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REVIEW
An emerging player in knee osteoarthritis: the
infrapatellar fat pad
Andreea Ioan-Facsinay* and Margreet Kloppenburg
Abstract

The role of inflammation in the development,
progression, and clinical features of osteoarthritis has
become an area of intense research in recent years. This
led to the recognition of synovitis as an important
source of inflammation in the joint and indicated that
synovitis is intimately associated with pain and
osteoarthritis progression. In this review, we discuss
another emerging source of inflammation that could
play a role in disease development/progression: the
infrapatellar fat pad (IFP). The aim of this review is to
offer a comprehensive view of the pathology of IFP as
obtained from magnetic resonance studies, along with
its characterization at both the cellular and the
molecular level. Furthermore, we discuss the possible
function of this organ in the pathological processes in
the knee by summarizing the knowledge regarding the
interactions between IFP and other joint tissues and
discussing the pro- versus anti-inflammatory functions
this tissue could have. We hope that this review will
offer an overview of all published data regarding the
IFP and will indicate novel directions for future research.
in the absence of arthritis. These features were collect-
Introduction
Hoffa’s fat pad (infrapatellar fat pad, or IFP) is an intra-
capsullar and extrasynovial adipose tissue structure in
the knee joint. IFP has long been believed to be mostly
structural adipose tissue, with little or no metabolic re-
sponses. Owing to mainly anatomical considerations,
IFP is thought to contribute to the enlargement of the
synovial area and this could improve the distribution of
lubricant in the knee joint [1]. Although its importance
for knee physiology is difficult to establish, early studies
have indicated that IFP is preserved even under extreme
starvation conditions in which the subcutaneous (sc)
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adipose tissue is eliminated, and this suggested the crit-
ical importance of this fat depot for the knee function
[2]. Besides these theoretical considerations, however,
it is still unclear how IFP could contribute to knee
function.
Nevertheless, recent accumulating evidence suggests

that, besides synovium, cartilage, and bone, the IFP
could be an important player in osteoarthritis (OA) [3].
In this review, we propose to summarize published data
regarding the inflammatory/immunological characteris-
tics of this adipose tissue and to discuss the possible
protective versus damaging role this adipose tissue could
play in the inflammatory reactions in OA.
Pathology of infrapatellar fat pad
In 1904, Hoffa described inflammatory hyperplasia and
hypertrophy of a knee adipose tissue, which later became
known as Hoffa’s fat pad or IFP. In this first report, IFP
was also characterized by fibrosis and calcifications that
were believed to be caused by trauma [4]. Knee pain
with impaired knee mobility and swelling of the knee
joint on both sites of the patella could be observed, even

ively called Hoffa’s disease, also known as IFP impinge-
ment, and were generally a result of repeated micro
trauma. Other pathologies described in the IFP are gan-
glions, osteochondromas, localized nodular synovitis,
and postoperative changes. Pathologies in the IFP can
coincide with injuries of the anterior cruciate ligament
and meniscal abnormalities [1,5].
Anterior knee pain is thought to be associated with

pathology of the IFP. Since the IFP is extensively inner-
vated, the IFP is exquisitely sensitive as are the anterior
synovial tissue and capsule [6]. The presence of sensory
nerve fibers in the IFP and its sensitivity were confirmed
by nociceptive stimulation of the IFP by injection of
hypertonic saline, which led to anterior knee pain [7].

mailto:a.ioan@lumc.nl
http://arthritis-research.com/content/15/6/225


Ioan-Facsinay and Kloppenburg Arthritis Research & Therapy Page 2 of 92013, 15:225
http://arthritis-research.com/content/15/6/225
Infrapatellar fat pad on magnetic resonance
imaging
IFP can be well visualized on magnetic resonance im-
aging (MRI), especially in the sagittal planes. Within the
IFP, signal alterations in IFP can be observed on non-
contrast-enhanced MRI. How these signal alterations on
MRI compare with histology is not clear. These signal
changes have been interpreted and used as surrogates
for peripatellar synovitis in several clinical and epi-
demiological studies and in the Boston-Leeds Osteoarth-
ritis Knee score scoring system [8-16]. Some of these
MRI studies have shown an association between signal
alterations in IFP and knee pain [9,10] or cartilage loss
[17], which confirms IFP as a possible source of pain in
the joint. Whether these signals are indeed associated
with inflammation in IFP or rather synovial tissue in-
flammation is difficult to establish and remains to be
determined. Also, edema in the IFP is visualized on MRI
and is shown to be associated in cross-sectional studies
with impingement and femoropatellar maltracking
[18,19].
The presence of knee synovitis detected by MRI has

been shown to correlate with synovial infiltrates and
synovial hyperplasia in histological samples in both early
and end-stage OA [20,21]. The best results have been
obtained when contrast-enhanced MRI images were
used [22]. Studies comparing both contrast-enhanced
and non-contrast-enhanced MRI images revealed that
signal alterations on non-contrast-enhanced MRI in IFP
are sensitive but not specific for peripatellar synovitis as
visualized on contrast-enhanced MRI and that these sig-
nal alterations also reflect non-specific alterations pos-
sibly unrelated to synovitis [17,23]. Studies separately
assessing and investigating signal alterations in IFP and
joint effusion on non-contrast-enhanced MRI images
gave controversial results: some indicated that effusion
was associated with pain or cartilage loss, while signal
alterations in IFP were not [13,15,24], while others indi-
cated the opposite [14]. Crema and colleagues [23]
showed, in a study comparing signal alterations in IFP
on non-contrast-enhanced MRI images with peripatellar
synovial thickness on contrast-enhanced MRI images,
that pain is associated with peripatellar synovial thick-
ness and not with signal alterations in IFP itself.
In conclusion, the IFP is well innervated and can be a

source of pain. The IFP is well visualized on MRI images
and, within the IFP, signal alterations can be observed by
non-contrast-enhanced MRI. These signal alterations are
associated with peripatellar synovitis but also seem to re-
flect non-specific alterations. Whether signal alterations
in IFP are clinically meaningful (that is, painful or asso-
ciated with cartilage damage) or are just a biomarker for
effusion or peripatellar synovitis is unclear and needs
further investigation.
Infrapatellar fat pad is comparable to other
adipose tissues in structure and function
MRI studies have shown that IFP is similar to sc adipose
tissue in appearance, as it contains fibrous structures dis-
persed through adipocytes [25]. Histologically, IFP appears
also fibrous and difficult to cut, but its appearance is
different to that of sc adipose tissue of the thigh and re-
sembles more the visceral adipose tissue (A Ioan-Facsinay
and M Kloppenburg, unpublished data). Adipose tissue is
highly flexible in volume, as adipocytes grow or shrink fol-
lowing storage or release of energy depending on the
metabolic needs of the individual. Additionally, changes in
adipose tissue volume result from differentiation of pre-
adipocytes into mature adipocytes within adipose tissue.
Most information about the volume of IFP has been ob-
tained by using imaging techniques such as MRI. The first
studies showing that the volume of IFP can vary consider-
ably between individuals date back to 1974 [2], but a more
recent study has confirmed these data by using 3-Tesla
contrast MRI in 15 controls and 15 patients with OA [26].
The average volume of the IFP was, however, similar in
the two study groups, despite large differences in body
mass index (BMI), and was not associated with BMI in
either group, indicating that, unlike in sc and visceral adi-
pose tissues, systemic metabolic changes do not affect the
IFP significantly. This is surprising in view of our own
unpublished data indicating that the volume of both sc
and IFP adipocytes is correlated to the BMI of the donor
(data not shown) and in view of recently published data
indicating that IFP is metabolically active and displays
both basal and hormone-induced lipolysis [27], suggesting
that it can be influenced by systemic factors. Together,
these data indicate that IFP is a bona fide adipose tissue
that can be responsive to systemic metabolic stimuli.

Infrapatellar fat pad of patients with
osteoarthritis is a source of cytokines/adipokines
The inflammatory character of IFP has been investigated
mostly during the last decade, when it became clear that
adipose tissue not only is a site of storage and release of
energy but also can be inflammatory and can affect other
inflammatory/immune reactions either systemically or
locally [28,29]. The first report about the inflammatory
character of IFP dates back to 2003, when Ushiyama and
colleagues [30] showed that IFP homogenates from pa-
tients with OA contain detectable levels of IL-6 and
TNFα but also vascular endothelial growth factor and
fibroblast growth factor bFGF. As these cytokines were
also detected in synovial fluid of the same patients, these
data are the first to indicate that IFP could be a source
of cytokines/chemokines in the knee joint. Later studies
showed more directly that IFP actively secretes IL-6 and
its soluble receptor, sIL-6R, at higher levels than sc adi-
pose tissue from the same patients [31] and showed
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secretion of TNFα and various adipokines from this tissue
[32]. Adipokines have long been believed to be cytokines
secreted specifically by adipose tissue (hence their name).
Therefore, they became the subject of intense investiga-
tion during the last years, as the role of adipose tissue-
derived factors in obesity-related diseases became clearer.
Similar to other adipose tissue depots, IFP is a source of
adipokines such as adiponectin, adipsin, leptin, resistin,
and visfatin. With the exception of leptin and resistin, the
other adipokines were more actively secreted by IFP than
by sc adipose tissue of the same patients [31,32]. Surpris-
ingly, however, two other studies indicated that IFP is not
the only joint tissue secreting adipokines [33,34]. There-
fore, the relative contribution of IFP to the adipokine
levels found in synovial fluid remains to be determined.
Adipokine release by IFP from healthy individuals is chal-
lenging to investigate because of difficulties in obtaining
tissues from non-diseased individuals. Only in one study
was control IFP tissue used from patients with early-stage
OA and this study indicates that both adiponectin and
leptin transcripts are upregulated at later stages of the
disease [35], implying a possible association of these
adipokines with disease severity.

Infrapatellar fat pad of patients with
osteoarthritis is a source of lipid mediators
Besides secreting adipokines and cytokines, adipose tissue
secretes lipids as a result of its main biological function:
storage and release of energy. The main lipids secreted in
this process are fatty acids released in the process of
lipolysis. Interestingly, fatty acids not only are an import-
ant source of energy for tissues but also display immune
modulatory properties. The pro-inflammatory effects of
saturated fatty acids such as palmitic acid and the mostly
anti-inflammatory effects of unsaturated fatty acids have
been extensively explored in some diseases and are now-
adays largely known [36,37]. Epidemiological studies have
indicated that consumption of saturated fatty acids is asso-
ciated with a higher incidence of cardiovascular diseases
and diabetes type 2 but that consumption of (poly)unsat-
urated fatty acids is associated with protection from these
diseases. The molecular mechanisms underlying these ob-
servations are still under scrutiny but could include
changes in membrane fluidity, initiation of intracellular
signaling events through specific receptors, or modulation
of signaling induced by other molecules involved in me-
tabolism, binding to transcription factors such as peroxi-
some proliferator-activated receptor (PPAR) and others
(reviewed in [38,39]). Additionally, fatty acid derivatives,
such as oxylipids, have very potent immune modulatory
properties, being biologically relevant at picomolar and
nanomolar concentrations. These oxylipids can have ei-
ther pro- or anti-inflammatory/resolving properties, de-
pending on their fatty acid precursor and the oxidizing
enzymes involved in their synthesis. Some of these are
well known, such as prostaglandins (PGs), leukotrienes,
and lipoxins derived from arachidonic acid, while others
have been emerging during the past decade and have been
recently characterized, such as resolvins, maresins, and
protectins, derived from docosahexaenoic acid and eicosa-
pentaenoic acid [40].
In a preliminary study, we have investigated whether

IFP can release free fatty acids and their hydroxylated
derivatives in a limited number of tissues derived from
patients with end-stage OA. In adipocyte-conditioned
medium obtained by culturing IFP-derived adipocytes
overnight, we could show the presence of free fatty acids
such as oleic, linoleic, palmitic, and palmitoleic acids.
Interestingly, we could also detect significant levels of
monohydroxylated derivatives of arachidonic acid and
5-, 12-, and 15-HETE as well as PGE2 and the novel
pro-resolving lipid mediator PD1 [41]. These were also de-
tectable in fat-conditioned media (FCM) obtained by cul-
turing IFP explants overnight (unpublished data). These
data indicate that OA IFP is a source of various soluble
mediators with pro- as well as anti-inflammatory proper-
ties. Interestingly, similar results were found in a recent
study, in which lipidomics analyses of FCM of IFP from
OA patients undergoing joint-replacement surgery were
compared with IFP-conditioned media of healthy individ-
uals (post-mortem tissues). The results of this study indi-
cated that various lipid species are different between OA
and healthy tissues, the most remarkable difference being
that FCM from healthy individuals contained elevated
levels of the anti-inflammatory lipid mediator lipoxin A4
and reduced levels of thromboxane B2 and arachidonic
acid compared with OA FCM [42]. Although these data
await replication, they are indicative of a more pro-
inflammatory lipid profile signature of OA IFP than of IFP
from healthy individuals. However, because both pro- and
anti-inflammatory mediators have been described to be
released by IFP, the combined effect of these mediators is
difficult to predict. Remarkably, we have found an associ-
ation between the TNFα secreted by IFP and the BMI of
the IFP donor, which suggests BMI-related changes in this
adipose tissue and an enhanced state of inflammation with
obesity [32]. However, the number of samples was limited,
meaning that future studies are needed to further address
the question of whether IFP-secreted soluble mediators
change with increasing adiposity. Of great interest would
be to further study whether these changes could explain
the obesity-associated changes in disease parameters, such
as radiographic damage and pain.

Infrapatellar fat pad as a site of inflammatory cells
Adipose tissue, including IFP, is composed mainly of adi-
pocytes, the tissue-specific cells. However, as has become
clear during the last decade, adipose tissue is also a site
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where immune cells are present. The type and relative
abundance of various immune cells, such as macrophages,
mast cells, natural killer (NK) cells, NKT cells, T cells, and
B cells, are variable and depend on both the type of adi-
pose tissue investigated and the adiposity of the individual
[43]. As shown primarily in murine studies, there is an
increasing number of infiltrating immune cells with a pro-
inflammatory phenotype in the obese adipose tissue
(reviewed in [44]). For human adipose tissue, these data
are less clear, although increasing numbers of macro-
phages and T cells have been shown in sc and omental
adipose tissue of obese individuals [45-47]. The infiltrating
immune cells are believed to interact with the tissue-
resident adipocytes and this leads to reciprocal modula-
tion and finally to changes in the inflammatory character
of the adipose tissue. Therefore, characterizing the im-
mune cells in adipose tissue is an important component of
elucidating its inflammatory character.
Similar to other adipose tissues, the IFP contains a signifi-

cant number of stromal vascular cells composed of CD45+

hematopoietic cells (approximately 30%), CD31+ endothe-
lial cells (approximately 15%), and other cells (A Ioan-
Facsinay and M Kloppenburg, unpublished data). Among
the CD45+ cells, the most predominant were macrophages,
followed by T cells, mast cells, and B cells [32]. Phenotypic
characterization of these cells indicated that both CD4+ and
CD8+ T cells display a predominant memory phenotype
and contain a significant percentage of activated cells bear-
ing the activation markers CD25 or CD69. This indicates
that these cells could be locally activated by antigen and
could secrete cytokines. Further investigation of the cyto-
kines they could secrete revealed that T cells in IFP have a
predominant T helper (Th)1 phenotype, secreting mainly
IFNγ and TNFα upon in vitro stimulation and very little, if
any, IL-10, IL-4, IL-17, and IL-22. For macrophages, pheno-
typic characterization indicated a mixed pro- and anti-
inflammatory phenotype, as most cells expressed the M2
marker CD206 but secreted mostly IL-6 and TNFα and less
IL-10 upon in vitro stimulation ([32] and our unpublished
data). Part of these data were confirmed in another study in
which CD206 expression on IFP macrophages has been
confirmed by immunohistochemistry [48].
These data are in line with the analyses of soluble medi-

ators from IFP, supporting the hypothesis that IFP displays
a mixed pro- and anti-inflammatory phenotype. Interest-
ingly, no association with BMI has been reported for any
of the cell types described in IFP. Whether this is due to a
lack of sufficient statistical power in the published studies
or reflects a true finding remains to be established.

Infrapatellar fat pad as a source of mesenchymal
stem cells
Research concerning the use of bone marrow-derived mes-
enchymal stem cells (MSCs) for tissue engineering has
grown explosively during the last 20 years [49]. Several
publications have shown that these stem cells are multipo-
tent and can differentiate into chondrocytes, bone, adipo-
cytes, and fibroblasts and can modulate native and adaptive
immunity. More recently, the discovery that stem cells exist
in almost all tissues of our body [50] has led to intensive in-
vestigation of tissue-resident stem cells and their potency
to be used in tissue regeneration. Because the adipose tissue
is easily accessible and available in relatively large amounts,
adipose tissue-derived stem cells could be attractive tools
for therapy, especially since they share several biological
characteristics with bone marrow-derived MSCs (reviewed
in [51]). First reports showing that MSCs are present also
in the IFP were published in the beginning of the 20th
century. These publications show that IFP-derived stromal
vascular cells that share common surface markers with
bone marrow-derived stem cells are capable of differentiat-
ing toward cartilage, bone, or adipocytes in vitro [52], but
also when transferred into severe combined immunodefi-
ciency mice in vivo [53]. Owing to limitations in obtaining
IFP from healthy individuals, most of these studies have
been performed with IFP obtained from total knee replace-
ment surgeries of patients with OA. Therefore, insights into
the multipotency and efficiency of differentiation into dif-
ferent lineages of MSCs from IFP of OA versus healthy in-
dividuals are lacking. Comparison between MSCs from IFP,
sc adipose tissue, bone marrow, and synovial fluid of pa-
tients with OA has indicated that IFP MSCs are most simi-
lar in phenotype (that is, surface marker expression) to sc
adipose tissue MSCs but have proliferative and chondro-
genic differentiation capacities most similar to bone mar-
row MSCs [54]. However, in a different study, IFP MSCs
displayed enhanced chondrogenic and adipogenic capacity
when compared with normal bone marrow MSCs [55],
although differences in age between the OA and healthy
population could account for this difference. Remarkably,
no differences were observed in the osteogenic differenti-
ation capacity of IFP MSCs in published studies.
Whether IFP MSCs would have similar differentiation/

proliferative capacities also in the microenvironment of the
OA joint remains to be investigated. However, it is interest-
ing to mention that IFP-derived MSCs display an enhanced
chondrogenic activity when differentiated in vitro under
hypoxic conditions usually associated with inflammation
[56]. Although the stromal vascular cells proliferated less
under hypoxic conditions, they were characterized by in-
creased synthesis of matrix components such as aggrecan
and collagen, indicating that the regenerative properties of
these cells are stimulated under cellular stress [56].

Interaction of infrapatellar fat pad with other
joint tissues
To gain insight into the role of IFP in the joint, it is im-
portant to investigate its interaction with the other tissues
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Figure 1 Current view of the infrapatellar fat pad (IFP) and its interaction with other joint tissues. The IFP (Hoffa) is a source of several
soluble factors. Moreover, it is composed of adipocytes and stromal vascular cells, such as macrophages, T cells, and mesenchymal stem cells
(MSCs). Cellular interactions have been described within the IFP, such as between adipocytes and macrophages or T cells but also between IFP
and other joint tissues. The main interactions that have been described thus far and the cells/soluble mediators involved in these interactions as
summarized in the present review are depicted with arrows. Red arrows indicate a pro-inflammatory/catabolic effect, green arrows indicate an
anti-inflammatory/anabolic effect, and orange arrows indicate a mixture of these two, depending on the implicated cell in the target tissue. The
interaction between IFP and bone remains to be investigated. FA, fatty acid; FCM, fat conditioned media; IL, interluekin; MSC, mesenchymal stem
cell; PG, prostaglandin; TNF, tumor necrosis factor.
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known to be involved in the pathophysiology of OA: syno-
vium, cartilage, and bone. Although the interaction be-
tween IFP and bone or bone progenitors has not yet been
investigated, some publications indicate a crosstalk be-
tween IFP and synovium, synovial cells, or cartilage.
The interaction with cartilage has been studied in vitro

in co-cultures of FCM derived from IFP and cartilage
explants. Contradictory results have been reported in
two different studies. One of these reported that IFP-
derived FCM of patients with OA induced enhanced
expression of matrix metalloproteinase (MMP)1 and
MMP13 and enhanced collagen release from bovine car-
tilage either in itself or in combination with IL-1α [57].
In contrast, another study showed a protective role for
IFP-derived FCM of patients with OA on cartilage by
inhibiting nitric oxide (NO) production, glycosaminogly-
can release, and MMP1 expression and reducing the
effects of IL-1β on NO production and MMP1 and
MMP3 expression and enhancing collagen II production
by bovine chondrocytes [48]. The reason for this dis-
crepancy is unknown, but differences in experimental
set-up, especially time length of the experiments, could
account for differences in outcome.
To the best of our knowledge, the influence of IFP on

synovium has not yet been investigated. However, in a
recent study, the effects of FCM on synoviocyte function
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Table 1 The dual role of infrapatellar fat pad in the joint

Evidence Reference

Evidence for a protective role of IFP in the knee

IFP is preserved even under extreme emaciation conditions. [2]

Downregulation of NO production, glycosaminoglycan
release, and MMP1 expression in cartilage by FCM from IFP

[43]

Presence of specialized pro-resolving lipid mediators and
their precursors in ACM/FCM from IFP

[36,37]

Presence of MSCs and macrophages with anti-inflammatory
characteristics in IFP

[29,43,54]

Evidence for an inflammatory role of IFP in the knee

IFP inflammation as observed on MRI is associated with
knee pain

[29]

Increased pro-inflammatory cytokine secretion by IFP is
correlated with BMI

[53]

Increased fibrosis by synoviocytes under influence of FCM [24]

Increased cytokine production and proliferation of Th1 cells
under influence of ACM from IFP

[51]

Increased collagen release and MMP1 and MMP13
expression

[29]

ACM, adipocyte-conditioned medium; BMI, body mass index; FCM, fat-conditioned
media; IFP, infrapatellar fat pad; MMP, matrix metalloproteinase; MRI, magnetic
resonance imaging; MSC, mesenchymal stem cell; NO, nitric oxide; Th, T helper.
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have been investigated. The authors have shown that
FCM had a pro-fibrotic effect on synoviocytes, which
could be partially inhibited by blocking PGF2α [58].
Reciprocally, synovium and cartilage could also modu-

late the IFP. Although this has not been shown yet
in vivo or in co-culture experiments, there is one publi-
cation showing that IL-1β, known to be secreted by OA
cartilage and inflamed synovium, could influence IFP.
This recent study has shown that IFP explants of pa-
tients with OA stimulated with IL-1β secrete higher
levels of mainly pro-inflammatory cytokines such as
PTGS2, IL-1β, MCP-1, and IL-6 and this effect can be
partially inhibited by PPARα activation [59]. These data
support the hypothesis that there could be a crosstalk
between cartilage/synovium and IFP that could play a
role in the inflammatory processes in OA.
Additional data are available on the influence of IFP-

derived cells, such as adipocytes and MSCs, on synovial
cells or chondrocytes. Confirming the long-known im-
munomodulatory effects of MSCs, a recent study has
shown that MSCs derived from various adipose tissues,
including IFP (of patients with OA), can inhibit secre-
tion of pro-inflammatory cytokines/chemokines from
OA synovium and chondrocytes [60]. Both tissues were
modulated in a similar manner, and for both synovium
and chondrocytes the modulation was not dependent on
the source of MSCs, but rather on their own inflamma-
tory character: inflammatory synovia and chondrocytes
were modulated more than their less inflammatory
counterparts. Interestingly, these inhibitory effects could
be mimicked by addition of PGE2 to synovium/chondro-
cytes and MSCs were shown to secrete PGE2, suggesting
a possible involvement of this lipid mediator in the sup-
pressive effects of MSCs.
The IFP is composed mainly of adipocytes. These also

contribute largely to the secretory profile of IFP, as they
are a rich source of adipokines and cytokines such as
IL-6 [32]. Based on previous data indicating that there is
a cross-talk between adipocytes and immune cells and
that this can be mediated by soluble factors released by
adipocytes [61], it is conceivable that this mechanism
could be involved also in modulation of synovial cells by
IFP. Among the most abundant immune cells present in
the OA synovium are macrophages and CD4+ T cells
[62]. We have found that these cells can be modulated
by adipocytes derived from IFP and that lipids—in
particular, free fatty acids—are potent mediators of this
modulation [27,41]. Interestingly, the modulation of
these two cell types seems to have different outcomes.
Indeed, IFP-derived adipocyte-conditioned medium
(ACM) induces a strongly enhanced proliferation and
cytokine production by activated CD4+ T cells, indicat-
ing a pro-inflammatory effect on this cell population.
This effect could be especially important considering
that the CD4+ T cells in OA synovium have predomin-
antly a Th1 phenotype (unpublished data), which could
be enhanced by IFP. On macrophages, however, the ef-
fect of IFP-derived ACM is less easy to interpret. Activa-
tion of monocyte-derived macrophages in the presence
of ACM leads to inhibition of IL-12p40 secretion and
this effect is specific for this cytokine. Most interestingly,
this effect increases with BMI of the adipocyte donor,
indicating that adipocytes from more overweight/obese
individuals suppress IL-12p40 more than from lean indi-
viduals [41]. The biological effect of this inhibition
remains to be determined, as both pro- and anti-
inflammatory functions have been assigned to IL-12p40
(reviewed in [63]). Scarce reports about its association
with OA would suggest a pro-inflammatory function
indicated by increased levels of this cytokine in OA
[64,65]; however, this hypothesis needs further research.
In summary, the data presented above indicate a crosstalk
between IFP and neighboring tissues and support a
possible role for this tissue in OA pathology.

Dual role of infrapatellar fat pad in the
osteoarthritis knee
Assessing the role the IFP plays in the knee joint is diffi-
cult for several reasons. The most important is the diffi-
culty in accessing IFP by arthroscopy, which precludes
acquisition of invaluable information regarding compos-
ition, physiology, and pathology-driven changes in this
tissue. A direct consequence of this is also the limited
availability of information regarding the IFP in healthy
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individuals, the available data being obtained mostly
from post-mortem tissues that do not necessarily reflect
the healthy situation. Some studies have investigated the
effects of the removal of IFP during arthroplasty for dif-
ferent indications, such as OA and rheumatoid arthritis
(reviewed in [66]). These data would suggest that re-
moval of IFP during total knee replacement surgeries in
OA would have no effect of pain and knee function.
However, these data should be carefully interpreted, as
the number of studies and patients in these studies is
very limited. Apart from this, some information has also
been gained with non-invasive techniques, such as MRI
or ultrasound. These can detect inflammatory changes
in this tissue but do not offer any information about cel-
lular and molecular mechanisms involved in the inflam-
matory events. The main characteristics of IFP and its
known interactions with other joint tissues are graphic-
ally summarized in Figure 1. In Table 1, we summarize
the evidence supporting a protective or an inflammatory
role of IFP in OA, with the intent of offering a basis for
future research and for a better understanding of this
still elusive adipose tissue.
Conclusions
Several publications have aimed at characterizing IFP at
both the cellular and the molecular level. The data sum-
marized here indicate that IFP could have both protective
and disease-enhancing effects in OA. Additional informa-
tion on how IFP in patients with OA compares with IFP
in healthy individuals and whether its surgical removal
would be beneficial for the clinical disease could give
invaluable insight into its role in the disease process.
Although future studies are clearly necessary for our un-
derstanding of IFP biology, it is clear that this tissue is an
active component of the joint that can modulate and
influence neighboring tissues.
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