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Introduction
Osteoarthritis (OA) is the most common form of joint disease 
that is characterized by loss of articular cartilage, remodeling 
of subchondral bone, osteophyte formation, ligamentous lax-
ity, weakening of periarticular muscles, and thickening of the 
joint capsule.1,2 It is thought to be the most prevalent of all 
musculoskeletal pathologies, affecting an estimated 10% of the 
world’s population over the age of 60 years.1 As a disease that 
is highly correlated with aging, its prevalence is expected to 
continue to rise as global life expectancy continues to increase. 
OA is a progressive, and often debilitating, disease that creates 
a profound societal and economic burden and carries signifi-
cant physical and psychological consequences for the affected 
individual.2

A significant association between previous joint injury and 
resultant joint instability with the development of subsequent 

OA has been clearly established in the literature.3–6 This 
disease process is commonly referred to as posttraumatic 
osteoarthritis (PTOA) and its occurrence is most prevalent 
in highly active populations such as elite athletes and military 
personnel.7,8 It is estimated that more than 40% of individuals 
who sustain significant ligamentous, meniscal, or articular 
surface injuries will develop PTOA3 Correlatively, approxi-
mately 12% of the overall prevalence of lower extremity OA 
is attributable to previous trauma.4 This review will explore in 
detail the structures that compose synovial joints, injury to 
these structures, resultant joint instability, and its association 
with OA.

Definition and Structure of Major Joint Tissues
Articular cartilage. Articular cartilage is a highly spe-

cialized viscoelastic connective tissue that is found overlying 
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the bone ends in synovial joints.9,10 Injury to articular cartilage 
presents a very difficult challenge for both patients and health 
care providers. The Scottish physician William Hunter 
famously stated in his address to the Royal Society in 1743, 
“From Hippocrates to the present age, it is universally allowed 
that ulcerated cartilage is a troublesome thing that, once 
destroyed, is not repaired.”11

The major components of articular cartilage include water, 
extracellular matrix (ECM), and chondrocytes. Up to 80% of 
the wet weight of articular cartilage is supplied by water. The 
flow of water through the articular cartilage plays a pivotal 
role in providing nutrients by diffusion to the chondrocytes 
and assists in the lubrication of the joint surface.9 The ECM 
provides resistance to the flow of water. The ECM accounts 
for approximately 95% of the dry weight of articular carti-
lage.10 The primary macromolecule found in articular carti-
lage is collagen, with type II collagen representing 90%–95% 
of the total collagen content and types I, IV, V, VI, IX, and 
XI accounting for the remainder.9 The second largest group of 
macromolecules present is proteoglycans, which consist of a 
protein core with covalently linked glycosaminoglycan chains. 
The main proteoglycans found in articular cartilage include 
aggrecan, decorin, biglycan, and fibromodulin, with aggre-
can being the most abundant.9 Negatively charged carboxyl 
and sulfate groups found on these glycosaminoglycan chains, 
namely keratin sulfate and chondroitin sulfate, have a high 
affinity for water. The primary cellular component of articular 
cartilage is the chondrocyte. These cells are largely anaerobic, 
have limited cell-to-cell contact and have a low potential for 
replication. These characteristics are responsible for the lim-
ited healing potential of articular cartilage.

Articular cartilage is a highly specialized and structured 
tissue that is devoid of blood vessels, nerves, or lymphatics. 
Its structure can be divided into four zones, each with unique 
properties. The superficial tangential zone contains a layer of 
tightly packed collagen fibers (primarily types I and IX) ori-
ented parallel to the articular surface known as “lamina splen-
dens,” as well as a layer of flattened chondrocytes.10 This zone 
serves to protect the underlying zones and provides resistance 
to shear forces. The middle zone is a transitional layer com-
posed of proteoglycans and thick, obliquely oriented collagen 
fibrils. The chondrocytes in this zone are more spherical and 
less abundant. The oblique orientation of the collagen fibrils 
marks a transition from a resistance to shear forces to resis-
tance to compressive forces. The deep zone contains collagen 
fibrils and chondrocytes aligned perpendicular to the joint 
surface. This arrangement allows for the greatest resistance to 
compressive forces. The highest proteoglycan content and low-
est water concentration are found in this zone.9 The calcified 
zone is separated from the deep zone by the tidemark. The 
primary role of the calcified zone is to firmly secure articu-
lar cartilage to the subchondral bone. This highly organized 
structure is responsible for the unique mechanical properties 
of articular cartilage.

The essential functions of articular cartilage are to provide 
a smooth, lubricated surface for low-friction articulation and 
to facilitate the transmission of loads to the underlying sub-
chondral bone.9 It possesses a distinct capacity to withstand 
high cyclic loads. The high water content and low permeabil-
ity of articular cartilage allow for efficient load transmission, 
while the electrostatic forces between water and proteoglycans 
provide resistance to compression.

Synovium. The synovium lines the joint cavity, produc-
ing synovial fluid that lubricates the joint surfaces and pro-
vides nutrition to the articular cartilage.12 It is composed of 
two distinct layers, the synovial lining (or intima) and the sub-
intimal stroma. The synovial intima lies between the subinti-
mal stroma and the synovial cavity. It is composed of highly 
specialized mesenchymal cells and ECM. Two distinct syn-
oviocytes have been identified in the synovial intima. Type A 
synoviocytes are phagocytic cells derived from macrophages 
that are responsible for clearing particulate matter from the 
joint cavity. Type B synoviocytes are fibroblast-derived cells 
responsible for the synthesis of hyaluronon and lubrican, 
two important components of synovial fluid. The subintimal 
stroma lies between the synovial intima and the joint capsule. 
It is composed of loose connective tissue, with the primary cell 
types being fibroblasts and macrophages. Blood vessels, lym-
phatics, and nerves are all found within this subintimal layer.

Joint capsule. The joint capsule is essential for the proper 
functioning of synovial joints. It forms the seal that contains 
the synovial fluid within the joint, imparts passive stability 
by limiting joint movement, and provides active stability via 
its proprioceptive nerve endings.13 It is composed of collagen 
fibers that are firmly adhered to bone through a fibrocarti-
laginous attachment. Localized thickenings of the capsule 
form capsular ligaments that provide strong points of fixation 
to bone. Tendons commonly attach to the joint capsule and 
occasionally replace it, as is the case with the quadriceps and 
patellar tendons in the anterior knee. Blood vessels and nerves 
pass through the joint capsule, supplying it and the underly-
ing synovium. Nerve endings found in the joint capsule are 
thought to be proprioceptive and play an important role in 
active protection of the capsule and associated ligaments by 
reflex control of the appropriate musculature.13

Tendon. Tendons are dense, regularly arranged con-
nective tissues that serve as functional and anatomic bridges 
between muscle and bone.12,14 The primary function of ten-
dons is to transfer force from muscle to bone. They consist of 
an abundant ECM and relatively few cells.14 The primary cell 
found in tendon is the tenocyte, a fibroblast-type cell respon-
sible for the synthesis of the matrix components. The primary 
component of the ECM is collagen (primarily type I), with 
smaller amounts of elastin, ground substance, and water being 
present. These collagen fibers are aligned parallel to the tendon 
long axis, giving tendons one of the highest tensile strengths 
among all soft tissues. Elastin is found in very small quanti-
ties, accounting for ,1% of the dry weight of tendons. This 
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small quantity allows for large changes in connective tissue 
geometry with relatively little energy expenditure.14

The structural organization of tendons begins with colla-
gen fibrils and elastin fibers bound together by the surrounding 
endotenon. The endotenon is a thin layer of connective tissue 
that contains blood vessels, nerves, and lymphatics. This layer is 
continuous with the epitenon, a synovial-like membrane that 
envelops the tendon.14 In some tendons, this epitenon is cov-
ered by loose areolar tissue known as the paratenon, whereas 
in other tendons, this paratenon is replaced by a true synovial 
sheath known as the tenosynovium. The epitenon combined 
with the paratenon is known as the peritenon. At the tendon–
bone interface, the endotenon becomes continuous with the 
periosteum.14 There are two different types of tendon attach-
ments to bone. The first type is known as direct insertion and 
involves tendon insertion through fibrocartilage, then mineral-
ized fibrocartilage, and finally into bone.15 The second type of 
insertion is known as indirect insertion and involves attach-
ment of the superficial fibrils to the periosteum and attachment 
of deeper fibrils directly onto bone.

While the primary function of tendons is the transmis-
sion of force from muscle to bone, several recent studies have 
demonstrated the importance of certain periarticular tendons 
in joint stability. Alexander et al.16 showed that loading the 
long head of the biceps tendon significantly decreased humeral 
head translation in a cadaveric model. In another cadaveric 
model, Ziai et al.17 found that the peroneus longus tendon had 
a substantial effect on the passive stability of the ankle joint in 
the setting of lateral ligament injury. Furthermore, Giles et al.18 
demonstrated increased glenohumeral stiffness following load-
ing of the conjoined tendon of the short head of the biceps 
and coracobrachialis. These studies highlight the role of certain 
periarticular tendons in joint stability.

Ligament. Ligaments can be defined as dense bands of 
collagenous fibers that span a joint and are anchored to bone 
at either end.19 The primary function of ligaments is to provide 
passive stability to a joint through a normal range of motions 
under an applied load. Bundles of collagen fibrils form the 
majority of the ligament substance.14 These fibrils are typically 
aligned in the direction of tension applied to the ligament dur-
ing normal joint motion. On a microscopic level, these fibrils 
are noted to have a wave or crimp pattern, which allows for 
slight elongation of the ligament under physiologic loads with-
out failure. This is in contrast to the collagen organization seen 
in tendons, which have a lower propensity to stretch. In addi-
tion, ligaments typically have a higher ratio of elastin, larger 
quantities of reducible cross-links, more type III collagen, less 
total collagen, and a higher glycosaminoglycan content when 
compared to tendons.12

Fibroblasts are the primary cell type found in liga-
ments; endothelial cells of small vessels and nerve cells are 
also present.14 These spindle-shaped fibroblastic cells extend 
between the collagen fibrils and are responsible for synthesiz-
ing and maintaining the ECM. Collagen is the major matrix 

component accounting for 70%–80% of the dry weight of the 
ligament. Type I collagen accounts for approximately 90% of 
the total collagen and type III for approximately 10%, while 
other types are present in very small amounts. Although pro-
teoglycans account for ,1% of the dry weight of ligaments, 
they play an important role in organizing the ECM and inter-
acting with tissue fluid.14 This organization and fluid interac-
tion contribute to the mechanical properties of ligaments and 
allow them to perform their function.

The ligament–bone interface is a complex structure that 
has been described as two distinct insertion types: direct 
and indirect. Direct insertion involves passage of a ligament 
directly into cortical bone. The superficial ligament collagen 
fibers merge with the fibrous layer of the periosteum, while the 
majority of the insertion consists of deeper fibers directly pen-
etrating the cortex.14 These deep fibers pass through ligament 
substance, fibrocartilage, mineralized fibrocartilage, and finally 
into bone. This direct insertion typically occurs at a right angle 
to the bone. In contrast, indirect insertions typically occur 
more obliquely. This type of insertion is less common and usu-
ally involves a wide surface area of insertion along the bone 
surface as opposed to insertion directly into the cortex.14 These 
insertions are believed to allow gradual transmission of force 
between ligament and bone.12

Meniscus. Menisci are fibrocartilaginous, wedge-shaped 
structures that are most developed in the knee but are also 
found in the acromioclavicular, sternoclavicular, and tem-
poromandibular joints.12 Though previously thought of as an 
unnecessary appendage, the menisci of the knee are now recog-
nized as integral components of the knee joint. They have been 
shown to play important roles in joint stability, load distribu-
tion, shock absorption, and lubrication.12 Following menis-
cectomy, the tibiofemoral contact area decreases by 50%–70%, 
resulting in increased contact stresses and, ultimately, degen-
erative changes.20 When a compressive load is applied to a 
meniscus, fluid flows out of the meniscus and into the joint 
space lubricating the joint surfaces. This also distributes syn-
ovial fluid throughout the joint, which provides nutrition to 
articular cartilage.20

The adult meniscus is approximately 72% water by wet 
weight and 28% organic material (ECM and cells).21 Col-
lagen types I, II, III, IV, VI, and XVIII make up the majority 
of the organic component, with the remainder represented 
by glycosaminoglycans, glycoproteins, and elastin. The com-
position, structure, and vascularity of the menisci vary with 
location and age. During prenatal development, the entire 
meniscus is well vascularized and highly cellular. With aging, 
the peripheral portion of the meniscus remains well vascular-
ized. The ECM in this zone is composed predominantly of 
circumferentially oriented type I collagen fibrils. In contrast, 
the inner portion of the meniscus becomes avascular, with 
a predominance of radially oriented type II collagen. In the 
young individual, decorin is the predominant proteoglycan 
synthesized in the menisci. The relative proportion of aggrecan 
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synthesized increases with age and eventually becomes more 
abundant than decorin.12

There is some controversy in the literature regarding the 
cell types found within menisci. In general, there appear to be 
three distinct cell types present.12,21 Cells found in the outer 
portion of the meniscus are typically fusiform, with branch-
like cytoplasmic extensions allowing for communication with 
other cells and the ECM. Due to their similar appearance, 
these cells are often referred to as fibroblast-like cells. In con-
trast, cells in the inner portion of the meniscus are round and 
embedded in an abundant ECM similar to articular carti-
lage. As such, these cells are referred to as fibrochondrocytes 
or chondrocyte-like cells. The final cell type is found in the 
superficial meniscus and is fusiform in shape without cyto-
plasmic extensions. It is postulated that these cells are pro-
genitor cells with some regenerative potential.

Subchondral bone. Subchondral bone, as its name implies, 
is the bone found immediately below the articular cartilage. The 
primary function of the subchondral bone is to attenuate the 
forces on the joints by transferring load from articular cartilage 
to bone. It is composed of a superficial layer of compact cortical 
bone and an underlying layer of cancellous trabecular bone.12 
A thin layer of calcified cartilage separates the subchondral bone 
from the overlying articular cartilage. Immediately beneath this 
calcified cartilage is the subchondral bone plate or cortical end 
plate. This end plate forms an irregular surface in which carti-
lage is “keyed,” allowing for transformation of shear forces into 
tensile and compressive forces.22 Below the end plate, the sub-
chondral bone is trabecular in nature and highly vascular.

Periarticular muscle. Contraction of periarticular mus-
cles has a significant effect on joint stability. Depending on the 
direction of the summation of forces generated by an individ-
ual muscle across a joint, it may act to stabilize or destabilize 
the joint.23 Generally, dynamic joint stability is achieved by 
the coordinated contraction and relaxation of multiple muscle 
groups. For instance, the highly mobile and relatively unstable 
glenohumeral joint of the shoulder achieves dynamic stabil-
ity through the forces exerted across the joint by the various 
rotator cuff muscles. Each of the four rotator cuff muscles has 
a distinct direction of pull. As such, the force exerted by each 
muscle as the shoulder is taken through a physiologic range of 
motion must be coordinated to achieve stability. Periarticular 
muscles can contribute to joint stability when the summation 
of the magnitude and direction of their forces creates a cen-
trally located joint force.23

Ligament Injury-Associated Joint Instability
Joint instability following ligament damage creates a clinical 
and economic burden in the health care system, as well as a 
physical and emotional burden for affected patients. The knee, 
ankle, and shoulder joints demonstrate a high incidence of 
injury and instability. To understand the causes and effects of 
injuries to these joints, we focus on joint structure, incidence 
of injury, and major injury risk factors.

Knee. The knee is a complex weight-bearing joint that 
connects the bones of the upper and lower leg and allows for 
flexion, extension, and some rotational movement. Anatomi-
cally, it is the largest synovial joint in the human body. Liga-
ments are crucial for the stability of the knee joint because 
they provide mechanical reinforcement and control the range 
of motion. Damage to ligaments is the most common form 
of knee injury.24 The four major stabilizing ligaments of the 
knee are the medial collateral ligament (MCL), lateral col-
lateral liga ment (LCL), anterior cruciate ligament (ACL), and 
posterior cruciate ligament (PCL). The MCL and LCL are 
located on the medial and lateral sides of the joint, connecting 
the femur to the tibia and fibula, respectively. These ligaments 
stabilize the knee by preventing side-to-side movement. The 
ACL and PCL are situated in the middle of the joint and attach 
the tibia to the femur. The two ligaments anchor the tibia and 
the femur by preventing the bones from anterior or posterior 
sliding during movement.25 With these ligaments providing 
stability to the joint, the risk for knee injury is relatively low 
during normal movement. However, studies of adolescents 
and young adults show that physical activity, especially par-
ticipation in sports or exercise, is a major risk factor for knee 
injuries.24,26,27 Understanding knee injury risk will allow for 
better design of injury reduction programs.

As greater emphasis is placed on exercise and physical 
activity to promote health in both adolescents and adults, 
the burden caused by knee injuries will continue to mount. 
A 10-year study estimated that .650,000 patients annually 
present with knee injuries to emergency departments in the 
United States, accounting for a rate of injury of 2.29 per 1,000 
people across all age groups. Furthermore, the true incidence 
of knee injury is probably higher when considering the num-
ber of patients who seek treatment outside of emergency set-
tings. Of these knee injuries, 42% are the result of sprains to 
ligaments, by far the most common type of knee injury.24 Dif-
ferences in age, gender, and cause of injury have been exam-
ined in relation to ligament injury, most often focusing on 
sports-related injuries in younger individuals. A study on an 
adolescent population looked specifically at cruciate ligament 
injury and found an incidence of 5.7 per 1,000 people over a 
9-year follow-up. For subjects who participated in organized 
sports, females were 8.5 times and males 4.0 times more likely 
to experience cruciate ligament injury than nonparticipating 
individuals.27 A meta-analysis of ACL tear studies revealed 
that female soccer and basketball participants are three times 
more susceptible to injury than male counterparts. However, 
some sports such as lacrosse and downhill skiing demonstrate 
no gender difference.26 Training programs that have shown 
success in preventing injuries, such as neuromuscular training 
for female athletes, should be increasingly implemented and 
continually examined for best practices.28,29

Ankle. The ankle is the second joint that demonstrates 
a high susceptibility to injury. It is a synovial joint that con-
nects the tibia and fibula bones of the leg to the talus of the 
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foot, allowing for dorsal and plantar flexion. The subtalar joint 
is located just beneath the ankle. It connects the talus bone 
to the calcaneus and allows for side-to-side movement of the 
foot. The ligaments of the ankle involved in joint stability are 
the deltoid, anterior talofibular ligament (ATFL), posterior 
talofibular ligament (PTFL), and calcaneofibular ligament 
(CFL). They help control the ankle’s range of motion, with 
the deltoid providing medial stability and the ATFL, PTFL, 
and CFL ensuring lateral stability. When the ligaments of the 
ankle are damaged, the potential for recurrent injury is high. 
A severe injury of major ligaments of the ankle may cause 
instability of the joint (Fig. 1).

Similar to knee injuries, ankle injuries often occur dur-
ing participation in sports or exercise; consequently, popu-
lations of athletes are often used in incidence studies. For 
example, ankle injuries are estimated to account for 14% of all 
athletic injuries,30 with sprains to ankle ligaments account-
ing for .75% of ankle injuries.31,32 The ATFL is the most 
commonly injured ankle ligament, involved in an estimated 
85% of sprains sustained during high school sports in the 
United States.33 A major problem accompanying ankle injury 

is the high rate of recurrence associated with chronic ankle 
instability. Approximately 15% of all ankle sprains occur in 
ankles with previous ligament injury.33 Further character-
ization of patients with chronic ankle instability by specific 
impairment, activity limitations, and participation restrictions 
could help in the design of both targeted treatments and injury 
reduction programs.34

Shoulder. The major joint of the shoulder is the ball gle-
nohumeral joint. This synovial joint consists of the connection 
between the humerus and the lateral scapula. In addition to 
ligaments, the articular capsule is stabilized by the muscles of 
the rotator cuff, surrounding tendons, and the cartilaginous 
glenoid labrum. One of the stabilizing tendons is the long head 
of the biceps that travels inside the joint cavity and coordinates 
movement between the shoulder and the elbow. Structurally, 
the shallow glenoid cavity of the scapula acts as the shoulder 
socket and allows considerable rotational movement. Shoulder 
ligaments, including the coracohumeral, transverse humeral, 
and three glenohumeral ligaments, act mainly to control the 
range of motion of the joint. Overall, the arrangement of the 
articular capsule is remarkably loose, allowing large separation 
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figure 1. (a) A representation of primary lateral ligaments of the ankle and the tibiofibular ligaments. (b) a typical inversion injury of the ankle that leads 
to damage of the lateral ankle ligaments. (C) the deltoid ligament, which is the primary medial ankle ligament complex. (d) a typical eversion injury of the 
ankle, which results in damage to the medial ligaments of the ankle.
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between the bones of the joint, which also contributes to the 
large freedom of motion.25 The stability of the shoulder is low 
as a result of the significant mobility of the joint. Therefore, 
a high incidence of injury is observed in the shoulder.

By understanding shoulder instability and injury risk 
factors, better injury reduction strategies can be developed 
for at-risk populations. In the United States, the estimated 
incidence of shoulder dislocation is 23.9 per 100,000 person-
years.35 Risk factors for shoulder injury include athletic partic-
ipation, male gender, and young or old age.35,36 In prospective 
cohort studies of young military populations, 3%–6% sus-
tained shoulder dislocations or partial-dislocations.37,38 The 
recurrence of shoulder injury is a significant problem. Studies 
of young and adult patients have evaluated the chance of recur-
rent shoulder instability after standard nonoperative treatment 
as 55%–67%, with a young male population presenting recur-
ring injuries at an 87% rate during a 5-year follow-up.37,39 To 
combat the high incidence of recurrence, arthroscopic or open 
repair surgeries have been shown to be effective. Randomized 
clinical trials demonstrate that surgical stabilization of the 
shoulder is more effective at preventing recurrence of injury 
than immobilization and rehabilitation alone.40–42 Identifying 
specific structural risks associated with shoulder instability is 
another way to combat recurrence. It has been shown in a pop-
ulation of professional rugby players that shoulder translation 
or anterior laxity is associated with increased risk of disloca-
tion.43 Additionally, baseline testing for shoulder instability, 
strength, range of motion, and structural measurements dem-
onstrate that the most significant structural risk for posterior 
shoulder injury is increased glenoid retroversion.38 Screening 
processes and targeted injury prevention strategies should 
continue to be developed using identifiers for individuals at 
risk for shoulder injury.

Joint Instability-Induced oA
Many types of joint injury increase the risk of developing 
OA, including injuries associated with joint instability such 
as ligament tears and dislocations.44 Currently, effective treat-
ments to prevent or stop the progression of OA are limited 
by our lack of mechanistic knowledge. Joint replacement or 
joint fusion is often the treatment used as a last resort for 
late-stage OA. Understanding the mechanical and biological 
mechanisms underlying the progression of OA may lead to 
new opportunities for clinical intervention.

Injuries that directly damage articular cartilage or 
lead to joint instability are highly associated with PTOA.45 
However, the mechanisms that underlie the progression of 
PTOA as a result of injury-induced mechanical changes are 
not fully understood. Abnormal loading such as changes in 
contact stress, distribution, and directional gradients have 
been studied in association with PTOA. It has been dem-
onstrated in a study of human cadaveric ankles that joint 
instability significantly increased contact stress directional 
gradients in conjunction with articular surface incongruity.46 

Additionally, joint mechanics in subjects with OA and self-
reported instability have been compared to the same in stable 
OA patients and non-OA patients. It was shown that insta-
bility is associated with altered knee joint movement patterns 
and contact mechanics.47 These studies suggest that joint 
instability-associated articular surface incongruity may lead 
to altered joint contact stresses, displaying a greater area with 
high contact stress exposure than intact joints. This may cause 
articular cartilage damage.

Joint instability may result in abnormal mechanical 
loading on the affected joint and subsequent disruption of 
the ECM. ECM damage may lead to release of glycosylated 
aminoglycans and collagen molecules, which are sensed by the 
surrounding chondrocytes through mechanoreceptors and cell 
surface receptors.48–50 This leads to changes in gene expression 
and cartilage metabolism, including increased expression of 
catabolic factors (eg, matrix-degrading enzymes) and decreased 
expression of cartilage structural proteins (eg, type-II collagen 
and aggrecan), which could set up a cascade of events lead-
ing to degradation of the articular cartilage.51 Although much 
remains to be elucidated about how chondrocytes sense strain 
and damage to the matrix around them, it is clear that abnor-
mal mechanical stimulations may cause dysfunction of articu-
lar chondrocytes and breakdown of cartilage ECM, leading to 
articular cartilage degradation. In addition, abnormal loading 
can lead to chondrocyte death mediated by oxidative stress52,53 
or integrin–cytoskeleton interactions.54 Chondrocyte death 
robs cartilage of the ability to produce and maintain its ECM. 
If articular cartilage lesions are not successfully repaired, the 
affected joint will progress to PTOA. The possible mecha-
nisms that trigger the progression to PTOA are illustrated 
in Figure 2.

There are a multitude of options available for the pre-
vention and treatment of joint instability-induced PTOA, 
including both nonsurgical and surgical options (Table 1). 
Nonsurgical options include, but are not limited to, bracing/
splinting, physical therapy, activity modification, prolother-
apy, and anti-inflammatory medication. The primary goals of 
these therapies are to increase joint stability, improve func-
tion, reduce pain, and prevent progression of OA. Bracing or 
splinting may provide external stability to the unstable joint 
and prevent recurrent joint injury. Physical therapy may restore 
joint stability by strengthening periarticular muscles and 
increasing proprioceptive awareness. Similarly, low-impact 
exercises such as swimming and cycling may strengthen peri-
articular muscles while limiting the forces across the joint. 
Prolotherapy, a regenerative injection therapy, may relieve 
joint pain and enhance the healing of ligaments and tendons.55 
Anti-inflammatory medicines such as nonsteroidal anti-
inflammatory drugs and intra-articular steroid injections may 
be useful in symptomatic treatment; however, these therapies 
have not been shown to slow the natural progression of PTOA 
and may have deteriorative effects on articular cartilage and 
other joint tissues.56,57
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When conservative management fails, there are many 
surgical options for the treatment and prevention of PTOA. 
These include, but are not limited to, ligament repair/recon-
struction, meniscus/labrum repair, corrective osteotomy, joint 
arthroplasty (replacement), and joint arthrodesis (fusion). 
Primary repair or reconstruction of a torn ligament is often 
implemented to restore stability to a joint and, in theory, 
prevent recurrent injury to the articular cartilage. However, 
the effectiveness of ligamentous repair or reconstruction 
at limiting the progression of PTOA is not well supported. 

Ligament injury

Joint instability and
abnormal loading

Integrin-cytoskeleton and
ion-stretch mechanoreceptors
stimulate catabolic pathways

Specific Chondrocyte receptors
sense ECM breakdown products

Production of MMPs

Breakdown of cartilage ECM

Articular cartilage degradation

Osteoarthritis

figure 2. a diagram shows ligament injury-induced knee joint instability and abnormal mechanical loading, which activates chondrocyte mechano-
receptors and catabolic pathways, leading to articular cartilage degradation through a mechanoreceptor–MMP–eCM breakdown cycle. Failed repair of 
damaged joint tissues results in the progression of Ptoa.

table 1. treatment options for joint instability-associated oa.

nOnSuRgICal SuRgICal

Bracing/splinting ligament repair/reconstruction

Physical therapy Meniscus repair

Activity modification labrum repair

Anti-inflammatory medicines Corrective osteotomy

intra-articular injection Joint arthroplasty 
(replacement)

Prolotherapy Joint arthrodesis (fusion)
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For instance, while ACL reconstruction has been shown to  
significantly improve patient satisfaction, symptoms, function, 
activity level, and stability, it has not been shown to decrease 
the rate of development of OA.58,59 Similarly, meniscal and 
labral repairs are often performed to reduce pain and instabil-
ity about the knee and shoulder, respectively. Meniscal repair 
in particular has been shown to be successful in reducing pain 
and restoring function, with one study reporting 91% good/
excellent overall clinical results.60 Despite these promising 
results, the ability of meniscal repair to alter the progression 
of PTOA has not been borne out in the literature.

While early surgical intervention plays an important role 
in reducing pain and instability, disease progression often neces-
sitates more invasive procedures. Joint malalignment resulting 
from trauma can increase the rate of progression of PTOA by 
increasing intra-articular stress. A corrective osteotomy can be 
used under the right circumstances to correct malalignment 
and reduce joint forces. Favorable outcomes following this pro-
cedure have been shown for multiple joints, including the knee, 
ankle, and wrist.61–63 Reduction of intra-articular stress (eg, 
joint distraction) has been performed for decades and remains 
a reasonable treatment for patients in whom PTOA is initiated 
from mechanical factors with increased intra-articular stress.64

Once severe joint destruction has developed, joint 
replacement (arthroplasty) or joint fusion (arthrodesis) becomes 
the primary surgical option. Total joint arthroplasty is a very 
effective treatment option for end-stage OA. While total knee 
arthoplasty (TKA) for PTOA has been shown to significantly 
improve pain and function, the complication rate is higher than 
that of TKA performed for idiopathic OA.65 While arthro-
plasty is a well-established treatment option for OA of the hip 
and knee, total ankle arthroplasty has only recently been uti-
lized. More commonly, PTOA of the ankle has traditionally 
been treated with arthrodesis. This has been shown to consis-
tently reduce pain and improve patient satisfaction, with one 
recent meta-analysis reporting 68% patients achieving good/
excellent results.66 However, joint arthrodesis will inevitably 
reduce motion and increase stress across adjoining joints. Given 
the long-term implications of these treatment options and the 
fact that PTOA often affects younger patients for whom total 
joint replacement or arthrodesis is not a desirable treatment, 
emphasis should be placed on developing more effective strat-
egies for management of joint instability and prevention of 
PTOA.
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