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Abstract Background: Return to play after anterior cruci-
ate ligament (ACL) reconstruction can increase risk for both
ipsilateral graft rupture and contralateral ACL rupture. The
risk for injury of the contralateral knee after ACL recon-
struction could be nearly double that of ipsilateral graft
rupture. Questions/Purposes:We sought to identify indepen-
dent, patient-related risk factors for contralateral ACL rup-
ture following primary ACL reconstruction. Methods: A
national database was queried for patients who underwent
primary ACL reconstruction from 2007 to 2015 with a
minimum of 2 years of post-operative follow-up (n =
12,044). Patients who underwent subsequent primary ACL
reconstruction on the contralateral extremity were then iden-
tified. A multivariate binomial logistic regression analysis
was utilized to evaluate patient-related risk factors for con-
tralateral ACL rupture, including demographic and comor-
bidity variables. Adjusted odds ratios and 95% confidence
intervals were calculated for each risk factor. Results: Of the
3707 patients who had a minimum of 2 years of database
activity and comprised the study group, 204 (5.5%) experi-
enced a contralateral ACL rupture requiring reconstruction.
Independent risk factors for contralateral ACL rupture

included age less than 20 years, female gender, tobacco
use, and depression. Obesity, morbid obesity, type 1 diabe-
tes, type 2 diabetes, and a history of anxiety were not
significant predictors of contralateral injury. Conclusion:
We were able to adequately power an analysis to identify
several significant patient-related risk factors for contralat-
eral ACL rupture after primary ACL reconstruction, includ-
ing younger age, female gender, tobacco use, and
depression. This information can be used to counsel patients
on the risk of injury to the contralateral knee.
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Introduction

The anterior cruciate ligament (ACL) is the most commonly
reconstructed ligament of the knee. Modern reconstructive
techniques produce reliable outcomes, with a high rate of
return to pre-injury sporting activity [5, 7, 13]. While return
to play is a key outcome for both patients and surgeons after
ACL reconstruction (ACLR), it also places patients at in-
creased risk for both ipsilateral graft rupture and contralat-
eral ACL rupture. A contralateral ACL tear is a devastating
event for the patient, and recent long-term follow-up studies
suggest that the risk for injury of the contralateral knee could
be nearly double that of ipsilateral graft rupture [12, 22].
While numerous studies have reported on risk factors for
ipsilateral graft rupture following ACLR, studies evaluating
risk factors for contralateral ACL rupture within 2 years
have been limited to institutional reviews and international
registries [1, 10–14, 16, 18, 20–22]. One review of 17,346
ACLRs found risk factors associated with ipsilateral ACLR
revision to include allografts, hamstring autografts, male
sex, younger age, and lower body mass index (BMI); risk
factors associated with an increased risk of contralateral
ACLR included younger age, female sex, and lower BMI
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[13]. Another study of 2965 patients who underwent ACLR
found that younger age, participation in a high-energy sport,
and high-school level of participation were all associated
with a significantly higher ACLR revision rate [17]. Studies
on contralateral ACLR after primary surgery are limited due
to small sample sizes from specialty centers or focus on a
regional demographic, and thus are not truly representative
of a general orthopedic practice. Understanding the risk of
contralateral ACLR following primary ACLR is important
to surgeons, patients, and therapists in counseling patients
and designing post-operative rehabilitation and return-to-
sport guidelines. Therefore, we sought to identify indepen-
dent, patient-related risk factors for contralateral ACL rup-
ture and reconstruction within 2 years of primary ACLR by
searching a national administrative US insurance database.

Methods

The PearlDiver patient records database (www.pearldiverinc.
com, Colorado Springs, CO, USA), a national administrative
insurance dataset, was used for the current study. This data-
base contains patient records from both Medicare and private
payer insurers such as UnitedHealthcare and Humana. The
PearlDiver Humana database contains procedural volumes,
prescription drug information, basic patient demographics,
and numerous other data for patients with International Clas-
sification of Disease, 9th Revision (ICD-9), diagnoses and
procedures or Current Procedural Terminology (CPT) codes.
The Humana database was chosen for the present study. The
database covers patients insured from 2007 to the first quarter
of 2016, and tracks patients across all locations (inpatient and
outpatient) throughout the database years. In total, the data-
base contains the de-identified and anonymous data of approx-
imately 20 million patients with orthopedic diagnoses, and is
thus exempt from institutional review board approval.

Patients included in this study were those who
underwent arthroscopic-assisted ACLR and were queried
in the database using CPT code 29888. To ensure a homog-
enous cohort and reduce the effect that additional procedures
might have on contralateral ACL rupture, patients with the
following concomitant procedures were excluded: CPT
codes 27405 (open primary repair of knee collateral liga-
ment), 27407 (open primary repair of knee cruciate liga-
ment), 27409 (open primary repair of knee collateral and
cruciate ligament), 27412 (open autologous chondrocyte
implantation, knee), 27415 (osteochondral allograft, knee,
open), 27416 (osteochondral autograft, knee, open), 27420
(open reconstruction of dislocating patella), 27422 (open
reconstruction of dislocating patella with extensor realign-
ment), 27425 (open lateral retinacular release), 27427 (open
extra-articular ligamentous reconstruction, knee), 27428
(open intra-articular ligamentous reconstruction, knee),
27429 (open intra- and extra-articular ligamentous recon-
struction, knee), 29866 (arthroscopic knee osteochondral
autograft implantation), 29867 (arthroscopic knee
osteochondral allograft implantation), and 29889
(arthroscopically aided posterior cruciate ligament repair/
augmentation or reconstruction). In addition, patients

without a coded laterality, those undergoing revision ACLR,
and those without a minimum of 2-year post-operative da-
tabase follow-up were excluded. This study group was then
queried for patients who underwent contralateral ACLR by
using the CPT code 29888 with the appropriate laterality
modifier.

A multivariable binomial logistic regression analysis was
performed to examine the independent effect of various
patient demographics and comorbidities on the incidence
of contralateral ACLR. Demographics in the regression in-
cluded female sex, age younger than 20 years, obesity (BMI,
30 to 39.9 kg/m2), morbid obesity (BMI, 40 to 49.9 kg/m2),
and tobacco use. Comorbidities included in the regression
were type 1 diabetes, type 2 diabetes, depression, and
anxiety. Unfortunately, the PearlDiver database does not
index data on graft type, level of sports participation, or
other descriptors of activity level. For all statistical
comparisons, p < 0.05 was considered significant. SPSS
version 23 for Macintosh (IBM, Armonk, NY, USA) was
used for all statistical calculations.

Results

A total of 3707 unique patients met inclusion criteria and had a
minimum of 2 years of database activity. This included 204
(5.5%) patients who underwent a contralateral ACLR during
the study period. Independent risk factors for contralateral
ACL rupture are provided in Table 1 and included age less
than 20 years (OR 3.71, p < 0.0001), female gender (OR 1.48,
p < 0.0001), tobacco use, (OR 1.55, p = 0.0005), and depres-
sion (OR 1.54, p < 0.0001). Obesity, morbid obesity, type 1
diabetes, type 2 diabetes, and a history of anxiety were not
significant predictors of contralateral injury (p > 0.05).

Discussion

We found that the incidence of contralateral ACLR following
primary reconstruction was 5.5%. In addition, we were able to
isolate several patient-specific variables associated with con-
tralateral ACLR after primary reconstruction, including age

Table 1 Patient specific risk factors for contralateral anterior cruciate
ligament (ACL) rupture after primary ACL reconstruction

Variable Odds ratio 95% CI p

Demographics
Age < 20 3.71 [3.20–3.71] < 0.0001
Female gender 1.48 [1.28–1.71] < 0.0001
Obesity (BMI 30 kg/m2) 0.74 [0.52–0.74] 0.245
Morbid obesity (BMI >
40 kg/m2)

0.81 [0.45–1.45] 0.475

Tobacco use 1.55 [1.21–1.55] 0.0005
Comorbidities
Type 1 diabetes 0.90 [0.33–2.49] 0.838
Type 2 diabetes 0.40 [0.40–1.14] 0.144
Depression 1.99 [1.54–2.57] < 0.0001
Anxiety 0.86 [0.67–1.10] 0.456

BMI body mass index
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under 20 years, female gender, tobacco use, and depression.
While several of these factors have been associated with
subsequent contralateral ACL injury, others such as depres-
sion and tobacco use had not been adequately studied until this
point. The identification of risk factors for contralateral ACLR
following primary reconstruction is of high importance in
counseling patients and in designing and implementing injury
prevention programs for at-risk patients.

There are several limitations to our study, many of which
are inherent to studies making use of administrative claims
databases [24]. First, while we were able to identify several
statistically significant demographic risk factors for contra-
lateral ACLR not previously identified, many of these may
lack clinical relevance. Numerous other factors have been
shown to affect the risk of contralateral ACLR after primary
ACLR that we were unable to identify in the PearlDiver
database and therefore left uncontrolled for and unstudied.
This represents a major limitation to using the PearlDiver
database for researchers interested in variables including
time to return to sport, type of sport, and primary recon-
struction graft type [13, 16, 20]—established risk factors that
may be more relevant than some of the demographic vari-
ables identified in our study. Still, our study contributes to a
growing, important body of literature on risks following
primary ACLR. Second, our findings rely on the quality
and accuracy of the coded data within the dataset. Thus,
miscoding and non-coding represent possible sources of
error. Third, we defined contralateral ACL rupture by pa-
tients undergoing contralateral reconstruction, and there are
likely some patients who experience contralateral rupture
and opt not to undergo reconstruction. Such ACL ruptures
would not have been captured. Finally, while we attempt to
study a large, representative population of patients who
underwent primary ACLR, our data includes patients only
from a single insurer, and these findings may not hold true in
other populations, such as Medicaid or Medicare
beneficiaries.

While recent studies have reported that patients who sus-
tain ACL injuries may report higher rates of symptoms of
depression and that such disorders may be associated with
worse post-operative outcome scores and lower rates of return
to play, no studies to date have examined if depression in-
creases the risk of contralateral ACLR. Our study found that a
history of depression nearly doubles the odds of contralateral
ACLR after primary reconstruction [23]. The mechanism be-
hind such a relationship is likely multifactorial and complex.
Adhering to post-operative rehabilitation protocols after
ACLR has been shown to correlate with reported outcomes
and recurrent injury [2, 23]. Thus, depressed patients may
have a more difficult time adhering to or completing ACL
rehabilitation and might therefore be at increased risk for
contralateral injury when returning to sport.

Studies examining the influence of tobacco on subse-
quent ACL injury in either knee after ACLR have produced
conflicting results [4, 8, 15]. Kaeding et al. analyzed 2488
patients from the Multicenter Orthopedic Outcomes Net-
work (MOON) cohort and did not find an association be-
tween smoking status and ACL graft retear or contralateral
tear [8]. However, Cancienne et al. examined the PearlDiver

database and reported a significant association between to-
bacco use and ipsilateral and/or contralateral ACL rupture
within 5 years post-operatively [4]. However, those authors
were unable to differentiate between ipsilateral revision re-
constructions and contralateral injuries. Our study demon-
strated a significant association in only patients who
underwent contralateral ACLR following ipsilateral recon-
struction. There are multiple mechanisms by which tobacco
use could increase the risk of contralateral injury. Patients
who smoke have been shown to demonstrate significantly
worse clinical outcome scores and increased anterior trans-
lation following primary ACLR [9, 15]. Poor functional
outcomes and residual laxity following surgery might place
the contralateral extremity at increased risk for injury and
ACL rupture.

The other risk factors for contralateral and ipsilateral
injury following primary ACLR have been previously doc-
umented and show similarities. Kaeding et al. reviewed
2683 patients from the Multicenter Orthopaedic Outcomes
Network (MOON) cohort and reported that younger age,
higher activity level, and allograft type were predictors of
increased odds of ipsilateral graft failure [8]. Similarly,
Salmon et al. studied 760 primary ACLRs and reported
increased odds of ACL graft rupture in those with a contact
mechanism of initial injury and those who returned to Inter-
national Knee Documentation Committee level 1 or 2 sports
[18]. Webster et al. reviewed 561 patients at a mean follow-
up of approximately 5 years and reported odds for sustaining
a contralateral ACL rupture increased threefold for patients
younger than 20 years [21]. Similarly, Andernord et al.
utilized the Swedish National Knee Ligament Registry and
reported age younger than 20 years significantly increased
the risk of contralateral ACLR in females, with a relative
risk of 2.9 [1]. Our study found that patients younger than
20 years experienced a 3.71 increased odds of undergoing
contralateral ACLR, which is consistent with other registry
studies [1, 13]. We found that female gender was associated
with significantly increased risk of contralateral ACLR, a
similar finding to that reported by both Maletis et al. and
Shelbourne et al. [13, 19]. Shelbourne et al. hypothesized
that the reason females experience an increased incidence of
contralateral injury (as compared to graft rupture) is because
of smaller native ligament size in the native knee [19]. Thus,
the reconstructed ACL in females results in a graft that is
larger than the native ACL in the contralateral knee,
protecting the reconstructed knee from reinjury and possibly
predisposing the contralateral knee to ACL rupture [19]. In
summary, documented risk factors for ipsilateral graft failure
and contralateral ACLR are largely similar.

Finally, the remaining demographics and comorbidities
failed to show any association with contralateral ACLR,
including obesity or morbid obesity, type 1 or type 2 diabe-
tes, and a history of anxiety. This is in agreement with other
studies that have also shown no significant association be-
tween these factors and graft failure or contralateral ACLR
[3, 6]. Some authors have suggested that patients with an
elevated BMI and diabetes may be less active after ACLR
and therefore at reduced risk of contralateral injury [6].
Conversely, others have hypothesized that previously
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unconditioned high-risk patients who undergo ACLR may
experience increases in muscle control and proprioception
during post-operative rehabilitation that are protective of the
contralateral ACL [6].

In conclusion, we were able to adequately power an
analysis to identify several significant patient risk factors
for contralateral ACL rupture, including younger age, fe-
male gender, tobacco use, and depression, all of which
should be used to counsel patients on their risk for future
injury to the contralateral knee.
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