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Abstract The knee is a synovial knee joint that allows flexion, extension and also a
slight ability to rotate medially and laterally, being able to move on two planes,
being known as a modified hinge joint. The main features of a synovial joint are the
articulating cartilage, the joint capsule, the joint cavity, the bursae and the liga-
ments. The joint capsule is composed by the synovium and a fibrous capsule,
keeping the synovial fluid that fills the joint cavity inside the joint. The most
common injuries or diseases that affects this complex biomechanical system are
arthritis, bursitis and dislocations. In fact, the synovium the central area of
pathology in a number of inflammatory joint diseases, such as rheumatoid arthritis
(RA) and spondyloarthritis (SpA).

2.1 Introduction

The knee is the largest synovial joint in the body and one the most complex
biomechanical system known. The purpose of synovial joints, also known as dia-
rthroses, is to allow movement. The knee supports flexion and rotation, promoting
complete stability and control under large variety of conditions [1]. The knee is
composed by four main bones—the femur or thigh bone, the tibia or shin bone, the
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fibula or outer skin bone and patella or knee cap (Fig. 2.1). The foremost move-
ments of the knee joint occur between the three bones: femur, patella and tibia.

The patella, located at top centre, is small and is flat triangular—shaped bone
that moves and rotates with knee [2]. The distal end of the femur has a medial and a
lateral condyle, the structure of these condyles is important in the movement of the
tibia on the femur. The proximal end of the tibia form a plateau with medial and
lateral sections. The menisci intensify the shape of plateaus and serve to increase
the conformity of the joint and help the rotation of the knee [3] (Fig. 2.1).
Therefore, the structure of the femur, tibia, and patella highly contributes to the
stability, strength and flexibility of the knee joint, with static and dynamic
restrictions of the ligaments and crossing the joint [1].

The knee is composed by tendons and ligaments that are essentially constituted
by connective tissues. The former connect muscle to bones and the latter connect
bone to bone. Whether the tendons as ligaments are made of strands of elastic
proteins. Ligaments prevent bones from moving too far and tendons help in the
movement of muscles. The patella is inside a tendon, the patellar tendon which
annexes the quadriceps muscles on the front of thigh and cover the patella [4].

The knee has important ligaments, such as the lateral ligaments of the
femorotibial joints. Accordingly, the external condyle stays in position on the
superior articular surface of the tibia by the external lateral ligaments (fibular
collateral) and the anterior cruciate ligament that represents an internal ligament.
The internal condyle stays in position by internal lateral ligaments (tibial collateral)
and the posterior cruciate ligament that represents an external lateral ligament [5].

Moreover, knee joint include the tibiofemoral joint, a condyloid joint between
the condyles of the femur and tibia, and patellofemoral joint, that it is between the

Fig. 2.1 Structure of synovial joint (a) and the anatomy of the knee (b)
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posterior surface of the patella and the patellar surface of the femur. The upper
tibiofibular joint often communicates with the femorotibial joint [6]. The tibiofe-
moral joint provides transmission of body weight from femur to the tibia, allowing
a rotation along with a little degree of tibial axial rotation. The patellofemoral joint
allows along with the tibialis anterior and ankle joint support the body to start the
gait cycle [7].

The knee joint is separated in three articulations, one articulation between each
femoral condoyle, corresponding to meniscus, other relative tibial condyle and
other between the femur and patella.

The structure of synovial joint is different from cartilaginous (synchondroses and
symphyses) and fibrous joints (such as gomphoses and syndesmoses). The key
structural differences are related the existence of capsules surrounding the articu-
lating surfaces of a synovial joint and the presence of lubricating synovial fluid
within those capsules (synovial cavities).

The articular capsule that lining a synovial joint is constituted by fibrous capsule
(thick outer layer) and synovial membrane (inner layer) [8]. The joint capsule is
vital to the function of synovial joints. It protects the joint space, allowing stability
by restricted movements, promoting active stability through nerve endings and may
form articular surface for the joint, lined with synovium and forms a sleeve around
the articulation bones to which it is attached [9]. The synovial membrane is highly
vascular, it is constituted by connective tissue, it is responsible for the secretion of
viscid synovial fluid that serve to lubricates and nourishes the joint [8].

The synovium (synovial membrane or stratum synovial) is a thin highly orga-
nized structure that is present between the joint cavity and the fibrous joint capsule
[10], lining the joint capsule and producing the synovial fluid. This specialized
mesenchymal soft tissue, essential for the appropriate function of the locomotor
apparatus [11], covers the spaces of diarthrodial joints, tendon sheaths and bursae.
The synovial fluid, secreted by the synovial membrane, is responsible by the (1) joint
lubrication (which reduces friction and avoids shock between the surfaces of carti-
lage) and (2) nourishment (supplying oxygen and nutrients). This non-Newtonian
fluid is composed by hyaluronic acid (synthesized by the synovial membrane) and
lubricin (also named as Proteoglycan 4). Synovial cells, also known as synoviocyte,
synovial lining cell or (synovial) intimal cell, comprise the main types A (showing
ultrastructural resemblances to the macrophage series of cells) and B (with abundant
endoplasmic reticulum and appear like fibroblasts synoviocytes) [12].

The synovial membrane includes the continuous surface layer of cells (intima)
and the underlying tissue (subintima) [13]. Likewise, the lining layer is formed by
condensed cells (macrophages and fibroblasts [10, 13]), one- to four-cells thick, and
a loosely organized subliming layer, in contact with synovial fluid, that includes
blood and lymphatic vessels, a cellular content of both resident fibroblasts and
infiltrating cells in a collagenous extracellular matrix [10, 13]. In contrast to the
compact layer of the synovial lining layer, the sublining is more amorphous,
consisting of loose connective tissue that forms a microanatomic base for the
synovial lining. The sublining allows for the transfer of both molecular and cellular
elements from circulating blood to the synovial lining and the synovial fluid space
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[10], since between the intimal surfaces is a small amount of fluid (usually rich in
hyaluronan). Together, this structure provides a non-adherent surface between tis-
sue elements. Synovium is derived from ectoderm and does not contain a basal
lamina [13]. The synovium is the central area of pathology in a number of
inflammatory joint diseases, including rheumatoid arthritis (RA) and spondy-
loarthritis (SpA) [13]. Synovitis is defined as inflammation of the synovium, the
joint lining and responsible for the knee lubrication.

2.2 Synovial Membrane

The synovial membrane of the knee-joint is the largest in the body. This membrane
start at the upper edge of the patella, on the lower part of the front of the femur that
communicates with a bursa interposed between the tendon and the front of the
femur [14].

The synovial membrane is a specialized mesenchymal tissue covering the spaces
of diarthrodial joints, bursae, and tendon. This membrane has two layers, the inner
layer, constituted by macrophages or synoviocytes, and outer layer, composed of
two to three layers of synoviocytes over connective tissue with fibroblasts, secreting
collagen, and other extracellular matrix proteins. The outer layer has few macro-
phages and lymphocytes, blood vessels with contain nutrients to the synovial
membrane and the adjacent avascular cartilage and fat cells [15]. The synovial
membrane is surrounding the cavity of joints, taking the space with synovial fluid.
It has an important role in nutrition of the articular cartilage. The synovial fluid
lubricates the ends of the bones making possible them to move often. The ineffi-
ciency to keep the level of metabolism starts destructive process [16, 17].

Most investigators believe that rheumatoid arthritis is primarily an inflammatory
disease of synovial membrane of the joints [18]. The main characteristics of
rheumatoid arthritis (RA) are chronic inflammation and progressive joint destruc-
tion. The synovial lining layer is thickened and hyperplastic, and synovial villi
form. The sublining layer contains proliferating blood vessels and is invaded by
inflammatory cells such as lymphocytes, plasma cells, and macrophages [19].
Aggressive resident synovial cells invading and destroying cartilage and bone in the
joints of patients with RA is observed being the induction of apoptosis in synovial
cells suggested as a successful strategy for the treatment of RA [19].

2.3 Synovitis

Synovitis is known as inflammation of the synovial membrane (synovium).
Synovitis is characterized by thickening of the synovial membrane/capsule,
increased synovial fluid and joint effusion, with the associated symptoms: pain,
stiffness in the joint, swelling, warmth and redness over the area. Early synovitis is
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initially classified in clinical practice on the basis of the extent, location, and
symmetry of the joint involvement [20]. This condition could play an important role
in the pathophysiology of osteoarthritis [21, 22] and is regarded as a potential target
for novel treatment strategies [23]. It can be either a result of rheumatoid arthritis,
gout, cancer, and injury or occur independently on its own.

Synovitis is noticeably associated with a wide spectrum of infectious agents, and
the mechanisms underlying this association are varied and complex, being the
inflammatory process usually completely solved with the prompt and successful
eradication of the organism [20].

The incidence of joint degeneration is higher for the knee joint [24]. The
treatment of the inflammation depends on the cause, being the milder cases solely
solved by conservative measures (such as rest, ice, compression and elevation) and
the severe cases require an arthroscopic surgery (open synovectomy and arthro-
scopic synovectomy [25]). The treatment approaches to be applied are then related
to the extent and level of injury, damage, from viscosupplementation methodolo-
gies to the joint replacement implants.

Chronic synovitis where conservative measures fail, can be treated effectively by
the operation (open and arthroscopic synovectomy) through resecting the inflamed
synovium. The arthroscopic synovectomy is the ideal operation owing to the fast
recovery, less postoperative pain and cosmetic effect [25]. The use of the intra
articular injection of a viscosupplement aims to support the synovial fluid function,
mimicking its rheological behavior and also the biological functions. The most
common material applied has been hyaluronic acid (HA), due to its leading char-
acteristics, for instance it can reduce the production of pro-inflammatory mediators
[26] and it is existent on normal synovial fluid, being responsible for the vis-
coelastic properties, important for the lubrication of the tissue surfaces in
diarthrodial joints [27]. Nonetheless, due to its high costs [28] and some limitations,
new studies with other promising materials are emerging to replace HA on this very
challenging application [29].

Clinical trials are used to evaluate the safety and effectiveness of new treatments.
ClinicalTrials.gov. is a website, maintained by the U.S. National Library of
Medicine (NLM) at the National Institutes of Health (NIH), which provides access
to a database with information on clinical studies, on a wide range of diseases and
conditions. Information is provided and updated by the sponsor or principal
investigator of the clinical study. A search on this database, using relevant key-
words returned the registered clinical trials related with the application of bioma-
terials in knee joint diseases (Table 2.1). Table 2.1 summarizes some of those
studies.
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2.4 Final Remarks

The synovial knee joint plays an important role as it provides unique movements
(flexion, extension and a small degree of medial and lateral rotation) while sup-
porting the body’s weight. To do so, it is composed by different tissues such as
bones (femur, tibia, and patella), strong ligaments, joint capsule, bursae, and
articular fat pads. This complexity, which confers the foremost knee joint charac-
teristics, also consents the incidence of some complications, mainly related with
lesions and arthritis (such as rheumatoid arthritis, osteoarthritis, gout, bursitis, and
tendonitis). Besides anti-inflammatory drugs, with an important role on relieving
pain, inflammation, fever and even swelling, products capable of treating the
problem from its source is of major interest to fully solve it. In fact, the current
strategies for treatment of the inflammation can range from the simple conservative
measures up to arthroscopic surgeries. Thus, biomaterials capable of mimic the
affected structures, and even loaded with the necessary drugs for their recovery, are
emergent and promising technologies currently being developed.
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