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The relationship between quadriceps fat 
pad syndrome and patellofemoral morphology: 
a case–control study
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Abstract 

Background:  The purpose of this prospective case–control study is to investigate the relationship between quadri-
ceps fat pad syndrome (QFPS) and patellofemoral morphology.

Materials and methods:  Twenty-two patients with QFPS and 22 age- and gender-matched healthy volunteers were 
included. The diagnosis of QFPS was supported both clinically and radiologically. On magnetic resonance imag-
ing (MRI), patellofemoral morphology was evaluated with 13 radiological measurements including trochlear sulcus 
angle, trochlear sulcus depth, trochlear facet asymmetry, trochlear condyle asymmetry, lateral trochlear inclination 
angle, patellar translation, tibial tubercle–trochlear groove (TT–TG) distance, Insall–Salvati ratio, patellotrochlear index, 
patellar tilt, the ratio between lateral and medial facet lengths, interfacet angle, and quadriceps tendon thickness. The 
mean of measurements was compared between groups using the Mann–Whitney U test.

Results:  There were 22 patients (12 male, 10 female) with mean age of 30.81 ± 1.41 (range 19–38) years in group 
I and 22 patients (12 male, 10 female) with mean age of 31.13 ± 1.31 (range 19–39) years in group II. The mean age 
and the gender distribution were statistically similar between groups (p = 0.845, p = 1, respectively). All measured 
values except for patellar tilt (p = 0.038) and TT–TG distance (p = 0.004) were similar (p > 0.05 for the other variables). 
However, all of the measured variables were within the normal range.

Conclusions:  QFPS may not be associated with anatomical variations of the patellofemoral joint. Further studies are 
required to understand the etiology and risk factors.

Level of evidence:  Level III, prospective case–control study

Keywords:  Knee impingement syndromes, Quadriceps fat pad
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Introduction
The intraarticular fat pad is a mass of intracapsular but 
extrasynovial adipose tissue that occupies the potential 
spaces within 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 [1–3]. Furthermore, it is proposed that 
they also provide proprioceptive sensation [4, 5]. There 
are three distinct fat pads located around the extensor 
mechanism of the knee joint: the infrapatellar fat pad, 
also called Hoffa fat pad, the pre-femoral fat pad, and 
the quadriceps fat pad [1] (Fig. 1). The quadriceps fat pad 
(QFP), also called the suprapatellar fat pad, is located 
between the quadriceps tendon and the suprapatellar 
recess of the knee joint. It is the smallest fat pad and tri-
angular-shaped with average size of 8 ± 2 mm in men and 
7 ± 2 mm in women [3].
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Quadriceps fat pad syndrome (QFPS) is a rare cause of 
anterior knee pain, being characterized clinically by ten-
derness over the superior pole of the patella and pain on 
deep knee flexion [2, 5, 6]. Magnetic resonance imaging 
(MRI) shows hypertrophy with a typical convex appear-
ance and discrete edema of the quadriceps fat pad char-
acterized by high signal intensity on T2-weighted sagittal 
images (Fig. 2). In the absence of clinical findings, a diag-
nosis of QFPS cannot be made based solely on MRI find-
ings because quadriceps fat pad edema (QFPE) may be 
present in the absence of anterior knee pain [2, 7]. In 
other words, QFPS is a clinical entity; however, QFPE 
is an imaging finding and may or may not be related to 
anterior knee pain [5].

The etiology of QFPS is not fully understood yet. Previ-
ously, a few studies have attempted to explain the pres-
ence of edema with accompanying patellofemoral (PF) 
abnormalities [2, 7–9]. Most of these studies reported 
a mass effect of the QFP, being an incidental finding on 
knee MRI in retrospective study designs. An association 
with anterior knee pain was assumed; however, there was 
often a lack of a valid clinical diagnosis of QPFS, and con-
trol groups were selected from patients with other knee 
disorders. Thus, the objective of this study is to select 
patients with a clinical diagnosis of QFPS and test for the 
relation to PF morphological characteristics compared 
with a group of healthy subjects in a prospective case–
control study design.

Patients and methods
Patients and study design
This study comprised two groups of patients. The first 
group consisted of consecutive patients who were admit-
ted to the orthopedic outpatient clinic between January 
2016 and January 2019 with the complaint of anterior 
knee pain and were considered to have fat pad impinge-
ment syndrome following clinical evaluation performed 
by an orthopedic surgeon. During physical examination, 
tenderness over the suprapatellar region and increased 
pain in the same region with deep knee flexion were used 
as clinical criteria [6, 10]. The same orthopedic surgeon 
examined all patients. Two typical imaging findings were 
used for the radiological diagnosis of QFPS on MRI: (1) 
presence of QFPE characterized by high signal intensity 
in the QFP that was 20% higher than the surrounding 
normal fat pad signal, and (2) presence of QFP hypertro-
phy characterized by convexity of the posterior aspect of 

Fig. 1  Sagittal fat-saturated, proton-density-weighted MRI image and 
corresponding illustration showing the location of the fat pads on the 
anterior aspect of the knee joint

Fig. 2  a Appearance of normal quadriceps fat pad (yellow arrow). b A patient with QPFIS. The sagittal fat-saturated, proton-density-weighted MRI 
demonstrates typical convex appearance (red arrow) and increased signal and thickening within quadriceps fat pad (white star)
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the QFP and/or bowing of the posterior margin of the 
quadriceps tendon due to expansion of the fat pad. The 
signal intensity of QFP and the normal fat pad (using 
the Hoffa fat pad as a reference) was measured on sag-
ittal fat-saturated, proton-density-weighted MRI images 
with standard-sized regions of interest. The contrast 
between normal and abnormal fat pad was calculated as 
a percentage.

Thus, the diagnosis of QFPS was supported both clini-
cally and radiologically in all patients. Patients with 
QFPE on MRI without confirmatory clinical symptoms 
were excluded. In addition, patients who underwent 
surgical intervention of the knee or who had history of 
fracture around the knee joint, markedly distorted knee 
anatomy due to congenital or acquired deformities, patel-
lofemoral cartilage lesions (grade 2B or higher accord-
ing to modified Noyes cartilage lesion classification), or 
incomplete or inadequate clinical and radiological data 
were excluded from group I [11].

The second group was composed of healthy volun-
teers who were matched for age and gender to the first 
group and who had no history of knee problems and 
whose clinical examination findings were completely 
normal. One volunteer with an asymptomatic cartilage 
lesion of the patella, which was incidentally detected, was 
excluded from the control group.

During the time under study, 22 (12 female, 10 male) 
patients with mean age of 30.81 ± 1.41 (range 19–38) 
years met the inclusion and exclusion criteria. Conse-
quently, a sex- and age-matched control group com-
posed of 22 volunteers (12 female, 10 male) with mean 
age of 31.13 ± 1.31 (range 19–39) years was prospectively 
formed. This study was carried out following the ethical 
standards laid down in the 1964 Declaration of Helsinki 
and its later amendments, and the institutional review 
board approved the study protocol (IRB approval date/
issue: 10354421-2019/1-17.01.2019). Informed consent 
was obtained from all patients.

MRI protocol
The MRI examination was carried out using a 16-channel 
knee coil with a 1.5-T MRI device (Symphony, Siemens, 
Erlangen, Germany). The imaging protocol included sag-
ittal fast spin-echo, T1-weighted [repetition time (TR)/
echo time (TE) 600/10, matrix 256 × 192, field of view 
(FOV) 16 × 16, slice thickness 3  mm], sagittal fat-satu-
rated, proton-density-weighted (TR/TE 4000/30, matrix 
256 × 192, FOV 16 × 16, slice thickness 3  mm), coronal 
fat-saturated, proton-density-weighted (TR/TE 2500/40, 
matrix 256 × 192, FOV 16 × 16, slice thickness 3  mm), 
and axial fat-saturated, proton-density-weighted (TR/TE 
2900/40, matrix 256 × 192, FOV 16 × 16, slice thickness 
4 mm).

Observers and reliability analysis
All anatomic measurements were performed on digital 
MRI images stored in picture archiving and communica-
tion systems (PACS) by two independent observers using 
Sectra IDS7 software (version 18.2, Sectra AB, Sweden). 
Both observers were radiologists with more than 10 years 
of experience in musculoskeletal radiology (senior and 
second authors). Interobserver reliability was calculated 
using the interclass correlation coefficient (ICC) and 95% 
confidence interval. ICCs of 0.81–1.00, 0.61–0.80, 0.41–
0.60, 0.21–0.40, and 0.00–0.20 were interpreted as excel-
lent, good, moderate, fair, and poor, respectively [10]. All 
measurements showed excellent agreement with ICC 
ranging between 0.860 and 0.960. The measurements 
recorded by the senior author were used for the final 
analysis.

Measurements on MRI
To assess the trochlear and patellar morphology and the 
patellofemoral joint anatomy, (1) trochlear sulcus depth, 
(2) patellar translation, (3) trochlear condyle asymme-
try (Fig.  3a), (4) trochlear sulcus angle, (5) trochlear 
facet asymmetry (Fig.  3b), (6) lateral trochlear inclina-
tion angle (Fig. 3c), (7) patellar tilt (Fig. 3d), (8) patellar 
interfacet angle (Fig.  3e), (9) lateral to medial patellar 
facet ratio (Fig. 3f ), (10) Insall–Salvati ratio (Fig. 4a), (11) 
patellotrochlear index (Fig.  4b), (12) quadriceps tendon 
thickness (Fig.  4c), and (13) tibial tubercle–trochlear 
groove distance (Fig.  5) measurements were performed 
according to previous descriptions [3, 12–19]. Moreo-
ver, all patients were classified as normal or abnormal in 
accordance with the previously accepted normal range. 
Detailed descriptions of the measurement techniques are 
explained in figure legends.

Statistical analysis
Statistical analysis was performed using SPSS Statistics 
Base v.23 for Windows by the Department of Statistics. 
Continuous variables are presented as mean ± standard 
deviation, median, and range. The Kolmogorov–Smirnov 
test was used to determine whether the data were distrib-
uted normally. Comparative analysis of two independent 
groups was performed using the Mann–Whitney U test, 
Student’s t-test, and chi-square test. p < 0.05 was accepted 
as statistically significant.

Results
There were 22 patients (12 male, 10 female) with mean 
age of 30.81 ± 1.41 (range 19–38)  years in group I 
and 22 volunteers (12 male, 10 female) with mean age 
of 31.13 ± 1.31 (range 19–39)  years in group II. The 
mean age and the gender distribution were statistically 
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similar between groups (p = 0.845, p = 1, respectively). 
All measured values except for patellar tilt (p =  0.038) 
and TT–TG distance (p =  0.004) were similar (p > 0.05 
for the other variables) (Table  1). However, all of the 
measured variables were within the normal range (patel-
lar tilt < 20°, TT–TG distance < 15 mm).

A post  hoc power analysis was conducted using 
G*Power software (version 3.1.9.6). It has been reported 
that the most valuable radiological parameters to detect 
the presence of patellar maltracking reliably were TT–
TG distance and patellar tilt [20]. Thus, the mean values 
of these variables were used for the calculation. With a 
sample size of 22 in each group and a two-tailed 5% sig-
nificance level, power of 100% was reached for both 
variables.

Discussion
The aim of the current study is to investigate the relation-
ship between certain anatomical characteristics of the 
patellofemoral joint and QFPS. This small fat pad (FP) is 
a component of the extensor mechanism of the knee joint 
and has various functions during knee motion; thus, any 
alteration of the PF anatomy may cause excessive pres-
sure that might lead to inflammation and, consequently, 
hypertrophy as a compensatory tissue reaction. In this 
prospective case–control study of patients with clinically 
diagnosed QFPS and radiologically confirmed mass effect 
of the QFP, most of the measured anatomical param-
eters of the PF joint did not differ significantly compared 
with a group of healthy subjects. Consistent with previ-
ous, mostly retrospective studies, it remains difficult to 

Fig. 3  a Measurement of trochlear sulcus depth, patellar translation, and trochlear condyle asymmetry. First, posterior condylar axis was drawn 
(line G). Perpendicular lines from the highest points of the medial (line A) and lateral (line C) facets, and the deepest point (line B) of the trochlear 
groove were drawn. Finally, the perpendicular distance from the posterior condylar axis to the medial corner of the patella (line D) was drawn. 
Trochlear sulcus depth was calculated as [(A + C)/2] − B and recorded in millimeters. Patellar translation was measured as the perpendicular 
distance between line C and line D and recorded in millimeters. Trochlear condyle asymmetry was calculated as [(A/C) × 100%] and recorded as a 
percentage. b Measurement of trochlear sulcus angle and trochlear facet asymmetry. Two parallel lines, one to the lateral facet of the trochlea (line 
E) and the second one to the medial facet of the trochlea (line F), were drawn. The angle (α) between these lines was measured as the trochlear 
sulcus angle. The ratio of the distance line E to line F was calculated as the trochlear facet asymmetry. c Measurement of lateral trochlear inclination 
angle (β) between the lateral trochlear slope (line H) and posterior condylar axis (line G). d Patellar tilt was defined as the angle (γ) formed between 
the transverse axis of patella (line I) and posterior condylar condyle line (line G). e Patellar interfacet angle was defined as the angle between the 
lateral patellar facet (line K) and medial patellar facet (line J). f The ratio of the lateral (line M) to the medial (line L) patellar facets was calculated. All 
measurement were performed on axial fat-saturated, proton-density-weighted MRI
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find a certain association between QFPS and measur-
able morphological changes, e.g., trochlear dysplasia 
or malalignment of the patella. In our study, we meas-
ured the TT–TG distance to be about 2–3 mm lower in 
the QFPS group than in the control group; however, we 
do not value this result as evidence for a changed mor-
phology as the difference is low and there can be differ-
ent results according to patient positioning during MRI 
examination. It is common to measure lower TT–TG in 
slight flexion compared with full extension due to the 
final external rotation of the tibia. Presumably, patients 
with knee pain are less willing to fully extend their knee 
during the examination, which must be considered dur-
ing examination and measurement. The same conclusion 

can be drawn regarding the patellar tilt angle, which was 
about 2° higher in the control group, indicating stronger 
external rotation of the patella compared with the femur.

QFPE and the mass effect were first described by Roth 
et al. in 2004 [2]. They proposed that this imaging finding 
may not be incidental and might be related to anterior 
knee pain, anatomic variations of the extensor mecha-
nism, and other coexisting knee abnormalities. In their 
study, MRIs of 92 knees were retrospectively reviewed, 
and 11 patients (12%) with quadriceps fat pad mass effect 
were identified. However, they could not show any asso-
ciation between anterior knee pain and the measured 
anatomic characteristics, or other accompanying lesions, 
between the patients with or without QFPE. They pro-
posed three possible theories to explain the presence of 
quadriceps fat pad edema. The first theory was based on 
the impingement and the abnormal biomechanics of the 
extensor mechanism. Secondly, they thought that this 
might be an overuse injury and caused by chronic repeti-
tive hyperflexion of the knee joint. Finally, it might be 
induced by other unrelated pathologies within the knee 
joint as a reactive inflammation. However, none of these 
theories could be proved or rejected with their data and 
study design.

In another retrospective study, Shabshin et al. reviewed 
770 knee MRIs and detected quadriceps fat pad edema 
and mass effect in 32 knees of 29 patients (4.2%) [7]. How-
ever, less than one-third of patients (27.6%) had anterior 
knee pain. They investigated the relationship between 
QFPE and PF cartilage lesions, quadriceps tendon abnor-
malities, and patellar tendinosis but could not show any 

Fig. 4  a The ratio of patellar tendon length (Line B) to longest diagonal length of patella (line A) was calculated as the Insall–Salvati ratio. b The ratio 
of length of articular surface of patella (line C) to length of opposing femoral articular surface (line D) was calculated as patellotrochlear index. c 
The distance between the most anterior and most posterior border of the quadriceps tendon just over the patellar attachment was measured and 
recorded as quadriceps tendon thickness. All measurements were performed on sagittal fat-saturated, proton-density-weighted MRI

Fig. 5  Measurement of tibial tubercle (TT) to trochlear grove (TG) 
was performed on two overlapping axial images. PCL, posterior 
condylar line; TG, perpendicular line from deepest point of trochlear 
groove to posterior condylar line; TG, perpendicular line from the 
tibial tubercle to posterior condylar line. TT–TG distance is the 
distance between red and blue lines
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significant correlation. However, one of the patients in 
their cohort underwent biopsy and subsequent resec-
tion of the quadriceps fat pad. Pathological examination 
revealed vasculitis with obliteration of small vessels, and 
the patient’s symptoms were completely relieved. Based 
on their findings, they proposed that QPFE might be a 
new clinical entity analogous to Hoffa’s disease. Dur-
ing the same time interval, Sirvanci and Ganiyusufoglu 
reported that they had treated four patients who had 
QPFE with steroid injection [10]. A biopsy was also taken 
from one patient, and myxoid degeneration and inflam-
mation were seen. Similarly, Van Le et  al. reported one 
more patient who improved with US-guided steroid 
injection [21]. All these findings support that QFPE is not 
an incidental MRI finding alone but rather a distinct clin-
ical entity characterized by inflammation and pain.

To understand the etiology of this new clinical entity, 
Tsavalas et al. retrospectively examined a large series of 
knee MRI (n = 879) and identified 110 (12.8%) patients 
with QFPE and mass effect [8]. Anterior knee pain was 
present in only six of these patients, and again they could 
not detect any significant difference in patellofemoral 
alignment and cartilage lesions between the case and 
control groups. As mentioned above, QFPE and clinical 
impingement syndrome are two different entities. While 
one of them describes a clinical condition, the other is 
just a radiological finding. The presence of radiological 
findings does not always mean that impingement find-
ings or related anterior knee pain will occur. These stud-
ies are retrospective screening studies, and both case and 
control groups were collected incidentally from patients 
who already have knee problems. Therefore, neither the 
case nor control group was genuinely representative.

There is only one study in the relevant literature that 
contradicts our findings. Recently, Can et al. studied the 
relationship between the severity of QPFE (quadriceps fat 
pad signal intensity, dimensions, and posterior indenta-
tion) and the PF alignment and several anatomic char-
acteristics of the PF joint [9]. There were no significant 
differences between severity groups with morphological 
measurements, but at least one pathological finding was 
present in 55 out of 61 patients (90.2%). They concluded 
that QFPE is related to pathologies related to the exten-
sor mechanism and recommended that patellofemoral 
pathologies should be considered when QFPE is detected 
in knee MRI. However, a single measurement parameter 
associated with QFPS could not be elucidated.

Apart from these studies, two further studies have 
examined the relationship between QFPE and knee 
osteoarthritis. Wang et al. reported that QFPE and mass 
effect were associated with knee pain, radiographic find-
ings of osteoarthritis (OA), and bone marrow lesions 
[22]. They proposed that QFPE might be a component 
of the knee OA disease, considering that OA is not con-
fined to the cartilage and subchondral bone but involves 
all tissues surrounding the knee joint. In contrast, these 
findings were refuted with the study conducted by Fon-
tenella et  al. The morphological characteristics (volume 
and dimensions) of quadriceps fat pad were compared 
between normal, moderate OA, and end-stage OA 
groups [23]. No difference was determined among 
groups, suggesting that it is not clearly involved in OA. 
Because of these contradictory findings, it is not clear 
that the quadriceps fat pad is influenced by the patho-
genesis of OA. Similarly, none of the patients in our case 
group had signs of knee OA. However, it should be noted 

Table 1  Comparative data between normal individuals and QFPS group

*Mann–Whitney U test. Italic p values are significant

Variable Control group QFPI group p-value*

Trochlear sulcus angle (° ± SD) 124.1 ± 1.1 123.2 ± 1.1 0.560

Trochlear depth (mm ± SD) 8.24 ± 0.29 8.47 ± 0.23 0.670

Trochlear facet asymmetry (ratio ± SD) 0.72 ± 0.025 0.71 ± 0.018 0.836

Trochlear condyle asymmetry (ratio ± SD) 1.02 ± 0.005 1.02 ± 0.006 0.902

Lateral trochlear inclination angle (° ± SD) 26.96 ± 1.01 28.77 ± 0.87 0.224

Patellar translation (mm ± SD) 1.32 ± 0.44 1.78 ± 0.58 0.238

Patellar tilt (° ± SD) 5.37 ± 0.75 3.25 ± 0.66 0.038

Lateral-to-medial facet length ratio (ratio ± SD) 1.16 ± 0.019 1.13 ± 0.024 0.201

Interfacet angle (° ± SD) 132.14 ± 1.29 130.66 ± 1.39 0.481

Insall–Salvati ratio (ratio ± SD) 1.07 ± 0.02 1.04 ± 0.03 0.173

Patellotrochlear index (ratio ± SD) 0.19 ± 0.015 0.18 ± 0.02 0.990

TT–TG distance (mm ± SD) 10.92 ± 0.57 8.01 ± 0.67 0.004

Quadriceps tendon thickness (mm ± SD) 6.32 ± 0.203 6.44 ± 0.191 0.742
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that these patients were young subjects under 40 years of 
age.

There is only one clinical study dealing with the treat-
ment of QFPS [6]. In this study, patients were allocated 
to steroid injection and physical therapy groups. In both 
groups, significant improvement was seen at 6  months 
follow-up. More importantly, QFPE regressed in control 
MRI studies. The findings of this study indirectly support 
our findings. Resolution of inflammation (both clinically 
and radiologically) without any intervention on the pre-
existing anatomical characteristics shows us that QFPS 
could be a transient inflammatory disease.

There are a number of strengths and limitations of this 
research. An important limitation of the study is the low 
case number due to the fact that clinically and radio-
logically confirmed QFPS is a rather rare diagnosis and 
patient data are limited. Moreover, there is no specific 
physical examination finding for the clinical diagnosis 
of QFPS; thus, the clinical diagnosis of patients might 
miss other causes of anterior knee pain, despite extensive 
efforts for exclusion. MRI is an expensive imaging modal-
ity, which limited the number of controls. Secondly, 
the radiologists could not be blinded to the presence 
or absence of edema during the measurements, which 
might be a potential bias. Finally, the lack of T2-weighted 
pulse sequence in the MRI protocol is another limitation. 
Besides these limitations, the current study has strengths, 
too. The control group was selected from healthy volun-
teers, and the diagnosis of QFPS was supported by clini-
cal and MRI findings.

Conclusions
This prospective case–control study could not show any 
relationship between patellofemoral anatomy and the 
QPFS. Further studies on the etiology of this rare syn-
drome should be performed and should focus on other 
factors.
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