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Abstract

The infrapatellar pad, a fibro-adipose tissue with peculiar microscopic and mechanical features, is gaining wide

attention in the field of rheumatological research. The purpose of this descriptive review is to summarize the

most recent published evidence on the anatomic, physiologic and biomechanical inter-relationship between the

infrapatellar fat pad and the knee synovial membrane. As an extrasynovial tissue, the infrapatellar fat pad does

not directly interact with the articular cartilage; based on its location in close contact with the synovial

membrane, and due to the metabolic properties of adipose tissue, it may influence the behavior of the synovial

membrane. In fact, considering evidence of macroscopic and microscopic anatomy, the infrapatellar fat pad is

the site of insertion of the infrapatellar and medial synovial plicae. Also biochemically, there is much evidence

highlighting the interaction among these two structures; in the case of inflammation, the mutual interplay is

ascribable to the release of pro-inflammatory mediators stimulating the proliferation of inflammatory cells and

promoting tissue modifications in both. All these assumptions could support the emerging idea that the

infrapatellar fat pad and the synovial membrane may be considered a morpho-functional unit.
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Introduction

According to a study published in 2010 evaluating the glo-

bal burden of disease, hip and knee osteoarthritis (OA)

ranked the 11th highest in terms of years lived with disabil-

ity. Likely, wear and tear of the articular cartilage can

greatly influence the quality of life during aging, resulting

in the onset of disorders of joints leading to OA (Tiku &

Madhan, 2016). Despite the increased prevalence of OA, its

pathogenesis is not well understood. To date, there is

increasing evidence that synovitis plays an important

etiopathogenical role in OA and that inflammation of the

synovial membrane seems to be a precursor rather than just

a consequence of joint failure (Atukorala et al. 2014). The

close topography of the infrapatellar fat pad (IFP) to the

synovial membrane has led the Researchers to investigate

the possible role of IFP in OA (Eymard et al. 2014). In fact,

considering the intra-articular location of the IFP, the meta-

bolic properties of adipose tissue and the fact that the OA

involves all articular tissues, it is likely that the IFP could also

be involved in OA of the knee (Clockaerts et al. 2010). Pecu-

liar microscopic changes in OA IFP, such as thickening of

interlobular septa, an increase in vascularization and the

presence of inflammatory infiltrates, have been described

(Favero et al. 2017; Macchi et al. 2017). Importantly, these

changes have also been observed in the IFP adjacent syn-

ovial membrane, suggesting a possible cross-talk between

these two structures (Eymard et al. 2014), which may sup-

port a possible role of IFP in disease progression (Wenham

& Conaghan, 2010; Sime et al. 2017). The release of proin-

flammatory mediators from the synovial membrane, e.g.

interleukin (IL)-1, IL-6, tumor necrosis factor (TNF)-a, nitric

oxide, neuropeptides and prostaglandins, might in turn

promote cartilage degeneration but also cross-influence the

IFP, which contains cells such as immune cells, inflammatory

cells and substance P nerve cells, which may play a role in

the disease process and could contribute to the develop-

ment of early OA (Madry et al. 2012).
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A complete understanding of the anatomical, biochemi-

cal and functional interaction between IFP and synovial

membrane may be useful to define the treatment target,

for both symptoms and potential structure modification, in

order to achieve an optimal therapeutic response in OA.

The aim of this paper is the revision of the literature con-

cerning the macroscopic, microscopic and molecular charac-

teristics of the IFP and synovial membrane. Moreover,

evidence of macroscopic features, imaging data, investiga-

tions in histopathology and molecular studies supporting

the existence of a cross-talk between the IFP and the syn-

ovial membrane will be highlighted. This will suggest a new

anatomic-functional interpretation of this interaction,

potentially involved in an active way in the onset of articu-

lar diseases.

Methods

To describe the cross-talk between the IFP and synovial mem-

brane and avoid missing studies, broad search terms were used

with no temporal limits or language restrictions; reviews and

original articles on the anatomic (gross anatomy, microscopic

anatomy), biochemical and functional role of the IFP were consid-

ered. In September 2017, we performed a computer-aided sys-

tematic review of the literature by searching PubMed and Scopus

for English-language publications. The infrapatellar fat pad and

synovial membrane were considered key search words. More

specifically, multiple unrestricted ‘free-text’ searches were also

performed combining the terms [(‘infrapatellar fat pad’ OR ‘IFP’)

AND ‘synovial membrane’] and [(‘infrapatellar fat pad’ OR ‘IFP’)

AND ‘histology’]. Other references were retrieved from the bibli-

ographies of the articles selected from the search of the data-

bases. In parallel, we refer to our scientific background and most

recent experimental evidence (both published and unpublished

data).

Results

The combined search in PubMed and Scopus databases

retrieved the following results: respectively, 67 and 238 arti-

cles for ‘infrapatellar fat pad AND synovial membrane’, 8

and 22 articles for ‘IFP AND synovial membrane’, 276 and

393 papers for ‘infrapatellar fat pad AND histology’, 327

and 619 papers for ‘IFP AND histology’. After removing the

duplicates and excluding the non-relevant records we

selected 63 papers. Ten more publications retrieved from

the references of the previous article.

New insights into the aetiology of OA

The OA is an important cause of disability, especially in

elderly people, and it is expected to be influenced by the

population aging process more than other musculoskeletal

disorders are (Moradi-Lakeh et al. 2017).

Even though the aetiology of OA is still not completely

understood, imaging techniques have changed the old con-

cept of OA (Mathiessen & Conaghan, 2017). Traditionally, it

was primarily considered a disease of hyaline cartilage with

associated bone involvement, caused by overload or over-

use; conversely, the pathophysiology of OA development is

now appreciated to be more complex. In fact, it is not a sin-

gle disorder but should rather be regarded as a common

final stage of joint failure (Martel-Pelletier & Pelletier, 2010;

Mathiessen & Conaghan, 2017). Moreover, it does not only

primarily affect the articular cartilage but also involves the

entire joint, including the subchondral bone, ligaments,

capsule, synovial membrane and periarticular muscles

(Madry et al. 2012); for this reason, it should be thought as

a multi-tissue pathology.

Considering the role of the synovial membrane in the

development of OA, it is believed that products of cartilage

breakdown are phagocytosed by synovial cells, resulting in

an inflamed synovium, which then produces proinflamma-

tory mediators (Sellam & Berenbaum, 2010). This is responsi-

ble for a further release of proteolytic enzymes that

determine the breakdown of cartilage. Thus, inflammation

within the OA joint is at least in part the result of a cyclical

interaction between damaged cartilage and inflamed syn-

ovial membrane (Wenham & Conaghan, 2013).

IFP

Macroscopic and microscopic anatomy of normal IFP

Within the knee joint, several fat pads can be recognized.

Each of them is located between the joint capsule and the

synovial membrane and, therefore, they are considered as

intracapsular and extrasynovial structures (Draghi et al.

2016). The suprapatellar fat pad is composed of the quadri-

ceps fat pad and the pre-femoral fat pad, which are located

above the patella and behind the suprapatellar bursa,

respectively. The posterior fat pad is in close contact with

the posterior articular capsule behind the menisci (Gal-

lagher et al. 2005). In recent years, the fat pad which has

received much attention is the IFP, also known as Hoffa’s

fat pad (Hoffa, 1903).

Anatomically, the IFP is related to the inferior pole of the

patella superiorly, the patellar tendon anteriorly, the ante-

rior tibia and the anterior horns of the menisci postero infe-

riorly, and the femoral condyles and intercondylar notch

posteriorly (Gallagher et al. 2005; Fig. 1Aa). The IFP is com-

posed of lobules of white fibrous adipose tissue (Macchi

et al. 2016); typically, this kind of adipose tissue, character-

ized by a significant prevalence of collagenic stroma, is

characteristic of areas subjected to a considerable mechani-

cal stress (Sbarbati et al. 2010; Fig. 1Ab–c). The IFP consists

of a central body with medial and lateral extension along

with the superior tag (Mace et al. 2016). The ligamentum

mucosum is located inferiorly to the central body of the IFP.

In the 75% of cases, two recesses are present in the IFP, one

horizontal cleft opening posteriorly and one vertical cleft

opening superiorly just below the pole of the patella

(Gallagher et al. 2005).
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In terms of vascularization, the IFP shows an arterial net-

work supplied by the superior and inferior genicular arter-

ies, connected by three horizontal anastomoses. There is an

irregular connection to the medial genicular artery running

in the infrapatellar plica (Kohn et al. 1995; Hempfing et al.

2007; Hughes et al. 1998). Moreover, there are many anas-

tomoses with the vessels of menisci and patellar tendon

anteriorly and to the tibial periosteum inferiorly (Mace

et al. 2016).

The innervation of the IFP predominantly derives from

the posterior tibial nerve (Kennedy et al. 1982). In fact, it

provides the majority of fibres to the popliteal plexus; fibres

course from this innervating the posterior capsule, the cruci-

ate ligaments and anteriorly up to the IFP (Mace et al.

2016). Using immunohistochemistry, the IFP showed free

nerve fibres and nerves surrounded by thick multilaminated

(three to six layers) connective tissue capsule. The free nerve

fibres were recognizable within adipose lobules, whereas

the corpuscles were recognizable along the interlobular

septa, in the adipose lobules and close to the vessels (Mac-

chi et al. 2016). Moreover, the presence of type VIa free

nerve endings is particularly important, as they may initiate

A
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Fig. 1 Microscopic characterization of infrapatellar fat pad (IFP) and anatomic evidence of the interplay with synovial membrane. (Aa) Sagittal sec-

tion of the knee in magnetic resonance imaging showing the localization of the IFP and highlighting the relation with the synovial membrane (red

dotted line). (Ab,c) The ultrastructural appearance of the IFP (b), in which the presence of clusters of spherically shaped adipocytes is clearly recog-

nizable. A network of collagen fibres among the adipocytes is visible [c, white arrow; scanning electron micrographs, magnifications: 2509 (b);

7009 (c)]. (B) Dissection of the knee in partial flexion (with the patella reflected superiorly) showing close relation between the synovial membrane

and the deep surface of the IFP (a). The microscopic images show the course of the synovial membrane (S) over the IFP with the presence of a

cleft (b); the connection between an interlobular septum and the synovial membrane is evident (*). The subsynovial layer is characterized by colla-

gen (Coll) (c) or adipose tissue (AT) (d). Patellar tendon (PT). Haematoxylin-eosin, magnifications: 1.259 (b); 109 (c, d). Human tissues were sam-

pled from cadavers managed by the Body Donation Programme of the Section of Human Anatomy, University of Padua (De Caro et al. 2009).
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afferent signals of pain, pressure and thermic variations to

the central nervous system (Biedert & Kernen, 2001). The

presence of abundant substance-P nerve fibres within the

IFP has also been highlighted; the number is significantly

higher in subjects with anterior knee pain (Bohnsack et al.

2005). Substance-P causes vasodilation, thereby promoting

the recruitment of immune cells and potentially contribut-

ing to oedema development within the tissue (Eymard &

Chevalier, 2016).

From the functional point of view, the first role attribu-

ted to IFP is a biomechanical contribution. The IFP facili-

tates the distribution of synovial fluid and acts to absorb

forces through the knee joint (Platzer, 1999). With

numerical meso-models, the IFP has been reported to

have a peculiar mechanical relevance, with respect to

other adipose tissues, with a high volumetric stiffness of

its adipose lobules and consequent development of tissue

straining because of connective septa. Conversely, lobules

exhibit low iso-volumetric stiffness, and shear loadings

mainly determine stresses within connective septa (Fon-

tanella et al. 2017). The biomechanical properties of IFP

change during OA, with loss of proper stress-strain

behavior under mechanical loads (unpublished data). The

second function attributed to IFP is a biochemical role in

the development of the anterior knee pain (Clockaerts

et al. 2010) and OA (Favero et al. 2017). With reference

to OA, there is much evidence highlighting the endo-

crine- paracrine and autocrine-like properties of the IFP.

In fact, immune cells can infiltrate the IFP, which can

become an important source of numerous proinflamma-

tory mediators such as adipokines (i.e. leptin, adiponectin,

resistin, chemerin), interleukins (ILs; IL-6 and IL-8) as well

as growth factors [fibroblast growth factor (FGF)2, vascu-

lar endothelial growth factor (VEGF), TNF-a; Clockaerts

et al. 2010; Eymard & Chevalier, 2016; Belluzzi et al.

2017; de Jong et al. 2017]. These inflammatory mediators

are found in synovial fluid and can influence the meta-

bolism of both cartilage and synovial membrane, causing

the onset of structural changes of the IFP, which are

clearly identifiable at cellular and histological levels in

OA with respect to the IFP of healthy subjects (Distel

et al. 2009; Clockaerts et al. 2010; Table 1).

Synovial membrane

Macroscopic and microscopic anatomy of normal

synovial membrane

The joint internal structures and the musculoskeletal tissues

are linked by the synovial membrane; which, by virtue of its

cellular composition, is responsible for joint homeostasis

(Huang et al. 2017). In fact, from a functional point of view,

the synovial membrane promotes skeletal movement by

producing synovial fluid; the fluid fills the synovial cavity,

lubricating cartilage and tendon surfaces, and facilitating

low-friction and low-wear articulation (Hui et al. 2012).

Generally, the synovium is composed of two layers includ-

ing a continuous surface layer of cells (intima) and the under-

lying tissue (subintima; Hui et al. 2012). Histological and

immunohistochemical examinations show that the intima is

composed of two to three layers of fibroblast-like and

macrophage-like synoviocytes. Fibroblast-like cells express

vimentin, CD90 and intracellular adhesion molecules, which

are the markers of mesenchymal and fibroblastic lineages;

nevertheless, they can be distinguished by high levels of uri-

dine diphosphoglucose dehydrogenase (UDPGD), cadherin

11 and receptor-type protein tyrosine-protein phosphatase

sigma (R-PTP-sigma), and by the constitutive expression of

vascular cell adhesion protein 1 (VCAM-1; Bhattaram & Chan-

drasekharan, 2017). Fibroblast-like synoviocytes are involved

in production of specialized matrix constituents including

collagen, fibronectin, hyaluronan and other proteoglycans

of the intimal interstitium; moreover, they secrete the major

constituents of synovial fluid, such as the proteoglycan lubri-

cine (Iwanaga et al. 2000; Nio et al. 2002; Bhattaram & Chan-

drasekharan, 2017). In parallel, the intimal macrophages

express typical macrophage lineage markers [i.e. strongly

positive for cluster of differentiation (CD)163 and CD68 but

less so for CD14; immunoglobulin receptor FcgRIIIa] and

Table 1 The main features of the IFP. The table summarizes the main

characteristics of the infrapatellar fat pad (IFP) considering anatomical

and function-related aspects.

IFP

Gross appearance/tissue

organization

A central body of white adipose tissue

organized in lobules characterized by

collagenic stroma

Presence of medial and lateral

extensions

Ligamentum mucosum is located

inferiorly

Eventually, two clefts (horizontal and

vertical, respectively) are identifiable

Vascularization Superior and inferior genicular

arteries connected by anastomosis

Anastomoses with the vessels of

menisci, patellar tendon and tibial

periosteum

Innervation Nerve fibres from the posterior tibial

nerve

Free nerve fibres within adipose

lobules with corpuscles along the

interlobular septa

Function Biomechanical: promotes synovial fluid

distribution absorbing loads of the

knee joint

Biochemical: secretes proinflammatory

mediators (i.e. adipokines,

interleukins) and growth factors

showing endocrine-paracrine and

autocrine-like activity on the

cartilage and synovial membrane
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show a prominent nonspecific esterase (NSE) activity as well

(Smith, 2011). By means of the microvilli and microplicae

identifiable on the cell surface, they exert a protective role,

helping in clearing bacterial infections and debris resulting

from minor joint injuries; this active phagocytosis guarantees

a refreshing of the components of the synovial fluid (Nio

et al. 2002; Bhattaram & Chandrasekharan, 2017). Macro-

phages, whose number hugely increases in chronically

inflamed synovium, are also responsible for maintaining a

fine balance between the levels of proinflammatory and

anti-inflammatory cytokines in the synovial fluid (Kennedy

et al. 2011). The subintimal space is made up of fibrous con-

nective tissue, blood vessels and a low content of immune

cells, e.g. macrophages, CD3+ T-cells, including CD4+ and

CD8+ cells, B cells, plasma cells and granzyme B-positive cells.

The macrophages compared with those of the intima, are

NSE-weak and strongly CD14+ FcgRI+ (Smith, 2011). The vas-

cular network provides nutrition to the avascular articular

cartilage. In the subintimal layer larger venules together with

arterioles and lymphatics form an anastomosing network;

conversely, capillaries are identifiable in the intima (Wilkin-

son & Edwards, 1989; Xu et al. 2003). Normal synovial tissue

has a rich nerve supply; in the sympathetic nervous system,

most of the nerves are found around vascular networks,

although they do not extend into the intimal layer (Pereira

da Silva & Carmo-Fonseca, 1990). Typically, in healthy sub-

jects, the intimal layer is 20–40 lm thick in cross-section and

the subintima can be up to 5 mm in thickness. However, at

many sites there is no discrete membrane, especially where

subintima consists of fibrous tissue or fat pad (Smith, 2011).

This evidence may constitute an objective demonstration

that the synovial membrane and IFP form a morpho-

functional unit (Table 2).

Anatomical features, prevalence and incidence of the

synovial plicae

Remnants of the mesenchymal tissue, called synovial pli-

cae, are also recognizable in the normal synovial mem-

brane. According to their anatomical location, the plicae

have been divided into four major types: the infrapatel-

lar plica – IPP, or ligamentum mucosum; the suprapatel-

lar plica – SPP; the medial patellar plica – MPP; and the

medial shelf and the lateropatellar plica – LPP (Kent &

Khanduja, 2010).

A normal synovial plica is a soft and elastic structure,

whereas a pathological plica is commonly inelastic, tight,

thickened, fibrotic and sometimes hyalinized. Bowstringing

across the femoral trochlea may cause impingement

between the patella and femur in knee flexion and a non-

specific anterior or anteromedial knee pain, which results in

synovial plica syndrome (Lee et al. 2017).

Asymptomatic plicae around the knee are a common

finding at arthroscopy and are rarely pathological (Kent &

Khanduja, 2010). However, chronic inflammation secondary

to direct trauma, continuous strenuous exercises or other

pathological knee conditions affect the pliability of the syn-

ovial folds, which can become symptomatic (Garcia-Valtuille

et al. 2002).

The most common symptomatic plica is the MPP, whereas

SPP has rarely been reported to give rise to symptoms. It is

generally agreed that the IPP does not cause symptoms (Demi-

rag et al. 2006). In the case of hypertrophy of the plica with

Table 2 The main features of the synovial membrane. The table sum-

marizes the main characteristics of the synovial membrane considering

anatomical and function-related aspects.

Synovial membrane

Gross appearance/tissue

organization and

cells function

• Double-layer tissue including the

intima (a continuous surface layer

of cells) and the subintima

(underlying tissue).

• Intima: 20–40 lm in thickness.

Composed of 2–3 layers of

fibroblast-like and macrophage-

like synoviocytes.

o Fibroblast-like cells:

constitutive expression of

VCAM-1; expression of

vimentin,CD90, intracellular

adhesion molecules, UDPGD,

cadherin 11, R-PTP-sigma.

Role: production of matrix

proteins of the intimal

interstitium and constituents

of the synovial fluid.

o Macrophages express CD163,

CD68, CD14, FcgRIIIa and are

strongly NSE+.

Role: protection against

bacterial infections and debris.

• Subintima: up to 5 mm in

thickness, composed of fibrous

connective tissue, blood vessels

and low content of immune cells.

o Macrophages are NSE-weak

and strongly CD14+ FcgRI+

Vascularization • Subintimal layer: presence of a

network of larger arterioles,

venules, and lymphatics.

• Intima: presence of capillaries
Innervation • Rich nerve supply mainly around

vascular networks without

extending into the intimal layer

Function • Link between the joint internal

structures and the musculoskeletal

tissues

• Responsible for joint homeostasis

• Production of synovial fluid

CD, cluster of differentiation; NSE, nonspecific esterase; R-PTP

sigma, receptor-type protein tyrosine-protein phosphatase

sigma; UDPGD, uridine diphosphoglucose dehydrogenase;

VCAM, vascular cell adhesion protein 1.
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consequent thickening, its excision may guarantee good out-

comes in the majority of the patients (Kent & Khanduja,

2010).

a. The infrapatellar plica – IPP

Anatomically, the IPP, or ligamentummucosum, is described

as a fan-shaped structure with a narrow femoral origin at

the level of the intercondylar fossa in front of the anterior

and lateral to the posterior cruciate ligament. As it descends

through the inferior joint space, the IPP proceeds as two

fringelike alar folds to attach to the IFP. The attachment to

the IFP prevents the fat pad from being displaced anteriorly

even in the presence of a large joint effusion (Patel et al.

1998). The shape of the IPP can vary, and according to the

morphology it is possible to distinguish five different types:

separated (cord-like) pattern, split pattern, vertical septum

pattern, fenestra pattern and none of the above (Kim et al.

1996).

The prevalence of IPP ranges from 61 to 78.3% (Gurbuz

et al. 2006; Lee et al. 2012). However, the incidence of IPP is

reported to be 85.5% according to Kim et al. (1996), who

claimed there is also a decrease of the incidence with aging

(Table 3).

b. The suprapatellar plica – SPP

The SPP is a membrane that lies between the suprapatellar

pouch and the true knee. Different anatomical variations of

the suprapatellar plica have been described (Kent & Khan-

duja, 2010). In particular, Zidorn (1992) differentiated the

terms septum and plica, as he considered the plica an

incomplete resorption of a septum (Dupont, 1997). Thus,

four types of SPP may be recognized through arthroscopy:

type I – the septum completely separates the suprapatellar

bursa from the knee joint (septum completum); type II –

there are one or more openings in the plica allowing inter-

action between the suprapatellar bursa and the knee joint

cavity (septum perforatum); type III – there is a remaining,

usually medially located, fold (septum residuale); type IV –

the septum is completely involuted (septum extinctum;

Zidorn, 1992).

From the microscopic point of view, the SPP consists

of predominantly sub-synovial adipose tissue with some

dense undulated collagenous fibres; the presence of

skeletal muscle has also been identified (Geraghty &

Spear, 2017).

The prevalence of SPP ranges from 33 to 89% (Harty &

Joyce, 1977; Ogata & Uhthoff, 1990; Gurbuz et al. 2006).

Most arthroscopic studies have reported an incidence of up

to 91.2% (Kim & Choe, 1997; Table 3).

c. The medial patellar plica – MPP

The MPP originates in the suprapatellar region and passes

inferiorly on the medial aspect of the knee joint before

inserting into the IFP. Based on its morphology, it is classi-

fied as type A (cord-like), type B (shelf-like, but not covering

the medial femoral condyle), type C (covering the medial

femoral condyle) and type D (having a double insertion;

Boles & Martin, 2001; Al-Hadithy et al. 2011).

Table 3 Anatomical features, prevalence and incidence of the synovial plicae.

IPP SPP MPP LPP

Origin/localization Femoral origin, intercondylar

fossa in front of the anterior

and lateral to the posterior

cruciate ligament. It descends

through the inferior joint

space and proceeds as two

fringelike alar folds to attach

to the IFP

Between the suprapatellar

pouch and the true knee

Originates in the

suprapatellar region

and passes inferiorly

on the medial aspect

of the knee joint

before inserting into

the IFP

Originates from the

lateral aspect of the

knee and inserts

into the synovial

membrane

Shape/Type Five patterns:

separated (cord-like);

split;

vertical septum;

fenestra;

none of the above

Four types:

I or septum completum,

II or septum perforatum,

III or septum residuale,

IV or septum extinctum

Four types:

A (cord-like),

B (shelf-like),

C

D

–

Microscopic

characteristics

– Subsynovial adipose tissue

with some dense collagen

fibres, some skeletal muscle

fibres

Adipose tissue with

undulated regular

collagen fibres

Subsynovial layer of

areolo-adipose tissue

with collagen fibres

Prevalence 61–78.3% 33–89% 95% 20.7%

Incidence 85.5% with an age-related

decrease

Up to 91.2% 18–72% <1%

IFP, infrapatellar fat pad; IPP, infrapatellar plica; LPP, lateropatellar plica; MPP, medial patellar plica; SPP, suprapatellar plica.
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From a microscopic point of view, the MPP consists of adi-

pose tissue surrounded by undulated regular collagen fibres

underlying synovial membrane (Geraghty & Spear, 2017).

The prevalence of MPP is 95% (Gurbuz et al. 2006). The

reported incidence, however, is extremely variable, ranging

from 18 up to 72% (Kim & Choe, 1997; Al-Hadithy et al.

2011; Table 3).

d. The lateropatellar plica – LPP

The LPP is like a band originating from the lateral aspect of

the knee above the popliteal hiatus and inserting into the

synovial membrane around the IFP (Kent & Khanduja,

2010). Whether the LPP is a true septal remnant is still con-

troversial; in fact, it seems more likely to be derived from

the parapatellar adipose synovial fringe (Al-Hadithy et al.

2011).

Microscopically, the LPP consists of subsynovial layer of

areoloadipose tissue with collagen fibres coursing through

(Geraghty & Spear, 2017).

The prevalence LPP 20.7% (Gurbuz et al. 2006). More-

over, as the incidence is less than 1%, it is considered very

rare (Boles & Martin, 2001).

Interestingly, Kim & Choe (1997) highlighted that there

was no significant correlation in frequencies and distribu-

tions of patterns among the plicae according to the age of

patients, between men and women, as well as between

right and left knee. A significant similarity in patterns of

the right and left knee was observed only in the same sub-

ject (Table 3).

Morphological and molecular bases of the synovial-IFP

unit

From the review of the literature, the hypothesis of a

synovial-IFP unit is based on the following considerations,

summarized in Table 4.

Macroscopic anatomy

The IFP is interposed between the joint capsule and the

synovial membrane, which lines its posterior aspect. Where

the synovial membrane lies beneath the IFP, it projects

into the joint as two fringes, alar folds (Standring et al.

2008; Fig. 1B). The IFP is described to be the largest part

of a circumferential extrasynovial fatty ring, which extends

around the patellar margins (Newell, 1991). In fact,

increased fibrosis, vascularization, leucocytes and mast cell

infiltration are present in OA patients not only in IFP but

also in the suprapatellar and posterior fat pad (Eymard

et al. 2017).

Imaging

In magnetic resonance studies of OA patients, signal alter-

ations are recognizable at the level of IFP and the presence

of synovitis is observed in front of the IFP and suprapatellar

fat pad (Roemer et al. 2010; Cai et al. 2015). The synovial

thickening within the IFP and the multiple synovial projec-

tions into IFP can be found in early OA patients on mag-

netic resonance examination. These features correspond to

hyperplasia of synovial membrane, mononuclear cell infil-

tration, and proliferation of small blood vessels (Fernandez-

Madrid et al. 1995). Moreover, the grade of opacity of IFP

at conventional radiographs of the knee is well correlated

with most of the synovitis grades observed at magnetic res-

onance imaging (Yun et al. 2017).

Histopathology

In the IFP of patients with OA undergoing total knee

replacement, an increase of inflammatory infiltration, vas-

cularization and thickness of the interlobular septa was

found. At the same time the synovial membrane adjacent

to IFP presented lymphocytic infiltration, hyperplasia and

higher vascularization compared with healthy controls

(Favero et al. 2017). In fact, in an experimental model of

OA, marked loss of adipocytes in IFP was associated with

extensive synovial proliferation (SP) and subsynovial fibrosis

(Clements et al. 2009).

Molecular biology

The IFP in the knees of patients with end-stage OA inhi-

bits catabolic mediators of the cartilage and exerts a

profibrotic effect on the synovial membrane, partially

due to the presence of prostaglandin F2a (Bastiaansen-

Jenniskens et al. 2013), which is critical for the functional

Table 4 Morphological and molecular evidence of the existence of

IFP-synovial membrane functional unit.

Main evidence

Macroscopic

anatomy

Synovial membrane lines the posterior aspect

of the IFP

Synovial membrane lies beneath the IFP

projecting into the joint as two fringers

Imaging In OA signal alteration in IFP, in front of the

IFP and suprapatellar fat pad

Synovial thickening within the IFP in early OA

IFP opacity in radiographs is correlated with

synovitis grades in MR

Histopathology Both the IFP and synovial membrane show

increase of inflammatory features

(i.e. infiltration and vascularization, thickness

of interlobular septa and hyperplasia) in OA

Loss of IFP adipocytes associated with synovial

proliferation and subsynovial fibrosis in

experimental models

Molecular

biology

In end-stage OA, IFP inhibits catabolic

mediators of the cartilage

IFP has a profibrotic effect on synovial

membrane exerted by mediators such as

prostaglandin F2a

IFP, infrapatellar fat pad; MR, magnetic resonance; OA,

osteoarthritis.
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interaction between IFP and synovium, although other

mediators could also be involved (Eymard et al. 2014,

2017).

Conclusions

Exploiting the multidisciplinary skills of our research group

(from human anatomy, rheumatology, orthopaedics, radiol-

ogy, physiotherapy, pharmacotherapy and engineering)

and findings on the IFP, a critical revision of the literature

has been performed. In accordance with the recent high-

lights by Eymard et al. (2017) and by Geraghty & Spear

(2017), our experience suggests a possible cross-talk among

the IFP and the synovial membrane, supporting the idea

that these two structures are actually an anatomo-func-

tional unit.

To date, therapy of OA is multimodal and requires a com-

bination of pharmacological and non-pharmacological

treatments. Pain and other symptoms of OA profoundly

compromise the quality of life of patients, placing a burden

on the physical, psychological and economic aspects of life

and having a considerable social impact as well. Hence, clar-

ifying and defining the cross-talk between the IFP and the

synovial membrane may be helpful in early identification

and treatment of OA.
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