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Abstract

Background—Second anterior cruciate ligament (ACL) tears after reconstruction occur at a
reported rate of 20% to 30%. This high frequency indicates that there may be factors that
predispose an athlete to graft failure and ACL tears of the contralateral knee.

Purpose—To determine the incidence of second ACL injuries in a geographic population-based
cohort over a 10-year observation period.

Study Design—Descriptive epidemiological study.

Methods—/nternational Classification of Diseases, 9th Revision (ICD-9) codes relevant to the
diagnosis of an ACL tear and the procedure code for ACL reconstruction were searched across the
Rochester Epidemiology Project, a multidisciplinary county database, between the years of 1990
and 2000. This cohort of patients was tracked for subsequent ACL injuries through December 31,
2015. The authors identified 1041 patients with acute, isolated ACL tears. These patients were
stratified by primary and secondary tears, sex, age, activity level, side of injury, sex by side of
injury, and graft type.

Results—Of the 1041 unique patients with a diagnosed ACL tear in Olmsted County, Minnesota,
from 1990 to 2000, there were 66 (6.0%) second ACL tears; 66.7% of these tears occurred on the
contralateral side. A second ACL injury was influenced by graft type (P <.0001), election of ACL
reconstruction (£ =.0060), and sex by side of injury (£=.0072). Nonparametric analysis of graft
disruption by graft type demonstrated a higher prevalence of second ACL tears with allografts
compared with hamstring (P=.0499) or patellar tendon autografts (£=.0012).
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Conclusion—The incidence of second ACL tears in this population-based cohort was 6.0%, with
66.7% of these tears occurring on the contralateral side from the original injury. There was a high
population incidence of second ACL injuries in female patients younger than age 20 years. The
utilization of patellar tendon autografts significantly reduced the risk of second ACL injuries
compared with allografts or hamstring autografts in this cohort.
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Methods

A second anterior cruciate ligament (ACL) injury, either graft failure or contralateral ACL
disruption, is even more devastating than the primary ACL tear.26 The risk of second ACL
injuries after ACL reconstruction has been reported as high as between one-quarter to one-
third,34.20 a drastically high recurrence of which some proportion may be preventable. ACL
disruption is associated with destructive concomitant injuries, which include meniscus
tears,18subchondral bone bruises, fractures, and articular cartilage lesions!® that can result in
posttraumatic arthritis within 10 to 15 years.214 A reduction in subsequent ACL tears would
decrease the significant burden on the patient and the economy, with annual costs that
exceed $625 million in the United States.5.7:11

Previous studies of second ACL injuries have indicated that factors such as age,1:20.36.39
sex,20 activity level,115:20.39 time delay before ACL reconstruction (ACLR),3! and graft
typel®20.36 predict further ACL injuries.?! ACLR is a common orthopaedic procedure, but
many controversies remain in regards to the surgical technique, graft type, and rehabilita-
tion.1.8.15.28,37.40 Geographically based epidemiological studiescan help to clarify these
issues. Furthermore, with an increasing number of children engaged in high-level athletics
and older patients who remain active longer,2! studies should examine geographic,
population-based epidemiological trends with regard to second ACL injuries.

The purpose of this study was to (1) determine the incidence of second ACL injuries in a
population-based cohort and (2) determine the risk factors associated with a second ACL
injury. Our rationale for this study was that knowledge of both the historical and geographic-
based incidence of second ACL injuries will (1) allow for improved understanding of the
epidemiological progression of the disease and (2) assist in the prevention of second ACL
inju-ries325.26 and the resultant sequelae.

The Rochester Epidemiology Project (REP) is a medical record linkage system that provides
access to complete medical records for all residents of Olmsted County, Minnesota,
regardless of the medical facility in which the care was delivered.2%:32-34 The REP database
includes over 6.1 million health records. This population-based data infrastructure allows the
complete determination and follow-up of all clinically diagnosed cases in a geographically
defined commu-nity.2° In addition, the epidemiological data of the REP have demonstrated
generalizability to larger populations.33
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The REP database included all occurrences of ACL tears (based on /nternational
Classification of Diseases, 9th Revision [ICD-9] billing codes consistent with an ACL
injury) from January 1, 1990 through December 31, 2000. Second ACL injuries, defined as
any ACL tear after a primary injury (either ipsilateral or contralateral), were tracked in this
cohort of patients through December 31, 2015. Records were searched for evidence of a
second ACL injury via orthopaedic examinations, arthroscopic examinations, magnetic
resonance imaging (MRI), or surgical records of ACLR. The results yielded 1757 patients in
the geographic locale. The medical records were individually reviewed by the authors
(N.D.S., N.A.B., and T.L.S.) to confirm the accuracy of diagnosis and gather relevant data
regarding treatment details and outcomes. From these 1757 patients, 519 were excluded
from further analysis because of the confirmation of non-ACL injuries (eg, posterior cruciate
ligament tears, meniscus injuries, absence of tears on MRI). After the exclusion of non-ACL
injuries, 197 patients were identified with chronic tears (defined as a previous ACL tear on
medical records not during 1990-2000), which resulted in 1041 patients with acute-onset,
isolated ACL tears regardless of their reconstruction status. Of the 1041 unique patients, a
total of 1107 ACL injuries occurred; 57 unique patients sustained 66 secondary ACL
injuries. In addition, of the 1107 ACL injuries, 753 (68.0%) underwent treatment with
ACLR. Within the 1041 patients, the factors that significantly contributed to a recurrent ACL
injury to either knee (second injury) were identified. Multiple factors that were potentially
predictive of a second ACL injury were examined, which included sex, age, activity level,
sex by side, sex by activity level, side of injury, treatment group, and graft type. Local
institutional review board approval was obtained from both the Mayo Clinic (14-003215)
and Olmsted County Medical Center (026-OMC-14), and informed consent was obtained
previously from all patients.

Because of the nature of second ACL injuries occurring either after nonoperative treatment
or ACLR, it is important to note the disparity of possible second injuries that exists with
these 2 populations. Whereas a patient who underwent ACLR can sustain a second injury
via either a graft rupture or contralateral ACL rupture, a patient who underwent nonoperative
treatment can only suffer a contralateral ACL rupture as the ipsilateral side will remain torn
from the lack of reconstruction.

All statistical analyses were performed using JMP 10 (SAS Institute). The nonparametric
Wilcoxon rank test and post hoc Wilcoxon Each Pair test were utilized for non-parametric
factor analysis. One-way analyses of variance were utilized to calculate means with regard
to the risk of second ACL injuries. Additional statistical analyses included a multivariate
stepwise forward minimum Bayesian information criterion (BIC) and a Cox hazards model
to determine the factors that likely contribute to a second injury. Statistical significance was
set at a Pvalue of <.05.

The mean (£SD) occurrence of ACL tears per year from 1990 to 2000 in Olmsted County,
Minnesota, from the REP database was 97.4 + 13.4. Of the 1107 acute tears (mean age, 28.1
years; 683 male), 57 unique patients accounted for 66 (6.0%) second ACL tears (Table 1),
with 9 patients experiencing an additional subsequent tear (either ipsilateral or contralateral)
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after a second ACL injury. Of all patients in this cohort, 33.6% were lost to follow-up,
defined as no health record entry after January 1, 2011. The mean follow-up with patients
was 13.6 £ 7.7 years.

Of these second ACL tears (n = 66), 22 (33.3%) involved the ipsilateral ACL graft, and 44
(66.7%) involved the contralateral ACL. The overall graft failure rate for our sample that
underwent previous ACLR was 2.9% (calculated from 753 injuries that underwent ACLR).
Specifically observing athletes aged <20 years, the graft failure rate was 5.9%; for age <16
years, the graft failure rate was 1.8%. Allograft failure had the highest rate, with 26.9%,
followed by hamstring autografts at 11.4% and patellar autografts at 6.3%. If nonoperative
therapy was elected, the contralateral ACL had a 1.4% probability of tearing.

With regard to the activity level and injury risk, most patients who suffered an ACL tear
identified themselves as recreational in their activity level (62.2%); competitive and
sedentary levels were at 22.2% and 15.0%, respectively (Table 1). Analysis of the interaction
between activity level and age group (/g = 4.2351; P<.0001) determined that these 2
covariates acted dependently. The Wilcoxon test of activity level (£ = 0.0455; P=.9775)
was not predictive of second ACL injuries. As some patients elect not to undergo ACLR and
modify their activity level, analysis of covariance (ANCOVA) of treatment group (ACLR vs
non-operative), activity level, and a cross of treatment group by activity level would
demonstrate an interaction of interest. However, as these data are categorical, ANCOVA was
not possible. Rather, analysis of second injuries was run with treatment group by activity
level. This analysis demonstrated that recreational athletes who elected ACLR were
significantly more vulnerable to second injuries compared with those who elected
nonoperative treatment (2 = 8.0396; P =.0046). Excluding graft retears from the analysis
(n = 22), those who elected ACLR were more likely to experience a second injury than those
who elected nonoperative treatment (Z; = 9.0200; £=.0027).

The relative risk of a second ACL injury was assessed by age group; patients were stratified
into 6 age groups. Most primary ACL tears by quantity occurred between the ages of 17 and
35 years (Table 2). With regard to second ACL tears, the age range of 17 to 25 years
accounted for the majority of tears (Table 2). Male patients were more likely to sustain a
primary ACL rupture compared with age-matched female patients between the ages of 17 to
45 years; female patients were more likely to sustain an ACL rupture at age <16 years
(53.1%) (Table 2). Age approached significance for secondary injuries (Z = 10.7149; P=.
0573), with significant post hoc differences between age <16 years versus 17-25 years (P=.
0255), age <16 years versus 36-45 years (P=.0081), and age <16 years vs>55 years (P=.
0007). It should be noted that the actual incidence of primary and secondary ACL tears
decreased after the approximate age of 45 years and that sampling bias existed with age .55
years (Table 2). Stratification of analysis for sex by age group did not demonstrate a
predictive value for second injuries. Stratification of sex by activity level and age group
demonstrated significance for only predicting second injuries for competitive-level female
patients between ages 17 and 25 years (Z; = 5.6965; £=.0170).

Graft type was statistically predictive for second ACL injuries (2, = 25.9875; P < .0001).
Post hoc analysis showed that ACLR with allografts was predictive of second ACL injuries
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versus patellar tendon autografts (P< .0001) and allografts versus hamstring autografts (P=.
0160) (Figure 1). For second injuries specific to a graft rupture (2 = 10.7326; £P=.0047),
post hoc analysis demonstrated that allografts were significant versus hamstring auto-grafts
(P=.0499) and allografts versus patellar tendon autografts (£ =.0012). Similarly, for
contralateral tears (2 = 17.0647; P=.0002), post hoc analysis demonstrated that allografts
were more predictive of a second injury versus patellar tendon autografts (A< .0001) (Figure
1). Overall, allografts were more likely to fail (28.3%) compared with hamstring and patellar
autografts (11.3% and 6.8%, respectively) (Table 3). Stratification of graft type by age group
predicted second injuries between the ages 17-25 years (£ = 29.4114; A< .0001), 26-35
years (£ = 53.7873; A< .0001), and 36-45 years (£ = 19.7579; A< .0001). Post hoc
analyses demonstrated that for ages 17-25 years, allografts had a significantly higher
probability for second injuries than patellar autografts (A< .0001), and hamstring autografts
had a significantly higher probability than patellar autografts (= .0083); for ages 26-35
years, allografts had a significantly higher probability than patellar autografts (A< .0001),
and hamstring autografts had a significantly higher probability than patellar auto-grafts (P
=.0176); and for ages 36-45 years, allografts had a significantly higher probability than
patellar auto-grafts (P < .0001) (Figure 2).

The Wilcoxon test demonstrated that sex was not predictive of second ACL injuries (Z; =
0.2017; P=.6533). However, when the data were normalized to the population incidence, a
trend of interest between sexes was visualized (Figure 3). Side of injury demonstrated
significance for second injuries (Z; = 7.2529; P=.0071). When stratified by type of second
injury, graft ruptures demonstrated significance (Z; = 8.7506; P=.0031), while contralateral
tears did not (Z; = 0.7499; P=.3865). Similar analyses of second injuries demonstrated
significance with sex by left side (23 = 7.2262; P=.0072) but a lack of significance with sex
by right side (1 = 1.6003; P=.2059).

Utilizing sex, age group, activity level, sex by side, sex by activity level, side of injury, and
graft type as independent variables, the Cox hazards model (X216 =52.0608; £<.0001)
demonstrated age group (P < .0001) as a significant factor for second ACL injuries.
Stepwise BIC multivariate regression with the same independent variables as above
demonstrated that the graft type of an allograft was the single significant independent
variable predicting second ACL injuries (F/ = 93.8761; A< .0001) compared with patellar
and hamstring autografts.

Discussion

This observational cohort study provides valuable information with regard to the reported
rate of second ACL injuries from a geographic, population-based group of patients with
acute-onset, isolated ACL tears. This data set complements the current, published
epidemiological literature about the geographic occurrence of second ACL injuries.9:27:28
Pure geographic analyses are important epidemiological considerations as they are not
exclusive to the incidence based on a particular hospital, subscribers to a particular
healthinsurance company, or a physician community—based registry as has been reported
previously in the litera-ture.19:20.36 This data set allows for improved generalizability of the
epidemiological data to larger populations33 with minimal financial or social bias.
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Overall, 6.0% of the acute-onset ACL tears in this population were second tears, with graft
failure comprising 33.3% and contralateral tears comprising 66.7% of the total 66 second
ACL tears observed. Within the contralateral tears, 2 (3.0%) were sustained by those who
sought nonoperative treatment. Although at first glance this seems like a favorable statistic
for nonoperative treatment, it is important to recognize that those who elect nonoperative
therapy often adapt lifestyle, activity, and sport participation to avoid cutting, twisting, and
planting maneuvers. Consequently, nonoperative treatment may not be the best method for
all patients.

Analysis of treatment type for predicting second injuries was approached carefully because
of the biased results that could have occurred from improper analysis. As those who were
treated nonoperatively cannot experience a graft retear, only contralateral tears could be
considered in the analysis. Thus, patients who experienced retears after ACLR were
excluded (n = 22) from the analysis. It must also be assumed for the analysis that those who
chose ACLR were more likely to expect a successful return to more active lifestyles. Many
patients in this cohort first elected nonoperative treatment until their lifestyle and activity
produced multiple “giving-way” episodes. Thus, their activity level was a covariate to their
selection of treatment. Unfortunately, ANCOVA was not possible as it requires continuous
variables and our data are categorical. Thus, because of the complexity of predicting contra-
lateral tears by treatment type and the covariate of activity level, the rates of contralateral
tears between the ACLR and nonoperative treatment populations are not straightforward and
are difficult to report.

Activity level was not a statistically significant contributor to the injury risk in our
geographic cohort but may be clinically significant as competitive-level athletes were twice
as likely to sustain a second ACL injury when aged <20 years. Similarly, recreational
athletes aged =20 years were twice as likely to sustain a second ACL injury (Table 3). This
finding by age and activity level is consistent with the recent literature. It should be noted
that our data did not allow for parsing via athletic exposure. Most patients who suffered an
ACL tear in our cohort identified themselves as recreational in their activity level, followed
by competitive. Being a competitive-level female patient between the ages of 17 and 25
years was particularly significant in predicting second ACL injuries. No other age range or
activity level by sex demonstrated significance. Therefore, return-to-play criteria should be
an important aspect of the clinical evaluation, especially with younger female competitive-
level athletes.

Graft type also strongly influenced the occurrence of second ACL injuries. Our data
indicated that allograft failure was nearly 3 to 4 times more likely than the failure of
comparative autografts (Figure 1 and Table 3). In addition, hamstring autograft failure was 2
times more likely than patellar tendon autograft failure. A comparison of graft failure across
age groups demonstrated that allografts failed more often than hamstring autografts and that
hamstring autografts failed more often than patellar tendon autografts, especially at younger
ages (Figure 2). This influence of graft type and patient age on ACLR failure has also
recently been demonstrated by Kaedinget al.1® The graft selection for ACLR is important as
current ACLR trends favor hamstring autografts from the contralateral limb. Recent
publications from Scandinavian and Norwegian cruciate ligament registries have reported a
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2-fold higher risk of revision with hamstring autografts compared with patellar tendon
autografts.227 In addition, a meta-analysis by Xie et al*! concluded that patellar tendon
autografts might allow patients to return to higher levels of activity and maintain rotational
stability in comparison with hamstring autografts. However, the use of a patellar tendon
autograft was associated with more postoperative complications.#! Concerns regarding
selection bias in this cohort are minimal as the patellar autograft was the most highly favored
of the graft types in this geographic cohort. Consequently, there were many more exposures
of patellar autografts to second injuries than the other graft types. Future epidemiological
studies should continue to identify the outcomes of the various graft selections to identify
the optimal surgical technique and graft type for improved patient outcomes.

The highest prevalence of second ACL injuries was found between ages 17 and 35 years
with both sexes (Table 2). On the basis of the previous literature, young female patients are
more vulnerable to a second injury because of unmodified risk factors that may have led to
their primary ACL injury.>:11-13.23 | the current cohort, sex was not predictive of a second
ACL tear. However, side of injury and sex by side of injury were predictive of second ACL
injuries, with female patients sustaining a higher likelihood of a second injury to their left
side. This finding is most likely coincidental unless female patients have less neuromuscular
control on the predominately nondominant limb in the generalized population. Further data
will need to be assessed to determine whether there is a true trend in this phenomenon.

Although age alone was not statistically predictive of second ACL injuries, it was predictive
in the Cox hazards model for contributing to a second ACL injury. Adjusting the overall
second injury occurrence to the geographic population displayed a higher risk for young
female patients to sustain a second ACL injury (Figure 3), consistent with the current
literature.29:26 Of particular interest is the biphasic occurrence of second ACL injuries for
female patients with peaks at near 18 and 50 years of age. Although the trend for male
patients was relatively steady across age 15 to 45 years, the higher risk of second ACL
injuries for female patients aged <20 years is consistent with the recent report by Wiggins et
al.3% The reported second ACL injury rate of 12.6% for patients aged <20 years is higher
than the mean injury rate in the current geographic analysis (5.9%).3% However, our second
ACL injury rates from the total population are similar as we observed an ipsilateral tear rate
of 2.1% and contralateral tear rate 0f4.2%.38.39

An important strength of the current study is the use of a large geographically defined
database, but the population is limited to Olmsted County in southeast Minnesota.
Additional strengths of the study include the reporting of sex, age, and activity level; chart-
based verification; determination of associated injuries; and ability to account for all care
provided. In addition, our analysis is not limited by only observing ACL tears in a particular
age range. The reported data are strictly based on athletic trends in the United States. Other
countries may have a different incidence of second ACL injuries on the basis of their unique
exposure to high-risk sports with cutting, pivoting, and rapid deceleration. Likewise, these
data must be viewed as representing the years from 1990 to 2000 and the surgical and
rehabilitation sequences of that period. Changes in graft fixation and location may alter the
overall picture of a second ACL injury. Activity level was documented from medical records
and did not utilize a validated questionnaire (such as the International Knee Documentation
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Committee, Cincinnati, or Marx scores), which limits conclusions that may be drawn
regarding the true activity level. In addition, we cannot accurately report the rate of return to
sport and at the designated level of participation as these data were not documented in the
medical records.

Future studies should examine trends of a second ACL injury over longer and more recent
observation periods as societal trends are likely to change. Our current plan is to continue
our analysis of the REP epidemiological data for years 2001 to 2015 and report the
incidence of second ACL injuries in this cohort. In addition, we will report trends observed
in the REP data that follow changes in the approach to ACLR and graft type selection.

Conclusion

In this population-based cohort of 1041 unique patients, the incidence of second ACL tears
was 6.0%, involving the ACL graft in 33.3% and the contralateral ACL in 66.7%. Overall,
graft selection was the most significant risk factor for second ACL injuries. Specifically,
patellar autografts significantly reduced second ACL tears compared with hamstring
autografts and allografts. Age was a determinant for graft failure and was a significant
contributor to second ACL injuries in the stepwise BIC multivariate regression model.
Female patients aged <20 years sustained a high incidence of second ACL injuries. It is
likely that the trends in ACL injuries will change with improved reconstruction techniques
and improved rehabilitation protocols. Future efforts should emphasize targeting prevention
and outcome measures of high-risk groups, specifically activity modification, improved
rehabilitation guidelines,31024.30 and use of integrative neuromuscular training322:30.35 to
help athletes reduce the risk of second ACL injuries.33°
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Figurel.
Probability of sustaining a second anterior cruciate ligament (ACL) injury by graft type. A

value of 1 indicates a second ACL injury. Allo, allograft (hamstring or patellar); AutoHam,
hamstring autograft; AutoPat, patellar autograft. All allografts were combined as only 4
were hamstring allografts.
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Figure 2.
Probability of sustaining a second anterior cruciate ligament (ACL) injury by age group and

graft type. A value of 1 indicates a second ACL injury. Allo, allograft (hamstring or
patellar); AutoHam, hamstring autograft; AutoPat, patellar autograft. All allografts were
combined as only 4 were hamstring allografts.
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Figure 3.
Age-specific incidence of second anterior cruciate ligament (ACL) injuries in male and

female patients. Data fit with a sixth-order polynomial.

Am J Sports Med. Author manuscript; available in PMC 2017 July 19.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Table 1

Schilaty et al.
Demographics of ACL Tears (N = 1107)2
Value
Acute ACL tears
Male 683 (61.7)
Female 424 (38.3)

Age, mean £ SD, y 28.1610.1

Tear type
Complete 1060 (95.8)
Partial 42 (3.8)
Unknown 5(0.5)
Activity level
Competitive 246 (22.2)
Recreational 689 (62.2)
Sedentary 166 (15.0)
Unknown 6(0.5)
Occurrence?
Primary 1041 (94.0)
Secondary 66 (6.0)¢
Failure 22 (33.3)

Contralateral
Reconstruction 42 (63.6)
Nonoperative 2 (3.0

a\/alues are expressed as n (%) unless otherwise indicated. ACL, anterior cruciate ligament.

Page 14

A primary injury is disruption of the anatomic ligament. A secondary injury includes either a failure of the graft or a tear to the contralateral knee.

Nine patients in this cohort experienced a subsequent ACL injury after a second ACL injury; this injury was also counted as a secondary ACL

injury.
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ACL Tearsby Age Group?
Age Range Male Female Total
Primary tears
<16 61(46.9) 69 (53.1) 130 (12.5)
17-25 217 (63.6) 124 (36.4) 341 (32.8)
26-35 226 (67.5) 109 (32.5) 335(32.2)
36-45 110 (63.2) 64(36.8) 174 (16.7)
46-55 25(47.2) 28(52.8) 53(5.1)
55 5(62.5)  3(37.5) 8(0.8)
Total 1041
Secondary tears
<16 2(1000)  0(0.0) 2(3.0)
17-25 12(50.0) 12(50.0) 24 (36.4)
26-35 14(73.7)  5(26.3) 19(28.8)
36-45 9(56.3)  7(438)  16(24.2)
46-55 2 (66.7) 1(33.3) 3(4.5)
55 0(0.0) 2 (100.0) 2(3.0)
Total 66

a\/alues are expressed as n(%).ACL, anterior cruciate ligament.
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