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Background: Stiff landings with less knee flexion and high vertical ground-reaction forces have been shown to be associated with
an increased risk of anterior cruciate ligament (ACL) injury. The literature on the association between other sagittal plane measures
and the risk of ACL injuries with a prospective study design is lacking.
Purpose: To investigate the relationship between selected sagittal plane hip, knee, and ankle biomechanics and the risk of ACL
injury in young female team-sport athletes.
Study Design: Case-control study; Level of evidence, 3.
Methods: A total of 171 female basketball and floorball athletes (age range, 12-21 years) participated in a vertical drop jump test
using 3-dimensional motion analysis. All new ACL injuries, as well as match and training exposure data, were recorded for 1 to 3
years. Biomechanical variables, including hip and ankle flexion at initial contact (IC), hip and ankle ranges of motion (ROMs), and
peak external knee and hip flexion moments, were selected for analysis. Cox regression models were used to calculate hazard
ratios (HRs) with 95% CIs. The combined sensitivity and specificity of significant test variables were assessed using a receiver
operating characteristic (ROC) curve analysis.
Results: A total of 15 noncontact ACL injuries were recorded during follow-up (0.2 injuries/1000 player-hours). Of the variables
investigated, landing with less hip flexion ROM (HR for each 10! increase in hip ROM, 0.61 [95% CI, 0.38-0.99]; P < .05) and a
greater knee flexion moment (HR for each 10-N"m increase in knee moment, 1.21 [95% CI, 1.04-1.40]; P ¼ .01) was significantly
associated with an increased risk of ACL injury. Hip flexion at IC, ankle flexion at IC, ankle flexion ROM, and peak external hip
flexion moment were not significantly associated with the risk of ACL injury. ROC curve analysis for significant variables showed an
area under the curve of 0.6, indicating a poor combined sensitivity and specificity of the test.
Conclusion: Landing with less hip flexion ROM and a greater peak external knee flexion moment was associated with an increased
risk of ACL injury in young female team-sport players. Studies with larger populations are needed to confirm these findings and to
determine the role of ankle flexion ROM as a risk factor for ACL injury. Increasing knee and hip flexion ROMs to produce soft
landings might reduce knee loading and risk of ACL injury in young female athletes.
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young female athletes, has still grown.20 Understanding
the cause of ACL injuries is an essential part of effective
injury prevention,35 but it is so far incomplete.30
A few prospective studies have examined the biomechanical risk factors for ACL injuries.12,16,18,26,31 Proposed biomechanical risk factors include knee valgus loading12 and
stiff landings with less peak knee flexion and high vertical
ground-reaction forces.12,18 However, the evidence gathered from these investigations is inconclusive,30 and more

An anterior cruciate ligament (ACL) injury is one of the
most common and severe knee injuries among young athletes.1,20 While there is strong evidence on the effectiveness
of training interventions to reduce the risk of ACL injuries,29 the incidence of such injuries, especially among
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