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Background

Movement screenings have been implemented to mitigate the rising incidence of knee
injuries in youth athletes. Despite interest, it remains unclear how well two-dimensional
risk assessments reflect the multi-planar contributors to dynamic knee valgus.

Purpose

The purpose of this study was to evaluate how medial knee collapse corresponds to
dynamic knee valgus multi-planar components by comparing timing and magnitude of
knee abduction and medial knee position.

Study Design

Cross-sectional study

Methods

Adolescent female volleyball players completed a three-task movement screen captured
with a 3D motion capture system consisting of a single-leg squat, single-leg drop
landing, and double-leg vertical jump. Position and timing of most medial knee position
(MMK) and maximum knee abduction angle (MKA) were extracted for each task, as well
as components of dynamic knee valgus at those timepoints of interest. Kinematic
variables, timings and positions at MMK and MKA were compared using Wilcoxon
signed-rank tests.

Results

Most medial knee position occurred prior to maximum knee abduction angle for the
single-leg drop landing (31.56% vs 37.40%) and the double-leg vertical jump (Loading
phase: 28.48% vs 51.36%; Landing phase: 18.36% vs 57.68%). During the single-leg squat,
participants demonstrated increased pelvic rise (MMK: 0.50° vs MKA: -1.52°) and greater
hip adduction (MMK: 13.86° vs MKA: 10.95°) at the point of most medial knee position.
Additionally, during the double-leg vertical jump task, the hip was less externally rotated
at the point of most medial knee position (Loading phase: MMK: 2.52° vs MKA: -0.93°;
Landing phase: MMK: -1.11° vs MKA: -3.81°).
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Conclusion

Across all tasks, tibial rotation was more external when the knee was at its most medial
position. Medial knee collapse measured in the 2D plane does not necessarily translate to
components of dynamic knee valgus observed in 3D, though 2D peak knee medialization
provides a clinically accessible tool to assess broader movement patterns of the lower
extremity whenever 3D analysis is not feasible.

Level of Evidence
Level 3

INTRODUCTION

Anterior cruciate ligament (ACL) injuries affect a substan-
tial number of youth athletes each year, leading to ex-
tended time away from sports with some athletes not re-
turning to their previous competitive level for up to one
year or more.l"3 As sports participation continues to rise,
more young athletes are exposed to the risk of ACL tears,
with female athletes four to six times more likely than
their male counterparts to sustain a knee injury, potentially
resulting in extensive recovery periods, financial burdens,
and psychological distress.4® One strategy to mitigate
these injuries is the implementation of validated movement
screenings that identify biomechanical risk factors, such as
excessive knee abduction.

Dynamic knee valgus (DKV), characterized by increased
hip adduction, internal hip rotation, and knee abduction,
has been established as a primary risk factor in non-contact
ACL injuries.”-® These altered lower-extremity mechanics
place greater strain on the knee joint, thereby increasing
the likelihood of ACL injury. Validated movement screens
can detect undesirable movement patterns and risk factors,
such as excessive knee abduction, to better guide training
programs aimed at reducing injury risk. For instance, ply-
ometric-based neuromuscular training interventions focus
on improving landing mechanics and strength to correct
excessive knee abduction and reduce injury risk.? Although
studies have examined knee biomechanics in adolescent
athletes to identify injury risk factors, consensus on a stan-
dardized screening tool remains limited.19-12 Most existing
screening approaches rely on two-dimensional (2D) video
assessments, which are widely used due to their accessibil-
ity.13-16 However, the visually identified 2D knee abduction
may not fully account for the multi-planar mechanics con-
tributing to DKV and potential injury risk, as it does not
distinguish between frontal-plane knee motion and accom-
panying hip and tibial movements. Previous research has
explored how 2D measures such as frontal plane projec-
tion angle and knee separation distance relate to three-di-
mensional (3D) kinematics, illustrating that while 2D often
demonstrates good reliability, its concurrent validity is still
undetermined.17-23

Despite growing interest in using 2D video as a more
accessible and cost-effective alternative to 3D motion cap-
ture for evaluating knee abduction and injury risk, it re-
mains unclear how well 2D assessments reflect the multi-
planar contributors to DKV. While 2D video can capture
medial knee displacement, it primarily provides a heuristic
for identifying knee collapse rather than a direct measure of

potentially injurious biomechanics.” Previous research has
investigated the reliability of 2D assessments of tasks in-
cluding a single-leg squat and step down, single-leg drop
landing, and double-leg vertical jump; however, its re-
ported validity varies with some studies reporting 2D tech-
niques are unable to depict the multi-planar nature of
DKV.1L.19.24 Although previous research has established as-
sociations between 2D and 3D frontal-plane knee position,
the multi-planar hip and tibial contributions that occur at
peak medial knee position as well as the temporal agree-
ment of these measures remains unknown. The temporal
discrepancies between 2D and 3D medial knee position
could lead to misidentification of knee loading phase,
which may potentially overlook biomechanical components
related to injury risk. Understanding timing differences is
important in order to ensure practitioners utilizing 2D
screening tools are accurately analyzing the periods of
highest injury risk for screening and rehabilitation. There-
fore, the purpose of this study was to evaluate how medial
knee collapse corresponds to dynamic knee valgus multi-
planar components by comparing timing and magnitude
of knee abduction and medial knee position. It was hy-
pothesized that the 2D analogous measure of most medial
knee position (MMK) would demonstrate significant timing
shifts and underestimate 3D peak knee abduction (MKA)
angle due to the inability to account for out-of-plane mo-
tion. Similarly, the authors hypothesized that discrepancies
across other planes of motion would also exist, suggesting
that 2D video assessments may provide limited and poten-
tially misaligned representation of multi-planar kinematic
components of DKV.

METHODS

A convenience sample of 34 adolescent female volleyball
players (10-18 years) were recruited from local club volley-
ball teams and participated in this study between Septem-
ber and December 2021. Participants were excluded from
participation if they were diagnosed with an orthopedic
condition that limited their ability to perform the required
tasks or if they reported a recent musculoskeletal injury
within three months prior to testing. A musculoskeletal in-
jury was defined as any self-reported injury to the mus-
cles, tendons, ligaments or bones that resulted in change to
physical activity participation. The study was approved by
a regional Institutional Review Board and all participants
provided informed assent/consent before participating in
the study.
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Procedures: Twenty-one retroreflective markers were
placed bilaterally on bony landmarks of each participant
along with rigid clusters on both the thigh and shank seg-
ments according to a standardized maker set established by
the Pediatric Research in Sports Medicine (PRiSM) Society’s
Motion Analysis Research Interest Group.2>26 A standing
static calibration was performed in which knee and ankle
joint centers were created as determined by taking a bisec-
tion between the anatomical markers placed on the medial
and lateral femoral condyles and malleoli. Additionally, the
hip joint center was created according to Harrington’s re-
gression equation and using anthropometric measurements
such as leg length, pelvic depth, and ASIS distance.2” A
14-camera motion capture system (Vicon Motion System
Ltd., Denver, Colorado, USA) was used to collect 3D kine-
matic data captured at 240 Hz while participants performed
a three-task protocol.

The three-task protocol was administered by a biomech-
anist with 10 years of experience and included a single-leg
squat (SL squat), a single-leg drop landing (SL drop land-
ing), and a double-leg vertical jump (DL vertical jump), as
established in prior work published by Ulman et al. which
investigated the prevalence of volleyball injury risk fac-
tors.10 These tasks were selected to represent a range of
task complexity and neuromuscular demand, and have been
validated for identifying biomechanical risk factors in ado-
lescent female athletes.!0.11 For the SL squat, participants
were instructed to begin by standing on one leg with the
opposite leg bent behind them and their hands positioned
on their hips. They were then instructed to squat as low
as comfortably possible and return to the starting position.
For the SL drop landing, participants were directed to jump
from a 31-cm plyometric box, landing on one leg, holding
the landing for at least two seconds. Lastly, for the DL ver-
tical jump, participants were instructed to jump as high as
possible from a standing position and were allowed to per-
form a countermovement and/or use their arms for momen-
tum. The SL squat and SL drop landing were performed on
each leg, while only the right leg was analyzed for the DL
vertical jump. Given that the DL vertical jump is a bilateral
task, only the right leg was used as a representative in or-
der to avoid treating both limbs from the same participant
as independent observations and to maintain consistency
across participants. Participants were given three practice
attempts for each task to ensure they were comfortable
with the task protocol, and to verify their understanding of
the instructions. After completing the practice trials, par-
ticipants were given a single attempt for each task. The
single attempt protocol was utilized in order to capture
natural, unfatigued movement patterns and to minimize
learning effects. If there was an observed error during the
first attempt (e.g., loss of balance, failure to stabilize upon
landing), participants were allowed a second attempt. Ob-
served errors were defined based on previous literature and
included falling upon landing, placing contralateral foot
down during single-leg tasks, or lack of flight phase on
jumping tasks.11.28

Data Analysis: Marker trajectories were filtered using a
Woltring filter with a predicted mean square error of 10

Knee
Joint
Center

Ankle
Joint
Center

Ankle
Joint
Center

Figure 1. (A) Most medial knee position (MMK):
distance in mm between knee joint center and ankle
joint center (B) Maximum knee abduction angle
(MKA): 3D knee abduction angle

mm.229 A custom MATLAB model (MATLAB 2022a; Natick,
MA, USA) was used to compute joint angles for the trunk,
pelvis, hip, knee, and ankle. The lower extremity model
used three degrees of freedom for the hip and knee joints
and six degrees of freedom for the ankle.26 Variables of in-
terest included kinematic joint angles representing compo-
nents of DKV, specifically pelvic obliquity, hip adduction,
internal hip rotation, knee abduction, external tibial ro-
tation, and ankle eversion. Additionally, the position and
timing of when the knee joint center (midpoint between the
medial and lateral epicondyle) was the most medial rela-
tive to the ankle joint center (midpoint between medial and
lateral malleolus) were also extracted for each task (most
medial knee: MMK; Figure 1A) to be analogous to 2D knee
collapse. MMK position was computed using 3D motion
capture as an analogous alternative to 2D assessment me-
dial knee collapse. Lastly, maximum knee abduction (MKA)
angle and associated timing were extracted from the mo-
tion capture data for the three tasks across the phases of
interest (Figure 1B). Kinematic angles for the pelvis, hip,
knee and ankle were calculated at the specific timepoints of
MMK and MKA.

The phases of interest were defined as the loading phase
of the SL squat, the landing phase of the SL drop landing,
and the loading and landing phases of the DL vertical jump.
The loading phases for SL squat and DL vertical jump were
defined as the period between initiation of knee flexion and
cessation of knee flexion. The landing phases for both SL
drop landing and DL vertical jump were defined as the pe-
riod from initial foot contact until the cessation of knee
flexion taking place after flight phase.12 Initial contact for
the DL vertical jump landing was defined as the timepoint
in which knee flexion exceeded 25% of the maximum knee
flexion across landing phase. For the SL drop landing, ini-
tial contact was identified as the timepoint of minimum
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Table 1. Timing and distance (mm) between knee joint center and ankle joint center (KJC-AJC) at MKA and

MMK.
MKA MMK p-value Effect Size
SL Squat
Timing (% loading phase) 42.40 (28.40) 59.00(38.70) 0.022 360
Max KJC-AJC (mm) -63.80(25.60) -52.30(27.10) <0.001 .940
SL Drop Landing
Timing (% loading phase) 37.40(37.38) 31.56 (39.24) 0.567 .110
Max KJC-AJC (mm) -46.34(16.07) -34.84(13.97) <0.001 .910
DL Vertical Jump Load
Timing (% loading phase) 51.36 (36.04) 28.48 (40.22) 0.005 420
Max KJC-AJC (mm) -5.69(25.12) 5.47(19.31) <0.001 .890
DL Vertical Jump Land
Timing (% loading phase) 57.68(32.41) 18.36(30.68) <0.001 .990
Max KJC-AJC (mm) 5.06(29.63) 20.70 (24.85) <0.001 1.010

A more positive (less negative) KJC-AJC indicates KJC is becoming more medial relative to the AJC.

vertical velocity of the sacrum marker, representing the
point of peak deceleration due to impact. Events were iden-
tified using a custom MATLAB (MATLAB 2022a, Natick,
Massachusetts, USA) code and placed at the time points of
interest, specifically including the initiation of knee flexion
and the time point of maximum knee flexion. Timings were
reported as the percent of loading/landing phase, with 0%
defined as the initiation of knee flexion and 100% of the
phase defined as the time point of maximum knee flexion.

Statistical Methods: Kinematic variables were extracted
at two within-task events: maximum knee abduction (MKA)
and most medial knee position (MMK) and compared using
Wilcoxon signed-rank tests given significant tests of nor-
mality. Given these values were obtained from the same
participant during the same task, comparisons between
MKA and MMK were treated as paired comparisons. The
timing and position of MMK were also compared to the tim-
ing and value of MKA using Wilcoxon signed-rank tests.
Statistical significance was determined when p was less
than 0.05. Effect sizes (rank-biserial coefficient, r) were also
computed for each comparison test, and interpreted as
small (r = 0.1), medium (r = 0.3), or large (r = 0.5).30

RESULTS

Of the 34 volleyball athletes tested, nine were excluded
from the analysis due to errors made when completing the
second attempt for the task. Athletes (n=26) ranged from
10.5 to 16.5 years of age (Mean age: 14.4 + 1.2 years). Com-
paring the differences in the timings of when MKA and
MMK occurred within the phases of interest, MMK occurred
6% earlier for SL drop landing (p=0.567), 23% earlier for DL
vertical jump Load (p=0.005) and 39% earlier for DVL] Land
(p<0.001) while for SL squat, MMK occurred 17% later than
MKA (p=0.022; Table1). Additionally, there were significant
differences in the KJC-AJC distance at MKA compared to
MMK for all tasks (p<0.001; Table 1).

Differences in kinematic variables at the two timepoints
are shown in Tables 2-4. Specifically, during the SL squat,
there was increased pelvic obliquity (MMK: 0.50° vs MKA:
-1.52°) and slightly greater hip adduction (MMK: 13.86° vs
MKA: 10.95°) at the timepoint of MMK while no differences
were observed in pelvic obliquity and hip adduction with
the remaining tasks. The hip was less externally rotated
(or more internal) during DL vertical jump Load and Land
at the timepoint of MMK position (Loading phase: MMK:
2.52° vs MKA: -0.93°; Landing phase: MMK: -1.11° vs MKA:
-3.81°). No differences in hip rotation were measured at
the two timepoints with SL squat or SL drop landing tasks.
Across all tasks, there was greater external tibial rotation
when the knee was at its most medial position (p<0.022). As
expected, knee abduction was greater at MKA compared to
the timepoint of MMK for all tasks, with the greatest differ-
ence occurring with DL vertical jump Land (3.6° difference).
Ankle eversion only showed differences during the landing
phase of DL vertical jump, with more ankle inversion mea-
sured at MKA versus MMK (p<0.001).

DISCUSSION

DKV predisposes athletes to ACL injury”-8:31 and has in-
creased prevalence among females, particularly in the com-
ponent of knee abduction.32:33 3D motion capture remains
the gold standard as 2D screening metrics have shown both
limited reliability and validity using risk factors such as
poor frontal plane knee motion.!7-22:34 While the three-
task protocol was validated in a previous study for identi-
fying the prevalence of biomechanical risk factors in ado-
lescent volleyball players, the current study quantifies the
validity gap between 2D and 3D methods.10.11 Notably, the
current study compared simultaneous 2D-equivalent and
3D data, providing a reference to directly quantify the va-
lidity of 2D medial knee position by identifying kinematic
differences between methods. Results of the current study
indicate that 2D analysis represented by the MMK demon-
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Table 2. Components of DKV at MKA and MMK during SL Squat.

SL Squat Variables at MKA at MMK Timing of Peak p-value Effect Size
Pelvic Obliquity (°) -1.52(3.93) 0.50(4.73) 19.56 (0-98) 0.003 .530
Hip Adduction (°) 10.95(6.07) 13.86(7.75) 87.08 (30-98) 0.046 .380
Hip Rotation (°) 1.84(7.10) 1.81(6.05) 15.84(0-92) >0.999 010
Knee Abduction (°) 3.98(3.51) 2.14(4.23) 42.40(0-98) <0.001 .790
Tibial Rotation (°) -17.35(7.42) -18.52(6.78) 53.96 (0-98) 0.014 430
Ankle Eversion (°) -0.18(3.33) -0.96(3.52) 23.52(0-98) 0.120 .300

Note: All variables are presented as Mean (SD) with statistically significant differences presented in bold. Positive values indicate pelvic rise, hip adduction, knee abduction, ankle
eversion and internal hip/tibial rotation angles. Negative values indicate pelvic drop, hip abduction, knee adduction, ankle inversion and external hip/tibial rotation angles

Table 3. Components of DKV at MKA and MMK during SL Drop Landing.

SL Drop Landing Variables at MKA at MMK Timing of Peak p-value Effect Size
Pelvic Obliquity -6.44(4.53) -6.25(4.50) 19.04 (0-54) 1.000 .060
Hip Adduction -0.62(8.27) -1.80(8.56) 82.72(36-98) 0.703 .130
Hip Rotation -0.34(6.50) 1.29(7.65) 53.92 (14-98) 0.253 .310
Knee Abduction 5.40(3.57) 3.86(4.15) 37.40 (0-98) <0.001 .810
Tibial Rotation -16.00 (8.05) -18.04 (8.16) 17.80 (0-98) 0.011 430
Ankle Eversion -1.37(4.07) -2.24(4.12) 40.16 (0-98) 0.951 .230

Note: All variables are presented as Mean (SD) with statistically significant differences presented in bold. Positive values indicate pelvic rise, hip adduction, knee abduction, ankle

eversion and internal hip/tibial rotation angles. Negative values indicate pelvic drop, hip abduction, knee adduction, ankle inversion and external hip/tibial rotation angles

Table 4. Components of DKV at MKA and MMK during DL Vertical Jump Load / Land.

DL Vertical Jump Load Variables at MKA at MMK Timing of Peak p-value Effect Size
Pelvic Obliquity -0.06(2.70) -0.06 (2.96) 52.28 (0-98) >0.999 .000
Hip Adduction -1.49(4.30) -1.55(4.24) 42.00(0-98) >0.999 .040
Hip Rotation -0.93(5.30) 2.52(4.14) 42.00(0-98) <0.001 .880
Knee Abduction 5.61(2.24) 3.48(2.98) 51.36 (0-98) <0.001 .950
Tibial Rotation -15.73(6.95) -18.73(6.80) 36.36 (0-98) 0.008 .730
Ankle Eversion -12.77 (4.02) -12.36 (4.16) 23.12(0-98) 0.595 .140

DL Vertical Jump Land Variables at MKA at MMK Timing of Peak p-value Effect Size
Pelvic Obliquity 0.81(2.55) 0.25(2.95) 45.56 (2-100) 0.065 .530
Hip Adduction -2.02 (4.88) -3.12(5.30) 49.44 (2-100) 0.248 .038
Hip Rotation -3.81(5.31) -1.11(6.34) 60.76 (2-100) 0.003 .890
Knee Abduction 7.23(3.13) 3.85(2.85) 57.68 (2-100) <0.001 1.060
Tibial Rotation -17.07 (6.71) -18.61(6.87) 29.40 (2-100) 0.178 .330
Ankle Eversion -13.97(6.87) -9.86(6.59) 15.40 (2-100) 0.003 .790

Note: All variables are presented as Mean (SD) with statistically significant differences presented in bold. Positive values indicate pelvic rise, hip adduction, knee abduction, ankle
eversion and internal hip/tibial rotation angles. Negative values indicate pelvic drop, hip abduction, knee adduction, ankle inversion and external hip/tibial rotation angles

strated significant differences in timing compared to 3D
analysis represented by MKA during most tasks. In the DL
vertical jump loading and DL vertical jump landing phases,
MMK occurred earlier than MKA, 28.5% and 18.4% of the
loading phase, respectively, compared to 51.4% and 57.7%
for MKA.

One possible explanation for MMK occurring prior to
MKA for the more dynamic tasks, is that medial knee move-
ment occurs prior to peak knee abduction due to contri-
butions at the hip, knee, and other aspects of DKV during

high stress tasks. In the SL drop landing and DL vertical
jump landing phases, specifically, a larger ground reaction
force is absorbed upon impact, which could cause the me-
dial collapse of the knee as a mechanism for balance while
also corresponding to the greatest load on the ACL.35:36
Medial knee movement preceding peak knee abduction is
supported by previous findings by Myer et al., which iden-
tified that 2D medial knee collapse commonly occurs prior
to peak 3D joint angles in high-impact landing tasks.3” The
lack of a significant difference in timing for the SL drop
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landing could correspond to the shorter landing phase of
the task, which limits the opportunity for medialization to
occur. In contrast, MMK occurred after the MKA timepoint
in the SL squat (59.0% vs 42.4% of the loading phase). Given
that only a loading phase was assessed, more neuromus-
cular control might be employed during this period along
with later integration of hip, trunk, and other compen-
satory mechanisms which required participants to achieve
a greater depth compared to the SL drop landing.38 Despite
the DL vertical jump including a loading phase like the SL
squat, integration of a preparatory requirement for takeoff
may reduce similarities. The apparent discrepancy between
timing of the MMK and MKA also indicates that 2D analy-
sis, while appropriate for screening, is not directly indica-
tive of DKV which involves a more complex and multipla-
nar movement. This timing shift suggests that 2D analysis
of most medial knee position may be assessing movement
that occurs before the actual 3D peak abduction load, there-
fore 2D analysis may overlook the timepoint of maximum
joint strain. This is crucial in evaluating risk for ACL injury,
as non-contact ACL ruptures typically occur within the first
40 milliseconds after initial contact suggesting that 2D
measures may underestimate the mechanical demand on
the ACL.16 While 2D measure of medial knee position is a
practical screening tool for movement strategies, 2D knee
medialization and 3D peak knee abduction are distinct bio-
mechanical events that may occur at different timepoints.
Comparison of other DKV measures at the pelvis, hip,
tibia, and ankle at MMK and MKA generally revealed
greater DKV components at the point of MMK, which sup-
ports the utility of MMK in identifying peak risk compo-
nents that might be overlooked at the time of greatest knee
abduction. For example, at the time of MMK compared to
MKA, hip adduction was 2.9° greater in the SL squat. Ad-
ditionally, hip rotation was 3.5° and 2.7° more internal (or
less external) during both DL vertical jump loading and
landing phases respectively, external tibial rotation was
greater in for all tasks (1.2° - 3.0°), and there was 4.1°
less ankle inversion in the DL vertical jump landing phase.
The clinical relevance of these kinematic differences re-
mains unknown, and while significant, further research is
needed to determine if these differences would influence
lower extremity injury risk. Though time of peak knee ab-
duction was largely incongruent with peak knee medializa-
tion, coronal plane hip and pelvic kinematics were more
often similar between the two timepoints for the higher
impact tasks. Of note, the single DKV component which
was greater during MKA was pelvic obliquity during the
SL squat - corresponding to increased pelvic drop and po-
tentially less neuromuscular activation of the hip abductor
muscles on the stance leg. Still, the similar pelvic obliquity
during the two landing tasks (SL drop landing and DL ver-
tical jump) further supports that the hip abductors and
other stabilizers are important and may aid in preparation
for higher ground reaction forces while loading tasks in-
volve more gradual, controlled movement. The three tasks
employed in this established protocol represent a range of
neuromuscular demands.1%1! Researchers should consider
that loading tasks, particularly the SL squat, present altered

neuromuscular and DKV patterns in comparison to landing
tasks. By utilizing both loading and landing tasks, the cur-
rent study offers a comprehensive evaluation of DKV and
how movement patterns are altered across different task
demands. These alterations do not consistently transfer be-
tween the 2D and 3D systems for all DKV components.

Given the timing discrepancy between MMK and MKA
and overall greater DKV components observed at MMK,
consideration should be made whenever 2D techniques are
used for additional DKV contributors other than frontal
plane knee collapse. While 2D frontal plane assessment is
a clinically accessible screening tool which may be inte-
grated into routine athletic screening for early detection of
DKY, its value is in identifying broader movement patterns
and poor neuromuscular control throughout the loading
phase rather than determining peak knee loading. Specifi-
cally, the current findings help identify which specific kine-
matic differences are consistent across 2D and 3D time-
points, offering clinicians reliable measures for when 3D
analysis is inaccessible. By identifying those athletes at risk
early, targeted rehabilitation programs can successfully re-
duce DKV by targeting the knee joint muscles and the pos-
terior chain.%363940 However, these results underscore the
importance of synthesizing multiple components of DKV
rather than a singular component during in-depth labora-
tory analysis.

LIMITATIONS

Limitations of the current study include participants of a
single sport and of the same gender, which reduces general-
izability of the study. Additionally, the age range of adoles-
cent participants spans a period of various stages of phys-
ical development. While this age range represents a youth
club volleyball population, movement patterns are likely to
change during adolescence which may result in variability
in biomechanical comparisons in the cohort. Future work
should investigate whether similar findings exist in male
athletes, those who play other sports, as well as across
varying stages of development. Second, most medial knee
position was determined using motion capture as an alter-
native to 2D assessment. While this measure was obtained
from a single plane and thus similar to 2D video analysis,
it is likely that 2D analysis may introduce additional out
of plane error depending on the camera view. Lastly, par-
ticipants completed a single representative trial for analy-
sis. While this method is susceptible to fluctuations in tech-
nique, it was chosen to ensure natural movement patterns
without fatigue-induced changes commonly observed with
repeated maximal effort attempts. While practice attempts
were completed to ensure familiarity with the task, future
research could include multiple trials in order to investigate
reliability within subjects. Future studies may investigate
larger, more diverse cohorts, examine athletes with patho-
logical knee valgus, and compare components of DKV
across the entire functional task.
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CONCLUSION

Analysis of peak knee medialization position and timing
captures components of DKV with equal or potentially
greater injury risk than at the timepoint of peak 3D knee
abduction. Therefore, assessing medial knee collapse as is
commonly employed in 2D video analysis may be useful
for screening given its greater accessibility, but it cannot
be considered a valid indicator of dynamic knee valgus and
might overlook peak knee abduction loading depending on
the performed task. In future studies of 2D screening, re-
searchers should investigate multiple timepoints when in-
vestigating DKV rather than only peak kinematics. Future
work may also examine the individual components of DKV

to determine which 2D measures are most predictive of ACL
injury risk.
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