagittal fast spin-echo T2-weighted.

All measurements were conducted by two radiologists, who
have a blinded manner for the findings of each other.

Patients with an increased focal signal to the superolateral of
the infrapatellar fat pad in at least two consecutive planes in
the sagittal, axial, coronal images were included in the study
group. The focal signal increase was considered as positive
when it was at least 20% higher than the signal of the neigh-
boring fat pad (1,4,5) (Figure 1 a,b,c).

Figure 1. 34-year-old man with anterior knee pain for 4 months. Sagit-

tal (a), axial (b), coronal (c) fat-suppressed proton density-weighted im-
ages of the left knee magnetic resonance imaging showing increased

focal signal to the superolateral of the infrapatellar fat pad (red arrows).

The quantitative parameters were measured manually us-
ing the Extreme Picture Archiving and Communications Sys-
tem (PACS) system (Ankara, Turkey) for the study and control
groups. All the measurements were performed at the osseous
surfaces. Length measurements in millimeters (mm) and an-

gle measurements were made in degrees (°).

Insall-Salvati ratio: In the sagittal plane were made from the
section where the largest width of the patella was measured.
Insall-Salvati ratio is the ratio of the patellar tendon to the pa-
tellar length (Figure 2a).

Ventral trochlear prominence: In the midsagittal plane were
made from the section where the deepest point of the troch-
lea was measured. Ventral trochlear prominence is the dis-
tance between the line paralleling the ventral cortical surface
of the distal femur and the most anterior cortical point of the
femoral trochlear floor (Figure 2b).

Figure 2. Sagittal magnetic resonance images shows; (a) Insall-Salvati
ratio: Patellar tendon length (yellow line)/Patellar length (blue line), (b)
Ventral trochlear prominence: is the distance (green line) between the line
paralleling the ventral cortical surface of the distal femur (red line) and the
most anterior cortical point of the femoral trochlear floor (red point).

Sulcus angle: In the axial plane, it was assessed 3 cm above the
tibiofemoral joint line. The sulcus angle is formed by the low-
est point of the intercondylar sulcus and the highest points of
the medial and lateral femoral condyles. (Figure 3a).

Lateral trochlear inclination angle: is the angle between the
line passing through the lateral trochlear facet and the tan-
gent line crossing the posterior condyles (Figure 3b).

Patellar inclination angle: It is an angle between the patellar axis
(between medial and lateral articular margins of patella) and
the tangent line crossing the posterior condyles (Figure 3c).
Patellar lateralization (patellar lateral lateralization): The patel-
lar lateralization is the distance between the most lateral point
of the patella and the lateral margin of the trochlea (Figure 3d).

Figure 3. Axial magnetic resonance images shows; (a) Sulcus angle:
The angle (red arrow) between the medial femoral condyle (blue line)

and the lateral femoral condyle lines (red line), (b): Lateral trochlear
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inclination angle: The angle (red arrow) between the line passing
through the lateral trochlear facet (yellow angle) and the tangent line
crossing the posterior condyles (pink line), (c) Patellar inclination an-
gle (tilt): The angle (red arrow) between the patellar axis (green line)
and the tangent line crossing the posterior condyles (pink line), (d)
Patellar lateralization (patellar lateral lateralization): is the distance
(red line) between the most lateral point of the patella (white arrow)

and the lateral margin of the trochlea (turquoise line).

The relationship between patellofemoral instability and the
chondromalacia patella was also evaluated using the same
parameters. Chondromalacia patella type was evaluated using
MRI-adapted Outerbridge classification for chondral defects.
The patients with multiple cartilage injuries were classified ac-
cording to the most serious injury.

Grade 1: Focal hyperintense areas with normal contour

Grade 2: Blister-like swelling/fraying of articular cartilage ex-
tending to the surface

Grade 3: Partial cartilage thickness loss with focal ulceration

Grade 4: Full cartilage thickness loss and reactive change in
the bone.

Statistical analysis

Data were analyzed using Statistical Package for the Social

Sciences (SPSS) software (IBM SPSS 25.0, IBM Corporation, Ar-
monk, NY, USA). The data were analyzed using Kolmogorov-
Smirnov for normal distribution. The Mann-Whitney U test
(non-parametric) was used for analysis because the data did
not conform to a normal distribution. Spearman (nonpara-
metric) correlation test was used for correlation among the
groups. Pearson's Chi-Square test was used for the analysis of
categorical variables. Receiver operating characteristic (ROC)
curve analysis was used to calculate the cut-off value (cut-off),
specificity and sensitivity of the data. Mean and standard de-
viation values were used for analysis. P < 0.05 was considered
statistically significant.

Results

The mean age of the patients was 23.61 £ 2.94 years,and 51.2%
of the patients were males. No difference was found between
the study and control groups in terms of age and gender (p
> 0.05) (Table 1). In our study, the Insall-Salvati ratio, patellar
inclination angle, patellar lateralization, sulcus angle, and ven-
tral trochlear prominence were significantly higher and lateral

trochlear inclination angle was significantly lower (p < 0.05) in
the study group than in the control group (Table 1). The inci-
dence of chondromalacia patella was also significantly higher
in the study group (p < 0.05) (Table 1).

In both study and control groups, chondromalacia patella
was found to be positively correlated with Insall-Salvati ratio,
patellar inclination angle, patellar lateralization, sulcus angle,
and ventral trochlear prominence, whereas chondromala-
cia patella was found to be negatively correlated with lateral
trochlear inclination angle (p < 0.05). In the study group, there
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was a positive correlation between the chondromalacia patel-
la and the ventral trochlear prominence (p < 0.05), whereas no
correlation was found between the chondromalacia patella
and the Insall-Salvati ratio, patellar inclination angle, patel-
lar lateralization, sulcus angle, and lateral trochlear inclination
angle (p > 0.05) (Table 2).
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The sensitivity, specificity, area under the curve and cut-off
values for the Insall-Salvati ratio, patellar inclination angle, pa-
tellar lateralization, sulcus angle, lateral trochlear inclination

angle, and ventral trochlear prominence are shown in Figure
4 and Table 3.
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Figure 4. ROC analysis of the quantitative parameters.
Discussion

PTLFCFS is a disease typically characterized by anterior knee
pain that emerges with activity [1]. In the literature, the num-
ber of studies on the diagnosis, treatment, and prognosis of
PTLFCFS is limited.

In the present study, the Insall-Salvati ratio, patellar inclination
angle, patellar lateralization, sulcus angle, and ventral troch-
lear prominence increased significantly in the study group,
whereas the lateral trochlear inclination angle was found to
be significantly lower than in the control group. In addition
to the quantitative parameters in the literature, to our knowl-
edge, ventral trochlear prominence was measured for the first
time in the present study for the diagnosis of PTLFCFS and we
found a positive correlation between ventral trochlear promi-

nence. And the incidence of chondromalacia patella was sig-
nificantly higher in the study group and there was a positive
correlation between the chondromalacia patella and the ven-
tral trochlear prominence.

Studies in the literature have reported that biomechanical
changes cause this syndrome in young patients under the age
of 40 [4,6]. Subhawong et al. evaluated the quantitative pa-
rameters measured in patients with PTLFCFS with respect to
gender and age and found no statistically significant difference
[7]. Consistent with the literature, the patients in the present
study were young; 51.2% of the patients were males, and both
age and gender were similar to that of the control group [7].
We consider that the incidence of pathology is higher in young
people than in elderly due to the fact that young people per-
form activities that constantly operate the knee joint [sports,
training, etc.]; chondromalacia patella is common in young
people, and the knee is more frequently exposed to trauma.
We consider that the pathology is similarly common in both
genders due to the fact that both genders are at similar risk.

Munch et al. found that an increased level of patellar height
leads to greater knee instability [8]. Matcuk et al. found that
the Insall-Salvati ratio was higher in patients with PTLFCFS
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than those without PTLFCFS and stated that high index rates
could be considered as a risk factor [3]. Widjajahakim et al. re-
ported a significant correlation between superolateral Hoffa
fat pad edema and the Insall-Salvati ratio [9]. Bonadio et al.
stated that a high patella leads to more tension of the patel-
lar tendon during knee movements and that this can easily
cause compression of the bursa between the lateral femoral
condyle [10]. Consequently, inflammation can develop in the
Hoffa and lead to edema and pain [10]. Li et al. found that the
Insall-Salvati ratio rate was high in patients with PTLFCFS and
that the sensitivity and specificity were 82% and 96.6%, re-
spectively, at a cut-off value of 1.20 [1]. In the present study,
the Insall-Salvati ratio was found to be significantly higher in
the study group than in the control group. We believe that the
patellar tendon is stretched and the structures underneath
are compressed during knee flexion in patients with a high In-
sall-Salvati ratio. We also believe that inflammation and pain
develop in the region in response to this.

It has been reported that the patellar inclination angle is the
source of anterior knee pain in patients without clinical insta-
bility or clinical history. A patellar inclination angle of more
than 13° has been reported to be arisk factor [4,11]. Matcuk et
al. and Barbier-Brion et al. found that patellar inclination an-
gle was significantly higher in patients with PTLFCFS [3,4]. In
the present study, the patellar inclination angle was found to
be significantly higher in the study group than in the control
group. Patellar inclination angle exceeding the cut-off value
may have led to the volume on the posterior side of the patella
to be reduced and the posterior side of the patella to not sit
properly on the joint.

Barbier-Brion et al. stated that patellar lateralization was sig-
nificantly higher in the PTLFCFS group than in the control
group and calculated sensitivity and specificity for a cut-off
value of 6 mm as 75% and 83%, respectively [4]. Patellar lat-
eralization was found to be significantly higher in the study
group in the present study. Lateral displacement of the area
where the posterior surface of the patella sits may have facili-
tated PTLFCFS by disturbing joint stabilization.

Matcuk et al. and Subhawong et al. described that the sulcus
angles of patients with PTLFCFS were similar to those of the
control group [3,7]. However, Girsoy et al. reported that the
sulcus angle was significantly higher in the PTLFCFS group
compared with the control group [12]. Widjajahakim et al. re-
ported that superolateral Hoffa fat pad edema was not associ-
ated with the sulcus angle [9]. In the present study, the sulcus
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angle of the study group was significantly higher than that in
the control group. We believe that flattening the sulcus angle
of the tibia may have caused damage by increasing the com-
pression on the bursas of the triangular cartilage structure on
the posterior side of the patella.

Matcuk et al. reported that the lateral trochlear inclination angle
was lower in patients with PTLFCFS and that angles <11° were
associated with high risk [3]. Li et al. found that the lateral troch-
lear inclination angle was low in patients with PTLFCFS and that
sensitivity and specificity were 98.9% and 32%, respectively, for
a cut-off value of 16.3 [1]. Glrsoy et al. found a decrease in the
lateral patellofemoral angle [12]. Barbier-Brion et al. found that
the lateral trochlear inclination angle was similar between the
patient and control groups [4]. Widjajahakim et al. reported that
superolateral Hoffa fat pad edema was not associated with the
lateral trochlear inclination angle [9]. In the present study, the
lateral trochlear inclination angle was found to be low. We be-
lieve that the decrease in the lateral trochlear inclination angle
leads to an increase in the sulcus angle, thereby increasing the
contact with the lower surface of the patella. Consequently, the
structures under the patella remain under compression, lead-
ing to increased friction on the lower face of the patella.

Widjajahakim et al. described that anterolateral shifts increase
the risk of Hoffa edema [9]. Barbier-Brion et al. reported that
trochlear dysplasia increased the prevalence of PTLFCFS [4]. In
the present study, ventral trochlear prominence significantly
increased in the study group, and a positive correlation was
found between the ventral trochlear prominence and the lev-
el of chondromalacia patella. Large ventral trochlear promi-
nence may have increased the risk of PTLFCFS, as it may lead
to the deterioration of knee joint instability and the stretching
of the patella ligament. We believe that as the amount of car-
tilage damage behind the patella increases and the amount
of edema in the Hoffa fat pad also increases in a correlated
manner, leading to an increase in the ventral trochlear promi-
nence. This may have led to an increase in the prevalence of
PTLFCFS by increasing knee instability.

Various sensitivity and specificity values have been reported
in the literature for different angles and lengths [1,4]. In the
present study, sensitivity and specificity rates for appropriate
cut-off values for current angles and lengths were found to be
87.8%-100% and 84.8%-100%, respectively. The high sensi-
tivity and specificity values suggest that changes in existing
angle and length values may be used both as risk factors and
diagnostic purposes.
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Chondromalacia patella is characterized by damage to the
knee joint cartilage and leads to instability. In their study, Gur-
soy et al. reported that the patellar shift in patients with chon-
dromalacia patella and lateral patellofemoral angles was simi-
lar to that in patients without chondromalacia patella, whereas
trochlear depth was shorter, sulcus angle was wider, and the
Insall-Salvati ratio was higher [12]. In the present study, it was
found that the prevalence of PTLFCFS increased in patients
with chondromalacia patella. In the entire sample, a positive
correlation was found between the Insall-Salvati ratio, patel-
lar inclination angle, patellar lateralization, sulcus angle, and
ventral trochlear prominence, whereas a negative correla-
tion was found among the lateral trochlear inclination angle.
Joint instability caused by chondromalacia patella, increased
pressure on the bursas, especially the Hoffa, and increased
inflammation may have led to an increase in the prevalence
of PTLFCFS. In relation to the increase in the chondromalacia
patella, we think that the instability of the knee is further de-
teriorated and that the inflammation is further exacerbated.

The major limitation of this retrospective study was the fact
that radiologists who evaluated the parameters simultane-
ously determined the presence of the increased focal signal
to the superolateral of the infrapatellar fat pad. Second, the
diagnosis of articular cartilage damage in these patients could
not be confirmed by any gold standard method, such as ar-
throscopy and surgery.

Conclusion

Patellofemoral instability was found to be effective among the
factors causing PTLFCFS. The Insall-Salvati ratio, ventral troch-
lear prominence, sulcus angle, lateral trochlear inclination an-
gle, patellar inclination angle, and patellar lateralization of the
study group were found to be different than those of the con-
trol group. In addition, high sensitivity and specificity values
identified for these parameters indicate that these parameters
may be used both as a risk factor and for diagnostic purposes.
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