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Abstract
Anterior cruciate ligament (ACL) injury is a traumatic 
event that can lead to significant functional impairment 
and inability to participate in high-level sports-related 
activities. ACL reconstruction is considered the treatment 

of choice for symptomatic ACL-deficient patients and 
can assist in full functional recovery. Furthermore, 
ACL reconstruction restores ligamentous stability to 
normal, and, therefore, can potentially fully reinstate 
kinematics of the knee joint. As a consequence, the 
natural history of ACL injury could be potentially reversed 
via  ACL reconstruction. Evidence from the literature is 
controversial regarding the effectiveness of ACL recon
struction in preventing the development of knee cartilage 
degeneration. This editorial aims to present recent high-
level evidence in an attempt to answer whether ACL 
injury inevitably leads to osteoarthritis and whether ACL 
reconstruction can prevent this development or not. 
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Core tip: This editorial aims to present recent evidence 
in an attempt to answer the following questions: (1) 
does anterior cruciate ligament (ACL) injury inevitably 
leads to osteoarthritis (OA)? (2) can ACL reconstruction 
prevent cartilage degeneration and to what extend is 
this possible? and (3) what are the risk factors for OA 
development after ACL injury? 
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Anterior cruciate ligament (ACL) tear is a devastating 
injury with both short and long term consequences. 
Short-term knee functional impairment is successfully 
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addressed with ACL reconstruction and rehabilitation 
that allows patients to return to previous sports activities. 
However, the long-term consequences of ACL injury 
and the role of ACL reconstruction towards fully re
storing knee biomechanics and potentially preventing 
cartilage degeneration post-traumatically is surrounded 
with controversy. The aim of this editorial is to discuss the 
recent literature for the long-term effects of ACL recon
struction, in an attempt to seek answers on whether ACL 
reconstruction can prevent development of osteoarthritis 
(OA).

ACL RECONSTRUCTION AND OA
ACL deficiency leads to anteroposterior and rotational 
instability as well as functional impairment, as evidenced 
by subjective and objective knee functional scores. The 
role of instability as a predisposing factor for cartilage 
degeneration was highlighted early[1]. Using regression 
analysis, a prospective analysis of 292 patients with knee 
injury, revealed a linear correlation between radiographic 
scores and maximum displacement measurements[1]. 

ACL reconstruction is the treatment of choice for 
symptomatic ACL deficient knees. Undeniably, ACL 
reconstruction restores knee stability, knee kinematics 
are also reinstated, and functional scores can be also 
equivalent to ACL-intact knees[2,3]. As a result, if knee 
instability and its resultant abnormal forces to cartilage 
was the sole factor for future OA development, ACL 
reconstructed knees would theoretically have similar 
incidence of OA compared to ACL uninjured knees. 

ACL tear was reported to be associated with a higher 
risk for knee OA regardless reconstruction. A meta-
analysis of six studies evaluating progression of OA after 
ACL injury showed that ACL-reconstructed knees had a 
relative risk of 3.62 vs uninjured knees (206 out of 395 
vs 62 out of 395) in OA development, indicating that ACL 
reconstruction cannot fully prevent OA. Non-operative 
treated ACL-deficient knees showed a relative risk of 
4.98 (40 out of 120 vs 8 out of 120), suggesting that 
ACL reconstruction can act preventively for OA compared 
to non-operative treatment[4]. A relative risk of 3.89 
for ACL-injured knees existed towards OA (240 out of 
465) compared to contralateral knees (73 out of 507)[4]. 
These data suggest that ACL reconstruction can prevent 
OA development to a certain degree. The presence of 
a higher risk for OA compared to the uninjured knee, 
demonstrates that ACL reconstruction cannot fully elimi
nate the increased risk of OA progression.

Some studies demonstrated that ACL reconstruction 
not only cannot fully prevent development of OA, but, in 
certain occasions, ACL reconstruction may be associated 
with a higher prevalence of knee OA. Specifically, 
a retrospective cohort study at 11 years post ACL 
injury showed that only 25% of conservatively treated 
knees developed OA vs 42% in ACL reconstructed 
knees[5]. Similarly, another report demonstrated that 
patients that underwent ACL reconstruction had a higher 
incidence of knee OA[1]. Furthermore, a more severe 

degree of OA using radiographic criteria was shown after 
ACL reconstruction compared to ACL-injured knees. 
Specifically, the relative risk of progression to severe OA 
in ACL-injured knees using Kellgren and Lawrence grade 
Ⅲ or Ⅳ was found to be 3.84 compared to the controls[4]. 
In contrast, the relative risk in ACL-reconstructed knees 
was 4.71[4]. These findings are typically attributed to the 
higher incidence of meniscus injury in these patients[1,4]. 
However, most studies that compare the degree of 
cartilage degeneration between patients undergoing ACL 
reconstruction and patients with non-operative treatment 
showed either reduction in the risk of OA development 
or no difference in risk[4]. The phenomena that can 
potentially lead to increased OA prevalence after ACL 
reconstruction are poorly understood. Further research 
that can identify additional risk factors that play a major 
role in OA development - apart from knee stability - is of 
paramount importance.

THE ROLE OF COMBINED MENISCUS 
AND CARTILAGE INJURIES IN OA 
DEVELOPMENT
A key factor that contributes to the development of OA 
is the presence of combined injuries, i.e., the presence 
of meniscal or chondral injury combined with ACL tear. 
Specifically, patients suffering from a combined injury had 
a significantly higher chance to develop radiographic knee 
OA (Kellgren and Lawrence grade 2 or higher) compared 
to subjects with isolated ACL injuries[6]. Indeed, 80% of 
the ACL reconstructed knees with associated meniscal or 
chondral injuries developed knee OA after 10-15 years 
vs only 62% of subjects with isolated ACL reconstructed 
injuries[6]. In the same cohort study, the percentage of 
subjects that developed knee OA at the contralateral 
uninjured knee was 15%[6]. The importance of menisci 
and cartilage status at the time of the ACL reconstruction 
was confirmed in another study with 7.5 years follow-
up that demonstrated that IKDC radiographic score was 
abnormal in only 3% of patients with intact menisci and 
cartilage, while an abnormal IKDC score was obtained in 
32% of patients that had both menisci damaged as well 
as cartilage lesions at the time of the initial surgery[7]. 
Similar results were highlighted by a systematic review 
that reported a prevalence of knee OA after isolated 
ACL injury ranging between 0% to 13%. In contrast, 
when a meniscal injury was present, the prevalence 
of OA increased between 21% to 48%, highlighting 
the significant role of meniscal injuries to subsequent 
osteoarthritis[8]. Unquestionably, the presence of a 
meniscal or chondral injury at the time of initial ACL 
tear is considered the most important predictor for the 
development of subsequent OA. Figure 1 describes the 
degree of contribution of ACL and associated injuries in 
the percentage of OA development.

The major role of meniscus and cartilage lesions at 
the time of surgery in the future development of OA was 
shown clearly by the findings of a recent study with long 
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term follow-up that excluded patients with concomitant 
injuries at the initial surgery at its assessment. Speci
fically, it was shown that, 20 years after ACL recon
struction, in 122 patients, 80% of those treated with 
patellar tendon graft and 87% of those treated with 
hamstrings tendon graft, respectively, had normal or 
nearly normal IKDC scores. Considering that the mean 
age of patients during the 20-year follow-up assessment 
was approximately 50 years of age, the prevalence of 
20% and 13%, respectively, for OA presence in that age 
group can be considered comparable to that of normal 
population[9].

PATHOGENESIS AND RISK FACTORS 
FOR OA AFTER ACL INJURY
One theory that aims to explain the increased incidence 
of OA in ACL injured knees without associated injuries is 
the theory of the initial impact. According to this theory, 
acute impact trauma to the articular cartilage initiates a 
degeneration process that can progress to osteoarthritis 
over the next years after the event. During ACL injury, 
pro-inflammatory cytokines, such as interleukin-6, inter
leukin-8, tumor necrosis factor-alpha, and keratan sulfate 
are increased and can remain elevated even three months 
after the injury[10-12]. These changes, as well as changes in 
gene expression post impact injury could trigger cartilage 
catabolism and potentially initiate the process of cartilage 
degeneration[11,13]. An indirect sign that supports this 
theory is the significant cartilage thickening seen in MRIs 
5 years following an ACL tear, that can be attributed to 
abnormal swelling due to disruption of cartilaginous matrix 
integrity[14]. However, the exact role of cartilage thickness 
change after ACL injury is yet to be determined.

A recent prospective case-controlled study that 
measured MRI T2 relaxation times, cartilage oligomeric 
matrix protein (COMP) - an indicator of cartilage break
down-, and C-reactive protein levels attempted to 
shed more light in the phenomena occurring after ACL 
injury that may be associated with OA development[15]. 
Specifically, it was shown that the cartilage at the 
lateral knee compartment of ACL-injured patients with 

associated bone marrow edema exhibited prolonged 
T2 relaxation times, suggesting that the bone marrow 
edema may represent areas of initial cartilage injury that 
could potentially predispose to cartilage degeneration[15]. 
This study also demonstrated that cartilage that was 
not directly impacted may also be the subject of future 
degeneration due to changes in joint homeostasis, 
as shown by the elevated levels of serum COMP and 
the prolonged T2 relaxation times in areas where no 
bone marrow edema was present. At 1-year post ACL 
reconstruction, T2 relaxation time remained prolonged 
in certain areas, indicating that the alterations seen in 
cartilaginous matrix may persist[15]. A cohort study with 
yearly follow-up assessment for 11 years showed that 
cartilage degradation as a result of the initial impact 
typically accelerates after 5 years from the injury[16]. 
These recent data suggest that at the time of ACL 
injury a degradation process of the cartilaginous matrix 
initiates, either as the result of direct impact or due to 
alterations in joint homeostasis after the impact injury to 
the joint. 

A second theory for the high incidence of OA after 
ACL injury involves chronic derangement of local joint-
loading patterns that introduce high shear and com
pressive forces on the menisci and cartilage that lead to 
irreversible changes to cartilage homeostasis regardless 
of restoration of ligamentous stability[17]. Specifically, 
ACL deficiency leads to increase in contact forces at the 
cartilage and alteration of knee joint kinematics[18,19]. 
Furthermore, increased anterior tibial translation can 
increase stress at both menisci and this explains the high 
incidence of meniscal tears in ACL-deficient knees[5,20,21]. 
These secondary injuries could be responsible for sub
sequent cartilage degeneration in the ACL-deficient knee.

The type of graft used in ACL reconstruction was 
recently considered that could play a role in future OA 
development. A recent study evaluating PT and HT 
grafts at 20 years post ACL reconstruction confirmed 
previous suggestions for OA development. Specifically, 
it was demonstrated that further surgery subsequently 
to ACL reconstruction as well as the use of patellar 
tendon as a graft increased the odds ratio of abnormal 
radiographic appearance of the knee by 2.6 and 2.4, 

OA in ACL injured knee

OA in normal knee

0         10        20        30        40        50        60        70

ACL isolated injury

Associated Meniscus/
cartilage lesion

Figure 1  Percentage of patients developing osteoarthritis after an isolated anterior cruciate ligament injury and after anterior cruciate ligament plus 
associated injuries in comparison to osteoarthritis development to a non-injured knee. ACL: Anterior cruciate ligament; OA: Osteoarthritis.
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respectively. PT grafts were associated with radiographic 
OA in 61% of patients vs only 41% in HT grafts[9]. In 
contrast, other reports did not confirm this difference[22]. 
Additional high-level studies are necessary to further 
evaluate whether the use of patellar tendon predis
poses towards OA progression and to further recognize 
potential pathogenetic mechanisms of this association.

Identification of factors that are associated with the 
development of knee OA after ACL injury is clinically 
important (Table 1). Apart from meniscal and chondral 
injury at the time of ACL reconstruction, advanced age 
and high BMI have also been suggested as risk factors 
for OA development after ACL reconstruction. Every 
10 years of age was proposed that add 1.7 odds ratio 
risk towards OA, while other studies report age greater 
than 25 years at the time of ACL reconstruction as a 
predisposing factor[5,23]. Every increment of BMI was 
associated with a 1.2 odds ratio for progression to OA[5]. 
Other predisposing factors suggested were an interval 
of more than 6 mo between injury and reconstruction, 
loss of knee extension, and poor performance at the 
single-legged hop test 1 year postoperatively[23,24]. A 
greater degree of laxity, as documented with Lachman 
test, was also associated with OA development[25], which 
re-introduces the question how successfully can ACL 
reconstruction address anteroposterior and rotation 
instability post ACL tear[26,27]. The recent interest in the 
anterolateral structures of the knee and their contribution 
in rotational knee stability led to techniques that 
combine ACL reconstruction with lateral extra-articular 
tenodesis[28,29]. It would be interesting to evaluate 
long-term results of these procedures towards the 
development of OA.

Interestingly, ACL-reconstructed patients traditionally 
performed significantly better compared to non-operated 
patients in both subjective and objective scores and 
demonstrated significantly less laxity at KT-1000[4]. 
This performance resulted in maintaining a higher 
participation in high risk pivoting activities and sports 
involvement. As a consequence, it may difficult to 
compare the development of OA between patients that 
fully participate in sports and return to their pre-injury 

level of activity with patients that cannot fully participate 
in sports. Furthermore, in a study that evaluated 
performance on return in elite football players after ACL 
reconstruction, it was found that there was a significant 
descent in mean performance compared to controls[30]. 
Therefore, ACL-reconstruction may contribute to 
restoration of most functional scores, but a minor deficit 
- that is obvious only in elite athletes - may still persist. 
This deficit could be associated with OA progression. 
For these patients, anterolateral ligament augmentation 
was recently suggested as a significant contributor to full 
restoration of function in these athletes[31].

Lastly, the importance of rehabilitation programs 
after ACL reconstruction has been highlighted over the 
last few years and certain controversies have been 
resolved. Specifically, evidence suggests that accelerated 
rehabilitation protocols that introduce sequential phases 
are associated with better outcomes[32]. Rehabilitation 
in phase 1 typically aims towards pain and oedema 
reduction, and regaining of range of motion. Phase 2 
usually introduces progressive improvement of qua
driceps and hamstring strength. The next phase adds 
improvement in neuromuscular control to the above[32,33]. 
When strength and endurance are maximized, specific 
exercises that aim to fulfill return to sports criteria are 
introduced. The criteria used for return to sports are still 
subject of controversy; however, recent data suggest 
that functional test assessment, such as single-leg hop 
test, and muscle strength criteria, such as percentage 
of isokinetic strength should be introduced[32,34,35]. The 
importance of maintaining an advanced level of physical 
activity is critical, as it appears to benefit both physical 
and mental health[36,37]. In the future, this can be 
extremely important as new biological treatments for 
early osteoarthritis become available and, therefore, 
interventions that can confront the initial phenomena 
post ACL injury and prevent at the progression to osteoar
thritis would be available[38].

CONCLUSION
ACL tear is associated with an increased risk for OA 
development. This risk increases remarkably when an 
associated meniscal or chondral lesion is present. ACL 
reconstruction potentially restores knee stability and 
appears to reduce the risk of OA, but it cannot fully 
eliminate the increased risk. The initial impact of injury 
at the time of ACL tear could explain the association 
between OA and ACL tear, but additional research is 
needed to understand the exact pathogenesis of post-
ACL injury OA. Identification of risk factors that can 
further increase the risk of knee OA is important in an 
attempt to control the natural history of cartilage dege
neration after ACL tear.
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Associated injuries at the time of ACL injury
   Meniscus tear
   Cartilage lesion
Demographic characteristics
   Advanced age
   High BMI 
Reconstruction related factors
   Patellar tendon graft
   Loss of knee extension 
   Laxity in Lachman test
   > 6 mo interval between injury and reconstruction
   Poor performance at the single-legged hop test 1 yr postoperatively

Table 1  Risk factors for osteoarthritis development after 
anterior cruciate ligament injury

ACL: Anterior cruciate ligament; BMI: Body mass index.
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