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SUMMARY

The infra-patellar fat pad (IPFP) is composed of intra-articular adipose tissue; it represents a
potential source of pro-inflammatory cytokines and has been associated with osteoarthritis of the
knee. Yet, to what extent the size of the IPFP differs between healthy men and women, and how
sex differences compare to those in inter-muscular and subcutaneous fat tissue content is
unknown. We studied healthy reference subjects from the Osteoarthritis Initiative, without knee
pain, without radiographic signs or without risk factors of femorotibial osteoarthritis. Sagittal
magnetic resonance images (MRIs) of 99 right knees were used to segment the IPFP; in a subset,
axial images of the thigh were available to segment inter-muscular and subcutaneous fat. Healthy
men (n=40) displayed a 41% greater (p<0.001) IPFP volume and a 9% greater (p<0.01) ratio of
IPFP volume/body weight than women (n=59). Men (n=13) displayed 15% greater intermuscular
fat content (not significant), and a 50% lesser (p<0.01) subcutaneous fat content than women
(n=12); when related to total thigh cross-sectional areas, these sex differences were +2% (not
significant) and -53% (p<0.001). This is the first study to explore quantitative measures of the
IPFP in healthy men and women, and to relate these to sex differences of inter-muscular and
subcutaneous fat tissue content. Men displayed a significantly greater ratio of IPFP volume/body
weight than women, similar amounts of inter-muscular fat, and strikingly less subcutaneous fat.
These data provide a basis for further systematic studies of the variability of the IPFP with the
body mass index and its role in knee osteoarthritis.

Keywords
Infra-patellar fat pad; Hoffa; Inter-muscular fat; Subcutaneous fat; Sex differences

© 2015 Published by Elsevier GmbH.

Corresponding author: Univ. Prof. Dr. med. Felix Eckstein, Institute of Anatomy, Paracelsus Medical University, Strubergasse 21,
A-5020 Salzburg, Austria; Fon: +43 662 2420-80400; felix.eckstein@pmu.ac.at.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Diepold et al. Page 2

1. Introduction

Knee osteoarthritis (OA) represents the most common form of arthritis (Felson et. al., 1987;
Felson et. al., 1997) and is a frequent cause of chronic disability (Peat et. al., 2001). Knee
OA and obesity are responsible for a huge number of quality-adjusted life-years lost in older
men and women (Losina et. al., 2011). At a structural level, knee OA has been traditionally
characterized by the formation of osteophytes and loss of cartilage (i.e. joint space
narrowing) on radiographs (Kellgren and Lawrence, 1957). However, with the advent of
magnetic resonance imaging (MRI) evidence has emerged that knee OA involves all
synovial joint tissues, including subchondral bone, capsule and synovium, ligaments and
menisci, etc. (Guermazi et. al., 2013).

Although mechanical factors are known to play a crucial role in the degeneration of articular
tissue, recent evidence suggests that these fail to fully explain the relationship between
obesity and knee OA, and that “endocrine” pathways may be of similar importance
(Eckstein and Kwoh, 2014; Issa and Griffin, 2012a). Adipocytes were shown to secrete pro-
inflammatory mediators (“adipokines™) that may cause articular tissue degradation by
release of metalloproteinases (MMPs) und growth factors (Griffin et. al., 2012; Griffin and
Guilak, 2008; Issa and Griffin, 2012b; Sokolove and Lepus, 2013). The most prominent
adipokine, leptin, is thought to be a crucial player of obesity-associated OA, acting in
concert with other cytokines (Hui et. al., 2012; Scotece et. al., 2013; Stannus et. al., 2010;
Stannus et. al., 2013). Because obesity is amendable to therapeutic intervention, it represents
a particularly interesting risk factor of knee OA. Results from a recent randomized
controlled trial showed that diet and exercise intervention were effective in achieving weight
loss, reduced knee pain, improved knee function, and reduced plasma levels of interleukin-6,
a measure of inflammation (Messier et. al., 2013).

Only recently has the infra-patellar (Hoffa) fat pad (IPFP) become a subject of interest in
knee OA research. The IPFP is unique in that its adipose tissue is located intra-articularly,
more specifically within the capsule but extra-synovial (Saddik et. al., 2004), with the
potential of its “endocrine” activity directly affecting joint structure (Conde et. al., 2013;
Hui et. al., 2012; Klein-Wieringa et. al., 2011). The IPFP is suggested to be a source of
intra-articular leptin, with leptin being unique in being present at higher concentrations in
the synovial fluid than in serum (Gegout et. al., 2008). A small study in humans examined
the volume of the IPFP with MRI in women with knee OA vs. controls, but was
underpowered to identify structural differences (Chuckpaiwong et. al., 2010). More recently,
maximal IPFP areas determined from sagittal MRIs were related to longitudinal changes in
knee pain, cartilage volume, and cartilage lesion scores (Pan et. al., 2014) and with
radiographic joint space narrowing (JSN) and bone marrow lesions (BMLs) (Han et. al.,
2014). Interestingly, the findings indicated that maximal IPFP area may have a protective
role for knee OA progression in older women, but the results were not fully consistent
between various measures and measurement locations, and were not reproduced in older
men (Pan et. al., 2014).

Radiographic and particularly symptomatic knee OA are more frequent in older women than
men (Felson et. al., 1987). Women display greater rates of incident knee OA and
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progression (Felson et. al., 1995), particularly when obese (Felson et. al., 1997), but these
findings do not necessarily hold for other joints (Srikanth et. al., 2005). Women are known
to display greater fat tissue mass at the thigh (Dannhauer et. al., 2014; Delmonico et. al.,
2009; Tseng et. al., 2014; Van Pelt et. al., 2011), but it has not been studied to date whether
intra-articular (IPFP) fat tissue content is also greater in healthy woman than men, and may
represent a potential reason for women being more susceptible to knee OA than men.

The specific purpose of the current study was a) to provide normal values for quantitative
measures of the IPFP in healthy subjects without knee pain, without radiographic signs of
knee OA, and without risk factors of incident knee OA; b) to describe sex differences in
these measures, and to relate these to sex differences in subcutaneous and inter-muscular
and fat tissue content of the thigh; c) to determine the correlation of IPFP volume with body
weight and age; and d) to test whether the IPFP volume/body weight ratio differs between
both sexes.

2. Material and methods

2.1. Study population

The participants used for this analysis were selected from the Osteoarthritis Initiative (OAI)
data base (Eckstein et. al., 2012; Eckstein et. al., 2014). The OAl is a multicenter,
longitudinal, prospective observational study that provides public access to clinical datasets,
radiographs, magnetic resonance images (MRI) and biospecimens. 4796 female and male
participants, aged 45-79 years, were recruited at four clinical centers in the U.S.. The
participants either had symptomatic knee OA (i.e. progression cohort), were at risk of
developing symptomatic knee OA (i.e. incident cohort), or were part of a healthy reference
cohort (n=122) without (risk factors) of incident knee OA (Bloecker et. al., 2011; Eckstein
et. al., 2010). The OAI is registered under clinicaltrials.gov (NCT00080171). The OAI
received ethical approval by the Institutional Review Boards (IRB), and all participants gave
informed consent. This informed consent includes use of the publicly available image and
clinical data that will be used in this study.

Participants of the healthy reference cohort had to fulfill the following criteria (Bloecker et.
al., 2011; Eckstein et. al., 2010):

» No pain, aching or stiffness in either knee in the past year

» No radiographic signs of femorotibial OA (i.e. no osteophytes and no joint space
narrowing) of either knee, using the site reading of the baseline bilateral fixed
flexion radiographs (Peterfy et. al., 2003)..

» Norisk factors for the onset of knee OA, including:
O Obesity

O History of knee injury, defined as having caused difficulty walking for at least
a week

O History of knee surgery

O Family history of total knee replacement in a biological parent or sibling
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O Heberden’s nodes, defined as self-reported bony enlargements of one or more
distal interphalangeal joints in both hands

O Repetitive knee bending

Recruitment of the above healthy reference cohort depended on the radiographic readings
performed by trained and certified readers (one to three radiologists or rheumatologists) at
the clinical OAI sites (Eckstein et. al., 2012; Eckstein et. al., 2014). (Altman and Gold,
2007). However, following recruitment, additional central radiographic readings were
performed by three expert radiologists or rheumatologists at Boston University (https://
oai.epiucsf.org/datarelease/SASDocs/kXR_ SQ_BU_descrip.pdf). KLGs were assigned
pertinent to the original description (Kellgren and Lawrence, 1957), independent of OARSI
atlas osteophyte and JSN grades (Eckstein et. al., 2012; Eckstein et. al., 2014). During the
central readings, 23 of the 122 reference subjects were identified to display signs of
radiographic knee osteoarthritis in at least one of both knees, and 99 showed no sign of
femorotibial OA in either knee. The analysis of the IPFP in this study was performed on the
right knees of these 99 participants (59 women, 40 men), of whom the demographics are
reported in Table 1.

A subset of the OAI healthy reference cohort (13 women and 13 men) also had axial MRIs
of both thighs, of which data from 12 women and 13 men were usable (for specific
explanations please see below; demographics listed in Table 2). The rationale of including
this subset was to provide a direct comparison of sex differences in IPFP, subcutaneous, and
intermuscular adipose tissue content, and to provide a basis for linking the sex differences in
the IPFP to those in thigh subcutaneous tissue content previously reported in the literature
(Dannhauer et. al., 2014; Delmonico et. al., 2009; Tseng et. al., 2014; Van Pelt et. al., 2011).

2.2. Image acquisition using MRI

The MRI acquisition protocol of the knees has previously been described in detail (Eckstein
et. al., 2012; Peterfy et. al., 2008), with the analyses in the present study relying on data set
0.E.1 (the baseline images). For the analysis of the IPFP, a sagittal intermediate-weighted
fat-suppressed turbo spin-echo sequence (IW TSEwas used (time of repetition =3200ms,
time of echo =30ms, slice thickness 3.0mm; in plane resolution 0.36mm x 0.36mm; Fig. 1a,
b). These images were acquired using a 3 Tesla Magnetom Trio magnet (Siemens
Healthcare Erlangen, Germany) and a quadrature knee coil. MRIs of both knees were
available, but only the right one was used for the present analysis. For normalization
purposes, we included analyses of the tibial subchondral surface size, which was obtained
from a coronal fast low angle shot (FLASH) gradient echo sequence with water excitation,
as described previously (Eckstein et. al., 2010).

The analysis of the thigh adipose tissue content relied on axial MRIs of the thigh acquired
using a T1-weighted spin echo sequence (time of repetition 500ms, time of echo 10ms; slice
thickness 5.0mm, in-plane resolution 0.98mm x 0.98mm; Fig. 2), using the same magnet
and a body coil (Eckstein et. al., 2012; Eckstein et. al., 2014). Coronal localizer images were
used to delineate the distal femoral epiphyses, with the acquisition of the axial images
starting 10cm proximal to the distal femoral epiphysis and extending 7.5cm proximally
(Sattler et. al., 2012). Details on this imaging protocol are available online
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(www.oai.ucsf.edu/ datarelease/operationsmanuals.asp). Please note that due to the fixed
distance (10cm) between the distal femoral epiphysis and the most distal MR image being
acquired per OAI protocol, the position of the images varied relative to the femur,
depending on bone length and body height (Eckstein et. al., 2014; Sattler et. al., 2012). In
order to adjust for this variability, we selected a variable slice number depending on
individual body height. This was estimated to be located at 33% of the femoral length (from
distal to proximal), based on the relationship between body height, femoral length, and
location of the distal femoral epiphysis previously determined in 48 OAI participants
(Dannhauer et. al., 2010; Sattler et. al., 2012). One of the 26 muscle acquisitions (in a male
participant) could not be analyzed, because the images were acquired starting 8cm (instead
of 10cm) proximal from the knee joint space (rather than the distal epiphysis), so that the
33% femoral location was not covered by the 15 images.

2.3. Image analysis of the IPFP and the thigh adipose tissue content

All segmentations in this study were performed by the same reader (J.D.), who was trained
using standardized test data sets. The imaging parameters (brightness, intensity, contrast,
gray value limit) were adjusted manually in each image and the reader processed all slices
that clearly depicted the IPFP. By applying different labels, the user marked the anterior
border of the IPFP (the one facing the lig. patellae) and the posterior border (the one facing
the knee joint; Fig.1a, b). When recesses, clefts or vessels were located in the periphery of
the IPFP, these were excluded from the segmentation, and the same was done for all
pathological alterations not originating from the IPFP. However, if small alterations were
completely surrounded by adipose tissue, these had to be included in the volume
segmentations; yet, no larger structures (cysts) were observed in these knees. All
segmentations were quality controlled by a postdoc anatomist (A.R.) with ample experience
in the analysis of thigh muscle cross sectional areas and adipose tissue. The IPFP volume,
the size of the anterior and posterior surface area, and the mean thickness (depth) were
computed using custom software without use of an interpolation algorithm (Fig. 1 c, d).

To analyze the adipose tissue content of the thigh, manual segmentation of the thigh muscle
anatomical cross sectional areas (i.e. the quadriceps, hamstrings, adductors, and the
sartorius) was performed as described previously (Dannhauer et. al., 2013; Ruhdorfer et. al.,
2013; Sattler et. al., 2012); interstitial adipose tissue was being included in these
segmentations. The outer circumference of the thigh was identified by an edge-detection
algorithm applied to a “signal intensity threshold modified” image, and the femoral bone
area was determined by an edge detection and shape identification algorithm (Dannhauer et.
al., 2014). The area between these two contours included all non-muscular soft tissue and a
semi-automated algorithm was then used to delineate a convex contour (“sling”) tightly
enclosing the previously segmented muscle tissue, to separate inter-muscular tissue (IMT)
and subcutaneous fat (SCF) cross sectional areas (in cm?) (Fig. 2). Finally, inter-muscular
fat (IMF) was identified from the IMT by applying a signal intensity threshold. The result
was quality controlled with correction factors of the settings being applied until the result
was approved visually (Dannhauer et. al., 2014).
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2.4. Statistics

3. Results

Demographics data and quantitative measures of IPFP and thigh fat tissue content were
reported as means and standard deviations (SDs) for men and women. Since men are larger
than women, several normalizations were performed to identify whether sex differences
persisted after accounting for differences in body dimensions. Sex differences were
evaluated using unpaired two-sided t-tests. P-values of <0.05 were considered significant.
No adjustment for multiple comparisons was made in this exploratory study, but the primary
analytic focus was set on IPFP volume divided by body weight, and the secondary focus on
the anterior surface of the IPFP divided by the total tibial cartilage surface area. The latter
had been derived in a previous study, from segmentation of the medial and lateral cartilage
surface in the same participants (Eckstein et. al., 2010). However, measures of tibial surface
area were not available in 7 of the participants studied here, because only participants with
one year follow-up data had been included in the previous work (Eckstein et. al., 2010).

For comparative purposes, sex differences in thigh SCF and IMF areas were determined in
the subsample of participants with thigh MRIs, with and without normalization to the total
thigh cross sectional areas. All quantitative IPFP parameters were also determined for this
subsample, to explore whether these were consistent between this and the larger sample.

Finally, Pearson correlation coefficients and their 95% confidence intervals (95% CI) were
determined for IPFP volume vs. body weight and IPFP volume vs. age, in men and women,
respectively.

The 99 OAI healthy references subjects studied included 40 men (age 56+8.9 y [mean+SD];
weight 79.5+8.3 kg; height 1.75+£65.6m, BMI 26.2+3.1) and 59 women (53.8 £6.3 y; weight
61.6+8.5 kg; height 1.63+£66.7m; BMI 23.2+2.52). The differences in age were not
statistically significant (p=0.14), but men had a significantly greater BMI than women
(p<0.001).

Men displayed a 41% greater IPFP volume than women as well as a 27% greater IPFP
anterior surface area, a 31% greater posterior surface area, and a 12% greater thickness
(p<0.001; for all comparisons). Men displayed a 9% greater IPFP volume than women,
when normalized to body weight (p=0.008; primary analytic focus). When normalized to
tibial cartilage surface area, men had a 2% smaller IPFP anterior surface than women
(p=0.58; secondary analytic focus), with the tibial surface area being 30% larger in men
(Table 1).

There was a weak to moderate correlation of IPFP volume with body weight in men (r=0.34
[95% CI 0.04; 0.59], p=0.03) and in women (r=0.50 [95% CI 0.28; 0.67]; p<0.001).
However, no relevant or statistically significant correlation was observed between IPFP
volume with age in men (r=0.03 [95% CI —0.29; 0.33], p=0.88) or women (r=0.18, [95% CI
-0.08; 0.42]; p=0.17], p<0.001).
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The 25 OAI healthy references subjects who had thigh MRI acquisitions included 13 men
(age 61.1+10.6 y; BMI 26.2+2.86) and 12 women (mean age 52.1+5.6; BMI 23.3+3.34).
The sex differences in IPFP parameters observed in this subsample were very similar to
those in the larger sample (Table 2). The men displayed 50% smaller SCF areas (p=0.002),
21% greater IMT areas (p=0.07), 15% greater IMF areas (p=0.28), and 9.0% greater thigh
total cross sectional areas (p=0.23) than women (Table 2). When normalized to thigh total
area, sex differences in SCF, IMT and IMF amounted to —53% (p<0.001), +8% (p=0.44)
and +2% (p=0.87) for men vs. women (Table 2).

4. Discussion

This is the first study to describe sex differences in quantitative anatomical measures of the
IPFP (Hoffa) in healthy men and women, and to relate these to sex differences in
subcutaneous (SCF) and inter-muscular adipose (IMF) tissue content. The current study was
conducted using publically available clinical and imaging data from the Osteoarthritis
Initiative (OAI) data base; image analysis software was used specifically for analysis of SCF
and IMF tissue content of the thigh (Dannhauer et. al., 2014), and for quantitative analysis of
anatomical measures of the IPFP. We find healthy men to display substantially greater IPFP
volume then women, with the sex difference remaining significant when the IPFP was
normalized to body weight. Men did not display a greater anterior surface area of the IPFP
when normalized to tibial cartilage surface area, but a significantly greater IPFP depth than
women. When related to total thigh cross sectional area, men displayed similar inter-
muscular fat (IMF) tissue content, but only half of the subcutaneous fat tissue (SCF) content
as women, despite their slightly greater BMI. Further, we observed a weak to moderate
correlation of the IPFP volume with body weight in men and women, but no relevant
correlation with age.

A limitation of the current study is the limited sample size of subjects with axial MRIs
available for thigh tissue composition. However, the finding of substantially greater
subcutaneous fat tissue content in this small subset is consistent with the literature
(Dannhauer et. al., 2014; Delmonico et. al., 2009; Tseng et. al., 2014; Van Pelt et. al., 2011).
Also, the sex differences of IPFP measures in this subset were very consistent with that in
the larger set of almost 100 healthy participants. One of the strengths of our study is the
rigor by which the OAI eliminated structural (radiographic) alterations and risk factors of
femorotibial OA from participants of the healthy OAI reference cohort. A limitation here
though is that no lateral radiographs were available, and that therefore radiographic
alterations of the femoropatellar joint could not be excluded. Further, we did not exclude
knees with potential structural pathology on MRI (i.e. meniscus-, cartilage-, and bone
marrow lesions, synovitis, etc.) Yet, the participants had no knee pain, and most of the risk
factors eliminated are not specific to femorotibial OA, but also apply to femoropatellar OA
and structural pathology on MRI.

Another strength of the study is that the image analysis was not restricted to a central slice
displaying the “maximal” area of the IPFP (Pan et. al., 2014), but that its” distinguishable
volumetric extent was analyzed entirely, permitting a comparison with individual body
weight. Identification of the IPFP in its peripheral (medial-lateral) aspects can be
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challenging; however, it may be important given that the IPFP is confined anatomically by
the patella, the lig. patellae, the patellar surface of the femur (the trochlea), and the tibia.
Therefore, extension of the IPFP with greater body weight and BMI may occur in medial-
lateral dimension, and may not be appreciated in a single sagittal image. Yet, a limitation of
our study is that quantitative anatomical measures were derived from fat-suppressed MR
images without validation of the “ground truth” of these measurements based on an external
reference standard. However, the reader (J.D.) was trained using standardized data sets
produced by our group, and all segmentations were controlled by an experienced postdoc
anatomist (A.R.). Further, even if systematic differences may theoretically exist between the
anatomical imaging measures derived here and a “ground truth”, it is unlikely that these
would affect men and women differently; hence the sex-differences reported here should be
robust against potential systematic errors and should be accurate.

Both SCF and IMF have been suggested to be of relevance to physical function in knee OA
(Maly et. al., 2013; Messier et. al., 2014). We find that the IMF content is similar between
both sexes, when related to the total thigh cross sectional area, a finding that is in contrast to
the much greater SCF content in women compared with men. Delmonico et al. previously
reported in a 5-year longitudinal study that IMF increased with age in men and women,
independent of who lost weight, gained weight, or remained weight-stable. Changes in SCF,
in contrast, were associated with weight gain or loss, and were independent of the increase
in IMF (Delmonico et. al., 2009). In our current study, healthy men appear to have greater
IPFP volume than women, even after normalization to the individual body weight. Hence,
the current findings do not support the hypothesis that the greater prevalence, incidence, and
progression of symptomatic knee OA in women (Srikanth et. al., 2005) is due to a greater
relative amount of intra-articular adipose tissue than in men, which may be responsible for a
potentially greater amount of secretion of (pro-) inflammatory cytokines. However, it is of
note that we did find a positive association of the IPFP volume with body weight across the
BMI range of the sample included, suggesting that the amount of intra-articular adipose
tissue may depend on the level of obesity in men and women. Future studies therefore will
have to examine to what extent IPFP volumes vary across different BMI strata, and to what
extent the IPFP volume correlates with intra-articular and serum levels of leptin and other
(pro-) inflammatory cytokines. A recent study indicated that there may be an inverse
relationship of IPFP maximal area to knee OA progression in women, and the authors
suggested several potential endocrinological and biomechanical mechanisms by which a
greater IPFP may play a protective role in knee OA. However, it is unclear why this
“protective” mechanism should only apply in women and not in men. These findings
therefore will have to be reproduced and extended in larger samples, in order to better
understand the specific role of the IPFP in the pathogenesis of knee OA in men and women.

In conclusion, this is the first study to explore quantitative measures of the IPFP in healthy
men and women and to relate these to sex differences of thigh subcutaneous and
intermuscular fat. Men are shown to display a significantly greater ratio of IPFP volume/
body weight than women, similar amounts of inter-muscular fat, and strikingly less
subcutaneous fat. These data provide a basis for further systematic studies of the variability
of the IPFP with BMI, and its role in knee OA.
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Figure 1.
a) Sagittal MRI of the knee joint; segmentation of the IPFP anterior surface (green, facing

the lig. patellae) and posterior surface (magenta, facing the patellar surface of the distal
femur.

b) IPFP area with filling

¢) 3D reconstruction of the IPFP viewed from the posterior- lateral (the red area marks the
anterior and the blue areas the posterior surface).

d) 3D reconstruction of the IPFP viewed from the anterior- lateral

Ann Anat. Author manuscript; available in PMC 2016 July 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Diepold et al. Page 13

Figure 2.
Images showing bilateral acquisitions of the thigh at 33% of the femoral length (distal to

proximal), with segmentation of the muscles and adipose tissue displayed on the right thigh:

a) Quadriceps is shown in green, hamstrings in dark red, adductors in turquoise, and
sartorius in light red. The femoral cortical bone in marked yellow and the femoral
medulla pink.

b) Subcutaneous fat (SCF) depicted yellow and intermuscular tissue and fat (IMF)
magenta
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Quantitative anatomical measures of the infrapatellar fat pad (IPFP) in healthy women and men, and sex

differences of these measures

(55 (noay  Awolute - pereent (5

Mean+SD  Mean+SD t-test)
Body height (m) 1.63+66.7 1.75+65.6 +0.12 +7 <0.001
Body weight (kg) ~ 61.6£8.45 79.5+8.28 +17.9 +29 <0.001
BMI (kg/mz) 23.2+252 26.2+3.06 +3.00 +13 <0.001
Age (years) 53.8+6.31 56.1+8.9  +2.28 +4 0.14
*Tib. S. (sz) 185+ 1.7 242+ 2.2 +5.64 +30 <0.001
IPFP Ant. S.(cmz) 16.9+ 2.7 21.4+35 +4.55 +27 <0.001
IPFP Ant. S./Tib. S. 0.90+0.12 0.89+0.13 -0.01 -2 0.58
IPFP Thick (mm) 125+ 1.4 140+ 1.4 +1.46 +12 <0.001
IPFP Vol. (cm3) 21.0+ 34 29.7+ 4.3 +8.71 +41 <0.001
IPFP Vol./weight 0.34+0.06 0.38+0.06 +0.03 +9 0.008

SD = standard deviation; BMI = body mass index, Tib. S. = surface size of the medial and lateral tibial cartilages (* these were available in 92
participants only); IPFP = infra-patellar fat pad (Hoffa); Ant. S. = anterior surface (towards the lig. patellae); Thick = thickness; Vol. = Volume;
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Quantitative anatomical measures of subcutaneous (SCF) and intermuscular fat (IMF) of the thigh in women
and men, and sex differences of these measures; anatomical measures of the IPFP in this subset are reported

for comparison

ey gl e G

Mean+SD  Mean+ SD t-test)
Body height (m) ~ 1.58+54.4  173+528  +149.38 +9 <0.001
Body weight (kg) ~ 58.3+8.90  78.8+8.89  +20.5 +35 <0.001
BMI (kg/m?) 23.3+£3.34 26.2+ 2.86 +3.00 +13 0.024
Age (years) 521562 61.1+10.6  +8.99 +17 0.015
Thigh Total Area 1578+ 346 172.1+222 +14.34 +9 0.23
SCF (cm?) 63.9+31.8 31.7£9.05 -32.2 -50 0.002
SCF % 38.6+10.9 18.3+ 3.86 -20.32 -53 <0,001
IMF (cm?) 7.80+ 1.87 8.98+ 3.22 +1.18 +15 0.28
IMF % 5.09+ 1.49 5.20+ 1.65 +0.11 +2 0.87
IPFP Ant. S. (cm?)  14.9+ 2.69 20.9+3.15 +6.05 +40 <0.001
IPFP thick. (mm) 12.5+ 1.90 13.6+ 1.49 +1.08 +8 0.13
IPFP vol. (cm3) 18.4+ 2.89 28.4+4.48 +9.99 +54 <0,001
IPFP vol./BW 0.32+0.05 0.36+ 0.05 +0.04 +13 0.051

SCF = subcutaneous fat tissue content; IMF = intermuscular fat tissue content; SCF/IMF% = proportion of the SCF and IMF on the thigh total
cross sectional areas in percent; for other abbreviations, please see Table 1; Of these 25 subjects, 24 were part of the 99 participants without signs
of radiographic femorotibial OA in the central readings, but one was part of the larger cohort. In this participant, the right knee (the one examined
here) had a KL grade=0 (normal), but the left showed definite osteophytes. This knee was only included for the purpose to compare the sex
differences in the IPFP directly with those in thigh adipose tissue (Table 2), but not in the comparison presented in Table 1.
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