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Objective: To provide athletic trainers with a fundamental
understanding of the pathogenesis and risk factors associated
with the development of posttraumatic osteoarthritis (PTOA) as
well as the best current recommendations for preventing and
managing this condition.

Background: Posttraumatic osteoarthritis, or osteoarthritis
that develops secondary to joint injury, accounts for approxi-
mately 5.5 million US cases annually. A young athlete with a
joint injury is at high risk for PTOA before the age of 40, which
could lead to the patient living more than half of his or her life
with a painful and disabling disorder. Given our frequent contact
with physically active people who often sustain traumatic joint
injuries, athletic trainers are in a unique position to help prevent

and manage PTOA. We can, therefore, regularly monitor joint
health in at-risk patients and implement early therapies as
necessary.

Recommendations: The recommendations for preventing
and managing PTOA are based on the best available evidence.
Primary injury prevention, self-management strategies, mainte-
nance of a healthy body weight, and an appropriate level of
physical activity should be encouraged among those at risk for
PTOA after acute traumatic joint injury. Education of athletic
trainers and patients regarding PTOA is also critical for effective
prevention and management of this disease.
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O
steoarthritis (OA) is a chronic disorder that affects

movable joints, compromising the articular carti-

lage, underlying subchondral bone, and surround-

ing soft tissues. The condition affects more than 27 million

Americans1 and directly costs more than $185 billion

annually,2 making it a substantial public health burden.

Associated with several chronic comorbidities,3 such as

obesity, diabetes, and cardiovascular disease, OA ranks

11th among all forms of disability worldwide.4 A large

portion of the working population is affected by this

debilitating musculoskeletal condition. Surgical and non-

surgical interventions are used to manage the symptoms of

OA and treat the end stage of the disease. Unfortunately, no

cure currently exists for OA, and no accepted disease-

modifying treatments have been shown to effectively

prevent OA or alter the clinical course of disease

progression in an afflicted joint.

In the past, OA was considered a disease that affects only
the elderly; however, increasing evidence demonstrates that
young and middle-aged adults are suffering from OA as
well.5–7 For example, more than half of adults with
symptomatic knee OA are younger than 65 years old.8

Adults with hip or knee OA who are 20 to 55 years old are
4 times more likely to be highly psychologically distressed;
furthermore, 67% report OA-related work disability, and
women 40 to 49 years old report a reduction in the quality
of life.9 The early onset of OA in younger populations is
often attributable to a history of acute traumatic joint injury.
In fact, a history of acute traumatic joint injury is a strong
predictor of OA risk.10 This unique type of early-onset OA,
which occurs after joint injury, is commonly referred to as
posttraumatic OA (PTOA). Well-designed, prospective
cohort studies indicated that individuals with a history of
joint trauma are 3 to 6 times more likely to develop knee
OA11,12 and were diagnosed approximately 10 years earlier
than those without any history of injury.13 For some
patients, this may mean living more than half their lives
with a chronic and disabling disorder. Although PTOA has
been estimated to account for 12% of all OA cases in the

a The views expressed in this article by the Athletic Trainers’
Osteoarthritis Consortium (ATOAC) do not necessarily reflect the
views of the National Athletic Trainers’ Association.
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general population (approximately 5.6 million US cases
annually),13 the incidence and prevalence of PTOA in
young athletes and active populations remain unclear; the
values are likely much higher in these populations that are
at increased risk for joint injury.

Athletic trainers (ATs) are in a unique position to have
substantial effects on primary, secondary, and tertiary OA
prevention (Table 1). We can promote primary prevention
(ie, preventing OA from occurring) by encouraging the
sports community to adopt injury-prevention programs and
promoting physical activity in children to help reduce the
risk of obesity. After an injury, ATs can play a critical role
in secondary prevention of OA, which involves recognizing
that the patient may have an early stage of OA and
initiating care to reduce the effects of the disease. Finally, if
a physically active patient has symptomatic OA, ATs can
be crucial health care providers in tertiary prevention,
which focuses on minimizing the pain, disability, and other
consequences of OA. The Athletic Trainers’ Osteoarthritis
Consortium (ATOAC) contends that ATs must have an up-
to-date understanding of OA and be armed with evidence-
based strategies to aid in preventing or managing this
chronic and often debilitating disorder. Much is still
unknown about the initiation, development, prevention,
and treatment of OA, but our goal in publishing this review
is to provide the current state of the literature regarding the
pathophysiology, risk factors, and possible prevention and
management strategies for OA.

RECOMMENDATIONS

The ATOAC suggests the following recommendations
for ATs to assist with the prevention and management of
OA in physically active populations.

1. Athletic training students and ATs should be educated,
through professional education and continuing education
programs, regarding common risk factors for OA and the
current strategies to prevent and manage OA in the
physically active populations frequently treated by ATs.

2. Athletic trainers should support and implement evi-
dence-based primary injury-prevention interventions to
reduce the risk of acute traumatic joint injuries, which
will in turn reduce the risk of OA.

3. Athletic trainers should educate patients with joint
injuries about their increased risk of OA, other common
risk factors for OA, self-management strategies to
minimize the burden of OA, and strategies to regularly
monitor changes in joint health.

4. Athletic trainers should be knowledgeable about and
apply existing guidelines and recommendations for
managing OA among physically active individuals.14

5. Athletic trainers should support national public health
policies related to OA, particularly recommendations to
treat individuals with a history of joint injury as a high-
risk patient population for OA using a chronic disease-
management model.15,16

6. Athletic trainers should encourage athletes to maintain a
physically active lifestyle once their participation in
competitive sports has ceased in order to reduce the risk
of obesity and promote long-term health and wellness.

7. Athletic trainers should encourage, engage in, and conduct
well-designed research examining risk factors and
management strategies for PTOA, as well as investiga-
tions to examine the best approaches to identify and
monitor disease progression. A recent review by Emery et
al17 provides strong methodologic recommendations for
persons interested in undertaking research in this field.

This review and the following recommendations received
full support from the ATOAC Consensus Task Force and
Executive Committee, as well as support from 71% (39 of
55 members; 16 members did not vote) of the ATOAC
membership.

PATHOGENESIS OF PTOA

The pathologic changes in a joint with PTOA include
varying degrees of structural changes in the joint tissues:
(1) fibrillation or thinning of articular cartilage, (2)
infiltration of the subchondral bone into the articular
cartilage, (3) tearing or fibrillation of the menisci and
intra-articular ligaments, (4) synovitis, (5) joint capsule
fibrosis and thickening, and (6) osteophytes at the joint
margins.18 The pathogenic cascade of events that leads to
these structural changes is not well understood. A common
characteristic of PTOA is the initial mechanical insult to the
joint that results in damage to the articular structures. The
intensity of the impact as well as the severity of tissue
damage likely affect the onset and progression of PTOA.
High-intensity impacts may result in displaced fractures of
the articular surface that extend through the cartilage and
bone (subchondral and trabecular), whereas low-intensity
impacts may result in damage to the chondrocytes and
extracellular matrix, macroscopic disruption of the articular
cartilage without displaced bony fracture, and traumatic
bone marrow lesions.19 Both high-intensity and low-
intensity impacts, therefore, disrupt the articular structures
and can lead to PTOA; however, the progressions to PTOA

Table 1. Prevention Levels and Definitions

Levels of Prevention Definition

Primary prevention Interventions are designed to prevent an

injury or disease condition from occurring

in the first place. The focus is generally

on policies, practices, and behaviors that

mitigate risk.

Secondary prevention Initiatives attempt to recognize or identify

an injury or disease at its earliest stage,

so that prompt and appropriate

management can be implemented to

mitigate the secondary effects of the

injury or disease and restore function.

Successful secondary prevention

reduces the effect of the disease in the

short term and perhaps also in the long

term. The focus is generally on

emergency management and initial

medical care.

Tertiary prevention Initiatives focus on reducing or minimizing

the long-term consequences of an injury

or disease once it has occurred. The

goal is to eliminate or delay the onset of

complications, morbidity, and long-term

disability due to the injury or disease.

Most medical interventions fall into this

category. The focus is generally on

chronic management and health-behavior

change.
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after these injuries can be vastly different. For example,
patients with tibial plafond fractures resulting from low-
intensity impacts had minimal risk for the rapid onset
(within 2 years) of PTOA, yet patients whose tibial plafond
fractures occurred via high-intensity impacts developed
PTOA rapidly (within 2 years).20 Similarly, military service
members with high-intensity battlefield trauma to the joint
also developed PTOA within 2 years of injury.21 It should
be noted that highly repetitive impact loading of a joint can
damage the articular cartilage in the absence of an acute
traumatic injury. For example, in animal studies, repetitive
running or grasping resulted in inflammation, greater
collagen degeneration, decreased lubricin (a glycoprotein
that protects against cartilage wear), and decreased
glycosaminoglycans (components of the extracellular
matrix of cartilage that contribute to lubrication and shock
absorption), all of which can be precursors to the
development of OA.22–24 Hence, similar to many other
tissues in the body, a joint may be injured by a high-impact
single event or excessive repetitive overloading.

Mounting evidence supports the current hypothesis that
PTOA pathogenesis may reflect multiple events or
processes, which may occur at the time of injury or
develop within the joint after injury, including (1) structural
changes to joint tissues, (2) molecular changes, and (3)
neuromuscular and biomechanical alterations. The traumat-
ic injury causes structural damage to multiple joint tissues,
such as the ligaments, bone, synovium, and articular
cartilage. Direct trauma to the articular cartilage resulting
from impact is common and can cause chondrocyte death in
both the impacted and surrounding areas.25 Subchondral
bone injury, as indicated by traumatic bone marrow lesions,
is also frequent with joint injury.26 For example, more than
80% of patients with anterior cruciate ligament (ACL)
injuries present with lesions to the lateral femoral condyle
or tibial plateau.27,28 Geographic traumatic bone marrow
lesions (characterized as bordering cortical bone and
disrupting the overlying articular surface) are associated
with osteocyte necrosis, proteoglycan loss, chondrocyte
death, and extracellular matrix degradation.29,30 Therefore,
a joint injury can have immediate effects throughout the
joint.

After an injury, numerous inflammatory mediators (eg,
interleukin-6 and tumor necrosis factor-a) are released
initially and alter joint homeostasis.31 Several inflammatory
mediators are capable of inducing articular cartilage
damage32,33 and changing the quality of the synovial fluid,
which is critical for lubricating the articular cartilage.34

Within a few days after an ACL injury, assays can often
detect biomarkers that reflect proteoglycans (eg, matrix of
matrix metalloproteinases 1 and 3, aggrecan fragments) and
glycosaminoglycans (chondroitin sulfate epitope [WF6])
degradation; these substances make up the cartilage
extracellular matrix and allow the cartilage to withstand
compressive loads.35

Early changes in bone shape have also been identified
after injury and may contribute to PTOA pathogenesis.
Within 3 months after ACL injury, for example, the femoral
condyles become less convex, and the tibial plateaus
become more concave.36 In adults at high risk for
symptomatic knee OA, including those with previous joint
injury, subtle alterations in joint shape were linked to the
development of radiographic OA.37

Although these structural and molecular changes occur in
the joint, biomechanical changes are also taking place and
may perpetuate future joint damage and cartilage break-
down. For example, rotational knee kinematics are altered
after ACL injury38 and remain affected after reconstruc-
tion.39 This kinematic change may lead to altered joint
tissue loading, whereby areas of cartilage not conditioned
to receive loads are now experiencing loads, ultimately
resulting in cartilage degeneration.40 Given that normal
function of the synovial joints requires extensive cooper-
ation among the various tissues, changes in biological,
chemical, and biomechanical processes could promote a
vicious cycle of continuous joint damage, resulting in
progressive joint degradation and ultimately PTOA. In-
depth discussions of PTOA pathogenesis have been
published elsewhere,41–43 and we refer the reader to these
articles for a more detailed description. These early changes
highlight that the foundation for PTOA is often laid while a
physically active individual with a joint injury is under the
care of an AT. Understanding the pathogenesis of PTOA
may lead to new strategies to predict who will develop
PTOA and to identify novel therapies to prevent or delay
the onset of PTOA.

RISK FACTORS FOR PTOA

A risk factor is any attribute, characteristic, or exposure
of an individual that increases the likelihood of developing
a disease or injury44; specific to this review, a risk factor is
any attribute of a person that increases the probability of
developing PTOA. We will provide an overview of
potential risk factors for PTOA that have at least some
evidence linking each risk factor to the postinjury
development of OA.

Joint Injury (Location, Type, Severity, and
Recurrence)

Location. Although joint injury may increase the risk of
PTOA, a joint-specific response to injury may predispose a
particular joint to PTOA more than other joints.45 For
example, about 12% of knee10 and 8% of hip46 OA are
reported to be posttraumatic in nature, whereas 70% to 80%
of diagnosed OA at the ankle is considered
posttraumatic.47,48 Based on these data, it would seem the
ankle may be more susceptible to PTOA than other lower
extremity joints. Why injury may lead to different
incidence rates of PTOA across joints remains unknown,
but potential explanations could include postinjury
biomechanical alterations that are joint specific and
different responses of the tissues within each joint to
injurious insult (eg, dissipates energy differently, different
rates of cell death).45

Type. The structures affected can influence the risk for
PTOA. In a case-control study49 of 32 patients who
developed radiographic signs of OA during a 2-year
period, the authors noted that people who developed OA
were more likely to have medial meniscal extrusion (odds
ratio [OR] ¼ 3.03) or tears with larger radial involvement
(OR ¼ 5.92) at baseline compared with 64 adults without
OA. Other types of meniscal injuries (eg, horizontal tear,
longitudinal tear) were not associated with incident OA.49

Patients who sustain fractures also have an increased risk of
PTOA. Of 73 patients who received operative treatment for
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tibial plateau fractures, 68% had developed radiographic
evidence OA in the affected knee and 32% in the
contralateral knee at approximately 4.5 years after
surgery.50 Similarly, in a group of 65 patients who were
treated surgically for intra-articular fractures of the distal
femur, 36% went on to develop PTOA at 3.8 years
postoperatively.51 In contrast, fewer than 20% of patients
with tibial spine fractures who were treated with open
reduction and internal fixation had developed OA 5 years
after surgery.52

Severity. The number of concomitant injuries and the
degree of ligament injury can also increase PTOA risk.
Patients with an isolated ACL injury are less likely to
develop OA than those with concomitant injury. Oiestad et
al53 prospectively evaluated patients 10 to 15 years after
ACL reconstruction (ACLR) and found joint-space
narrowing (a marker of OA) in 80% of patients who
presented with accompanying chondral or meniscal
damage, whereas only 62% of patients with isolated
injuries displayed narrowing. Similar results have been
shown for knee medial collateral ligament (MCL) sprains:
45% of knees with an MCL sprain accompanied by a
meniscal or ACL tear had radiographic signs of OA 10
years after injury, whereas 0% of knees with an isolated
MCL sprain showed such signs.54 In addition, the degree of
ligament rupture seems to play a role in the development of
PTOA. Results from several studies55–57 illustrate that
patients who sustained grade II MCL sprains were less
likely to demonstrate radiographic evidence of PTOA (0%
to 13% of knees) at 9 to 10 years postinjury than patients
who experienced grade III MCL sprains (63% to 68% of
knees).

Injury Recurrence. Many studies show a high incidence
(up to 89%) of glenohumeral OA after repetitive shoulder
dislocations (treated both operatively [with various
procedures] and nonoperatively).58–61 Moderate or severe
radiographic evidence of OA was present in 29% of
patients with recurrent shoulder dislocations but only 17%
of patients with 1-time dislocations 25 years after initial
injury.62 Similarly, Vollnberg et al63 found that patients
who had incurred recurrent (2–9) or chronic (10 or more)
patellar dislocations were more likely to have
patellofemoral OA than those patients with a single
dislocation.

Excess Body Weight

Obesity (body mass index [BMI] .30; calculated as kg/m2)
is an established and robust risk factor for knee OA. Results
from a recent meta-analysis64 showed that individuals who
were overweight (BMI ¼ 25.0–29.9) were 2.5 times more
likely to develop knee OA and those who were obese were
4.6 times more likely to develop knee OA. Further, the risk
of knee OA increased by 35% with each increase of 5 in
BMI. Being overweight or obese is also a risk factor for
hip46 and hand65 OA. However, fewer data are available
examining body weight as a risk factor for PTOA. Being
overweight or obese at the time of surgical repair for an
ankle fracture increases the risk of developing moderate to
severe (Kellgren and Lawrence grade 3–4) PTOA; those
patients who were overweight at the time of surgery were
1.9 times more likely to develop OA and those who were
obese were 2.8 times more likely to develop PTOA.66 In a

mouse model of PTOA, obesity increased the severity of
OA associated with a traumatic knee fracture.67 Although a
weight gain greater than 15 lb (6.8 kg) within the first 5
years after ACLR was not directly linked to radiographic or
cartilage-measured changes in joint structure, Spindler et
al68 observed that it was a predictor of poor patient-
perceived outcomes.

Range-of-Motion Deficits

Range-of-motion (ROM) loss after injury is commonplace.
More often than not, restoration of ROM is considered
complete with appropriate rehabilitation, and as such, ROM
is not often studied as a potential risk factor for PTOA. Yet
based on the limited available evidence, it would appear that
ROM deficits may contribute to PTOA development after
ACLR. Roe et al69 found that flexion contractures were
associated with early evidence of PTOA at approximately 7
years after ACLR. Shelbourne and Gray70 showed that
patients with less than normal ROM after ACLR were 2.5
times more likely to have radiographic evidence of PTOA at
approximately 10 years than patients with normal ROM. In a
subsequent study, Shelbourne et al71 noted that limited knee-
flexion ROM at return to play increased the risk for
radiographic evidence of OA.

Range-of-motion deficits subsequent to injuries other
than ACL tears have yet to be linked to PTOA. For
instance, patients with chronic ankle instability often
present clinically with deficits in dorsiflexion ROM.72,73

These ROM deficits have been linked to altered landing
kinematics,74 but their involvement or lack thereof in the
development of PTOA secondary to ankle injury has not
been systematically investigated.

Strength Deficits

Muscle weakness is a common consequence of many
joint injuries. In particular, quadriceps muscle weakness,
which often accompanies ACL injuries,75,76 is thought to
lead to impaired dampening and shock-attenuation abilities,
resulting in greater loads being transmitted to the knee-joint
structures; therefore, it has been suggested as a risk factor
for the development of PTOA.77–79 Available evidence
indeed supports the premise that quadriceps weakness is a
risk factor for PTOA. Keays et al80 demonstrated that 6
years after ACLR, weak quadriceps muscles and low
quadriceps-to-hamstrings strength ratios measured at 608/s
trended toward discriminating between participants without
OA (Kellgren and Lawrence grade 0 or 1) and those with
OA (Kellgren and Lawrence grade 2 or greater). Using a
prospective study design, Tourville et al81 noted that
quadriceps strength loss measured within a few months
after ACL injury was associated with joint-space narrowing
by 4 years after ACLR. Oiested et al79 found an association
between quadriceps strength loss that occurred 2 to 15 years
after ACLR and symptomatic knee OA (Kellgren and
Lawrence grade 2) but were unable to establish an
association between weakness soon after ACL injury and
radiographic OA. These data are not conclusive, but they
suggest that quadriceps weakness after ACL injury may be
associated with the development of PTOA. More research
is necessary to determine if muscle weakness that manifests
after other joint injuries (eg, ankle sprains, shoulder sprains,
and dislocations) contributes to the risk of PTOA.
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Static Alignment

Joint malalignment has been established as a risk factor
for knee OA. In 2 large prospective cohort studies,82,83

varus knee alignment was associated with 1.5-fold and 2-
fold increased risks of knee OA. Although the data linking
malalignment to PTOA are not as strong, the current
research suggests that malalignment may be a risk factor. In
a retrospective study,50 patients who sustained a tibial
plateau fracture and displayed a valgus malalignment of 58
or greater were more likely to develop moderate to severe
PTOA (Kellgren and Lawrence grade 3–4). Similarly, varus
malalignment of the contralateral, uninjured knee of
patients who sustained an ACL injury approximately 15
years earlier predicted the risk of OA in the ACL-injured
knee (OR¼ 3.9; 95% confidence interval¼ 1.0, 15.8).84

Static malalignment is also a common indication for a
high tibial osteotomy, which is often performed for a varus-
aligned knee with isolated medial compartment OA (PTOA
or primary OA). The surgery reduces the load on the medial
knee compartment by shifting the mechanical axis to the
lateral compartment.85 The goals of this procedure are to
reduce symptoms and potentially prevent further overload
of the medial compartment in an attempt to alter or slow
disease progression. Pain and function improve with high
tibial osteotomy,82 yet no evidence shows a beneficial effect
in slowing disease progression. Studies are needed to
examine disease-related outcomes of high tibial osteotomy
and nonoperative treatment to better understand the
effectiveness of the surgery.

Physical Activity and Sports Participation

The health benefits associated with physical activity
strongly support the importance of a physically active
lifestyle in children and adults. Physical activity may be
beneficial to joints because it encourages strength, endur-
ance, neuromuscular control, and weight management;
however, certain high-level physical activities may expose
joints to repetitive overloading and a greater risk of injury
or osteoarthritis. In a large prospective study, more than
5000 individuals (minimum age¼20 years, 2/3 of the study
population was between 40 and 60 years old) were
surveyed regarding physical activity (frequency, duration,
intensity, and type) and then radiographs were taken 4, 9,
and 13 years after the survey.86 No association was evident
between OA development and running, walking, or
physical activity. Hansen et al87 compiled the evidence
related to running and OA and were unable to support an
association between short-distance to moderate-distance
running and OA; however, the evidence was inconclusive
regarding high-volume running (.20 miles [32 km] per
week). There may indeed be a dose-response relationship
between physical activity and OA (ie, high-level physical
activity is more risky and low-level activity is safe).
Michaelsson et al88 found that cross-country skiers
participating in 5 or more high-level races had a 70%
higher rate of OA than skiers who completed only a single
race. Further, skilled skiers (ie, those with faster racing
times) were also more likely to develop OA.

Not only is low to moderate physical activity safe for
joints but it may also protect a joint from OA.89 For
example, over a 2-year period, Wijayaratne et al90 observed
that retropatellar cartilage volume was less in sedentary

women than in physically active women. Similarly, Mosher
et al91 demonstrated increased femoral cartilage volume in
marathon runners compared with nonrunners.

With regard to specific sports, Driban et al92 quantita-
tively analyzed 17 studies and found that the prevalence of
knee OA in former sport participants (n¼ 3759) was 7.7%,
compared with 7.3% among nonexposed control partici-
pants (n¼ 4730, OR¼ 0.9). Athletes who were involved in
certain sports were more likely to have knee OA:
competitive weight lifting (OR ¼ 6.9), wrestling (OR ¼
3.8), soccer (OR¼ 3.5), or elite-level long-distance running
(OR¼ 3.3), suggesting a 3 to 7 times higher prevalence of
knee OA in these sports. It should be noted that the authors
were unable to control for a previous history of joint injury
and, thus, we do not know if the higher OA rates were due
to higher rates of joint injury or the result of participation in
the activities themselves. However, in this same systematic
review, the authors were able to control for joint injury in a
smaller subset (4 studies) and found similar results.
Uninjured participants in elite-level (soccer or orienteering)
and nonelite-level (soccer or American football) sports had
a higher prevalence of knee OA (OR ¼ 9.46 and 3.75,
respectively) than nonexposed control participants. Sup-
porting the contention that an interaction exists between
competition level and injury and the risk for PTOA is work
by Roos et al,93 who compared elite and nonelite soccer
players with or without a history of injury. The prevalence
of knee OA was highest in injured elite-level soccer players
(33.3%) and lowest in uninjured control participants (1.3%)
and nonelite soccer players (2.7%).

The level of physical activity after acute traumatic joint
injury could play a role in the initiation and progression of
PTOA, yet conflicting evidence makes it difficult to
establish a clear association. Among a young and
physically active population, individuals with a history of
knee-joint injury reported lower scores on the Knee Injury
and Osteoarthritis Outcome Score (KOOS)94,95 and Western
Ontario and McMaster University Osteoarthritis Index
(WOMAC)96 scales, indicating more symptoms and
impaired function, despite reporting higher levels of
physical activity (as measured by the Marx Activity Rating
Scale) than uninjured control participants.97,98 Similar
results were recently reported in collegiate athletes.99 If
symptoms persist, structural alterations are present, or
physical function is not regained after joint injury, returning
to a high level of physical activity could exacerbate
symptoms and prove detrimental to long-term joint health.
Therefore, low-impact activities may be an appropriate
alternative. Further research is needed to determine when it
is safe to return to physical activity after joint injury and
whether certain types of physical activity (eg, excessive
loading, cutting) are associated with the initiation and
progression of PTOA after joint injury.

Neuromuscular Deficits

Neuromuscular deficits, such as an inability to control
muscle force or activate a muscle completely, could be
related to the onset of PTOA; however, little evidence is
available to verify this hypothesis. After ACLR, patients
who performed a single-legged landing had greater
hamstrings coactivation and higher tibiofemoral compres-
sive forces than uninjured, control participants.100 Similar-
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ly, when patients who had undergone ACLR were asked to
complete a force-matching task approximately 18 months
after their surgery, they displayed less accurate quadriceps
force control and more quadriceps and hamstrings coac-
tivation than healthy individuals.101 Aberrant loading at the
knee joint (eg, overloading or underloading) resulting from
altered muscle activation or diminished quadriceps control
after ACLR could influence joint-loading patterns and lead
to joint degeneration. In the same way, modified knee-joint
kinematics, such as altered knee flexion and rotation, may
result in greater loads on previously unloaded regions of
articular cartilage and lead to the biological changes that
result in PTOA.40,102

Arthrogenic muscle inhibition, an inability to completely
activate a muscle voluntarily, is another neuromuscular
deficiency that could play a role in PTOA.78 Arthrogenic
inhibition affects a muscle’s ability to contract even in the
absence of direct trauma to that muscle. This occurs
commonly in the quadriceps after ACL injury or recon-
struction. The inhibition is due to diminished motoneuron
activity and may contribute to the lingering strength deficits
that have been noted after ACLR and that have been linked
to PTOA.

Although the aforementioned neuromuscular deficits and
alterations have been identified after joint injury, a direct
link between them and the development of PTOA has yet to
be shown. Future research is necessary to support or refute
the hypothesis that altered neuromuscular control after joint
injury contributes to the onset of PTOA.

ATHLETIC TRAINERS’ AWARENESS OF PTOA

One practice domain of athletic training is injury/illness
prevention and wellness protection,103 and ATs generally
take pride in their ability to keep patients safe and
minimize injury during physical activity. Historically, the
profession has been focused on primary injury prevention,
acute treatment, rehabilitation, and return to play; less
attention has been given to secondary and tertiary
prevention and longer-term outcomes that may result
from joint injury. Athletic trainers need to be aware of the
association between acute traumatic joint injury and OA
and the significantly higher risk that joint injury poses for
the development of OA later in life. As ATs, we are well
positioned to take an active role in educating patients
about this risk and discussing management strategies that

may preserve joint health over time. Such education can
be challenging, particularly when patients, families, and
coaches are focused on short-term outcomes after injury,
when the primary goal is to return to sport as fast as
possible, with little concern about the long-term conse-
quences. However, as health care practitioners, we must
remain objective and provide the information patients and
their families need to make informed decisions about their
care.

For ATs to educate patients about the risk of PTOA and
discuss evidence-based management strategies after joint
injury, we must have a solid understanding of how acute
traumatic joint injury is associated with PTOA. However,
the results of a recent study104 suggested that ATs may have
some misperceptions about the link between joint injury
and PTOA. Pietrosimone et al104 surveyed more than 400
ATs about their knowledge and perceptions of PTOA after
knee-joint injury. In general, ATs agreed that the risk of OA
increased after acute traumatic knee-joint injury, but they
underestimated the percentage of patients who were likely
to develop PTOA in the first or second decade after injury.
They overestimated the effect that ACLR or meniscal
surgery would have in preventing PTOA. Though many
ATs agreed that the OA risk increased after injury, only
about 70% reported that they discussed this risk and
strategies to mitigate it with their patients. Nearly 40% of
ATs indicated that they had no knowledge of PTOA; they
were less likely to explain the risk of developing OA after
acute traumatic knee-joint injury or to discuss strategies to
mitigate this risk with athletes. Finally, ATs’ knowledge of
PTOA was associated with their years of clinical experi-
ence (Figure 1): those with greater than 15 years of clinical
experience were more likely to report knowledge of PTOA.
This finding suggests that knowledge of PTOA is likely not
gained through professional education but through multiple
years of clinical experiences and observing long-term
outcomes in patients with significant joint injuries. As a
result, it is critical to incorporate information about the
association between joint injury and PTOA into entry-level
training and continuing education opportunities for ATs.

PREVENTION AND MANAGEMENT OF PTOA

There is much the medical community still does not
know about PTOA, including why it develops in some
people postinjury and not in others. What is clear, however,
is that those who sustain acute traumatic joint injuries are
more likely to develop OA after injury and at a faster rate.
Thus, the primary prevention of acute traumatic joint
injuries could go a long way in reducing the risk of PTOA
in physically active populations. Despite our best efforts,
joint injuries will continue to occur in young athletes and
physically active populations. In injured patients, we must
shift our focus to secondary and tertiary prevention efforts
to mitigate the risk of PTOA after joint injury (Table 1).
Although it would be ideal to fully understand the
underlying mechanisms and modifiable risk factors associ-
ated with PTOA before designing and implementing
prevention strategies, members of the ATOAC and other
professional organizations, such as the Chronic Osteoar-
thritis Management Initiative (COAMI) and the Osteoar-
thritis Action Alliance, believe that sufficient evidence
supports prevention efforts for PTOA in several areas that

Figure 1. Athletic trainers’ knowledge of posttraumatic osteoar-
thritis (PTOA) by years of clinical experience.104
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are aligned with the practice domains and educational
competencies of athletic training. In this section, we will
discuss how ATs can play a critical role in the primary
prevention of acute traumatic joint injuries (and, by
extension, PTOA) and in secondary and tertiary prevention
by potentially delaying the onset of PTOA or mitigating the
effects of the disease after injury.

Primary Injury Prevention

To aid in the prevention of PTOA, ATs should continue
to promote, deliver, and evaluate the efficacy and
effectiveness of primary injury-prevention programs de-
signed to reduce the risk of acute traumatic joint injuries.
Compared with the uninjured population, knee injury
increases the risk of developing OA 4-fold and hip injury
appears to increase the risk of PTOA 5-fold.105 Therefore,
by preventing the initial insult to the joint, it is likely that
we can also prevent the long-term consequences of joint
injury (eg, PTOA). Even though it is impossible to prevent
all joint injuries, reducing a moderate number of these
injuries would be a substantial step toward reducing the
incidence and prevalence of PTOA in the young and active
patient populations often treated by ATs. For example, if
we were able to prevent 30% (or 75 000) of the roughly
250 000106 ACL injuries that occur each year in the United
States, we could prevent approximately 37 500 cases of
PTOA if we assume that half of the persons who sustain
ACL ruptures would go on to develop PTOA.

Neuromuscular training, which includes balance,
strength, plyometric, and agility exercises, along with
education regarding proper movement control, delivered as
a preseason program or a warm-up during the season,
appears to be effective in preventing lower extremity
injury. In their recent meta-analysis, Emery et al107

compiled outcomes from 25 investigations in which
neuromuscular training was delivered to youth (aged 19
years or younger) who participated in team sports. The
authors found that neuromuscular training had a protective
effect on lower extremity injury risk, noting a 36% risk
reduction. They also identified a preventive effect of
neuromuscular training in reducing knee injuries by 26%,
but this number did not reach statistical significance.107

Sugimoto et al108 observed a larger preventive effect of
neuromuscular training for female athletes: 73.4% relative
risk reduction. Specifically, a 73.4% relative risk reduction
(ie, 73% less likely to experience a noncontact ACL injury)
was evident in females who participated in a neuromuscular
training program compared with those who did not. Herman
et al109 conducted a meta-analysis of 9 studies involving
more than 13 000 participants to examine the effectiveness
of neuromuscular warm-up strategies on injury prevention
and demonstrated similar findings. Their study highlighted
that, in general, neuromuscular training programs can
reduce the risk of lower extremity and knee injuries.
Further, it showed that protocols (eg, Anterior Knee Pain
Prevention Training Program) are available to reduce the
incidence of anterior knee pain in military recruits. Also of
interest from their results is that neuromuscular training
programs did not produce significant reductions in hip or
thigh injuries. In summary, neuromuscular training appears
to reduce lower extremity injury risk and, thus, we
encourage ATs to incorporate such programs into sports

and activities in which lower extremity injuries are
common.

Although our intent was not to review neuromuscular
training programs, we highlight the following key aspects
of most effective programs110: (1) Neuromuscular training
programs that incorporate multiple components (lower
extremity and core-muscle–strengthening exercises, plyo-
metric exercises, balance exercises, and consistent feedback
to participants on proper technique) appear to demonstrate
the greatest overall protective effect111; (2) making the
programs sport specific and securing coach involvement
appear to be important for successful implementation112;
(3) completing the program at an appropriate dosage (ie,
over at least 3 months and at all training sessions during
that period109 or 15 sessions over 6 weeks with minimum
15-minute exposures, started before the season)110; (4) no to
minimal equipment is required to complete the program110;
and (5) some ongoing maintenance training may be
necessary to retain the benefits of these programs over
time (ie, across multiple years or seasons).113,114 More
research is needed in many areas related to neuromuscular
training programs, but implementation research that
integrates theories of health-behavior change is a top
priority. The focus needs to be on how to encourage people
to change their attitudes and behaviors toward these
neuromuscular training programs so that athletes and the
physically active are more likely to adopt and maintain
participation in the programs over time, as compliance is
critical to program effectiveness.115 Theories of health-
behavior change have been applied to a number of health
conditions to improve participation and compliance;
however, many studies of musculoskeletal injury preven-
tion, including ACL injury-prevention programs, have
failed to integrate these theories. Also, research related to
the necessary timing, dose, and strategies for effective
retention is needed.

Proprioceptive training programs, which consist of
exercises that challenge a patient’s ability to target, detect,
and react to varying joint positions,116 are popular
interventions for ankle-injury prevention. This type of
training includes exercises such as balancing on a wobble
or balance board, reacting to a sport-specific stimulus (eg,
catching or throwing a ball) while standing on a single
limb, and balancing on a single leg with the eyes closed. A
recent meta-analysis117 demonstrated that compared with
various other control training interventions, proprioceptive
training reduced ankle-sprain risk by 35% (relative risk ¼
0.65, 95% confidence interval ¼ 0.55, 0.77). Similar
findings were demonstrated among patients with or without
a history of ankle sprain, reinforcing the importance of
primary injury-prevention efforts. Although proprioceptive
training may be effective for combating ankle injuries,
evidence supporting its ability in isolation to reduce the
overall risk of lower extremity injury, similar to neuro-
muscular training, is lacking. As such, we recommend
adopting a neuromuscular training program that incorpo-
rates proprioceptive training over proprioceptive training
alone so that any protective effects potentially span more
than 1 joint.

No evidence to detail the effectiveness of primary
prevention programs for upper extremity injuries is
currently available. This is most likely because knowledge
of upper extremity injuries lags behind that of lower
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extremity injuries. For prevention programs to be devel-
oped, we must determine risk factors for the shoulder,
elbow, wrist, and hand and test programs aimed at targeting
the modifiable risk factors for these upper extremity joint
injuries.

Secondary and Tertiary Prevention

Traditionally, the management of acute traumatic joint
injuries has ended when patients are deemed fit to return to
activity. Treatment has focused on healing joint tissues,
restoring anatomic structures, and improving functional
capabilities through surgical repair or rehabilitation (or
both). Patients are typically discharged from follow-up care
within several weeks to more than 9 months, depending on
the injury severity and treatment approach. However, as
noted earlier, for many patients, these injuries are the
starting point for a cascade of progressive pathologic joint
changes (eg, PTOA) that, over the course of several years,
leading to chronic pain and loss of function, resulting in
limitations that affect both physical performance and
activities of daily living. The paradigm in which the initial
injury is treated and the long-term consequences are
ignored must change.

In September 2012, COAMI issued a call to action
highlighting the need to adopt a chronic management
model for OA, similar to the models used to treat heart
disease, diabetes, and hypertension.15 The treatment goals
of this chronic management model are to detect and modify
risk factors early, before symptoms develop, so that the
debilitating outcomes associated with PTOA can be
mitigated or prevented entirely (Figure 2). The chronic
management model typically focuses on secondary and
tertiary prevention of PTOA after joint injury. In 2014, the
American Orthopaedic Association conducted a symposium
to examine emerging management strategies after acute
traumatic joint injury in order to shift the clinical approach

to PTOA from palliation to prevention.118 A primary
emphasis was the diagnosis and management of preosteoar-
thritis in the time between joint injury and the traditional
radiographic diagnosis of OA: on average, 10 to 15 years
after injury. It noted that orthopaedic surgeons who treat the
full spectrum of joint injuries should have ‘‘an awareness of
the paradigm shift toward the prevention of OA which is
critical to the promotion of improved clinical care.’’118

Athletic trainers who care for patients with acute traumatic
joint injuries should also be aware of this paradigm shift
focusing on the secondary and tertiary prevention of PTOA
after joint injury.

Athletic trainers are in an ideal position to serve as case
managers in the chronic management model for PTOA,
particularly in young and physically active patients at risk
for joint injury. We are also well positioned to detect and
modify risk factors for PTOA as soon as possible after joint
injury, preferably before symptoms appear, so that this
debilitating condition can be managed more effectively or
prevented entirely. It is important to point out that the
traditional approach of waiting until radiographic or
symptomatic OA is diagnosed to implement treatment is
too late, as the disease process cannot be reversed;
therefore, ATs must take steps to mitigate PTOA before
it occurs. An overview of a possible chronic disease
management model for PTOA after acute traumatic knee
joint injury, in which an AT serves as a case manager, is
shown in Figure 2. As noted previously, the AT is typically
present when an athlete or patient sustains an acute
traumatic knee-joint injury, and he or she commonly
manages the care and referrals for treatment in the early
stages of injury and throughout rehabilitation and return to
play. During this time, ATs can also play a critical role in
educating the patient about the risk of PTOA postinjury and
discussing evidence-based management strategies to po-
tentially mitigate or prevent the development and progres-

Figure 2. The chronic disease management model with an athletic trainer as case manager or gatekeeper. Abbreviations: ACL, anterior
cruciate ligament; OA, osteoarthritis; PTOA, posttraumatic osteoarthritis; TKA: total knee arthroplasty.
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sion of PTOA (eg, self-management, weight management).
Athletic trainers are also well positioned to monitor joint
health and other known risk factors over the life span after
joint injury. This can be accomplished through annual visits
or preparticipation screening. The goals of these annual
assessments are to monitor joint pain and function over
time and to refer patients who report increased levels of
pain or decreased levels of function, as these may be signs
of preosteoarthritis. If we can identify these patients early,
PTOA could be more effectively managed and perhaps
further joint damage would not ensue or symptoms would
not worsen. In other words, early identification would
provide an opportunity for early interventions or behavior
modifications (eg, weight management, activity modifica-
tions, exercise programs). Athletic trainers could also work
with patients on appropriate exercise prescriptions and
weight-management strategies to reduce symptoms, im-
prove function, and potentially limit the development and
progression of PTOA. These practices are in alignment with
evidence-based recommendations for the management of
OA.14 The ultimate goal of secondary and tertiary
prevention efforts is to push the end stage of disease as
far off in the timeline as possible in an attempt to delay total
joint failure and the need for total knee replacement
surgery.

Evidence-Based Management Recommendations

Recently, Nelson et al14 conducted a systematic review of
treatment and management recommendations and guide-
lines for OA. They evaluated treatment recommendations
for OA from all professional medical associations and

societies that had published recommendations or guidelines
at the time of their review. A summary of their
recommendations is provided in Table 2. A key finding
was agreement on many recommendations for the man-
agement of OA across the multiple professional societies
and organizations making such recommendations; however,
how these recommendations were being disseminated and
implemented in clinical practice varied considerably.
Although these recommendations were primarily focused
on managing patients currently suffering from the symp-
toms and consequences of OA, some may be beneficial in
the secondary and tertiary prevention of PTOA after acute
traumatic joint injury and before the onset of symptoms or
dysfunction. For example, self-management strategies for
monitoring joint health over time, managing regular
exercise and the type of physical activity patients engage
in, and maintaining a healthy weight likely play important
roles in the secondary prevention of PTOA after joint
injury. The remaining recommendations are probably more
appropriate for tertiary prevention to manage pain and
symptoms in order to delay end-stage disease and total joint
arthroplasty. We will elaborate on the recommendations for
secondary PTOA prevention (weight management, physical
activity, and self-management strategies), as they will
likely be critical in improving the quality of life for those
with PTOA (Figure 3). These recommendations were
generated by the Centers for Disease Control and
Prevention as management and intervention strategies for
OA in general,16 but they are also applicable to secondary
prevention of PTOA.

Maintaining a healthy body weight is important. People
who maintain a healthy weight are less likely to develop
symptomatic knee OA,119,120 and this appears to apply to
PTOA as well. Englund and Lohmander121 found that
obesity was associated with symptomatic tibiofemoral
PTOA after a meniscectomy in persons 15 to 22 years
old. Greater body weight increases the loads transmitted
across weight-bearing joints and can, therefore, increase the
pain and symptoms associated with OA. In fact, Messier et
al122 observed that for each pound of weight lost, the load
exerted on the knee per step during daily activities in adults
with knee OA who were overweight or obese was reduced
4-fold. Further, in a subsequent randomized clinical trial,
Messier et al123 found that adults with knee OA who were
overweight or obese and who participated in a diet and
exercise regimen not only reduced compressive forces at
the knee but also had reductions in inflammatory markers
and self-reported pain as well as improvements in physical
function. Therefore, ATs should encourage athletes to
maintain a healthy weight (BMI ,25) after joint injury. In
addition, patients who are overweight (BMI �25) or obese
(BMI �30) should be encouraged to manage weight
through an individualized eating plan, physical activity
and exercise regimen, and, if needed, referral to appropriate
members of the sports medicine team.

Living a sedentary lifestyle could increase the risk for
PTOA and other lifestyle-related diseases, such as diabetes
and cardiovascular disease. Regular physical activity has
been shown to decrease pain and disability and improve
function in all forms of arthritis.124 Low-impact, moderate-
intensity aerobic physical activity (eg, cycling, swimming,
walking) and muscle strengthening are considered the
safest and most effective exercises for adults who have

Table 2. Guidelines for the Management of Osteoarthritis (OA)14

1. Provide or refer patients to self-management education or exercise

programs.

2. Advise patients to engage in low-impact aerobic exercise and, if

overweight, to lose weight.

3. Walking aids and other assistive devices to improve activities of

daily living are recommended for patients as needed. Based on

current data, evidence is inconclusive for bracing or medial or

lateral heel wedges for knee OA and for splints for thumb-base OA.

4. Thermal modalities are recommended for hand, knee, and hip OA;

therapeutic ultrasound is not recommended for use; and insufficient

evidence currently exists to provide a general recommendation

regarding acupuncture, tai chi, or transcutaneous electrical nerve

stimulation.

5. Joint replacement is recommended for appropriate patients with

knee or hip OA.

6. Acetaminophen should be used as first-line therapy in symptomatic

OA. Second-line agents should include topical agents (capsaicin

and topical nonsteroidal anti-inflammatory drugs) and oral

nonsteroidal anti-inflammatory drugs (with appropriate risk

stratification and use of gastroprotective strategies). For refractory

symptoms, tramadol is recommended, and consideration can be

given to opioids or possibly duloxetine.

7. Intra-articular corticosteroids are recommended for knee and hip

OA. Insufficient evidence currently exists to provide a general

recommendation regarding intra-articular hyaluronans.

Note: These recommendations were generated by Nelson et al14 as
part of the Chronic Osteoarthritis Management Initiative of the US
Bone and Joint Initiative. The recommendations were drafted for
management of OA in general but can also be applied to
posttraumatic OA. In some instances, we slightly modified the
recommendations.
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OA.16 Although this guideline is likely also appropriate for
patients at risk for PTOA, it may be difficult to implement,
especially in younger athletes who participate in high-
impact or elite-level sports. In these instances, until more
research is available to support or refute sport participation
and high-intensity physical activity as a risk factor for
PTOA, patients should be educated to monitor their
symptoms during activity and to report to a health care
provider (AT, physician) if participation in their normal
physical activities is causing them difficulty. In addition to
aerobic activity, strengthening programs should be adopted
to maximize muscle strength (eg, achieve preinjury strength
values equivalent to the contralateral limb or strength
values that allow a high level of physical function). This
could not only help to prevent PTOA but also to reduce
pain and increase joint function in those experiencing
PTOA symptoms.125 Maintaining muscle strength after
achieving strength goals is critical to continued success of
the initial program and, therefore, continued participation in
strengthening exercises is warranted. Thus, even if
preinjury strength levels are achieved, participation in
strengthening programs should be continued at least 2 times
per week.16 Hence, patients should be encouraged to
continue aerobic and strengthening exercises not only
during their competitive careers but also throughout their
lives.

Self-management education is a process in which patients
with a chronic disease are taught how to manage their
condition, prevent its consequences, and achieve the best
possible quality of life. Several arthritis self-management
programs are available. The Centers for Disease Control
and Prevention currently recommend the use of the
Arthritis Self-Management Program and the Chronic
Disease Self-Management Program (each has an English
and Spanish version available), as sufficient research

supports their effectiveness.126 Generally speaking, both
programs contain information regarding how to deal with
problems associated with arthritis and chronic disease;
appropriate exercise regimens; appropriate use of medica-
tions; suggestions on how to communicate effectively with
family, friends, and health care providers regarding arthritis
and chronic disease; nutritional information; and guidelines
on how to evaluate new treatments and therapies.127,128 The
research behind both programs shows that participation in
these programs improves patients’ confidence in managing
their conditions, reduces depression and anxiety related to
the condition, reduces pain, improves quality of life, and
can lead to increased exercise participation.129 Athletic
trainers need to highlight to patients that the choices they
make after joint injury will likely affect the initiation and
progression of PTOA and that part of their self-manage-
ment strategy is to understand the risk factors for PTOA
and to make educated decisions with regard to physical
activity, diet and weight management, and monitoring of
joint health.

ROLE OF THE AT IN THE MANAGEMENT OF
ADVANCED-STAGE OA

The focus of this review has been primarily on PTOA and
the role of the AT in the prevention and management of
PTOA, but the ATOAC contends that it is important to
point out that ATs are also qualified to assist in the
management of physically active patients who are experi-
encing advanced-stage PTOA or OA (ie, patients who have
been diagnosed by a physician as already having the
disorder, regardless of its origin). For example, the
guidelines for the management of OA (Table 2) include
the delivery of thermal and electrical modalities, the
application of which are within the scope of practice for
ATs. Furthermore, given our emphasis on and expertise
with physically active individuals, we are in an ideal
position to understand the unique challenges these patients
present (eg, desire to return to sport, desire for high level of
physical functioning).

SUMMARY

This review and our recommendations are intended to
provide ATs with a basic knowledge of PTOA and the best
evidence-based guidance for preventing and managing this
condition. Athletic trainers should implement injury-
prevention programs that reduce the number of joint-related
injuries and thereby reduce the incidence and prevalence of
PTOA. For patients who have sustained a joint injury, ATs
should educate them about the risks of joint injury and
schedule regular follow-up visits to monitor joint health and
ensure adequate rehabilitation and appropriate return to
play. Lastly, ATs should encourage patients to maintain a
healthy weight and participate in regular low-impact
aerobic exercise and strength training in an effort to
prevent PTOA or minimize its symptoms in those who have
already been diagnosed with the condition.
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