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Evaluating the Spectrum of Cognitive-Motor Relationships During
Dual-Task Jump Landing
Patrick D. Fischer, Keith A. Hutchison, James N. Becker, and Scott M. Monfort
Montana State University
Cognitive function plays a role in understanding noncontact anterior cruciate ligament injuries, but the research into how
cognitive function inﬂuences sport-speciﬁc movements is underdeveloped. The purpose of this study was to determine how
various cognitive tasks inﬂuenced dual-task jump-landing performance along with how individuals’ baseline cognitive ability
mediated these relationships. Forty female recreational soccer and basketball players completed baseline cognitive function
assessments and dual-task jump landings. The baseline cognitive assessments quantiﬁed individual processing speed,
multitasking, attentional control, and primary memory ability. Dual-task conditions for the jump landing included unanticipated
and anticipated jump performance, with and without concurrent working memory and captured visual attention tasks. Knee
kinematics and kinetics were acquired through motion capture and ground reaction force data. Jumping conditions that directed
visual attention away from the landing, whether anticipated or unanticipated, were associated with decreased peak knee ﬂexion
angle (P < .001). No interactions between cognitive function measures and jump-landing conditions were observed for any of the
biomechanical variables, suggesting that injury-relevant cognitive-motor relationships may be speciﬁc to secondary task
demands and movement requirements. This work provides insight into group- and subject-speciﬁc effects of established
anticipatory and novel working memory dual-task paradigms on the neuromuscular control of a sport-speciﬁc movement.
Keywords: cognition, ACL, knee, sports biomechanics
Anterior cruciate ligament (ACL) injuries account for an
annual cost exceeding $2 billion1 and carry a range of comorbidities.2–4 During sport, these injuries often occur when athletes
pivot, change direction, or land from jumping.5–7 Considering
that sport is a cognitively demanding, temporally constrained
environment where athletes must quickly process task-critical
information, the interplay between task demands, innate cognitive
function, and neuromuscular control may contribute to more
comprehensively understanding ACL injury risk.
Several studies have established cognitive function as an
integral ACL injury risk consideration. Athletes who sustained
noncontact ACL injuries demonstrated lower cognitive function
compared with matched, uninjured controls,8 and ACL injury rates
increase for athletes following concussions,9 supporting the premise that impairments from mild brain trauma inﬂuence ACL injury
risk factors.10–15 In addition, research linking slower reaction time
to lower extremity injuries10,16 further supports the relevance of
cognitive-motor function, and the ACL Research Retreat identiﬁed
cognitive-motor function as a research area of interest to aid in
improving primary prevention efforts.17 Cognition is vital to ACL
injury research efforts because of the connection between attentional capacity (a key aspect of cognitive function), its limits, and
the consequences of overburdening it with secondary task demands. When attention is divided, cognitive interference arises,
causing task performance to suffer.18 Cognitive interference
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manifests during multitasking requirements inherent in sports
where these injuries occur; athletes must perform movements
such as a jump landing or changing direction while simultaneously
attending to secondary task demands inherent in any sport.19–26
Cognitive-motor research suggests that performing a secondary
task during dynamic movement leads to adverse changes in knee
mechanics.19–26
While the importance of lower extremity biomechanics during
cognitive-motor tasks and cognitive function to ACL injury risk is
clear, the link between athlete-speciﬁc cognitive function and
neuromuscular control during cognitive-motor tasks is underdeveloped. Prior research reports that processing speed and reaction
time were related to the knee mechanics of an unanticipated jumplanding,22 while visual–spatial memory was associated with knee
abduction changes during a sport-speciﬁc sidestep movement.27
Muscle activation differences between high- and low-cognitive
performers during an unanticipated drop sidestep have been demonstrated,28 and participants with lower attentional control demonstrated decreased postural stability during an unplanned single-leg
landing.29 While prior studies provide support for differences in
cognitive-motor function, they have investigated cognitive-motor
relationships, with isolated consideration for cognitive challenges
being introduced. As a result, the understanding of the spectrum of
cognitive-motor relationships that are relevant to sport remains
limited. This limited understanding motivates the need for a more
systematic and targeted approach to elucidating the spectrum of
cognitive-motor relationships in at-risk athletes during sport-speciﬁc, injury-relevant movements performed in a lab setting.
Given this knowledge gap, this study aimed to implement a
systematic approach to more broadly elucidate cognitive-motor
relationships that inﬂuence injury-relevant knee mechanics.
Speciﬁcally, the study’s purpose was 2-fold: (1) identify the effects
of various cognitive demands on landing mechanics, and
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(2) investigate associations between cognitive functions and landing mechanics. We hypothesized that (1) increasing cognitive
challenge complexity will be associated with increased peak
knee abduction angle (pKAbA) and moment (pKAbM) and
decreased peak knee ﬂexion angle (pKFA), and (2) athletes with
lower cognitive performance will exhibit greater changes in
pKAbA, pKAbM, and pKFA.

Methods
Participants were eligible if they were between 18 and 30 years old,
female, recreationally or competitively active in either basketball or
soccer (played one of the sports at least 3 times per week or
participated in either of those sports at least once a month and had
prior high school varsity, college club, or equivalent competitive
experience), free from lower extremity surgeries, and had not
suffered a concussion or lower extremity injury within 6 months
of study participation.
The study protocol involved 2 lab visits, each lasting approximately 2.5 hours. During the ﬁrst visit, the participants completed
baseline cognitive tests. During the second visit, the participants
completed jump–land–jump movements. To identify the factors
that may inﬂuence differences in cognitive performance between
the visits (approximately a week apart), the participants were asked
to self-report their sleep from the night before, perceived mental
and physical fatigue and stress, and if they had suffered a concussion or acute head trauma since the initial visit (jump-landing
session only).
The following cognitive tests were used to assess processing
speed, primary memory, attentional control, and multitasking.

Processing Speed
Letter and pattern comparison tests were used, in written format,
which involved indicating whether the letter or pattern pairs were
the same.30 The objective of these tests was to complete the test
quickly and accurately. The measured variables were completion
time and the number of correct responses. These tests’ outcome
variables were normalized as score = (correct number – incorrect
number)/time to complete.30

Primary Memory
Letter and digit span tests assessed the primary memory,31,32 where
sets of 6 to 10 letters or numbers were presented aurally (digit) or
visually (letter), one at a time, to the participant using E-Prime 3.0
(Psychology Software Tools, Pittsburgh, PA). After each set, the
participants were required to recall the most recent 3 to 7 numbers
or letters they had been given. The participants were given
feedback on their performance, followed by another item set.
These tests’ outcome variable was the total number of letters or
numbers the participant could correctly recall.31,32
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use these cues to direct eye movements in the opposite direction
to catch the target. In the Stroop test, color words were shown to
the participants in font colors that were congruent with the word
itself (eg, the word “green” in green font) or incongruent with the
word itself (eg, the word “green” in red font). The participants
were instructed to vocally respond to the font color, rather than
read the word on the screen. These tests’ primary outcome
variables were response accuracy (both) and reaction time
(Stroop only).33,34

Multitasking
One test assessed the participants’ multitasking ability.35 The
Control Tower test consists of 3 primary tasks (number matching,
symbol matching, and letter ﬁnding) and 4 secondary tasks (radar
monitoring, arithmetic puzzles, color ﬂash response, and auditory
decision making). The participants completed as many primary and
secondary tasks as they could for 10 minutes. The primary outcome
variable was the number of primary tasks completed.35

Jump-Landing
During the second research visit, reﬂective markers were attached
to the participants using double-sided tape according to a modiﬁed
plug-in-gait marker set.21 Additional tracking markers were placed
bilaterally on the shoes, over the head of the ﬁrst metatarsal and the
lateral aspect of the calcaneus. For consistency, the same researcher
placed all calibration markers on each participant. Upon recording
a standing calibration trial, the markers at the medial femoral
epicondyles and malleoli were removed. The participants then
completed a standard warm-up of 2 sets each of 8 bodyweight
squats and 5 countermovement jumps.36
The participants performed jump–land–jumps following an
established protocol22 under a baseline (single task) and 4 multitasking conditions (Figure 1). The participants were asked to jump
in 3 secondary directions (Figure 2). Three good trials in each
direction were recorded for each condition. The secondary tasks
were administered using E-Prime 3.0 and a 1.5-m high-deﬁnition
television screen placed approximately 5 m away from the primary
landing zone. The conditions were performed one at a time. To
mitigate the risk of preferentially focusing on one task, the researchers instructed the participants to “not focus on any one task in
particular” and to “do their best on all tasks.” The participants were
allowed as many practice trials as needed to feel comfortable prior to
recording the data. One to 3 trials were typically needed, depending
on the condition. The conditions were block-randomized to mitigate
systemic fatigue and learning effects. A trial was “good” if each foot
landed within the boundary of the separate force plates and the
participant jumped in the correct secondary direction immediately
after landing. The kinematic data were recorded at 250 Hz using a
10-camera motion capture system (Motion Analysis Corp, Rohnert
Park, CA). The ground reaction force data were recorded at 1000 Hz
using 2 force plates (OPT464508-2K; Advanced Mechanical Technology, Inc; Watertown, MA).

Attentional Control
The antisaccade and Stroop tests assessed attentional control,33,34 administered through E-Prime 3.0. In the antisaccade
test, the participants were instructed to look to the opposite side
of the computer screen from a ﬂashed cue (*) in order to detect a
quickly presented target item (O or Q) before it disappeared and
was replaced by a pattern mask (#). This task requires suppressing the urge to look toward peripheral distractors and to instead

Baseline
The participants stood atop a 30-cm box placed a distance one-half
their height, away from the force plates. The researcher told the
participants which secondary direction to jump before beginning.
The participants were instructed to jump to the force plates and then
to immediately jump “as high and as hard” as they could to one
of the secondary landing zones (Figure 2). The secondary landing
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Figure 1 — The trial progression for each of the 4 dual-task jump-landing conditions. Each row corresponds to the series of images participants see on
the television screen from the beginning (“At the ready”) to the end (“Complete second jump/cognitive challenge”) of the trial. Each column corresponds
to the image presented to participants during a speciﬁc point in the trial (eg, the appearance of response letter “A” prior to landing on the force plates).

Figure 2 — Overhead schematic (not to scale) of jump directions from
the box to the primary landing zone to the different secondary landing
zones (A) to the left, (B) straight up, and (C) to the right.

zones to the right and left of the force plates were outlined in tape,
1 m forward and 45° to the right or left of the force plates.
The unanticipated condition (Figure 1A) challenged rapid
decision making. The participants did not know the secondary
jump direction before beginning the trial. They ﬁxated on a large
cross presented on a television in front of them. Approximately
250 ms prior to landing on the force plates,22,37 an arrow appeared
on the screen, indicating the secondary jump direction. Directional
cues were triggered with a pressure sensor underneath the participant’s left foot. This sensor was used to tune to participantspeciﬁc ﬂight times between the top of the box and initial ground
contact, such that coming off the pressure sensor started a participant-speciﬁc delay time. The randomly chosen directional cue was
presented after the delay time expired.
The anticipated recall condition (Figure 1B) challenged working memory. While standing on top of the box, the participants
were shown 6 dissimilar letters31 on the monitor in front of them for
1000 ms. They then completed the jumping task. Afterward, they
were asked to recall the position of one randomly selected letter
from the 6 presented at the trial’s beginning. Using 6 on-screen
buttons, they selected the position of the letter within the array. The

test recorded the accuracy of the response (correct: 1, incorrect: 0)
and reset itself for another trial. The participants were not given
feedback whether each response was accurate.
The anticipated identify/recall condition (Figure 1C) challenged working memory and attentional control. It followed the
protocol of the anticipated recall test, with one alteration. Instead of
presenting the response letter after the jump, the letter was presented ∼250 ms prior to initial contact with the force plates for
1000 ms. The letter’s appearance was triggered by the pressure
sensor in the same manner as the directional cue in the unanticipated condition. The participants were instructed to identify the
response letter while completing the jump. They recalled the
position of this letter at the end of the trial, in the same manner
as the anticipated recall test.
The unanticipated identify/recall condition (Figure 1D) challenged working memory, attentional control, and decision making.
It followed a protocol similar to the anticipated identify/recall
condition, with an added challenge that participants were presented
with their directional cue, in the form of an arrow pointing in the
direction of their secondary jump, directly below the response
letter. Both letter and arrow were presented ∼250 ms prior to initial
contact, for 1000 ms, and were triggered by the pressure sensor, as
previously described.

Data Analysis
Only straight-up trials were considered in this analysis. Motion
capture and force plate data were ﬁltered in Visual3D (C-Motion;
Germantown, MD) using fourth-order, zero-lag, low-pass Butterworth ﬁlters with cutoff frequencies of 15 Hz.38 Kinematic and
kinetic data were calculated using an inverse kinematics model
with a Quasi-Newton optimization method.39 An inverse kinematics model was used to eliminate unrealistic translations at the hip,
knee, and ankle joints and restricted the hip and knee joints to 3
degrees of freedom (rotation: ﬂexion/extension, abduction/adduction, and internal/external rotation) and the ankle joint to 2 degrees
of freedom (rotation: plantar ﬂexion/dorsiﬂexion and inversion/
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eversion). Joint angles were calculated using an x–y–z Cardan
rotation sequence, corresponding with ﬂexion/extension, abduction/adduction, and internal/external rotation. Joint moments
were externally deﬁned in the proximal segment’s coordinate
system and normalized to the participants’ bodyweight and
height. For each trial, the frame where the participant made initial
contact with each force plate was deﬁned as the ﬁrst frame where
the force plate reading exceeded 10 N. Custom MATLAB programs identiﬁed a 50-millisecond window, starting with the initial
contact frame, for each trial and selected 3 ACL injury-relevant
measures of knee mechanics, pKFA, pKAbA, and pKAbM,7
within that window. The ﬁrst 50 milliseconds following initial
contact were chosen as the region of interest because prior video
analysis has shown that a majority of noncontact ACL injuries
occur within this time frame.5
The z scores were calculated for the participants’ performance
on each processing speed, attentional control, primary memory,
and multitasking test. The z scores were averaged between tests for
a given cognitive process to obtain composite scores for processing
speed, attentional control (AC accuracy and reaction time), and
primary memory. Composite measures were used instead of isolated test results (except for multitasking) to obtain a more robust
estimate of the underlying cognitive domain.40
Linear mixed models tested for a ﬁxed effect of “Condition”
on pKFA, pKAbA, and pKAbM. “Participant” was entered as a
random effect, and composite z scores were entered as covariates
in the mixed-effects models. Interactions between the composite z
scores and “Condition” were also included. If a signiﬁcant ﬁxed
effect was found, follow-up Tukey pairwise tests were performed
to assess pairwise differences. Effect sizes (Cohen d) were
calculated to gauge the impacts of the dual-task scenarios on
Table 1

Cohort Characteristics

Soccer/basketball
Age, y
Height, m
Mass, kg
High school experience, y
College experience, y
Participation, d/wk

31/9
20.2 (2.57)
1.69 (0.07)
64.12 (8.29)
3.15 (1.15)
0.44 (0.98)
1.26 (0.99)
Day 1

Number of hours slept
Perceived mental fatigue
Perceived physical fatigue
Perceived stress

7.4
2.9
2.3
2.9

(1.6)
(1.4)
(1.2)
(1.6)

Day 2
7.1
3.0
2.7
2.8

(1.2)
(1.7)
(1.3)
(1.4)

Note: Values are presented as average (SD).

Table 2
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neuromuscular control. A power analysis conducted using
GLIMMPSE41 determined that a sample size of n = 40 had at
least 90% statistical power to detect differences between conditions of the same or larger magnitude that were previously
reported for unanticipated or cognitive challenges during jumping
tasks for our selected dependent variables (4°–5° average change
in pKFA, 2°–3° average change in pKAbA, 2%–3% bodyweight × height average change in pKAbM).20,37
Additional linear mixed models veriﬁed aspects of the protocol. Lead time, the time elapsed between stimulus presentation, and
initial contact, was considered as a dependent variable to determine
if the amount of time to respond to the stimulus varied between
visually constrained conditions. Recall and identify/recall cognitive test performances were also considered as dependent variables
to determine whether performance on these tests varied across
conditions. Kruskal–Wallis tests were used to verify that selfreported measures (amount of sleep, physical and mental fatigue,
and stress) did not differ between days. Signiﬁcance for all
statistical tests was set at α = .05.

Results
Forty participants provided written informed consent to complete
this study (Table 1). The Institutional Review Board at Montana
State University approved of this study’s performance. No differences in self-reported sleep, mental fatigue, physical fatigue, or
stress were observed between the 2 research visits (all Ps > .05;
Table 1). In addition, no concussions were reported between visits.
Five hundred and eighty-one out of 600 jump–land–jump trials
(40 participants × 5 conditions × 3 trials) were used for analysis.
Missing/excluded trials were due to participants unable to successfully complete the movement, data collection issues, or improper
foot strike. The distribution of the missing/excluded trials was
baseline (1), unanticipated (4), anticipated recall (0), anticipated
identify/recall (2), and unanticipated identify/recall (12). The
missing trials resulted in some averages being calculated with
fewer than 3 trials. Average estimates for the full 40 participants
were obtained for all conditions except the unanticipated identify/
recall, which had estimates for 38 participants.
There was a signiﬁcant “Condition” effect for pKFA (Table 2;
F = 7.72, P < .001). Post hoc analysis found that, compared with
the baseline condition, the participants exhibited less pKFA during
the anticipated identify/recall (P = .001, d = 0.33), unanticipated
(P = .001, d = 0.36), and unanticipated identify/recall conditions
(P < .001, d = 0.37; Figure 3). The participants exhibited less pKFA
during the unanticipated identify/recall condition compared with
the anticipated recall condition (P = .034, d = 0.22). No other
comparisons reached signiﬁcance (Table 3; all P > .200). No
cognitive covariates or interactions reached signiﬁcance for
pKFA (all P > .200).

Kinematic and Kinetic Raw Values for All Jump-Landing Conditions

Early-stance landing variable

Baseline

pKFA, deg
pKAbA, deg
pKAbM (bodyweight × height), %

58.4 (4.8)
10.4 (3.8)
3.0 (1.3)

Unanticipated
56.7 (4.2)*
10.4 (3.8)
3.2 (1.3)

Anticipated
recall
57.6 (4.1)
10.0 (4.2)
2.9 (1.5)

Anticipated
identify/recall
56.8 (4.6)*

Unanticipated
identify/recall
56.7 (4.3)*,**

10.3 (3.8)
3.1 (1.4)

10.2 (4.0)
3.0 (1.4)

Abbreviations: pKAbA, peak knee abduction angle; pKAbM, peak knee abduction moment; pKFA, peak knee ﬂexion angle. Note: Values are presented as average (SD).
*Post hoc comparison P < .05 compared with baseline. **Post hoc comparison P < .05 compared with anticipated recall.
JAB Vol. 37, No. 4, 2021
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Regarding pKAbA, there was no “Condition” effect (Table 2;
F = 0.25, P = .911). The primary memory z score as a covariate in
the mixed model trended toward signiﬁcance (F = 3.00, P = .093),
with better primary memory associated with higher pKAbA. No
other covariates or interactions reached signiﬁcance (all P > .050).
Regarding pKAbM, there was no “Condition” effect (Table 2;
F = 1.10, P = .360). No z scores reached signiﬁcance as covariates for
pKAbM, and no signiﬁcant interactions were observed (all P > .050).
The average lead times between visual stimulus presentation
and initial force plate contact (Table 4; F = 0.90, P = .413) and
recall and identify/recall test scores (ability to accurately recall the
position of the target letter) did not show a “Condition” effect
(Table 4; F = 2.61, P = .080).

Discussion
This study’s purpose was to identify the effects of cognitively
challenging secondary tasks on landing mechanics and to quantify

relationships between those secondary tasks, landing mechanics,
and baseline cognitive performance measures. We hypothesized
that dual-task jump landings would be associated with adverse
changes in neuromuscular control, with those changes in neuromuscular control dependent on individuals’ cognitive performance.
The current study’s ﬁndings partially support the ﬁrst hypothesis,
but do not support the second hypothesis. The current results
suggest that athletes’ responses to cognitively challenging jumplanding tasks appear to be complex and context speciﬁc.
We hypothesized that cognitive challenges would be associated with adverse changes in neuromuscular control. This hypothesis was partially supported for pKFA, but not for pKAbA or
pKAbM. Signiﬁcant changes in pKFA from baseline were seen for
all 3 visually constrained dual-task conditions; notably, these
effects were observed in pKFA across the anticipated and unanticipated conditions (Figure 1). Rather than tracking their position
throughout the jump, it became necessary to rely on indirect cues of
position while jumping. Small to medium effects were observed in

Figure 3 — The 95% CI difference in mean pKFA between conditions. When compared with the baseline, dual-task conditions with divided visual
attention led to decreased pKFA during early-stance landing. CI indicates conﬁdence interval; pKFA, peak knee ﬂexion angle. *P < .05.

Table 3

Cohen d Effect Sizes for Kinematic and Kinetic Results
pKFA

Condition
UA
REC
IR
UAIR

BL

UA

0.362*
0.168
0.331*
0.371*

0.211
−0.020
0.014

pKAbA
REC

−0.182
0.222*

IR

BL

UA

0.033

0.003
0.089
0.030
0.047

0.086
0.027
0.044

REC

0.061
−0.042

pKAbM
IR

BL

UA

REC

IR

0.018

−0.150
0.016
−0.083
−0.064

0.153
0.059
0.080

0.091
−0.074

0.019

Abbreviations: BL, baseline; pKAbA, peak knee abduction angle; pKAbM, peak knee abduction moment; pKFA, peak knee ﬂexion angle; IR, anticipated identify/recall;
REC, anticipated recall; UA, unanticipated; UAIR, unanticipated identify/recall. Note: Visually constrained dual-task conditions displayed small to medium effects on
pKFA compared with a visually unconstrained baseline jump landing.
*P < .05.

Table 4

Lead Times and Accuracy Scores for All Dual-Task Conditions

Dual-task measure
Lead time, ms
Accuracy, %

Unanticipated

Anticipated recall

Anticipated identify/recall

Unanticipated identify/recall

279 (58)
—

—
59.16 (23.17)

272 (83)
55.35 (24.34)

267 (64)
51.51 (21.59)

Note: Values are presented as average (SD).
JAB Vol. 37, No. 4, 2021

Cognitive-Motor Relationships and Dual-Task Jumps

pKFA between the anticipated recall and unanticipated identify/
recall (Table 3), lending limited support to the hypothesis that
increased cognitive challenges would result in adverse changes in
neuromuscular control. However, the presence of the dominant
effect of visual constraint cannot be ignored. The anticipated recall
condition placed no visual constraints on participants, and so it is
possible these results are due, at least in part, to the same effects as
detailed previously. Further investigation into different, visually
unconstrained cognitive challenges is warranted.
Visual constraints likely lead to a persistent deﬁcit in sportspeciﬁc movements, an effect that has been previously suggested.20
Almonroeder et al20 considered the effects of an overhead goal, a
visual directional cue, and a combination of the 2 on neuromuscular
control during a drop jump. They noted that, while both the
presence of the overhead goal and the visual directional cue led
to altered neuromuscular control compared with the baseline, there
was not an appreciable difference between these conditions and the
combined condition. That visual constraints inﬂuence neuromuscular control is further supported by several studies published
recently.42–44 Two studies found that the introduction of an overhead goal led to decreases in pKFA and increases in peak vertical
ground reaction forces,42,43 while the third found that varying the
difﬁculty of a visual search task during a countermovement jump
was associated with changes in postural sway during the landing
phase.29,44 While all previous studies found visual constraint
effects on jump-landing performance using established paradigms,
the current study expanded on previous ﬁndings by systematically
introducing unique cognitive-motor tasks with different levels of
complexity, ﬁnding similar effects associated with all visually
constrained challenges. Given the fact that these results and prior
ﬁndings suggest divided visual attention plays an important role in
altering landing mechanics, decoupling the contribution of divided
visual attention from other cognitive challenges becomes important
for more precise interpretations and the understanding of cognitivemotor relationships.
In addition to the condition effects, we anticipated worse
cognitive performance to be associated with more adverse landing
mechanics (eg, higher knee abduction and less knee ﬂexion). In
support of this hypothesis, Herman and Barth22 previously reported
differences in unanticipated jump landings between high and low
cognitive performers, where participants were separated based on
reaction time and processing speed. However, no relationships
speciﬁcally between processing speed ability and neuromuscular
control were observed in the current study. Assessments of processing speed alone may not be sensitive enough to detect cognitivemotor relationships. Processing speed tests require several components of cognitive function, including visual searching, symbol
comprehension, and decision making.30 By combining processing
speed and reaction time assessments, Herman and Barth22 demonstrated that adverse changes in neuromuscular control were dependent on overall cognitive performance. By contrast, the current
study found that processing speed alone was not associated with
individual differences in neuromuscular control. The current data
set contains 40 participants, which may cause it to be limited in its
ability to fully reﬂect the spectrum of cognitive function that exists
in the population. A data set with a larger spread of cognitive
function may be better positioned to elucidate interactions between
cognitive ability and cognitive-motor function.
Although previous literature observed changes in frontal plane
knee mechanics arising with the introduction of unanticipated
scenarios when compared with the baseline,20 the current study
observed no such effects. Two suggestions for this outcome are
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offered here. First, prior literature reports both the presence20 and
absence21,37 of differences in early-stance knee abduction angle
and the moment between unanticipated and anticipated conditions
for jumping and cutting movements. Therefore, the lack of differences identiﬁed in this study may further motivate the value in
investigating the generalizability of cognitive-motor function
across sport-relevant movements. Second, all conditions that
were associated with altered landing mechanics involved a visual
constraint that limited participants’ ability to track their landing.
The current results are consistent with participants adopting a
stiffer landing strategy and potentially compensating for the
reduced visual feedback. It is plausible that increased knee musculature cocontraction, driven by this compensatory landing strategy, would more greatly impact knee ﬂexion relative to abduction.
Future studies that measure muscle activation patterns would be
needed to conﬁrm this theory.
There are limitations to consider when interpreting these
results. One methodological concession made was the omission
of an unanticipated recall condition, to allow for other subprotocols
within the larger study to be completed. The kinematic and kinetic
variables chosen for this manuscript represent a limitation. Noncontact ACL injuries are inﬂuenced by many different biomechanical variables at the ankle, knee, hip, and trunk. However, the
authors chose a priori to restrict analysis to a select few ACL
injury–relevant biomechanical variables to mitigate type I statistical error. This study’s inclusion criteria limit how these ﬁndings
may be extended. Biomechanical differences between males and
females21,45 and between healthy and pathological populations46
mean caution must be taken in extrapolating these results. Including only uninjured athletes in this study may have limited the
results pertaining to attentional control and reaction times, as those
cognitive processes have previously been implicated as differing
between injured athletes and healthy, matched controls.8,16 Soccer
and basketball players exhibit different jump mechanics47; the low
number of basketball players who completed the study does not
allow for between-sport comparisons. The working memory secondary tasks used in this study deviate from multitasking in
competitive environments. However, they serve as a novel attempt
to isolate cognitive processes involved in the underlying cognitivemotor relationship.
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