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BACKGROUND and SIGNIFICANCE
● There are ~80,000-250,000 new ACL injuries each year (Smith et al.,
2012).
● Decreased hip and knee flexion angles, increased knee valgus angle and
moment, increased tibial internal rotation angle, and increased ground
reaction force increase risk of ACL injury with landing and other athletic
tasks.
● Screening tools like the LESS can be utilized to identify risky movement
patterns that may place someone at risk.
● The LESS has demonstrated good validity and reliability but requires
video analysis equipment to score so the LESS Real Time was developed.
● The LESS-RT has good reliability and precision (Padua et al., 2013)
● A void in the literature exists in examining the validity of the LESS-RT,
as well as its predictive capabilities in screening for risk of ACL injury.

RESULTS

RESULTS CONTINUED...

GRF L LE:
P>E

p=0.016

GRF R LE:
P>E
R Knee Flexion Max-IC:
E > G, M, P
p= 0.013

R Knee Flexion Max-Min:
E > G, M, P
p= 0.000

R Hip Flexion Max-Min:
E>P
p= 0.000

L Knee Flexion Max-IC:
E > G, M, P p= 0.004
L Hip Flexion Max-Min:
E>P
p= 0.004

p=0.025

L Knee Flexion Max-Min:
E > G, M, P & G > Pp= 0.000
L Hip Abd/Add Max-Min:
E>P
p= 0.001

Interrater Reliability
○ ICC2,K: 0.862 - Good
○ SEM : 1.1 - Good

PURPOSE
DISCUSSION

To investigate the ability of the LESS-RT to accurately detect abnormal
biomechanics during landing to determine its validity by comparing
investigator visual scoring with the gold standard of 3-D motion analysis of
the lower extremity. The secondary purpose is to investigate inter-rater
reliability of the LESS-RT using novice raters.

SAMPLE
● 25 Subjects
● 12 males 24.8 ± 2.2yrs, 70.4 ± 2.3in, 176.4 ± 20.4lbs
● 13 females 23.8 ±0.6yrs, 65.6 ±2.9in, 166.8 ±38.2lbs

Inclusion Criteria:

❏ Healthy males and females
between age 18-35

R Knee Flexion:
E > G, M, P p= 0.001

R Hip Flexion:
E > M, P
p= 0.004

L Knee Flexion:
E > G, M, P p= 0.000

L Hip Flexion:
E>P
p= 0.013

Exclusion Criteria:
❏ Recent history of orthopedic injury that
would preclude the subject from
participating.

DESIGN AND METHODS
Design: Cohort Study
Methods:
● A convenient sample was recruited through email and word of mouth.
● Subject jumps from 30-cm high box to a distance of 50% of their height
away from the box onto a pair of force plate and immediately rebounded
for a maximal vertical jump.
● 3D joint kinematics measured with Ascension’s Flock of Birds
electromagnetic motion capture system and Motion Monitor Software
● 2 Bertec force plates that were placed side by side and linked to the
Motion Monitor system through an A/D interface panel at a sampling rate
of 1000 Hz were used to measure ground reaction forces and kinetics.
● Sensors were placed at S2 spinous process, lateral thighs, and proximal
anterior medial tibia
● The LESS-RT includes 10 jump-landing characteristics scored over 4
jumps
● The LESS-RT was scored by 2 novice raters and 1 expert rater observing
both right and left legs.
● Concurrent Validity was asses by using a series of one way ANOVAs to
compare kinematic and kinetic measures across LESS-RT score quartiles
● LESS-RT quartiles were compared by sex using a chi-square
● Interrater Reliability was assessed using ICC2K and SEM calculations

R Knee Extension:
E < P p= 0.041
R Hip Add:
P > E, G

R Knee Valgus:
P > E, G
p=
0.000

p= 0.002

R Knee Tibial IR
P > E, G
p= 0.007

R Hip Abd:
E < M, P and G < P p= 0.001

L Knee Extension:
E<P
p= 0.011

L Knee Valgus:
P > E, G
p= 0.006

L Hip Add:
E < M, P

p= 0.008

L Hip Abd:
E < M, P

p= 0.012

● Subjects with lower/poor LESS-RT scores demonstrated less knee
flexion and hip flexion angles when compared to the subjects with
higher/excellent LESS-RT scores.
● Subjects with lower/poor LESS-RT scores had less overall joint angle
displacement and increased GRFs when compared to subjects with
higher/excellent scores.
● Subjects with lower/poor LESS-RT scores demonstrated greater knee
extension, abduction/valgus, and internal rotation moments when
compared to subjects with higher/excellent scores.
● In comparison to a similar study by Padua et al determining the validity
of the original LESS, our data showed no significant findings for angle at
initial contact by LESS-RT score. However, our findings were significant
for overall stance displacement.
● No significant findings for knee valgus, hip adduction, hip and knee
internal rotation angles, nor for hip extension and internal rotation
moments were identified.
Study Limitations:
● Small Sample Size
● Most participants perform some form of exercise, “fit sample”
● Mean age was 23-24 y.o, not representative of older population
● Sensor movement and cable whip are common with motion monitor
system
Future Research:
● More subjects covering a wider age range and athletic abilities

CONCLUSION
● Preliminary results support the LESS-RT as a potentially valid tool
for identifying high-risk movement patterns during a jump-landing
task
Pearson Chi-Square: 0.038

● Reliability is favorable and similar to what was previously
demonstrated in a larger study

