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Prelanding Knee Kinematics and Landing Kinetics During Single-Leg
and Double-Leg Landings in Male and Female Recreational Athletes

Ling Li, Yu Song, Maddy Jenkins, and Boyi Dai
Division of Kinesiology and Health, University of Wyoming, Laramie, WY, USA

Biomechanical behavior prior to landing likely contributes to anterior cruciate ligament (ACL) injuries during jump-landing
tasks. This study examined prelanding knee kinematics and landing ground reaction forces (GRFs) during single-leg and double-
leg landings in males and females. Participants performed landings with the dominant leg or both legs while kinematic and GRF
data were collected. Single-leg landings demonstrated less time between prelanding minimal knee flexion and initial ground
contact, decreased prelanding and early-landing knee flexion angles and velocities, and increased peak vertical and posterior
GRFs compared with double-leg landings. Increased prelanding knee flexion velocities and knee flexion excursion correlated
with decreased peak posterior GRFs during both double-leg and single-leg landings. No significant differences were observed
between males and females. Prelanding knee kinematics may contribute to the increased risk of ACL injuries in single-leg
landings compared with double-leg landings. Future studies are encouraged to incorporate prelanding knee mechanics to
understand ACL injury mechanisms and predict future ACL injury risks. Studies of the feasibility of increasing prelanding knee
flexion are needed to understand the potential role of prelanding kinematics in decreasing ACL injury risk.
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Noncontact anterior cruciate ligament (ACL) injuries often occur
during unbalanced jump landings with most body weight on the
injured leg,' and females have higher incidences of ACL injuries
compared with males in most sports events.>~” In vitro and in vivo
studies have shown that anterior shear forces and compressive forces
applied to the tibia at a small knee flexion angle were the primary
loading mechanism of the ACL.3° As such, these ACL loading
variables have been extensively quantified during jump-landing tasks
to understand ACL injury risk factors and injury mechanisms.*10:11
Studies have shown that single-leg landings are more likely to result
in increased ACL loading than double-leg landings because of greater
impact forces and decreased knee flexion angles during the landing
phase.!%-13 In addition, some studies found that females demonstrated
lower knee flexion angles and great impact landing forces than males
during jump-landing tasks,'41¢ although some other studies did not
find a sex effect on landing biomechanics.!” Understanding the
biomechanical differences between landing tasks and sexes can
provide information for identifying high-risk populations and devel-
oping injury prevention strategies.

Video analyses of ACL injury events have shown that ACL
injuries typically occur within 50 milliseconds after the injured leg
initially contacts the ground.!3!° Therefore, previous studies have
focused on quantifying knee motion and impact ground reaction
forces (GRFs) within 100 milliseconds after initial ground contact
during jump-landing tasks.'32° A musculoskeletal modeling study
also found that peak ACL forces occurred 7-10 milliseconds after
initial contact, and increasing knee flexion at initial contact
decreased peak ACL forces during a single-leg landing.?! In the
meantime, simple reaction time is greater than 100 milliseconds,??
so the abnormal mechanics that result in ACL injuries during early
landing are likely the consequences of inappropriate landing
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preparation instead of incorrect responses to initial ground contact.
In fact, in vivo imaging studies showed that peak ACL strain
occurred approximately 55 milliseconds prior to initial contact
during noninjury single-leg jump-landing tasks.?*2* The timing
of peak ACL strain also corresponded to the minimal knee flexion
angle during prelanding. As knee flexion angles started to increase
shortly prior to initial contact, ACL strain decreased and was lower
during the landing phase compared with the prelanding phase.?32#
Based on these findings, researchers suggested that an athlete may
be able to anticipate ground contact and increase knee flexion angles
as a protective mechanism during noninjury jump-landing tasks.?’
However, the sensory input and motor planning of safe prelanding
patterns might be disrupted and result in incorrect timing of antici-
pation of ground contact and increased risks of ACL injuries.?’

Despite the importance of prelanding knee kinematics on ACL
loading, there were limited studies that compared prelanding knee
kinematics during different jump-landing tasks or between sexes.
Yu et al'* found that increased knee flexion velocities at initial
contact negatively correlated with peak vertical and posterior GRF
during double-leg landings. In addition, females demonstrated
smaller knee flexion angles and angular velocities at initial contact
compared with males. But these analyses were limited to double-
leg landings and knee kinematics at initial contact without includ-
ing the prelanding phase. Chappell et al>® showed that females
demonstrated decreased knee flexion angles during the later pre-
landing phase of a double-leg landing compared with males, and
these differences likely resulted from increased quadriceps activa-
tion in females. As single-leg landings impose greater risks for
ACL injuries, there is a need to further understand how prelanding
mechanics might differ between single-leg and double-leg landings
and between males and females, as well as how prelanding
mechanics might be associated with ACL loading variables during
the early-landing phase.

The first purpose of this study was to determine the differences
in prelanding and landing knee kinematics and landing impact



forces between single-leg and double-leg landings and between
males and females. The second purpose was to quantify the
correlation between prelanding and early-landing knee kinematics
and peak vertical and posterior GRF in single-leg and double-leg
landings. It was hypothesized that single-leg landings and females
would demonstrate less minimal knee flexion angles and knee
flexion angular velocities during prelanding and less knee flexion
angles and velocities and increased peak landing forces during
early landing compared with double-leg landings and males,
respectively. It was also hypothesized that increased knee flexion
angular velocities during prelanding would correlate with
decreased peak landing forces in both single-leg and double-leg
landings. The findings may help understand the mechanisms of
elevated ACL injury risk in single-leg landings and females and
provide information in developing movement modification strate-
gies for ACL injury prevention.

Methods

Subjects

An effect size (Cohen d) of 1.36 and 0.85 was estimated for the
knee flexion angle at initial contact between single-leg and double-
leg landings'? and between males and females,'* respectively. A
correlation of coefficient of 0.49 was estimated for the correlation
between prelanding knee flexion angular velocities and peak
vertical and posterior GRF.!# Based on these estimations, a sample
size of 23 males and 23 females was needed for the comparison and
correlation analyses to achieve a power of 0.8 at a type I error level
of 0.05. In total, 26 male and 26 female recreational athletes, who
had experience in jump-landing sports and had never had a major
lower extremity injury, participated in this study (females: 20.70
[2.09]y, 1.70 [0.06] m, 64.05 [9.43] kg; males: 23.22 [2.63] y, 1.78
[0.05] m, 76.58 [8.07] kg). Specific inclusion and exclusion criteria
were described in a previous study.?” This study was approved by
the University of Wyoming Institutional Review Board. Each
participant signed a consent form before data collection.

Procedure

After changing into spandex clothes and standard running shoes,
participants performed a warm-up protocol.'3 A total of 16 reflec-
tive markers were placed on the 7th cervical vertebrae, bilateral
acromioclavicular joints, bilateral greater trochanters, and the
dominant leg’s anterior thigh, lateral and medial femoral condyles,
tibia tuberosity, inferior shank, first toe, the first and fifth metatar-
sal, lateral and medial malleolus, and calcaneus. The dominant leg
was defined as the preferred jumping leg for a longer distance.
After a static trial, participants performed a minimum of 3 practice
trials and 3 official trials of a jump-landing task. The jump-landing
task required the participant to jump forward from a 30-cm-height
box placed half of the participant’s body height from the force plate
and land with either both legs or the dominant leg.'3 Eight cameras
(Vicon Motion Systems Ltd) were utilized for recording kinematic
data at 160 Hz. GRFs were collected using one force platform at
1600 Hz (Bertec Corporation).

Data Reduction

The fourth-order Butterworth low-pass digital filters were used to
filter kinematic data at 15 Hz and force data at 100 Hz.!3 The hip
joint center was defined as a point located at 23.4% between the 2
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greater trochanters.?® The knee joint center was defined as the
midpoint between the medial and lateral femoral condyles. The
ankle joint center was defined as the midpoint between the medial
and lateral malleoli. The thigh reference frame was defined by the
hip joint center, knee joint center, and lateral femoral condyles. The
shank reference frame was defined by the knee joint center, ankle
joint center, and lateral malleolus. The 3-dimensional knee joint
angles were calculated as the Cardan angles between the shank and
thigh reference frames with an order of flexion/extension, adduc-
tion/abduction, and internal/external rotation.?® Knee joint angles
during the static trial were defined as neutral alignment and
subtracted from the angles during the landing trials. The initial
ground contact was defined as the frame when the vertical GRF was
greater than 20 N. Screening of jump-landing trials showed mini-
mal knee flexion angles occurred within 100 milliseconds prior to
initial ground contact (Figure 1). The dependent variables during
the prelanding phase, defined as within 100 milliseconds prior to
initial ground contact, included the minimal knee flexion angle,
timing of the minimal knee flexion angle prior to initial contact,
knee flexion excursion from minimal flexion to initial contact, and
average knee flexion angular velocities from minimal flexion to
initial contact. The magnitude and timing of the minimal knee
flexion angle were selected as they corresponded to peak ACL
strain during prelanding.?>2* Knee flexion excursion and average
knee flexion velocities were chosen to understand preparatory knee
motion before landing and quantify the potential correlations
between knee flexion velocities and landing forces demonstrated
in a previous study.!'# The dependent variables during the early-
landing phase, defined as 50 milliseconds after initial contact,
included the knee flexion angle at initial contact, knee flexion
excursion, average knee flexion velocities, and peak vertical and
posterior GRF. The peak vertical and posterior GRF were normal-
ized by the participant’s body weight. All data reductions were
performed using the MATLAB 2016b software.

Double-leg landing

Z Knee flexion angles = = Vertical GRF +««+-* Posterior GRF
) -
3 =
< 100 =)
Q (5]
‘_O:O 80 2
g 60 .§*
- <
= o3
Q 20 [
5 0 ©
Q PN NODROVNMNMNORVNMNDNNDMNINXD NN X
g 29CDSPRYRYRy —oenbesgoan
[
Time (ms) before (—) and after (+) initial ground contact
Single-leg landing
’50 Knee flexion angles = = Vertical GRF ««---- Posterior GRF
S, =
= 100 5 45 &
2 80 (4
&b z
g 60 2z
S 40 S
=20 [
= 0 %
3 PVNNORVNMNORVINMNDSNINWVDMINWYD M X
g aM-osdRiRpHS T -~aealcss g6
N [
Time (ms) before (—) and after (+) initial ground contact
Figure 1 — An example of knee flexion angles and vertical and

posterior GRFs during prelanding and early landing during single-leg
and double-leg landings. GRF indicates ground reaction force.
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Statistical Analysis

Dependent variables were compared between the landing condi-
tions (double-leg and single-leg, within-participant factor) and
sexes (males and females, between-participant factor) using 2-
way mixed repeated measures analyses of variance, followed by
independent or paired ¢ tests for a significant interaction effect. A
significant level of interaction effect was set at .05. Pearson
correlation analyses were performed between prelanding and
early-landing knee kinematics variables and peak vertical and
posterior GRF. Pearson correlation coefficients smaller than .3
were considered a “weak” correlation, between .3 and .5 and
greater than .5 were considered “moderate” and “strong” correla-
tions, respectively.’® The Benjamini—-Hochberg procedure was
performed to the main effects of analyses of variance without
interaction effects, follow-up ¢ tests of analyses of variance with
interaction effects, and Pearson correlation analyses to control the
study-wide false discovery rate at .05.3! The largest P value for
statistical significance was .011 after adjusting the false discovery
rate. All statistical analyses were performed using the SPSS
software (version 28).

Results

For the prelanding phase, the single-leg landing resulted in
decreased minimal knee flexion angles, knee flexion excursion,
and angular velocities compared with the double-leg landing for
both males and females (Table 1; Figure 2). Relative to the double-
leg landing, the single-leg landings also resulted in shorter time

Table 1
Landing Conditions and Sexes

from minimum knee flexion to landing. During the early-landing
phase, the single-leg landing resulted in decreased knee flexion
angles at initial contact, knee flexion excursion, and angular
velocities, as well as increased peak and posterior vertical GRF
compared with the double-leg landing for both males and females.
No significant sex effects were observed for any dependent vari-
ables, although 2 trends of significant differences (P <.1) were
observed. Males tended to have greater minimal knee flexion
angles and less knee flexion velocities during the prelanding phase
than females for both single-leg and double-leg landings (Table 1).
For the correlation analyses, increased prelanding knee flexion
velocities and knee flexion excursion significantly correlated with
decreased peak posterior GRF during both single-leg and double-
leg landings (Table 2; Figures 3 and 4). Knee flexion angles at
initial contact also negatively correlated with peak posterior GRF
during double-leg landings. A total of 2 moderate trends of
significant correlations (P <.024, r>.3) were observed between
prelanding minimal knee flexion angles and peak posterior GRF
during single-leg landings and between average knee flexion
velocities and peak vertical GRF during double-leg landings.
Secondary correlation analyses were performed for males and
females separately. Significantly negative correlations between
prelanding knee flexion velocities and peak posterior GRF were
observed for both males and females during single-leg landings and
for males during double-leg landings. Significantly negative cor-
relations between knee flexion excursion and peak posterior GRF
were observed for males during double-leg landings and for
females during single-leg landings. For males, timing of minimal
knee flexion angles during prelanding and knee flexion angles at

Mean (SDs) of Dependent Variables, P Values of ANOVAs, and Results of Comparisons for Different

Double-leg landing

Single-leg landing P values of ANOVA

Landing
Males Females Males Females condition Sex Interaction
Prelanding
Timing of minimal knee flexion angles, ms 57.8 (15.9) 52.2 (17.9) 41.9 (20.0) 46.2 (15.3) <.001 .875 .042
A B
Minimal knee flexion angles, ° 8.0 (5.1) 6.0 (4.9) 49 (5.2) 2.2 (4.7) <.001 .080 .546
A A B B
Knee flexion excursion, ° 10.0 (5.6) 10.4 (4.0) 5.3 (3.9) 6.5 (3.6) <.001 448 527
A A B B
Average knee flexion velocities, °/s 164.3 197.4 112.7 133.3 (54.1) <.001 .038 455
(56.1) (54.1) (53.3) B
A A B
Early landing
Knee flexion angles at initial landing, ° 18.0 (6.9) 16.4 (5.7) 10.2 (6.1) 8.7 (4.6) <.001 325 .835
A A B B
Knee flexion excursion, °© 36.5 (3.3) 37.7 (3.6) 29.5 (3.4) 27.3 (5.4) <.001 .608 .003
A A B B
Average knee flexion velocities, °/s 729.9 754.7 589.6 545.1 <.001 .608 .003
(65.2) (72.7) (67.4) (107.0)
A A B B
Peak vertical forces (body weight) 3.1 (0.7) 3.0 (0.8) 4.3 (0.8) 4.6 (0.6) <.001 .686 .034
B B A A
Peak posterior forces (body weight) -0.8(0.2) -0.8(0.2) -12(0.2) -1.2 (0.2) <.001 .690 435
B B A A

Abbreviation: ANOVA, analysis of variance. Note: “A” was significantly greater than “B” between the 2 landing conditions for each sex. No significant sex effects were
observed for either landing conditions for any variable after the adjustment of the type I error rate. Significant ANOVA effects are indicated in bold.
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initial contact negatively correlated with peak posterior GRF
during double-leg landings, while prelanding minimal knee flexion
angles positively correlated with peak posterior GRF during single-
leg landings (Appendix).

Discussion

The first purpose was to identify the differences in prelanding and
landing knee kinematics and landing impact forces between 2
jump-landing tasks and sexes. The results supported the hypothesis
that single-leg landings would demonstrate smaller minimal knee
flexion angles and velocities during prelanding and less knee
flexion angles and velocities and increased peak forces during
early landing compared with double-leg landings. Previous studies
have well documented the decreased knee flexion angles and
increased impact forces during early landing for single-leg landings
compared with double-leg landings,'®'3 supporting the observa-
tion that most ACL injuries occur during single-leg landings or
landings with most body weight placed on one leg.'~* The current
findings showed that not only the landing phase but also the
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Knee flexion angles (deg)
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S

50 ms before and 50 ms after initial ground contact

Figure 2 — Ensemble curves (means+ SEs of the means) of knee
flexion angles 50 milliseconds before and after initial ground contact
during single-leg and double-leg landings.
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prelanding phase might predispose athletes to higher risks for
ACL injuries during single-leg landings. The goal of the landing
task was to decelerate the linear momentum through the control of
the body movements and the modulation of GRF. Based on the
impulse—-momentum relationship, decreasing impact GRF likely
requires a longer landing time that can be accomplished through a
greater joint excursion. In the meantime, increasing joint angles
generally increase the moment arms from the GRF to the knee and
hip joints, requiring greater efforts from muscles to generate active
internal joint moments. For double-leg landings, the demand for
increased active internal knee moments associated with increased
knee angles would be less challenging as the body weight and
landing forces were supported by 2 legs. On the other hand, knee
strength is likely a limiting factor in how much knee flexion an
individual can achieve during single-leg squats and landings.!3-3?
For single-leg landings, participants decreased knee joint angles to
constrain the external moments imposed on the knee joint to
prevent joint collapse and falling. The decreased knee flexion at
initial contact was the consequence of decreased knee flexion
angles and velocities during prelanding. Single-leg landing also
generally demonstrated less time between minimal knee flexion
angles and initial contact, indicating participants waited closer to
initial contact to start to flex the knee. The average timing of
minimal knee flexion angles (~55 ms) during double-leg landings
was consistent with previous studies,?32* but the average timing of
minimal knee flexion angles decreased to approximately 44 milli-
seconds during single-leg landings. This decreased margin sug-
gests that single-leg landings might be more susceptible to
midflight perturbation, which might result in errors in anticipation
of ground contact and therefore landings without active knee
flexion during prelanding. High impact forces acting on a close-
to-extension knee that is not flexing would present a dangerous
scenario for ACL injuries. Overall, the decreased prelanding knee
flexion angles and velocities and the later timing of knee flexion
initiation are likely additional contributors to the increased injury
risk of ACL injuries for single-leg landings.

The results did not support the hypotheses regarding sex
differences in prelanding and landing mechanics. While there
was a trend of decreased prelanding minimal knee flexion angles
in females (Figure 2), this small difference was not detected as
statistical significance based on the current sample size. Females
demonstrate increased ACL injury rates compared with males in

Table 2 Pearson Correlation Coefficients (P Values) Between Kinematic Variables and Peak Ground Reaction

Forces During 2 Jump-Landing Tasks

Peak vertical ground reaction force (body

Peak posterior ground reaction force
(body weight)

Single-leg landing

Double-leg landing Single-leg landing

weight)
Double-leg landing

Prelanding

Timing of minimal knee flexion angles 22 (127)

Minimal knee flexion angles —.11 (.441)

Knee flexion excursion —11 (.422)

Average knee flexion velocities -.32 (.022)
Initial contact

Knee flexion angles =17 (217)
Early landing

Average knee flexion velocities —.10 (.491)

.20 (.167) -.12 (.399) -.24 (.087)
-.09 (.529) —-.19 (.168) 31 (.024)
11 (.442) —.35 (.011) —.36 (.008)
.01 (.925) —.38 (.005) —.46 (<.001)
-.01 (.950) —.42 (.002) .04 (.756)
—.00 (.987) -.25 (.074) .12 (.380)

Significant correlations are indicated in bold.
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Figure 3 — Correlations between prelanding knee flexion velocities

and peak posterior GRFs during single-leg and double-leg landings. GRF
indicates ground reaction force.

most sports events.>~” Some studies have shown that females
demonstrated decreased knee flexion angles during prelanding
and early landing and increased landing forces compared with
males,!4-16-26 while other studies did not find sex differences during
landing tasks.!” These discrepancies could be caused by different
populations, landing tasks, or the physical capabilities of partici-
pants. For example, 3 previous studies chose a stop-jump task with
a self-selected approaching speed as the landing task,'#1626 while
this study used a drop-landing task to better control the landing
parameters. Using the same absolute drop for both males and
females might also introduce greater relative demands on females
who generally demonstrate lower jump height. In fact, a previous
study showed that potential sex differences in landing mechanics
varied between a drop-vertical jump and a stop-jump, with the stop-
jump resulting in more sex differences.?? In summary, males and
females demonstrated similar prelanding and landing mechanics
during the current single-leg and double-leg landings with precise
control of the drop height and jump distance.

Another purpose was to evaluate the correlation between
prelanding and early-landing knee kinematics and impact landing
forces. The hypothesis was partially supported, as the results
showed significant negative correlations between prelanding
knee angular velocities and peak posterior GRF but not for peak
vertical GRF during both single-leg and double-leg landings. A
previous study observed that knee flexion velocities at initial
contact negatively correlated with both peak posterior and vertical
GRF.' The inconsistencies for vertical GRF could be due to
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Figure 4 — Correlations between knee flexion excursion and peak

posterior GRFs during single-leg and double-leg landings. GRF
indicates ground reaction force.

different landing tasks and variables used for analyses, as the
previous study evaluated knee flexion velocities at initial contact
in a stop-jump task. Among ankle plantar flexion, knee extension,
and hip extension, knee extension was the only motion that moved
the foot forward relative to the ground to actively generate posterior
GREF during early landing. Therefore, it was reasonable to observe a
more important role of knee flexion velocities on peak posterior
GRF compared to peak vertical GRF during the current forward
jump-landing task. On the other hand, the hip and ankle joints
might play a more important role in the vertical direction. During
the landing task, a greater posterior GRF may be associated with a
greater quadriceps muscle force to maintain the same knee joint
resultant moment, resulting in greater anterior shear forces applied
to the knee, particularly at a small knee flexion angle.3* Increased
prelanding knee flexion velocities indicated a more active knee
flexion motion to prepare for a soft landing to stop the body in the
anterior—posterior direction with decreased peak posterior GRF.
Meanwhile, the correlations further showed that knee flexion
excursion had significant negative correlations with peak posterior
GRF. As angular velocities were calculated as the quotient of knee
flexion excursion and time, the correlations suggested the increased
knee flexion velocities were more likely caused by increased knee
flexion excursion instead of less time between prelanding minimal
knee flexion and initial contact. For double-leg landings, increased
knee flexion angles at initial contact appeared to play an important
role in decreasing peak posterior GRF based on the correlation
results. For single-leg landings, prelanding minimal knee flexion
angles showed a trend to be associated with decreased posterior
GRF, suggesting some participants likely decreased the minimal
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flexion angle to achieve a great knee flexion excursion during
single-leg landings. These observations further support that increas-
ing knee flexion angles at initial contact would be an effective
strategy to increase prelanding velocities for double-leg landings
as the knee strength is less likely a limiting factor. However,
excessive knee flexion angles at initial contact might be more
challenging for knee strength for single-leg landings, and some
participants appeared to decrease the prelanding minimal knee flexion
as a compensatory strategy to achieve the goal of increased knee
flexion excursion and velocities. Therefore, different strategies might
be used to achieve increased prelanding knee flexion excursion and
velocities, and the strategy to decrease prelanding minimal knee
flexion angles for single-leg landings might be riskier when midflight
perturbation occurs. When males and females were analyzed sepa-
rately, prelanding knee flexion velocities appeared to be the consis-
tent variable negatively correlated with peak posterior GRE for most
landing conditions. But, in general, males demonstrated more signif-
icant correlations between kinematics variables and peak posterior
GRE compared with females. In addition to the decreased statistical
power when males and females were separated into 2 groups, the
greater relative performance demand imposed by the standardized
drop height might have required females to utilize various and less
consistent strategies to increase prelanding knee flexion velocities,
resulting in less significant correlations. Overall, actively prelanding
knee flexion velocities correlated with decreased peak posterior GRF,
while the strategies to achieve increased velocities might be different
for single-leg and double-leg landings and for males and females.

This study provided implications for practical applications.
First, the differences in prelanding knee kinematics between single-
leg and double-leg landings provide additional information to
understand the increased ACL injury risk in single-leg landings.
While previous video analyses of ACL injury events have focused
on the early-landing phase to understand ACL injury mechanisms,
it is recommended that future studies may incorporate the analyses
of the prelanding phase. The stiff landing patterns observed during
ACL injuries likely result from abnormal prelanding motion.
Future prospective studies to predict ACL injuries from landing
biomechanics may also consider including prelanding knee kine-
matics, such as the timing and magnitude of minimal knee flexion
angles, as well as prelanding knee flexion velocities. Second, males
and females appeared to demonstrate similar knee prelanding
kinematics and landing mechanics during the controlled single-
leg and double-leg landing tasks. Sex differences should not be
assumed for all landing tasks simply because of higher ACL injury
rates in females. Future studies are needed to examine potential sex
differences in prelanding mechanics in more sports-specific tasks
or event jump-landing tasks with perturbation and cognitive chal-
lenges.>>>3> Third, active prelanding knee flexion velocities rather
than knee flexion angles at a specific time likely played an
important role in decreasing posterior GRF. While previous train-
ing strategies have emphasized increasing knee flexion angles
during the landing phase, increased prelanding knee flexion veloc-
ities should also be encouraged. Increasing knee flexion angles
throughout the prelanding and early-landing phases provides an
injury prevention strategy that directly targets protective knee
motion associated with decreased ACL loading. The decreased
GREF associated with increased knee flexion also provides second-
ary protective effects on the ACL. Meanwhile, increasing preland-
ing knee flexion velocities could be more challenging for single-leg
landings, and concurrent strength and neuromuscular training
programs might be needed to promote active prelanding knee
flexion without falling.
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There were several limitations in the study. First, only one
single-leg and one double-leg landing task with controlled landing
heights and distances were included. The landing preparation is
likely to be affected by different landing tasks. Second, the
correlation analyses indicated significant relationships between
knee flexion velocities and peak posterior GRF, but the cause—
effect relationship between them needs to be further established.
Third, while knee flexion angles and impact forces have been
documented as the primary ACL loading mechanisms during
landing, the actual ACL loading was not directly assessed. Finally,
the absolute drop height was the same for both males and females.
Future studies may consider using a drop height relative to each
participant’s jump height. More participants are also needed to
analyze the correlations between prelanding kinematics and land-
ing kinetics with separated male and female groups.

In conclusion, the decreased prelanding knee flexion angles
and velocities and the later timing of knee flexion initiation may
contribute to the increased risk of ACL injuries during single-leg
landings compared with double-leg landings. Males and females
demonstrated similar prelanding and landing mechanics during the
current single-leg and double-leg landings with precise control of
the drop height and jump distance. Actively prelanding knee
flexion velocities correlated with decreased peak posterior GRF,
while the strategies to achieve increased velocities might be
different for single-leg and double-leg landings. Future studies
are encouraged to incorporate prelanding knee mechanics to
understand ACL injury mechanisms and predict future ACL injury
risks. Studies of the feasibility of increasing prelanding knee
flexion are needed to understand the potential role of prelanding
kinematics in decreasing ACL injury risk.
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Appendix: Pearson Correlation Coefficients (P Values) of Kinematic Variables With Peak
Ground Reaction Forces During 2 Jump-Landing Tasks for Males and Females

Peak vertical ground reaction force Peak posterior ground reaction force
(body weight) (body weight)

Double-leg landing Single-leg landing Double-leg landing  Single-leg landing

Males Females Males Females Males Females Males Females

Prelanding
Timing of minimal knee flexion angles, ms .09 (.67) .30 (.14) .13 (.54) .26 (21) —42(03) .22(29) -.19(35 -31(13)
Minimal knee flexion angles, ° —-.08 (.70) —-.18 (.38) —.00(.99) -.09 (.66) —.11(.59) -.25(22) .54 (.004) .10 (.61)
Knee flexion excursion, ° -25(22) .06 (77) —.04(85) .24 (24) —-54(004) -.09 (.68) —-.27 (.18) —.46 (.02)
Average knee flexion velocities, °/s —43 (.03) -.19(35) -.18(39) .15(45) —=53(005) -33(.10) —.44(.02) —.49(.01)
Initial contact
Knee flexion angles, °© -26 (.20) —.11(.59) -.03(.89) .09 (66) —.52(007) —-28(.17) .29 (15 —-25(22)
Early-landing
Average knee flexion velocities, °/s A2 (55)  =25(21) .29 (.15) —-.14(51) -=37(07) -19(35 .01 (.98) .20 ((34)

Significant correlations are indicated in bold.
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