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Background: Posttraumatic osteoarthritis (PTOA) after anterior cruciate ligament (ACL) reconstruction ultimately translates into
a large economic effect on the health care system owing to the young ages of this population.

Purpose/Hypothesis: The purposes were to perform a meta-analysis to determine the prevalence of osteoarthritis after an ACL
reconstruction, examining the effects of length of time after surgery, preoperative time interval from injury to surgery, and patient
age at the time of surgery. It was hypothesized that the prevalence of PTOA increased with time from surgery and that increased
time from injury to surgery and age were also risk factors for the development of PTOA.

Study Design: Meta-analysis.

Methods: A meta-analysis of the prevalence of radiographic PTOA after ACL reconstruction was performed of studies with a min-
imum of 5 years’ follow-up, with a level of evidence of 1, 2, or 3. The presence of osteoarthritis was defined according to knee radio-
graphs evaluated with classification based on Kellgren and Lawrence, Ahlbäck, International Knee Documentation Committee, or
the Osteoarthritis Research Society International. Metaregression models quantified the relationship between radiographic PTOA
prevalence and the mean time from injury to surgery, mean patient age at time of surgery, and mean postoperative follow-up time.

Results: Thirty-eight studies (4108 patients) were included. Longer postsurgical follow-up time was significantly positively asso-
ciated with a higher proportion of PTOA development. The model-estimated proportion of PTOA (95% CI) at 5, 10, and 20 years
after surgery was 11.3% (6.4%-19.1%), 20.6% (14.9%-27.7%), and 51.6% (29.1%-73.5%), respectively. Increased chronicity of
the ACL tear before surgery and increased patient age were also associated with a higher likelihood of PTOA development.

Conclusion: The prevalence of osteoarthritis after an ACL reconstruction significantly increased with time. Longer chronicity of
ACL tear and older age at the time of surgery were significantly positively correlated with the development of osteoarthritis. A
timely referral and treatment of symptomatic patients are vital to diminish the occurrence of PTOA.
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Osteoarthritis (OA) is the most prevalent musculoskeletal
disease, affecting 51.8 million adults in the United
States,37 and it has been reported to account for up to
18% of all health care visits.58 This health care utilization
translates into an annual cost of $461.5 billion to the

economy secondary to lost wages and the costs of treat-
ment.19 Notably, health care costs attributed to OA consti-
tute twice the costs devoted to chronic heart and lung
disease.37

As of 2006, an estimated 12% of cases of symptomatic
OA in the United States were identified as posttraumatic
OA (PTOA), totaling 5.6 million cases annually.54 One of
the most common but often overlooked causes of OA is
the development of PTOA after anterior cruciate ligament
(ACL) tears.30,31 This is worrisome because most patients
who sustain ACL tears are young and otherwise free of
risk factors for developing OA.16

While ACL reconstruction (ACLR) is primarily per-
formed to restore joint stability, secondary benefits of the
procedure include the restoration of normal joint kinematics
and decreased stresses on the menisci and chondral surfaces
as compared with an ACL-deficient knee.22,31 However, the
development of PTOA after ACLR is still prevalent.40,41
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It is important to determine factors associated with and
risk factors for the development of OA and to employ meas-
ures to modify modifiable factors. The effects of patient-spe-
cific factors, including meniscal pathology, meniscectomy,
and focal articular cartilage pathology, have been demon-
strated to be associated with the development of PTOA.
The effects of (1) the interval between ACL tear and sur-
gery, (2) age at surgery, and (3) time from surgery on the
development of PTOA after ACLR are unclear. Therefore,
the purposes of this study were to perform a meta-analysis
to determine the prevalence of OA after an ACLR, examin-
ing the effects of length of time after surgery, preoperative
time from injury to surgery, and patient age at the time of
surgery. It was hypothesized that the prevalence of PTOA
increased with time from surgery and that increased time
from injury to surgery and age were also risk factors for
the development of PTOA.

METHODS

Article Identification and Selection

This study was conducted in accordance with the 2009
PRISMA statement (Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses).35 A systematic
review of the literature regarding the existing evidence
for the development of OA after an ACLR was performed
with the Cochrane Database of Systematic Reviews, the
Cochrane Central Register of Controlled Trials, PubMed
(1980-2016), and MEDLINE (1980-2016). The queries
were performed in December 2016. Registration of this sys-
tematic review was performed in February 2017 with the
PROSPERO international prospective register of system-
atic reviews (CRD42017056903).

The literature search strategy inclusion criteria were as
follows: radiographic evaluation for OA after ACLRs in
studies with a mean follow-up of at least 5 years and
with a level of evidence of 1, 2, or 3. Cadaveric studies, ani-
mal studies, basic science articles, editorial articles, sur-
veys, and non-English studies were excluded.

Three investigators trained in orthopaedic surgery
(R.F.L., J.C., G.M.) independently reviewed the abstracts
from all identified articles. If necessary, full-text articles

were obtained for review to allow further assessment of
inclusion and exclusion criteria. Additionally, all referen-
ces from the included studies were reviewed and reconciled
to verify that no relevant articles were missing from the
systematic review. A modified version of the Coleman
methodology score (mCMS) was used to assess the quality
of methodology of each included study. The 2-part mCMS
grades studies based on 10 criteria: part A—study size,
mean follow-up, number of different surgical procedures,
type of study, description of surgical procedure, postopera-
tive rehabilitation, inclusion of patients’ radiographic out-
comes; part B—outcome criteria, procedure for assessing
clinical outcomes, and description of participant selection
process. The maximum score of the mCMS is 100, which
indicates that a study largely avoids chance, biases, and
confounding factors.

Data Collection

The level of evidence of the studies was assigned according to
the classification specified by Wright et al.63 Patient demo-
graphics, mean follow-up length, mean time from injury to
surgery, radiographic OA scores, and the total number of
patients with OA were extracted and recorded. For continu-
ous variables (eg, age, timing of surgery, follow-up length),
the mean and range were collected if reported. There were
4 radiographic OA scoring scales used in these studies: Kell-
gren and Lawrence, Ahlbäck, the International Knee Docu-
mentation Committee, and the Osteoarthritis Research
Society International–joint space narrowing. As described
by Claes et al,9 we used each radiographic grading system
to develop an equivalence table to create a standard cutoff
for the presence of OA (Table 1).

Data Processing

For studies that reported rates of PTOA at multiple time
points, only the furthest follow-up time point from surgery
was used for the analysis. Weighted means were computed
when studies reported continuous variable summaries in
multiple groups. For the 2 studies that reported the interval
between injury and surgery as a maximum amount of time
from injury to surgery,38,46 we imputed the maximum num-
ber of months as the preoperative interval between injury

TABLE 1
Equivalence Table for Radiographic Osteoarthritis Scoring Scalesa

Knee Kellgren-Lawrence Ahlbäck IKDC OARSI-JSN

Normal Grade 0 Grade 0 A: No or doubtful changes in the knee joint 1
Minimal OA Grade 1 Grade 0 B: Small osteophytes, slight sclerosis, flattening of femoral condyles 2
OA Grade 2 Grade 1 C: Joint space narrowing \50% .2

Grade 3 Grade 2
Grade 4 Grade 3 D: Joint space narrowing between 50% and 100%

Grade 4
Grade 5

aModified from Claes et al.9 IKDC, International Knee Documentation Committee; OA, osteoarthritis; OARSI-JSN, Osteoarthritis
Research Society International–joint space narrowing.
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and surgery. To be included in the final analysis, patients
were required to have undergone any type of ACLR surgery.

Quantitative Synthesis

The primary aim of this study was to synthesize the best
available evidence to quantify the risk of developing
PTOA after ACLR. Specifically, we aimed to correlate the
proportion of patients who developed PTOA in each study
with several covariates that were hypothesized a priori to
affect the likelihood of developing PTOA. First, a naı̈ve
(nonmoderated) meta-analysis was conducted to estimate
the overall rate of PTOA among all studies. Second, meta-
regression was performed to test for the linear effects of
mean length of follow-up, mean patient age at surgery,
and mean time from injury to surgery in months on the
log-odds of PTOA. Additionally, a subgroup meta-analysis
was performed to test whether the proportion of PTOA dif-
fered by study level of evidence (1-3). All models utilized
logit (log-odds) transformed proportions. To allow for gener-
alizability of our results beyond the set of included studies,
all metaregressions and subgroup meta-analyses utilized
mixed effects models.20 Residual heterogeneity was esti-
mated with the DerSimonian-Laird method, reported with
the I2 statistic, and presented with 95% confidence inter-
vals. Metaregression results were visualized by plotting fit-
ted values with 95% confidence regions across the range of

observed covariate values. Evidence for publication bias
was assessed with funnel plots, and symmetry was tested
with the rank correlation test. When asymmetry was found
in nonmoderated models, the rank-based trim-and-fill
method proposed by Duval and Tweedie, which aims to aug-
ment the data to reduce asymmetry, was reported as a sen-
sitivity analysis.13 Model assumptions and fit were assessed
via residual diagnostics. The statistical software R (v 3.3.2)
was used to produce all analyses and results figures (R
Foundation for Statistical Computing, with additional pack-
ages meta, metafor, and ggplot2).50,60,63

RESULTS

Study Selection

Thirty-eight studies were identified after application of
inclusion and exclusion criteria: 9 level 1 studies, 21 level
2 studies, and 8 level 3 studies. Methodological quality
assessment of the included studies resulted in a mean
mCMS score of 65.82 (range, 57-75). Seventeen studies
compared bone–patellar tendon–bone reconstruction auto-
grafts with hamstring reconstruction autografts; 5 com-
pared nonoperative and operative treatment; 3 compared
single- and double-bundle reconstruction; and 13 were
classified as ‘‘other.’’ Four studies fell into the ‘‘other’’ cat-
egory because there was not at least 1 additional study

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) flowchart of the study selection criteria.
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with the same comparison groups. Comparisons in these
studies included bone–patellar tendon–bone autograft
reconstruction versus Kennedy augmentation,12 acceler-
ated versus delayed rehabilitation,23 medial meniscus
transplant with ACLR versus a collagen meniscus implant
with ACLR and single- versus double-strand hamstring
ACLR,47 and screw versus pin femoral fixation.6 The
remaining 9 studies in the ‘‘other’’ group were prospective
(prognostic) cohort studies. All patients in these 9 studies
underwent ACLR. Figure 1 demonstrates the selection cri-
teria of the studies found with our search.

Demographics

A total of 4108 patients were included in this review. The
weighted mean age at surgery of the aggregate study pop-
ulation was 30.5 years old (range of reported means, 23-
45.2 years old). Among the included studies, sex distribu-
tion was reported in 24 studies (64%), totaling 1248 men

and 837 women. All studies reported on patients with
a minimum 5-year postoperative follow-up duration, and
the mean follow-up time ranged from 5 to 20 years among
studies, with a median of 9.8 years. The average preopera-
tive time from injury to surgery was reported in 32 studies,
producing a weighted mean interval of 17.9 months (range
of reported means, 0.3-58.8 months). The reported propor-
tion of patients with OA ranged from 0% to 73% among
included studies. Detailed information on the included
studies is displayed in Table 2.

Meta-analysis for Unadjusted Proportion of OA

A nonmoderated random effects meta-analysis of all 38
studies estimated the overall weighted proportion of
PTOA to be 21.1% (95% CI, 15.1%-28.6%). A high degree
of between-study heterogeneity was observed (I2 = 95.6%;
95% CI, 94.7%-96.4%). Moreover, the rank correlation
test found significant funnel plot asymmetry (P = .010),
indicating evidence for publication bias against small

TABLE 2
Bibliometric and Demographic Data for the Included Studiesa

First Author

Study

Year

Level of

Evidence Comparison OA Scale

Total

Patients

Mean

Age, y

Mean

Follow-up, y

Mean Time to

Surgery, mo

OA

Percentage

O’Neill39 2001 1 BTB AUTO vs hamstring AUTO IKDC 225 27.0 8.5 20.1 12

Pinczewski43 2002 2 BTB AUTO vs hamstring AUTO IKDC 105 24.6 5 NR 3

Drogset12 2002 1 Other Ahlbäck 68 26.0 8 42.0 50

Fithian15 2005 2 OP vs NONOP IKDC 208 39.0 6.6 NR 18

Roe46 2005 2 BTB AUTO vs hamstring AUTO IKDC 104 24.5 7 10.0 3

Sajovic49 2006 1 BTB AUTO vs hamstring AUTO IKDC 52 37.0 11 24.0 27

Matsumoto32 2006 1 BTB AUTO vs hamstring AUTO Kellgren-Lawrence 72 23.7 7.25 11.4 8

Zaffagnini65 2006 1 BTB AUTO vs hamstring AUTO Kellgren-Lawrence 50 30.5 5 8.0 2

Pinczewski44 2007 2 BTB AUTO vs hamstring AUTO IKDC 128 24.5 10 3.0 2

Keays25 2007 2 BTB AUTO vs hamstring AUTO JSN 56 27.0 6 35.1 48

Liden29 2008 2 BTB AUTO vs hamstring AUTO Ahlbäck 113 29.4 76 15.4 28

Kessler26 2008 2 OP vs NONOP Kellgren-Lawrence 109 30.7 11.1 NR 25

Neuman38 2008 2 Other JSN 79 42.0 15.7 0.3 16

Ahlden2 2009 3 BTB AUTO vs hamstring AUTO Ahlbäck 44 27.6 7.3 14.1 16

Meuffels33 2009 3 OP vs NONOP Kellgren-Lawrence 50 37.6 10 6.0 24

Shelbourne52 2009 2 Other IKDC 502 23.0 14.1 31.2 10

Holm21 2010 1 BTB AUTO vs hamstring AUTO Kellgren-Lawrence 57 35.9 10.5 40.9 61

Øiestad42 2010 3 Other IKDC 164 27.4 12.1 27.0 69

Øiestad40 2010 2 Other Kellgren-Lawrence 181 39.6 12.4 28.0 73

Sajovic48 2011 2 BTB AUTO vs hamstring AUTO IKDC 54 25.4 5 24.0 2

Mihelic34 2011 2 OP vs NONOP IKDC 54 25.3 18.5 19.0 11

Ferretti14 2011 3 Other Kellgren-Lawrence 80 35.0 5 3.1 0

Øiestad41 2011 3 Other Kellgren-Lawrence 210 39.1 13.7 24.8 71

Leys28 2012 2 BTB AUTO vs hamstring AUTO IKDC 94 24.5 15 3.0 9

Suomalainen54 2012 2 SB vs DB Kellgren-Lawrence 65 32.3 5 12.0 3

Frobell17 2013 1 OP vs NONOP Kellgren-Lawrence 121 26.0 5 2.5 11

Song53 2013 2 SB vs DB Kellgren-Lawrence 112 33.1 5.5 7.9 10

Janssen23 2013 2 Other Kellgren-Lawrence 86 31.2 10 58.8 73

Barenius5 2014 1 BTB AUTO vs hamstring AUTO Kellgren-Lawrence 134 40.4 14.1 15.1 55

Bulgheroni8 2015 3 Other Kellgren-Lawrence 34 44.7 9.55 26.3 29

Ruffilli47 2015 3 Other IKDC 51 29.2 12.1 NR 12

Webster61 2016 2 BTB AUTO vs hamstring AUTO Kellgren-Lawrence 38 41.6 15.25 NR 29

Thompson56 2016 2 BTB AUTO vs hamstring AUTO IKDC 137 24.5 20 3.0 50

Björnsson7 2016 2 BTB AUTO vs hamstring AUTO Kellgren-Lawrence 147 27.4 16.4 34.7 44

Karikis24 2016 1 SB vs DB Ahlbäck 87 29.1 5.4 23.5 22

Bjorkman6 2016 2 Other IKDC 47 NR 5 NR 4

Wellsandt62 2016 3 Other Kellgren-Lawrence 22 34.7 5 2.8 32

Risberg45 2016 2 Other Ahlbäck 168 45.2 17.8 26.4 42

2014 Cinque et al The American Journal of Sports Medicine



studies with a high PTOA prevalence. The trim-and-fill
method, used as a sensitivity analysis in the face of poten-
tial publication bias, estimated a slightly higher overall
proportion of PTOA (28.5%; 95% CI, 21.3%-37.0%). Sub-
group meta-analysis found no significant difference in
PTOA rates among studies with level of evidence 1, 2, or
3 (x2

2 = 1.42, P = .493).

Metaregression

A separate mixed effects metaregression model was built
for each of 3 continuous covariates to test for a linear

association between individual covariates and the log-
odds of developing OA. These 3 models are summarized
in Table 3 and visualized in Figures 2 to 4. Explicit formu-
lation of these models, for clinical use to calculate the esti-
mated risk of PTOA development, are available in the
Appendix (available in the online version of this article).

Higher mean years of postsurgical follow-up time were
significantly positively associated with a higher proportion
of PTOA development (for 1 additional year of follow-up,
an expected increase in log-odds of PTOA = 0.142, P =
.002). The model-estimated proportion of PTOA (95% CI)
at 5, 10, and 20 years after surgery was 11.3% (6.4%-

TABLE 3
Results From 3 Metaregression Modelsa

Model Parameter Estimate 95% CI P Value

1 (38 studies) Intercept 22.766 23.766 to –1.765 \.001
Mean follow-up time, y 0.142 0.052 to 0.231 .002

2 (32 studies) Intercept 22.392 23.117 to –1.667 \.001
Mean time from injury to surgery, mo 0.061 0.031 to 0.091 \.001

3 (37 studies) Intercept 23.852 25.765 to –1.939 \.001
Mean patient age at surgery, y 0.082 0.022 to 0.141 .007

aFor each model, the intercept estimates the log-odds for the proportion of posttraumatic osteoarthritis (PTOA) when the covariate is set to
zero. The second parameter estimated in each model represents the expected change in the log-odds of PTOA development for each 1-unit
change in the covariate variable. For instance, the estimated change in log-odds from a mean 5-year follow-up to a mean 6-year follow-up was
0.142 (95% CI, 0.052-0.231).

Metaregression of PTOA Percentage by Mean Follow-up Time
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Figure 2. Estimated metaregression relationship between
proportion with osteoarthritis development and mean follow-
up time (years). The dots represent individual studies. The
shaded region represents a 95% confidence region for the
curve. PTOA, posttraumatic osteoarthritis.

Metaregression of PTOA Percentage by Mean Chronicity
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Figure 3. Estimated metaregression relationship between
proportion with osteoarthritis development and mean time
between injury and anterior cruciate ligament reconstruction
(months). The dots represent individual studies. The shaded
region represents the 95% confidence region for the curve.
PTOA, posttraumatic osteoarthritis.
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19.1%), 20.6% (14.9%-27.7%), and 51.6% (29.1%-73.5%),
respectively (Figure 2). The mean time from injury to sur-
gery was reported in 32 studies, and model results were
presented over the observed range of means among studies
(0-60 months). Increased chronicity of the ACL tear before
surgery was associated with a higher likelihood of PTOA
development (for 1 additional month, an increase in log-
odds of PTOA = 0.061, P \ .001). The estimated PTOA pro-
portion for a mean preoperative chronicity of 6, 18, and 36
months was 11.7% (6.8%-19.2%), 21.6% (15.2%-29.6%), and
45.3% (30.2%-61.3%), respectively (Figure 3). Finally, the
mean patient age at surgery was also significantly posi-
tively associated with an increased likelihood of PTOA
(for 1 additional year of age, increase in log-odds of
PTOA = 0.082, P = .007) (Figure 4). The mean years of post-
surgical follow-up was positively but not significantly cor-
related with mean patient age (rho = 0.22, P = .164) and
mean time from injury to surgery (rho = 0.31, P = .068).

DISCUSSION

The most important finding of this study was that the pro-
portion of patients who develop PTOA after ACLR signifi-
cantly increased as the preoperative interval between the
original injury and surgery, the patient’s age, and the post-
operative follow-up period increased. The likelihood of
PTOA development at 5, 10, and 20 years postsurgery
was 11.3%, 20.6%, and 51.6%, respectively. The proportion

of patients with PTOA increased from 11.7% at 6 months’
interval from injury to surgery to 21.6% at 18 months
and 45.3% at 36 months. Finally, for every year increase
in patient age at the time of surgery, a significant increase
in the odds of PTOA was observed. The findings of this
study were strengthened by the subanalysis of level of evi-
dence, demonstrating no significant difference in PTOA
rates based on the included studies’ levels of evidence (1-3).

This meta-analysis identified 2 new risk factors for
PTOA after ACLR surgery. First, as the preoperative inter-
val between the ACL tear and ACLR increased, a signifi-
cant increase in the development of PTOA was observed.
Second, increased age at the time of surgery was recog-
nized as a significant risk factor. These findings are impor-
tant because much of the current literature has focused on
other factors, such as meniscectomy, surgical technique,
graft type, and previous sport participation and their
effects on the development of PTOA after ACL injury.9,57,59

Chronic knee instability attributed to an untreated ACL
tear has been reported to be a risk factor for meniscal tears
and chondral degeneration secondary to altered knee load-
ing and biomechanics.4 As a result, meniscal tears and
chondral pathology are commonly seen in knees with the
ACL reconstructed in the chronic phase (more than 6 to
8 weeks after injury).10,27,51 These findings demonstrating
increased rates of chondral and meniscal injuries in
patients with untreated ACL tears, coupled with the find-
ings of the current study demonstrating increased PTOA
in patients with longer intervals from injury to surgery,
highlight the need for early diagnosis, surgical treatment,
and rehabilitation of those patients with symptomatic ACL
tears. Furthermore, clinicians should have an appropriately
lower threshold for referral to an orthopaedic specialist or
for advanced imaging (magnetic resonance). Older patients
undergoing ACLR have higher odds of developing PTOA,51

and this information should be conveyed to older patients
with an ACL tear before surgery.

Intra-articular injuries and their effect on PTOA devel-
opment have been studied in the context of patients under-
going meniscectomy during an ACLR. A meta-analysis of
1554 patients at a minimum follow-up of 10 years (range,
10-24.5 years), evaluating the effect of meniscectomy on
the prevalence of OA in ACL-reconstructed knees, sug-
gested that the prevalence of OA was 16.4% in patients
without meniscectomy and 50.4% in patients with menis-
cectomy, yielding a 3.54-higher odds of having OA when
meniscectomy was performed concurrently with ACLR.9

Moreover, van Meer et al59 reported that medial meniscal
injury/meniscectomy posed a high risk for the development
of PTOA after an ACL tear, while a lateral meniscal tear/
meniscectomy did not increase PTOA risk at a mean
follow-up of 3.9 to 20 years in the included studies. These
studies have helped shape clinical practice today, with
more meniscal repairs now being performed to protect
the knee joint.1 However, these studies did not evaluate
the timing of surgery, risk of PTOA over time after ACL
surgery, and the effect of age at ACL surgery. The effects
of these factors on PTOA development were elucidated in

Metaregression of PTOA Percentage by Mean Patient Age
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Figure 4. Estimated metaregression relationship between
proportion with osteoarthritis development and mean patient
age (years). The dots represent individual studies. The
shaded region represents the 95% confidence region for
the curve. PTOA, posttraumatic osteoarthritis.
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the present study: increased PTOA occurs with increasing
time from surgery, increased age at the time of surgery,
and a greater interval between injury and surgery. These
findings also have the ability to change practice for all
clinicians and lower disease burden in a young population
through early treatment and preventative programs.

As the number of participants in youth sports increases,
the implications of the rising numbers of ACL tears on the
individual and population-wide lifetime development of
PTOA are concerning given that the rate of ACL tear per
sports exposure for women and men is 0.081 and 0.05 per
1000, respectively.18 This risk, coupled with the findings
of the present study, highlights the need for an emphasis
on ACL injury prevention programs, meniscal repairs
over meniscectomies, and early injury detection. Several
studies have reported a successful decrease in the number
of ACL tears after implementing a preseason neuromuscu-
lar training program.3,11,36 In general, these programs
have been difficult to initiate in the United States. How-
ever, because of the increased burden on patients and soci-
ety from an ACLR over time attributed to the development
of PTOA in a large number of these relatively young
patients, incorporation of the successful portions of these
prevention programs in practice and pregame sessions
should be reemphasized.

Limitations

We acknowledge some limitations to the present study.
First, it is worth noting that the studies reporting on
PTOA are highly heterogeneous. Because of this heteroge-
neity, a cause-and-effect relationship between each factor
and PTOA cannot be established. However, our findings
suggest that the individual factors of the chronicity of the
ACL tear before surgery and the patient’s age at the time
of surgery can increase the proportion of patients in a given
cohort who will develop PTOA after ACLR. Second, differ-
ent classification systems of radiographic OA were used
and grouped for the purposes of this study and may not
be perfectly generalizable. The possibility of aggregation
bias (‘‘ecological fallacy’’), which can occur when covariates
are inferred from study means rather than individual-level
data, was also a theoretical limitation of our metaregres-
sions. Finally, this study analyzed only the patients who
were treated with surgical reconstruction.

CONCLUSION

The prevalence of OA after an ACLR significantly
increased with time. The chronicity of ACL tear and an
older age at the time of surgery were significantly posi-
tively correlated with the development of OA. Timely refer-
ral and treatment of symptomatic patients are vital to
diminish the occurrence of PTOA. These findings can pro-
foundly affect all health care providers by allowing them to
diagnose patients with ACL injuries early, through refer-
ral or imaging, and to better counsel patients on the best
treatment for preventing the associated morbidity and
costly cascade of OA.

An online CME course associated with this article is avail-
able for 1 AMA PRA Category 1 CreditTM at http://www
.sportsmed.org/aossmimis/Members/Education/AJSM%20
Current%20Concepts%20Store.aspx. In accordance with
the standards of the Accreditation Council for Continuing
Medical Education (ACCME), it is the policy of The Amer-
ican Orthopaedic Society for Sports Medicine that authors,
editors, and planners disclose to the learners all financial
relationships during the past 12 months with any commer-
cial interest (A ‘commercial interest’ is any entity produc-
ing, marketing, re-selling, or distributing health care
goods or services consumed by, or used on, patients). Any
and all disclosures are provided in the online journal
CME area which is provided to all participants before
they actually take the CME activity. In accordance with
AOSSM policy, authors, editors, and planners’ participa-
tion in this educational activity will be predicated upon
timely submission and review of AOSSM disclosure. Non-
compliance will result in an author/editor or planner to
be stricken from participating in this CME activity.
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