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Abstract: Osteoarthritis (OA) is a debilitating condition 
characterized by inflammation, breakdown, and conse-
quent loss of cartilage of the joints. Epidemiological stud-
ies indicate obesity is an important risk factor involved in 
OA initiation and progression. Traditional views propose 
OA to be a biomechanical consequence of excess weight 
on weight-bearing joints; however, emerging data dem-
onstrates that systemic and local factors released from 
white adipose depots play a role. Hence, current views 
characterize OA as a condition exacerbated by a metabolic 
link related to adipose tissue, and not solely related to 
redistributed/altered weight load. Factors demonstrated 
to influence cartilage and bone homeostasis include 
adipocyte-derived hormones (“adipokines”) and adipose 
depot released cytokines. Epidemiological studies dem-
onstrate a positive relation between systemic circulating 
cytokines, leptin, and resistin with OA types, while the 
association with adiponectin is controversial. Local fac-
tors in joints have also been shown to play a role in OA. In 
particular, this includes the knee, a weight-bearing joint 
that encloses a relatively large adipose depot, the infra-
patellar fat pad (IFP), which serves as a source of local 
inflammatory factors. This review summarizes the rela-
tion of obesity and OA as it specifically relates to the IFP 
and other integral supporting structures. Overall, studies 

support the concept that metabolic effects associated with 
systemic obesity also extend to the IFP, which promotes 
inflammation, pain, and cartilage destruction within the 
local knee joint environment, thus contributing to devel-
opment and progression of OA.
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Introduction
The prevalence of overweight and obese individuals is 
increasing worldwide. As of 2014, the US National Center 
for Health Statistics reported that ~70% of Americans are 
overweight with almost half further defined as obese [1]. 
Other regions of the world reported to have an increase 
of excessive weight and obesity in adults, as of 2008, 
include Southern and Central Latin America (~63% over-
weight, ~25% obese), Western and Eastern Europe (~48% 
overweight, ~23% obese), South African (~48% over-
weight, ~28% obese) and North Africa and Middle East 
(~60% overweight, ~28% obese) [2]. The rise in obesity is 
also associated with an increase in various health prob-
lems. Numerous epidemiological studies have associated 
excessive adipose tissue accumulation, as measured by 
anthropometric indices such as high body mass index 
(BMI), large waist circumference (WC) or high waist/
hip circumference ratio (WHR), with many chronic dis-
eases. It is best established that high BMI [3] and WC [4] 
are associated with a deleterious lipid profile including 
high triglycerides and non-HDL cholesterol and lower 
HDL. High lipid profiles and increased cholesterol sub-
sequently increase risk for atherosclerosis and coronary 
heart disease; hence, these diseases are also associated 
with increased BMI [5, 6]. The link between obesity and 
dysregulated glucose homeostasis is also well estab-
lished, with all estimates of obesity (BMI, WC and WHR) 
demonstrated to be positive association markers for non-
insulin-dependent diabetes mellitus (type-2-diabetes) 
[7]. Several other obesity disease risk associations, as 
described with anthropometric indices, include certain 
cancers [8–11], infection susceptibility [12, 13], asthma 
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[14, 15], stroke [16, 17], and many more, including degen-
erative joint disease [18–20].

Degenerative joint disease is also commonly known 
as osteoarthritis (OA). Typical symptoms of this condition 
are joint pain, swelling, and stiffness. Therefore, OA is a 
type of joint disease associated with inflammation, which 
results in breakdown of joint cartilage and associated 
bone. Joints generally affected in OA include those in the 
finger, neck, back, hips, and knees. Because of this, OA 
can become debilitating and affect daily activities, leading 
to increased work disability [21]. OA is viewed as a chronic 
injury where prevention and early care are the primary 
modes of treatment. Therefore, modifiable risk factors 
such as joint injury, impaired muscle function, and exces-
sive weight are primary targets for prevention. As previ-
ously discussed, those who are overweight/obese are at 
greater risk for the development of OA. It was traditionally 
proposed that this association is due to mechanical stress 
of excessive weight on joints; however, OA also occurs in 
non-weight bearing joints [22]. In addition, symptom relief 
from this condition is not associated with general weight 
loss, but rather weight loss that is specific to fat reduction 
[22]. This suggests OA is a condition primarily exacerbated 
by metabolic links that relate to fat and is less dependent 
on mechanisms related to loading.

Obesity and OA risk
Several epidemiological studies demonstrate that exces-
sive weight and obesity are preventable risk factors of 
OA. Numerous different joints are affected by obesity; 
however, OA of the hip and knee have the highest correla-
tion with increases in adiposity [23]. Although BMI has a 
noteworthy positive association with hip OA risk [24–26], 
the association between increased fat mass and OA devel-
opment is stronger for the knee [27–29]. Therefore, this 
review will primarily focus on the pathophysiology of 
obesity on knee joint/cartilage homeostasis.

Obese/overweight individuals are roughly three times 
more likely to develop knee OA than those that are lean 
[30]. Indeed, as BMI increases by five units, risk of symp-
tomatic knee OA accumulatively increases by ~10% [31]. 
In adults, moderate exercise and weight loss significantly 
reduce OA associated pain while improving physical per-
formance [32]. It is proposed that, at the population level, 
~30% of knee OA is avoidable with the reduction of BMI 
[33]; thus, obesity is a modifiable OA risk factor with 
high impact at the population level. Consistent with this, 
modest reductions in BMI are demonstrated to produce 

great reductions in disease risks, with a two-unit drop 
in BMI lowering knee OA risk by 50% [34]. Traditionally, 
decreased BMI-induced OA improvements were proposed 
to be related to reduced weight on load-bearing joints; 
however, obesity is also positively associated with hand 
OA [35, 36]. Because hands are not weight-bearing joints, 
this suggests the fundamental link between obesity and 
OA may be due to systemic factors. Much like BMI, type-
2-diabetes is also associated with progression of knee OA. 
As measured via joint space narrowing, type-2-diabetes is 
associated with disease progression of OA [37]. Consistent 
with this, high hemoglobin A1c is associated with a greater 
risk for OA disease progression [38]. In addition, insulin 
resistance is also associated with OA prevalence [39].

Relation of systemic factors and OA
Obesity is causally linked to a cluster of chronic and 
complex diseases [40–45]. Adipose tissue dysregulation 
is a fundamental driver of the comorbidities associated 
with obesity. Specifically, inflammation induced by exces-
sive adipose tissue accumulation appears to link obesity 
to disease risk [46–48]. Although short-term inflamma-
tion is a principal defense in response to injury, prolonged 
inflammation, as occurs in obesity, does not appear to be 
beneficial [49]. Hence, obesity is characterized as a state of 
chronic inflammation. The inability to alleviate inflamma-
tion leads to chronic diseases; thus, systemic inflamma-
tion caused by obesity may play a role in OA progression. 
Again, this is supported by epidemiological studies dem-
onstrating increased risk of hand OA in obesity [35, 36].

A marker of low-grade inflammation commonly asso-
ciated with obesity, C-reactive protein (CRP), is associated 
with decreased cartilage volume and disease progression 
of OA [50–52]. The primary regulators of CRP, IL-6 and IL-1, 
are also positively associated with knee joint space nar-
rowing [53]. Radiographic OA (ROA) is similarly associated 
with increases in circulating IL-6 and CRP [54], as is TNF-α 
with radiological progression of knee OA [55].

Increases in adiposity are also associated with 
increases in adipose tissue derived hormones, also 
known as adipokines. Hence, systemic mediators that are 
increased with obesity are not just limited to increases in 
circulating cytokines, but also increases in adipokines. 
Adipokines increased with adiposity include, but are 
not limited to, leptin, resistin, visfatin, and chemerin. In 
opposition, adiponectin is one of the limited adipokines 
that is decreased in obesity. Epidemiological studies dem-
onstrate an association between these adipokines and OA. 
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Leptin, produced from white adipocytes, is a lipostatic 
signal that regulates food intake and energy expenditure. 
It is recognized to play an integral role in inflammation, 
angiogenesis, and bone and cartilage metabolism [56–58]. 
Epidemiological studies support that increases in systemic 
leptin are positively associated with hip [58] and knee 
OA [59, 60], but not hand [61]. Data from a meta-analysis 
indicates higher circulating resistin in OA patients, par-
ticularly in males [62]. Although resistin is released from 
adipocytes in mice, in humans it is released from white 
adipose tissue-derived immune cells [63]. Consistent with 
this, resistin in both humans and mice plays a role in 
inflammation. Resistin is positively associated with both 
hand [64] and knee OA [65]. Another adipokine with an OA 
association is adiponectin; however, data is controversial. 
As previously stated, adiponectin, which plays a role in 
regulating glucose and fatty acid metabolism, is inversely 
associated with obesity; hence, OA should be associated 
with decreases in adiponectin. In accord, some clinical 
data supports that adiponectin plays a protective role in 
the prevention of cartilage damage associated with OA 
[66]. In these studies, circulating adiponectin levels are 
reported to be lower in OA patients compared with healthy 
individuals [67], with adiponectin being inversely related 
to knee OA severity [68] and high adiponectin decreasing 
the risk of hand OA severity [69]. In opposition, others 
demonstrate adiponectin is higher in OA patients com-
pared with controls, and adiponectin is positively linked 
to increased OA severity [60, 70]. Some even demonstrate 
this positive association with knee OA [60]. Differences 
among adiponectin studies likely depend on whether 
groups were BMI dependent or independent.

Knee adipose: the infrapatellar 
fat pad (IFP)
As previously stated, obesity-induced OA risks are pro-
posed to be due to both systemic and local effects of 
adipose tissue depots. An example of a weight-bearing 
joint with a local adipose depot is the knee. Specific to 
the knee environment, the infrapatellar fat pad (IFP), 
which is composed of adipocytes, immune cells, and 
blood vessels, is primed to participate in local inflamma-
tory processes of the knee joint. It is now well established 
that the IFP is a source of local inflammatory mediators, 
including cytokines, adipokines, growth factors, free 
fatty acids and lipid mediators. These IFP-derived media-
tors have been recently reviewed [71–74]. Of note, most 
studies examining the IFP to date have relied on high fat 

diet-induced knee OA in mouse models or on IFP tissue 
collected from humans with end-stage OA undergoing 
total knee replacement surgery [75]. Understandingly, it is 
challenging for clinically-based human studies to be con-
trolled for confounding variables, such as age or obesity 
status. Additionally, there is no defined gold standard for 
the measurement of obesity status, as different studies 
employ varying methodologies for assessing obesity 
including BMI, weight, WC, or dual-energy X-ray absorpti-
ometry (DEXA) scanning [76]. Thus, our understanding of 
how the IFP contributes to the development and progres-
sion of OA is limited. In the context of obesity, we know 
even less about the contribution of the IFP to OA. Several 
excellent review papers, cited throughout this work, have 
been published highlighting the connection between 
obesity and OA and, more specifically, the IFP and OA. In 
the current manuscript, we sought to emphasize the latest 
studies that specifically focused on obesity when pursu-
ing work involving the IFP and OA.

Anatomy/structure and proposed 
functions of the IFP
The knee joint is composed of many structures, including 
the distal femur, proximal tibia, patella and its tendon, 
cartilage, synovium, menisci, synovial fluid, fat pads, 
blood vessels, and nerves (Figure  1). The surrounding 
musculature provides structural support to this joint, as 
well. Fat pads that have been described in the knee joint 
include the IFP, the posterior knee fat pad, the quadri-
ceps fat pad, and the pre-femoral fat pad [71]. Recently, 
the IFP has emerged as a key player to overall knee joint 
homeostasis, and there is evidence to support its role in 
the pathogenesis of knee joint OA [71–74, 77–82].

The IFP is the largest of the knee adipose depots 
and is found in the anterior part of the joint in the space 
shaped by the patella, femoral condyles, and tibial 
plateau (Figures 1 and 2). It attaches to the lower border 
of the inner non-articulating surface of the patella, to the 
intercondylar fossa of the femur, to the periosteum of the 
tibia, and the anterior part of the menisci. It sits behind 
the joint capsule, with its posterior surface coming into 
close contact with the synovium, and it is considered 
intracapsular but extrasynovial [71, 78]. Like all adipose 
connective tissue, the IFP is comprised of a network 
of adipocytes, fibroblasts, leukocytes (primarily mac-
rophages and lymphocytes), and collagen matrix [71]. As 
such, it is poised to be a source of inflammatory media-
tors that contribute to OA, particularly under conditions 
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Figure 1: Representative images (anterior and medial views) of the intact knee organ under normal conditions where OA is not present (top 
aspect of figure) vs. OA in the context of obesity (bottom aspect of figure).
Insets to the left show histomicrographs (200 ×  magnification) of IFP in lean vs. obese 5 month-old guinea pigs. Demonstrated changes 
associated with OA include: loss/erosion of cartilage, decreased joint space, meniscal wear, and exposed subchondral bone. Please note 
that, in the medial view of the obese knee, synovium (pictured in the medial view of the normal knee) has been removed to allow viewing of 
these OA-related changes. Finally, it should be emphasized that, while obesity is a primary risk factor for OA, obesity is not ubiquitous for 
OA to occur and lean individuals can also experience this disease. Image created for present publication by Josie Fouts with Adobe Photo-
shop (Adobe Systems Incorporated, San Jose, CA, USA).

induced by obesity (discussed below). Structurally, there 
is debate as to whether the IFP is more similar to subcuta-
neous adipose tissue [83] or visceral fat [73]. Branches of 
the genicular artery provide blood to the IFP and continue 
through this adipose depot to supply the patella [71]. Like-
wise, both the IFP and patella are innervated by branches 
of the saphenous, tibial, obturator, and recurrent and 
common peroneal nerves; hence, the IFP has been impli-
cated as a potential source of pain in knee OA [78, 84].

Pathologies specific to the IFP include Hoffa disease, 
chondromas, nodular synovitis, and complications post-
surgery. Hoffa’s disease occurs when there is impinge-
ment of the IFP from the tibiofemoral or patellofemoral 
joints, resulting in pain, inflammation, and hyperplasia 

of the fat depot [85]. Chrondromas are mass lesions com-
posed of bone and cartilage that usually arise within soft 
tissue adjacent to the joint. Their pathogenesis remains 
unknown but is thought to be due to metaplasia of para-
articular tissues [86]. Nodular synovitis refers to thicken-
ing and inflammation of the synovium that lies adjacent 
to the posterior surface of the IFP [87].

The exact functions of the IFP are still not completely 
understood. The main role of the IFP is thought to be 
involved in facilitating distribution of synovial fluid across 
the knee joint, thereby providing lubrication [77–79]. It 
likely also provides shock absorbance from mechanical 
forces (similar to the menisci), knee joint stability, and may 
prevent instability and/or injury associated with loading 
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forces to the knee joint [79]. Ex vivo work performed on 
cadavers revealed that resection of the IFP decreased 
patellar rotation. From this study, the authors extrapo-
lated that the IFP may play an important role in maintain-
ing normal range of motion of the knee joint [88]. A more 
recent in vivo trial, however, whereby minimally invasive 
total knee arthroplasty was performed with or without 
removal of the IFP, found no significant differences in 
patellar tendon length, patellar complications, mean knee 
flexion, total Knee Society Score, and functional subscore 
between the two groups [89]. As limitations were acknowl-
edged with this study, future projects utilizing live animal 
models may provide more information on how removal of 
the IFP affects normal joint motion.

Inflammatory cells and mediators 
of the IFP
Within the IFP, there are two main potential sources of 
inflammatory mediators: adipocytes and resident and 
infiltrating leukocytes, primarily macrophages and lym-
phocytes (Figure  3). Studies on how obesity influences 
the population of immune cells within the IFP have 
yielded conflicting results. A research abstract published 
by Chang et  al. showed that IFP volume increased 54% 
without a concurrent infiltration of macrophages in mice 
fed a high-fat diet for 20 weeks [90]. However, visceral 

Figure 2: Representative gross image of the IFP from an obese 
5-month-old guinea pig.
The joint capsule, synovium, and patella have been removed to 
allow exposure of this fat depot.

fat from the same mice showed an increase in both the 
overall volume (463% increase) and number of infiltrating 
macrophages, consistent with other studies in mice [91] 
and people [92]. Another study examining adipocyte cul-
tured medium found a higher number of M2 macrophages 
in the culture medium from IFPs than subcutaneous fat 
obtained from end-stage OA patients [93]. These results 
suggest that the IFP is a distinct depot of white adipose 
tissue that may behave differently than other subcutane-
ous adipose tissue throughout the body.

Jedrzeczyk et al. [94] demonstrated increased numbers 
of adipocytes and infiltrating lymphocytes in IFPs from 
individuals with higher BMI. In concert with this, it has 
been shown that higher numbers of adipocytes in obese 
IFPs contribute to increased levels of cytokines, adi-
pokines, and growth factors, such as TNFα, IL-6, leptin, 
vascular endothelial growth factor (VEGF), and basic 
fibroblast growth factor (bFGF), in the knee joint [82, 
95]. Another group, however, did not find correlations 
between fat pad volume and BMI or weight between 
control and OA patients, and instead found that IFP 
volume increased with age [96]. In a different study using 
a high fat diet-induced mouse model of knee OA [81], IFPs 
exhibited hypertrophy, increased macrophage infiltra-
tion, and increased gene and protein expression of several 
cytokines, adipokines, and growth factors compared to 
control mice on regular chow. IFPs from high fat diet-fed 
mice had increased gene expression of VEGF, TNFα, TGFβ, 
Nampt, and leptin. Levels of TNFα correlated with leptin, 
and the authors suggested that leptin may play a role in 
regulating TNFα expression in the IFP, as has been shown 
by others [97].

Additionally, IFPs from high fat diet-fed mice had 
higher mRNA expression levels of lipocalin 2 and chemerin, 
two markers of adipocyte hypertrophy, compared with 
control mice [81]. Lipocalin 2 is a glycoprotein expressed 
by adipocytes, chondrocytes, and neutrophil granules. It 
has also been identified as a biomarker of cartilage deg-
radation in guinea pig models of OA [98]. Chemerin is 
expressed by adipocytes and promotes calcium mobiliza-
tion and chemotaxis of dendritic cells and macrophages 
[99]. Not only did IFPs from the high fat diet-fed mice dem-
onstrate enhanced expression of numerous cytokines and 
growth factors, but chondrocytes from these mice exhib-
ited increased apoptosis as measured by TUNEL assay 
[81]. The authors suggested that chemerin and lipocalin 
2 may play important roles in regulating both immune 
responses in the IFP and chondrocyte apoptosis in the 
knee. The authors found no significant differences in 
plasma and IFP adiponectin levels between high fat diet 
and control diet mice, which may have been due to short 
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time course of the experimental design [81]. Adiponectin’s 
role in development and progression of knee OA remains 
controversial, and may depend on which molecular form 
is present. In vitro studies show that adiponectin induces 
several destructive and inflammatory mediators includ-
ing matrix metalloproteinases, IL-6, and inducible nitric 
oxide synthase [71]. Others have demonstrated an inverse 
relationship between synovial fluid adiponectin concen-
tration and severity of knee OA, suggesting a possible pro-
tective role in OA [68].

A human study [100] demonstrated that IFP-derived 
adipocyte conditioned media had immunomodulatory 
effects on lymphocytes and macrophages. The condi-
tioned media induced a pro-inflammatory response in T 
lymphocytes (increased proliferation and cytokine pro-
duction). Macrophages treated with IFP-derived culture 
media displayed inhibited secretion of IL-12p40, and this 
effect was more pronounced with increasing adiposity. 
Additional studies showed that prostaglandin E2 (PGE2) 
and fatty acids (linoleic and oleic) were responsible for the 
inhibition of IL-12p40 secretion. The levels of these lipid 
mediators increased with increasing BMI of IFP donors, 
suggesting they might be responsible for the BMI-depend-
ent inhibition of IL-12p40 secretion by macrophages [100]. 

The role of IL-12p40 in knee OA is not completely under-
stood, as both pro- and anti-inflammatory effects have 
been described [101].

To compare cytokine gene expression and protein 
secretion in the knee joint, Distel et  al. collected subcu-
taneous adipose tissue from the thigh and IFP tissue from 
obese women with knee OA [80]. Strikingly, IL-6 mRNA 
expression and protein secretion from the IFP was more 
than twice that of the subcutaneous thigh tissue. Protein 
secretion of soluble IL-6 receptor was 3.6-fold higher in 
the IFP than thigh subcutaneous fat tissue. No significant 
differences were noted in gene or protein expression for 
IL-1β, TNFα, IL-8, or macrophage chemotactic protein-1 
(MCP-1). Compared to subcutaneous adipose tissue, gene 
expression of leptin in IFPs was decreased, with no differ-
ence in adiponectin expression. Protein secretion of leptin 
was 40% less while adiponectin secretion was 70% higher 
in IFPs compared to subcutaneous adipose tissue. Many 
genes involved with lipolysis and lipid uptake were also 
decreased in the IFP tissue. The authors suggested that 
the high IL-6 levels in the IFP may be responsible for the 
decreased expression of those genes involved with lipid 
metabolism, although a direct causal relationship has 
yet to be demonstrated. It has also been suggested that 
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Figure 3: Select systemic (left) and local (right) mediators secreted from adipose tissue throughout the body and the IFP, respectively.
Sources of mediators in the IFP have been divided into nerves, adipocytes, and leukocytes. Photomicrographs (500 ×  magnification) of unaf-
fected (left) and inflamed (right) IFP from lean vs. obese 5 month-old guinea pigs are shown. A, Adipocyte; M, macrophage. Image created in 
Powerpoint (Microsoft Windows, Redmond, WA, USA).
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adiponectin can induce IL-6 secretion by chondrocytes 
[102]. It remains unknown how the IFP from lean, healthy 
individuals contributes to overall knee joint homeostasis 
and if similar changes are present in lean individuals with 
knee OA compared to those who are obese.

Obesity, OA, and the size of the IFP
The size of the IFP, typically measured via area, volume 
or mass, is determined by a combination of hypertrophy 
of mature adipocytes, triglyceride synthesis and lipolysis, 
adipose stem cell-mediated adipogenesis, edema, fibrosis, 
and cellular infiltrate [74]. These dynamics vary according to 
fat pad location and developmental origin of the contribut-
ing cell population [103]. As it has been proposed that the 
volume and configuration of the IFP is important to knee 
function [104], several studies have attempted to verify if 
there are associations/correlations between the IFP size and 
knee OA, as well as to conclude whether BMI and/or weight 
influences IFP volume. It should be noted that included 
studies vary as to how IFP size is measured (usually depend-
ing on the primary outcome measure, such as MRI or his-
tology), as well as whether adipose characteristics were 
distinguished in regards to adipocyte enlargement and/or 
number, cellular infiltrate, edema, and/or fibrosis.

To date, findings are conflicting as to the relationship 
between OA, obesity, and IFP size. Chuckpaiwong et  al. 
[96] measured IFP volume via contrast enhanced MRI 
(three-dimensional T1-weighted) in lean controls without 
evidence of OA vs. overweight/obese patients with OA 
and did not find an association between IFP volume and 
BMI. Further analysis revealed that IFP volume was inde-
pendent of pain and knee OA status. Instead, a significant 
positive relationship was found between subject age and 
IFP volume in the patients with OA. Han et al. performed 
a larger scale study utilizing contrast enhanced (two-
dimensional T2-weighted) MRI and also found that IFP 
area (not volume) was significantly and positively associ-
ated with age, and not associated systemic fat mass, as 
measured by BMI. Further, IFP area was not associated 
with metabolic and inflammatory mediators, leptin, TNF, 
or IL-6, suggesting that IFP size may not be influenced by 
systemic metabolic inflammation. However, they did find 
consistent evidence that increased IFP area was associated 
with appropriate cartilage volume, as well as decreased 
cartilage defects, structural abnormalities of the joint 
(osteophytes and bone marrow lesions), and pain. Indeed, 
these findings were independent of a number of covari-
ates, including body size and tibial bone area, suggest-
ing that IFP area has a protective biomechanical role in 

knee OA, possibly by absorbing forces and reducing joint 
overloading.

Interestingly, animal studies also disagree as to how 
weight and/or obesity influences IFP size. Fu et  al. [74] 
utilized barrier-raised and specific pathogen-free F344BN 
F1-hybrid rats to examine the relationship between aging 
and IFP mass. While this study was not designed to induce 
obesity in these rats, it did show that, as body weight 
increased throughout aging, IFP wet weight (not volume 
or area) decreased with age. Based on histology, this dif-
ference was not related to a change in adipocyte size nor 
relative stromal fraction area. The authors did, however, 
find that higher expression levels of both TGFβ and Fn1, 
pro-fibrotic and anti-adipogenic mediators, were associ-
ated with aging. Further, increased variation in adipocyte 
size during aging was noted. Collectively, the authors 
postulated that the decrease in IFP weight may be due to 
differences in adipogenesis and/or adipocyte cell death 
during aging. Of relevance, this study revealed a decrease 
in IFP mass as OA developed, which is opposite from the 
findings reported in Chuckpaiwong’s human work, dis-
cussed above.

On the other hand, Iwata et al. [81] provided a high fat 
diet to C57BL/6J male mice to associate inflammation from 
the IFP with onset of knee OA. The total area of the IFP, 
determined via histology, was increased in the animals 
receiving the high fat diet compared to the control group. 
Histomorphometrical analyses revealed that total adipose 
area, individual adipocyte area, and active angiogenesis 
area of the IFP were positively correlated with osteophyte 
area. Increased macrophages were present in IFPs after 
8 weeks on the dietary intervention, as well as enhanced 
mRNA expression levels of VEGF, TNFα, leptin, Nampt, 
and TGFβ. The authors conclude that adipocyte hyper-
trophy is linked to osteophyte formation via secretion of 
inflammatory cytokines and adipokines. Based on these 
publications, it may be necessary to tease out changes 
in IFP size strictly related to aging from those associated 
with diet-induced obesity.

Role of the IFP in knee pain
Pain is the most common symptom reported by patients 
with knee OA [105]. While the exact pathogenesis of knee 
pain in unclear, inflammation at the local level, at the 
dorsal root ganglia, and in the central nervous system 
have been implicated in OA-related pain [106]. In concert 
with the synovium and joint capsule, the IFP is a very 
sensitive structure that may contain part of the terminal 
sensory innervation for the knee, with a predominance of 
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small-sized substance P nerves compared to medium- or 
large-sized nerves [88, 107, 108]. The highest numbers of 
substance P nerves are located next to vessels [88]. Vaso-
dilation follows release of substance P, allowing iterative 
extravasation of inflammatory cells and edema. If not 
resolved, edema can lead to soft tissue impingement, 
ischemia, and adipose tissue necrosis. In particular, ante-
rior knee pain is thought to be associated with pathol-
ogy of the IFP, and nociceptive stimulation of the IFP by 
injection of hypertonic saline supports this reasoning 
[109]. Further, numerous inflammatory and pain media-
tors promote the maintenance of inflammatory joint pain 
at the local level (such as nitric oxide and nerve growth 
factor) and by acting at receptors on dorsal root ganglia 
(including TNF, IL-6, calcitonin gene-related peptide, and 
vasoactive intestinal peptide), all of which may be exacer-
bated in obesity [106, 110, 111].

Two studies utilizing magnetic resonance imaging 
(MRI) have identified that the IFP is associated with pain 
in obese individuals. Hill et al. [112] found that synovitis in 
the IFP determined via conventional MRI was significantly 
correlated with pain change 15 and 30 months after base-
line assessment. Using both conventional and contrast-
enhanced MRI, Ballegaard et  al. [113] demonstrated that 
severe inflammation in the IFP, as represented by contrast 
perfusion variables on dynamic MRI, was associated with 
severe pain. This study also found a significant correlation 
between MOAKS Hoffa-synovitis, a semi-quantitative score 
based on MRI-based hyperintensity in the IFP, and pain. 
Finally, a randomized controlled trial compared removal 
of the IFP vs. tissue sparing during minimally invasive total 
knee arthroplasty. While this study did not indicate the 
obesity status of the participants, those patient receiving 
complete IFP removal 1 year post-surgery still experienced 
anterior knee pain, while no evidence of pain was reported 
in the group that did not have this fat depot excised [89].

Returning to the consideration of IFP size and OA, 
increased IFP maximum area, as determined by contrast 
enhanced MRI, was associated with decreased knee pain 
when walking on a flat surface [72]. This is in contrast to 
Chuckpaiwong’s study, mentioned above, which did not 
find an association between fat pad volume and WOMAC 
pain score.

Limitations of current studies and 
unanswered questions
Although the IFP represents a single player in the knee 
joint environment, it is emerging as an important tissue 

that likely plays a pivotal role in development and pro-
gression of knee OA in obesity. More studies are needed 
to characterize the IFP in lean, healthy people, as well 
as determine changes the IFP and knee joint undergo in 
both lean and obese individuals over time. As this review 
cites a relatively small number of human studies that vary 
in participant characteristics, study size, and outcome 
measures for the IFP, there is a need for additional work 
in animal models of OA to elucidate mechanisms whereby 
the IFP contributes to and/or damages joint homeostasis.

Perhaps the largest factor limiting the interpretation 
of findings related to the IFP is the paucity of informa-
tion regarding the IFP in healthy individuals. Currently, 
samples are typically obtained post-mortem and do 
not necessarily reflect “normal” joint homeostasis [73]. 
Further, the question also remains whether the charac-
teristics of the IFP vary in OA-prone vs. OA-resistant indi-
viduals, as both age and obesity are complicating factors 
in these analyses.

Determining the connection between obesity and OA, 
however, is also muddled by the fact that there is debate as 
to whether BMI and/or weight, which do not distinguish 
adipose from non-adipose tissue, are appropriate meas-
ures of metabolic triggered inflammation [114]. While BMI 
has been associated with decreased knee cartilage volume 
and thickness, as well as increased tibial bone area and 
knee cartilage defects [115, 116], work has shown that hip-
to-waist ratio and WC, which are estimates of central adi-
posity, may be better predictors of OA incidence than BMI 
[114]. When possible, multiple measures of lean and fat 
body mass should be included in human studies.

A final consideration regarding obesity and OA 
addresses the biomechanical contribution of this disease 
in the context of metabolic inflammation. As discussed 
above, inflammation is a central component of a cycli-
cal pattern involving obesity, OA, and physical inactivity 
[75]. Several recent studies suggest that metabolic inflam-
mation and hyperlipidemia increase the susceptibility of 
chondrocytes to biomechanically-induced cellular stress, 
particularly after joint injury [117, 118]. While it is chal-
lenging, but perhaps not completely necessary, to isolate 
the inflammatory contribution of obesity to OA from the 
biomechanical contribution, future work should con-
sider both aspects when assessing the role of the IFP in 
knee OA.
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