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The anterior cruciate ligament (ACL) a relatively common injury in young, physically active 

individuals. ACL injuries are seen at high incidence in adolescents playing sports that 

involve pivoting, such as football, soccer, basketball, and team handball. Young women have 

a 35 times higher risk of ACL injury than do men when participating in these sports.1–3 

Most patients with acute ACL tears are younger than 30 at the time of their injury. As such, 

ACL injuries result in early onset osteoarthritis (OA) were associated with pain, functional 

limitations, and decreased quality of life.4 The reported incidence of posttraumatic 

osteoarthritis (PTOA) following ACL injury as high as 87%.5,6 By comparison, the 

prevalence of OA in all adults older than 45 years of age was 19.2%, as reported by the 

Framingham Osteoarthritis Study, and 27.8%, as reported by the Johnston County 

Osteoarthritis Project.7 It has also been estimated that an ACL rupture ages the knee by 30 

years.1 Variations in the incidence of PTOA may be due to different methods used to 

evaluate patients, various surgical techniques, the time interval between surgery and 

reconstruction, and the duration of follow-up after ACL injury. In addition, clinical 

symptoms do not always correlate with imaging or physical assessments, resulting in many 

areas of ongoing debate in the management of ACL injuries. Management of a torn ACL 

ranges from nonoperative treatment to reconstructive surgery. The primary goals of ACL 

reconstruction are to restore knee stability, allowing the patient to resume his or her 

preinjury activities. ACL reconstruction has not been shown to delay later development of 

PTOA. Study results vary, with reports showing decreased, equal, or even increased levels of 

PTOA in patients who have had ACL reconstruction. As such, there is high need for 

improved understanding of OA development after ACL injury to inform development of 

strategies to reduce OA risk in this population.

BIOMECHANICS AND BASIC SCIENCE OF PTOA

The mechanism responsible for cartilage breakdown and progression to OA following ACL 

injury is multifactorial and not completely understood. The development of OA after ACL 
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injury may be the result of the initial injury to the subchondral bone and hyaline cartilage. At 

the time of injury, the high force of the trauma disrupts the intra-articular structures.8 Occult 

osteochondral lesions, or bone bruises, as measured on magnetic resonance imaging (MRI), 

occur in 80%–90%9 of patients with an acute ACL injury, most commonly on the 

posterolateral tibial plateau and the anterolateral femoral condyle. These lesions suggest that 

articular cartilage sustains a considerable mechanical impact at the time of injury.10

In addition to initial trauma, the lack of a functionally normal ACL leads to chronic changes 

in the static and dynamic loading of the knee and increased forces on the cartilage and other 

joint structures.11 Therefore, subsequent intra-articular injuries occur over time, especially to 

the cartilage and the meniscus. These lesions play a role in the development of OA, as seen 

in many studies that show higher rates of OA in patients with concomitant intra-articular 

injuries.

ACL reconstruction, or even the historically performed ACL repair, has been postulated to 

prevent OA by restoring the biomechanical stability of the knee joint. Although ACL 

reconstruction does improve knee stability in ACL deficient knees, it does not restore normal 
knee kinematics.12 While ACL reconstruction has not been shown to prevent PTOA, there is 

substantial interest in whether more anatomical reconstruction techniques will restore knee 

kinematics and reduce OA risk.

Despite the ability of ACL reconstruction to reduce knee instability, the incidence of 

posttraumatic OA remains high. ACL disruption initiates a cascade of pathogenic processes. 

Lohmander and colleagues13 have shown repeatedly an increased turnover of the cartilage 

proteoglycan aggrecan and type II collagen within days and weeks following joint injuries. 

In a histologic study of cartilage biopsies at the time of ACL reconstruction, there is 

histologic evidence of degeneration and a persistent increase in collagenase cleavage and 

denaturation of type II collagen, occur within a year of ACL injury that is associated with an 

early transient increase in the total content of proteoglycan, similar to that seen in idiopathic 

OA.14

Any injury to the knee joint, including ACL rupture, alters in levels of synovial fluid of 

compounds that may contribute to joint degeneration. Multiple inflammatory cytokines, or 

biomarkers, such as tumor necrosis factor-alpha, interleukin-1 (IL-1β), and IL-6, are 

upregulated after joint injury.15–20 Although these studies show a wide variation in the time 

periods in which these inflammatory cytokines remain elevated, it is consistent that 

cytokines are elevated immediately following injury and likely persist for a prolonged period 

of time. Furthermore, if ACL surgery is pursued, the joint is again traumatized, resulting in 

prolonged joint inflammation with a postoperative hemarthrosis. The cytokines involved in 

this inflammation have been associated with cartilage destruction and have been identified as 

inhibitors to chondrogenesis.
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RISK FACTORS FOR PTOA

In an effort to reduce the incidence or progression of PTOA, the identification of risk factors 

associated with the development of this disabling process would be beneficial. Candidate 

risk factors for PTOA include the following:

• Neuromuscular factors

• Meniscus status

• Body mass index (BMI)

• Chondral damage

• Age

• Graft choice

• Time interval between injury and surgical intervention.

Nonsurgical Versus Surgical Management

ACL injury dramatically increases OA risk, the surgical objectives of ACL reconstruction 

are to reestablish function and to prevent instability that can result in added repetitive 

damage to the articular cartilage and other soft tissues.21,22 However, no studies show that 

ACL reconstruction can prevent PTOA.

Before the advent of ACL reconstruction, when ACL injuries were more often treated 

nonoperatively, 1 study23 showed that at 14 years after injury, one-third of ACL ruptures 

treated without repair or reconstruction demonstrated joint space narrowing or unequivocal 

OA. In this study, 86% of these patients had removal of 1 or both menisci at the time of 

surgery, and 75% of patients returned to the previous sport. In a retrospective cohort clinical 

study with longer follow-up, Nebelung and Wuschech24 evaluated 19 Olympic athletes who 

sustained an ACL injury and were treated without reconstruction. All athletes returned to 

high-level activity, but at the 20-year follow-up, 95% of the knees showed severe symptoms 

of OA and instability, and more than 50% had undergone total joint replacement after 35 

years.

Van der Hart and colleagues25 concluded that bone-patellar tendon-bone ACL reconstruction 

does not prevent the occurrence of radiological OA after 10 years, as 45% of patients had 

radiographic OA per the Kellgren-Lawrence grading scale versus 3% on the contralateral 

knee. In a study of radiological outcome of patients who had undergone ACL reconstruction 

in comparison to a group of nonoperatively treated patients, at 17 to 20 years after injury, 

both groups showed degenerative changes on radiographs.26 Half of the patients treated with 

ACL reconstruction had mild degenerative changes and 16.5% had severe OA. However, in 

nonoperatively treated patients there were no normal knees and 56% of the patients had 

severe OA. The authors concluded that reconstruction of ACL cannot prevent OA but may 

lead to a lower prevalence of its onset. Potter and colleagues,10 following both nonoperative 

and reconstructive treatments by MRI, found an increased risk of cartilage degeneration of 

the medial tibial plateau and patella in nonsurgical patients compared to the surgically 

treated patients. Kessler and colleagues27 also compared nonoperative versus reconstructive 
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treatment of arthroscopically confirmed ACL ruptures, observing that ACL reconstructed 

patients had significantly better knee stability but more OA. However, the authors excluded 

2 important groups of patients: patients with concomitant injuries (to the meniscus, cartilage, 

or other ligaments) and patients who required revision operation within the study period. 

Nonoperative management of ACL injury results in a significantly higher rate of meniscal 

lesions requiring later surgery than surgically treated ACL injury. However, this study did 

not incorporate the degree of OA in the knees with secondary meniscal tears, which may 

have changed their conclusions regarding the rate of OA.

This highlights the heterogeneity of people, treatments and assessments in ACL injury. It is 

possible that some patients with characteristic injury patterns are better candidates for 

surgery than others. For example, it is unclear what secondary damage occurs when ACL 

injuries are treated nonoperatively. Removing the variable of meniscal injury provides a 

more homogeneous population of patients with isolated ACL injuries. Hoffelner and 

colleagues28 found that athletes with an isolated ACL rupture had no increased risk for the 

development of PTOA after ACL reconstruction in the long term when compared to the 

uninjured contralateral knee. This offers several interpretations. It lends support to ACL 

reconstruction in this population, because surgery may prevent secondary meniscal and 

chondral injuries that advance OA. Further, there is an increased rate of reconstruction after 

a period of nonoperative treatment, which may be considered an argument in favor of 

primary ACL reconstruction. Conversely, if a patient is willing to modify activities to avoid 

instability primary nonoperative treatment, may be preferable. Neuman and colleagues29 

reported low rates of OA after ACL injured patients who agree to moderate their level of 

activity to avoid reinjury.

Daniel and colleagues30 concluded that patients who had undergone reconstruction had a 

higher level of arthrosis by radiograph and bone scan evaluation. Although this study does 

show significant results, it is not without limitations, because the more severely injured 

knees (ie, concomitant injuries) were more often reconstructed. The authors state that an 

increased incidence of degenerative joint disease in patients with reconstructed knees can in 

part be explained by a higher incidence of meniscal surgery in the patients who have 

undergone knee reconstruction. However, a comparison of bone scan scores for patients who 

did not have meniscal surgery revealed a greater incidence of arthrosis in patients who had 

reconstructed knees.

Meniscus Status

The status of the meniscus is a critically important factor in the development of OA after 

injury to the ACL. Multiple studies have reported that meniscal injury, meniscus surgery, or 

meniscectomy at the time of ACL repair or reconstruction increases OA risk.1,6,21,23–25,29–46

A recent systematic review,47 including 31 different studies, reported meniscal injury and 

meniscectomy as the most frequently reported risk factors. The status of the meniscus has 

been identified as the most important factor for developing posttraumatic OA after an ACL 

injury regardless of whether the patient undergoes ACL surgery or nonoperative treatment.21 

Wu and colleagues45 compared radiographic findings of patients at 10 years postoperatively, 

dividing the patients into 2 different groups: those with an intact meniscus at the time of 
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ACL reconstruction and those who underwent concomitant meniscectomy at the time of 

ACL reconstruction. Two of 25 patients with intact menisci had radiographic OA, whereas 9 

of 9 patients undergoing meniscectomy had radiographic OA. Thus, the authors noted that 

the meniscus should be repaired, not removed, whenever possible. Lohmander and 

colleagues1 found a very high prevalence of radiographic knee OA, pain, and functional 

limitations in young women who sustained an ACL tear during soccer play 12 years earlier. 

The authors note that ACL-injured players who also underwent meniscus surgery had a 

higher prevalence (69%) of radiographic knee OA than those without such surgery (39%). 

Similarly, von Porat and colleagues44 evaluated male soccer players, with a higher 

percentage (59%) of radiographic OA in patients who had meniscal injury compared to 

those with an isolated ACL injury (31%). Li and colleagues48 found that 24 of 37 (65%) 

patients who underwent concurrent meniscectomy developed radiographic OA, differing 

from the 72 of 212 (34%) patients who did not undergo concurrent meniscectomy but 

developed radiographic OA. The authors further evaluated patients who had undergone prior 

meniscectomy, noting that 16 of 19 (84%) patients who had undergone prior meniscectomy 

developed evidence of radiographic OA. In perhaps the most striking example, Nakata and 

colleagues6 found that degenerative joint disease changes were present in 13 of 15 (87%) 

meniscectomized knees, whereas those changes were seen in only 12 of 46 knees (26%) 

with intact or repaired meniscus.

In an interesting study,49 a population of men and women with OA underwent MRI, in 

which 49 of the 265 participants were found to have loss of ACL integrity. Remarkably, 

ACL deficiency increased the risk for cartilage loss of the medial tibiofemoral compartment; 

however, following adjustment for the presence of medial meniscal tears, there was no 

increased risk for cartilage loss. Based on this study, it seems that increased risk for cartilage 

loss is mediated by concomitant meniscus pathology in those with OA.

Findings of increased OA associated with meniscus injury may be explained by decreased 

stability and altered contact mechanics of the knee after partial or total meniscectomy.48 

Further, it is possible that the decreased tibiofemoral joint space associated with a 

meniscectomy can change the relationship of the patellar to the femoral trochlea, causing 

patellofemoral cartilage degeneration.38

The injured meniscus is addressed with meniscal repair or partial meniscectomy rather than 

complete meniscectomy. In recent years, even though partial rather than total 

meniscectomies have been performed, the incidence of OA associated with ACL surgery 

remains high, especially in comparison to ACL surgery with no meniscal damage. Meniscus 

repair in the presence of ACL injury is also common, as results have shown a lower 

incidence of OA in ACL-reconstructed patients with repaired menisci compared to those 

with partial meniscectomies.50

Body Mass Index

BMI is well known to be associated with onset and progression of knee OA in patients 

without ACL rupture.51 Not surprisingly, multiple studies have found that patient BMI is 

correlated with joint space narrowing or OA following injury to the ACL.22,23,27,48
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Bowers and colleagues52 aimed to identify demographic and anthropometric risk factors for 

intra-articular injuries observed during ACL reconstruction and found that height, weight, 

and BMI are significant risk factors for injuries to articular surfaces and menisci as observed 

during ACL reconstruction. Although the authors did not correlate any of their findings to 

the development of OA, other studies have supported that intra-articular injuries (ie, 

meniscus and cartilage) are risk factors for the development of OA. The authors, therefore, 

hypothesize that athletes could possibly reduce risk of certain intra-articular pathologies 

with maintenance of lower body weight and BMI and thus potentially improve long-term 

functional outcomes after ACL reconstruction.

Chondral Damage

Damage to the cartilage at the time of injury has been suggested as another risk factor for 

PTOA. Through evaluation of the articular cartilage during arthroscopy, Ichiba and 

Kishimoto36 found that the “cartilage-damaged” group had an increase in OA scores 

compared to the “no cartilage-damage” group. In another study, when the tibiofemoral and 

patellofemoral joints are analyzed separately, chondral lesions were shown as risk factors for 

the development of OA in both joint compartments.38 Conversely, Li and colleagues48 found 

that chondrosis in the lateral compartment was not significantly associated with knee OA, 

whereas patellofemoral chondrosis was significantly associated with knee OA.

Multiple different theories exist regarding the relationship between chondral damage and 

OA. Damage to the articular cartilage at the time of trauma may lead directly to OA. 

Similarly, instability after ACL injury with recurrent episodes of pivot shifting may increase 

cartilage damage and result in the development of OA.53 Chondral injuries also produce a 

biochemical cascade, with increased concentrations of chondrodestructive cytokines and 

decreased concentration of chondroprotective cytokines compared to the contralateral knee.
54

The relationship between occult osteochondral lesions, or bone bruises, and articular 

cartilage damage is unclear. Bone bruises occur in 80%–90%9 of patients with an acute ACL 

injury, most commonly on the posterolateral tibial plateau and the anterolateral femoral 

condyle. Potter and colleagues10 showed that the size of the bone marrow edema pattern was 

associated with cartilage degeneration from baseline through the third year. However, other 

studies show no correlation between bone bruise and cartilage degeneration or OA. 

Hanypsiak and colleagues33 concluded that the presence of a bone bruise at the time of 

initial injury did not significantly alter the patient-oriented outcome or predict OA.

Age

Not surprisingly, age has been identified as a risk factor for the development of PTOA.
22,27,43,55–57 In 1 study,38 age at the time of surgery proved to be a predictor for 

patellofemoral OA, but not for tibiofemoral OA.

Factors including chondrocyte senescence and preexisting joint degeneration increase the 

possibility of developing OA. In other words, because OA is a process not only of 

degeneration but also of mechanical wear and remodeling, the balance between anabolic and 
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catabolic processes decrease with age. Age is often overlooked in ACL studies, however, 

because most patients who undergo ACL reconstruction are young.

Graft Choice

With improvements in surgical technique, there have been several graft choices, from 

allograft to autograft, and from bone-patellar tendon-bone to hamstring. Differences in 

opinion regarding graft choice indicate the lack of research identifying the optimal graft 

choice. Although most studies report outcomes of ACL reconstruction based on their 

preferential graft choice, a few studies have identified a superior graft choice for the 

prevention of PTOA.

Pinczewski and colleagues58 found a trend toward increasing osteoarthritic changes in both 

the bone-patellar tendon-bone and the hamstring tendon graft cohorts between 2 and 10 

years. However, the percentage of patients with normal (International Knee 
Documentation Committee grade A) radiographs decreased by 19% in the hamstring 

tendon group and 34% in the bone-patellar tendon-bone group. Three other studies also 

reported similar results,38,48,59 in which the use of a bone-patellar tendon-bone graft was 

associated with an increased prevalence of OA compared to a hamstring tendon graft.

Time Interval between Injury and Surgical Intervention

Controversy exists regarding the timing of ACL reconstruction in patients who have chosen 

operative intervention. Because one of the goals of ACL reconstruction is to prevent 

secondary meniscal or chondral injuries, many argue that ACL surgery should not be 

delayed unnecessarily. Studies have shown that early reconstruction of the ACL reduces the 

development of OA when compared with late reconstruction.37,38,43,60

Keays and colleagues38 concluded that a time delay between injury and surgery may be a 

predictor for tibiofemoral OA. Seon and colleagues43 established that OA developed in 52% 

of those who underwent reconstruction more than 6 months after the initial injury. 

Additionally, 4 of 5 cases of advanced degenerative OA had developed in patients who had 

their reconstruction more than 2 years after the initial injury, suggesting that not only does a 

longer interval between injury and surgery increase the risk of OA but it also increases its 

severity. Especially in individuals intent on continuing activities that involve sidestepping or 

pivoting, early ACL reconstruction is advocated before episodes of giving way occur.37 In a 

review of knee radiographs of 77 patients, Kullmer and colleagues60 found that patients with 

acute ACL tears had a lower degree of OA on the day of surgery compared to the patients 

with chronic insufficiency, but the postoperative increase was identical in both groups.

WHERE DO WE GO FROM HERE?

Surgical techniques have improved, including the advent of arthroscopic surgery and the 

abandonment of repair for the improved reconstructive procedures. Preservation of meniscal 

tissues is of the utmost importance, in which total meniscectomies are nearly nonexistent, 

and partial meniscectomies or meniscal repair have been the treatment of choice for 

concomitant meniscal injury. Early rehabilitation, both preoperatively and postoperatively, 

has improved outcomes. Despite these changes in operative management, PTOA continues 
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to be present after ACL and other joint injuries. New strategies are needed to delay or 

prevent the onset (of premature osteoarthritis) after ACL injury.

ADDRESSING THE BIOCHEMISTRY

From a biochemical standpoint, the ultimate method of preventing PTOA after ACL injury 

may be prevention of the inflammation that occurs acutely after injury. The majority of 

research in disease-modifying OA drugs focuses on the later stages of joint degeneration. 

However, in the case of PTOA, in which there is a clear precipitating event, a unique 

opportunity arises to intervene early in the acute posttraumatic period.61 Prevention of the 

cascade of destructive processes within the joint may one day play a greater role. The use of 

antagonists to inflammatory cytokines such as tumor necrosis factor-alpha and IL-1 may be 

able to promote cartilage repair and/or restore joint homeostasis in the acute injury phase.

REHABILITATION

Whether a patient is treated nonoperatively or with ACL reconstruction, rehabilitation is an 

integral part of the treatment program. Rehabilitation techniques have evolved substantially 

over the past several decades, and the use of rehabilitation programs has become widely 

accepted. The goals of both nonoperative and postoperative rehabilitation include return of 

neuromuscular control, strength, power, and lower extremity functional symmetry.62 

Depending on the patient (high-level athlete vs a more sedentary individual), the 

rehabilitation protocol can be modified based on the individual patient’s goals, resources, 

and response to treatment.

PREVENTION

Prevention of ACL injury is the number 1 approach to prevent PTOA. To reduce the risk of 

this injury, a large number of research studies are currently being conducted to identify ways 

to reduce the rate of ACL injuries and to improve rehabilitation after the injury.63 Currently, 

neuromuscular training is the most effective tool to reduce the incidence of ACL injuries.64 

In a nonrandomized prospective study, female athletes enrolled in a neuromuscular and 

proprioceptive performance program saw in subsequent years, an 88% and 75% decrease, 

respectively, in ACL injury compared to the age-matched and skill-matched controls. A 

systemic review of the effectiveness of all ACL injury prevention training programs65 found 

that a significant reduction in the risk of ACL rupture in the prevention group, with the 

number needed to treat as low as 5 in 1 study.

SUMMARY

Anterior cruciate ligament tear accelerates joint degeneration and leads to osteoarthritis in a 

high proportion of patients. While successful in stabilizing ACL deficient knees, ACL 

reconstruction has not been shown to conclusively reduce OA risk. Altered biomechanics, 

age, meniscal status, cartilage and other joint tissue injury, as well as patient factors 

contribute to accelerated development of OA after ACL injury. The injury typically occurs in 

teenagers and young adults resulting in early onset disability. Post-traumatic OA after ACL 

injury illustrates the concept that modifiable extrinsic factors play a substantial role in OA 
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development.61 As such, improved understanding of the factors leading to early onset OA 

after ACL injury will be important to development of new disease modifying strategies to 

delay or prevent development of not just PTOA but potentially also other forms of OA.
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KEY POINTS

• Acute ACL tears commonly occur in young, physically active individuals 

under age 30.

• ACL injury increases osteoarthritis risk resulting in early onset OA during 

prime work and life years between ages 30 and 50.

• Effective strategies to prevent ACL injury and to reduce OA risk after ACL 

tear are needed.
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