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Abstract

Purpose This study aimed to explore the correlation between the proton density fat fraction (PDFF) of the
infrapatellar fat pad and the severity of knee osteoarthritis (KOA), with a focus on identifying potential imaging
biomarkers for KOA progression.

Methods Seventy patients with KOA and forty-four healthy controls (HCs) were prospectively recruited for
conventional MR and mDIXON-Quant sequence scanning. The mDIXON-Quant technique was selected for its
precision in fat quantification and ability to provide three-dimensional water-fat separation, offering superior accuracy
in assessing fat content compared to traditional methods.The severity of KOA was assessed via the whole-organ
magnetic resonance imaging score (WORMS). Intraclass correlation coefficients (ICCs) were calculated to assess
interobserver agreement for the PDFF measurements. Differences in the PDFF between KOA patients and HCs were
compared. Additionally, the correlations between the PDFF of the infrapatellar fat pad in KOA patients and scores of
the characteristic areas included in the knee WORMS were analyzed.

Results The PDFF of the infrapatellar fat pad in KOA patients was significantly lower than in HCs. PDFF in KOA
patients was negatively correlated with multiple aspects of total knee WORMS scores (e.g., articular cartilage
integrity, etc,; rfrom —0.94 to -0.25; P<0.05), except for medial or lateral collateral ligament integrity (r=0.27, P>0.05).
Interobserver agreement was excellent (ICC=0.793, P<0.001).

Conclusions The PDFF of the infrapatellar fat pad is significantly associated with KOA severity, demonstrating

a progressive decrease as the disease advances. These findings suggest that PDFF holds promise as a potential
objective biomarker for evaluating KOA severity. However, further validation in larger and more diverse cohorts is
required to confirm its clinical applicability. This study is a prospective investigation that adhered to the Declaration
of Helsinki and was approved by the Ethics Committee of the First Hospital of Hebei Medical University (Approval No.
[2024] Research Review No. 056).
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Introduction

As the proportion of the elderly population continues
to grow, the incidence of knee osteoarthritis (KOA) has
also increased [1]. Recent research has expanded beyond
the traditional focus on articular cartilage and subchon-
dral bone damage, recognizing that KOA is a multifac-
eted joint disease involving various tissues [2]. These
tissues include the articular cartilage, subchondral bone,
synovium, ligaments, menisci, loose bodies, and periar-
ticular muscles, including the infrapatellar fat pad [3-5].

The role of the meniscus in the progression of KOA has
also garnered significant attention. The meniscus, a cru-
cial component of the knee joint, plays a vital role in load
distribution, shock absorption, and joint stability. Patho-
logical changes in the meniscus, such as tears or degen-
eration, are closely associated with the development and
progression of KOA. Studies have shown that meniscus
pathologies can exacerbate cartilage damage and contrib-
ute to the inflammatory microenvironment within the
joint, further accelerating the degenerative process [6].
Recent research has highlighted the strong relationship
between meniscus pathologies and KOA, demonstrat-
ing that meniscus injuries are not only a consequence
of KOA but also a contributing factor to its progression
[7]. This interplay between meniscus damage and KOA
underscores the importance of considering meniscus
health in the broader context of KOA management and
research.

The infrapatellar fat pad, another critical structure in
the knee joint, has also been implicated in the etiology
and progression of KOA. Beyond its mechanical role in
cushioning and lubrication, the infrapatellar fat pad is
increasingly recognized as an active endocrine organ that
secretes pro-inflammatory cytokines and adipokines,
such as interleukin-6 (IL-6), leptin, and adiponectin,
which contribute to synovial inflammation and cartilage
degradation [8,9].Magnetic resonance imaging (MRI)
offers significant advantages in visualizing and quanti-
tatively assessing the infrapatellar fat pad, particularly
through fat quantification analysis. Previous methods for
assessing changes in the signal intensity of the infrapatel-
lar fat pad have included semiquantitative/quantitative
T2-weighted imaging (T2W1I) [6,8,9], enhancement [10],
dynamic contrast-enhanced (DCE) quantitative imag-
ing [11,12], and radiomics [13]. However, these methods
have limitations in terms of precision and reproducibility,
particularly in quantifying fat content changes associated
with inflammation and fibrosis.

To address these limitations, this study employs the
mDIXON-Quant technique [14], a state-of-the-art fat
quantification method based on a three-dimensional

multiecho water-fat separation approach. Unlike tradi-
tional Chemical Shift Encoded (CSE) MRI methods [15],
mDIXON-Quant offers superior accuracy and reproduc-
ibility in measuring PDFF, making it particularly suitable
for assessing subtle fat content changes in the infrapatel-
lar fat pad [16,17]. This technique has been successfully
applied in other areas, such as hepatic steatosis and spinal
fat quantification [18,19], but its application in evaluating
KOA severity through infrapatellar fat pad fat quantifica-
tion remains underexplored.

This study aims to fill this research gap by investigating
the correlation between PDFF alterations in the infrapa-
tellar fat pad and KOA severity. We hypothesize that
decreased PDFF in the infrapatellar fat pad correlates
with increased KOA severity due to inflammatory and
fibrotic changes, which may serve as a potential imag-
ing biomarker for disease progression. By elucidating
the underlying mechanisms of PDFF changes, including
fat content reduction, inflammatory responses, and tis-
sue proliferation, this study seeks to provide new insights
into the role of the infrapatellar fat pad in KOA patho-
genesis and its potential as a therapeutic target.

Methods

Study participants

This study is a prospective investigation that adhered
to the Declaration of Helsinki and was approved by the
Ethics Committee of our hospital (Approval No. [2024]
Research Review No. 056). Informed consent was
obtained from all participants. The inclusion criteria for
the KOA group were as follows: (1) had recurrent knee
pain; (2) had an X-ray (standing or weight-bearing posi-
tion) demonstrating KOA; (3) had a morning stiffness of
<30 min; and (4) had a high degree of compliance, were
informed about the study, and voluntarily signed the
informed consent form. The exclusion criteria were as
follows: (1) history of knee trauma or surgery; (2) infec-
tious or noninfectious (e.g., rheumatoid) inflammatory
lesions of the knee; and (3) poor patient cooperation or
the presence of artifacts on MRI. The inclusion criteria
for HCs were as follows: (1) age- and sex-matched with
those with KOA and (2) no knee-related diseases or clini-
cal symptoms. The exclusion criteria were as follows: (1)
history of knee trauma or surgery; (2) presence of dis-
eases affecting the components of the knee joint; (3) poor
image quality that could not meet the requirements; and
(4) presence of contraindications to MRI examination.

MRI acquisition
Knee joint imaging was performed using a 3.0T MR
scanner (Philips, Ingenia 3.0T CX) equipped with a body
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coil. The mDIXON-Quant sequence, a multi-echo gradi-
ent-echo CSE-MRI technique, was selected for its ability
to provide precise PDFFE. This technique offers several
advantages over traditional CSE-MRI methods, includ-
ing multi-echo acquisition, improved correction for
magnetic field inhomogeneities, and superior fat-water
separation, which are critical for accurate fat quantifica-
tion in tissues such as the infrapatellar fat pad. The 3.0T
field strength was chosen to ensure high signal-to-noise
ratio and enhanced fat quantification accuracy, which are
particularly important for detecting subtle changes in fat
content associated with KOA progression. The scanning
sequences and parameters used were as follows: sagittal
FSE-T1WL repetition time (TR) 560.00 ms, echo time
(TE) 20.00 ms, field of view (FOV) 180 mmx161 mm,
flip angle (FA) 90°, slice thickness (ST) 4.00 mm, and slice
gap (SG) 0.40 mm. Sagittal FS-PDWI: TR 1723.00 ms, TE
30.00 ms, FOV 159 mmx182 mm, FA 90°, ST 4.00 mm,
SG 0.40 mm. Coronal FS-PDWI: TR, 1804.00 ms; TE,
25.00 ms; FOV, 180 mmx161 mm; FA, 90°%; ST, 4.00 mm;
SG, 0.40 mm. Axial FS-T2WTI: TR 2152.00 ms, TE 60.00
ms, FOV 160 mmx160 mm, FA 90°, ST 4.00 mm, SG
1.00 mm. Sagittal mDIXON-Quant: TR 570 ms, TE
0.99 ms, FOV 180 mmx180 mm, FA 3°, ST 6.00 mm,
SG 0.00 mm. The scan was centered on the lower edge
of the patella, with the body coil positioned to maintain
the knee in its natural state. Sandbag fixation was used to
minimize motion artifacts.

PDFF measurement of the subpatellar fat Pids in the knee
joint

In this study, PDFF measurements of the infrapatellar
fat pad were performed using sagittal T1WI and PDFF
fusion images. The boundaries of the infrapatellar fat
pad were manually delineated at the largest level of the
patella, as well as at the left and right levels. Efforts were
made to exclude the synovium, ligaments, subcutane-
ous fat, and effusion as much as possible.this approach
was chosen to ensure consistency and reproducibility in
PDFF measurements, as the central slices are less prone
to partial volume effects and provide a representative
sample of the fat pad’s fat content The final PDFF of the
infrapatellar fat pad was obtained by averaging three
measurements to minimize inter-observer variability.
The postprocessing software used was IntelliSpace Portal
Philips on an Ingenia 3.0T MRI system. Image postpro-
cessing was conducted independently and in a blinded
fashion by two trained radiologists.

Whole-Organ MRI scoring (WORMS) of the knee joint

WORMS is a semiquantitative, multifeature assessment
method used to evaluate the severity of KOA on the
basis of conventional MRI. This method involves scor-
ing 11 distinct articular features across 15 different knee
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regions. The assessed features include cartilage signal and
morphology, subarticular bone marrow abnormalities,
subarticular cysts, subarticular bone attrition, marginal
osteophytes, medial and lateral meniscal integrity, ante-
rior and posterior cruciate ligament integrity, medial and
lateral collateral ligament integrity, synovitis, loose bod-
ies, and periarticular cysts/bursae [20]. Higher WORMS
scores indicate more severe KOA. Scores for each fea-
ture, as well as the total WORMS score (derived by sum-
ming the individual feature scores), were independently
obtained through a double-blind process by two trained
radiologists.

Statistical analysis

Statistical analysis was conducted via IBM SPSS Statistics
26.0. Data are presented as the means+ standard devia-
tions or medians with interquartile ranges for continuous
variables and as frequencies and percentages for categor-
ical variables. Descriptive statistics were performed on
general information (age, sex, knee joint side, and body
mass index (BMI), defined as weight (kg)/(height (m)?)),
reported as the means with 95% confidence intervals. The
chi-square test was used to evaluate categorical variables,
whereas the t test or Mann-Whitney U test was used for
continuous variables. Pearson or Spearman correlation
tests were applied to analyze the relationship between
WORMS scores and total WORMS scores of each knee
joint region with the PDFF of the infrapatellar fat pad.
ICCs were calculated to assess the reproducibility of the
measured PDFF. The criteria proposed by Cicchetti and
Sparrow were used as references, where an ICC<0.40
indicates poor reliability, between 0.40 and 0.58 indicates
fair reliability, between 0.59 and 0.75 indicates good reli-
ability, and >0.75 indicates excellent reliability. The sig-
nificance level was set at «=0.05. A power analysis was
conducted to justify the sample size, ensuring adequate
statistical power to detect significant differences in PDFF
between KOA patients and healthy controls. Potential
confounding factors, such as age and BMI, were con-
trolled through matching and statistical adjustment.

Results

Participant characteristics

A total of 70 participants (54 [77.14%] females; 36
[51.43%] with a right knee) with an average age of
63.17+7.26 years and a BMI of 27.54+2.71 kg/m® were
included in the KOA group. The HCs comprised 44 par-
ticipants (33 [75.00%] females; 25 [56.82%] with a right
knee), with an average age of 64.36 + 8.43 years and a BMI
of 27.66 +2.87 kg/m®. There were no statistically signifi-
cant differences between the KOA patients and HCs in
terms of age, sex, side, or BMI (Table 1).
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Table 1 Patient characteristics between the HCs and KOA

control KOA t/x? P
Age, year 64.36+843 63.17+7.26 0.80 042
Sex, n(male/female) 11/33 16/54 2.16 0.15
Side, n(left/right) 19/25 34/36 0.32 0.57
BMI, kg/m? 27544271 27.66+2.87 023 0.82

KOA: Knee Osteoarthritis; BMI: Body Mass Index

U=542.50
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Fig. 1 shows the box plot of the proton density fat fraction (PDFF) of the
infrapatellar fat pad in patients with knee osteoarthritis (KOA) compared
with HCs. The PDFF of the infrapatellar fat pad in the KOA patients was
significantly lower than that in the HCs

Interobserver consistency in PDFF measurement
Interobserver consistency in the PDFF measurements of
the infrapatellar fat pad was excellent (ICC=0.793, 95%
CI: 0.667-0.875, P<0.001).

PDFF comparison between patients with KOA and HCs

The PDFF of the infrapatellar fat pad was significantly
lower in the KOA patients than in the HCs (72.11 £ 6.45
vs. 78.07£8.11, Mann-Whitney U=542.50, P<0.001;
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Fig. 1). The effect size (Cohen’s d) for this difference was
0.82, indicating a large effect.

In the fused images of the infrapatellar fat pad PDFF
with T1WI, color changes from yellow to violet were
observed, indicating a gradual decrease in the PDFE. An
increase in the WORMS score was associated with this
color change from yellow to purple, whereas a decrease
in the WORMS score corresponded to a change from
purple to yellow in the PDFF imaging (Fig. 2).

Correlation between PDFF and WORMS parameters in
patients with KOA

In KOA patients, the PDFF of the infrapatellar fat pad
was significantly negatively correlated with the total
knee WORMS score and various WORMS parameters,
including articular cartilage integrity, marginal osteo-
phytes, and subarticular bone abnormalities (P<0.05;
Fig. 3; Table 2). However, no significant correlation was
observed with medial or lateral collateral ligament integ-
rity (r=0.027, P=0.826).

Discussion
The infrapatellar fat pad was first described by Albert
Hoffa in 1904 and is therefore referred to as Hoffa’s
fat pad [21]. Owing to its unique spatial location and
composition, the infrapatellar fat pad plays a protec-
tive role in the knee joint by restricting hypermobility,
secreting lubrication to reduce friction, and cushioning
oscillations. However, in patients with KOA, the infrapa-
tellar fat pad often becomes edematous, hemorrhagic,
and fibrotic, diminishing its protective function and facil-
itating the progression of KOA.

Previous studies have focused on how changes in
the high signal intensity of the infrapatellar fat pad
impact KOA, with few investigations into the structural

Fig.2 A depicts afused images of the infrapatellar fat pad proton density fat fraction (PDFF) with T1WI of the infrapatellar fat pad of the knee in a partici-
pant with healthy controls (HCs)(female, 55 years old)with a total Whole Organ Magnetic Resonance Imaging Score (WORMS) of 33 and a PDFF of 81.7%.
B depicts a fused images of the infrapatellar fat pad PDFF with TIWI of the infrapatellar fat pad of the knee in a patient with KOA (female, 59 years old)
with a total WORMS score of 154 and a PDFF of 67.8%
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Fig. 3 A-F show negative correlations between the proton density fat fraction (PDFF) and the total whole-organ magnetic resonance imaging score
(WORMS), articular cartilage integrity, marginal osteophytes, subarticular bone attrition, subarticular bone marrow abnormality, and subarticular cyst

WORMS score scatterplots

Table 2 Correlation of PDFF with WORMS scores in each region and total WORMS scores

rip Total Worms Collateral Cartilage Bone Attrition Bone Cysts Marrow Abnormality
Ligament
PDFF r -0.94 027 -0.85 -0.80 -0.52 -0.72
P <0.001 0.83 <0.001 <0.001 <0.001 <0.001
r/p Loose Bodies Cruciate Ligament Menisci Periarticular Cysts/Bursitis Osteophytes Synovitis/Effusion
r -0.54 -0.27 -0.54 -0.80 -0.83 -0.25
P <0.001 0.043 <0.001 0.017 <0.001 0.030

WORMS: Whole-Organ MRI Scoring.PDFF: Proton Density Fat Fraction

alterations in the knee joint associated with low signal
intensity (e.g., chronic inflammation, such as hemor-
rhage and fibrosis) [6,18]. The present study investigated
the PDFF, which quantifies the signal intensity contrib-
uted by adipose tissue in the infrapatellar fat pad as a
more objective measure. We employed the mDIXON-
Quant technique to assess alterations in the PDFF in the
infrapatellar fat pad and their correlation with the sever-
ity of KOA. Additionally, this study aimed to elucidate
the underlying mechanisms and pathological basis for the
observed PDFF modifications in the infrapatellar fat pad
of the knee joint.

Pathology of the infrapatellar fat pad in patients with
end-stage KOA reveals neovascularization, fibrosis, and
chronic inflammation. Studies have shown that infrapa-
tellar fat pad synovitis at baseline is associated with the
development of KOA over a four-year follow-up period
[19]. Furthermore, the Multicenter Osteoarthritis Study
demonstrated that infrapatellar fat pad synovitis is an
independent causal factor in the development of KOA at
the 84-month follow-up [22].

Patients with KOA secrete higher levels of inflamma-
tory and adipokine substances from the infrapatellar
fat pad than from the subcutaneous fat pad. These sub-
stances include interleukin 6 (IL-6), adipsin, adiponectin,
and visfatin [23-25]. Other studies have confirmed that
the infrapatellar fat pads of KOA patients also secrete
increased levels of leptin [26]. Compared with those in
controls, leptin levels in the synovial fluid and serum of
KOA patients are elevated.

Leptin, a proinflammatory factor, has been shown to
promote synovial inflammation, exacerbate joint damage,
influence adipose tissue metabolism, and participate in
bone remodeling. It also affects osteoblast activity, con-
tributing to osteophyte formation.

Han et al. [18]. identified a low-signaling component
within the infrapatellar fat pad on T2WI, which is con-
sidered a consequence of chronic synovitis and tissue
fibrosis/hemorrhage. These changes lead to a reduction
in the signal intensity contributed by the adipose tissue,
resulting in a decreased PDFF. It is hypothesized that
inflammatory edema, fibrosis, and hemorrhage in the
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infrapatellar fat pad contribute to the observed reduc-
tion in the PDFF in KOA patients. As KOA severity
increases, the PDFF of the infrapatellar fat pad likely fur-
ther decreases.

KOA is a multifaceted disease that affects various tis-
sues and structures, including cartilage [27], subchondral
bone [28], synovium, ligaments [29], bursa, meniscus
[30], and the infrapatellar fat pad [31-34]. Alterations in
these structures not only reflect the progression of KOA
but also may influence the PDFF measurements of the
infrapatellar fat pad.

Han et al. [35]. reported a positive correlation between
high signal intensity in the infrapatellar fat pad and
increased cartilage damage and subarticular bone mar-
row abnormalities on the basis of semiquantitative
assessment of these high signal modifications [8,35].
Although this is different from the negative correlation
observed in this study, the actual reflected content is dif-
ferent. Specifically, we found that as the high signaling
component of the infrapatellar fat pad increased, the pro-
portion of signal intensity attributable to adipose tissue
decreased, which contributed to the observed negative
correlation. Furthermore, our study included pathologi-
cal components of the infrapatellar fat pad with iso/low
signals, such as chronic inflammation (e.g., hemorrhage
and fibrosis), in the PDFF analysis and assessed their
impact on articular cartilage damage and subchondral
bone marrow abnormalities.

We found that there was a significant difference in
PDFF% between KOA patients and the control group.
Based on existing evidence, we believe it may be related
to the following reasons. Firstly, KOA is a complex mul-
tifactorial disorder with varying pathological processes
among different patients. During the progression of the
disease, the extents and rates of pathological alterations
such as articular cartilage damage, synovial inflamma-
tion, and osteophyte formation differ. These factors
interact and jointly influence the microenvironment of
the infrapatellar fat pad, resulting in different degrees of
metabolic and structural changes in the fat cells within
the fat pad, ultimately leading to significant differences
in PDFF%. Previous studies have demonstrated that the
degree of articular cartilage degeneration is closely asso-
ciated with the inflammatory response of the infrapatel-
lar fat pad [8], and synovial inflammation can induce a
series of pathological changes in the fat pad [36], which
indirectly support our contention that the pathological
heterogeneity of KOA affects PDFF%.

Secondly, individual variations among patients, includ-
ing age, gender, body mass index (BMI), and lifestyle fac-
tors, may also have an impact on PDFF%. Despite our
efforts to match the KOA patients and HC for age, gen-
der, and BMI in this study, the subtle differences in these
factors at the individual level might still interfere with the
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PDFF% measurement results. For instance, the fat metab-
olism capacity varies among patients of different ages,
and age advancement may be accompanied by changes in
fat tissue function [32], thereby affecting the fat content
and PDFF% of the infrapatellar fat pad.

Degenerative and chronic injury in the knee joint con-
tributes to the development of osteophytes, which can
result in microvascular dilation, tissue congestion, local
hemorrhage, fatty interstitial edema, inflammatory cell
infiltration, and even synoviocyte hyperplasia and syno-
vial chorioallantoic hyperplasia on the infrapatellar fat
pad surface [37]. Chuckpaiwong et al. [38]. reported a
significant positive correlation between altered signal
intensity in the infrapatellar fat pad and the formation
of osteophytes at various sites. This finding supports the
observed decrease in the PDFF of the infrapatellar fat pad
with increasing severity of KOA in our study and high-
lights the potential of the PDFF as a marker for structural
joint changes.

This study revealed a negative correlation between the
PDFF of the infrapatellar fat pad and synovitis/effusion,
indicating that the synovial status significantly affects the
PDFF. Previous studies have shown that hemoperfusion
of the infrapatellar fat pad increases in the presence of
knee effusion, which may be related to inflammation of
the infrapatellar fat pad associated with KOA [9,12,38].
This study employed the mDIXON-Quant technique
to quantitatively assess changes in the PDFF, further
confirming that the PDFF of the infrapatellar fat pad
decreases with increasing severity of KOA. Klein-Wier-
inga et al. [24] revealed similarities in immune cell com-
position between synovial tissue and the infrapatellar fat
pad, as well as potential interactions between them. This
finding aligns with the negative correlation between the
PDFF and synovitis/effusion observed in this study, sug-
gesting that synovial inflammation may lead to an inflam-
matory response in the infrapatellar fat pad, thereby
reducing the proportion of signal intensity contributed
by fat tissue. This study provides direct quantitative evi-
dence supporting this theory through objective PDFF
measurements.

Additionally, this study revealed a negative correlation
between the integrity of the medial and lateral menisci
and the anterior and posterior cruciate ligaments and the
PDFF of the infrapatellar fat pad. The integrity of these
structures is crucial for maintaining knee stability and
function. This damage may exacerbate the progression
of KOA, leading to increased secretion of inflammatory
cytokines. The presence of crosstalk between synovial
tissue and the infrapatellar fat pad could further result in
inflammatory infiltration, edema, hemorrhage, and even
fibrosis of the infrapatellar fat pad, ultimately leading to a
decreased PDFFE.
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Compared with previous studies, this research pro-
vides more accurate PDFF measurements through the
advanced mDIXON-Quant technique, offering a more
precise reflection of the physiological changes in the
infrapatellar fat pad during progression.

This study has several limitations. First, the sample
size was relatively small, with a significant sex imbalance.
While this allowed for preliminary observations, it may
not fully capture the variability and heterogeneity pres-
ent in larger populations. A larger, more balanced sample
would have increased the statistical power, potentially
reducing the risk of type II errors and enhancing the
generalizability of our findings. Second, the PDFF mea-
surement of the infrapatellar fat pad was not based on its
entire volume but rather on the mean values of selected
slices. This approach lacks assessment of the fat pad mar-
gins, potentially overlooking important spatial variations
in the PDFF distribution. Future studies should consider
whole-volume PDFF analysis to provide a more compre-
hensive and accurate evaluation of the infrapatellar fat
pad. Third, this study did not include the measurement
or analysis of other fat pads, Future studies could further
explore the changes in PDFF of these fat pads and their
correlation with KOA severity to provide a more com-
prehensive understanding of the role of fat pads in KOA.
Future studies could further explore the changes in PDFF
of these fat pads and their correlation with KOA severity
to provide a more comprehensive understanding of the
role of fat pads in KOA.Fourth, While mDIXON-Quant
has been validated for PDFF quantification in other tis-
sues (e.g., liver, muscle), no direct validation against
a reference method (e.g., MR spectroscopy or histol-
ogy) has been performed for the infrapatellar fat pad.
This represents a gap in the current study, and future
research should aim to validate PDFF measurements in
the infrapatellar fat pad using these reference methods.

Conclusion

This study demonstrates the capability of the MR
mDIXON-Quant technique in enabling precise quantita-
tive assessment of PDFF alterations in the infrapatellar fat
pads of patients with KOA. As the severity of KOA pro-
gresses, the PDFF in the infrapatellar fat pad decreases.
Thus, the PDFF of the infrapatellar fat pad emerges as a
potential objective marker for assessing the severity of
KOA. Nevertheless, despite the promising potential of
PDFF in evaluating KOA severity, its clinical applicabil-
ity requires further validation in larger, multicenter stud-
ies. Additionally, the lack of reference validation in the
infrapatellar fat pad currently limits its immediate clini-
cal use. Future research should aim to validate the effec-
tiveness of PDFF as a biomarker for KOA in a broader
context and explore its potential applications in support-
ing clinical decision-making.
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Abbreviations

PDFF Proton density fat fraction

KOA Knee Osteoarthritis

HCs Healthy controls

MR Magnetic Resonance

CSE Chemical Shift Encoded
WORMS  Whole-Organ Magnetic Resonance Imaging Score
ICC Intraclass correlation coefficient
MRI Magnetic Resonance Imaging
T2WiI T2-weighted imaging

DCE Dynamic contrast-enhanced

TR Repetition time

TE EchoTime

FOV Field of View

FA Flip angle

ST Slice thickness

SG Slice Gap

BMI Body mass index
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