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The Landing Error Score System (LESS) 
 

 
Figure 1. The subject jumps from the box to the landing area, then immediately jumps for maximal height. 
From Padua et al (2015).44 

 
Table 1. LESS scoring items and definitions. From Padua et al (2015).44 
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often is implicated in ACL injury7,8 and imposes the
greatest strain on the ACL.9,10 Data regarding ACL loading
and injury mechanisms help clinicians understand what
occurs at the time of injury.11 Prospective risk factors,
however, provide information for identifying individuals at
risk for sustaining injuries, potentially years before injury.11

Only a small body of evidence exists on prospective
biomechanical risk factors for ACL injury. A limitation of
these studies is the use of laboratory-based instrumentation
and testing procedures.12,13 Whereas these instruments are
the criterion standard for biomechanical measures, they are
impractical in time and cost for large-scale mass screenings
on the athletic field. To be feasible, a field-assessment tool
for high-risk biomechanics should be brief; use minimal or
inexpensive equipment; facilitate large-scale, field-based
screening; and provide a valid and reliable measure of the
biomechanics that predict injury.

The Landing Error Scoring System (LESS) is a field-
assessment tool for identifying potentially high-risk move-
ment patterns (‘‘errors’’) during a jump-landing maneuver.
Padua et al14 demonstrated that the LESS has concurrent
validity using 3-dimensional motion analysis and that good
interrater and intrarater reliability can be obtained.
However, few researchers15 have investigated the LESS
as a prospective screening tool. Therefore, the purpose of
our study was to examine the validity of the LESS (total
score and individual items) in identifying individuals at risk
for ACL injury in elite-youth soccer athletes. We
hypothesized that higher LESS scores, representing a
greater number of movement errors, would predict ACL
injury in this population.

METHODS

Design and Participants

We used a prospective cohort design to evaluate the
LESS as a predictor of ACL injury in elite-youth soccer
athletes. Two soccer leagues (1 from North Carolina, 1
from Maryland) with under-11 to under-18 age divisions
agreed to participate in the study. The 2 leagues competed

in similar levels of competition and always on natural grass.
All teams were simultaneously performing an injury-
prevention program warm-up during this study.

A total of 829 participants (348 [42%] boys, 481 [58%]
girls; age ¼ 13.9 6 1.8 years) were enrolled in this study:
565 (68%) from North Carolina (261 [46%] boys, 304
[54%] girls) and 264 (32%) from Maryland (87 [33%] boys,
177 [67%] girls). Of these participants, 207 (24.9%) were
from 11 to 12 years of age. The group accumulated 1217
athlete-seasons of observation. At the initial test session, all
participants were free from any injury or illness that
prohibited competitive soccer activity. Participants and
their legal guardians provided written informed assent and
consent, respectively, before the initial test session. All
procedures were approved by the Biomedical Institutional
Review Board of the University of North Carolina at
Chapel Hill.

Procedures

Each participant completed a baseline questionnaire and
movement assessment at the beginning of each soccer
season between August 2006 and January 2009. A brief
baseline questionnaire addressed demographics and sport-
related injury history. The movement assessment consisted
of a jump-landing task that was graded using the LESS-by-
video review at a later date. Returning athletes were
retested at the start of their returning seasons using identical
procedures.

All participants were monitored prospectively for ACL
injury from the date of their enrollment (August 2006
through May 2009). A member of the research team visited
each soccer team weekly during the monitoring period to
record injuries that participants sustained. Coaches and
participants were instructed to identify any participant who
missed a soccer-related activity during the previous week
due to an injury or an unknown reason. The research team
member followed up with all participants with suspected
injuries. All participants with reported ACL injuries
completed a specific questionnaire to verify the injury
and obtain information about the circumstances of injury.
All reported ACL injuries were verified during surgical
reconstruction and indicated on this self-reported question-
naire. Noncontact and indirect-contact ACL injuries were
defined operationally as injuries that occurred without
direct contact to the lower extremity from an external
source at the time of injury. We defined noncontact
mechanism of injury as an injury that did not involve
contact with the participant. We defined indirect-contact
mechanism of injury as an injury due to contact with a body
part other than the knee (ie, trunk).

Jump-Landing Task

Participants performed 3 trials of a standardized jump-
landing task during each test session on a soccer field
before practice (Figure 1). The participant began the task
standing on a 30-cm-high box placed at a distance of half
their body height away from a landing area, which was
marked by a line on the ground. Participants were
instructed to jump forward so that both limbs left the box
simultaneously, to land just past the line, and to jump for
maximal height immediately after landing. They practiced
until they were comfortable with the task and performed it

Figure 1. The standardized jump-landing task consists of 2
segments: A, participant jumps down from box and lands on
ground; B, participant immediately jumps vertically as high as
possible.
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correctly. Trials were excluded and repeated if the
participants jumped vertically from the box or if they did
not jump for maximal height upon landing. Two digital
video cameras (model DCR-HC30; Sony Corporation of
America, Park Ridge, NJ) were placed 10 ft (3 m) in front
of and to the right of the participants to capture frontal and
sagittal images of all jump-landing trials.14,16

Data Reduction

Two research assistants (L.J.D., M.J.D.), who were
blinded to injury status, graded the digital videos of all
participants using the LESS and free computer software
(QuickTime; Apple, Inc, Cupertino, CA). The LESS is a
valid and reliable (interrater reliability: intraclass correla-
tion coefficient [2,1] ¼ 0.84, standard error of the mean ¼
0.71) clinical movement-analysis tool that evaluates
specific jump-landing characteristics.14 Movements were
analyzed at the initial contact frame, which was defined as
the frame immediately before the foot was flat on the
ground, and between initial contact and maximal knee
flexion (Table 1). The LESS primarily uses a dichotomous
scoring rubric to identify obvious movement errors, such as
limited knee flexion or excessive medial knee displace-

ment. Therefore, a 1-point differential in the total LESS
score can be associated with moderate to large differences
in certain biomechanical variables.14 A higher LESS score
indicates a greater number of landing errors and conse-
quently poorer jump-landing technique. The average LESS
score from the 3 trials at each testing session was used for
data analyses.

Statistical Analyses

Standard statistics for screening tests were used and
included receiver operator characteristic curve analyses to
select a test cutpoint, followed by computation of
sensitivity and specificity. We compared mean LESS
scores in the injured and uninjured participants using t
tests. The 1-season risk of ACL injury in athletes who
screened positive was divided by the 1-season risk of ACL
injury in athletes who screened negative to compute the
injury risk ratio. We used SPSS software (version 16.0;
SPSS Inc, Chicago, IL) and SAS software (version 9.2;
SAS Institute, Cary, NC) to analyze the data. Returning
athletes contributed more than 1 season to the analysis, and
multiple seasons were treated as statistically independent.
Exact methods, such as the Fisher test, were used for

Table 1. Operational Definitions for Individual Landing Error Scoring System Items

Landing Error Scoring System Item Operational Definition of Error Scoring

Knee flexion: initial contact The knee is flexed less than 308 at initial contact. 0 ¼ Absent
1 ¼ Present

Hip flexion: initial contact The thigh is in line with the trunk at initial contact. 0 ¼ Absent
1 ¼ Present

Trunk flexion: initial contact The trunk is vertical or extended on the hips at initial contact. 0 ¼ Absent
1 ¼ Present

Ankle-plantar flexion: initial contact The foot lands heel to toe or with a flat foot at initial contact. 0 ¼ Absent
1 ¼ Present

Medial knee position: initial contact The center of the patella is medial to the midfoot at initial contact. 0 ¼ Absent
1 ¼ Present

Lateral-trunk flexion: initial contact The midline of the trunk is flexed to the left or the right side of the body at initial contact. 0 ¼ Absent
1 ¼ Present

Stance width: wide The feet are positioned greater than a shoulder width apart (acromion processes) at
initial contact.

0 ¼ Absent
1 ¼ Present

Stance width: narrow The feet are positioned less than a shoulder width apart (acromion processes) at initial
contact.

0 ¼ Absent
1 ¼ Present

Foot position: external rotation The foot is internally rotated more than 308 between initial contact and maximum knee
flexion.

0 ¼ Absent
1 ¼ Present

Foot position: internal rotation The foot is externally rotated more than 308 between initial contact and maximum knee
flexion.

0 ¼ Absent
1 ¼ Present

Symmetric initial foot contact:
initial contact

One foot lands before the other foot or 1 foot lands heel to toe and the other foot lands
toe to heel.

0 ¼ Absent
1 ¼ Present

Knee-flexion displacement The knee flexes less than 458 between initial contact and maximum knee flexion. 0 ¼ Absent
1 ¼ Present

Hip-flexion displacement The thigh does not flex more on the trunk between initial contact and maximum knee
flexion.

0 ¼ Absent
1 ¼ Present

Trunk-flexion displacement The trunk does not flex more between initial contact and maximum knee flexion. 0 ¼ Absent
1 ¼ Present

Medial-knee displacement At the point of maximum medial knee position, the center of the patella is medial to the
midfoot.

0 ¼ Absent
1 ¼ Present

Joint displacement Soft: the participant demonstrates a large amount of trunk, hip, and knee displacement. 0 ¼ Soft
Average: the participant has some, but not a large amount of, trunk, hip, and knee

displacement.
1 ¼ Average

Stiff: the participant goes through very little, if any, trunk, hip, and knee displacement. 2 ¼ Stiff
Overall impression Excellent: the participant displays a soft landing with no frontal-plane or transverse-

plane motion.
0 ¼ Excellent

Poor: the participant displays large frontal-plane or transverse-plane motion, or the
participant displays a stiff landing with some frontal-plane or transverse-plane motion.

1 ¼ Average

Average: all other landings. 2 ¼ Poor
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The Tuck Jump Assessment 
 

 
Figure 2. Demonstration of a tuck jump.  From Myer et al (2008).47 

 
 

 
Figure 3.  Criteria for the Tuck Jump Assessment and pictures show faulty movement patterns.  From 
Herrington et al (2013).34 

  

Figure 1.
Tuck jumps are an example of an exercise used to train athletes to increase lower body power.
The tuck jump can also be used as an assessment to grade improvement in technique. to perform
the tuck jump, athletes start in the athletic position with feet shoulder-width apart. They initiate
the jump with a slight crouch downward while extending their arms behind them. They then
swing their arms forward as they simultaneously jump straight up and pull their knees up as
high as possible. At the highest point of the jump, the athletes are in the air with thighs parallel
to the ground. When landing, the athletes should immediately begin the next tuck jump.
Encourage the athletes to land softly, using a toe to mid-foot rocker landing. The athletes should
not continue this jump if they cannot control the high landing force or if they demonstrate a
knock-kneed landing.

Myer et al. Page 7
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Marking criteria 

If the participant fails to meet the criteria below then they score 1, if they meet the 
criteria they score 0 for the respective category. 

Knee & Thigh Motion 

1. Knee valgus on landing 
 Hip, knee and foot aligned, no collapse of the 

knee inwards 
2. Thighs not reaching parallel (peak of jump) 
3. Thighs not equal side to side (during flight) 

Foot position during landing 

4. Foot placement not shoulder width apart 
 Inside of tape marks 

5. Foot placement not parallel (front to back) 
6. Foot contact timing not equal 

 Asymmetrical landing 
7. Does not land in same foot print 

 Consistent point of landing  
8. Excessive landing contact noise 

Plyometric technique 

9. Pause between jumps 
10. Technique declines prior to 10seconds 

erocS:emaN

Knee & thigh motion 
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Thighs not reaching parallel (peak of jump)  
Thighs not equal side to side (during flight)  
Foot position during landing 

Foot placement not shoulder width apart  
Foot placement not parallel (front to back)  
Foot contact timing not equal  
Does not land in same foot print  
Excessive landing contact noise  
Plyometric technique 
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Technique declines prior to 10 seconds  

Total Score

Fig. 1. Tuck jump test scoring criteria.
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