
Risk Factors Associated With a Noncontact Anterior Cruciate 
Ligament Injury to the Contralateral Knee After Unilateral 
Anterior Cruciate Ligament Injury in High School and College 
Female Athletes:
A Prospective Study

Annabelle P. Davey, BS*, Pamela M. Vacek, PhD†, Ryan A. Caldwell, MD*, James R. 
Slauterbeck, MD*, Mack G. Gardner-Morse, MS*, Timothy W. Tourville, PhD, MS, ATC‡, 
Bruce D. Beynnon, MS, PhD*,§

*McClure Musculoskeletal Research Center, Department of Orthopedics and Rehabilitation, 
Robert Larner M.D. College of Medicine, University of Vermont, Burlington, Vermont, USA.

†Department of Medical Biostatistics, University of Vermont, Burlington, Vermont, USA.

‡Department of Rehabilitation and Movement Science, College of Nursing and Health Sciences, 
University of Vermont, Burlington, Vermont, USA.

Abstract

Background: The incidence of contralateral anterior cruciate ligament (CACL) injuries after 

recovery from a first-time anterior cruciate ligament (ACL) disruption is high in women; however, 

little is known about the risk factors associated with this trauma.

Hypothesis: Patient characteristics, strength, anatomic alignment, and neuromuscular 

characteristics of the contralateral uninjured leg at the time of the first ACL trauma are associated 

with risk of subsequent CACL injury, and these risk factors are distinct from those for a first-time 

ACL injury.

Study Design: Case-control study; Level of evidence, 3.

Methods: Sixty-one women who suffered a first-time noncontact ACL injury while participating 

in high school or college sports and underwent measurement of potential risk factors on their 

contralateral limb soon after the initial ACL injury and before reconstruction were followed until 

either a CACL injury or an ACL graft injury occurred, or until the last date of contact.

Results: Follow-up information was available for 55 (90.0%) of the 61 athletes and 11 (20.0%) 

suffered a CACL injury. Younger age, decreased participation in sport before the first ACL 

For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav.
§Address correspondence to Bruce D. Beynnon, MS, PhD, McClure Musculoskeletal Research Center, Department of Orthopedics 
and Rehabilitation, Robert Larner M.D. College of Medicine, University of Vermont, Burlington, VT 05405-0084, USA 
(bruce.beynnon@uvm.edu). 

Investigation performed at Department of Orthopaedics & Rehabilitation, McClure Musculoskeletal Research Center, University of 
Vermont Larner College of Medicine, Burlington, Vermont, USA

HHS Public Access
Author manuscript
Am J Sports Med. Author manuscript; available in PMC 2022 July 19.

Published in final edited form as:
Am J Sports Med. 2019 December ; 47(14): 3347–3355. doi:10.1177/0363546519886260.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.sagepub.com/journalsPermissions.nav


disruption, decreased anterior stiffness of the contralateral knee, and increased hip anteversion 

were associated with increases in the risk of suffering a CACL injury.

Conclusion: A portion of CACL injury risk factors were modifiable (time spent participating 

in sport and increasing anterior knee stiffness with bracing), while others were nonmodifiable 

(younger age and increased hip anteversion). The relationship between younger age at the time of 

an initial ACL injury and increased risk of subsequent CACL trauma may be explained by younger 

athletes having more years available to be exposed to at-risk activities compared with older 

athletes. A decrease of anterior stiffness of the knee is linked to decreased material properties 

and width of the ACL, and this may explain why some women are predisposed to bilateral ACL 

trauma while others only suffer the index injury. The risk factors for CACL injury are unique to 

women who suffer bilateral ACL trauma compared with those who suffer unilateral ACL trauma. 

This information is important for the identification of athletes who may benefit from risk reduction 

interventions.
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Complete disruption of the anterior cruciate ligament (ACL) and the associated concomitant 

injuries are among the most common knee injuries associated with sport and activity, with 

between 100,000 and 200,000 reported ACL ruptures in the United States annually.13 This a 

concern among women, as they are 2 times more likely to suffer ACL trauma in comparison 

with men when controlling for age, sport, and level of competition,7 and up to 23.7% of 

young women who suffer a unilateral ACL injury will suffer subsequent trauma to the 

contralateral ACL (CACL) within 2 years of full recovery and return to activity.22,35,43 

Patients suffering bilateral ACL injuries return to sport at a decreased rate with a significant 

reduction in activity level.10 Even more concerning is that ACL trauma is associated with 

premature onset of posttraumatic osteoarthritis (PTOA),1,25,33 and this is problematic in 

young active individuals who place a high demand on their joints. Consequently, bilateral 

ACL injuries increase the risk of PTOA and create a considerable therapeutic challenge, as 

the management of PTOA in young active individuals through both surgical and nonsurgical 

approaches is only marginally successful.1 A more effective approach is to minimize the 

risk of suffering inciting CACL trauma. To accomplish this goal, a complete understanding 

of the risk factors associated with CACL injury is necessary for the development of 

interventions and to help identify patients at increased risk for CACL injury after primary 

ACL injury so that interventions can be targeted toward them.

Studies have established risk factors for first-time ACL injury and these include sport,7 

level of play,7 athlete’s sex,7 family history of ACL injury,12 increased anteroposterior knee 

laxity,53,55 knee loading during landing from a jump,15,16 and specific measures of knee 

joint geometry.5,50,51,58 More recently, an investigation with multivariate analysis conducted 

to identify the independent predictors of first-time ACL injury revealed that family history 

of ACL injury, increased anteroposterior knee laxity, and increased body mass index (BMI) 

were associated with increased risk of injury in female high school and college athletes.55 

Risk factors for CACL injury have not been studied to the same extent as those for a 
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first-time ACL injury.26 Currently, young age, high activity level, and female sex have been 

shown to be factors associated with increased risk of suffering CACL injury.20,24,26,42,45,60

In addition, joint kinematics when landing from a jump, including less stable hip-ankle 

coordination and increased net intersegmental transverse plane hip internal rotation 

moment,34,36 and specific measures of knee joint geometry, including decreased femoral 

intercondylar notch width, tibial spine width and height, and articular cartilage thickness, 

have been identified as risk factors for CACL injury.22 It is likely that multiple factors 

influence the risk of suffering a CACL injury, and it is unclear if these factors are similar 

to or distinct from the risk factors for a first-time ACL injury. This served as the motivation 

for the current study, the purpose of which was to follow a cohort of female athletes 

who suffered a first-time noncontact ACL injury and returned to sport, identify those who 

subsequently suffered a noncontact CACL injury, and assess the effects of potential risk 

factors measured at the time of the first ACL injury on the risk of sustaining a CACL injury. 

We hypothesized that patient characteristics, joint laxity, anatomic alignment, and strength 

of the uninjured leg at the time of the first ACL injury are associated with increased risk of 

suffering a CACL injury, and these risk factors are distinct from risk factors for first-time 

ACL injury.

A more complete understanding of risk factors specific to CACL injury, including both 

modifiable and nonmodifiable risk factors, will allow for the identification of individuals 

who will benefit the most from targeted injury prevention measures.

METHODS

This investigation was approved by our institutional review board and is an extension of 

previous work that was designed to examine the geometric characteristics of the knee 

that are risk factors for CACL injury among female athletes.22 Participants were recruited 

from a previous prospective cohort study of first-time noncontact (without contact to the 

knee or surrounding area) ACL injuries. That study collected data on injured athletes 

from 36 different high schools and colleges over a 4-year time interval.55 Study subjects 

competed in track and field, soccer, basketball, field hockey, or lacrosse and suffered a 

first-time, complete ACL rupture within the study period with no prior trauma to either 

knee. A first-time ACL rupture occurred in 109 study subjects (70 females and 39 males) 

during participation in high school or college sport at the varsity level and was confirmed 

with arthroscopic visualization at the time of ACL reconstruction (ACLR) and magnetic 

resonance imaging (MRI). Patients underwent ACLR and supervised rehabilitation and 

returned to sport and activity. To identify the athletes that suffered subsequent CACL injury, 

we attempted to obtain follow-up information on 88 (61 females and 27 males) of the 109 

patients who had MR images of the uninjured contralateral knee (the knee at risk for injury 

in the current study) at the time of their initial ACL injury. We were able to contact 55 (90%) 

of 61 female patients and 24 (89%) of 27 male patients by mail, email, or telephone. The 

individuals were contacted after ACLR, rehabilitation, and return to sport and re-enrolled 

in the current study. Information was collected regarding subsequent CACL or ACL graft 

injury. Medical records were obtained and reviewed on participants that reported a CACL 

rupture to confirm that a complete, grade 3, noncontact CACL rupture occurred, which 
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was determined via clinical examination, MRI, and arthroscopic visualization at the time of 

CACL reconstruction. In addition, the date of CACL injury was recorded. The current study 

focuses on female athletes because our previous work indicates that risk factors for ACL 

injury differ between men and women and there was only 1 CACL injury among the male 

athletes, precluding assessment of their risk factors.

After the first ACL disruption but before the initial ACLR, the injured patients visited 

our laboratory to undergo measurements of potential risk factors that were modifiable 

and nonmodifiable. Data for all study participants were collected by the same individual 

whose ability to reliably measure the risk factors was established before data collection by 

obtaining replicate measures on volunteers.48 The categories of potential risk factors that 

were considered included MR images of both knees, patient characteristics, joint laxity, 

lower extremity alignment, strength, and personality characteristics. The detailed methods 

and associated reliability used to obtain these measurements have been described,55 and the 

following is a brief overview of the protocol that was used. The same individual interviewed 

all study participants and documented the following patient characteristics: age at the time of 

first ACL injury, hours spent participating in sport per week, number of years participating 

in sport, family history of ACL injury, presence of chronic disease, race, weight, height, 

BMI, use of braces, use of medication, limb dominance, prior leg surgery, and prior injury 

to the lower extremity (knee, hip/thigh, lower leg, ankle/foot). The same examiner evaluated 

joint laxity. Ankle laxity was measured with the talar tilt test, generalized joint laxity was 

measured with the Beighton test,4 and knee laxity was measured with the KT-1000.11 

The KT-1000 arthrometer is instrumented with load and displacement sensors that provide 

measurement of the anteroposterior load-displacement response of the contralateral knee. 

Data from the KT-1000 measurements were postprocessed with custom-written MATLAB 

software (MathWorks) to provide additional data on the anterior stiffness of the tibiofemoral 

joint (Figure 1). Lower extremity alignment (passive and active genu recurvatum, hamstring 

extensibility, standing quadriceps angle in the coronal plane, navicular drop, tibiofemoral 

angle in the coronal plane, pelvic angle, tibial torsion, hip anteversion, and length of the 

tibia and femur) was evaluated by the same investigator using an approach that has been 

described and shown to be reliable.48 The same investigator measured strength for all 

patients, and the peak torque developed during the test was used as the outcome. Trunk 

flexion and extension strength was measured isometrically with the Cybex system II.14 

Knee muscle strength (flexion and extension evaluated at 30° and 15° of flexion) and ankle 

muscle strength (flexors and extensors) were measured isometrically with the Biodex system 

II. Hip strength was measured isometrically with a stabilized dynamometer.52 Personality 

characteristics were evaluated with the Temperament and Character Inventory,9 which 

was completed by the study participants. These data were used to assess each patient’s 

temperament (classified in 4 dimensions: Novelty Seeking, Harm Avoidance, Reward 

Dependence, and Persistence) and character (classified in 3 dimensions: Self-Directedness, 

Cooperativeness, and Self-Transcendence). The MRIs of the contralateral limb that were 

acquired at the time of the first ACL trauma were reviewed to confirm that the contralateral 

limb was normal and did not have evidence of prior injury to the articular cartilage of 

both patellofemoral and tibiofemoral joints, primary ligaments, joint capsule, and menisci. 

Measurements that were limb/knee specific were made on the contralateral, normal limb (ie, 
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the limb that was at risk for injury or injured in the current study). Methods used for data 

collection have been published, and all have been shown to be reproducible and reliable.55

Statistical Analysis

The outcome of this study was the number of months between the first ACL injury and 

subsequent CACL injury. Participants who did not have a CACL injury were censored at 

the date of final contact. Patients who reinjured their reconstructed knee were included in 

the study, but their follow-up time was censored at the time of injury to the ipsilateral 

ACL graft because the risk factors for rupture after ACLR are different from those for 

injury to the healthy knee.23 Statistical methods were based on survival analysis, with a Cox 

regression used to model time to CACL injury, with each potential risk factor considered an 

independent variable to assess its univariate association with risk of CACL injury. Hazard 

ratios were determined relative to a 1 standard deviation (SD) decrease in the variable under 

consideration. The significance level of alpha was set at .05 a priori for all analyses. All 

statistical analyses were conducted using SAS version 9.2 (SAS Institute). A priori power 

calculations indicated that a sample of 55 patients with 10 CACL injuries during an average 

of 41.0 months of follow-up would provide at least 80% power to detect an association with 

risk if the true hazard ratio is 2.46 or larger per a 1 SD change in the independent variable.

RESULTS

Of the 55 female patients with follow-up information, 11 (20.0%) suffered a noncontact 

CACL injury for which they underwent reconstruction. Six (10.9%) women sustained an 

ipsilateral noncontact ACL graft injury, 1 of which occurred 1 month before the CACL 

injury. All patients suffering a graft injury were censored at their time of injury, so 10 CACL 

injuries were used in the statistical analysis. The mean time to CACL injury was 23.3 ± 

11.2 months (range, 12.4–41.2 months). The mean follow-up interval for unilaterally injured 

patients was 45.0 ± 14.0 months (range, 7.3–71.5 months). With the exclusion of patients 

censored because of graft injury, the minimum follow-up was 24.1 months. All patients 

completed a supervised rehabilitation program administered through the rehabilitation clinic 

affiliated with their institution and returned to the same level of play and the same sports 

they participated in before the index injury.

Information for patient characteristics is included in Table 1. Of the 32 variables that were 

considered in this study (Tables 1 and 2), 4 were significantly associated with a risk of 

CACL injury after a first-time ACL injury (Table 3, Figure 1). A 1 SD decrease in anterior 

stiffness of the knee was associated with a 2.37-fold increase in the risk of CACL injury 

(P = .042). A 1-year decrease in age was associated with a 1.70-fold increase in the risk of 

CACL injury (P = .004). The number of hours per week spent participating in sport at the 

time of the initial ACL injury was also inversely associated with risk of CACL injury, with 

a 1.19-fold increase in risk for each 1 hour per week decrease in participation (P = .048). 

A 1 SD increase of hip anteversion was associated with a 2.38-fold increase in the risk of 

suffering a CACL injury (P = .017).
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DISCUSSION

The findings from this investigation support our hypothesis, as we identified 4 risk 

factors measured after a first-time ACL injury that were associated with an increased 

risk of subsequently suffering a noncontact CACL injury in women. One, younger age, 

confirmed results from prior studies20,24,26,42,45,59 and 3 (decreased anterior stiffness of 

the tibiofemoral joint, decreased hours per week of sport participation, and increased 

hip anteversion) had not been previously identified. Decreased hours per week of sport 

participation is modifiable, and it may be possible to increase anterior stiffness of the knee 

with a brace; however, younger age and increased hip anteversions are nonmodifiable.

Increased anteroposterior laxity of the tibiofemoral joint has been shown to be associated 

with an increased risk of suffering a first-time ACL injury,53,55 but in the current study 

it was not related to risk of suffering a subsequent CACL injury. Instead, we found 

an inverse relationship between anterior stiffness of the knee and risk of CACL injury 

(ie, decreased anterior stiffness was associated with an increased risk of suffering CACL 

injury). Anteroposterior laxity and stiffness of the knee were evaluated simultaneously 

with the KT-1000 arthrometer, which was used to measure the anteroposterior directed 

loads applied to the tibiofemoral joint by the examiner and the resulting displacements 

of the tibia relative to the femur (ie, the complete load vs displacement response of the 

tibiofemoral joint) (Figure 1). These data were processed to characterize anteroposterior 

laxity (the anteroposterior displacement of the tibia relative to the femur produced by 

corresponding 130 N anterior and −90 N posterior directed loads applied to the knee) 

and anterior stiffness of the tibiofemoral joint (the slope of the linear region of the 

load-displacement response) (Figure 1). Anteroposterior laxity and anterior stiffness of the 

tibiofemoral joint were derived from the same load-displacement relationship; however, they 

provided different insights into the biomechanics of the joint and the underlying mechanisms 

of injury associated with individuals who suffer bilateral ACL trauma in comparison with 

unilateral ACL trauma. Anteroposterior laxity is an assessment of the ligaments that span the 

tibiofemoral joint (primarily the anterior and posterior cruciate ligaments in a normal knee) 

and how they restrain anteroposterior loading of the joint.27 Anterior stiffness of the knee 

is an evaluation of how anterior displacement of the tibia relative to the femur is restrained 

by the ACL,28 and it provides insight into ACL biomechanics, which are influenced by 

the orientation of the ACL relative to the load applied to the knee, and the material and 

geometric properties of the ACL.6,56

Our finding that a decrease in anterior stiffness of the tibiofemoral joint was associated 

with increased risk of suffering CACL injury suggests that there may be a unique subset 

of women with a first-time ACL injury who are predisposed to bilateral trauma based on 

inferior material properties of the ACL, smaller ACL size (volume and cross-sectional area), 

abnormal orientation of the ACL relative to the intersegmental loads transmitted across 

the knee, or some combination of these variables. When considered with the earlier work 

of Levins et al,22 which revealed that decreased femoral notch width was significantly 

associated with increased risk of CACL injury, this introduces the hypothesis that a decrease 

in the size of the femoral notch is associated with a smaller size of the ACL, inferior 

structural properties of the ligament, or a combination of both, and this could be one of 
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the underlying mechanisms associated with increased risk of suffering a CACL injury.22 

Alternatively, it is possible that a decrease in femoral notch size is associated with increased 

impingement of the ACL against the roof of the notch, and this is the underlying mechanism 

that increases the risk of suffering a CACL injury. To gain insight into the underlying 

biomechanics associated with noncontact CACL injury, and test the before-mentioned 

hypotheses, multivariate analysis with a much larger sample size is necessary to determine if 

the increased risk of CACL injury is independently influenced by biomechanical properties 

of the ACL (which would be indicated by decreased anterior stiffness of the knee as 

an independent risk factor), ACL geometry (represented by decreased volume and cross-

sectional area of the ACL as an independent risk factor), impingement of the ACL against 

the femoral notch (characterized by decreased size of the femoral notch), or a combination 

of these variables.

It is intuitive that an ACL with increased capacity to resist anterior displacement of the 

tibia relative to the femur will be less likely to rupture; however, there are limited published 

data on the association between knee joint stiffness and the risk of knee ligament injury. 

Schmitz et al44 reported decreased knee stiffness in women compared with men, and this led 

them to conclude that decreased knee stiffness is likely one of many factors contributing to 

the increased rate of ACL and CACL injuries experienced by women in comparison with 

men.5,20,26,29,35,60 Our study focused on women, as they are at elevated risk of suffering 

ACL trauma in comparison with men,7 and future work is needed to determine if anterior 

stiffness of the tibiofemoral joint is associated with risk of CACL injury in men.

Hip alignment was also related to risk of suffering CACL trauma; specifically, increased 

femoral anteversion was associated with increased risk of injury. This finding supports prior 

work that reported increased femoral anteversion is associated with an increased risk of 

first-time ACL injury in athletes3 and the general population.46 The finding of a direct 

relationship between increased femoral anteversion and increased risk of CACL injury may 

be linked to the prior work by Paterno et al,36 who reported that increased transverse plane 

hip internal rotation moment during the initial landing phase of the drop vertical jump 

maneuver is highly predictive of an individual suffering a second ACL trauma to either 

the CACL or ACL graft. This provides support for the hypothesis that the mechanism by 

which hip alignment contributes to risk of ACL injury is through altered biomechanics. 

For example, excessive femoral anteversion has been directly implicated in altering lower 

extremity kinematics such that risk of ACL injury is increased.21,30,31,36 Nguyen et al31 

identified femoral anteversion as a contributing characteristic to valgus collapse during 

the single-leg squat. Likewise, Kaneko and Sakuraba21 reported that increased femoral 

anteversion was associated with lower hip flexion angle, higher valgus alignment, and 

greater rectus femoris muscle activity on single-step landing, all factors that contributed 

to greater anterior tibial displacement upon landing. Additionally, in a study of 19 female 

athletes performing cutting maneuvers, the only significant predictor of knee abduction 

during the cutting task was hip adduction, a risk factor associated with ACL injury.18 

Support for this finding can be derived from the work of Powers,37 who reported that 

increased internal rotation and adduction of the hip during weightbearing activity acts to 

move the knee medially in relation to the foot, and in turn with the foot fixed to the floor, 

the knee abducts and creates dynamic valgus about the joint. This positioning of the knee 
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during cutting maneuvers has been identified as a common mechanism of noncontact ACL 

injury,19 providing additional support for the concept that hip alignment is an important 

factor associated with ACL and CACL injuries. Moreover, increased femoral anteversion has 

been associated with increased anterior laxity of the knee,47 a well-established risk factor for 

ACL injury.15,16,38,53,55

Younger age at the time of the initial ACL injury was significantly associated with increased 

risk of CACL trauma, and this relationship may be explained by the fact that an athlete’s age 

is correlated with exposure to athletics, with younger athletes having more years available to 

be exposed to at-risk activity associated with high school and collegiate sports in comparison 

with older athletes. Consequently, younger age and the associated increased exposure to 

sport may explain, at least in part, the increased risk of CACL injury.55 Similarly, our 

analysis indicated that the risk of subsequent CACL injury was inversely associated with 

the hours per week of participation in sport before the initial ACL injury, which may be 

an indicator of future exposure to sport because the younger athletes had fewer hours of 

participation in sport. Alternatively, it may be that decreased participation in sport before 

the first ACL injury is related to the extent to which an individual is willing and able 

to participate in rehabilitation after ACLR and return to sport with normal neuromuscular 

control and function.

None of the strength variables tested were significantly associated with risk of CACL 

injury. This is contrary to prior literature, which reported that decreased lower extremity 

strength had a significant association with an increased risk of traumatic knee injury in 

women, including ACL rupture, in a prospective study of 225 high school–aged athletes in 

Sweden.41

Our study had strengths and potential limitations. An important strength of this work was 

the prospective study design. This approach allowed all measurements to be acquired from 

the contralateral leg soon after the initial ACL injury, before the patients underwent ACLR 

and rehabilitation. Therefore, we were able to capture data pertaining to the knee of interest 

before a CACL injury occurred, and at a time point that is relevant for informing a patient 

about the underlying mechanisms associated with an increased risk of suffering this injury. 

The patients underwent MRI examination of their contralateral limb at the time of the first 

ACL injury, and all were found to have normal tibiofemoral and patellofemoral joints. In 

addition, the study focused on CACL injuries and did not combine CACL injuries with 

graft injuries, as the risk factors for trauma may be different between ligaments and grafts. 

In addition, our study focused on female athletes and did not include men because the 

risk factors for a first-time ACL injury are different between the sexes,55 and this may 

be the case for CACL injuries. There are potential limitations associated with this study, 

including the number of CACL injuries that occurred during the surveillance period of 

the study. While our sample size of CACL injuries is small, it is similar to those in prior 

reports that have used the same prospective cohort study design. This may have limited 

the statistical power to detect associations with hazard ratios under 2.4, and there was 

insufficient statistical power for multivariate analysis. While the univariate results of the 

current study remain valid, multivariate analysis would allow for a greater understanding 

of the combination of independent risk factors that increase the risk of suffering a CACL 
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injury.50,51,55 Exposure to sport was not measured and used in our analysis; however, 

all study participants recovered from their ACLR and returned to preinjury sports at the 

same level of competition. Another potential limitation was the variability between surgical 

technique and rehabilitation protocol—performed and prescribed by 10 different surgeons

—which limits the understanding of the influence of surgery and rehabilitation on the 

contralateral limb. However, only 1 CACL injury occurred within the first 12 months 

after primary ACLR, indicating that the variability between surgeons and rehabilitation 

programs likely did not have a significant effect on the outcome. It is important for us to 

highlight that our approach was to measure the risk factors for CACL injury soon after 

the first noncontact ACL injury and before reconstruction, as this is the time point when 

clinicians and athletes need to establish a plan to prevent subsequent injuries of the same 

kind. Bilateral neuromuscular and proprioceptive changes have been shown to occur after 

ACLR and rehabilitation,8,39,54 and consequently it is possible that the contralateral limb 

underwent deconditioning8,54 and this produced a change in compensatory biomechanics 

over time.17,40 However, it is unclear to what extent variations between rehabilitation 

protocols among participants in the present study had an effect on the contralateral limb. 

Consequently, more research is needed to fully characterize patients’ neuromuscular control 

and proprioception as they return to sport and activity to understand the interaction between 

rehabilitation and the risk factors for CACL injury. At the current point in time, this 

represents a challenge because there are no universally accepted guidelines for return to 

preinjury sport and activity after ACL injury and reconstruction.

The objective of this investigation was to determine the risk factors for CACL injury in 

female athletes at the time of unilateral first-time noncontact ACL injury. The risk factors 

that we found to be associated with subsequent CACL injury among female athletes appear 

to be distinct from those associated with a first-time ACL injury. While there are many 

factors that contribute to the risk of suffering CACL injury, the factors examined in the 

present study can be easily and inexpensively assessed at the time of the first ACL injury. 

Identification of individuals at increased risk will allow clinicians to use targeted injury 

prevention programs.2,32,49 This is supported by a recent meta-analysis of meta-analyses 

that revealed that the use of injury prevention programs can reduce the risk of ACL trauma 

in female athletes by up to two-thirds.57 While more research with a larger sample size is 

necessary to further elucidate risk factors and more effectively detect at-risk individuals so 

injury prevention programs can be targeted toward them, this study demonstrates that there 

are distinct risk factors for CACL injury after an initial ACL injury.

CONCLUSION

This study of risk factors for noncontact CACL injury after a first-time noncontact ACL 

injury confirms that the risk factors for CACL injury are distinct from those for first-time 

ACL injury. A portion of these factors were modifiable (time spent participating in sport, 

potentially anterior knee stiffness with bracing), while others were nonmodifiable (younger 

age, increased hip anteversion).
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Figure 1. 
KT-1000 measurement of the anteroposterior load-displacement response of the knee. The 

anteriorposterior directed loads applied to the tibia, relative to the immobilized femur, are 

plotted on the vertical axis, and the resulting anteroposterior displacement of the tibia 

relative to the femur appears on the horizontal axis. The horizontal dashed lines identify 

the load limits of 130 N (anterior-directed load applied to the tibia) and −90 N (posterior-

directed load applied to the tibia). These data were analyzed to evaluate anteroposterior 

laxity of the knee (the total tibiofemoral displacement produced by the 130 N anterior and 

−90 N posterior loads) and anterior and posterior stiffness of the knee (the slopes of the liner 

portion of the load-displacement response of the knee).
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TABLE 2

Summary of Categorical Measurements Obtained at the Time of the First ACL Injury (n = 55)
a

No. of Patients Percentage

Race

 White 48 87.3

 Nonwhite 7 12.7

Leg dominance

 Right 52 94.5

 Left 3 5.5

Other conditions

 Chronic illness 48 87.3

 Medication use 7 12.7

 Brace use 20 36.4

History

 Prior hip/thigh injury 5 9.1

 Prior knee injury 15 27.3

 Prior leg injury 5 9.1

 Prior ankle/foot injury 24 43.6

 Prior leg surgery 4 7.3

 Parent with ACL injury 14 25.5

Laxity

 Morton toe 21 38.2

 Ankle anterior drawer 1 + 12 21.8

 Ankle anterior drawer 2 + 4 7.3

 Talar tilt 9 16.4

a
ACL, anterior cruciate ligament.
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TABLE 3

Significant (P < .05) Associations With the Risk of CACL Injury From the Univariate Cox Regression 

Analysis

HR 95% CI P Value

Age
a 1.70 1.17–2.63 .004

Hours/week of sport participation
a 1.19 1.00–1.45 .048

Hip anteversion
b 2.38 1.16–5.14 .017

Anterior knee stiffness
a 2.37 1.03–6.60 .042

a
Hazard ratios (HRs) with corresponding 95% CIs indicating the increase in risk of contralateral anterior cruciate ligament (CACL) injury per 

1-year decrease in age, 1 hour per week decrease in sport participation, or 1 SD decrease in anterior stiffness of the knee.

b
HRs with corresponding 95% CIs indicating the increase in risk of CACL injury per 1 SD increase of the variable.
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