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Abstract

Objective: This study aimed to compare the measurements of the sagittal alignment of the patellofemoral joint on magnetic resonance (MR) images between
patients with suprapatellar fat pad edema/mass effect and a gender and age-matched control group of patients without suprapatellar fat pad edema.

Methods: A total of 55 patients with suprapatellar fat pad edema/mass effect was compared with the control group with anterior knee pain. Suprapatellar fat
pad edema/mass effect and sagittal alignment of the patellofemoral joint were evaluated from the sagittal MR images. Sagittal alignment was evaluated using
the Insall-Salvati (IS) ratio, patella-patellar tendon (P-PT) angle, and quadriceps tendon-P (QT-P) angle. The measurements were also compared between
the two groups.

Results: The mean IS ratio, and P-PT angle did not significantly differ between the two groups (p>0.05). The mean QT-P angle was significantly higher in
patients with suprapatellar fat pad edema/mass effect than in the control group (p=0.01).

Conclusion: The suprapatellar fat pad edema/mass effect is not associated with the sagittal alignment of the patellofemoral joint. The QT-P angle was higher
in patients with a mass effect on the suprapatellar fat pad.
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Amac: Bu calismanin amaci suprapatellar yag yastiginda 6demi/kitle etkisi bulunan hastalar ile suprapatellar yag yastiginda 6dem olmayan cinsiyet ve yas
eslestirilmeli kontrol grubu arasinda manyetik rezonans (MR) gértintilemede patellofemoral eklemin sagital dizilim 6lctimlerini karsilastirmaktir.
Yontem: Suprapatellar yag yastiginda dem/kitle etkisi olan 55 hasta anterior diz agrisi olan kontrol grubu ile karsilastirildi. Suprapatellar yag yastigi ddem/

kitle etkisi ve patellofemoral eklemin sagittal yerlesimi sagittal MR gdrtintilerinde degerlendirildi. Sagital yerlesimi Insall-Salvati (IS) orani, patella-patellar
tendon (P-PT) acist ile kuadriceps tendon-P (KT-P) acisi ile incelendi. Bu élciimler iki grup arasinda karsilastirildi.
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Bulgular: Ortalama IS oraninda, P-PT agisinda iki grup arasinda fark saptanmadi (p>0,05) ortalama KF-P acisi kontrol grubundan suprapatellar yag

yastiginda ddem/kitle etkisi bulunan grupta byiktd (p=0,01).

Sonuc: Suprapatellar yag yastiginda ddem/kitle etkisi ile patellofemoral eklemin sagital yerlesimi iliskili dedildir. KF-P acisi suprapatellar yag yastiginda kitle

etkisi olan hastalarda baydktr.

Anahtar Kelimeler: Suprapatellar yag yastigi, 6dem, manyetik rezonans goriintiileme

Introduction

The knee has three anterior fat pads: the infrapatellar fat
pad, also known as Hoffa's fat pad, the anterior suprapatellar
(quadriceps), and the prefemoral (posterior suprapatellar)
fat pads. Suprapatellar fat pads are the smallest of the three
fat pads and bordered anteriorly by the distal quadriceps
tendon, inferiorly by the patella with retropatellar cartilage
surface, and posteriorly by the suprapatellar recess of the
knee joint®®. They act as a protective cushion between the
quadriceps and patellar tendon, patella, and distal femur,
prevent friction and improve patellofemoral engagement
during deep knee flexion and extension®. In infrapatellar
fat pad impingement syndrome (Hoffa's disease), the cause
is usually due to single or repetitive traumatic episodes;
the inflamed fat pad then becomes hypertrophied with a
predisposition to impingement between the tibia and femur.
Magnetic resonance imaging (MRI) is the method of choice
for analysing Hoffa's fat pad. An areas of increased signal
intensity on T2- weighted MRI represent acute edema and
hemorrhage within the swollen fat. Bowing of the patellar
tendon from the mass effect is frequently seen®3¢-%, We noted
similar MRI findings in patients with suprapatellar fat pad
edema. To the best of our knowledge, there are no studies
have showing the effect of the edematous suprapatellar fat
pad on the quadriceps tendon. The cause of suprapatellar
fat pad edema is unknown. In the literature, few studies have
evaluated the sagittal alignment of the patellofemoral joint
using MRI and its relation to suprapatellar fat pad edema/
mass effect®®. Previous studies have revealed that the
measurement of the Insall-Salvati (IS) ratio is primarily used
to assess the sagittal plane alignment of the patella. Another
measure of sagittal plane alignment that has recently been
reported in the literature is the sagittal patellar tilt®". To
the best of our knowledge, there is no study analyzing the
association between sagittal patellar tilt and suprapatellar
fat pad edema/mass effect. Therefore, this study determined
whether the measurements of the sagittal alignment of the
patellofemoral joint were associated with suprapatellar fat
pad edema/mass effect.
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Materials and Methods

Patients: Ninety patients who were diagnosed with
suprapatellar fat pad edema/mass effect based on an MRI
evaluation between January 2019 and December 2019
was retrospectively evaluated. The exclusion criteria were
history of knee surgery or trauma (evidence of ligament
and tendon tears or bone contusion), inflammatory
arthritis, meniscal tears, patellofemoral malalignment in
the horizontal plane (patellar tilt and displacement), and
patellar cartilage defects. After applying these criteria, a
total of 55 patients were included in the study. The control
group comprised an age-matched cohort of 55 patients who
had no suprapatellar fat pad edema as confirmed by MR,
and underwent MRI with the indication of anterior knee
pain. This study was approved by the Institutional Review
Board (Yuksek Ihtisas University, 2020-13-04).

Magnetic Resonance Imaging: All MRI were examined
using a 1.5-T unit (Optima; GE Medical System, Milwaukee,
Wisconsin, USA), employing an extremity coil with the
patient in the supine position with the knee full extension.
A standardized MRI examination protocol was used, and the
following evaluation was undertaken using five sequences:
Sagittal fast spin-echo T1-weighted [repetition time (TR)/
echo time (TE): 300-500/5-10 ms, matrix: 288x224, field
of view (FOV): 18x18 cm, slice thickness: 3 mm]; sagittal
fat-suppressed proton density-weighted (PDW) (TR/TE:
2300-2800/20-40 ms, matrix: 256x192, FOV: 18x18 cm,
slice thickness: 3 mm); sagittal 3D T2W Cube FSE (TR/TE:
300-500/5-10 ms, matrix: 288x224, FOV: 20x20 cm, slice
thickness: 1 mm); coronal fat-suppressed PDW (TR/TE:
2300-2800/20-40 ms, matrix: 288x224, FOV: 20x20 cm, slice
thickness: 3 mm); and axial fat-suppressed PDW (TR/TE:
2300-2800/20-40 ms, matrix: 288x224, FOV: 18x18 cm, slice
thickness: 3 mm). To evaluate the presence of suprapatellar
fat pad edema/mass effect and determine the alignment
of the patella in the sagittal plane, we used sagittal T1 and
fat-suppressed PDW sequences.
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The standard of reference for evaluating signal on T1-
weighted images were prefemoral fatty tissues and
abnormalsignal, which we defined as complete replacement
of the suprapatellar fat pad with a low signal compared to
that of the prefemoral fat pad (Figure 1a)"?. The standard
of reference for evaluating signal on the PDW images
was fluid and muscle®™. On fat-suppressed PDW images,
we identified abnormal fat pads based on the presence of
edema indicated by a signal greater than muscle and less
than fluid (Figure 1b). The presence of a mass effect on the
suprapatellar recess was assessed on the sagittal PDW MR
images. We drew a line connecting the junction points of
the suprapatellar fat pad with the patella upper pole and
the quadriceps tendon. The thickness of the suprapatellar
fat pad posterior to this line was measured and recorded
as the convexity thickness of the suprapatellar fat pad
(Figure 2). Sagittal T1-weighted MRI were used to evaluate
the alignment of the patella in the sagittal plane using
the IS ratio, patella-patellar tendon (P-PT) angle, and the
quadriceps tendon-P (QT-P) angle. These measurements
were performed in the midsagittal section where the
quadriceps tendon, the patellar tendon, and upper and
lower poles of the patella were visible. The IS ratio was
defined as the ratio of the patellar tendon length (length of
the tendon from the lower pole of the patella to its insertion
on the tibia) to the height of the patella (greatest pole -to-
pole length) (Figure 3a)"¥, the P-PT angle was defined as
the angle between the upper patellar pole and the lower
patellar pole, and the tuberositas tibia (Figure 3b)®, and

the QT-P angle was defined as the angle between the line
passing behind the deepest fibers of the quadriceps tendon
and a line drawn between the patella upper pole (Figure
3c). The images were analyzed on the picture archiving
and communications system. ALl measurements were
undertaken by observers using electronic calipers.

Reliability Assessment: ALl measurements of sagittal
alignment were repeated at two-week intervals by the first
author. The second author , who was blinded to all subject
information, performed all measurements in 55 knees
randomly selected from 110 knees.

Statistical Analysis

SPSS (version 20.0; SPSS Inc., Chicago, IL) was used for
statistical Co.. The distribution between the groups was
found to be normal using the Kolmogorov-Smirnov test.
The homogeneity of data distribution was determined
using Levene's test, and parametric tests were used for
inter-group comparisons. The convexity thickness of the
suprapatellar fat pad, IS ratio, P-PT angle, and QT-P angle
were compared between the patients with suprapatellar fat
pad edema and the control group using the independent
t-test. The level of statistical significance was considered
as 0.05. G* Power analysis was performed to determine the
simple size. In a given 0.25 effect size, 0.05 and 0.9 values
were implemented as alpha and (1- beta) error rates,
respectively. Because of this calculation, 80 patients were
needed to perform this study.

Figure 1. A 22-year-old woman with suprapatellar fat pad edema/mass effect. (a) Sagittal T1-weighted and (b) sagittal proton-
density-weighted fast spin echo MRI with fat suppression show an enlarged suprapatellar fat pad with an abnormal convex

posterior border and increased signal intensity

MRI: Magnetic resonance imaging
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Approval was obtained from the Ethics Committee of the
Yuksek Ihtisas University (decision no: 2020/13/04, date:
11.11.2020).

Results

The characteristics of the study patients are presented in
Table 1. The mean convexity thickness of the suprapatellar fat
pad was measured to be 2.27+1.9 mm in patients with a mass
effect, while it was measured as 1.24+1.1 mm in the control
group. The mean convexity thickness of the suprapatellar
fat pad was significantly higher in patients with a mass
effect than in the control group (p=0.01). The mean IS ratio
(p=0.12) and P-PT angle (p=0.82) did not significantly differ
between the two groups. The mean OT-P angle (p=0.01) was
significantly higher in patients with a mass effect on the
suprapatellar fat pad than in the control group.

1/68 &m 0,36 cm

The IS ratio, P-PT angle and QT-P angle comparisons
between the groups are given in Table 2.

The inter- and-intra-observer intraclass correlation
coefficients for all measurements were calculated as 0.92
and 0.90, respectively.

Discussion

The main finding of the current study was the absence of
a relationship between suprapatellar fat pad edema/mass
effect and patellofemoral alignment in the sagittal plane.
Another finding was that the QT-P angle was higher in
patients with a mass effect on the suprapatellar fat pad. The
suprapatellar fat pad is an extrasynovial structure with a
triangular shape and is one of the fat pads located in the
anterior knee">4, Suprapatellar fat pad edema is seen in

Figure 2. Measurement of the convexity thickness of the suprapatellar fat pad

Figure 3. Midsagittal T1-weighted MRI. Measurement of the Insall-Salvati ratio (a), patella-patellar tendon angle (b), and
quadriceps tendon-patella angle (c)

MRI: Magnetic resonance imaging
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4.2-13.8% of the population, with a male preponderance®!.
Suprapatellar fat pad edema and the mass effect are
characterized by diffuse enlargement on MRI%34),

Several studies have demonstrated the MRI characteristics
of the suprapatellar fat pad edema/mass effect, and their
relationship with the patellofemoral alignment of the
knee®3¥, However, the association between the sagittal
alignment of the patellofemoral joint and suprapatellar fat
pad edema/mass effect remains unknown.

Patella alta, or a "high-riding” patella, is a distinct feature of
the patellofemoral alignment. Patella alta is measured by
the IS ratio, referring to the ratio between the length of the
patellar tendon and height of the patella, based on a value
of >1.5%9, In the current study, we did not find a significant
association between suprapatellar fat pad edema/mass effect
and the IS ratio, which is consistent with previous studies®*.
The alignment of the patella in the sagittal plane is a newly
defined phenomenon “called ‘sagittal patellar tilt' "®V. To
the best of our knowledge, there is no study analyzing the
association between sagittal patellar tilt and suprapatellar
fat pad edema/mass effect. In this study, we analyzed the
sagittal alignment of the patella on the patellofemoral joint
using the P-PT angle and found no association between
sagittal tilt and suprapatellar fat pad edema/mass effect.

These results suggest that there was no significant
relationship between the sagittal plane localization of the
patella and suprapatellar fat pad edema/mass effect. The

Table 1. Characteristics of the study population (n=110)

suprapatellar fat pad lies on the patellar base and fills the
gap between the superior aspect of the patellar cartilage and
the posterior aspect of the insertion of the quadriceps tendon.
The suprapatellar joint recess separates the suprapatellar
fat pad from the prefemoral fat pad®®. Suprapatellar
fat pad edema has a mass effect on the surrounding
structures). In most studies in the literature, the mass
effect of the suprapatellar fat pad has been defined based
on the presence of a convex posterior border:341219 Tsavalas
and Karantanas" demonstrated that the anteroposterior
and oblique diameters of the suprapatellar fat pad were
significantly greater in patients with a mass effect. Can et
al.® found that the convexity in the posterior contour of the
suprapatellar fat pad was significantly higher in patients with
higher grade edema. In these studies, the convexity thickness
of the suprapatellar fat pad was used to measure the mass
effect on the prefemoral fat pad. Similarly, we determined
that the convexity thickness of the suprapatellar fat pad was
significantly greater in patients with a mass effect. To our
knowledge, there is no study evaluating the anterior mass
effect of the suprapatellar fat pad. In this study, we found
that the QT-P angle was higher in patients with a mass effect
of the suprapatellar fat pad. This finding can also be used to
determine the anterior convexity of the suprapatellar fat pad.
Tsavalas and Karantanas® and Shabshin et al."? suggested
that suprapatellar fat pad edema had similarities to Hoffa's
disease in that it also resulted from repetitive microtrauma
or overuse injury. Our study showed that suprapatellar fat
pad edema had a mass effect on the quadriceps tendon.

Patients Suprapatellar fat pad edema/mass effect Control group
Sample size 55 55
Female/male 22/33 22/33

Age (year) 42.5+9.22° 42.4+11.8
Rigt/left 30/25 30/25

“Values are expressed as mean + standard deviation

Table 2. Descriptive analyses of the Insall-Salvati ratio, patella -patellar tendon angle, and quadriceps tendon -patella angle

by group

Suprapatellar fat pad edema

mass effect Control group p value
Insall-Salvati ratio 1.09+0.13 1.05+0.15 0.12
Patella-patellar tendon angle 141.1+4.3 140.9+5 0.82
Quadriceps tendon-patella 38.647.7 33.415.8 0.01
angle
Values are expressed as mean + standard deviation
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These finding support the idea that suprapatellar fat pad
edema may have commonalities with Hoffa's disease. Future
randomized, prospective studies, including histopathologic
and radiological evaluations, are required to clarify this
subject. Schwaiger et al."” demonstrated that subjects with
suprapatellar fat pad edema had a more severe progression
of patellofemoral osteoarthritis over 48 months compared
with those with a normal suprapatellar fat pad signal. The
new medical and surgical modalities in these patients may
help in both the prevention and treatment of patellofemoral
osteoarthritis.

Study Limitations

Our study had some Llimitations. The study design was
retrospective. However, it was impossible to evaluate
the clinical findings of patients and follow-up imaging
data reporting treatment. Another limitation is that the
sociodemographic status (sports activities and medical
information), and occupational information of these patients
with a tendency to develop suprapatellar fat pad edema were
not evaluated. Additionally, no histopathologic correlation
was undertaken. It was impossible to give the patient a
standard position during MRI.

Conclusion

There is no relationship between the suprapatellar fat pad
edema/mass effect and patellofemoral alignment in the
sagittal plane. The QT-P angle was higher in patients with a
mass effect on the suprapatellar fat pad.
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