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Abstract

Context—A clinical assessment tool that would allow for efficient large-group screening is
needed to identify individuals potentially at risk for anterior cruciate ligament (ACL) injury.

Objective—To assess the criterion validity of a jump-landing assessment tool compared with 3-
dimensional (3D) motion analysis and evaluate interrater reliability across an expert vs novice
rater using the Landing Error Scoring System (LESS).

Design—Validity protocol.
Setting—Controlled, laboratory.

Participants—Nineteen female (age 19.58 + .84 y, height 1.67 + .05 m, mass 63.66 + 10.11 kg)
college soccer athletes volunteered.

Main Outcome Measurement—Interrater reliability between expert rater (5 y LESS
experience) vs novice rater (no LESS experience). LESS scores across 13 items and total score.
3D lower extremity kinematics were reduced to dichotomous values to match LESS items.

Interventions—~Participants performed drop-box landings from a 30-cm height with standard
video-camera and 3D kinematic assessment.

Results—Intrarater item reliability, assessed by kappa correlation, between novice and
experienced LESS raters ranged from moderate to excellent (x = .459-.875). Overall LESS score,
assessed by intraclass correlation coefficient, was excellent (ICC, 1 = .835, £<.001). Statistically
significant phi correlation (£ < .05) was found between rater and 3D scores for knee-valgus range
of mation; however, percent agreement between expert rater and 3D scores revealed excellent
agreement (range of 84-100%) for ankle flexion at initial contact, knee-flexion range of motion,
trunk flexion at maximum knee flexion, and foot position at initial contact for both external and
internal rotation of tibia. Moderate agreement was found between rater and 3D scores for trunk
flexion at initial contact, stance width less than shoulder width, knee valgus at initial contact, and
knee-valgus range of motion.

Conclusions—Our findings support moderate to excellent validity and excellent expert vs
novice interrater reliability of the LESS to accurately assess 3D kinematic motion patterns. Future
research should evaluate the efficacy of the LESS to assess individuals at risk for ACL injury.
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Despite great efforts by the sports medicine community to reduce gender disparity in
anterior cruciate ligament (ACL) injuries, female ACL injury rates continue to be
significantly higher than those of their male counterparts.1-8 The ACL-injury gender-
disparity trend has been demonstrated in several comparable sports1,2,8,9 and nonathletic
populations of similarly trained backgrounds (ie, military-related training). 4,10 ACL
injuries typically result from noncontact mechanisms (70-75%),2,11,12 with the most
common event reported to be during a jump-landing maneuver.11,13-15 Improper technique
during jump-landing maneuvers may place significant force and strain on the ACL, hence
causing the ligament to rupture. Because jump landing is the most common mechanism of
noncontact ACL injury, it is believed that the assessment of jump-landing technique may
serve as an important marker for identifying individuals at risk for noncontact ACL injury.

Several ACL injury-prevention programs have been developed in the hope of preventing this
debilitating problem.16-21 The promising results of these ACL injury-prevention programs
have resulted in an increased demand for prevention programs in the sports medicine
community, but the feasibility of long-term implementation of these programs is costly
because of manpower and time constraints. Recent recommendations from the International
Olympic Committee concerning the need for baseline assessments to determine individuals
most at risk for injury are provided with the concept of targeting tailor-made ACL injury-
prevention programs to the most at-risk population.22 The concept of identification methods
for targeting individuals at risk for injury in the preseason has gained recent exposure in the
sports medicine literature.23 The investigation of jump-landing biomechanical patterns
relative to increased ACL injury risk has also increased tremendously over the past decade,
yet valid and reliable objective tests that can be used during clinical assessments are lacking.

Various sophisticated 3-dimensional motion-analysis assessments utilizing costly equipment
have been conducted in attempts to identify factors for increased ACL injury risk. This
costly and sophisticated approach provides outstanding objective kinematic and kinetic
information, yet the cost, time, manpower, and accessibility of this type of assessment limit
its value for clinical application. In 2003, Ford et al24 noted that no clinical system for
accurate and practical screening and identification of individuals who may be at risk for
ACL injury is currently available. McLean et al25 also indicated that being able to identify
specifically at-risk individuals during their initial ground contact would allow greater
opportunities to intervene with these individuals versus interventions in which some people
may not need the training. In 2005, Noyes et al26 sought to develop a simple videographic
test that would measure the distance between the hips, knees, and ankles in the coronal
plane. They used the drop-jump screening test to assess gender and neuromuscular training
differences in female athletes. The intraclass correlation coefficients for hip, knee, and ankle
separation all showed values greater than .90, thus indicating excellent reliability.
Nonetheless, 2 important considerations of this drop-jump screening test preclude its use
across large-scale multicenter sites; one was the omission of the validation of this drop-jump

J Sport Rehabil. Author manuscript; available in PMC 2016 November 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Onate et al.

Methods

Subjects

Page 3

screening method to known gold-standard criteria such as 3-dimensional motion-analysis
instrumentation because of inability to assess multiple views with a single-camera setup, and
the other was the time requirement to affix markers, digitize coordinates, and analyze the
data. A clinically useful identification tool using a standard video camera that would allow
for rapid and efficient large-group screening would be beneficial because it would be able to
identify individuals potentially at risk for ACL injury before they begin sports participation
to allow for time for an intervention.

A simple objective clinical tool specifically developed as a large-group ACL injury-risk-
factor screening tool for military academy students, the Landing Error Scoring System
(LESS), was created to identify individuals with poor jump-landing technique who may be
at risk for noncontact ACL injury.27-29 The LESS is a relatively new clinical qualitative
assessment tool for jump-landing technique, identifying potentially faulty movement
patterns and poor technique as 2 cameras videotape the sagittal and frontal planes.27-29 An
investigator watches the tape and records the error on a standard LESS scoring sheet that
involves scoring individual joint motions at various moments in the landing sequence.27
Each component of the LESS is based on previous research that identified specific
movements that facilitate the forces and strain acting on the lower extremity, specifically
increasing ACL injury risk. These components were selected based on the influence of
kinematic and kinetic studies assessing the relationship between movement patterns and
ACL injury. The trained observer documents the knee-flexion angle at initial ground contact
and throughout the entire range of motion, knee-valgus angle at initial contact and
throughout the range of motion, foot—ground contact symmetry, trunk-flexion angle at initial
contact, ankle-flexion angle at initial contact, foot stance width, and overall joint motion
during a jump-landing task.

The purpose of this research study was to assess the validity of a simple clinical jump-
landing movement-assessment tool, the LESS, in identifying subjective 2-dimensional jump-
landing motion analysis compared with 3-dimensional high-speed motion-analysis
assessment. In addition, the goal was to assess interrater reliability across expert and novice
health care professionals (certified athletic trainers [ATCs]). We hypothesized that the LESS
component scores would have a moderate to strong relationship with a 3-dimensional
motion-analysis tool. We also hypothesized that the interrater reliability between expert and
novice health care professional rater would be good to excellent.

Nineteen female (age 19.58 + .84 y, height 1.67 £ .05 m, mass 63.66 + 10.11 kg) college
soccer athletes from a Division | institution were selected based on a sample of convenience
that was considered tenable based on evaluation of previous studies. 26-30 All subjects were
free of hip, low back, knee, or ankle injuries within the last 6 months or surgeries within the
last 2 years.30 The dominant leg was defined as the leg that the subject would use to kick a
soccer ball as far as possible and was the leg tested for analysis purposes.24,31 All subjects
signed an informed-consent form that was approved by the institutional review board before
data collection.
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Experimental Procedure

Subjects reported to the sports medicine research laboratory and completed a questionnaire
to determine their eligibility to participate in the study. Those who were eligible and agreed
to participate signed an informed-consent form before data collection. Subjects wore
spandex shorts, sports bra, and other tight-fitting clothing and the team running shoes
provided at the beginning of the season. A 10-minute warm-up consisting of cycling and
self-directed stretching was given before data collection. Weight and height were obtained,
and a caliper was used to measure knee width, ankle width, elbow width, wrist width, and
hand thickness. A measuring tape was used to measure leg length, taken from the greater
trochanter to the medial malleolus. The same researcher made all anatomical measures.
After the warm-up period, 39 reflective markers were placed on specific body landmarks
according to the Helen Hayes model.32,33 A static trial was then collected for later
calculation of the kinematic model.

Drop-Jump Task

After the static trial, the subjects were given instructions regarding the drop-jump task. Each
subject performed 3 practice jumps off a 30-cm box and landed with both feet on the force
plates. A double-leg landing was performed to assess the relationship of the 2 limbs during
the landing task. The box was placed 30 cm from the force plates (Figure 1). While standing
on the box subjects were instructed to not jump off the box but to shift their weight and lean
and drop from the box as vertically as possible, in an attempt to standardize jump-height-
landing requirements. The purpose of this approach was to minimize upward vertical
displacement off the box, effectively trying to standardize the downward vertical
displacement across subjects. Subjects were asked to land on the force plates, jump as high
as they could straight up in the air as if they were doing a soccer header, and finally land
back on the force plates. At that time the entire foot needed to be on the force plate, with
each foot on a separate force plate. The initial landing from the box was used for the purpose
of analyses, with the second landing from the maximal vertical jump being discarded. Each
subject performed 3 successful trials, with 1-minute rest periods between trials to minimize
the effects of fatigue.

Instrumentation

Eight high-speed video cameras (Vicon Motion Systems Ltd, Oxford, England) were used to
monitor the motion analysis of the lower extremity, with a sampling rate of 500 Hz. Two
Bertec force plates, Model 4060-NC (Bertec Corp, Columbus, OH, USA) with a sampling
rate of 500 Hz were used to measure ground-reaction forces. Two Sony Mini-DV Handycam
camcorder DCR-HC40 (Sony Corp, New York, NY, USA) video cameras with a sampling
rate of 30 Hz were used to record the trials; one on the mediolateral right side (all subjects
were right-side kick-leg dominant) of the subject, and the other showing the anterior view of
the subject.

From the standing trial a full-body kinematic model was created for each subject using
Visual 3D (C-Motion, Rockville MD, USA). This kinematic model was used to quantify
motion at the trunk, hip, knee, and ankle joints in the sagittal and frontal planes (Figure 2).
The calculated kinematics for each joint using Visual 3D were determined from the standing
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calibration trial. A Cardan angle sequence (x, y;, and z, which represent flexion—extension,
abduction—adduction, and internal-external rotation, respectively) was used to calculate joint
angles34; thus, positive values represent hip flexion, ankle dorsiflexion, trunk flexion, and
knee extension. The pelvis was modeled as a cylinder, and the lower extremity, as frustums
of cones. A frequency analysis using the Welch averaged, modified periodogram method
with a 512-data-point Hanning window was calculated for residual frequency analysis. This
analysis determined 25 Hz as an optimal cutoff frequency for both kinematic and kinetic
data. Thus, kinematic and kinetic data were low-pass filtered through a fourth-order
Butterworth zero-lag filter with a 25-Hz cutoff frequency.

Data Reduction and Analysis

The 3-dimensional kinematic and kinetic data were reduced using custom-made K2DS
(kinematic and kinetic data simplification) MATLAB 6.1 (The MathWorks, Inc, Natick,
MA, USA) software to export into a Microsoft Excel spreadsheet. The 3 trials were exported
into SPSS 16.0 (SPSS Inc, Chicago, IL, USA) for data analysis and then averaged into a
single score. The kinematic data (ankle flexion, ankle eversion, knee flexion, knee valgus,
hip flexion, and trunk flexion) were coded as 0 or 1 to correspond to the LESS scores. As an
example, if a subject landed with less than 30° of knee flexion at initial contact measured by
the VICON, a score of 1 would be given to that subject; otherwise, a 0 would be given. For
item 6 on the LESS (symmetric foot contact), vertical ground-reaction force was analyzed.
For the purpose of this study the initial contact was determined as the point when the force
plates recorded a value equal to or greater than 10 N. If both force plates had a value equal
to or greater than 10 N at the same time frame, a 0 was given; otherwise, a 1 would be given
to indicate an asymmetric landing. When this latter case occurred, the time difference
between the feet contacting the force plates was recorded for each trial and kept for analysis.

Two ATCs scored the 3 drop-jump trials using the LESS instrument. The expert rater had 15
years of experience and the novice rater less than 1 year experience as an ATC. The expert
rater was involved in the development of the LESS scoring form and provided a 1-hour
training session to the novice rater, who had never completed a LESS assessment. The
training session consisted of reviewing each item on the LESS scoring form and conducting
sample landing analyses of a pilot subject to evaluate the novice rater’s responses. After the
training session, the raters separately viewed the trials on their personal laptop computers as
many times as desired, with an average scoring time ranging from approximately 2 to 4
minutes per individual. Each rater’s first of the 3 trials was used for the analysis to reduce
possible biases from the raters while scoring each of the subjects. To assess the agreement
between raters, a kappa statistical analysis was used. Kappa statistics measure interrater
agreement for categorical variables (dichotomous), which is more robust than a percentage
agreement because the agreement occurring by chance is taken into account. However, when
the raters have high agreement on the scoring (ie, 1 score given to all subjects by either of
the raters falling in a single cell) then it is only possible to compute percentage agreement.
This is a paradox in kappa statistics—high agreement can yield low kappa values (ie, chance
of agreement).35-38 Finally, an intraclass correlation coefficient (ICC, 1) was calculated for
the overall score of the LESS between the novice and expert raters.

J Sport Rehabil. Author manuscript; available in PMC 2016 November 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Onate et al.

Results

Page 6

Phi-correlation-coefficient analysis measures the association between 2 dichotomous
variables. Originally 1 of the variables is continuous and dichotomized for analysis
purposes. The VICON data were dichotomized into 0 and 1 to match the LESS scoring
system. As an example, if the 3-dimensional data for knee flexion presented a value greater
than 30° then a score of 0 was given to dichotomize that variable. Thus, the same
dichotomization score was used between the criterion and the rater to allow for statistical
analysis. Phi is a form of Pearson product-moment correlation (/), given by a 2 x 2
contingency table.39-41 A paradox similar to that with the kappa statistic is observed with
phi correlation coefficients. This is because both statistical analyses use a 2 x 2 contingency
table, creating analogous paradoxes. For phi correlation, when all frequency is observed
within a single cell it is not possible to compute the phi-correlation value, and only
percentage agreement is reported. It should be noted that an item with low correlation could
still yield a high percentage agreement.41,42 This means that most of the data fall within a
unique cell, and there is not a frequency distribution between various cells. This statistical
analysis was conducted to evaluate the degree of association between the LESS scores and
the Vicon data.

The scores of the expert rater were used to calculate the phi coefficient correlations between
the LESS scores and the 3-dimensional analysis. An alpha level of P< .05 was set a priori
for statistical significance. An individual item analysis assessment of percent agreement,
based on the number of equal scores between the expert rater and the 3D-instrument
dichotomous score, was calculated and defined as poor (less than 50% agreement), moderate
(51-79% agreement), or excellent (80% and above agreement). As an example, if the expert
rater and the 3-dimensional instrument equally scored the same 10 out of 19 subjects, then
the percentage agreement would be 10 divided by 19, which would equal 52.6%.

Interrater Agreement (Novice vs Expert)

See Table 1. Items 1, 5, 8, and 10 had perfect agreement between raters (100%), with the
same score given to all subjects by both raters; thus no kappa statistics are reported for these
items. The raters had significant agreement on items 4 (x = .459, P<.015, 90% observed
agreement), 6 (x =.875, £<.001, 95% observed agreement), 7 (x =.643, £=.002, 95%
observed agreement), 9 (x =.615, £=.003, 80% agreement), 12 (x =.643, P=.002, 95%
observed agreement), and 14 (x =.769, P=.001, 85% observed agreement). A perfect
observed agreement (100%) was found between the raters for items 11 (x = 1.0, £<.001)
and 13 (x = 1.0, £<.001). There was moderate agreement between raters for item 15 (x =.
553, P=.011, 65% observed agreement). Finally, there was excellent reliability between
novice and expert LESS overall scores (ICC, 1 = .835, £<.001).

LESS Validity

See Table 2. For item 1, analysis of ankle flexion at initial contact, the LESS rater identified
all subjects in a plantar-flexion position, whereas the 3-dimensional tool identified 2 subjects
in dorsiflexion and 17 in plantar flexion, which represents a total of 89.5% of correct scores
by the rater. There was no statistically significant correlation between instruments for item 2
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(7, = .118, P=.608). The mean for knee flexion at initial contact measured by the 3-
dimensional system was 18.31° £ 7.40°, with a range of 10° to 37°. Only 10.5% had a knee-
flexion value equal to or above 30° at initial contact as measured by the 3-dimensional tool.
In addition, a poor (21%) agreement between LESS score and 3-dimensional system was
found for knee flexion at initial contact.

Trunk flexion at initial contact (item 3) did not present a statistically significant correlation
between instruments (7, = -.130, P=.582). There was 74% agreement between the rater and
the 3-dimensional system, with the same score being equally given to 14 out of 19 subjects.
For item 4, knee-flexion range of motion higher than 30°, a mean of 65.31° + 11.53° was
found for the 3-dimensional instrument, meaning all subjects had more than 30° of knee
range of mation. The rater correctly scored 16 subjects (84.3% agreement) as having a range
of mation greater than 30°. For trunk flexion at maximum knee flexion (item 5), the mean
angle was 6.14° + 5.14°, with 88% of the subjects being properly scored by the rater.

As for vertical ground-reaction force at initial contact (item 6), all subjects had asymmetric
foot contact, with values ranging from 1 to 15 milliseconds, whereas the rater only
accurately scored 42% as asymmetric, although there was a minimal mean difference
between the time that the feet contacted the force plates (7 £ 4 ms). There was no significant
correlation between the 3-dimensional instrument and the rater score on ankle eversion,
which corresponds to LESS item 7 concerning foot position at initial contact: toes >30°
external rotation of foot (7, = -.233, #=.310). Three subjects were identified by the rater as
being higher than 30°, and 6 were scored as such by the 3-dimensional data, so the rater
correctly scored 85% of the subjects. For item 8 (ankle inversion greater than 30°
corresponding to foot position at initial contact: toes >30° internal rotation of foot) there was
absolute agreement (100%) between the rater and the values from the 3-dimensional system.

Items 9 and 10, stance width at initial contact less or greater than shoulder width, were
computed by using the distance between the calcaneous markers for stance width and
between the acromion markers for shoulder width. Based on the 3-dimensional analysis, all
subjects had a smaller stance width than shoulder width, but the mean difference between
the shoulder and stance width was only 6 + 3.6 cm. The rater accurately scored 14 subjects
as having smaller stance width than shoulder, which represents 74% of the sample. No
statistically significant correlation was found for knee valgus at initial contact (item 11)
between the rater and the 3-dimensional instrument (7, = -.188, = .414). Both the rater and
the 3-dimensional instrument identified the same number of subjects (16) as being in knee
valgus. However, there was a match in 13 subjects between rater and 3-dimensional
instrument, which yields a moderate agreement of 68.42%.

Lateral trunk flexion was calculated as the difference in the x-axis location between the
midpoint of the markers on the anterosuperior iliac spine and the sternum marker. All
subjects had lateral trunk flexion when analyzed by the VICON system, resulting in poor
agreement of 10%. The rater only identified 2 subjects as having lateral trunk flexion. It
should be noted that the mean lateral trunk flexion was merely 1 + 0.8 cm. The last LESS
item for kinematic-analysis comparison between rater and 3-dimensional instrument, knee-
valgus range of motion (item 13), was determined by the locations of the knee marker
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(estimated joint center) and the toe marker in the mediolateral axis. There was a statistically
significant correlation between the rater and the kinematic analysis (7, =.456, P=.047). The
3-dimensional instrument identified 5 subjects with knee-valgus range of motion greater
than the great toe, whereas the expert rater identified 12 subjects with this motion. The rater
correctly identified 74% of the cases when compared with the 3-dimensional instrument.

Discussion

The most important findings of this study were that interrater reliability of the LESS was
excellent and the validity of the LESS instrument compared with the 3-dimensional motion
analysis is strictly item dependent. Phi-correlation-coefficient analysis could not be
completed across each test item because of the paradox previously mentioned, yet
assessment of frequency percent agreement between subjective expert-rater scores and
objective 3-dimensional instrumentation values revealed excellent agreement (range of 84—
100% agreement) for ankle flexion at initial contact, knee-flexion range of motion, trunk
flexion at maximum knee flexion, and foot position at initial contact for both external and
internal rotation of lower leg. In addition, statistically significant correlations were found
between rater and 3-dimensional instrumentation scores of knee-valgus range of motion.
Moderate agreement was found between rater and 3-dimensional scores for trunk flexion at
initial contact, stance width less than shoulder width, knee valgus at initial contact, and
knee-valgus range of motion. These findings support a moderate to excellent level of validity
of the LESS to accurately assess 3-dimensional kinematic motion pattern, yet specific item
analysis is required to determine the most accurate items for subjective jump-landing
assessment tools. This supports previous reports that have shown the LESS to be a valid
instrument for subjectively assessing jump-landing movement patterns. Padua et al29 found
good to excellent concurrent validity for distinguishing males from females and low- versus
high-LESS-score participants with kinematic parameters. Our findings go one step farther by
evaluating the specific item-rated scores with 3-dimensional motion-analysis system reduced
dichotomous scores. Two of the most commonly deemed important risk factors for ACL
injury, knee valgus and knee flexion, showed moderate to excellent agreement, and 1 had a
significant correlation, which further supports the use of the LESS for prospective
assessment of jump-landing motion. Future work needs to be done to reduce or eliminate the
portions of the LESS that are not valid. For instance, sagittal-plane knee angle at initial
contact is theorized to be very important for assessing ACL-injury risk, yet our findings
show a poor agreement (21%) between rater and 3-dimensional analysis. Future studies
should focus on assessing and improving the clinical assessment of knee-flexion angle at
initial contact, in addition to the assessment of knee-valgus angle at initial contact. One
possible validation approach would be to create a range of values for knee angle at initial
contact agreement (eg, 25-35°) because a small kinematic difference of 0.25° could have
resulted in poor validation agreement. Nonetheless, caution is warranted with this approach
because small differences can still result in agreement problems between dichotomous
variables that are true/false and kinematic values. In addition, the improvement and
affordability of clinical tools such as video cameras and digital cameras may create
improved clinical scores for these 2 important items of assessment. Another consideration
for the future is the ability to visually observe poor or good landing patterns in a real-time
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setting (eg, clinician’s office) and observe the agreement that trained clinicians can have
with the LESS and kinematic analyses.

It appears that the most difficult points to subjectively assess motion parameters during a
high-speed jump-landing movement are whether the feet land symmetrically at initial
contact and lateral trunk flexion at initial contact. Symmetrical landing is quite difficult to
estimate visually because the time difference between both feet landing ranged only from 1
to 15 milliseconds, much faster than the human eye or 2-dimensional videographic data can
capture. Caution should be taken against constantly encouraging individuals to land with
both feet at the same time because it may be quite difficult to achieve. Even though the time-
difference range is quite small (1-15 ms), this may be enough of a time window to allow for
ACL injury to occur. Yasuda et al43 conducted one of the few studies of time to ACL failure
by laterally loading a cadaveric ACL and medial collateral ligament model and reported that
failures occurred up to a 70-millisecond time frame. This speculative time of up to 70
milliseconds until ACL failure has been used for noncontact ACL-injury occurrence, yet it
has not been supported through noncontact methods.44 Nonetheless, the time it takes for
ACL injury to occur is quite short, and the results of our study dispute the concept of being
able to accurately assess foot-landing symmetry and, indeed, whether both feet can actually
land at the same time. Future studies should evaluate foot-landing symmetry across different
tasks to assess whether asymmetrical foot landings are only specific to the box-drop protocol
used in this study. Future studies should also evaluate the normal time frame of asymmetry
for foot landing and determine whether individuals who land outside of a certain time frame
(eg, >15 ms) might be more at risk for ACL injury.

Researchers often disagree on the most important kinematic factors that potentially
contribute to ACL injury.45-49 Yu et al50,51 proposed that sagittal-plane kinematics, most
notably knee and hip flexion at or near initial contact, are the most important kinematic
factors to consider for ACL injury. They also alluded to the fact that increased proximal
anterior tibial shear force is perhaps the most important risk factor, yet the ability to estimate
these forces using unsophisticated equipment for large prospective multicenter studies is
quite limited. Certain institutions and private-practice facilities may be able to afford
expensive sophisticated 3-dimensional motion-analysis systems, but besides being cost
prohibitive to the general public, the amount of time to collect, reduce, and analyze 3-
dimensional kinematic and kinetic motion patterns is prohibitive to integration throughout
the at-risk ACL-injury population (eg, youth athletes and military soldiers). Contrary to the
notion of sagittal-plane kinematics as the leading risk factor for ACL injury, McLean et al52
reported on simulation studies that indicate that sagittal-plane kinematics alone cannot injure
the ACL. Thus, the opposing model to sagittalplane kinematics supports the viewpoint of
knee valgus at or near initial contact as the major kinematic risk factor to assess during
baseline examinations.24,52,53 Our results concerning trunk-hip flexion at initial contact,
knee-flexion range of motion, knee valgus at initial contact, and knee-valgus range of
motion showed moderate to excellent validity and high interrater reliability. Thus, we
propose the use of simple 2-dimensional videotape assessment with the LESS instrument as
both a cost-effective and an easy method to implement across sports medicine clinics as a
tool for prospective analysis of jump-landing technique and associated injury risk.
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The development of objective clinical assessment tools is of paramount importance for
large-group baseline screening. Large prospective multicenter studies have been
recommended for the continued study of ACL injury,54 yet the development of a reliable,
valid, standardized, cost-effective, and time-efficient method to conduct ACL-related risk-
factor assessment is needed. The LESS has been previously demonstrated to have good
reliability, and the results of our study further support these findings. The additional
knowledge that the reliability between an expert health care professional rater (J.0.), who
codeveloped the LESS, and a novice health care professional rater was excellent further
illustrates the ability of the LESS to be used across various levels of clinician experience.
Unlike a previous study concerned with reliability for multicenter study development that
required extensive weeks of study,54 twelve 2-hour practice sessions over 4 weeks for
structural alignment education, our 1-hour training session of a novice health care
professional rater resulting in similar scores as an expert rater provides further proof of the
ease with which this subjective assessment tool can be reliably scored by a novice rater. We
propose 3 main reasons for the good reliability and relative ease of training to properly score
the LESS. First, the clearly defined time points of analysis easily allow for a standardized
time of assessment. In reality, the LESS is scored during 3 time-instant snapshots of the
jump-landing movement: initial foot contact, maximum knee-flexion angle, and maximum
knee-valgus angle. Because using a standard video camera creates an approximately 30-
frame/s shot of the jump-landing movement, choosing the proper frame for analysis remains
relatively easy for the novice rater. Second, the movement descriptors are easy to follow
because they are standardized in a dichotomous fashion as either yes or no. For example, the
knee-valgus angle was either less than great toe or greater than great toe, thus creating a
simple choice instead of requiring estimation of how far in angular degrees or whether the
knee was only slightly in valgus. The visual decision-making process is reduced in this
fashion and helps eliminate some of the estimation differences between raters to improve
interrater reliability. Third, the novice rater had a background in movement assessment since
being credentialed as an ATC. Thus, the novice rater may have been a novice in conducting
LESS assessments but was trained and nationally certified in an area of work where
evaluating faulty movement patterns in the physically active is quite common. Future studies
should be conducted to assess the interrater reliability across other professions related to
injury prevention and performance enhancement in the physically active (eg, certified
strength and conditioning specialists, physical therapists, physicians).

The strong interrater reliability and moderate to excellent validity of the LESS instrument
create the need for further evaluation of its efficacy in the prediction of ACL or other lower
extremity (eg, ankle sprain or patellofemoral problems) injury risk factor. Studies need to be
conducted concerning the specificity and sensitivity of the LESS for detecting injury risk of
the lower extremity. In addition, investigations should focus on making the LESS process
even easier by perhaps eliminating the videotape portion and conducting purely visual
assessment of the errors, similar to the postural-control Balance Error Scoring System
recommended as a clinical tool for mild head-injury assessment.55 One possibility is to
evaluate the raters’ ability to score the LESS on a 0-2 scale (0 = good, 1 = average, 2 =
poor) to allow clinicians to simply recommend that an individual proceed for further testing
(ie, 2-dimensional video camera or 3-dimensional motion analysis) or recommend an
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intervention plan. This would further reduce the time for test administration and, we believe,
increase the clinical use of this tool across various medical disciplines (eg, family medicine,
orthopedics, athletic training, physical therapy) to help reduce manpower for ACL-injury
prevention programs by targeting the individuals potentially most at risk for injury. Another
consideration is to create a nationally networked system for simple jump-landing movement
evaluation, following the YouTube concept, to allow individuals to post their own videotape
of jump-landing movement for quick assessment from qualified health care personnel. This
could also set the basis for using video for other types of movement assessments commonly
done in the sporting world for performance enhancement, but it may also be beneficial for
injury prevention or rehabilitation (eg, gait, throwing, lifting).

The LESS showed excellent expert versus novice rater reliability and moderate to excellent
item validity in assessing a drop-jump landing task. Clinicians engaging in ACL-injury
prevention programs or researchers initiating large prospective multicenter studies associated
with ACL-injury prevention should consider using the LESS as a measure of dynamic jump-
landing motion technique. The excellent interrater reliability with minimal training time
required is advantageous to large settings and multiple clinicians. In addition, the minimal
setup time and relatively quick posttest analysis time are ideally suited to venues with
minimal resources or time. The low cost and ease of applicability to numerous settings make
the LESS an ideally suited component of any baseline examination for developing
prevention programs associated with reducing lower extremity injury (eg, ACL or ankle
sprains).
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Figure 1.

Lab setup for data collection. Box placed 30 cm from force plates with 30 cm height. Eight
VICON MX-F40 cameras and 2 Sony video cameras.
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Figure 2.
Example of 2-dimensional Landing Error Scoring System and 3-dimensional kinematic

analyses.
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Kappa Values and Percentage Agreement for Interrater Agreement on the Categorical Landing Error Scoring

System Items

Item Kappa P Agreement
4: Knee-flexion range of motion >30° 459 .015 90%
6: Initial foot contact (symmetry) .875 <.001 95%
7: Foot position at initial contact: toes > 30° of external rotation .643 .002 95%
9: Stance width at initial contact less than shoulder width .615 .003 80%
11: Knee valgus at initial contact: knees over midfoot 1.0 <.001 100%
12: Lateral trunk flexion at initial contact .643 .002 95%
13: Knee-valgus range of motion: greater than great toe 1.0 <.001 100%
14: Joint displacement (sagittal plane) 769 .001 85%
15: Overall impression .553 .011 65%
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Table 2

Landing Error Scoring System Phi Correlation and Percent Agreement Between Expert Rater and 3-

Dimensional Motion-Analysis System

3-Dimensional,

Item Correlation  Agreement Mean + SD Phi

1: Ankle flexion at initial contact 89% (excellent) -10.13° + 12.02° a

2: Knee flexion at initial contact p=.608 21% (poor) 18.31° + 7.40° r,=.118
3: Trunk flexion at initial contact p=.582 74% (moderate) -0.2° +5.9° o =-.130
4: Knee-flexion range of motion 84% (excellent) 65.31° + 11.53° a

5: Trunk flexion at maximal knee flexion 95% (excellent) 6.14° + 5.14° a

6: Initial foot contact 42% (poor) 7-ms difference a

7: Foot position at initial contact: toes >30° external rotation ~ p= 310 85% (excellent) 22.69 + 14.88 fy=-.233
8: Foot position at initial contact: toes >30° internal rotation 100% (excellent) 22.69 +14.88 a

9: Stance width < shoulder width 74% (moderate) 6+3.6cm a

10: Stance width > shoulder width 100% (excellent) 6+3.6cm a

11: Knee valgus at initial contact p= 414 68% (moderate) -0.67° + 3.77° r,=-.188
12: Lateral trunk flexion at initial contact 10% (poor) 1.0+0.8cm a

13: Knee-valgus range of motion p=.047" 74% (moderate) 0.94° + 9.31° r,= 456

a . L . . .
Could not be calculated because of lack of variance in either 3-dimensional instrument or rater score.

*
Significant correlation, A< .05.
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