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Preface

In Advancements in Synovial Joint Science – Structure, Function, and Beyond, we embark 
on an exploratory journey into the intricate world of synovial joints, aiming to shed 
light on the latest research, discoveries, and innovations that are shaping our under-
standing and treatment of these vital components of the human musculoskeletal 
system.

The genesis of this book was inspired by the recognition of the complex interplay 
between the structure and function of synovial joints and how this relationship 
underpins not only basic human movement but also the quality of life. Synovial 
joints, with their unique ability to provide mobility and bear the body’s weight, are 
fundamental to our daily activities. However, they are also susceptible to a range of 
disorders and injuries that can severely impair functionality and wellness. It is this 
dichotomy that has fueled decades of scientific inquiry and clinical research, driving 
forward our collective knowledge and approaches to care.

This volume is designed for scientists, researchers, clinicians, and students who share 
a fascination with the biomechanics, pathology, and therapeutic strategies related to 
synovial joints. By compiling chapters that cover a wide spectrum of topics, we aim to 
provide a comprehensive overview that reflects the current state of the field while also 
looking toward future possibilities.

Each chapter of the book is penned by leading experts who bring not only their deep 
knowledge but also their perspectives on where their research may lead us in the com-
ing years. This approach ensures that the content is not only grounded in the latest 
scientific evidence but also enriched with insights into potential breakthroughs and 
emerging challenges.

Advancements in Synovial Joint Science – Structure, Function, and Beyond is more than 
just a compilation of current knowledge; it is an invitation to engage with the ongoing 
quest for deeper understanding and better treatments. As you turn these pages, we 
hope you find not only information but also inspiration to contribute to this dynamic 
and ever-evolving field.

Alessandro Rozim Zorzi
São Leopoldo Mandic Medical School,

Campinas, Brazil
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Chapter 1

Cartilage: Structure, Function, and 
the Pathogenesis of Osteoarthritis
Saif ur Rehman, Safdar Iqbal, Muhammad Umair Shahid, 
Muhammad Soman Jahangir and Adnan Latif Malik

Abstract

This chapter provides an in-depth exploration of cartilage, a pivotal component 
crucial for joint health, particularly within the context of osteoarthritis (OA). It 
delves deeply into the intricate structure and dynamic functions of articular cartilage, 
elucidating its essential roles in load-bearing, shock absorption, and maintaining joint 
stability. Emphasizing the delicate balance of cellular components, such as chondro-
cytes, and extracellular matrix constituents like proteoglycans and collagens, which 
collectively ensure the mechanical and biological integrity of cartilage, the discus-
sion places significant attention on factors influencing cartilage homeostasis and 
contributing to its eventual degradation, analyzing age-related changes, mechanical 
stress, and genetic predispositions, alongside the impact of inflammatory processes 
and cytokine imbalances. By highlighting the multifaceted interplay among these 
factors, a clear narrative emerges, elucidating the initiation of OA. Furthermore, the 
chapter investigates into the cascade of events that define OA pathogenesis, dissecting 
the underlying mechanisms responsible for cartilage damage and matrix degrada-
tion, tracing their combined contribution toward the development of OA. In its focus 
on OA’s etiology, the chapter underscores importance of comprehending cartilage 
alterations as a critical starting point for designing therapeutic interventions aimed at 
effectively managing OA.

Keywords: cartilage structure, cartilage function, cartilage degradation, cartilage 
repair, osteoarthritis pathogenesis

1. Introduction

Cartilage, a specialized type of connective tissue, plays a fundamental role in 
 providing structural support and maintaining the integrity of various body struc-
tures. It exists in several forms, with each type adapted to specific functions and 
anatomical locations. The three main types of cartilage include hyaline cartilage, 
elastic cartilage, and fibrocartilage. Hyaline cartilage, recognized by its smooth and 
glassy appearance, occupies areas like the articular surfaces of joints. It functions as a 
protective cushion between bones, facilitating frictionless movements. Fibrocartilage, 
in contrast, boasts resilience and durability due to its high collagen fiber density. 
This type is prevalent in structures like intervertebral discs, contributing to shock 
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absorption and stability. Elastic cartilage, containing both elastic fibers and collagen, 
is situated in regions requiring a blend of flexibility and support. Examples include 
the external ear and the epiglottis [1].

Articular cartilage, a specialized form of connective tissue, envelops the articu-
lating surfaces of bones within synovial joints. It holds a pivotal role in enabling 
fluid and frictionless motion, guaranteeing joint stability, and effectively distribut-
ing mechanical loads across the joint surfaces. On one side, the articular cartilage 
interfaces with the joint cavity, providing the essential low-friction surface required 
for seamless joint movement. On the opposing side, it connects to the underlying 
subchondral bone plate via a delicate layer of calcified cartilaginous tissue, thereby 
upholding both structural integrity and stability [2, 3].

Referred to as hyaline cartilage due to its glassy and translucent appearance 
under microscopic observation, this specialized tissue boasts a distinctive and 
organized structure, which, when combined with its highly specialized composi-
tion, endows it with remarkable resilience against high compressive forces. These 
biophysical properties play a critical role in upholding the mechanical strength and 
durability of joints, particularly during weight-bearing activities. The amorphous 
nature of the articular cartilage, coupled with its lubricated surface and capacity 
to withstand substantial compressive forces, grants it the ability to withstand the 
repetitive movements and mechanical stresses inherent in joint motion. The absence 
of this smooth, wear-resistant cartilage surface would jeopardize joint functioning, 
leading to heightened friction and wear and the potential onset of painful joint 
conditions [3, 4].

Understanding articular cartilage is of paramount importance for unveiling the 
mechanisms that underlie joint diseases, notably osteoarthritis (OA), characterized 
by the gradual deterioration of cartilage. This condition impacts millions world-
wide, serving as a major source of pain, disability, and compromised quality of life. 
Through the exploration of cellular and molecular processes governing cartilage 
health and degeneration, researchers can gain insights into the pathophysiology 
of OA, potentially paving the way for innovative therapeutic strategies. Moreover, 
advancements in regenerative medicine and tissue engineering hinge on a profound 
comprehension of articular cartilage. Crafting effective treatments for cartilage 
injuries and ailments demands a grasp of cartilage biology, biomechanics, and the 
intricate interplay between cells and the extracellular matrix components. Against 
the backdrop of mounting demand for joint-preserving interventions, the study of 
articular cartilage assumes pivotal significance, guiding the creation of interven-
tions aimed at restoring its structure and function, thus mitigating the necessity 
for invasive joint replacement surgeries. Furthermore, as the global population ages 
and musculoskeletal disorders become more prevalent, a growing necessity emerges 
for early detection and intervention to prevent or delay cartilage degeneration. 
Research endeavors into noninvasive imaging techniques, biomarkers, and risk fac-
tors associated with cartilage deterioration hold the potential to identify individuals 
at risk of joint diseases, enabling timely interventions and personalized treatment 
strategies.

In conclusion, the study of articular cartilage transcends its structural and func-
tional implications. It serves as the gateway to deciphering joint diseases, advancing 
regenerative therapies, and elevating the well-being of individuals dealing with 
joint-related conditions. By illuminating the intricate biology of this pivotal tissue, 
researchers and healthcare practitioners lay the groundwork for more efficacious 
treatments, early interventions, and improved joint health on a global scale.
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2. Structure

The articular cartilage consists of chondrocytes, which are its resident cells, along 
with an extracellular matrix primarily comprised of collagen fibers, proteoglycans, 
and water. This combination, along with the pericellular matrix of chondrocytes, is 
collectively termed as the chondron [3]. Refer to Figure 1 for an illustration of the 
structure of articular/hyaline cartilage.

2.1 Extracellular matrix (ECM)

Water dominates the extracellular matrix (ECM) of articular cartilage, 
 constituting approximately 65–80% of its wet weight. As the cartilage traverses 
various zones, the water content decreases from roughly 80% in the superficial zone 
to around 65% in the deep zone [1, 2]. Water’s pivotal role in upholding cartilage’s 
structure and function cannot be overstated. A core function of water is hydrating 
the proteoglycans within the ECM. These proteoglycans, in partnership with water 
molecules, facilitate the expansion of the collagen network, endowing the cartilage 
with resilience and flexibility. Moreover, water functions as a lubricant within the 
joint, promoting smooth movement, while also aiding in the transportation of vital 

Figure 1. 
A chondrocyte along with its surrounding microenvironment has been depicted in this picture. The membrane of 
the chondrocyte is encompassed by a delicate pericellular matrix consisting of type VI collagen, along with various 
minor glycoproteins and proteoglycans. This pericellular matrix is enveloped by a fibrous pericellular capsule 
composed of collagens and non-collagen proteins [2].
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nutrients to cartilage cells [3]. The presence of water in the ECM is meticulously 
regulated through interactions with proteoglycans and collagens. Electrolytes, 
including sodium, potassium, chloride, and calcium, are integral components of this 
aqueous medium, further contributing to the maintenance of cartilage’s biochemical 
equilibrium [1]. Over a person’s lifespan, the water content in articular cartilage tends 
to diminish. However, individuals grappling with osteoarthritis (OA) may witness an 
increase in water content to approximately 90%. This surge in water content is linked 
to alterations in the mechanical properties of cartilage, resulting in reduced strength 
and heightened permeability (as depicted in Figure 2) [3, 4].

The second most abundant component of the articular cartilage’s extracellular 
matrix is collagen. Chondrocytes, the specialized cells within the cartilage, secrete 
collagen in the form of procollagen molecules. These procollagen molecules undergo 
enzymatic cleavage of their C- and N-propeptides within the extracellular matrix 
(ECM). This processing step is essential for the normal growth of collagen fibrils. 
Intriguingly, even N-procollagen that has undergone partial processing can still come 
together to form slender collagen fibrils. Upon entering the extracellular matrix 
(ECM), these collagen molecules engage with one another and collaboratively polym-
erize to establish a fibrillar structure. The enduring structural integrity of these col-
lagen fibrils is subsequently reinforced through the formation of covalent cross-links. 
These cross-links happen between adjoining collagen chains (referred to as intramo-
lecular cross-links) and between neighboring collagen molecules (known as intermo-
lecular cross-links). These cross-links provide a robust and resilient structure, crucial 
for maintaining the integrity and mechanical properties of the articular cartilage [3]. 
In human articular cartilage, collagen type II is the primary structural protein, mak-
ing up approximately 90–95% of the total collagen content. The remaining 5–10% of 
collagen is composed of other cartilage-specific and nonspecific collagens, accounting 
for about 1% of the cartilage’s dry weight (Figure 3) [5].

Figure 2. 
The composition of wet weight in the knee joint cartilage of the human adult reveals that chondrocytes constitute 
a mere 2–5% of the total weight, while the bulk of 95–98% is composed of the extracellular matrix. This matrix 
is largely comprised of tissue fluid and low molecular weight ions. It is worth noting that the wet weight of the 
macromolecules in knee articular cartilage differs based on both age and the specific anatomical location [2].
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Interestingly, the turnover rate of collagen type II in normal adult cartilage is 
exceedingly slow, with a half-life of over 100 years. In contrast, proteoglycans (PGs) 
and aggrecans, which are essential components of the cartilage’s extracellular matrix 
(ECM), continue to be produced and secreted throughout life. The usual turnover 
rate for a large monomer of PG corresponds to a half-life of about 3.4 years [6]. This 
dynamic balance between collagen and proteoglycan turnover is crucial for maintain-
ing cartilage structure and function. Besides collagen and proteoglycans, other non-
collagenous proteins play a significant role in the ECM’s composition, constituting 
approximately 25% of the dry weight depending on age. These proteins include lam-
inin, fibronectin, chondronectin, tenascin, cartilage matrix glycoprotein (CMGP), 
and cartilage oligomeric matrix protein (COMP). These glycoproteins contribute 
to the structural organization and integrity of the ECM, promoting cell–matrix 
interactions and tissue stability [1]. Collagen derives its impressive tensile strength 
from a unique triple-helix structure, where three polypeptide chains are intertwined 
through hydrogen bonds. Each polypeptide consists of an iterating sequence of amino 
acids: proline, glycine, and hydroxyproline, forming a left-handed helical structure 
through additional hydrogen bonds [7]. Although Type II collagen is the most studied 
collagen, yet other collagen types, such as Types IV, VI, IX, X, XI, XII, XIII, and XIV, 
also exist in articular cartilage. These less-studied collagen fibers might offer valuable 
insights into disease progression and potential biomarkers for improved treatment 
[3–5]. Collagen is distributed throughout the extracellular matrix, and its arrange-
ment varies depending on the regional differences within the joint cartilage (different 
zones). Additionally, the density of collagen is higher at the apical surface of a chon-
dron compared to at the basal side [5]. Collagen forms associations and cross-links 

Figure 3. 
The composition of macromolecules by dry weight in the extracellular matrix of hyaline cartilage within the 
human adult knee. It is important to observe that the dry weight of these molecules within the articular cartilage 
fluctuates based on both age and the specific anatomical location [2].
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with proteoglycans, creating the fundamental organizational unit of the extracellular 
matrix (Figure 4) [3].

Proteoglycans are another essential component of the extracellular matrix and 
are found throughout the connective tissues. They contribute to the strength of the 
matrix and are hydrophilic due to their negative charges. This hydrophilic property 
plays a crucial role in facilitating the lubrication of the joint’s bearing surfaces, ensur-
ing smooth and frictionless movement during joint motion, minimizing wear and tear 
on the cartilage surface. Proteoglycans are proteins covalently linked to glycosamino-
glycans (GAGs), which are repetitive dimers of a hexosamine and a uronic acid [3, 7]. 
In articular cartilage, proteoglycans exhibit significant variability in their size, glycos-
aminoglycan (GAG) content, and functional properties. The proteoglycans (PGs) can 
be classified into two major groups based on their properties and functions. The first 
group comprises large aggregating PGs, which include molecules like aggrecan and 
versican. These large aggregating PGs are responsible for forming complex structures 
that can trap and retain a significant amount of water, backing to the cartilage’s ability 
to endure compressive forces and maintain its elasticity. They make up a substantial 
portion of the total PGs, accounting for about 50–58%. The second group consists of 
non-aggregating PGs, making up approximately 40% of the total PGs [7, 8]. Unlike 
the large aggregating PGs, non-aggregating PGs do not form extensive complexes 
with water. Instead, they serve other crucial functions within the cartilage matrix. 
These non-aggregating PGs play roles in cell signaling, tissue organization, and 
interacting with other components of the extracellular matrix. The balance between 
these two types of PGs is essential for maintaining the overall structure and function 
of articular cartilage [3, 4, 8]. In the case of aggrecan, the major GAGs attached are 

Figure 4. 
The picture depicts interaction and arrangement of collagen and aggrecan within the articular cartilage. The 
basic structure of the proteoglycan monomer comprises a central protein core that is linked through covalent 
bonds to glycosaminoglycan side chains, specifically keratan sulfate and chondroitin sulfate. These monomers are 
connected to the hyaluronic acid back through a region that binds hyaluronic acid (referred to as the hyaluronic 
acid-binding region), which is additionally stabilized by the presence of the link protein [2].
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chondroitin sulfate and keratin sulfate. Hyaluronic acid (HA) is another crucial GAG 
for the function and structure of articular cartilage. Although it does not form cova-
lent bonds to proteins like other proteoglycans, yet hyaluronic acid plays a significant 
role by making non-covalent complexes with proteoglycans, particularly aggrecan, 
through proteoglycan link proteins. Collectively, hyaluronic acid and proteoglycans 
form extensive proteoglycan-hyaluronic acid aggregates that fix to the surface of 
collagen II fibers by their side chains, creating strong connections among all ECM 
constituents and forming the resilient backbone of hyaline cartilage [8].

2.2 Chondrocytes

Chondrocytes represent the vital cellular component of cartilage that is housed 
within small spaces called lacunae. Despite their significance, chondrocytes account 
for only about 5% of the total volume of articular cartilage [9]. These chondrocytes 
exhibit diverse morphologies, transitioning from flat, discoid-shaped cells at the 
surface of the cartilage to round or polygonal shapes as we move deeper into the 
cartilage tissue. These spheroidal cells are not uniformly distributed but rather form 
clusters known as isogenous groups, and their metabolic activity plays a vital role in 
sustaining the integrity of the extracellular matrix surrounding them [9]. One of the 
unique aspects of chondrocytes’ environment is its hypoxic nature, meaning it has a 
low oxygen concentration. As a result, a considerable portion of the chondrocytes’ 
metabolic processes is anaerobic, not reliant on oxygen [3, 4]. These anaerobic path-
ways are adapted to the specific conditions of the cartilage, allowing chondrocytes 
to thrive in this oxygen-deprived environment [3]. Chondrocytes originate from 
mesenchymal stem cells, which differentiate into specialized cells called chondro-
blasts. The chondroblasts then play a critical role in the formation and secretion of 
the essential components of the ECM, such as collagens and proteoglycans [10]. These 
ECM components provide the cartilage with its structural framework and mechanical 
properties. As chondroblasts continue to synthesize the ECM, they eventually become 
surrounded and completely embedded by the matrix they produce. At this point, 
they are referred to as chondrocytes [8, 10]. Once chondrocytes are fully enclosed 
within their lacunae, they remain metabolically active and continue to maintain the 
cartilage’s health and function. Overall, chondrocytes are vital cellular units within 
cartilage responsible for ECM maintenance and ensuring proper cartilage structure 
and function. Their ability to adapt to the unique hypoxic environment of cartilage 
and the ongoing metabolic processes is crucial for the long-term health and integrity 
of articular cartilage [3, 4]. Understanding the behavior of chondrocytes and their 
role in cartilage physiology is essential for developing effective therapies to address 
cartilage-related disorders and promote joint health.

2.3 Zones

Articular cartilage can be divided into distinct zones based on their unique 
 structural and functional characteristics (Figure 5) [11].

Superficial (tangential) zone: The superficial zone is the thin outermost layer of 
articular cartilage, comprising approximately 10–20% of its total thickness [11–13]. 
This zone plays a crucial role in protecting the deeper layers from shear stresses. 
The collagen fibers in this zone, mainly type II and IX collagen, are densely packed 
and oriented parallel to the articular surface. Flattened chondrocytes are relatively 
abundant in this layer. The integrity of the superficial zone is vital for safeguarding 
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and maintaining the health of the underlying cartilage layers. It is also responsible for 
providing most of the tensile properties of cartilage, enabling it to resist the tensile, 
shear, and compressive forces experienced during joint movement [11, 12].

Middle (transitional) zone: The middle zone lies immediately beneath the superfi-
cial zone and serves as a functional bridge between the superficial and deep zones. It 
constitutes approximately 40–60% of the total cartilage volume [13]. In this layer, the 
collagen fibers are organized obliquely, and the chondrocytes are spherical and less 
densely distributed compared to the superficial zone. The middle zone is primarily 
responsible for resisting compressive forces. It contains proteoglycans and thicker col-
lagen fibrils, providing support and mechanical resistance during joint loading [11–13].

Deep zone: The deep zone is the deepest layer of articular cartilage and accounts for 
around 30% of its volume [13]. This zone plays a critical role in providing the highest 
resistance to compressive forces. The collagen fibrils in the deep zone are arranged 
perpendicular to the articular surface, conferring optimal strength for withstanding 
compressive loads. The deep zone contains the largest diameter collagen fibrils, the 
highest proteoglycan content, and the lowest water concentration. Chondrocytes in 
this layer are typically arranged in a columnar orientation, parallel to the collagen 
fibers and perpendicular to the joint line. The deep zone is essential for maintaining 
the structural integrity and mechanical resilience of articular cartilage during weight-
bearing activities [11, 12].

Tide mark and calcified cartilage: The tide mark defines the boundary between the 
deep zone and the calcified cartilage, which is a transition zone between the cartilage 
and subchondral bone. The calcified cartilage plays a vital role in anchoring the col-
lagen fibrils of the deep zone to the subchondral bone, providing a stable connection 
between cartilage and bone. Chondrocytes in this zone are scarce and often hypertro-
phic [11, 12].

To conclude, the zonal organization of articular cartilage enables it to withstand 
the various mechanical stresses imposed during joint movement. Each zone possesses 
distinct structural characteristics and functions, contributing to the overall mechani-
cal properties and resilience of articular cartilage in maintaining smooth joint articu-
lation and joint health [3, 13].

Figure 5. 
A cross-sectional schematic diagram of intact articular cartilage is displayed, illustrating two main aspects: (A) 
the cellular arrangement across different zones within the articular cartilage structure and (B) the intricate 
architecture of collagen fibers [3].
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2.4 Regions

The extracellular matrix (ECM) of articular cartilage exhibits distinct regions 
based on their proximity to chondrocytes, composition, and organization of collagen 
fibrils. These regions can be categorized into pericellular, territorial, and interterrito-
rial regions [3, 4].

The pericellular matrix is a thin layer surrounding the cell membrane of chondro-
cytes. It completely encases the chondrocyte and is primarily composed of proteo-
glycans, glycoproteins, and other non-collagenous proteins. This matrix region is 
believed to play a functional role in initiating signal transduction within the cartilage 
in response to mechanical loading. It may serve as a key communicator between the 
chondrocytes and their surrounding environment, influencing cellular activities and 
tissue homeostasis [3].

The territorial matrix surrounds the pericellular matrix and is mostly made up of 
fine collagen fibrils, creating a basket-like network around the chondrocytes. This 
area is much thicker than the pericellular matrix and is thought to offer protection to 
the cartilage cells against mechanical stresses. Additionally, the territorial matrix may 
contribute to the overall resiliency of the articular cartilage structure, enabling it to 
withstand substantial mechanical loads and forces during joint movement [3].

The interterritorial region is the largest of the three matrix regions and plays a 
significant role in the biomechanical properties of articular cartilage. It contributes 
extensively to the cartilage’s mechanical strength and durability. In this region, large 
collagen fibrils are arranged in randomly oriented bundles. Their orientation varies 
in different zones of articular cartilage, being parallel to the surface in the superficial 
zone, oblique in the middle zone, and perpendicular to the joint surface in the deep 
zone. Abundant proteoglycans are present in the interterritorial zone, contributing to 
its ability to resist compressive forces and provide structural support during weight-
bearing activities [3].

In summary, the ECM of articular cartilage can be subdivided into pericellular, 
territorial, and interterritorial regions, each with unique compositions and functions. 
These distinct regions work in harmony to maintain the cartilage’s mechanical integ-
rity, ensuring smooth joint movement and providing essential protection and support 
to chondrocytes in response to various mechanical stresses.

3. Functions of articular cartilage

Cartilage plays a paramount role in joint function and mobility; operating as a 
silent yet essential partner, it orchestrates an array of indispensable mechanisms that 
are pivotal for sustaining seamless and pain-free movement. It operates as a cushion, a 
shock absorber, a load distributor, and a friction-reducing agent, all of which contrib-
ute to the smooth functioning of joint.

3.1 Smooth articulation

One of the primary functions of articular cartilage is to facilitate smooth articulation 
between bones in the joints. By preventing bone-to-bone contact, cartilage ensures 
that the joint surfaces can move smoothly against each other. During joint movement, 
such as flexion and extension, the smooth articulation provided by cartilage reduces 
the impact and shear forces on the joint. This helps to prevent excessive wear and 
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tear on the cartilage and underlying bones. Without the protective cushioning and 
smoothness of cartilage, joint surfaces would be subjected to direct contact, leading to 
damage, inflammation, and pain over time [14].

3.2 Load distribution

Articular cartilage serves as a load-bearing surface within the joints, by 
 distributing the mechanical forces and loads that occur during movement. This 
function is essential for preventing excessive stress on specific areas of the joint and 
ensuring uniform force distribution across the entire joint surface. During weight-
bearing activities like walking, running, or lifting, the joints experience substantial 
compressive forces. These forces can be quite significant, especially in weight-
bearing joints like the knees and hips. Without the load distribution function of 
articular cartilage, the joint surfaces would be subject to concentrated pressure, 
which could lead to local damage, wear, and ultimately joint degeneration. The col-
lagen fiber network within the cartilage provides structural support and enhances 
its load distribution capacity. Collagen fibers are arranged in a specific pattern, 
enabling the cartilage to resist tensile and shear forces effectively. These fibers 
work in conjunction with the proteoglycans to disperse loads evenly across the joint 
surface [7, 14].

3.3 Low-friction surface

The unique composition of cartilage, particularly the presence of proteogly-
cans and synovial fluid, creates a low-friction surface within the joint. Cartilage 
is  characterized by a very low coefficient of friction, both static (0.01–0.02) and 
dynamic (0.003). This minimizes the resistance during joint movement, allowing 
for smooth and effortless motion. As a result, cartilage enables a wide range of 
movements, including flexion, extension, rotation, and gliding, which are essential 
for activities of daily living and physical performance. This lubrication minimizes 
wear and tear on the joint surfaces, promoting longevity and preserving joint 
 function [14].

3.4 Shock absorption

Cartilage’s ability to absorb shock is vital for protecting the joints and preventing 
injury during weight-bearing activities and impact-related movements. Articular 
cartilage may be collapsed by up to 40% of its resting height when subjected to 
physiological stresses [4]. This is secondary to its high elasticity and compressibility 
in turn provided by the collagen fiber network as well as proteoglycans owing to their 
capacity to bind water molecules and cations, allowing them to maintain high osmotic 
pressure within the cartilage [3, 4]. When pressure is applied to the joint during 
activities such as jumping or lifting heavy objects, the water within the cartilage 
matrix is forced out. This redistribution of fluid helps counteract the compressive 
forces and maintain joint stability. As the pressure is released, the water is reabsorbed, 
allowing the cartilage to return to its original shape and ensuring proper joint func-
tion. By absorbing and dissipating forces, cartilage reduces the risk of damage to both 
the joint surfaces and the surrounding structures. This shock-absorbing property is 
especially important in high-impact activities, such as running or jumping, where 
joints are subjected to increased stress [7, 14, 15].
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3.5 Joint stability

Healthy cartilage plays a vital role in maintaining joint stability and overall joint 
health. Acting as a natural cushion between bones, cartilage prevents direct contact 
between joint surfaces during movement. This cushioning effect is crucial for reducing 
friction and wear on the bones, safeguarding them from damage and ensuring their 
longevity. Moreover, the smooth surface of cartilage allows bones to articulate seam-
lessly, further enhancing joint stability and preventing dislocations or subluxations [14].

In summary, cartilage is an indispensable tissue in joint function and mobility. 
Its ability to facilitate smooth articulation, distribute loads, provide a low-friction sur-
face, absorb shock, and maintain joint stability is crucial for overall musculoskeletal 
health. Proper care and preservation of cartilage are essential to sustain joint function 
and prevent the onset of joint disorders, such as osteoarthritis, which can significantly 
impact an individual’s quality of life.

4. Factors influencing cartilage repair and regeneration

Cartilage has limited regenerative capacity due to its avascular nature and low 
 cellular density. Nevertheless, cartilage repair and regeneration can occur to some 
extent under specific conditions. Several intrinsic and extrinsic factors influence 
the repair and regeneration processes. Understanding these factors is essential for 
developing strategies to enhance cartilage healing and to potentially address cartilage-
related disorders such as osteoarthritis.

4.1 Age

Cartilage is known for its limited ability to self-repair, and this regenerative 
capacity diminishes with advancing age. Younger individuals generally exhibit better 
cartilage-healing capabilities compared to older individuals. Several factors contrib-
ute to this age-related decline in cartilage repair. One of the main reasons for reduced 
cartilage repair in older individuals is the decline in the metabolic activity of chon-
drocytes, the specialized cells responsible for maintaining cartilage. Chondrocytes 
play a vital role in synthesizing and maintaining the extracellular matrix (ECM) of 
cartilage, which includes collagen fibers and proteoglycans. As age progresses, the 
chondrocytes become less active and have a slower rate of ECM synthesis, thereby 
impairing their ability to repair damaged cartilage. Clinical evidence supports the 
notion that cartilage-healing capabilities decline with age. For example, studies 
have shown that cartilage injuries in young adults tend to heal more efficiently and 
produce better-quality repair tissue than in older adults [16]. A study published in the 
American Journal of Sports Medicine assessed cartilage repair outcomes in patients 
undergoing autologous chondrocyte implantation (ACI) for knee cartilage defects. 
The researchers found that younger patients (under 40 years old) achieved better 
outcomes in terms of cartilage repair and clinical improvement compared to older 
patients (over 40 years old) [17]. As a result of the reduced regenerative capacity, car-
tilage injuries in older individuals are less likely to heal completely. Instead, the body 
may initiate a repair response that leads to the formation of fibrocartilage, which is a 
structurally inferior tissue compared to native hyaline cartilage [16]. Fibrocartilage 
lacks the organization and mechanical properties of hyaline cartilage, making it less 
effective in withstanding mechanical stresses and maintaining joint function [18]. 



Advancements in Synovial Joint Science – Structure, Function, and Beyond

12

The age-related decline in cartilage repair and regeneration has significant implica-
tions for joint health. As age-related factors contribute to reduced cartilage repair and 
regeneration, older individuals may be at a higher risk of developing osteoarthritis or 
experiencing more severe joint degeneration [19].

4.2 Severity of injury

The ability of cartilage to repair itself is limited due to its avascular nature [3, 4, 
20]. The extent and severity of cartilage injury indeed play a crucial role in the repair 
process. Minor injuries, such as small defects or superficial lesions, generally have a 
better chance of healing compared to more extensive injuries. For instance, a study 
published in the Journal of Orthopaedic Research examined the repair of small, 
full-thickness cartilage defects in the knee joint in rabbits. The researchers found that 
these small defects exhibited better healing outcomes compared to larger defects, 
with evidence of new cartilage formation and tissue integration [21]. In contrast, 
larger and deep cartilage injuries pose greater challenges to the repair process. Injuries 
that extend into the deeper layers of cartilage may involve damage to the underlying 
subchondral bone or even reach the bone itself. The lack of direct blood supply to 
cartilage and the limited ability of cartilage cells (chondrocytes) to proliferate and 
migrate to the injury site hinder the repair process. Consequently, large and deep 
injuries are less likely to heal spontaneously and may result in incomplete or inad-
equate cartilage repair. The presence of a stable and intact subchondral bone is also 
crucial for cartilage repair as it provides a scaffold for cell migration and tissue repair. 
It serves as a source of growth factors and other signaling molecules that can stimulate 
cartilage repair processes [20]. Clinical studies have emphasized the importance 
of the subchondral bone in cartilage repair. The researchers have found that when 
subchondral bone integrity was compromised, cartilage repair was less successful, 
and fibrocartilage was formed instead of hyaline cartilage [22].

4.3 Blood supply

Cartilage’s avascular nature poses a significant challenge to its healing process. 
Unlike well-vascularized tissues, cartilage relies on alternative mechanisms for repair, 
limiting its regenerative capacity. Without blood vessels, essential nutrients, oxygen, 
and immune cells cannot efficiently reach the injured site, hampering chondrocytes’ 
access to resources needed for effective healing [3, 4]. The lack of immune cells at the 
injury site also reduces the body’s ability to initiate the inflammatory and reparative 
responses necessary for tissue healing [5]. However, there are certain scenarios in which 
cartilage injuries may extend into the subchondral bone. The subchondral bone is 
well-vascularized, containing numerous blood vessels that supply nutrients and oxygen 
to the underlying bone and surrounding tissues. In some cases, when an injury extends 
into the subchondral bone, blood vessels from the bone may penetrate the injured car-
tilage, potentially improving the healing response [21, 22]. Clinical studies have shown 
that cartilage injuries that extend into the subchondral bone may exhibit improved 
healing potential compared to injuries limited to the cartilage layer alone [22].

4.4 Mechanical stimulation

Mechanical loading plays a crucial role in the repair and regeneration of cartilage. 
Cartilage is a dynamic tissue that responds to mechanical forces by adapting its 
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structure and function. Proper mechanical stimulation through controlled joint 
movement and physical activity is essential for cartilage health and maintenance. 
Controlled and appropriate joint movement helps distribute nutrients and fluid 
within the cartilage, providing essential nourishment to the chondrocytes and main-
taining the extracellular matrix (ECM) integrity. This mild mechanical loading stimu-
lates chondrocyte activity and ECM turnover, promoting tissue repair and remodeling 
[23, 24]. In a study published in the American Journal of Sports Medicine, researchers 
investigated the impact of controlled dynamic compression on cartilage repair. They 
found that mild mechanical loading led to increased chondrocyte proliferation and 
synthesis of ECM components, suggesting a potential role in cartilage repair and 
regeneration [25]. On the other hand, excessive or abnormal mechanical loading can 
be detrimental to cartilage health. Overloading the joint with excessive forces can lead 
to cartilage degeneration and damage. High-impact activities or repetitive loading 
beyond the physiological capacity of the joint can cause wear and tear on the carti-
lage, leading to the breakdown of ECM components, thereby compromising cartilage 
integrity [26].

4.5 Inflammation

Inflammatory processes indeed play a critical role in cartilage repair and 
 regeneration. Inflammation is a natural and necessary response of the body to tissue 
injury, including cartilage damage. It is an essential early stage in the healing process, 
as it helps to initiate tissue repair and recruit immune cells and growth factors to 
the injured site [15]. When cartilage is damaged, due to either trauma, wear and 
tear, or degenerative conditions, the body’s immune system responds by triggering 
an acute inflammatory response. This acute inflammation helps remove damaged 
tissue and debris, promotes the release of growth factors and cytokines, and attracts 
immune cells, such as macrophages and neutrophils, to the injury site [15]. Clinical 
evidence supports the role of acute inflammation in cartilage repair [27]. While acute 
inflammation is a beneficial and necessary step in cartilage repair, chronic inflam-
mation can have detrimental effects on the healing process and cartilage health. In 
chronic inflammatory conditions, such as rheumatoid arthritis, release of destructive 
enzymes that break down the ECM components of cartilage disrupts the delicate bal-
ance between tissue breakdown and tissue repair [28] and contributes to progressive 
cartilage loss and joint destruction [29].

4.6 Growth factors and cytokines

Cartilage repair and regeneration are highly influenced by various growth factors 
and cytokines that regulate the behavior of chondrocytes. These signaling molecules 
play a critical role in orchestrating the complex processes involved in cartilage 
healing and tissue remodeling [15]. Transforming growth factor-beta (TGF-β) and 
insulin-like growth factor-1 (IGF-1) are two essential growth factors that stimulate 
chondrocyte activity and contribute to cartilage repair and regeneration. TGF-β 
is known for its potent effects on chondrocyte proliferation and differentiation. It 
promotes the synthesis of extracellular matrix (ECM) components, including col-
lagen and proteoglycans, which are essential for cartilage structure and function. 
TGF-β also helps to regulate the balance between cartilage breakdown and synthesis, 
favoring the repair and rebuilding of damaged cartilage [30]. Insulin-like growth 
factor-1 (IGF-1) is another growth factor that plays a significant role in cartilage 



Advancements in Synovial Joint Science – Structure, Function, and Beyond

14

repair. It acts as a potent mitogen, stimulating chondrocyte proliferation and pro-
moting the synthesis of ECM proteins. IGF-1 also enhances the anabolic activity of 
chondrocytes, leading to increased production of cartilage-specific molecules that are 
crucial for cartilage repair and regeneration [31]. In contrast to growth factors that 
promote cartilage repair, certain cytokines can have detrimental effects on cartilage 
health. Pro-inflammatory cytokines, such as interleukin-1 (IL-1), are key mediators 
of the inflammatory response and are often elevated in conditions like osteoarthritis 
and rheumatoid arthritis. IL-1 can promote cartilage degradation by stimulating the 
production of matrix-degrading enzymes, such as matrix metalloproteinases (MMPs) 
and aggrecanases. These enzymes can break down the ECM components of cartilage, 
leading to cartilage degradation and tissue damage. Additionally, IL-1 can inhibit 
the synthesis of ECM proteins, further compromising cartilage repair [32]. Clinical 
evidence has confirmed the impact of these growth factors in cartilage repair and 
degeneration [33].

4.7 Treatment interventions

The choice of treatment interventions can significantly impact cartilage repair and 
regeneration. Surgical techniques, such as microfracture, autologous chondrocyte 
implantation (ACI), or matrix-assisted autologous chondrocyte transplantation 
(MACT), aim to promote cartilage healing by stimulating the formation of fibrocar-
tilage or transplanting healthy chondrocytes into the injured site [34]. Moreover, it is 
noteworthy that several treatments intended to enhance the quality of life for patients 
with mild to moderate arthritis might inadvertently contribute to cartilage damage. 
Notably, interventions such as intra-articular steroid and lignocaine injection, com-
monly administered to alleviate pain in individuals with arthritic knees, have been 
found to accelerate the deterioration of cartilage and the advancement of arthritis 
[35, 36]. Although these treatments may offer short-term pain relief and improved 
mobility, yet they also carry the risk of exacerbating cartilage breakdown over the 
long term, potentially impacting joint health and function.

4.8 Adjacent tissues and joint alignment

The health and stability of adjacent tissues, such as ligaments and menisci, play a 
crucial role in cartilage repair and overall joint health. These structures are intimately 
connected and work together to ensure proper joint function and stability. When 
adjacent tissues like ligaments and menisci are damaged or compromised, they 
can lead to altered joint biomechanics, causing abnormal loading and stress on the 
cartilage. This increased stress can contribute to cartilage degeneration and hinder 
the healing process of existing cartilage injuries. For example, a torn anterior cruciate 
ligament (ACL) in the knee can destabilize the joint, leading to abnormal movement 
and increased shear forces on the cartilage surfaces. This can result in cartilage dam-
age and accelerate the progression of osteoarthritis. In contrast, a well-functioning 
ACL helps in maintaining joint stability and promotes more uniform distribution of 
forces, reducing the risk of cartilage injuries and degeneration [37, 38]. To support 
cartilage repair and regeneration, it is essential to address any concurrent injuries or 
instability in the joint. Restoring the health and stability of ligaments and menisci 
through appropriate rehabilitation or surgical intervention can optimize joint biome-
chanics and reduce excessive loading on specific areas of the cartilage. This, in turn, 



15

Cartilage: Structure, Function, and the Pathogenesis of Osteoarthritis
DOI: http://dx.doi.org/10.5772/intechopen.1003264

creates a more favorable environment for cartilage healing and helps to preserve joint 
function and longevity [39].

In conclusion, cartilage repair and regeneration are complex processes influenced 
by multiple factors. Age, severity of injury, blood supply, mechanical stimulation, 
inflammation, growth factors, treatment interventions, and joint alignment all play 
significant roles in determining the success of cartilage healing. Understanding and 
optimizing these factors is crucial for developing effective strategies to enhance 
cartilage repair, promote tissue regeneration, and potentially alleviate the impact of 
cartilage-related disorders.

5. Pathogenesis of osteoarthritis

Osteoarthritis (OA) is a complex and multifactorial degenerative joint disorder 
that affects millions of people worldwide. Articular cartilage is a crucial component 
of synovial joints, facilitating smooth and painless movement while providing load-
bearing support. In osteoarthritis (OA), the progressive degeneration of articular 
cartilage is a central feature of the disease’s pathogenesis. The breakdown of this 
essential tissue leads to joint pain, stiffness, and functional impairment. This section 
explores the intricate processes involved in articular cartilage degeneration in OA, 
shedding light on the key factors contributing to its deterioration.

5.1 Role of mechanical stress

Mechanical stress stands as a pivotal driving force in the intricate interplay of 
factors contributing to articular cartilage degeneration, particularly in the context of 
osteoarthritis (OA). The complex nature of joint movement orchestrates a symphony 
of compressive and shear forces that cartilage experiences during daily activities 
and weight-bearing tasks. In a healthy joint, the remarkable resilience of cartilage 
enables it to adeptly manage and distribute these mechanical forces, maintaining the 
joint’s structural integrity and function [40]. However, in the complicated tapestry of 
osteoarthritis, this equilibrium is disrupted. The delicate balance between mechanical 
stress and the cartilage’s inherent capacity to regenerate and adapt becomes compro-
mised. Excessive or aberrant mechanical loading, commonly observed in OA due to 
altered joint mechanics, musculoskeletal imbalances, or other contributing factors, 
manifests as a critical catalyst in cartilage degeneration [40, 41]. The persistent or 
abrupt mechanical stress leads to microdamage within the cartilage structure, creat-
ing fissures, cracks, and areas of localized stress concentration. This microdamage 
is a tipping point that prompts a complex series of biochemical responses within the 
cartilage tissue. In response to microdamage, chondrocytes initiate a complex web 
of signaling pathways. This includes the release of inflammatory mediators, matrix-
degrading enzymes, and pro-inflammatory cytokines. The inflammatory milieu sets 
the stage for a heightened state of catabolism within the cartilage, promoting the 
degradation of matrix components like collagen and proteoglycans [41]. Over time, 
the sustained and cumulative impact of this cascade of events erodes the cartilage’s 
structural integrity. As the cartilage matrix loses its components and the chondro-
cytes’ regenerative capacity diminishes, the once-resilient tissue succumbs to progres-
sive degradation and thinning. This, in turn, amplifies joint pain, restricts mobility, 
and exacerbates the degenerative process characteristic of osteoarthritis [42].
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5.2 Proteoglycan loss

One of the early changes observed in OA is the loss of proteoglycans from the 
cartilage matrix. As discussed earlier, proteoglycans are essential for retaining water 
within the cartilage, which gives it its shock-absorbing properties. In the early stages 
of OA, the delicate equilibrium within the cartilage matrix becomes disrupted. The 
loss of proteoglycans is observed as a result of altered metabolism and biochemical 
changes in the cartilage tissue. This depletion of proteoglycans directly impacts the 
cartilage’s capacity to retain water, leading to a reduction in its shock-absorbing 
capabilities. As the disease progresses, the diminished water retention and sub-
sequent loss of proteoglycans compromise the cartilage’s ability to withstand the 
mechanical stresses encountered during joint motion [19]. The consequence of this 
proteoglycan loss is twofold. First, the cartilage becomes less efficient at absorbing 
and distributing mechanical forces generated by activities such as walking, running, 
or weight-bearing. This diminished shock-absorbing capacity results in increased 
mechanical stress being transmitted directly to the underlying bone and joint tissues. 
Secondly, the altered biomechanical properties of the cartilage contribute to an 
environment conducive to further damage. The compromised cartilage becomes 
more susceptible to microdamage and fibrillation, which, in turn, accelerates the 
progression of OA [19, 43].

5.3 Collagen disorganization

Collagen fibers play a fundamental role in maintaining the robust structural integ-
rity of articular cartilage. In healthy conditions, the ordered and aligned arrange-
ment of collagen fibers within the cartilage matrix imparts resilience and durability, 
contributing significantly to the cartilage’s ability to function as a cushioning buffer 
within the joint. However, the intricate balance of collagen organization becomes 
disturbed in the context of osteoarthritis (OA). This degenerative joint disorder 
introduces a series of detrimental changes that compromise the architecture of col-
lagen fibers. This process is referred to as collagen disorganization, and it manifests as 
alterations in the arrangement, alignment, and density of collagen fibers within the 
cartilage matrix. The consequences of collagen disorganization in OA are far-reaching 
[44]. As collagen fibers lose their well-ordered configuration, the tensile strength 
that they once provided diminishes. The once-efficient mechanical network that 
facilitated even distribution of forces across the cartilage surface becomes disrupted. 
This weakening effect leaves the cartilage more vulnerable to the mechanical stress 
generated during joint movement [44, 45].

Consequently, areas of increased stress concentration form on the cartilage sur-
face, which can lead to localized microdamage and tissue degradation. Furthermore, 
the altered alignment of collagen fibers results in reduced ability to resist shear forces. 
Shear forces, which occur when opposing surfaces slide against each other, place 
additional stress on the cartilage. The diminished capacity of disorganized collagen 
to withstand these forces exacerbates the wear and tear experienced by the cartilage 
that hastens its deterioration. The interaction between collagen disorganization and 
cartilage breakdown is a vicious cycle. As the cartilage matrix loses its integrity due 
to collagen disorganization, chondrocytes respond with an elevated production of 
matrix-degrading enzymes and inflammatory mediators [45, 46]. These biochemical 
changes contribute to the degradation of collagen and other components within the 
cartilage, further accelerating tissue damage and exacerbating the OA process [15].
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5.4 Chondrocyte dysfunction

Chondrocytes, assume a pivotal role in upholding the overall health and integrity 
of the cartilage matrix. However, in the context of osteoarthritis (OA), the func-
tioning of chondrocytes undergoes significant alterations, which contribute to the 
degenerative processes associated with this condition. In OA, chondrocytes experi-
ence a shift in their synthetic activity, marked by a decline in their ability to produce 
essential extracellular matrix components. This diminished synthetic capacity 
impairs the cartilage’s ability to replenish its structural elements, thereby weakening 
its resilience and ability to withstand mechanical stresses. Moreover, in OA-affected 
joints, chondrocytes exhibit an augmented production of catabolic enzymes, 
particularly matrix metalloproteinases (MMPs) and aggrecanases. These enzymes 
act as molecular scissors, cleaving various components of the extracellular matrix, 
including collagen and proteoglycans. Such enzymatic breakdown of the matrix 
accelerates the degradation of cartilage tissue disrupting of the delicate balance 
between matrix synthesis and degradation within the cartilage. As the synthetic 
capacity wanes and catabolic enzyme activity increases, the extracellular matrix 
deteriorates, and the structural integrity of the cartilage progressively erodes. This 
compromised matrix not only reduces the cartilage’s ability to support joint move-
ment but also diminishes its shock-absorbing properties, contributing to the overall 
pathology of OA [15].

5.5 Inflammatory processes

In addition to mechanical stress and structural changes, inflammation emerges 
as a crucial driver of articular cartilage degeneration in the context of osteoarthritis 
(OA). The presence of pro-inflammatory cytokines, such as interleukin-1 (IL-1) and 
tumor necrosis factor-alpha (TNF-α), serves as a key trigger for the initiation and 
propagation of inflammatory processes within the joint microenvironment. When 
pro-inflammatory cytokines are present, chondrocytes undergo a shift in their gene 
expression profiles, resulting in an elevated production of catabolic enzymes, par-
ticularly matrix metalloproteinases (MMPs) and aggrecanases. These enzymes wield 
the ability to cleave vital components of the extracellular matrix. The upregulation of 
catabolic enzymes contributes to the accelerated breakdown of matrix components, 
while the synthesis of matrix molecules, including collagen and proteoglycans, is 
compromised. This disequilibrium skews the cartilage microenvironment toward 
degradation, intensifying the degenerative processes at play in OA. Furthermore, the 
inflammatory milieu can trigger the release of pro-inflammatory mediators, amplify-
ing the inflammatory cascade and leading to a self-perpetuating loop of cartilage 
breakdown [46].

5.6 Fibrillation and erosion

Notably, one of the hallmark changes observed in the course of OA is the 
 progression of cartilage surface fibrillation [47–50]. Fibrillation is characterized 
by the emergence of fissures and cracks on the cartilage surface, imparting a rough 
and irregular appearance [47]. This process of fibrillation initiates as a result of 
the cumulative wear and tear experienced by the cartilage during joint movement 
and loading [47, 51]. The constant exposure to mechanical stresses, particularly 
under the conditions of OA, gradually weakens the cartilage matrix and disrupts its 
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integrity [51]. The weakened areas become prone to the formation of fissures, which 
gradually extend and deepen, ultimately resulting in more significant erosions [47, 
51]. Over time, these erosions can progress through the layers of cartilage, eventu-
ally reaching the underlying subchondral bone [48, 52].

The consequences of cartilage fibrillation are multifaceted and impactful. The 
erosion of the once-smooth cartilage surface disturbs the normal mechanics of joint 
movement [52]. The smooth articulation between bones is compromised, leading to 
increased friction, uneven loading, and altered joint biomechanics [50]. This disrup-
tion in joint mechanics not only triggers pain but also exacerbates inflammation 
within the joint [52]. The exposed subchondral bone, lacking the protective cushion-
ing of cartilage, becomes vulnerable to microtrauma and contributes to the inflamma-
tory response [47, 52].

Moreover, the loss of the smooth cartilage surface compounds the mechanical 
stress placed on the remaining healthy cartilage [53]. The altered joint mechanics and 
the absence of the protective cartilage buffer force the remaining cartilage to bear 
an increased load, further accelerating its degeneration [47, 53]. As a result, a detri-
mental feedback loop ensues, where cartilage fibrillation and degradation drive joint 
pain, inflammation, and greater mechanical stress on the already compromised joint 
structures [47, 54].

5.7 Impact on synovium and joint capsule

In osteoarthritis (OA), the impact extends beyond articular cartilage degeneration to 
involve other joint structures, including the synovium—the lining of the joint capsule 
[46, 48]. The synovium plays a crucial role in joint lubrication, nutrient supply, and the 
regulation of inflammatory processes [46]. However, in OA, the synovium undergoes 
pathological changes that contribute to the disease progression [48]. One significant 
alteration observed in OA is synovial inflammation and thickening [55]. This inflam-
matory response in the synovium results in the release of pro-inflammatory cytokines, 
such as interleukin-1 (IL-1) and tumor necrosis factor-alpha (TNF-α), as well as various 
matrix-degrading enzymes. These cytokines and enzymes have detrimental effects 
on the joint environment fueling overall joint inflammation. The increased levels of 
inflammatory cytokines amplify the activity of chondrocytes that produce matrix-
degrading enzymes, such as matrix metalloproteinases (MMPs), which contribute to 
cartilage degradation [46, 55, 56].

The interaction between synovial inflammation and articular cartilage degenera-
tion emphasizes the systemic nature of OA and highlights the importance of consider-
ing the entire joint environment in disease management [55, 57]. Strategies aimed 
at mitigating OA progression need to address not only cartilage health but also the 
underlying inflammatory processes occurring within the synovium [46, 48, 55, 57]. 
By targeting synovial inflammation and its associated cytokines and enzymes, it may 
be possible to modulate the degenerative cascade and alleviate the overall burden of 
OA on joint health.

In conclusion, articular cartilage degeneration is a central feature of osteoarthritis. 
The complex interplay of mechanical stress, proteoglycan loss, collagen disorgani-
zation, chondrocyte dysfunction, and inflammatory processes contributes to the 
progressive breakdown of cartilage. Understanding these complex mechanisms 
is essential for developing targeted interventions to slow or halt the degenerative 
process and improve joint health in individuals affected by OA.
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6. Subchondral bone changes and osteophyte formation

Subchondral bone plays a crucial role in supporting the articular cartilage and 
maintaining joint integrity. In osteoarthritis (OA), subchondral bone undergoes 
significant changes that contribute to the disease’s progression and symptoms. This 
section explores the alterations in subchondral bone and the formation of osteo-
phytes—bone spurs—associated with OA.

6.1 Subchondral bone changes in OA

In the context of osteoarthritis (OA), subchondral bone undergoes a series of 
complex structural and metabolic changes that significantly impact joint health and 
function. These changes are intimately linked to the altered mechanical environment 
resulting from the degeneration of articular cartilage, and they play a crucial role in 
the progression of the disease. These subchondral bone changes are not only a con-
sequence of OA but also contribute to the overall pathophysiology of the condition. 
Some key subchondral bone changes include:

Sclerosis: One of the primary subchondral bone changes observed in OA is 
sclerosis. Subchondral bone sclerosis entails an increase in bone density, result-
ing in the thickening and hardening of the bone beneath the cartilage layer. This 
heightened density is believed to be a response to the heightened mechanical stress 
placed on the bone due to the loss of the protective cartilage cushioning [52, 58]. 
As the cartilage deteriorates, the subchondral bone attempts to compensate the 
diminished shock-absorbing capacity, leading to increased bone density. However, 
while this may initially serve as a protective mechanism, the excessive density can 
lead to altered joint mechanics and exacerbate the biomechanical imbalance that 
characterizes OA.

Cyst formation: Cyst formation is another notable alteration within the sub-
chondral bone in OA. These cyst-like spaces develop as a result of bone resorption 
and subsequent remodeling processes. The presence of these cysts can weaken the 
structural integrity of the subchondral bone and contribute to joint pain and insta-
bility [58, 59]. The compromised bone structure further exacerbates the mechanical 
stresses experienced by the joint, creating a feedback loop that perpetuates the OA 
process.

Subchondral bone remodeling: Furthermore, OA leads to substantial changes in the 
process of subchondral bone remodeling. An imbalance emerges between the activi-
ties of osteoclasts, which are responsible for bone resorption, and osteoblasts, respon-
sible for bone formation. This imbalance results in altered bone turnover, affecting 
the quality and structure of the bone tissue [58, 59]. The disrupted bone remodeling 
process contributes to the overall weakening of the subchondral bone, rendering it 
less capable of providing the necessary support for the articular cartilage above.

Collectively, these subchondral bone changes in OA not only reflect the adaptation 
of the bone to the altered joint mechanics but also play a significant role in driving 
the progression of the disease. The interconnected relationship between subchondral 
bone and articular cartilage highlights the complexity of OA’s pathogenesis and 
underscores the importance of considering both tissue types when developing inter-
ventions to address this debilitating condition. The structural and metabolic changes 
within the subchondral bone add to the intricate web of factors that contribute to the 
overall deterioration of the joint in OA.



Advancements in Synovial Joint Science – Structure, Function, and Beyond

20

6.2 Osteophyte formation

Osteophytes, commonly referred to as bone spurs, represent a significant 
 phenomenon within the context of osteoarthritis (OA), contributing to the complex 
interplay between joint degeneration and adaptive responses. These bony outgrowths 
develop at the margins of the affected joint and serve as a unique response of the body 
to the underlying pathological changes. Osteophytes play a dual role, attempting to 
stabilize the compromised joint while also potentially exacerbating joint symptoms 
and limitations [60, 61].

Etiology: The etiology of osteophyte formation involves a multifaceted interplay of 
factors. Mechanical stress on the subchondral bone, a direct consequence of cartilage 
breakdown, plays a pivotal role. Additionally, the inflammatory environment char-
acteristic of OA contributes to osteophyte development. Inflammation triggers the 
release of growth factors that stimulate local bone-forming cells, or osteoblasts, to 
initiate the process of new bone formation [60]. This collaboration between mechani-
cal stress, inflammation, and growth factors culminates in the gradual generation of 
osteophytes at the joint margins.

Radiographic appearance: Osteophytes are visible on X-rays and are a characteristic 
finding in OA. They appear as bony projections at the joint margins, often described 
as a “lipping” or “spurring” appearance [60].

Impact on joint function: While osteophytes serve a structural purpose by attempt-
ing to stabilize the joint, they can also introduce complications for the affected indi-
vidual. The presence of osteophytes within the joint space can contribute to joint pain, 
stiffness, and a limited range of motion. In particular, larger osteophytes have the 
potential to impinge on adjacent soft tissues or compress nerves, further exacerbating 
pain and discomfort [61]. This impact on joint function can hinder daily activities and 
contribute to the overall burden of OA on an individual’s quality of life.

In summary, osteophytes are a remarkable manifestation of the body’s response to 
the challenges posed by OA. While they serve as an adaptive mechanism to stabilize 
the joint, their presence can also give rise to additional symptoms and functional limi-
tations. The formation of osteophytes underlines the intricate relationship between 
joint degeneration and the body’s attempts at compensation, further emphasizing the 
complexity of OA’s pathophysiology.

6.3 Relationship with articular cartilage degeneration

Subchondral bone changes and osteophyte formation are closely linked with the 
degeneration of articular cartilage [58, 59]. The loss of cartilage results in increased 
mechanical stress on the subchondral bone, leading to sclerosis and cyst formation 
[59]. Osteophytes develop as a compensatory mechanism to stabilize the joint and 
redistribute forces [60, 61].

6.4 Clinical implications

The clinical implications of the interrelationship between subchondral bone 
changes, osteophyte formation, and articular cartilage degeneration are profound in 
the management of osteoarthritis (OA). These interconnected processes hold diag-
nostic and monitoring value, aiding healthcare professionals in accurately assessing 
disease progression through imaging techniques. Subchondral bone alterations and 
osteophyte presence can serve as indicators of disease severity, guiding treatment 
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decisions and enabling predictions about the trajectory of OA. Treatment strategies 
can be refined to address both cartilage degeneration and subchondral bone abnor-
malities, leading to more effective interventions.

7. Emerging therapies and regenerative medicine for cartilage repair

Cartilage repair remains a significant challenge in the management of osteoar-
thritis (OA) and other cartilage-related conditions. Traditional treatments focus on 
symptom management and delaying disease progression, but they often fall short 
in promoting true cartilage regeneration. However, advancements in regenerative 
medicine offer promising approaches to stimulate cartilage repair and restoration. 
This section explores some of the emerging therapies and regenerative medicine 
techniques for cartilage repair.

7.1 Cell-based therapies

In recent years, cell-based therapies have gained prominence as potential 
 solutions for cartilage repair. Progress in cell sourcing, scaffold design, and clinical 
implementation highlights the dynamic nature of this field. Despite challenges, 
including long-term efficacy and standardization, cell-based therapies remain 
at the forefront of cartilage repair strategies. Their transformative potential 
might hold the key to redefining the treatment landscape for cartilage-related 
conditions [62].

• Autologous chondrocyte implantation (ACI): ACI involves the harvest and culture 
of a patient’s own healthy chondrocytes. These cultured chondrocytes are then 
implanted into the damaged area of the cartilage, promoting tissue repair. ACI 
is suitable for larger cartilage defects and has shown encouraging outcomes in 
clinical trials [62, 63].

• Matrix-induced autologous chondrocyte implantation (MACI): MACI is a variation 
of ACI that involves the use of a biodegradable scaffold to support the implanted 
chondrocytes. The scaffold enhances cell adhesion and proliferation, aiding in 
cartilage repair [64].

• Mesenchymal stem cell (MSC) therapy: MSCs are multipotent cells with the 
potential to differentiate into various cell types, including chondrocytes [65]. 
MSC therapy involves the injection of MSCs into the damaged cartilage, promot-
ing its regeneration and repair. MSCs can be derived from various sources, such 
as bone marrow, adipose tissue, and umbilical cord tissue [65, 66].

7.2 Tissue engineering

Tissue engineering, a multidisciplinary field at the intersection of biology, 
 engineering, and medicine, has emerged as a groundbreaking approach to address the 
limitations of conventional medical treatments and organ transplantation. In ortho-
pedics, it is revolutionizing joint and bone repair; in cardiology, it is advancing heart 
tissue regeneration. Skin substitutes aid wound healing, while engineered organs 
strive to overcome the organ shortage crisis. Tissue engineering has emerged as a 
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transformative solution for cartilage repair, aiming to overcome the challenges posed 
by the limited self-renewal capacity of articular cartilage [67].

• 3D bioprinting: 3D bioprinting allows the creation of custom-designed scaffolds 
that mimic the complex architecture of native cartilage. Chondrocytes or MSCs 
are seeded onto these scaffolds, which are then implanted into the defect site to 
promote cartilage regeneration [68, 69].

• Decellularized matrix-based approaches: Decellularized cartilage matrix provides 
an excellent biological scaffold for cartilage repair. The decellularized matrix 
retains the natural tissue architecture and biochemical cues necessary for carti-
lage regeneration. Cells, such as chondrocytes or MSCs, are then seeded onto the 
scaffold for implantation [69, 70].

7.3 Growth factor and cytokine therapy

Growth factors and cytokines play pivotal roles in orchestrating cellular responses, 
driving tissue repair, and modulating inflammatory processes. In the realm of 
cartilage repair, harnessing the potential of these signaling molecules has emerged 
as a promising strategy. Growth factors such as transforming growth factor-beta 
(TGF-β), fibroblast growth factors (FGFs), and insulin-like growth factors (IGFs) 
exert profound effects on chondrocytes and stem cells, regulating proliferation, dif-
ferentiation, and extracellular matrix synthesis [71]. Direct delivery of growth factors 
or cytokines to the injury site aims to enhance the local environment for endogenous 
repair [71, 72]. Despite the promise, growth factor and cytokine therapies face chal-
lenges. Achieving optimal dosing, ensuring sustained release, and avoiding unwanted 
effects are hurdles. Precise spatial and temporal control of signaling activation is 
necessary to avoid undesirable outcomes, such as hypertrophy or fibrosis [71, 73].

• Platelet-rich plasma (PRP): PRP is extracted from the patient’s own blood and 
contains a high concentration of growth factors. When injected into the damaged 
cartilage, PRP can stimulate chondrocyte proliferation and ECM synthesis, pro-
moting cartilage repair. Scientific studies have shown that PRP’s application can 
lead to improvements in cartilage repair and pain reduction. While its efficacy 
can vary based on factors such as the severity of the cartilage damage and the 
patient’s overall health, PRP offers a minimally invasive approach to stimulate 
the body’s natural healing mechanisms and support the restoration of cartilage 
tissue [74–76].

• Cytokine therapy: Specific cytokines, such as transforming growth factor-beta 
(TGF-β) and insulin-like growth factor (IGF), have shown potential in promot-
ing chondrogenesis and cartilage regeneration. They can be delivered directly to 
the damaged cartilage to enhance repair processes [33].

7.4 Gene therapy

Gene therapy, a revolutionary approach to manipulate genetic information, 
has appeared as a promising frontier in the realm of cartilage repair [77]. Gene 
therapy encompasses the delivery of therapeutic genes to target cells, either by 
viral vectors or by nonviral methods [78]. The introduced genes can encode growth 
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factors, cytokines, or molecular regulators that modulate cellular responses, foster 
chondrogenesis, and promote tissue regeneration. In osteoarthritis, genes encoding 
anti-inflammatory factors can mitigate inflammation-driven cartilage degradation 
[77, 78]. Gene therapy faces challenges, including the achievement of sustainable 
and localized gene expression. Off-target effects and immune responses are critical 
safety concerns. Balancing therapeutic efficacy with safety necessitates meticulous 
design and testing [79]. As research advances, gene therapy’s potential to revolution-
ize cartilage repair is increasingly evident, paving the way for a new era of targeted, 
genetically tailored regenerative treatments.

7.5 Nanotechnology

Nanotechnology has revolutionized biomaterial design. Nanostructured scaffolds, 
inspired by cartilage’s extracellular matrix, offer precise control over mechanical 
properties and cell-material interactions. These scaffolds mimic native tissue archi-
tecture, enhancing cellular adhesion, proliferation, and chondrogenic differentiation 
[80]. Nanoparticles serve as carriers for precise and targeted delivery of growth 
factors and therapeutic agents. By encapsulating these molecules, nanotechnol-
ogy enables sustained release, thus enhancing their bioavailability and therapeutic 
efficacy. This approach minimizes off-target effects and optimizes tissue healing. 
Nanotechnology extends beyond repair to diagnostics and monitoring. Nanosensors 
and imaging agents offer real-time insights into tissue health, enabling personalized 
treatment strategies and timely interventions [80, 81]. Nanotechnology’s immense 
potential is accompanied with challenges. Ensuring biocompatibility, long-term 
safety, and scalable manufacturing is a critical concern. Additionally, ethical and 
regulatory considerations arise as nanotechnology bridges the divide between medi-
cine and material science [81].

7.6 Exosome therapy

Exosomes are carriers of bioactive molecules, including proteins, nucleic acids, 
and lipids, functioning as messengers between cells. Their unique ability to modulate 
recipient cell behavior makes them intriguing candidates for therapeutic interventions 
[82]. In cartilage repair, exosomes play roles in anti-inflammatory responses, extracel-
lular matrix remodeling, and promotion of chondrogenic differentiation. Exosome 
therapy involves isolating and purifying exosomes from various sources, including 
mesenchymal stem cells (MSCs) and chondrocytes. Techniques like ultracentrifuga-
tion and precipitation are commonly employed, ensuring the enrichment of exosomal 
cargo. Direct exosome administration promotes chondroprotection, reducing inflam-
mation and inhibiting cartilage degradation [83]. Encapsulation of exosomes in bio-
material scaffolds augments their release profile, enhancing their therapeutic effects 
[82, 83]. Exosome therapy circumvents challenges associated with cell-based thera-
pies, such as immune responses and potential tumorigenicity. However, standardized 
isolation methods, cargo loading, and dosage optimization pose challenges [82].

While these emerging therapies show great promise for cartilage repair, further 
research is needed to optimize their effectiveness and safety. Additionally, research 
trials are being conducted to evaluate the long-term outcomes and potential side 
effects of these novel approaches. As research continues, regenerative medicine holds 
incredible potential in revolutionizing the treatment landscape for cartilage repair 
and improving the quality of life for persons with cartilage-related conditions.
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8.  Challenges and potential solutions in developing cartilage-targeted 
treatments

Developing effective and targeted treatments for cartilage-related conditions, 
such as osteoarthritis (OA), presents various challenges due to the intricate nature 
of cartilage tissue and its unique features. Overcoming these challenges is crucial to 
improving patient outcomes and achieving successful cartilage repair and regenera-
tion. Here are various fundamental challenges and potential solutions in formulating 
cartilage-targeted treatments:

8.1 Limited blood supply and innervation

• Challenge: Cartilage is avascular and lacks nerve fibers, making it difficult to 
deliver drugs and therapeutic agents directly to the affected area.

• Solution: Developing targeted drug delivery systems, such as nanoparticles or 
hydrogels, can help deliver medications precisely to the cartilage site. Intra-
articular injections and tissue engineering approaches can also be used for 
localized delivery [84–86].

8.2 Low cellular activity

• Challenge: Chondrocytes, the cells within cartilage, have low metabolic activity, 
limiting their capacity of self-repair and regeneration.

• Solution: Stimulating chondrocyte activity through growth factors, gene therapy, 
or cell-based therapies can enhance cartilage repair and regeneration [85].

8.3 Complex cartilage structure

• Challenge: Cartilage has a unique extracellular matrix (ECM) composition, mak-
ing it challenging to replicate in vitro for tissue engineering approaches.

• Solution: Decellularized matrix-based approaches that retain the natural 
ECM structure, combined with cell-based therapies, can enhance cartilage 
repair [85].

8.4 Inflammatory microenvironment

• Challenge: Inflammatory processes in OA can inhibit cartilage repair and 
regeneration.

• Solution: Targeting inflammation through the use of anti-inflammatory drugs, 
cytokine therapy, or regenerative agents can promote a more favorable microen-
vironment for cartilage repair [16, 19].

8.5 Disease heterogeneity

• Challenge: OA is a heterogeneous condition with varying degrees of cartilage 
damage and different underlying mechanisms.
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• Solution: Personalized medicine approaches, such as identifying specific biomark-
ers and disease phenotypes, can help tailor treatments to individual patients [87].

8.6 Integration with native cartilage

• Challenge: Ensuring that the repaired or regenerated cartilage integrates seam-
lessly with the native cartilage is crucial for long-term success.

• Solution: Optimization of tissue engineering approaches, such as scaffold design 
and cell source selection, can enhance integration and biomechanical properties 
of the repaired tissue [88].

8.7 Long-term efficacy and safety

• Challenge: Ensuring that cartilage-targeted treatments have durable efficacy and 
safety profiles is critical for their clinical use.

• Solution: Conducting robust preclinical and clinical research trials to estimate the 
long-term outcomes and safety of these treatments is essential [89].

8.8 High costs and accessibility

• Challenge: Some advanced cartilage-targeted treatments may be costly and not 
readily accessible to all patients.

• Solution: Continued research and development may lead to more cost-effective 
and scalable treatments, making them more widely available [90].

In conclusion, developing effective cartilage-targeted treatments requires address-
ing the unique challenges presented by cartilage tissue. By leveraging advancements 
in drug delivery, tissue engineering, regenerative medicine, and personalized medi-
cine, potential solutions can be found to improve cartilage repair, regeneration, and 
overall patient outcomes in cartilage-related conditions like osteoarthritis.

9.  Call for continued research and collaboration in the field of cartilage 
and osteoarthritis

The study of cartilage and its related conditions, particularly osteoarthritis (OA), 
is of utmost importance in the field of orthopedics and musculoskeletal research. As 
we strive to improve patient outcomes and find effective treatments for cartilage-
related disorders, a call for continued research and collaboration becomes imperative. 
By fostering a collaborative and multidisciplinary approach, we can unlock new 
insights, address current challenges, and develop innovative therapies for cartilage 
repair, regeneration, and osteoarthritis management.

• Advancing basic science knowledge: A deeper understanding of cartilage biology, 
molecular signaling pathways, and the intricate interactions between inflamma-
tory mediators and cartilage cells is essential. Basic science research will pave the 
way for the advancement of targeted therapies and interventions.
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• Exploring regenerative medicine: Regenerative medicine offers great promise in the 
realm of cartilage repair and regeneration. Continued research in stem cell biol-
ogy, tissue engineering, and gene therapy will enable us to harness the regenera-
tive potential of the body for cartilage healing.

• Investigating biomarkers and disease phenotypes: Identifying reliable biomark-
ers for cartilage degeneration and osteoarthritis progression can aid in early 
diagnosis, prognostication, and monitoring treatment response. Additionally, 
studying disease phenotypes will help tailor personalized medicine approaches 
for improved patient care.

• Enhancing drug delivery systems: Developing effective drug delivery systems for 
targeted cartilage treatment remains a challenge. Collaborative efforts between 
pharmacologists, engineers, and clinicians can lead to innovative solutions that 
deliver therapeutic agents precisely to the affected cartilage site.

• Conducting longitudinal studies: Longitudinal studies tracking patients over 
extended periods are crucial to understanding the natural progression of osteo-
arthritis and evaluating the long-term efficacy and safety of different treatments.

10. Conclusion

The journey through the intricate web of osteoarthritis (OA) pathogenesis has 
illuminated the multifaceted interplay of cellular, molecular, and biomechanical 
factors that orchestrate the degeneration of articular cartilage. OA, once considered 
a wear-and-tear phenomenon, has revealed itself as a dynamic disease driven by a 
plethora of intricate mechanisms.

The avascular and aneural nature of cartilage poses a challenge in delivering tar-
geted therapies directly to the affected area. However, as highlighted in this chapter, 
innovative solutions are emerging. Nanoparticles, hydrogels, and tissue engineer-
ing approaches offer avenues for precise drug delivery, offering hope for localized 
treatment strategies that could potentially alter the trajectory of OA progression. 
Moreover, insights into the inflammatory microenvironment and cellular signaling 
have paved the way for novel interventions that target inflammation, reshaping the 
local milieu to support repair rather than degradation.

As our understanding of OA deepens, the significance of individualized 
approaches becomes paramount. Disease heterogeneity stresses the need for person-
alized medicine, harnessing the power of biomarkers and phenotypic characteriza-
tions to tailor treatments to patients’ specific needs. Furthermore, the imperative to 
seamlessly integrate repaired or regenerated cartilage with native tissue highlights 
the importance of scaffold design and cell selection in tissue engineering strategies, 
ensuring long-term success.

Yet challenges remain from ensuring long-term efficacy and safety to address-
ing the accessibility of advanced treatments. With each challenge, however, comes 
opportunity. Continued research and clinical trials hold the promise of refining and 
validating interventions, making them more accessible, affordable, and effective for a 
broader spectrum of patients.

In the grand narrative of cartilage degeneration and osteoarthritis pathogen-
esis, this chapter is but a stepping stone. As the field continues to evolve, forging 
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connections between cellular mechanisms, biomaterials, and clinical practice, the 
journey to mitigate the impact of osteoarthritis takes on new dimensions. By under-
standing the intricate web of factors that contribute to OA, we will be empowered to 
envision a future where its progression is not inevitable, but rather a challenge that 
can be met with innovation, compassion, and scientific rigor.
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Abstract

This chapter focuses on the impact of aging on synovial joint function, specifically 
the changes that occur in joint structure and their implications for mobility. These 
age-related changes can lead to joint degeneration, decreased joint flexibility, and 
increased susceptibility to injury or conditions like osteoarthritis. Furthermore, 
the chapter discusses the consequences of these structural changes on mobility 
and functional abilities in older individuals. The gradual decline in joint function 
due to aging can result in limitations in range of motion, joint stiffness, reduced 
muscle strength, and overall decreased mobility. The implications of these changes 
on activities of daily living and quality of life are explored, highlighting the impor-
tance of maintaining joint health and promoting active lifestyles in older adults. 
Additionally, the chapter touches upon potential strategies and interventions to 
mitigate the impact of aging on synovial joint function. It covers approaches such as 
exercise programs, physical therapy, nutritional considerations, and joint-specific 
interventions that can help optimize joint health, enhance mobility, and potentially 
slow down the progression of age-related joint degeneration. Understanding the 
structural changes that occur in synovial joints with aging and their consequences 
for mobility is vital for healthcare professionals, researchers, and individuals 
 seeking to promote healthy aging and maintain joint function throughout the 
lifespan.

Keywords: synovial joints, aging, joint physiology, physical interventions,  
chronic inflammation

1. Introduction

Aging is a natural biological progression that triggers various physiological 
transformations, notably impacting the musculoskeletal system. Changes in the 
structure of synovial joints assume a pivotal role in shaping an individual’s mobil-
ity and overall well-being [1]. These joints, essential for facilitating movement and 
offering mechanical support, undergo a sequence of modifications during aging. 
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Such alterations entail intricate interactions among structural elements like carti-
lage, synovial fluid, ligaments, and the joint capsule, resulting in decreased joint 
function [2].

Grasping the complex association between aging and synovial joint function is 
crucial for comprehending the mechanisms underlying age-related constraints on 
mobility and disorders associated with joints. This chapter explores the multifaceted 
dimensions of the aging process and its consequences for the structure and function 
of synovial joints [3]. By meticulously examining the specific structural changes that 
transpire within these joints, the aim is to uncover the repercussions of these modi-
fications on an individual’s mobility and ability to carry out daily activities indepen-
dently [4–6]. Additionally, the chapter will assess the implications of these age-related 
changes in synovial joints for developing preventive and therapeutic interventions, 
with the explicit objective of enhancing the quality of life for the aging population. 
Employing an extensive analysis of relevant literature and recent advancements in the 
field, the ultimate goal is to provide a comprehensive understanding of the intricate 
interplay between aging, synovial joint structure, and mobility, fostering enhanced 
management and care for individuals experiencing age-related deterioration in joint 
function [1, 3].

2.  The anatomy of synovial joints: a foundation for understanding  
age-related modifications

The anatomy of synovial joints constitutes a foundational understanding crucial 
for comprehending the modifications that occur with aging and their subsequent 
impact on joint function. Synovial joints are the most common type of joint in the 
human body, characterized by their capacity for a wide range of motion. They are 
essential for facilitating various movements, such as flexion, extension, abduction, 
adduction, and rotation. Understanding the intricate structures within these joints 
provides insights into the complex mechanisms underlying age-related changes and 
their effects on joint health and function [3].

2.1 Articular cartilage

The articular cartilage covers the bone ends within the joint, serving as a smooth 
and resilient tissue that reduces friction and facilitates smooth movement between 
the articulating surfaces. Composed of specialized cells called chondrocytes 
embedded in an extracellular matrix, articular cartilage lacks a direct blood sup-
ply and nerve innervation. With advancing age, the articular cartilage undergoes 
structural changes, including thinning, loss of elasticity, and increased fibrillation 
and  fissuring. These alterations can lead to reduced shock absorption, increased 
susceptibility to damage, and the development of degenerative joint conditions such 
as osteoarthritis [4, 5].

2.2 Synovial fluid

Synovial fluid is a viscous, transparent fluid that fills the synovial cavity within 
the joint, providing lubrication and nourishment to the articular cartilage. It also 
serves to reduce friction during joint movements. With age, the composition and 
viscosity of synovial fluid may change, leading to alterations in its lubricating 



37

Aging and Synovial Joint Function: Changes in Structure and Implications for Mobility
DOI: http://dx.doi.org/10.5772/intechopen.1003866

properties. These changes can contribute to increased joint surface friction, discom-
fort, stiffness, and decreased range of motion [6].

2.3 Ligaments and tendons

Ligaments and tendons are crucial connective tissues that stabilize and support 
synovial joints. Ligaments connect bone to bone, while tendons connect muscle to 
bone. These structures help to limit excessive joint movement and prevent disloca-
tion. With aging, ligaments and tendons may experience a decrease in tensile strength 
and elasticity, leading to decreased joint stability and an increased risk of injury [7, 8].

2.4 Joint capsule

The joint capsule is a fibrous, elastic structure that encloses the synovial joint, 
maintaining its structural integrity and containing the synovial fluid. The capsule 
comprises an outer fibrous layer and an inner synovial membrane. With age, the 
flexibility and elasticity of the joint capsule may diminish, leading to a decrease in the 
joint’s range of motion and flexibility [5].

2.5 Synovial membrane

The synovial membrane lines the inner surface of the joint capsule and is respon-
sible for producing synovial fluid. It plays a crucial role in maintaining a healthy 
joint environment by supplying nutrients to the articular cartilage and facilitating 
the removal of metabolic waste products. During the aging process, the synovial 
membrane may change, leading to the production of inflammatory mediators and an 
increase in inflammatory responses within the joint. This can contribute to developing 
joint-related pathologies, such as synovitis and other inflammatory joint conditions [9].

3.  Age-associated alterations in synovial fluid composition and their 
influence on joint performance

Synovial fluid composition changes significantly as individuals age, impacting joint 
performance and overall health. The composition of synovial fluid, crucial for lubrica-
tion and nutrient supply to the joint, is affected by various age-related alterations [10].

3.1 Reduction in lubricating agents

A notable change is the decline in the production of lubricating agents like hyal-
uronic acid, which is responsible for the viscosity of the synovial fluid. Reduced levels 
of hyaluronic acid contribute to decreased lubrication between joint surfaces, leading 
to increased friction and wear within the joint. Consequently, this can result in joint 
stiffness, discomfort, and restricted range of motion, significantly influencing joint 
performance and mobility [11].

3.2 Altered protein concentration

Age-related modifications in the concentration of proteins within synovial fluid 
affect its lubricating and anti-inflammatory properties. Variations in the levels of 
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lubricin, a glycoprotein that minimizes friction between joint surfaces, can lead 
to diminished joint lubrication and increased vulnerability to mechanical stress. 
Moreover, changes in the levels of enzymes like matrix metalloproteinases and aggre-
canase contribute to the breakdown of extracellular matrix components, accelerating 
the progression of degenerative joint diseases, such as osteoarthritis [12].

3.3 Imbalance in inflammatory mediators

The equilibrium of inflammatory mediators within synovial fluid is vital for 
maintaining a healthy joint environment. Age-related alterations can disrupt this 
balance, leading to an increase in proinflammatory cytokines and a decrease in anti-
inflammatory factors. This imbalance contributes to chronic inflammation within the 
joint, exacerbating joint damage and impairing overall joint performance [13].

Understanding the complex shifts in synovial fluid composition linked to aging is 
crucial for developing strategies to maintain joint health and function in older adults. 
Therapeutic methods focused on addressing changes in synovial fluid, including treat-
ments like viscosupplementation and anti-inflammatory therapies, present encourag-
ing avenues to alleviate the negative impacts of aging on joint performance and enhance 
the overall well-being of individuals facing age-related declines in joint function [14].

4.  Structural deteriorations in aging synovial joints and their impact on 
mobility and flexibility

As individuals age, synovial joints undergo several structural deteriorations, sig-
nificantly impacting mobility and flexibility. Understanding these changes is crucial 
for addressing the challenges faced by the aging population in maintaining functional 
independence and high quality of life [11–13].

4.1 Cartilage degeneration

One of the primary structural deteriorations is the degeneration of articular 
cartilage, which experiences a loss of elasticity and thinning with age. This degenera-
tion reduces the smooth gliding of joint surfaces, leading to increased friction and 
discomfort during movement. As cartilage deteriorates, joint mobility diminishes, 
causing stiffness and reduced flexibility, limiting an individual’s range of motion [15].

4.2 Ligament and tendon stiffness

With advancing age, ligaments and tendons lose their elasticity and become stiffer, 
impacting joint stability and flexibility. Reduced flexibility in these connective tissues 
can lead to a higher risk of injuries as the joints become less adept at absorbing impact 
and shock. The loss of flexibility in ligaments and tendons contributes to a decreased 
overall range of motion, affecting mobility and making movements more challenging 
for older individuals [16].

4.3 Changes in joint capsule elasticity

The joint capsule, a fibrous structure that encloses the synovial joint, changes 
elasticity and flexibility due to aging. This alteration limits the joint’s ability to move 
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freely, decreasing mobility and flexibility. The reduced elasticity of the joint capsule 
can result in joint stiffness and discomfort, further restricting the range of motion 
and making routine activities more challenging for older people [9, 11].

4.4 Synovial membrane inflammation

The synovial membrane, responsible for producing synovial fluid and maintain-
ing a healthy joint environment, is susceptible to inflammation with age. Chronic 
inflammation of the synovial membrane can lead to increased production of inflam-
matory mediators, causing further deterioration of the joint structure. Inflammation 
in the synovial membrane can result in pain, swelling, and reduced mobility, signifi-
cantly impacting an individual’s flexibility and ability to perform daily activities [17].

5.  Inflammatory responses and their role in accelerating age-related 
decline in synovial joint function

Inflammatory responses are critical in accelerating age-related decline in synovial 
joint function. As individuals age, the balance of inflammatory processes within the 
synovial joints can be disrupted, leading to chronic inflammation and various joint-
related disorders. Understanding the impact of inflammatory responses is crucial for 
comprehending the underlying mechanisms of age-related joint degeneration and 
developing effective strategies to manage and alleviate the associated symptoms [18].

5.1 The role of chronic inflammation

Chronic low-grade inflammation, often called “inflamm-aging, “is a hallmark 
of the aging process and is closely linked to the degeneration of synovial joints. 
Persistent inflammation within the synovial membrane can lead to the release of 
proinflammatory cytokines and enzymes, which contribute to the breakdown of 
cartilage and other joint tissues. This chronic inflammatory state can perpetuate a 
cycle of tissue damage and repair, ultimately accelerating the deterioration of the 
joint structure [11, 19].

5.2 Impact on synovial fluid composition

Inflammatory responses can also influence the composition of synovial fluid. 
Elevated levels of inflammatory mediators within the synovial fluid can disrupt 
the balance of lubricating agents and enzymes, leading to decreased viscosity and 
impaired lubrication. This alteration in synovial fluid composition can increase joint 
surface friction, leading to pain, stiffness, and reduced mobility [19].

5.3 Effects on joint capsule and ligaments

Inflammation can affect the integrity of the joint capsule and surrounding liga-
ments, leading to a loss of elasticity and increased stiffness. Decreased flexibility 
and range of motion can significantly impact joint function and mobility. Moreover, 
chronic inflammation can promote the formation of adhesions within the joint 
capsule, further restricting joint movement and exacerbating the overall decline in 
joint function [20].
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5.4 Role in the development of degenerative joint diseases

Chronic inflammatory responses within synovial joints are closely associated with 
the development and progression of degenerative joint diseases, such as osteoarthritis 
and rheumatoid arthritis. Inflammatory mediators can trigger the release of enzymes 
that degrade cartilage and bone, leading to the erosion of joint surfaces and the devel-
opment of pain, swelling, and deformity. The resulting joint damage can severely 
compromise joint function and significantly limit an individual’s mobility and overall 
quality of life (Figure 1) [17–20].

6.  Implications for mobility and strategies for maintaining joint health in 
the aging population

The implications for mobility and strategies for maintaining joint health in the 
aging population are paramount, considering the significant impact of age-related 
changes on musculoskeletal function. Maintaining mobility is crucial for preserv-
ing independence, quality of life, and overall well-being in older individuals. 
Understanding the implications for mobility and implementing effective strategies for 
supporting joint health can significantly enhance the overall functional capacity and 
quality of life in the aging population [21].

As individuals age, various factors, including structural changes in joints, 
reduced muscle mass, decreased bone density, and alterations in balance and 
coordination, can collectively contribute to a decline in mobility. Age-related joint 
degeneration, such as cartilage thinning, ligament stiffness, and inflammation, can 
result in joint pain, stiffness, and reduced range of motion, significantly impacting 
mobility. Additionally, decreased muscle strength and flexibility can further exacer-
bate mobility challenges, leading to daily living difficulties and increasing the risk of 
falls and injuries [22].

Figure 1. 
Role of inflammation in degenerating synovial joints.
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Several strategies can be employed to maintain joint health and improve mobility 
in the aging population [23]. These strategies include:

6.1 Regular physical activity

Regular physical activity, including low-impact walking, swimming, and cycling, 
can help improve joint flexibility, muscle strength, and overall mobility. Exercise 
programs focused on improving balance and flexibility, such as yoga and tai chi, can 
also be beneficial for maintaining joint health [11, 13, 20]. Engaging in strength-
training exercises helps build muscle mass and strength, providing better support 
and stability for the joints. Strengthening the muscles around the joints, including 
the quadriceps, hamstrings, and core muscles, can help alleviate the pressure on the 
joints, reducing the risk of joint injuries and enhancing overall joint function [21]. 
Physical activity stimulates the production of synovial fluid, which acts as a lubricant 
for the joints, promoting smoother and more efficient movement. Regular move-
ment helps nourish the cartilage by facilitating the exchange of nutrients and waste 
products, thereby enabling the overall health and longevity of the joint cartilage [22]. 
When combined with a balanced diet, regular physical activity can aid in weight 
management, reducing the strain on weight-bearing joints such as the hips, knees, 
and ankles. Maintaining a healthy weight helps minimize the risk of developing 
joint-related conditions such as osteoarthritis, as excess body weight can exacerbate 
joint pain and accelerate the deterioration of joint structures [23]. Physical activity 
improves blood circulation, delivering essential nutrients and oxygen to the joints and 
promoting overall health and function. Improved circulation also aids in the removal 
of waste products and inflammatory mediators from the joints, reducing the risk 
of inflammation and supporting the body’s natural healing processes [24]. Regular 
physical activity improves mood, reduces stress levels, and enhances overall well-
being. The psychological benefits of exercise can contribute to better pain manage-
ment, increased motivation to adhere to an active lifestyle, and improved quality of 
life, promoting a holistic approach to joint health and overall wellness [2, 9].

6.2 Healthy weight management

Maintaining a healthy weight is crucial for reducing the strain on joints, par-
ticularly weight-bearing joints such as the knees and hips. Excess body weight can 
accelerate joint degeneration and increase the risk of developing osteoarthritis, 
a condition characterized by the breakdown of joint cartilage [25]. By managing 
body weight within a healthy range, individuals can minimize the strain on their 
joints, reducing the likelihood of joint pain and improving overall joint function. 
Weight management strategies, including a balanced diet and portion control, can 
help alleviate joint pressure and minimize the risk of joint-related complications 
[26]. Maintaining a healthy weight reduces the strain on the joints and improves 
overall physical function and mobility. Individuals with a healthy body weight 
often experience improved flexibility, agility, and balance, enabling them to engage 
in various physical activities and daily tasks without experiencing excessive joint 
discomfort or limitations [27].

Healthy weight management encourages individuals to adopt a balanced and 
nutritious diet rich in essential vitamins, minerals, and antioxidants. Consuming 
a diet that includes a variety of fruits, vegetables, whole grains, lean proteins, 
and healthy fats can support joint health by providing the necessary nutrients for 
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maintaining the integrity of joint structures and promoting overall musculoskeletal 
well-being. Healthy weight management contributes to an improved quality of life, 
as it helps individuals maintain their independence, engage in various activities, and 
experience fewer limitations related to joint health. By promoting a healthy weight, 
individuals can enjoy a better overall sense of well-being, reduced pain, and improved 
mobility, leading to a more active and fulfilling lifestyle [16, 19].

6.3 Essential nutrients for joint health

A well-balanced diet rich in essential nutrients, including vitamins, minerals, 
and antioxidants, can support joint health and reduce the risk of inflammation and 
oxidative stress. Including foods with anti-inflammatory properties, such as fatty fish, 
fruits, vegetables, and whole grains, can help mitigate the impact of inflammation on 
joint function [12].

6.3.1 Omega-3 fatty acids

Found in fatty fish such as salmon, mackerel, and sardines, as well as in flaxseeds 
and chia seeds, omega-3 fatty acids possess potent anti-inflammatory properties. 
These nutrients can help reduce joint stiffness and alleviate symptoms associated with 
inflammatory joint conditions such as rheumatoid arthritis [10].

6.3.2 Vitamin D

Essential for maintaining bone health, vitamin D is crucial in calcium absorption 
and mineralization. Sunlight exposure, fortified dairy products, and certain fish 
species are excellent sources of vitamin D, which can help prevent the development of 
osteoporosis and support overall joint integrity [14].

6.3.3 Calcium and magnesium

Crucial minerals for bone health. Calcium and magnesium help maintain bone 
density and strength, reducing the risk of fractures and osteoporosis. Dairy products, 
leafy green vegetables, nuts, and seeds are excellent sources of these minerals, sup-
porting overall bone and joint health [7, 9].

6.3.4 Antioxidants

Abundant in fruits and vegetables, antioxidants such as vitamins C and E help 
neutralize free radicals, reducing oxidative stress and inflammation. Various colorful 
fruits and vegetables can provide a rich source of antioxidants, promoting joint health 
and protecting against joint-related conditions [16, 21].

6.3.5 Anti-inflammatory foods

Certain foods possess anti-inflammatory properties that help alleviate joint pain 
and reduce inflammation. Incorporating foods such as berries, cherries, turmeric, 
ginger, and green tea into the diet can help mitigate the symptoms of inflammatory 
joint disorders and promote overall joint health [20].
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6.3.6 Hydration

Maintaining adequate hydration is crucial for joint health, as water helps hydrate 
and nourish the cartilage within the joints. Staying properly hydrated supports the 
smooth movement of joints and helps prevent the onset of conditions such as gout, 
which can be exacerbated by dehydration [6, 9].

6.3.7 Balanced diet for overall well-being

Emphasizing a balanced diet that includes a variety of whole grains, lean proteins, 
healthy fats, and a colorful array of fruits and vegetables is vital for promoting overall 
musculoskeletal well-being. A well-rounded diet provides the necessary nutrients for 
maintaining joint integrity, reducing the risk of inflammation and oxidative stress, 
and supporting overall joint health and mobility [1, 9].

6.4 Joint-friendly lifestyle modifications

Joint-friendly lifestyle modifications are essential for promoting and maintaining 
optimal joint health, particularly in individuals experiencing age-related changes 
or those with preexisting joint conditions. These modifications encompass various 
adjustments to daily activities and habits that help minimize stress on the joints, 
reduce the risk of injury, and alleviate joint pain [11].

6.4.1 Proper body mechanics

Adopting proper body mechanics during daily activities, such as lifting, carrying, 
and bending, can significantly reduce joint strain. Using the appropriate techniques, 
such as lifting with the legs rather than the back, can help prevent injuries, especially 
to the spine, hips, and knees. Maintaining proper posture while sitting, standing, and 
walking is also essential for reducing unnecessary stress on the spine and promoting 
optimal joint alignment [20].

6.4.2 Ergonomic adjustments

Making ergonomic adjustments in the home and workplace can help reduce 
joint strain and improve overall comfort. Using supportive chairs with proper back 
and armrests, adjusting the height of workstations to promote good posture, and 
using ergonomic tools and devices that reduce repetitive strain on the joints can 
significantly contribute to minimizing joint discomfort and promoting musculo-
skeletal health [7, 10].

6.4.3 Low-impact exercise

Engaging in low-impact exercises, such as swimming, cycling, and using ellip-
tical machines, can help improve joint flexibility and muscle strength without 
placing excessive stress on the joints. These exercises promote cardiovascular 
health, enhance joint mobility, and support overall physical function, making them 
ideal for individuals with joint-related conditions or those looking to prevent joint 
injuries [11, 20].
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6.4.4 Joint protection during physical activities

Implementing proper joint protection techniques during physical activities, such 
as wearing appropriate protective gear during sports or using joint-supporting braces 
or wraps, can help minimize the risk of joint injuries. Additionally, using the correct 
footwear with adequate arch support and cushioning can reduce the impact on the 
joints during walking, running, or other weight-bearing activities [21].

6.4.5 Avoidance of repetitive joint movements

Limiting repetitive joint movements and avoiding activities that place excessive 
strain on the joints can help prevent the development or exacerbation of joint-related 
conditions such as tendonitis or bursitis. Regular breaks during repetitive tasks and 
incorporating variety into daily activities can reduce the risk of overuse injuries and 
support long-term joint health [28].

6.4.6 Assistive devices and mobility aids

Using assistive devices and mobility aids, such as canes, walkers, and grab bars, 
can provide additional support and stability, particularly for individuals with mobility 
issues or those at a higher risk of falls. These devices help reduce the pressure on the 
joints, promote safer movement, and enhance overall functional independence [26].

6.5 Medical interventions and therapies

Seeking appropriate medical interventions, including physical therapy, pain 
management, and joint-preserving surgeries, can help alleviate joint pain, improve 
mobility, and enhance overall joint health and function [22].

6.6 Physical therapy

Physical therapy is a fundamental component of joint health management, focus-
ing on rehabilitating and strengthening muscles, tendons, and ligaments surround-
ing the joints [5, 8]. Physical therapists develop customized exercise regimens and 
treatment plans tailored to the specific needs of individuals, aiming to improve joint 
flexibility, range of motion, and overall musculoskeletal function. Physical therapy 
can also help alleviate joint pain, reduce inflammation, and enhance mobility, mak-
ing it an essential intervention for individuals recovering from joint injuries or those 
managing chronic joint-related conditions [12, 19].

6.7 Pharmacological interventions

Pharmacological interventions, including the use of nonsteroidal anti-inflamma-
tory drugs (NSAIDs), corticosteroids, and disease-modifying antirheumatic drugs 
(DMARDs), are commonly employed to manage pain, reduce inflammation, and 
slow the progression of joint-related disorders such as osteoarthritis and rheumatoid 
arthritis [28]. These medications help alleviate symptoms, improve joint function, 
and enhance the overall quality of life for individuals experiencing joint discomfort 
and inflammation [20].
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6.7.1 Joint injections

Intra-articular joint injections, such as corticosteroids and hyaluronic acid, pro-
vide targeted relief for individuals with inflammatory joint conditions. Corticosteroid 
injections help reduce inflammation and alleviate pain, while hyaluronic acid injec-
tions improve joint lubrication and cushioning, particularly in individuals with 
osteoarthritis. These injections can provide temporary or long-term relief, depending 
on the specific needs and conditions of the individual [29].

6.7.2 Joint-preserving surgeries

Surgical interventions, including arthroscopic procedures, joint realignment sur-
geries, and joint replacement surgeries, are employed to preserve joint function, alle-
viate pain, and improve overall joint mobility [2]. These surgeries are recommended 
for individuals with advanced joint degeneration or severe joint-related conditions 
that have not responded to conservative treatments. Joint-preservation surgeries aim 
to restore joint integrity, improve range of motion, and enhance the overall quality of 
life for individuals with debilitating joint conditions [30].

6.8 Complementary and alternative therapies

Complementary and alternative therapies, such as acupuncture, chiropractic 
care, and massage therapy, are often utilized in conjunction with conventional 
treatments to provide additional relief for individuals with joint-related discom-
fort. These therapies focus on promoting relaxation, reducing muscle tension, 
improving overall joint flexibility, enhancing the effectiveness of conventional 
medical interventions, and contributing to a comprehensive approach to joint 
health management [22–25].

7. Conclusion

In conclusion, this comprehensive exploration of aging and its impact on synovial 
joint function underscores the intricate interplay between physiological changes, 
structural modifications, and their implications for mobility and overall joint health. 
The aging process brings about a series of complex alterations within the synovial 
joints, including changes in synovial fluid composition, structural deterioration, 
inflammatory responses, and mobility limitations. These changes significantly con-
tribute to the development and progression of various joint-related disorders, posing 
significant challenges for the aging population.

Understanding the multifaceted nature of these age-related modifications in 
synovial joints is paramount in developing effective strategies to preserve joint 
health and enhance the quality of life for older individuals. Implementing inter-
ventions such as regular physical activity, healthy weight management, proper 
nutrition, joint-friendly lifestyle modifications, and medical interventions and 
therapies can play a pivotal role in mitigating the adverse effects of aging on joint 
function and mobility.

Furthermore, fostering a holistic approach to joint health management that inte-
grates preventive measures, personalized treatment plans, and comprehensive care 



Advancements in Synovial Joint Science – Structure, Function, and Beyond

46

Author details

Rabia Gul1,2*, Imran Nazir3, Muhammad Imran Amirzada1, Faryal Jahan2, 
Faiza Naseer2,4 and Tahir Ahmad Baig4

1 Department of Pharmacy, COMSATS University Islamabad, Abbottabad Campus, 
Abbottabad, Pakistan

2 Shifa College of Pharmaceutical Sciences, Shifa Tameer-e-Millat University, 
Islamabad, Pakistan

3 Department of Pharmacy, COMSATS University Islamabad, Lahore Campus, 
Lahore, Pakistan

4 Industrial Biotechnology, Atta-ur-Rehman School of Applied Biosciences, National 
University of Science and Technology, Islamabad, Pakistan

*Address all correspondence to: rabia.scps@stmu.edu.pk

can significantly improve functional independence and overall well-being in the aging 
population. By emphasizing the importance of early intervention, regular monitor-
ing, and the implementation of evidence-based practices, healthcare professionals 
can empower individuals to actively participate in optimal joint health, promoting a 
more active, independent, and fulfilling lifestyle throughout the aging process.
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Perspective Chapter: Exploring 
a Modified Portal in Shoulder 
Arthroscopy – A Surgical 
Technique for Rotator Cuff Injury 
and Acromioplasty
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Abstract

In conventional arthroscopic repair of rotator cuff tears, a standard approach 
involves the use of three portals. However, the anterior portal poses potential risks, 
including cephalic vein injury leading to hematoma formation and the need for con-
version to an open surgical technique, which can be particularly challenging when the 
patient is positioned laterally. The primary objective of this article is to elucidate an 
innovative technique employing a modified anterolateral portal, thereby eliminating 
the need for the conventional anterior portal. This modification significantly miti-
gates the risk of cephalic vein injury and preserves the integrity of the anterior deltoid 
muscle, offering a safer and more effective approach to rotator cuff repair.

Keywords: synovial joints, shoulder, arthroscopy, rotator cuff repair, surgery

1. Introduction

Rotator cuff injury (RCI) stands out as one of the most prevalent shoulder 
 problems, accounting for approximately 23% of consultations with shoulder surgery 
specialists. This condition can manifest with painful symptoms, limitations in shoul-
der mobility and strength, often resulting in work absenteeism. It affects around 20% 
of the general population, and in individuals aged over 80, the incidence can reach a 
staggering 50% [1, 2].

While conservative treatment is an initial option, in cases of unsatisfactory 
progression, surgical treatment is the recommended alternative, performed through 
open or arthroscopic procedures. Among surgical techniques, arthroscopy is high-
lighted for providing optimized joint visualization with minimal surrounding tissue 
trauma [3, 4].
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Traditionally, arthroscopic repair of RCI involves the creation of three classic sur-
gical portals: anterior, posterior, and lateral, with the option to incorporate accessory 
portals. Creating arthroscopic portals in the shoulder may seem like a straightforward 
procedure, but there are risks associated with neurovascular structure injury near 
the joint. Anatomical studies in cadavers have shown that anterior portals pose the 
highest risk of injuries. Out of every six dissections conducted in cadavers exposed 
to anterocentral and anteroinferior portals, one resulted in cephalic vein injury, 
accounting for 16.6% of the total cadavers dissected with cephalic vein injuries fol-
lowing shoulder arthroscopy using these portals [5, 6].

The aim of this manuscript is to present an arthroscopic technique for RCI repair 
and acromioplasty, utilizing a variation of the lateral-anterior portal, with the inten-
tion of avoiding anterior portals and, in turn, reducing the associated risks.

2. Description of the technique

This study received approval from the Research Ethics Committee of the institu-
tion (CAAE 59538722.3.0000.5374; number 5,568,644 issued on August 8, 2022). 
The indications and contraindications remain consistent with those of the traditional 
anterior portal arthroscopic repair.

3. Patient positioning

On the surgical table following general anesthesia, the patient is placed in a lateral 
decubitus position on the side opposite to the one being operated. The upper limb 
to be treated is secured within a shoulder distraction system in a lateral decubitus, 
using a tubular mesh and sterile drapes, which facilitates abduction, anterior flex-
ion, and traction during the surgical procedure. Traction is applied using weights 
approximately equal to 10% of the patient’s body weight, typically ranging between 
5 and 10 kg, providing adequate arthroscopic visualization. Proper head protection 
and cushions on all bony prominences are necessary to prevent pressure injuries and 
neuropraxias. The primary advantage of this position is the reduced risk of cerebral 
hypoperfusion.

4. Creation of portals

Following the preparation and placement of surgical drapes, the initial step 
involves marking the portals, utilizing three primary anatomical references: the scapu-
lar spine, the acromion, and the clavicle. The posterior portal is located 2 to 3 cm below 
and 1 to 2 cm medially from the posterior-lateral edge of the acromion. Subsequently, 
a new marking is made, starting from the medial curvature of the acromion, extend-
ing from the posterior part of the acromioclavicular joint, moving laterally across the 
acromion. The lateral-anterior (LA) portal is marked 2 cm distal and lateral to the 
acromion, immediately up to 1 cm anterior to the lateral marking (Figure 1).

Through the posterior portal, the trocar is introduced, followed by a 30° angled 
scope into the intra-articular glenohumeral space for diagnostic arthroscopy. The 
trocar is then inserted directly into the subacromial space with the scope facing 
the underside of the acromion. Before introducing the cannula into the LA portal, the 
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assistance of an intravenous catheter (18-gauge Jelco) is used, which can be visualized 
with the scope already inserted into the posterior portal.

The key differentiators of this technique are the omission of anterior portals and, 
notably, the accessory portal created directly lateral to the acromial edge and anterior 
to the lateral marking with the aid of the 18-gauge Jelco catheter for locating the 
most suitable anchor insertion site. A small incision of 2 to 3 millimeters is sufficient 
for this portal, eliminating the need for cannula insertion. Through this portal, the 
anchor guide is introduced, and subsequently, the anchor is secured in the optimal 
position for RCI repair. By rotating the limb internally and externally, the ideal anchor 
or anchors’ positions can be determined.

5. Diagnostic arthroscopy and acromioplasty

We begin by inserting a 4.0 mm, 30° angled optic scope coupled to a camera with a 
light source through the posterior portal into the subacromial space. After visualizing 
the underside of the acromion, the scope is directed toward the lateral region of the 
shoulder. Using an 18-gauge intravenous catheter (Jelco 18) inserted into the previ-
ously marked LA portal, the optimal position for cannula insertion is confirmed.

Once the cannula is introduced through the LA portal, other instruments are 
sequentially inserted through this portal. Soft tissue debridement is performed using 
a shaver blade and radiofrequency probe to remove devitalized tissues and expose 
the undersurface of the acromion. Subsequently, acromioplasty and lateral clavicle 
resection are carried out with the bone shaver, if required. The scope is then directed 
to the patient’s humerus, allowing visualization of the subacromial bursa, which is 
then excised during bursectomy.

At this point, the rotator cuff is visible. Under direct visualization through the 
scope, the extent of the lesion is assessed, and the most suitable anchor placement 
location is determined. Irregular edges of the damaged rotator cuff are debrided using 
the soft tissue shaver, and the humeral surface, which will serve as the footprint for 
rotator cuff reattachment, is decorticated with the bone shaver. Once again, with the 
aid of the intravenous catheter (Jelco 18) inserted immediately lateral to the acro-
mion, the optimal anchor insertion site is confirmed to ensure that it is positioned at 

Figure 1. 
Marking of the two portals for shoulder arthroscopy: The traditional posterior and the lateral-anterior (LA).
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approximately a 45° angle relative to the humeral surface. A small incision of 2 to 3 
millimeters is made at the location where the venous catheter was inserted to create 
the accessory portal.

Through this accessory portal, the anchor guide is introduced, and subsequently, 
the anchor is secured in the most appropriate position for rotator cuff repair. By 
externally and internally rotating the operated limb, the optimal anchor position can 
be identified. The anchor, loaded with two suture threads, is inserted at a 45° angle 
relative to the humerus. Each suture thread is separately secured (Figure 2).

One of the suture threads, in the most suitable position, is selected, and its two 
ends are separated. One end is brought through the LA portal and fastened to a suture 
passer with a retrieval system. The suture passer is introduced through the cannula 
and is used to repair the rotator cuff. The end of the suture thread is brought back 
through the LA portal and secured. The other end of the same suture thread is also 
brought to the LA portal. With both ends of the thread through the LA portal, the 
self-locking “SMC” knot is used for the repair and fixation of the cuff to the anchor 
and bone.

If necessary, the same procedure can be performed with the other suture thread 
loaded in the anchor already inserted. Additionally, more anchors can be used if the 
extent of the lesion requires it, using the same accessory portal for anchor insertion 

Figure 2. 
Repair of the rotator cuff injury using the two-portal technique; A) patient in lateral decubitus position, with the 
scope introduced through the posterior portal and the cannula in the lateral-anterior (LA) portal. An accessory 
incision is used to insert the anchor; B) arthroscopic image of the shoulder with a rotator cuff injury; C) insertion 
of the anchor into the humeral head; D) passage of the suture through the cuff; E) retrieval of the thread and knot 
through the LA portal; F) shoulder X-rays with a metallic anchor in the humeral head.
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and rotating the limb to locate the optimal position. This allows for the technique to 
be employed even for extensive lesions (Figure 3). If required, acromioplasty can also 
be performed through the LA portal (Figure 4).

6. Final comments

The primary outcome of this study is the detailed description of the surgical tech-
nique for repairing rotator cuff injuries (RCI) and performing acromioplasty using 

Figure 3. 
A) Extensive rotator cuff injury; B) repaired with two anchors and four sutures using the two-portal and 
accessory technique.

Figure 4. 
A) Acromioplasty through the LA portal; B) final appearance of the surgical scar with two portals and an 
accessory.
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a modified lateral-anterior portal (LA) while avoiding the use of the anterior portal. 
This technique offers several key advantages, including a reduced risk of cephalic vein 
injury, less trauma to the deltoid muscle (particularly its anterior portion), and cost 
savings due to the use of a single cannula.

Other authors have previously proposed various portal approaches for shoulder 
RCI repair. One technique involved creating arthroscopic portals based on the loca-
tion of the rotator cuff tear. However, this approach utilized four portals: posterior, 
anterior, lateral, and anterosuperior to the suprascapular fossa. In our opinion, the use 
of the anterior portal does not resolve the issue of the risk of cephalic vein injury with 
significant bleeding and the potential for conversion to open surgery [7].

Another technique was suggested, using only the posterior and anterolateral por-
tals. The author introduced a variation in which the anterolateral portal is positioned 
more distally for repairing the long head of the biceps tendon. The most significant 
finding of the study was that 11 out of 23 portals (47.8%) in the distal anterolateral 
location were in contact with a distal branch of the axillary nerve. The proximity and 
frequent contact of this portal with the distal axillary nerve branches on the under-
surface of the anterior deltoid necessitate caution when placing these portals. Since 
our technique focuses on RCI repair, the lateral-anterior portal described here is more 
lateral and proximal, reducing the risk of axillary nerve branch injury [8].

In another described technique, two portals are used, a single anterolateral work-
ing portal in conjunction with a posterior viewing portal, allowing for several pro-
cedures, including subacromial bursectomy, acromioplasty, distal clavicle excision, 
supraspinatus tendon rupture repair, and long head of the biceps tenodesis. However, 
this study differs from the technique proposed here because the patient is placed in 
a beach chair position, and the location of the anterolateral portal is more anterior 
compared to our approach. In our opinion, the more anterior the portal, the higher 
the risk of venous injury [7].

The limitation of this study is the absence of a case series with data to support the 
safety and effectiveness of the technique. Although the author has already success-
fully performed a significant number of cases, a prospective clinical study will be 
conducted in the future to compare the efficacy and safety of the two-portal tech-
nique to the traditional anterior portal approach.

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Hip replacement has evolved over the years, previously considered exclusively 
for geriatrics. It changed until it became an elective surgery in various pathologies. 
Certain conditions predominantly affect one age group. Hip dysplasia predominates 
in pediatrics, hip osteoarthritis in adults, and post-traumatic in geriatrics. Therefore, 
the indications for carrying out this procedure vary depending on age.

Keywords: developmental dysplasia of the hip, legg-calve-perthes disease, transient 
hip synovitis, epiphysiolysis of the femoral head, arthrosis

1. Introduction

Osteoarthritis is the chief indication for placing a total hip prosthesis (THP) [1]. 
It is a pathology with multiple and complex etiology, where there are alterations in 
the physiology of the cartilage and the chondrocyte -one crucial cell in charge of the 
metabolism of the extracellular matrix-. It is classified into primary, generated by 
anatomical alterations or joint degeneration without an apparent cause, and second-
ary, where joint damage is due to aging and related to obesity, diabetes, metabolic 
syndrome, and chronic and inflammatory diseases [2].

The risk factors for developing secondary osteoarthritis are hip dysplasia, 
femoroacetabular impingement, avascular necrosis, juvenile arthritis, septic 
arthritis, slipped capital femoral epiphyseal, hip or acetabular fractures, and 
Perthes disease [3].

Surgical treatments are advisable under two clinical contexts. In those patients 
with unicompartmental osteoarthritis and alteration in the axis -in which a surgi-
cal intervention (osteotomy or unicompartmental prosthesis) can improve the 
symptoms and anatomical alteration- in such a way that they manage to reduce the 
progression to the generalized joint degenerative phenomenon. The other group 
with surgical indication is those who did not show improvement with conservative 
treatment, mainly due to pain progression or decreased functionality and loss of 
range of motion [4].
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Rheumatic pathologies are considered an indication to place a total hip prosthesis, 
mainly affecting the knee and hip. The reported incidence varies from 65–90% for the 
former and 15–36% for the latter [1, 5, 6].

Patients who develop coxarthrosis caused by rheumatoid arthritis (RA) pres-
ent with painful hips, decreased mobility, flexion deformity, and external rotation. 
Approximately 15% will need a total arthroplasty of one or both hips -the gold 
standard- [5, 6].

Total hip replacement (THR) is a procedure that significantly improves the  quality 
of life of patients with RAwith severe and limiting involvement of their hips [7].

Total hip replacement has evolved, especially in the last 50 years. Previously, it was 
considered an exclusive procedure for geriatrics with a low expectation of recovery. 
However, this has evolved and has become the surgery of choice for various hip 
pathologies [1].

It is considered a dynamic and evolving surgical procedure. Thanks to modern 
technology and instrumentation, they make this reconstructive procedure, especially 
in severely disabled patients, is highly predictable and cost-effective [8].

Total hip arthroplasty (THA) is considered one of the most successful recon-
structive surgical procedures, consistently rated as an excellent cost-effective 
surgery [8].

Charnley et al. [9] proposed to treat THA and surgical access through osteotomy 
of the greater trochanter. Over time, surgical accesses that did not require it were pre-
ferred, thus avoiding complications such as nonunion, broken wires, and prolonged 
operating times [8].

Generally, revision surgery may be necessary mainly during the first or second 
year (due to infection, dislocation, or periprosthetic fracture) and maintained sub-
sequently with a rate of less than 1% annually. After 20 years, revision rates increase 
because of osteolysis and aseptic loosening. The high survival rates are supposed to 
continue for 25–30 years [8].

2. Pediatrics

Regarding pediatric patients, we find diseases associated with developmental 
disorders such as developmental dysplasia of the hip (DDH), Legg-Calve-Perthes 
disease, and transient hip synovitis -which has an unknown etiology- [1].

2.1 Developmental dysplasia of the hip

Developmental dysplasia of the hip is considered a condition that can cause 
significant disability if not correctly treated [10].

The term encompasses different conditions, ranging from instability, dislocation, 
or subluxation to abnormalities detected by imaging studies such as radiography [10].

There are different types of dysplasia depending on the etiology. Its classifica-
tion goes from teratological hip luxation, associated with an underlying disease and 
manifesting prenatally, to typical developmental dysplasia, which can be congenital 
or have an onset in patients without underlying disease [10].

A total of 90% of patients who do not receive timely detection, and therefore 
proper treatment, have moderate to severe joint disease in adulthood, requiring hip 
replacement at an early age, harming their social environment [10].
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2.2 Legg-calve-perthes disease

Legg-Calve-Perthes disease is an orthopedic pathology affecting hip development 
in infants because the irrigation of the capital femoral epiphysis presents ischemic 
alterations, culminating in necrosis [11].

It consists of necrosis of bone tissue, articular cartilage with the proliferation 
of chondrocytes in the superficial layers, and dead tissue in the deep layer with the 
possibility of subchondral fracture of the adjacent bone and a rupture of the growth 
plate, progressing to bone resorption and re-ossification [11].

All of this is reflected in an X-ray study, which presents with the femoral head 
in the shape of a mushroom, shortness, and neck thickness; acetabulum reshaping, 
tilted with the shortened shaft; and metaphyseal rarefaction [11].

The phenotype is described as the elevation of the greater trochanter of the femur 
and coxa vara [11].

2.3 Septic arthritis and osteomyelitis

Osteoarticular infections (OAI) are more frequent in children under 5 years of age, 
with septic arthritis (SA) presenting at a lower age than in patients with acute osteo-
myelitis (OM) [12].

The most frequently affected joints are the knee (56%) and hip (26%), presenting 
the most common OM in the bones of the foot, femur, and tibia [12].

Staphylococcus aureus is considered the causative agent of this pathology. It pro-
duces acute infections that usually present with pain, inflammatory changes on the 
affected joint, fever, leukocytosis, and elevation of acute phase reactants (APR) [12].

It usually produces fever, dysregulated general state, localized skeletal pain, and 
functional impairment in pediatric patients. It is worth noting that not presenting 
fever does not discard the disease. Kingella kingae has been isolated, especially in 
children under three years of age, and it may not produce fever, leukocytosis, and 
elevated reactants [12].

2.4 Transient hip synovitis (THS)

It is the most frequent cause of inflammatory arthritis in pediatrics. Its etiology 
is unknown. It most frequently affects males between 3 and 10 years and is self-
limited. It usually presents in children with no significant history, fever, or general 
condition, such as a sudden onset of the limp, accompanied by pain in the groin 
or, in 20–30% of patients, in the middle third of the thigh or knee. In 5% of cases, 
synovitis is bilateral [13].

The examination is characteristic and very important, with painful limitation of 
the last flexion degrees and, especially, internal rotation of the affected hip. The pain 
improves with the rest. Mobility is less painful after 48–72 hours [13].

2.5 Epiphysiolysis of the femoral head

It is an inferior and posterior slippage of the proximal femoral epiphysis on the 
femoral metaphysis of unknown etiology. In 20–50% of patients, it can be bilateral. 
It characteristically affects adolescents (mean age 12–13 years) who are obese, more 
frequently males (1.5:1) [13].
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The most recent series, however, detect both an increase in its incidence and a 
decrease in the age of the patients, attributable to the growing epidemic of childhood 
obesity [13].

Presentation is limping or pain in the groin, thigh, or knee; frequently, patients 
have presented pain or discomfort in a specific location for months before they 
become continuous or limiting. On examination, the internal rotation blockage 
of the affected hip is very characteristic, and – when the hip passively flexes to 
90° with the patient supine- the hip deviates into external rotation (Drehmann’s 
sign) [13].

The confirmation is through an X-ray study of the hips. It is advisable to order an 
axial view as slippage of the femoral head is more evident on this view than on the AP 
view. Epiphysiolysis of the femoral head is an orthopedic emergency, so these patients 
should be immediately referred to traumatology [13].

Treatment for stable epiphysiolysis is in situ fixation with screws or open reduc-
tion with safe dislocation of the hip in moderate/severe displacement [14]. Unstable 
epiphysiolysis requires surgical treatment with gentle closed reduction and screw 
fixation [15].

Avascular necrosis is a complication that affects 50% of patients with unstable 
epiphysiolysis and deforms the femoral head causing pain, joint stiffness, osteoarthri-
tis, and, in the long term, results in THA [16].

3. Teenagers

3.1 Juvenile idiopathic arthritis

It is defined as an inflammatory arthropathy of autoimmune etiology that presents 
a chronic course of at least six weeks and is considered the leading cause of chronic 
arthritis in childhood. The onset of the disease, the presence of rheumatoid factors, 
and the course of the disease are considered fundamental in the prognosis [17].

It is more affected by the female sex. According to its onset form, it can be classi-
fied as oligoarticular, which is the most frequent, polyarticular, and systemic [18].

Chronic synovitis causes antalgic postures that promote the development of 
flexion deformities. It is accompanied by synovial proliferation and invasive pannus 
deformation producing joint destruction, pericapsular adhesions, local growth altera-
tions, demineralization, and destruction of adjacent bones. These changes generate 
a muscular imbalance that results in a biomechanical alteration with progressive 
functional loss and deformities that can progress to bone ankylosis [18].

The diagnosis is fundamentally clinical, and there is no paraclinical examination 
to rule out or confirm the disease. Synovial fluid analysis indicates a sterile inflam-
matory process, elevated protein levels, glucose at normal levels, and poor mucin clot 
formation. The radiological changes at the beginning of the disease are absent, so they 
are not helpful for early diagnosis [18].

The treatment aims to alleviate joint pain and suppress the inflammatory process. 
Pharmacological treatment and physiotherapy are given as the first option [17]. However, 
the presence of traumatic injuries generating damage to the joints is one of the reasons 
that hip replacement surgery is necessary. Other reasons are deteriorating or destroying 
joints, having a slow growth rate, uneven growth of a limb, either a leg or an arm, loss of 
vision, or decreased visual acuity caused by chronic uveitis and pericarditis [19].
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4. Adults

In young patients, systemic diseases lead to poor bone quality, acetabular and 
femoral defects from congenital conditions, post-traumatic osteoarthritis, post-sur-
gical stiffness, osteonecrosis, severe deformities, length discrepancy, pelvic obliquity, 
and obesity [3].

Hip arthrodesis was previously the surgical treatment of choice since it improved 
pain. Nevertheless, the patient had limited function. With THA, the aim is to improve 
the patient’s functionality and quality of life. They have fewer complications. Also, 
mortality has decreased. Most causes of mortality are secondary to heart disease and 
thromboembolic pathologies [3].

One of the problems with the hip replacement technique in people aged 20–25 
compared to people aged 50 lies mainly in the skeletal maturation time, since it con-
tinues after physeal closure, in addition to the fact that bone remodeling occurs faster 
in younger patients and influences bone-implant interactions, and they have less 
discipline to control the physical activity they undergo after the period of disability, 
leading to the need for intervention [20].

It is worth considering that Total Hip Replacement (THR) generates irreversible 
bone loss, and a surgical revision will probably be necessary when the patient is still 
young. Therefore, arthroplasty is considered very effective in the short and long term. 
In the medium term, it should not be advised as the first-line procedure in very young 
patients [20].

4.1 Arthrosis

Osteoarthritis (OA) is the most common joint disorder worldwide. Approximately 
18% of women and 10% of men above 60 years old have symptomatic OA. More than 
half of people around 65 years old have radiological evidence of OA [21].

Hip osteoarthritis has different causes depending on the age of the patient. In 
people over 65 years, primary osteoarthritis occurs more frequently, which is of a 
degenerative type and leads the patient to present progressive joint pain that produces 
functional limitation to a variable degree. In patients under 40, alterations secondary 
to complex traumas or severe degrees of childhood pathologies that lead to corrective 
procedures and later joint degeneration are more frequently found [3].

The United States population suffers from an epidemic of obesity and a preva-
lence of primary osteoarthritis that has increased significantly. Surgical treatment 
with THR is recommended when there is a failure in conservative treatment, such as 
weight loss, increased physical activity, use of a cane, and when the administration of 
non-steroidal anti-inflammatory drugs fails to relieve pain [1].

The number of obese patients requiring THA has increased, so orthopedic sur-
geons performing this procedure must be aware of the potential problems and reduce 
the complications associated with these patients [22].

Secondary osteoarthritis implies greater complexity for the surgeon since patients 
have higher bone deformities, joint stiffness, shortening, previous surgical proce-
dures, and instability due to muscle, capsular, or bone deficiency [3].

Depending on the stage of the disease, a variety of non-surgical and surgical 
treatment options are available for the management of hip osteoarthritis. Patient 
education, exercise therapy, and maintaining physical activity are important 
during the initial stages of the disease. For mild to moderate clinical data, it is 
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possible to delay THR surgery for a while by combining these two therapies. When 
symptoms deteriorate in the advanced stage, THR is a successful and effective 
treatment [23].

Femoral fractures and osteoarthritis of the hip (OA of the hip) are the most com-
mon disease of the hip joint, treated by hip replacement surgery [23].

4.2 Post-traumatic arthritis

Post-traumatic arthritis can develop years after an acetabular fracture, impairing 
joint function and resulting in significant chronic musculoskeletal pain. This study 
systematically reviewed the literature on THA results in patients with THA and previ-
ous acetabular fracture [24].

Post-traumatic osteoarthritis, secondary to fractures and or dislocation of the 
acetabulum and proximal femur, is a THP indication [1].

Despite the difficulties associated with performing THA in patients with PTA 
from previous acetabular fracture (including soft tissue scarring, existing hardware, 
and acetabular bone loss) and the relatively high complication rates, THA in patients 
with PTA following prior acetabular fracture leads to significant improvement in pain 
and function at 10-year follow-up. Further high-quality randomized controlled stud-
ies are needed to confirm the outcomes after delayed THA in these patients [24].

4.3 Rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory disease characterized by 
polyarthritis with progressive joint wear, increasing physical limitation, and immuno-
logical abnormalities.

It is considered an incurable condition of unknown origin, which will have to 
receive treatment. However, it will not be cured [25].

It affects the female sex in a ratio of 3:1. It is highly prevalent, affecting 1.6% of 
the Mexican population, which leads to a high economic burden for the public health 
system and impacts patients’ quality of life [25].

In coxarthrosis secondary to RA, approximately 1 in 6 patients will need a 
THA [7].

Hip replacement is considered a surgical option for patients with terminal joint 
destruction secondary to osteoarthritis and RA [25].

Surgical correction is effective for patients with advanced joint destruction [25].
The main goal is to achieve a mobile joint with a pain-free range of motion and 

mechanical stability [25].
Postoperative surgical complications in replacement and their relationship with 

risk factors, such as a higher body mass index (BMI), preoperative use of corticoste-
roids, and a low serum albumin level, increase hospital readmission [25].

The problem of major surgical procedures like hip replacement is not compli-
cation-free. Recent studies show an increase in the complication proportion in the 
population [25].

4.4 Avascular necrosis

Osteonecrosis with the segmental collapse of the femoral head has increased 
in the United States due to HIV-positive patients receiving highly active antiretro-
viral therapy, the high rate of alcoholism in the general population, and the use of 
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corticosteroids for various conditions. Therefore, osteonecrosis is a frequent indica-
tion for performing a THR [1].

It is considered a multifactorial pathology characterized by the progressive 
destruction of the bone in the coxofemoral joint due to the alteration of local blood 
flow. For bone tissue necrosis to develop, ischemic events must be constant [26]. Pain 
is considered the reason for consultation in most cases, which occurs in the groin, fol-
lowed by pain in the thighs and buttocks. It is exacerbated or produced by movement 
and weight bearing [27]. Its incidence increases in adults. Over 75% of patients pres-
ent it between 30 and 60 years, and the average age of presentation is 36 years [28]. 
It is most frequent in men [29]. It is associated with trauma such as femur fractures, 
prolonged use of glucocorticoids, and excessive alcohol consumption.

Treatment aims to preserve the hip for as long as possible. There are two 
approaches for osteonecrosis: conservative and surgical management [30].

Conservative management is proposed only in early stages that present small 
lesions or in cases of contraindicated surgical treatment. Weight-bearing restriction, 
pharmacological treatment, and biophysical modalities are included [31]. Surgical 
treatment prior to collapse involves procedures such as central decompression and 
non-vascularized and vascularized bone grafts. In advanced stages with a collapse 
and arthritic hip, hip prosthetic surgery is considered [32].

Prosthetic hip replacement has a life span of 15 years before it wears out and 
requires revision. For this reason, it is an optimal option for older patients [33].

Sickle cell anemia is a pathology associated with avascular necrosis of the femoral 
head. Deformed red blood cells cause vascular congestion, venostasis, and thrombosis 
of the bone microvasculature. Ischemia is aggravated by increased intraosseous pres-
sure secondary to marrow hyperplasia, producing bone infarcts and necrosis [34]. 
Non-surgical treatment consists of red blood cell transfusion therapy for preventing 
manifestations of sickle cell anemia. THA with uncemented components is recom-
mended in patients with sickle cell anemia as this material helps to prevent complica-
tions such as aseptic loosening by methyl methacrylate [35].

4.5 Paget’s disease

Paget’s disease of bone is a metabolic bone disease. Its etiology is unclear. It starts 
with increased resorption followed by a phase of aberrant osteoformation [36].

Approximately 10% of patients with Paget’s disease develop hip osteoarthritis 
due to the disease itself, mainly to the alterations in the load axes that condition this 
pathology. Even as the establishment of early treatments decreases the incidence, 
symptomatic arthritis of the hip continues to be a disabling problem [37].

Hip arthroplasty is the most effective treatment for hip osteoarthritis in a patient 
with Paget’s. However, in carrying out arthroplasty, multiple complications appear in 
these patients due to the specific characteristics of their bones [37].

The first difficulty orthopedic surgeons face while implanting a prosthesis is the 
bone deformity usually generated by the disease. It complicates arthroplasty with 
standard components or its positioning in varus [37].

5. Geriatrics

Falls are found more frequently in older adults. Approximately 50% occur in 
institutions, and 30% occur in the community [38].



Advancements in Synovial Joint Science – Structure, Function, and Beyond

66

A total of 90% of hip fractures are due to a fall, but only 14% of a fall results in a 
fracture [38].

Among the risk factors are mainly age-related changes, due to aging, such as vision 
alterations, muscle weakness, and proprioception alterations [38].

Pathological processes also play a role, with osteoarthritis being the most common 
cause, neurological problems such as Parkinson’s disease, and cognitive impairment 
such as senile dementia, depression, anxiety, and agitation [38].

The environmental factors that influence falls in the home are obstacles to walking 
(carpets, cables, etc.), poor room lighting, absent bathroom supports, and inappro-
priate footwear [39].

There is an increase in the prevalence of hip fractures secondary to falls in patients 
older than 65, mainly affecting women. Women after 50 have twice the risk of suf-
fering a hip fracture. The most frequent treatments are osteosynthesis and partial or 
total arthroplasty [40].

5.1 Osteoporosis

It is a disease characterized by decreased bone mass, with alteration in the bone 
microarchitecture, so that fragility increases and, consequently, the tendency to a 
possible fracture [38].

The factors related to developing osteoporosis are age, diet, environment, heredi-
tary, and hormonal [38].

After the trauma generated by a fall, the hip fracture presents mainly with localized 
pain in the inguinal region, sometimes presenting irradiation toward the knee [38].

Usually, femoral head fractures, which are also displaced, present intense pain and 
walking impairment. There is a disability to move the hips. The affected limb is in 
external rotation with shortening and muscle weakness [38].

There are two options for treating hip fractures: conservative or surgical. Both aim 
to reduce pain and recover the patient’s functional capacity [38].

Conservative treatment consists of immobilizing the patient for several months, 
sometimes with traction, but generating complications such as pressure ulcers, 
thromboembolic ulcers, and urinary and respiratory infections, so, with the introduc-
tion of osteosynthesis, this treatment had less relevance [38].

Surgical treatment must be performed within the first 48 hours of the hip fracture. 
Osteosynthesis or partial or THR is considered [41].

THA is indicated for patients with a displaced intracapsular hip fracture, patients 
of 70 years or older with a femoral neck fracture, and those over 65 years without a 
prior reduction, coxarthrosis, and in case osteosynthesis has failed [41].

THR has been shown to have better functional results and fewer complications 
for displaced femoral neck fractures versus traditional internal fixation techniques or 
hernioplasty in patients older than 60 years [42].

This procedure allows patients early loading, lowers the risk of requiring a second 
intervention, prevents failed fixation and union, and avoids avascular necrosis [41].

6. Total hip arthroplasty

Let us remember that the hip is a congruent joint, where the acetabulum and the 
femoral head have a symmetry that allows rotation around an axis and favors the 
action of the muscles [43].
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Prosthesis success depends on factors related to the patient, such as age, gender, 
height or weight, medical history, underlying hip condition, and previous  
surgeries [43].

Certain surgical factors also play a role, such as the experience of the orthopedic 
surgeon, surgical approach, prosthesis design, component orientation, limb length 
inequality, and trochanteric non-union [43].

Therefore, evaluating the performance of the prosthesis becomes difficult. In any 
case, the average lifespan is 20 years [43].

7. Conclusions

Some various pathologies and complications lead to a THR. These pathologies 
occur throughout the patients’ lives according to the etiology.

THR is a procedure that significantly improves the patient’s quality of life.
Previously, it was thought exclusively for geriatrics with a low expectation of 

recovery. However, this evolved until it became the surgery of choice for various hip 
pathologies.

At present, it is considered a dynamic and evolving surgical procedure, which 
according to the different age groups, some pathologies predispose to this surgery, 
such as the case of pediatrics with developmental dysplasia of the hip, adults 
with osteoarthritis of the hip, in older adults or geriatrics with post-traumatic 
injuries.
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Abstract

Total hip arthroplasty (THA) is a highly effective technique for relieving pain 
and reconstructing joint structures. However, even several years after THA, the 
preexisting muscle weakness does not resolve to the level of healthy individuals. 
Since the 2000s, minimally invasive surgical procedures and fast-track rehabilitation 
have enabled early functional recovery, particularly in terms of walking ability, but 
solutions to these problems have not yet been established. The benefits of combined 
nutrition and exercise interventions for sarcopenia and frailty are gaining widespread 
acceptance. Elements of sarcopenia and frailty may be inherently present in patients 
who have undergone THA, and a combination of nutritional and exercise interven-
tions may be useful in treating post-prosthetic muscle weakness and prolonged 
muscle atrophy. This chapter describes their usefulness and implementation for 
patients who have undergone THA.

Keywords: nutritional support, muscle atrophy, nutritional physiology, total hip 
arthroplasty, muscle weakness

1. Introduction

Total hip arthroplasty (THA) is an excellent surgical technique to alleviate hip pain and 
improve activities of daily living (ADL) and quality of life (QOL) in patients with end-
stage hip osteoarthritis, and the number of THAs performed worldwide has increased 
year after year [1]. Particularly, THA has helped achieve favorable long-term results due to 
innovations in prosthetic implants and surgical techniques in recent years [1, 2].

However, most patients undergoing THA develop muscle atrophy and weakness 
due to joint deformity and decreased physical activity [3, 4], require a prolonged 
postoperative functional recovery period [5, 6], and are at increased risk of serious 
complications, including falls [7], dislocations [8, 9], and infections [10]. In addition, 
prolonged muscle atrophy and weakness after surgery have negative consequences, such 
as a higher risk of frailty and care needs [11, 12], postoperative complications, and an 
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increased strain on social resources [13]. Therefore, there is an urgent need to under-
stand the factors associated with muscle atrophy and weakness in patients who have 
undergone THA and to implement more effective interventions.

2. Functional and physiological changes in muscles before arthroplasty

Osteoarthritis (OA) and rheumatoid arthritis, for which THA is most commonly 
performed, are chronic diseases associated with changes in muscle function and quality 
due to both the disease and limb disuse. End-stage hip OA is associated with increased 
atrophy and fatty infiltration of the gluteus minor [13, 14], gluteus medius [13], and 
gluteus maximus muscles [14] in comparison to healthy individuals. The muscle mass 
of the gluteus maximus, gluteus medius, and gluteus minimus muscles in patients with 
end-stage OA showed 11.5, 6.9, and 13.7% asymmetry, respectively, compared to cor-
responding muscles in healthy individuals [14]. In the advanced stage of OA, a 12% 
asymmetry of the gluteus medius muscles has been reported as compared to healthy 
controls [15]. In addition, muscle biopsies of the quadriceps muscle have demonstrated 
atrophy of both type 2A and 2B muscle fibers [16]. A recent systematic review noted that 
muscle mass loss in patients with hip OA varied widely from muscle to muscle, while 
fatty infiltration was identified in several muscles [17, 18]. Against the background of 
these muscle mass and qualitative changes, the strength of the abductor muscle group is 
reduced compared to healthy subjects [13, 14, 17]. In terms of muscle activity, the gluteus 
minimus muscle in patients with OA is more active during the stance phase of walking 
compared to healthy individuals, with the degree of overactivity increasing with severity, 
while the gluteus medius muscle exhibits no difference [19]. On the other hand, it has 
been reported that there is an overall delay in muscle activity during stepping tasks, as 
well as increased activity in the gluteus minimus muscle, similar to walking [20].

Selective muscle atrophy of the vastus medialis muscle is observed in the early 
stages of knee OA [21]. Reduced quadriceps muscle strength is a risk factor for the 
progression of OA [22] and is 16–49% lower than in healthy older adults [21, 23, 24]. 
Clinical symptoms such as pain [25] and arthrogenic muscle inhibition (AMI) associ-
ated with joint edema [26] affect quadriceps muscle strength. Quadriceps muscle 
in knee OA patients exhibits more pronounced atrophy of type II fibers than type I 
fibers [27] and an increased proportion of non-contractile tissue within the muscle, 
such as fatty and connective tissue [21, 23, 24]. Maly et al. [28] found that females 
with advanced knee OA exhibit a greater percentage of fatty infiltration in the quadri-
ceps muscle. Wada et al. [29] also reported that a one-kilogram increase in lower limb 
muscle mass for the joint protective effect could be expected to increase by 7.3 Nm in 
patients with early-stage knee OA, whereas it only increased by 3.8 Nm in end-stage 
knee OA. These reports confirm that changes in quadriceps muscle quality with the 
progression of knee OA affect muscle strength independently of muscle atrophy.

3.  Dietary guidance and characteristics of dietary intake in patients with 
osteoarthritis

Dietary guidance for weight loss is widely used as a part of lifestyle guidance for 
osteoarthritis patients. However, obesity and metabolic syndrome are not risk factors 
for the progression of osteoarthritis [30, 31]. In contrast, Messier et al. [32, 33] reported 
that weight loss by restricting energy intake reduced joint pain and mechanical joint 
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loading in knee OA patients; however, difficulties in maintaining energy intake restric-
tions have been noted for compliance and the long-term sustainability of weight loss. In 
addition, a recent scoping review suggested that the assessment for sarcopenic obesity 
should be included in osteoarthritis patients, as it is a risk factor for muscle weakness, 
loss of muscle mass, and post-prosthetic complications [34], and the risk of develop-
ing knee OA has been reported to increase approximately twofold [35]. With respect 
to necessary levels of protein, vitamins C, E, and omega-3 fatty acids, insufficient 
protein intake was observed to be more prevalent in older individuals with hip and knee 
osteoarthritis [36]. de Zwart et al. [37] also noted insufficient protein intake in most 
patients with knee OA. Additionally, there are also reports that a high intake of red meat 
is effective in reducing the need for THA [38]. Furthermore, adherence rates for the 
Mediterranean diet and dietary quality were significantly worse in OA patients [39], 
which suggests that a diet focused on anti-inflammatory effects may be beneficial [40].

4. Decrease in muscle mass at the perioperative period

The decrease in muscle mass after surgical procedures is partly due to accelerated 
catabolism caused by the surgical invasion and partly attributable to the muscle atro-
phy caused by rest. Surgical techniques for joint arthroplasty have developed rapidly, 
with mini-incision surgery techniques becoming more common since the 2000s, and 
surgical invasion and associated blood loss could be controlled [41]. Prevention of 
postoperative anemia is important because preoperative serum hemoglobin (Hb) is 
affected during the hospital stay after THA [42], and Hb decline after surgery affects 
lower limb muscle strength [43]. However, it was shown that moderate anemia had a 
limited impact on functional recovery [44].

In contrast, the effect of bed rest has been reported in patients with ankle frac-
tures, where 7 days of bed rest with unloading resulted in a 6–16% reduction in the 
cross-sectional area of the quadriceps femoris muscle, whereas inpatients admitted 
to an intensive treatment unit experienced a 1.0–8.7% reduction over 3 days and an 
8.8–13.7% reduction over 5 days [45]. In patients with hip fractures, type I muscle 
fibers did not differ among younger patients, while type II muscle fibers exhibited 
significant muscle atrophy compared to healthy older adults [46].

Enhanced Recovery After Surgery (ERAS) programs and early mobilization have 
become widespread in recent years and have been applied early in the area of arthro-
plasty. However, a systematic review [47] reported that employing ERAS after THA 
has no impact on functional improvement or complication prevention. This point 
should be considering Dreyer et al.’s [48] report of a decrease in muscle mass on both 
limbs on the operative and non-operative side after Total Knee Arthroplasty (TKA). 
Because patients requiring THA exhibit gluteal muscle atrophy before surgery, an 
assessment of postoperative muscle atrophy must also take into account the effects of 
increased bedrest, decreased loading of the lower limb that cannot be compensated by 
ERAS, selective atrophy of type II muscle fibers, and anemia due to blood loss.

5.  Factors associated with medium- and long-term recovery in muscle 
strength and mass after THA

What will be the degree of functional improvement after early recovery and 
discharge by the ERAS program or fast-track surgery? Fukumoto et al. [49] found 
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it to be lower than that of healthy controls [49, 50], although it did not reach pre-
operative levels at 1 month, but improved compared to preoperative values at 4 to 
6 months, and hip abductor muscle strength was still affected by preoperative values 
at 6 months postoperatively. One year after THA, Judd et al. [51] reported that hip 
flexion and knee extension muscle strength were significantly lower in OA patients 
than in healthy individuals of the comparable age, whereas hip extension, abduc-
tion, and adduction muscle strength improved to the same level as healthy individu-
als of the same age. Recovery in muscle strength and mass up to 1 year after THA 
shows differences for each muscle group, reflecting differences in the site of muscle 
atrophy and fatty infiltration before THA (para 1). Furthermore, regarding the long-
term course, it has also been reported that patients up to 6 years after THA did not 
achieve the level of healthy individuals of the comparable age [52], and similarly, hip 
abductor muscle strength remained significantly lower than in healthy individuals 
[53] after 10 years after THA.

Previous studies have shown that the hip and knee periprosthetic muscle strength 
after THA initially decreases compared to the level of preoperative strength up to 
about 1 month postoperatively but exceeds preoperative values at about 6 months 
postoperatively. Improvement thereafter is slower, and values are still lower than 
those of healthy individuals of comparable age more than 2 years after surgery. In 
other words, it can be inferred that in patients who have undergone THA, the hip 
and knee periprosthetic muscle weakness persists during the mid-to-long-term 
postoperative period. However, no consensus has been reached due to differences in 
surgical technique, femoral offset, and postoperative rehabilitation programs [54]. 
Furthermore, further research is needed on the medium- to long-term recovery of 

Figure 1. 
Asymmetry of the cross-sectional area of the gluteus medius muscle. In the cross-sectional area of the gluteus 
medius muscle from preoperative to 8 year after THA, the muscle mass on the operated side was still significantly 
lower than on the healthy side at 8 years after THA, although it recovers over time. Source: Isshiki et al. [57].
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periprosthetic hip muscle strength and related factors, as there are few reports on 
patients who are more than 2 years postoperative.

Several observational studies on changes in skeletal muscle mass after THA have 
been published, supporting reports of prolonged muscle weakness over the medium 
and long term. Reports up to 2 years after surgery show that the muscle mass of the 
affected side does not improve to the level of the healthy side in the whole gluteus 
muscle group [55, 56], while it has been reported that there is no difference in the ratio 
of its muscle mass between the healthy and affected side 1 year after surgery when 
limited to the gluteus medius muscle. Isshiki et al. [57] found that in patients with 
posterior lateral THA over 8 years postoperatively, the muscle cross-sectional area of 
the affected side did not improve to the level of the healthy side throughout the entire 
preoperative, 3-year, and 8-year postoperative periods (Figure 1). These findings sug-
gest that atrophy of the periprosthetic hip muscle, mainly the gluteus medius muscle, 
in patients who have undergone THA patients may persist in the mid-to-long-term 
postoperatively. However, this is debatable due to differences in age, surgical tech-
nique, and postoperative rehabilitation [58–60]. Further studies are needed to adjust 
for influencing factors such as surgical technique and postoperative rehabilitation.

6. Sarcopenia-frail as a comorbidity after THA

Sarcopenia as a comorbidity has received increased attention in recent years. 
Regarding the prevalence of sarcopenia, Chang et al. [61] reported that of the 307,678 
patients who underwent THA, 1319 patients (0.43%) had a prior diagnosis of sarco-
penia, while Koto et al. [62] found it to be 8%, with differences in both reports, these 
prevalence ratios were less than the 47.3% of proximal femur fractures [63]. However, 
preoperative physical function was impaired in patients with concomitant sarcope-
nia [64], and they are at an increased risk of complications due to implant-related 
dislocation in the first year postoperatively [61]. Additionally, a higher incidence of 
falls and fragility fractures is observed [61, 65], resulting in higher readmission rates 
and healthcare costs [61]. At 1-year follow-up, patients with concomitant sarcopenia 
who had undergone THA were 62% more likely to fall and 77% more likely to develop 
fragility fractures [41], which suggests that falls and fragility fractures not only 
reduce the QOL but also increase patient mortality [65].

Frailty after THA has been reported to increase the incidence of postoperative 
complications, revision surgery, readmission, and mortality, as well as prolong 
hospital stays, as with sarcopenia, and ultimately increase healthcare costs [66–70]. 
Therefore, early diagnosis and prevention of frailty in patients who have received 
THA are urgent issues. We investigated the prevalence of frailty and associated 
factors in community-dwelling elderly patients 1 year following THA and found a 
prevalence of 11.2% for frailty and 51.0% for pre-frailty [11]. The results showed a 
higher percentage compared to the prevalence in Japanese community-dwelling older 
adults (frail: 8.7%, pre-frail: 40.8%). In addition, the history of falls, maximum leg 
circumference, hip abductor strength, knee extensor strength, and performance on 
the Timed up & go test were significantly associated with frailty in patients who had 
undergone THA. These findings suggest that improving muscle mass and dynamic 
balance capacity as well as increasing muscle strength, particularly hip abductor and 
knee extensor strength, may be important to prevent frailty after THA. However, 
there are few reports on the coexistence of osteoarthritis and frailty [71, 72], and the 
causal relationship with frailty is also unclear [73].



Advancements in Synovial Joint Science – Structure, Function, and Beyond

78

7. Consensus on therapeutic interventions for sarcopenia and frailty

Research on sarcopenia has progressed dramatically in the last decade, and in 
recent years’ guidelines [74], consensus papers [75, 76], and position papers [77] 
have been successively published. The common view shared by these publications is 
that treatments can improve muscle strength and mass when combined with exercise 
and nutritional therapy. Muscle mass loss can occur under any of the conditions of 
sarcopenia, malnutrition, and cachexia [76], but each of these factors needs to be 
taken into account, as they are exacerbated by one another [77]. The recommended 
exercise intensity is 50% of 1 repetition maximum (1RM) and 80% of 1RM for muscle 
hypertrophy if feasible [78]. For nutritional therapy, a protein intake of 1–1.5 g per 
kg body weight per day is recommended, and there is insufficient evidence regarding 
the effectiveness of vitamin D [77]. The International Clinical Practice Guidelines for 
Sarcopenia [74] also note the importance of exercise therapy and protein-rich diet or 
supplementation, as well as education on these treatments.

Sarcopenia is also encompassed within the concept of frailty and overlaps with 
physical frailty in many aspects [79]. As with sarcopenia, several guidelines [80, 81] 
and recommendations [82] have been reported. As with sarcopenia, a combination 
of exercise and nutritional therapy is recommended, with exercise therapy encom-
passing resistance training and nutritional therapy consisting of protein and caloric 
supplementation [80–82]. In addition, vitamin D is recommended only in Asian 
regions [75], and cognitive or problem-solving therapy is not recommended [81]. 
Also, a recent recommendation has proposed screening for frailty in inpatients over 
70 years of age [82].

8. Fast-track surgery and rehabilitation in THA

Fast-track surgery is a multimodal effort involving a multidisciplinary team of 
anesthetists, physiotherapists, and nurses in addition to the surgeon. Enhanced recov-
ery requires a combination of preoperative education, stress reduction, pain relief, 
early ambulation and mobilization, drain and tube management and their removal 
to enable mobility, as well as fluid and nutritional therapy [83]. Fast-track surgery 
in THA, together with minimally invasive techniques, facilitates early functional 
recovery and discharge through multimodal pain management [84] and clinical nurs-
ing pathways [85]. This fast-track initiative was also reported to have no problems in 
terms of medical safety [86]. Compared to conventional perioperative management, 
fast-track surgery has been reported to reduce hospital stay [87], which is becom-
ing more prevalent in patients undergoing THA, although there is less emphasis on 
nutritional support.

The main outcomes of fast-track surgery in THA are early mobility and discharge 
from the hospital. As described in the previous paragraphs, patients who have 
undergone THA exhibit the following characteristics: the preoperative presence of 
disuse changes in muscle function and qualitative aspects of physiology (par. 1), poor 
protein intake and adherence rate (par. 2), increased bedrest and decreased loading 
of the lower limb that cannot be compensated for even with the ERAS program, and 
selective atrophy of type II muscle fibers (par. 3). Additionally, prolonged muscle 
weakness in the mid-to-long-term postoperative period (par. 4) and the coexistence 
of frailty and sarcopenia in patients who received THA (par. 5) have also been iden-
tified, which have not been adequately addressed by initiatives such as fast-track 
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surgery and rehabilitation. As the consensus for the combination of exercise and 
nutritional therapy as a therapeutic intervention in frailty and sarcopenia grows, 
initiatives to incorporate nutritional therapy into the fast-track component of THA 
are emerging.

9.  Combination of exercise and nutritional interventions and their effects 
before surgery

Resistance training in combination with high protein intake for patients with OA 
has been suggested in systematic reviews to be potentially useful in improving lower 
limb muscle strength and motor function [88]. In one of the reviews, Ikeda et al. [89] 
randomly provided 6 g of branched-chain amino acid (BCAA) for 4 weeks to patients 
with end-stage hip OA scheduled for THA. An improvement in hip abductor muscle 
strength on the healthy side was observed (Figure 2), but they reported no difference 
in the affected side’s muscle strength compared to the placebo. One reason for this is 
that resistance exercise in combination with nutritional therapy has been reported to 
have no significant effect on improving muscle mass, muscle strength, and physical 
functions in healthy older people [90, 91]. In other words, the additional effect of 
nutritional supplementation is unlikely to be observed or limited in older people who 
were able to obtain sufficient amounts of nutrition, including protein, from their 
daily diet. As common challenges in OA patients, inadequate protein intake [36], and 
poor adherence to a Mediterranean diet are prevalent [39]. Future large-scale studies 
are needed to assess confounding factors such as age, nutritional status, daily diet, 
and physical activity of the participants and to adjust for these factors.

10.  Combination of exercise and nutritional interventions and their 
effects after THA

In recent years, patients have been able to attain early mobility following THA, 
from the day of surgery due to remarkable advances in prosthetic implants and 

Figure 2. 
Improvement rate in hip abductor strength (patients with hip OA). The BCAA group showed a greater rate of 
improvement on both sides and was significantly higher on the healthy side. Source: Ikeda et al. [89–110].
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surgical techniques, which have also enabled the reduction of healthcare costs and 
hospital stays [92–94]. However, it has also been noted that approximately 70% of 
elderly inpatients for THA were discharged with the same degree of physical function 
as before surgery [95] and that prolonged functional decline is associated with muscle 
atrophy and weakness. Most of the patients who underwent THA exhibit inadequate 
nutritional intake preoperatively [36, 37]. This malnutrition not only prolongs func-
tional recovery but also increases the incidence of postoperative complications, read-
mission rates, and hospital stays [61, 96]. In short, we believe that exercise therapy in 
combination with nutritional interventions, rather than exercise therapy alone, can 
maximize the induction of muscle protein synthesis, reduce muscle atrophy, and lead 
to a more efficient and early functional recovery.

Two randomized controlled trials (RCTs) in patients who underwent TKA and 
two in those who received THA have examined the influence of dietary intake on 
functional recovery following arthroplasty. In perioperative TKA patients, Ueyama 
et al. [97] conducted an RCT in which 3 g of essential amino acids (EAA) was pro-
vided three times daily from 1 week before to 2 weeks after surgery and investigated 
quadriceps muscle atrophy, knee extension muscle strength, and ADL ability up 
to 4 weeks after TKA. The authors reported that the intervention group showed 
significantly reduced postoperative muscle atrophy and early improvement in ADL 
functions. In addition, Dreyer et al. [48] conducted an RCT in perioperative patients 
planned for TKA and who were administered 20 g of EAA twice daily from 1 week 
before to 6 weeks after surgery to investigate quadriceps muscle atrophy and knee 
extensor strength up to 6 weeks after TKA. They reported significantly reduced 
postoperative muscle atrophy in the intervention group but no significant difference 
in knee extensor strength.

Ninomiya and Ikeda [98] compared 29 perioperative THA patients who were 
administered a high protein dietary supplement containing 3.4 g BCAA twice 
daily from 4 weeks before surgery to 8 weeks after surgery (BCAA group) with 29 
patients who were administered a regular program (control group). They compared 
hip abductor strength and knee extensor strength between both groups for up to 
8 weeks after surgery. The strength of hip abductors on the affected side did not 
differ between the two groups, whereas the strength of hip abductors on the healthy 
side and bilateral knee extensors was considerably greater in the BCAA group. In a 
study of patients who underwent THA and were in the convalescent rehabilitation 
period, Ikeda et al. [99] compared 18 patients (the BCAA group) who were provided 
with 3.4 g BCAA once daily for 1 month in conjunction with physiotherapy twice 
daily and 13 patients (the control group) who were provided with 1.2 g placebo 
with physiotherapy twice daily. They found that the BCAA prevented a decrease in 
skeletal muscle mass and reported significantly higher values for the knee extensor 
muscles on the operated side (Figures 3 and 4). However, no significant differ-
ence was observed in bilateral hip abduction muscle strength between both groups. 
These reports suggest that adequate nutritional intake in patients requiring THA or 
TKA may prevent postoperative muscle atrophy and have a limited effect on muscle 
strength and functional recovery, although this is debatable. This is because (1) AMI 
due to swelling and pain is associated with early postoperative muscle strength [26, 
100–102]; (2) the effects of nutritional intake may be synergistic when combined 
with resistance training [103, 104], and additionally, the type, amount, and timing 
of nutrient intake may play a role. Future studies are needed to examine the effect of 
nutritional intake on functional recovery in patients undergoing THA after adjusting 
for these factors.
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11. Problems in preventing prolonged muscle weakness after THA

We have previously reported that limb muscle strength and motor function in 
patients 10 years after THA were significantly lower, and the incidence of falls was 
2.8 times higher than in healthy individuals of comparable age [53]. The incidence of 
fractures resulting from falls was reported to be about twice as high as the incidence 
of implant-related postoperative complications (dislocation and wear) [105]. While 
THA in recent years has undergone dramatic advancements in prosthetic implants 
that have reduced the incidence of revision surgery due to dislocation and wear and 
increased implant survival rates, patients are likely to be at increased risk of requiring 

Figure 3. 
Knee extensor strength pre-intervention and post-in-perioperative THA patients. There was no interaction 
between the two groups in terms of change in knee extensor strength. However, there was a significant main effect 
between groups and at time on the both side. Source: Ninomiya et al. [98–110].

Figure 4. 
Interaction plot of knee extensor strength pre-intervention and post-in convalescent THA patients. A two-way 
analysis of variance showed an interaction (synergy) between exercise and nutritional therapy in knee extensor 
strength on the healthy side. Source: Ikeda et al. [99–110].
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care due to functional decline associated with age-related loss of muscle mass and 
strength. Currently, physiotherapy for patients undergoing THA includes exercise 
therapy and patient education with a focus on resistance training, with outcomes 
of improved lower limb muscle strength, walking ability, ADL functions, and QOL 
[106, 107]. However, recent studies have reported that physiotherapy after THA is as 
effective as independent training [108], pointing to the need to reconsider interven-
tion methods. We reported that protein intake was associated with muscle strength 
in patients 1 year after THA [109]. Ueyama et al. [110] also reported that nutritional 
interventions were associated with enhanced muscle mass and strength in patients 
2 years after THA. Therefore, to maintain and improve muscle mass, strength, and 
motor function in patients in the mid-to long-term following THA, it may be neces-
sary not only to use exercise therapy but also to monitor the nutritional status of the 
patient and to use nutritional supplementation in combination (Figure 5).

12. Conclusion

Postoperative outcomes in patients undergoing THA have been highly successful in 
terms of early postoperative functional recovery and implant survival. We had assumed 
that the prolonged muscle weakness following THA would resolve with time. However, 
recent findings have indicated a situation that worsens with time. Fast-track rehabilita-
tion, which focuses on a combination of exercise and nutritional therapy as a strategy 
to address preexisting muscle atrophy, fatty infiltration, and postoperative challenges, 
is a new technique that may provide a new tool for mitigating the problem of prolonged 
postoperative muscle weakness, which has remained unresolved for 20 years.
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Abstract

Autologous fat injection into osteoarthritic joints (liparthroplasty) has shown high 
potential in reducing pain and delaying the need for surgical intervention. The liparthro-
plasty is an alternative and minimally invasive treatment approach for finger and thumb 
carpometacarpal joint osteoarthritis with only a few studies available. A systematic 
literature review was performed with a search strategy in MEDLINE databases Google 
Scholar and Cochrane Library using the following keywords: “autologous fat grafting 
injection”, “adipose-derived stem cells”, “finger osteoarthritis”, “basal thumb ostheo-
arthritis”, “lipofilling”. The database was analyzed from inception to August 1st, 2023. 
About 148 studies were identified; 17 additional articles were found through previous 
publications (total 165 articles). A total of 150 records resulted after duplicates were 
removed. Fourteen studies were selected and only 10 respected the inclusions criteria. In 
all these studies, intra-articular injection of autologous fat into osteoarthritic finger joints 
and trapeziometacarpal joint reduced pain and improved hand function. The liparthro-
plasty of osteoarthritic finger joints seems to be a minimally invasive, secure, and valid 
substitute for traditional surgical interventions. While the outcomes are promising, 
the lack of a standardized technique to fat processing and the absence of randomized 
controlled trials impede a thorough assessment of the procedure’s effectiveness.

Keywords: autologous fat grafting, adipose-derived stem cells, basal thumb 
osteoarthritis, rhizoarthrosis, finger osteoarthritis, regenerative medicine,  
joint lipofilling, liparthroplasty

1. Introduction

Trapeziometacarpal (TM) and finger joint osteoarthritis are a progressive and 
disabling pathology of the hand [1]. Treatment can be conservative with orthosis, 
occupational therapy, anti-inflammatory drugs and intra-articular injections with 
cortisone and hyaluronic acid, resulting in only temporary success [1]. Furthermore, 
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the time- and dose-dependent detrimental effects of the corticosteroids on articular 
cartilage in vivo and in vitro models are deeply documented in the literature [2–5]. 
For advanced osteoarthritis stages, different surgical techniques can be used such as 
denervation, arthrodesis, partial resection arthroplasty, trapeziectomy with or without 
suspensioplasty and hemi or total arthroplasty [6, 7]. However, there is consider-
able variability in surgeons’ preferences, and none of the available techniques has 
demonstrated clear superiority over the others [8]. Studies on adipose tissue show its 
regenerative, anti-inflammatory and immunomodulatory properties [9–14]. Starting 
from the macrofat and nanofat grafting to the enzymatically separated vascular stromal 
fraction (SVF) and cultivated stem cells, adipose tissue has been the subject of exten-
sive research in various degenerative diseases including knee and hip osteoarthritis [9]. 
However, the use of autologous fat grafting in treating basal thumb osteoarthritis and 
finger osteoarthritis is limited, with only a few studies available on this topic. Given the 
widespread interest in adipose tissue and its products with regenerative properties, this 
chapter was conducted to comprehensively assess their current clinical utility in treat-
ing osteoarthritis of finger joints. The aim of our investigation is to establish this tech-
nique as a reliable regenerative treatment option for finger and TM joint osteoarthritis.

2. Materials and methods

The systematic review was delineated following the PRISMA statement [15], 
using the guidelines described in the Cochrane Handbook for Systematic Reviews of 
Interventions.

2.1 Data sources and searches

A comprehensive search strategy was defined in collaboration with an indepen-
dent research librarian and structured to capture all articles relating to autologous 
fat injection in osteoarthritic finger joints. The search strategy was applied to the 
MEDLINE databases, Google Scholar and Cochrane Library using the following 
keywords: “autologous fat grafting injection”, “adipose-derived stem cells”, “finger 
osteoarthritis”, “basal thumb osteoarthritis”, “lipofilling”. The database was analyzed 
from inception to August 1st, 2023.

2.2 Inclusion/exclusion criteria

The inclusion and exclusion criteria were defined during the protocol stage. An 
article was included if the following criteria were fulfilled: the study was a primary 
study, case report or new technical report; the treatment was an injection of autolo-
gous fat with the description of harvesting technique and fat processing technique; 
follow-up, gender and age of the patients were reported; only studies with a design 
classification of evidence levels I-V were included.

Data not published on Pubmed, Google Scholar, Cochrane Library literature reviews, 
letters to editors, book chapters and presentations to congress were also excluded.

2.3 Selection of studies

The titles and abstracts of the studies were independently screened by two 
authors (MG, SL). The references of all studies and all review articles on the subject 
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were also examined to identify other additional data to be included. This was subse-
quently followed by the assessment of the full text of the selection of studies. A third 
reviewer (IT) was helpful for any disagreements that could not be solved by this 
initial review.

2.4 Data extraction

Two reviewers (MG and SL) analyzed the data on an independent basis. The stud-
ies were scored for author name, year of publication, journal, population type and 
demographics and objective outcome measures.

2.5 Surgical technique

Many different techniques are described. The authors’ preferred technique takes 
place under local anesthesia at the affected joint (using 5 ml of 1% lidocaine). A tumes-
cent solution is employed for liposuction in the lower abdomen (upper thigh or lateral-
gluteal region can also be used as donor site). The tumescent solution is prepared in 
sterile conditions, with a mixture of 100 ml of sodium chloride solution, 1 ml of 8.4% 
sodium bicarbonate and 10 ml of 1% lidocaine combined with 5 mcg/ml epinephrine. 
Roughly 50 ml of this solution is then evenly dispersed within the subcutaneous tissue.

Following a 10-min interval, a 2 mm incision is made in the lower portion of the 
umbilicus. By using a hemostat forceps, the subcutaneous tissue is dissected, enabling 
the insertion of a suction cannula (Figure 1). Approximately 15 ml of aspirate is 

Figure 1. 
A single umbilical incision was used. The lower abdomen skin was infiltrated with 50 mL solution (600 mg of 
lidocaine, 1000 mL of saline solution and 1 mL of 1:200,000 adrenaline). The vasoconstrictive effect of adrenalin 
is clearly visible by hypoperfusion of the skin.
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collected and divided into two Luer-lock syringes (Figure 2). A variable amount of 
0.5 to 1 ml of adipose tissue is introduced into each joint in a sterile field. To facilitate 
the insertion of the needle, a slight axial manual traction is applied on the finger, 
favoring the expansion of the joint space of the interphalangeal, metacarpophalangeal 
or trapeziometacarpal joint.

Depending on the size of each joint treated, fat tissue is injected in the amount 
that could be injected into the joint without over-pressure. Metacarpophalangeal 
joints receive a volume of adipose tissue of 1 ml, while the distal interphalangeal joints 
receive a smaller volume (0.5 ml) (Figures 3 and 4).

The adipose tissue is injected under fluoroscopy guidance. In multiple joint infil-
trations, the needle must be changed for each infiltrated joint (Figures 5 and 6).

Subsequently, a thermoplastic splint is applied for the following 2 weeks. All 
patients undergo a functional recovery protocol with the occupational therapist.

Figure 2. 
Decantation and sedimentation allow the product to separate into three layers (aqueous, oil and fat). The oil and 
aqueous phases are then extracted, while the fat layer is withdrawn for injection.
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2.6 Fat processing technique

2.6.1 Centrifugation

Coleman [16] introduced a fat-processing technique for reinjection. This method, 
still widely used, involves the separation of fat components using high-speed cen-
trifugation. Numerous research studies have documented varying centrifugation 
configurations [17]. Some of these studies propose that higher levels of centrifugal 
force could harm the fat cells, resulting in reduced cell viability. Conversely, very low 
centrifugal forces yield outcomes similar to the simple process of sedimentation [17]. 
Pulsfort et al. [18] indicated that variations in centrifugation techniques did not lead 
to significant histological changes in the viability of adipocytes and did not result in 
apoptotic changes.

Figure 3. 
Liparthroplasty of the proximal interphalangeal joint of the left middle finger in a 60-year-old man. A) 
Fluoroscopy before the injection. B) with an 18G needle and a 3 mL Luer-lock syringe 0.5 mL of lipoaspirate was 
injected into the joint. A widening of the joint is clearly visible after the injection.

Figure 4. 
Autologous fat infiltration of a distal interphalangeal joint of the right ring finger in a 63-year-old man. A) 
before infiltration. B) Fluoroscopy during injection of 0.5 mL of fat. A widening of the joint is clearly visible after 
the injection.
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2.6.2 Cotton gauze technique

The method of cotton gauze rolling is another commonly utilized approach to 
isolate harvested fat grafts. In this process, the gathered fat is positioned over the 
gauze. A forceps or tongue depressor is used to isolate the fat across the gauze. The 
gauze absorbs fluid and oil, leaving behind the cellular components of the fat graft. 
As the blood and other elements of lipoaspirate are removed, the harvested fat takes 
on a more pronounced yellow color. This technique is known to take approximately 2 
to 4 minutes, it is cheap with minimal damage to the fat [19].

2.6.3 Decantation

Decantation and sedimentation allow the product to separate into three layers 
(aqueous, oil and fat). The oil and aqueous phases are then extracted, while the fat 
layer is withdrawn for injection [20].

Figure 5. 
Liparthroplasty of the right trapeziometacarpal joint in a 56-year-old woman with a painful Eaton stage I basal 
thumb osteoarthritis. A) Fluoroscopy before the injection. B) with an 18G needle and a 3 mL Luer-lock syringe 1.5 mL 
of lipoaspirate was injected into the trapezio-metacarpal joint. C) Fluoroscopy after the procedure without traction.

Figure 6. 
Autologous fat infiltration of a left trapeziometacarpal joint of a 61-year-old male patient with an Eaton stage 
II basal thumb osteoarthritis. A) before infiltration. B) Fluoroscopy during injection of 1 mL of fat and C) at the 
end of the procedure.
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2.6.4 Washing and filtration

Lipoaspirate preparation can involve washing and/or filtration, usually conducted 
within a closed system. These two methods can be carried out individually or in com-
bination. Washing generally involves multiple cycles with lactated Ringer’s solution, 
while filtration takes place through membranes of various pore sizes [21].

Currently, no single technique exhibits superior results in terms of fat graft take 
compared to others. Decantation leads to a higher number of viable adipocytes along 
with undesired cellular components, which ultimately results in lower graft take 
compared to centrifugation and washing methods [22].

3. Results

A total of 148 studies were identified; 17 additional articles were found through 
previous publications (a total of 165 articles). A total of 150 records resulted after 
duplicates were removed. A total of 14 studies were selected and only 10 respected the 
inclusion criteria (Figure 7).

3.1 Study characteristics

Of the 10 included studies, 9 reported on trapeziometacarpal joint injection. Only 
one was reported on osteoarthritic finger joints. Table 1 summarizes the results.

The article included in the systematic review was case-control studies (n = 2), case 
series (n = 7) and a case report (n = 1). The harvested fat processing system was done 
by centrifugation (n = 6), mechanical homogenization alone (n = 1), mechanical 
homogenization and filtration (n = 1), decantation and mechanical homogenization 
(n = 2). None of the above-mentioned studies examined the injected tissue for cell 
count or viability. Follow-up ranged from 3 months to five years. Only one study 
analyzed metacarpophalangeal infiltrations of the proximal interphalangeal and 
distal interphalangeal fingers. In all studies, intra-articular injections of 0.5 mL up to 
2 mL of fat into the joints were performed under fluoroscopic guidance.

3.1.1 Indications

The indications where osteoarthritis with radiological findings showing 
ostearthritis and failed medical treatment.

3.1.2 Pain

In terms of symptomatic pain relief (VAS) after fat grafting, outcomes have 
been consistently positive. Only one article [23] showed non-statistically significant 
improvement of the pain.

3.1.3 Strength

Five studies reported non-statistically significant improvement of the strength after 
the liparthroplasty [23, 26–29]. In 4 more recent studies [25, 30–32] with a larger court of 
patients the authors report statistically significant improvement in strength as well. There 
is a trend to an improvement of grip and pinch strength after 12 h months (Table 1).
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3.1.4 Function of the hand

Statistically significant DASH Score (Disabilities of Arm, Shoulder and Hand) 
improvement after fat injection is reported in all the studies except one [27].

3.1.5 Complications

No significant complications were reported. One patient who had a hematoma in 
the donor site and three patients reported hypoesthesia in the skin area supplied by 
the superficial radial nerve.

3.1.6 Study analysis

Herold et al. [23] conducted a small case series involving five patients with thumb 
carpometacarpal joint (CMCJ) osteoarthritis (stages II and III). Three months after 
autologous fat injection, they observed improvements in grip strength, pinch strength 
and hand function as measured by the DASH score. However, these improvements 

Figure 7. 
PRISMA statement of the study.
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were not statistically significant compared with preoperative values. The study had 
limitations, such as short follow-up and a limited sample size. The same authors 
reported on greater case series with 50 patients and a follow-up of one year, reporting 
significant reductions in pain, improvements in grip and pinch strength and Quick-
DASH scores after intra-articular fat injection.

Bohr et al. [24] reported improvement in DASH scores in a single case of stage II 
CMCJ arthritis treated with intra-articular fat injection. However, this study is limited 
by being a single case report without objective clinical evaluation and control groups.

In the first case-control study conducted in 2017 by Haas et al. [26], patients with 
stage I-III CMCJ arthritis who received autologous fat transplantation or cortico-
steroid injection were examined. The fat processing technique involved mechanical 
homogenization, but no details were given about the specific fat product used. After 
3 months, the fat group experienced a significant reduction in pain and improvement 
in quality of life (Quick DASH and Michigan Hand Questionnarire-MHQ scores), 
while the corticosteroid group, although initially improved, regressed below preop-
erative levels after six weeks. Grip strength remained unchanged in both groups, and 
the follow-up period was relatively short.

Erne et al. [27] conducted a case-control study of 21 patients with advanced 
CMCJ arthritis of the thumb (Eaton stages III and IV). They compared autolo-
gous fat grafting with Lundborg resection arthroplasty, with patients given a 
choice between the less invasive and traditional surgical approaches. The group of 
patients treated with fat experienced a significantly shorter time to pain resolu-
tion (1.7 months compared with 5.7 months in the group of patients treated with 
resection). Pain levels (Visual Analogue Scale - VAS), grip and pinch strength and 
DASH scores improved similarly in both groups after 12 months. The duration of the 
intervention was also significantly shorter in the fat group. However, this study had 
limitations, such as a small sample size and lack of randomization, which introduced 
a potential selection bias.

Herold et al. in 2017 reported on a wider group involving 50 patients with one-
year-follow-up [25]. In this study, intra-articular lipofilling resulted in a significant 
reduction in pain, higher values of grip and pinch strength and a lower Quick 
DASH score.

In 2019 Haas et al. [28] published a study with the largest number of patients, 
involving 99 patients with symptomatic CMCJ osteoarthritis of the thumb. These 
patients received 1–2 mL of mechanically homogenized autologous fat. After 
12 months, the study demonstrated significant pain reduction and improvements in 
DASH and MHQ scores. However, grip and pinch strength remained unchanged.

Forschauer et al. [29] in 2020 conducted a two-year follow-up study of 31 patients 
with stage II and III osteoarthritis. They reported results consistent with other 
studies, including a significant reduction in pain and improvement in grip and pinch 
strength following autologous fat injection.

In 2022 Herold et al. reported on a group of 42 patients with a longer follow-up, 
averaging 4.9 ± 0.7 years [30]. The authors noted that, among the initial 50 consecu-
tive patients, three needed surgical conversion within the first year after the inter-
vention. In comparison to the previously mentioned study [25] they present slightly 
elevated pain levels during activity (4.0 ± 3.0) and DASH Scores (31 ± 22), although 
these outcomes remained significantly lower than the pre-intervention levels.

In 2022 Meyer-Marcotty [31] investigated the autologous fat injection of 25 finger 
joints of the hand with a mean follow-up of 44 months. The median DASH score 
improved non-significantly from 50 (3 t ± 72) to 25 (0 ± 85). The median level of 
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pain experienced showed a highly significant improvement from 6.0 (1.0 ± 10.0) to 
0.5 (0.0 ± 6.5). The median force of pinch grip rose highly significantly from 2.00 kg 
(0.00 ± 11.00 kg) to 4.30 kg (2.00 ± 12.00 kg).

Holzbauer et al. [32] described 31 patients treated with fat infiltration of the 
TM joint after a follow-up period of 5.1 years. They reported a tendency of surgical 
conversion after the lipofilling, so that 61% of 31 initially infiltrated patients could 
be studied in this chapter. An important result of this study is that smoking have a 
significantly higher risk for therapy failure.

4. Discussion

Since the inception of autologous lipoaspirated fat transplantation as a therapy for 
osteoarthritis (OA) of the trapeziometacarpal joint [23] numerous research groups 
have explored this innovative approach involving the injection of autologous fat. Zuk 
et al. [33] were the first to describe the presence of mesenchymal stem cells in adipose 
tissue in 2001. The mesenchymal stem cells have regenerative abilities and a potential 
to differentiate into multiple cell types, which is comparable to bone marrow mesen-
chymal stem cells [1–4]. Adipose-derived SVF obtained through enzymatic digestion 
and centrifugation of collected fat tissue has gained significant popularity for clinical 
applications in joints displaying osteoarthritic changes [6–9]. This SVF comprises a 
diverse cellular composition, including mesenchymal stem cells, endothelial progeni-
tor cells, pericytes and immune cells. It shows strong regenerative potential and the 
possibility of synergistic impact on immunomodulation, inflammation, and angio-
genesis. Adipose-derived stem cells (ASCs) are typically extracted from the stromal 
vascular fraction (SVF) of adipose tissue. Their morphology is similar to fibroblasts 
and shows positivity for common mesenchymal stem cell (MSC) markers such as 
CD44, CD73, CD90 and CD105, while lacking expression of typical hematopoietic 
markers such as CD14, CD34 and CD45 [10, 12, 33]. Like MSCs, ASCs have the ability 
to differentiate into various lineages, including osteogenic, adipogenic, myogenic and 
chondrogenic [12]. Regenerative fat cells exert their regenerative effects primarily 
through paracrine action [34]. They secrete bioactive molecules, such as cytokines 
and growth factors, which affect neighboring cells and tissues. These molecules 
can promote angiogenesis, reduce inflammation and modulate the immune system 
[12–14]. Adipose-derived exosomes, which are small vesicles secreted by adipose 
stem cells, contain various bioactive molecules, including proteins and microRNAs. 
Studies have shown that adipose-derived exosomes have anti-inflammatory and tissue 
regenerative effects [35].

The examined studies on intra-articular autologous fat injection for basal thumb 
and finger osteoarthritis are somewhat limited, but their results are undeniably posi-
tive with a great potential for treatment for many years. The injection of autologous 
fat into the joint consistently led to a reduction in pain and subsequent improvements 
in hand function. However, when it comes to grip and pinch strength, the outcomes 
were not consistent but there is a trend to an improvement 12 months after treatment.

Intra-articular injections of cortisone or hyaluronic acid serve as alternative 
approaches to the liparthroplasty. It’s important not to underestimate the potential 
chondral damage resulting from repeated cortisone injections [3, 5]. With the lipar-
throplasty, several other surgical treatments remain available. Autologous fat transfer 
seems to be a secure and minimally invasive technique that does not burn any bridge 
to other techniques.
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5. Conclusion

Fat grafting and adipose-derived cellular therapies can be effective in finger 
and thumb osteoarthritis treatment due to their biological and immunomodulatory 
characteristics. Although basic research provides evidence of these proprieties of 
adipose-derived stem cells [9–14], the exact mode of action of liparthroplasty is still 
not clear. Adipose tissue can provide a cushioning effect due to its ability to absorb 
and distribute mechanical forces. Based on the findings of this analysis, autologous 
fat injections into the affected finger joint seem to alleviate pain and enhance hand 
function. Further investigations should concentrate on identifying the most effective 
method for processing fat, enhancing the biological qualities and effectiveness of the 
injected cells. It will be imperative to conduct randomized controlled trials to ascer-
tain whether the injection of autologous fat grafting could significantly contribute to 
the symptomatic treatment of thumb and finger osteoarthritis.
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