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Abstract
Lnﬁ;mmemhtnbnpdﬁmhmuam&m&cmmﬁpmt
(ACL) injury. Using lincar and non-linear regression analyses, the purpose of this study was to examine
the correlation berween and i i

mmuszmmstwducdmmdbmmn}xnsmdBDhmd
tibial rotation, were performed. The R? value berween 2D valgus and 3D knee sbduction was
dﬁﬂﬁmﬂydiﬂqm&mmmdhdammomd:ﬁmhmmmﬁcR’vﬂu
between 2D valgus and 3D internal tibial rotation was not significantly different from zero. The 2D
umuchmﬂdbemdmmupedﬂcmofhdiﬁdumhﬁskofﬁuwmm.uﬁng
frontal plane 2D analysis of valgus motion to evaluate internal tibial rotation is not advised.

Keywords: Injury, kinematics, knee, landing, motion analysis

Introduction

Acute knee injuries, especially those to the anterior cruciate ligament (ACL), often occur
during landing. Krosshaug and colleagues (2007) examined the mechanism of ACL injuries
that occur while playing basketball and found that the most common manoeuvre at the time
ot’injuryislanding.Accordingly,mmsmdiuhmfocmcdonhndiugmmmimﬁm
mechanism and risk of ACL injury.

Recently, knee valgus at the time of landing has been recognized as a risk factor of ACL
injury. In a prospective study (Hewett et al., 2005), female athletes with increased dynamic
valgus and a high abduction load during & jump-landing task were at increased risk of ACL
injury. In a biomechanical study, valgus torque and internal tibial rotation in combination
with anterior force resulted in a significantly larger strain to the ACL (Berns et al., 1992).
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Statistical modelling of knee valgus

Using a model-based investigation to examine injury causing kinematics, McLean et al.
(2004) found that valgus loading is a likely injury mechanism, especially in females. Several
researchers have reported that females tend to land and remain in a more valgus position
than males (McLean et al., 1999; Malinzak et al., 2001; Ford et al., 2003). In programmes
designed to help prevent ACL injury (Hewett et al., 2001; Myklebust et al., 2003;
Mandelbaum et al., 2005), athletes are instructed to avoid knee valgus during landing,
Consequently, it is important to determine the amount of knee valgus during athletic tasks to
screen individuals at risk of injury as well as to evaluate prevention programmes.

In biomechanical studies, three-dimensional (3D) motion analysis has been considered
the standard method to measure the valgus angle of the knee during athletic tasks. Although
this method provides reliable data, 3D motion analysis has spatial and temporal costs that
prevent large screenings and evaluations to determine successful ACL injury prevention
programmes. On the other hand, measuring frontal plane knee motion with a two-
dimensional (2D) approach using a standard video camera is a concise and versatile
procedure. Recently, some studies have successfully used the 2D approach (Barber-Westin
et al., 2005; Noyes et al., 2005; Willson et al., 2006). However, the valgus angle of the knee
evaluated using a 2D approach is influenced by hip internal rotation, ankle eversion, and
knee flexion. Moreover, knee valgus evaluated using a 2D approach includes not only knee
abduction, bur also tibial rotation,

Using lincar regression analysis, McLean et al. (2005) reported the potential of the 2D
approach for screening knee valgus. While McLean et al. studied tasks that have high
demands on the frontal plane (e.g. the side jump and sidestep), many researchers have
examined landing tasks that have a high demand on the sagittal plane (e.g. the drop vertical
jump, drop landings, etc.) (Hewett et al., 2005; Noyes et al., 2005; Yu et al., 2005). To our
knowledge, no study has performed regression analyses using both linear and non-linear
methods between 2D knee valgus and 3D knee kinematics data obtained during tasks that
involve large movements in the sattigal plane. Most jump landing tasks are a one-shot trial
with the possibility that the landing motion would include trial bias and feed-forward
control. In contrast, individuals perform the continuous jump test without stopping after
each landing task. Based on this characteristic, trial bias and feed-forward control should
have less influence on the landing motion than one-shor tasks.

The aims of this study were to examine the regression between 2D knee valgus and 3D knee
kinematics (both knee abduction and internal tibial rotation) and to determine which
statistical model — linear, quadratic or logarithmic — best describes the 3D knee kinematics
measured during the continuous jump test. We hypothesized that there would be a significant
correlation between 2D knee valgus and 3D knee abduction in all regression models and the
non-linear model would better describe the 3D kinemarics than the linear model. Further-
more, since knee valgus rotation is a movement that occurs mostly in the frontal plane and
tibial rotation is a movement that occurs mostly in the horizontal plane, we assumed it would
be difficult for a 2D approach using kinematics from the frontal plane to evaluate movementin
the horizontal plane. Therefore, we further hypothesized that there would not be a significant
correlation between 2D knee valgus and 3D internal tibial rotation for all models.

Methods

Partcipants

Twenty-cight female collegiate basketball and lacrosse athleres gave their written informed
consent to participate in the study. Approval for the study was obtained from the institutional
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review board of the National Rehabilitation Center for Persons with Disabilities. Exclusion
criteria included a history of lower limb injury and or any musculoskeletal injury in the
previous 6 months that prohibited an individual from playing sports. The mean physical
characteristics of the participants were as follows: age 21 =* 1 years, height 1.66 * 0.8 m, and
body mass 58.8 = 7.7 kg.

Continuous jump test

All testing took place at the National Rehabilitation Center for Persons with Disabilities
in Saitama, Japan. The participants were measured in a static standing position. While
barefoot, the participants performed five vertical jumps continuously (i.e. without resting
between jumps) using both legs with maximum effort (Figure 1). They were instructed to
place their hands on their lower torso, stand with their feet shoulder-width apart, and face
the frontal plane during testing. A research assistant demonstrated the continuous jump test;
however, the assistant did not provide any verbal instructions regarding landing or jumping
technique. The participants were allowed several preparation trials. Measurement of the
landing of the dominant limb from the second to the fourth jump was used for analysis.

Analysis of the 3D data

A six-camera motion analysis system (Motion Analysis Corp., California, USA) was used to
record the 3D movements of the lower limb. The motion and force data were recorded at
200 Hz. For each participant, 24 reflective markers of 9 mm diameter were secured to the
lower limb using double-sided adhesive tape as described previously (Nagano et al., 2007).
From the coordinate system data obtained, the angular displacements of knee
abduction/adduction and internal/external tibial rotation were calculated for each landing,
The knee kinematics were calculated using the Point Cluster Technique (Andriacchi et al.,
1998) and the Joint Coordinate System proposed by Grood and Suntay (1983). For this
algorithm, the reference zero position for these measurements was obrained during the static
standing trial. The angular displacements in each trial were indicated as a variation from the
position in the static standing trial. The average maximum angle during landing from
the static standing position was measured as knee abduction and internal tibial rotation.

Figure 1. Continuous jump test. All participants performed five vertical jumps with maximum effort using both legs
and landing.
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Analysis of the 2D data

Each trial was recorded from the frontal plane using a digital video camera (30 Hz; Sony
Product, Japan). The camera was placed 3.8 m from the landing point at the height of the knee
joint. For each participant, 3 square plastic tape markers with an area of 3.24 cm® were secured
to the lower limb, Markers were placed at the anterior superioriliac spine (ASIS), the midpoint
of the patella, and the midpoint of the ankle joint. Captured images were imported into a
digitizing software program (Dartfish, Dartfish Japan Co., Ltd., Japan). The angle between
the lines formed from the marker on the ASIS to the midpoint of the patella and that formed
from the midpoint of the patella to the midpoint of the ankle joint was recorded as the knee
valgus angle (Figure 2). The average peak 2D knee valgus angle from the static position was
measured for analysis. As the purpose of this study was to screen for knee valgus, when
participants showed knee varus during landing, these data were excluded from analysis.

Statistical analyses
Linear and non-linear regression analyses between 2D valgus and 3D knee abduction, and

between 2D valgus and 3D internal tibial rotation, were performed to identify the model with
the best fit. The models were expressed by the following equations:

Linear model: y=a+ bx
Quadratic model: y = a + bx + cx?
Logarithmic model: y = a + bIn(x)

The coefficient of determination (R ? value) for each model was calculated and tested for
staristical significance. When the R ? value for all three models was significant, an analysis

Knee valgus:angle

Figure 2. Measurement of knee valgus using the 2D method. The angle berween the line formed from the marker on
the anterior superior iliac spine (ASIS) to the midpoint of the patella and thar formed fram the midpoint of the
patella to the midpoint of the ankle joint was recorded as the knee valgus angle.
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of variance (ANOVA) together with a post-hoc LSD test was conducted to investigate the
effect of each model (linear, quadratic or logarithmic) on the R? value. These statistical
analyses were referred to in a previous study of similar design (Coorevits et al., 2005) and
conducted using the statistical software package SPSS (v. 11.0, SPSS Inc., Chicago, IL).
Stadstical significance was set at P < 0.05.

Based on the R value calculated from a pilot study (0.36) and the power of 0.80, a sample
size calculation revealed that 19 participants were required to have sufficient power to test
the regression analysis.

Results

When measuring 2D valgus during the continuous jump test, eight participants showed knee
varus, Therefore, the data for only 20 participants were analysed in this study. No significant
differences were observed in age, height or body mass between those participants included in
and excluded from the analysis. For the test—retest trial, the intraclass correlation for the 2D
valgus was 0.73, demonstrating substantial reliability of the videographic test and software
capturing procedures.

For all models, the R value between 2D valgus and 3D knee abduction was significantly
different from zero: linear model (R*=0.34, P< 0.01) (Figure 3A), quadratic model
(R*=0.40, P=0.01) (Figure 3B), and logarithmic model (R?=0.41, P< 0.01)
(Figure 3C). Regarding the results of the ANOVA tests, no significant differences were
observed between three models based on the R * values. For all models, the R ? value between
2D valgus and 3D internal tibial rotation was not significanty different from zero (Figure 4).

Discussion and implications

The present study used regression analysis to examine the potential of a 2D approach using
a standard video camera to evaluate 3D kinematics. We also examined the best fit staristical
model to describe 3D kinematics. By developing a regression relationship between 2D valgus
and 3D knee kinemartics, a 2D approach was able to be used to screen participants at risk
for ACL injury as well as to evaluate prevention training programmes that attempt to
reduce ACL injury rates. Additionally, researchers, coaches, and trainers should be able
to conduct adequate evaluation without having to use a complicated 3D approach, since
the continuous jump test procedure has substantial reliability and requires simple
eguipment.

The results of this study showed that there was a moderate correlation between 2D valgus
and 3D knee abduction in all regression models. McLean et al. (2005) used a linear
regression analysis to show a correlation berween 2D analysis of valgus and 3D analysis of
valgus during frontal plane athletic tasks. The R ? values in the present study were significant,
but lower than those reported by McLean and colleagues. When the hip joint is internally
rotated, the knee flexion angle is projected onto the frontal plane as a 2D valgus angle. Stance
width and ankle eversion/inversion also contribute to the 2D valgus angle. The jump-landing
task examined in the present study is more easily influenced by these other factors than the
tasks examined in McLean’s smdy, which have a high demand on the frontal plane.
Therefore, the correlation for this study would naturally be lower.

To determine whether the 2D valgus angles measured during the continuous jump test
can be used to screen for individuals who are at risk for ACL injury, the following error
analysis was performed. In the correlation plots of this study, the maximum residual error
was 7.03% 6.76° and 6.60° for the linear, quadratic, and logarithmic model, respectively.
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