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Background

Most anterior cruciate ligament (ACL) tears occur during non-contact, deceleration
phases of sports activity. Injury risk screenings use the drop vertical jump (DV]) to assess
landing mechanisms, but no researchers have examined biomechanical differences
between the first and second landings in youth athletes following ACL reconstruction.

Purpose

The purpose of this study was to compare biomechanical risk factors in the first and
second DV] landings in both the surgical (affected) and unaffected limbs in youth athletes
recently cleared for RTP following ACL reconstruction.

Study Design

Cross Sectional

Methods

A total of 58 youth athletes (37 females, 21 males; 15.9 + 1.9 years; 164.0 £ 9.5 cm; 66.0 £
15.3 kg) who had undergone ACL reconstruction (ACLR) and were granted return to play
(RTP) clearance from their physician participated in this study between 2020 and 2024.
Kinematic and kinetic data using 3-Dimensional motion capture were collected while
participants performed a series of dynamic tasks which included a DV] with standardized
instructions. Wilcoxon signed-rank tests were performed to determine significant
differences between the first (1st) and second (2nd) DV] landings, as well as between the
affected (AFF) and unaffected (UNAFF) limbs. Effect sizes (r) were computed for all
significant comparisons. A Holm-Bonferroni correction was applied within each
comparison group due to multiple comparisons.

Results

There were greater biomechanical risk factors associated with dynamic knee valgus
during the first landing, including knee valgus (AFF: p<0.001; UNAFF: p=0.001), hip
internal rotation (AFF: p<0.001; UNAFF: p<0.001), knee external rotation (UNAFF:
p<0.001). Overall, there were more significant biomechanical risk factors in the
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Kinematic and Kinetic Risk Factors Exist Bilaterally During the First and Second Landing of the Drop Vertic...

unaffected limb compared to the affected limb in both landings. A stiffer landing, with
less trunk flexion (AFF: p<0.001; UNAFF: p<0.001), knee flexion (AFF: p<0.001; UNAFF:
p<0.001), and hip flexion (AFF: p<0.001; UNAFF: p<0.001) was observed in the second

landing.

Conclusion

More biomechanical risk factors occurred during the first landing of the DVJ, with more
risk factors present in the unaffected limb during both landings. These findings highlight
the need for a comprehensive DV] assessment of both landings and both limbs for
evaluation of RTP readiness following ACL reconstruction.

Level of Evidence
11

INTRODUCTION

The rate of anterior cruciate ligament (ACL) tears is in-
creasing in youth athletes with an estimated 400 injuries
per 100,000 person-years reported in adolescents.! Injury
to the ACL often results in extended time away from sport
and significant healthcare costs.2 Athletes who return to
sport are also at high risk of sustaining a second ACL injury
during their career, with secondary reinjury rates of up
to 20% reported.> Most ACL injuries are sustained during
landing or deceleration phases of sport activity with ap-
proximately 80% of injuries classified as non-contact, or in-
volving minimal to no contact.%> As ACL injury rates and
subsequent surgical intervention continue to increase, in-
jury and reinjury risk screenings are evolving to address
these complications. Current screenings aim to assess com-
mon mechanisms of ACL injury while incorporating dy-
namic movements that simulate the sport environment.
Specifically, the drop vertical jump (DV]) task is frequently
utilized to evaluate biomechanics related to increased risk
of ACL injury. Tools such as the Landing Error Scoring Sys-
tem (LESS) have been validated to visually identify high
risk movement patterns during a DVJ,%7 but it is unknown
whether these assessments capture realistic mechanics and
loading forces similar to those experienced during in-game
sport activity.6-8

The high rate of non-contact ACL injuries highlights how
a lack of neuromuscular control during high risk move-
ments may impact injury risk.> While some factors asso-
ciated with increased ACL injury risk, such as age, knee
morphology, and rotational or anterior-posterior knee lax-
ity, are non-modifiable,8? lower extremity biomechanics,
specifically movement strategies to mitigate loading forces
at the knee, can be modified.10 The knee valgus collapse
is a common mechanism of ACL injury during loading.1l:
12 Contributors to valgus collapse, including hip adduction,
hip internal rotation, and knee abduction, are commonly
assessed to determine the quality of landing patterns.6-13
Current screening tools, such as the LESS, are designed
to assess the first landing of the DV] to identify potential
injury risk. However, it has been shown that the second
landing of a DV], following the maximum vertical jump,
may better simulate the mechanism of non-contact ACL in-
jury sustained during games.!415 Thus, current screening

methods that utilize the DV] task may require design mod-
ifications to better represent in-game mechanics.

Previous researchers have examined the first and second
landings of the DVJ in healthy, adolescent, female basket-
ball players.!415 Their results indicated that the second
landing elicited greater side-to-side differences,!4 or limb
asymmetry, compared to the first landing, which has been
established as a risk factor for injury.1® Findings also indi-
cated decreased hip and knee flexion angles and moments
were exhibited during the second landing. Since stiffer
landings with less hip and knee flexion have been shown
to elicit greater injury risk with less shock absorption, 1517
this may indicate a reduced protective landing strategy dur-
ing the second landing. These findings highlight the poten-
tial utility of evaluating the second landing of the DV] when
screening for injury risk or RTP readiness.

No data have been published comparing the mechanics
of the first and second landings of a DV] for athletes who
have undergone ACL reconstruction. Investigation into the
clinical utility of each landing would allow for a more com-
prehensive assessment of RTP readiness and of secondary
injury risk. Therefore, the purpose of this study was to
compare biomechanical risk factors in the first and second
DV] landings in both the surgical (affected) and unaffected
limbs in youth athletes recently cleared for RTP following
ACL reconstruction. It was hypothesized that the second
landing would better represent mechanics associated with
ACL injury risk, and that greater asymmetry between limbs
would occur in the second landing.

METHODS

PARTICIPANTS

Male and female youth athletes, ages 12-19 who had under-
gone an ACL reconstruction and were granted RTP clear-
ance from their physician were recruited to participate in
this study. Date range for enrollment was between 2020 and
2024. Participants were excluded if they reported experi-
encing or were diagnosed with any musculoskeletal or neu-
romuscular conditions, in addition to the recent ACL in-
jury, or were unable to perform the DV] task. Approval from
a regional Institutional Review Board (University of Texas
Southwestern Institutional Review Board, Dallas, TX, USA)
was obtained prior to initiating study procedures. Upon en-
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rollment, informed consent/assent was obtained from all
patients and parents, if applicable, prior to participation.
All participants wore their personal athletic footwear and
attire to allow familiarity and natural mechanics during
testing conducted in a motion capture laboratory. Partici-
pants were provided with closed-toed, athletic footwear if
deemed appropriate.

PROCEDURES

Participants were instrumented with retroreflective mark-
ers according to a modified Cleveland Clinic marker set!8
which included lateral thigh clusters, anterior shank clus-
ters and a 5™ metatarsal marker.1920 A 14-camera motion
capture system (Vicon Motion Systems Ltd, Denver, CO,
USA) with integrated force plates (Advanced Mechanical
Technology Inc., Watertown, MA, USA) was used to collect
marker and force plate data sampling at 240 Hz and 2,880
Hz, respectively. Data were collected while participants
performed a series of dynamic tasks which included a DV]J.
Verbal instructions were standardized to the participants to
“Jump off both feet from the box. Hop forward (not up) and
land with one foot in each square. Then, immediately jump
up as high as you can and land back down with one foot
in each square. Complete the entire task in one fluid mo-
tion”.20,21 per standardized instructions, no cues were pro-
vided for how to perform the second landing. The jump was
performed from a 31-cm-tall plyometric box onto two 60cm
x 60cm square force plates with a jump distance of one-half
of the participant’s height from the front of the box to the
center of the force plates (Figure 1).21.22 Task setup and in-
structions were designed to reflect the LESS which is a com-
mon test used for identifying poor movement quality and
determining RTP readiness.23 Three successful DVJ trials
were collected for each participant to capture natural me-
chanics with a representative trial selected from each par-
ticipant based on task performance, defined as jump height.
Jump height was measured as the difference of the sacral
marker in the static standing trial versus max height during
DV]J trials and the trial with the greatest jump height was
chosen to be included for analysis.2122 A trial was deemed
successful if the participant completed the trial according
to verbal instructions, and an unsuccessful trial was noted
if the participant did not land with one foot in each force
plate during either the first or second landings or failed to
perform maximal vertical jump following the first landing.

DATA PROCESSING AND ANALYSIS

Trials were processed in Vicon Nexus (OMG plc, Oxford,
UK). A Woltering filter was applied to marker trajectories
with a predicted mean square error of 10mm?, and force
plate data were filtered using a 4th_grder low-pass Butter-
worth filter with a cut-off frequency of 16 Hz.24 Trunk and
pelvis segment angles and hip, knee, and ankle joint an-
gles and moments were computed using a custom MATLAB
(MATLAB 2022a, Natick, MA, USA) model. Trunk and pelvis
segment angles were defined relative to the global coordi-
nate system. External lower extremity joint kinetics were
computed using inverse dynamics and normalized to body

mass (in kilograms). Data from both limbs were used for
subsequent analysis and defined as either “affected” (surgi-
cal limb) or “unaffected” (non-surgical) limb.

The descent phase for the first and second landings of
the DV] were determined by a custom MATLAB code that
automatically identified the time points for initial foot con-
tact and maximum descent for both landings.2> Peak trunk
and pelvis angles, as well as peak lower extremity angles
and moments were extracted for analysis across the descent
phases of both the first and second landings.

STATISTICAL ANALYSIS

Mean and standard deviations were computed for all con-
tinuous measures, including age, height, weight, and all
kinematic and kinetic peak measures. Given significant
Shapiro-Wilk tests of normality, non-parametric analyses
were performed. Specifically, to determine significant dif-
ferences between the first (15t) and second (224) DV] land-
ings, as well as between the affected (AFF) and unaffected
(UNAFF) limbs, Wilcoxon signed-rank tests were per-
formed. Subsequently, effect sizes (r) were computed for
all significant comparisons and interpreted as small (0.10),
moderate (0.30), or large (> 0.50).26 All statistical tests were
evaluated in SPSS Statistics (IBM, version 24.0, Armonk,
NY, USA) with a significance level (&) of 0.05. Additionally,
to control for multiple comparisons across biomechanics
measures, a Holm-Bonferroni correction was applied within
each comparison group, adjusting p-values to maintain the
family-wise error rate at a = 0.05.

RESULTS

A total of 58 participants (37 females, 21 males; 15.9 = 1.9
years; 164.0 £ 9.5 cm; 66.0 £ 15.3 kg) were included for
analysis (Table 1). Kinematic and kinetic measures from the
first and second landing of both the affected and unaffected
limbs during the DV] are presented in Table 2 and Table 3,
respectively.

TRUNK AND PELVIS

Increased trunk flexion (AFF: p < 0.001, r = -0.82; UNAFF: p
< 0.001, r = -0.82) and anterior pelvic tilt (AFF: p = 0.002, r
= -0.48; UNAFF: p = 0.002, r = -0.49) were observed during
the first landing compared to the second landing. Similarly,
ipsilateral pelvic drop (p < 0.001, r = -0.55) and internal
pelvic rotation (p < 0.001, r = -0.75) were greater during the
first landing on the unaffected limb. Between limbs, ipsilat-
eral pelvic drop (p = 0.033, r = -0.39, mean difference: 1.85
degrees) and internal pelvic rotation (p = 0.003, r = -0.49,
mean difference: 4.57 degrees) were greater on the unaf-
fected limb compared to the affected limb during the first
landing.

HIP

There were several significant findings for the hip compar-
ing the first and second landings. Specifically, hip flexion
(AFF: p < 0.001, r = -0.82; UNAFF: p < 0.001, r = -0.79), hip
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Initiation Foot Contact End of 1= Maximum Foot Contact End of 2nd
1%t Landing Landing Vertical Jump 2nd Landing Landing
Figure 1. Phases of Drop Vertical Jump.
Table 1. Demographic Characteristics of Study Participants
Measure Value

Sex 37 females; 21 males

Age (years) 15.9+1.9

Height (cm) 1640+ 9.5

Weight (kg) 66.0+15.3

BMI 243+45

Time since surgery (months) 10.9+2.1

Graft Type

Bone-Patellar Tendon-Bone (BTB) 11

lliotibial Band (ITB) 7

Quadriceps Tendon (QT) 33

Combination 7

Meniscus Repair

Yes 41

No 17

Note: Singular values are counts. Mean * SD are presented for all continuous measures.

abduction AFF: p < 0.001, r = -0.13; UNAFF: p = 0.005, r =
-0.39), hip internal rotation (AFF: p < 0.001, r = -0.61; UN-
AFF: p < 0.001, r = -0.90), hip flexion moment (AFF: p <
0.001, r = -0.81; UNAFF: p < 0.001, r = -0.80), and hip in-
ternal rotation moment (AFF: p < 0.001, r = -0.66; UNAFF:
p < 0.001, r = -0.59) were increased during the first landing
on both limbs. Hip adduction moment was increased dur-
ing the first landing on the affected limb only (p = 0.023, r
= -0.40). Between limbs, there was a greater hip adduction
moment on the unaffected limb during both the first (p =
0.003, r = -0.48, mean difference: 0.26 Nm/kg) and second
(p =0.009, r = -0.45, mean difference: 0.27 Nm/kg) landings.

KNEE

During the first landing, the knee elicited greater flexion
(p < 0.001, r = -0.74), valgus (p = 0.001, r = -0.50), and ex-
ternal rotation (p < 0.001, r = -0.58) in the unaffected limb
while greater flexion (p < 0.001, r = -0.71) and valgus (p <
0.001, r = -0.67) were observed in the affected limb. Com-
paring limbs, knee flexion (15t: p = 0.001, r = -0.45, mean
difference: 2.06 degrees; 2Md: p = 0.019, r = -0.42, mean
difference: 1.74 degrees), flexion moment (15t: p < 0.001,
r = -0.82, mean difference: 0.64 Nm/kg; and. p < 0.001, r

= -0.79, mean difference: 0.57 Nm/kg) were greater for the
unaffected limb during both landings. Conversely, knee ex-
ternal rotation (p = 0.036, r = -0.39, mean difference: 2.87
degrees) was increased on the affected limb during the sec-
ond landing and external rotation moment (15t: p = 0.012,
r = - 0.44, mean difference: 0.03 Nm/kg; 2nd; p=0.004, r=
-0.48, mean difference: 0.03 Nm/kg) was increased on the
affected limb during both the first and second landing.

ANKLE

At the ankle, dorsiflexion moment was significantly greater
during the first landing, bilaterally (AFF: p < 0.001, r =
-0.56; UNAFF: p = 0.001, r = -0.50). Likewise, between
limbs, the unaffected limb demonstrated greater dorsiflex-
ion (15t: p < 0.001, r = -0.69, mean difference: 4.48 degrees;
2nd: » < 0.001, r = -0.61, mean difference: 2.88 degrees) and
dorsiflexion moment (15t: p < 0.001, r = -0.70, mean differ-
ence: 0.18 Nm/kg; 20d: p=0.019, r = -0.43, mean difference:
0.17 Nm/kg) for both the first and second landings.
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Table 2. Kinematic measures across descent phase of first and second landing of drop vertical jump.

15t ore AFF UNAFF
Landing Landing qsty 2nd 1sty 2nd
AFF UNAFF p r AFF UNAFF p r p r p r
Trunk
. 50.01 31.39
Flexion (11.98) - - (20.69) -- -- <0.001 -0.82 <0.001 -0.82
. 2.16 3.04 1.44 1.40
Ipsilateral Lean (2.94) (3.54) 1.000 -0.13 (3.61) (3.44) 1.000 -0.04 1.000 -0.17 0.033 -0.36
. 2.53 5.82 1.96 2.18
Internal Rotation (413) (4.40) 0.028 -0.40 (5.36) (5.38) 1.000 -0.17 1.000 -0.13 <0.001 -0.62
Pelvis
- 37.88 32.19
Anterior Tilt (13.09) -- - (12.54) -- -- 0.002 -0.48 0.002 -0.49
. 1.66 3.51 1.07 2.18
Ipsilateral Drop (2.16) (2.31) 0.033 -0.39 (2.75) (2.58) 1.000 -0.22 0.323 -0.26 <0.001 -0.55
. 2.73 7.30 1.74 2.89
Internal Rotation (5.10) (4.88) 0.003 -0.49 (4.53) (4.20) 1.000 -0.16 1.000 -0.16 <0.001 -0.75
Hip
. 96.81 95.36 76.57 76.46
Flexion (12.91) (12.09) 0.062 -0.36 (24.05) (23.06) 1.000 -0.06 <0.001 -0.82 <0.001 -0.79
. 13.09 14.36 12.12 12.12
Abduction (5.11) (5.16) 1.000 -0.23 (5.84) (6.41) 1.000 -0.01 <0.001 -0.13 0.005 -0.39
. 14.67 12.62 9.91 6.91
Internal Rotation (8.40) 8.77) 0.973 -0.21 (8.51) (7.76) 0.234 -0.31 <0.001 -0.61 <0.001 -0.80
Knee
. 94.41 96.47 78.01 79.75
Flexion (11.68) (12.08) 0.001 -0.45 (17.22) (17.14) 0.019 -0.42 <0.001 -0.71 <0.001 -0.74
5.27 5.30 4.14 4.31
Valgus (3.27) (3.02) 1.000 -0.01 (3.24) (3.03) 1.000 0.00 <0.001 -0.67 0.001 -0.50
. 21.84 19.88 21.19 18.32
External Rotation (7.39) (6.89) 0.413 -0.27 6.77) (6.43) 0.036 -0.39 0.188 -0.30 <0.001 -0.58
Ankle
o 21.58 26.06 21.30 24.18
Dorsiflexion (6.00) (7.22) <0.001 -0.69 (6.50) (6.63) <0.001 -0.61 1.000 0.00 0.053 -0.34

Note: Mean * standard deviation values are presented in degrees. Statistically significant differences are indicated in bold (Holm-corrected p < 0.05). AFF = Affected, or surgical, limb. UNAFF = Unaffected, or non-surgical, limb.
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Hip
Flexion

Adduction

Internal Rotation
Knee

Flexion

Valgus

External Rotation
Ankle

Dorsiflexion

AFF

2.37
(0.71)

0.46
(0.22)

0.27
(0.12)

1.13
(0.39)

0.58
(0.22)

0.10
(0.05)

1.19
(0.21)

qst
Landing

UNAFF

231
(0.53)

0.72
(0.39)

0.27
(0.17)

1.77
(0.36)

0.58
(0.27)

0.07
(0.04)

1.37
(0.23)

1.000

0.003

1.000

<0.001

1.000

0.012

<0.001

r AFF
1.59
-0.02 (0.56)
0.36
-0.48 (0.28)
0.19
-0.07 (0.11)
1.16
-0.82 (0.40)
0.56
-0.10 (0.22)
0.08
-0.44 (0.04)
0.95
-0.70 (0.34)

2nd
Landing
UNAFF

1.57
(0.50)

0.63
(0.51)

0.18
(0.13)

1.73
(0.57)

0.53
(0.26)

0.05
(0.03)

1.12
(0.41)

1.000

0.009

1.000

<0.001

1.000

0.004

0.019

-0.09

-0.45

-0.06

-0.79

-0.16

-0.48

-0.43

AFF
1sty 2nd

<0.001

0.023

<0.001

1.000

1.000

0.146

<0.001

-0.81

-0.40

-0.66

-0.11

-0.14

-0.32

-0.56

UNAFF
1sty 2nd

<0.001

0.216

<0.001

0.216

0.111

0.053

0.001

-0.80

-0.21

-0.59

-0.18

-0.27

-0.33

-0.50

Note: Mean * standard deviation values are presented in Nm/kg. Statistically significant differences are indicated in bold (Holm-corrected p < 0.05). AFF = Affected, or surgical, limb. UNAFF = Unaffected, or non-surgical, limb.
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DISCUSSION

The purpose of this study was to compare kinematics and
kinetics of the first and second DV] landings in both af-
fected and unaffected limbs in youth athletes recently
cleared for RTP following an ACL reconstruction. Signifi-
cant differences in biomechanical risk factors were demon-
strated between landings as well as between limbs. There
were a greater number of biomechanical risk factors associ-
ated with dynamic knee valgus in the first landing, specif-
ically knee valgus, hip internal rotation, knee external ro-
tation, and hip adduction moment. Overall, more
biomechanical risk factors were noted to be significantly
greater in the unaffected limb compared to the affected
limb in both the first and second landings, indicating po-
tential compensation techniques or inherent differences in
these athletes. While statistically significant, most of these
limb differences were less than 3 degrees, which may not be
clinically measurable or seen as clinically significant. How-
ever, findings indicate moderate to large effect sizes among
statistically significant comparisons, suggesting meaning-
ful differences between landings and limbs.

These findings suggest that both limbs continue to
demonstrate altered biomechanics following ACL recon-
struction, which could indicate deficits in neuromuscular
control, strength, proprioception, and compensatory
strategies during deceleration tasks like the jump landing.
Previous researchers have emphasized the importance of
evaluating limb asymmetry®27 and compensatory loading
strategies11:28,29 a5 risk factors for secondary injury. For ex-
ample, reduced knee flexion seen in the affected limb has
been shown to be associated with greater frontal plane knee
motion, including knee valgus and knee valgus moments.30
With decreased sagittal plane motion and subsequent in-
creases in frontal plane motion, there is an observed de-
crease in shock absorption during landing.39 Increased
knee flexion and knee flexion moment in the unaffected
limb may indicate compensatory overloading, potentially
placing the contralateral limb at risk for injury, which has
been shown to be fifteen times more likely to occur in ath-
letes who have undergone primary ACL reconstruction.31,32

Increases in knee external rotation and external rotation
moment in the affected limb may suggest changes in rota-
tional control at the hip and/or knee, which have been es-
tablished as contributors to dynamic knee valgus and in-
creased injury risk in the ACL.11.27 The changes in motor
control at key knee stabilizing muscle groups that occurs
following ACL reconstruction could be a possible cause for
this decreased rotational control at the knee during land-
ing.33.34 Previous literature discusses ligament dominance,
or reliance on passive structures such as the ACL following
this decrease in muscle strength or neuromuscular control.
This ligament dominance may contribute to biomechanical
components of dynamic knee valgus and decreases in sta-
bility with absorption phases of sports activities. It has
been shown that this increase in knee external rotation
can compromise dynamic control and increase ligamentous
strain during landing.3%36 Postoperative strength deficits
at the hip and knee may further contribute to alterations in

loading at the knee.10:37 In addition to this neuromuscular
inhibition following ACL reconstruction, others have em-
phasized a change in proprioception following damage to
mechanoreceptors within the ACL.34 This alteration in pro-
prioception can impair joint position sense and reduce the
ability to control rotation during activity. As loading strate-
gies, neuromuscular control, strength, and proprioception
are modifiable risk factors for ACL injury, this highlights
the role of physical therapy in addressing the biomechani-
cal deficits and compensatory strategies in both limbs dur-
ing loading phases of sports activity prior to RTP.

Overall, decreases in hip and knee flexion during the
second landing indicate a stiffer landing, which has been
shown to associated with greater vertical ground reaction
forces and increased risk of ACL injury.!7 Likewise, a stiffer
landing has been shown to be more representative of in-
game mechanics!415 where ACL injuries are more likely to
occur.33839 Current assessments, such as the LESS, focus
predominantly on the first landing of the DV], but results of
this study indicate that biomechanical markers of the first
landing alone may not fully capture risk factors following
ACL reconstruction. With a greater amount of biomechani-
cal risk factors observed in both limbs during the first land-
ing and a stiffer overall second landing, these findings high-
light the need for a comprehensive DV] assessment of both
landings and both limbs for evaluation of RTP readiness.

LIMITATIONS

Several limitations should be noted in this study. First, the
cohort included an uneven sample size of male and female
participants. The uneven distribution of male and female
participants may limit generalizability of findings, particu-
larly since previous researchers have noted significant dif-
ferences in landing force and drop vertical jump perfor-
mance between males and females.4041 Specifically, males
have been shown to demonstrate increased landing force
attenuation capacity?® and females have demonstrated
greater knee valgus during landing tasks.42 Additionally,
the mechanism of injury (contact versus non-contact) was
not collected and therefore could not be included for analy-
sis in this study. Previous researchers have identified dif-
ferences in biomechanical risk factors for sustaining a non-
contact ACL injury.43%* Moreover, inherent differences in
muscle length and strength between groups may contribute
to performance on the DV]. Future work should collect in-
jury mechanisms and explore effects of muscle differences
on biomechanical risk factors.

The current study did not utilize a control group to com-
pare inter-limb differences in a healthy population. The
absence of a healthy control group limits the ability to
contextualize observed asymmetries, however previous re-
searchers have reported limb asymmetry in healthy popula-
tions based on limb dominance.4> Furthermore, researchers
have previously noted greater kinetic asymmetry during a
drop vertical jump in adolescents with a history of ACLR
compared to healthy controls.46 Future work should further
investigate the differences in the presence of biomechani-
cal kinematic and kinetic risk factors between adolescents
who have undergone ACLR and their healthy peers.
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As highlighted in previous literature, performance on
the DVJ as it relates to joint angles and moments at the
trunk, hip, knee, and ankle is directly impacted by task in-
struction.2147-50 One limitation of this study is that stan-
dardized instructions to “Jump off both feet from the box.
Hop forward (not up) and land with one foot in each square.
Then, immediately jump up as high as you can and land
back down with one foot in each square. Complete the
entire task in one fluid motion” emphasized instructions
through completion of the first jump landing, but not the
second. While lack of instruction can mimic game-like per-
formance of a non-anticipated second jump landing, fur-
ther research is needed to determine if verbal instructions
that include both landings alter performance on the second
landing of the DVJ.

Similarly, DVJ task protocol variation has been shown to
impact lower body kinematics and kinetics.2! Some stud-
ies have utilized a standard horizontal jump distance, while
others have normalized horizontal jump distance to partic-
ipants’ body height or baseline jump performance.>:52 In
addition to distance, variation in DVJ protocol as it relates
to vertical jump height also exists, where some researchers
have normalized vertical jump height to participants’ body
height53:54 and others have a standardized jump height (30
cm; 12 in).6 However, previous literature has shown that
jump height of the DV] influences biomechanical risk fac-
tors,>5:56 thus, jump height (31 cm plyo box) and distance
(% body height) were controlled in the current study. Due to
the influence of jump height and distance in DV] protocol
variations on joint kinematics and kinetics, current findings
may not apply to all variations of DV] protocol. Previous lit-
erature has shown that limb dominance affects biomechan-
ical behaviors during landing tasks.4>57-61 While the cur-
rent study was designed to assess affected and unaffected
limbs following ACL reconstruction, limb dominance was
not considered in analysis of biomechanical risk factors.

CONCLUSION

At RTP, significant kinematic and kinetic differences oc-
curred both between first and second landings of the DV]
and between affected and unaffected limbs in adolescent
athletes who had undergone ACL reconstruction. While less
significant biomechanical risk factors occurred during the
second landing, both the first and second landing of the
DV]J elicited biomechanics associated with increased risk of
ACL injury. A greater number of statistically significant dif-
ferences were observed in the unaffected limb, suggesting
continued asymmetry and compensatory landing strategies
following ACL reconstruction that may contribute to in-
creased risk of secondary injury. Given the findings of the
current study, the authors recommend a comprehensive
RTP assessment following ACL reconstruction with consid-
erations of both landings and both limbs during the DV].
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