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rowing evidence implicates several neuropsycho-
logical factors in the mechanism of noncontact

anterior cruciate ligament (ACL) sprains.' ¢ Just
before the joint loads is a short period of time when sensory
integration and complex motor planning must accurately
predict impending joint loads.” Errors in judgment or
unanticipated stimuli may cause a momentary loss of
situational awareness or startle responses.®®? If the brain’s
executive functioning is unable to successfully negotiate
the rapidly changing environmental conditions, then the
action-planning networks are disrupted and task uncertainty
ensues. The subsequent loss of neuromuscular control and
inability to optimally regulate knee-joint stiffness dimin-
ishes dynamic stability. This can lead to unconstrained
columnar buckling, which is often associated with noncon-
tact ACL injury pathomechanics.®!%!! In this article, I
briefly review anecdotal, theoretical, and clinical research
evidence for the brain’s role in maintaining joint stability
and neuropsychological factors that may render individuals
injury prone.

INJURIES AT THE SPEED OF THOUGHT

Although research on ACL injury pathomechanics has
advanced, the underlying reasons for uncoordinated, high-
velocity movements observed during noncontact sprains are
not well understood. Fundamental neuropsychological
characteristics are responsible for situational awareness,
sensory integration, motor planning, and coordination, all
of which control joint stiffness, and thus, may also
profoundly influence one’s overall injury-avoidance strat-
egy, regardless of sex.

Yasuda et al'?> suggested that the ACL may tear in less
than 70 milliseconds, but the earliest reflexive activity for
dynamic restraint requires at least 35 milliseconds to begin
developing muscle tension.!* Additionally, cognitive ap-
preciation of any coordination errors can take up to 500
milliseconds.'*!'* Therefore, the high movement velocities
and forces associated with athletics require advanced
cognitive planning through feed-forward motor control;
otherwise, overreliance on reflexive strategies for dynamic
stability may be insufficient to protect the ACL.">™""

Formulating these preprogrammed movement patterns,
even familiar ones, can take several hundred millsec-
onds.'>'® We know this because anticipatory postural
adjustments are observed 500 milliseconds before athletic
maneuvers; to stiffen the knee, preparatory thigh muscle
contractions predictably start 150 milliseconds before
loading.”'®* We even know that the reactive muscular

contractions typically associated with involuntary reflexes
can actually be preplanned in supraspinal regions.'® This
means that the entire sequence of biomechanical events
before an injury may have originated from errors or delays
in the perception or action neural networks responsible for
anticipating movement performance and joint-stability
prerequisites.

TUNING MUSCLE STIFFNESS

Bach et al*® and Nigg and Liu®' suggested that we
continuously adjust the viscoelastic properties of muscle
depending on the anticipated functional demands (eg,
landing, cutting, decelerating). The neural origin of this
“muscle tuning” has a net effect on muscle contractions
that can increase joint stiffness 10-fold, maximizing
performance while preserving joint equilibrium and
stability.?> To optimize stiffness for each task, the
surrounding physical environment must be quickly mod-
eled within the brain before the athletic maneuvers are
actually executed. This process is largely unconscious, and
in fact, conscious “overthinking” and arousal levels may
delay or interrupt routine functional maneuvers.

Several well-known neuropsychological characteristics
are important for quick formation of this internal model.
Several colleagues and I' captured prospective neuropsy-
chological data that included processing speed, reaction
time, memory, and visual-spatial abilities from a group of
collegiate athletes. The athletes who sustained noncontact
ACL tears had decreased scores for each of these
characteristics before injury. Although these deficits are
common in concussed athletes, recent authors>>* have also
found direct correlations, suggesting that more musculo-
skeletal injuries occur after mild head injuries. From these
combined results, we may infer that executive-function
skills have a substantial role in unintentional (accidental)
musculoskeletal injuries such as noncontact ACL sprains.

VISUAL-SPATIAL DISORIENTATION

These mental faculties have critical roles in maintaining
overall situational awareness by redirecting attention to
important environmental cues and simultaneously choosing
the appropriate anticipatory motor program necessary for
coordinated movements.®** Visual-spatial disorientation
may lead to task uncertainty, attenuated muscle activity,
and poor coordination.**?*> Similarly, if the athlete is
attempting to mentally negotiate multiple sensory stimuli or
motor tasks simultaneously, the additional cognitive load
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may be enough to slow reaction times and processing speed
and to diminish knee-stiffness—regulation strategies.?®

Usually athletes cope with sport-specific situational
demands and adjust their attention to focus on the
appropriate environmental cues, so they can plan move-
ments accordingly.?” However, during high-speed, complex
athletic maneuvers, cognitive faculties are under even
greater stress and may be unable to reconcile the
overabundant somatosensory information with the biome-
chanical demands of a rapidly changing physical environ-
ment. Unexpected joint loads during this planning period
may be inconsistent with the brain’s internal model of
anticipated events. Such is the case for noncontact ACL
injuries, during which the anticipated and real-life condi-
tions are unexpectedly incompatible. This leads to incor-
rect, preprogrammed knee-stiffness—regulation strategies
and movement errors.'® Moreover, if sudden, unanticipated
environmental stimuli occur, the involuntary startle re-
sponse may be provoked, superseding routine prepro-
grammed motor patterns.?®

UNANTICIPATED EVENTS

It is well documented that unanticipated events can
provoke a universal startle response within the central
nervous system, resulting in a brief, involuntary, and
widespread change in neuromuscular activity.”*® In terms
of reliance on visual information, athletes may suffer a brief
episode of “inattentional blindness” and fail to recognize
important visual cues simply because they were not
expecting them. Unanticipated images, even friendly faces,
can provoke startle responses, but the most common
research model uses acoustic stimuli.?® In recent research,’
colleagues and I provoked a startle response during the
preparatory phase, 100 milliseconds before a simple knee
perturbation. Knee-extensor moment increased briefly after
the startle response, but then knee stiffness diminished. If
this rapid sequence occurs during functional activities, the
temporary increase in the knee-extensor moment might
straighten the knee, but then a precipitous drop in knee
stiffness would leave the capsuloligamentous structures
exposed to excessive loads and columnar buckling beyond
the joint’s normal arthrokinematics.!' If the immediate
physical surroundings are not correctly anticipated or
suddenly change at an inopportune time, such as during
the preparatory phase of landing or cutting, then normal
stiffness-regulation strategies can be disrupted and dynamic
restraint will be compromised.

FUTURE DIRECTIONS

These preliminary theories may guide researchers to
pursue studies in several areas related to ACL injury
prevention. More data are needed to establish the precise
periods of time when individuals are vulnerable due to
cognitive demands such as sensory integration, decision
making, and motor planning. Sport-specific situations that
may disrupt situational awareness in athletes can be
explored, with particular focus given to visual attention in
high-intensity, dynamic, complex environments. Mapping
the specific neural networks used throughout the critical
interval of time when joint loading occurs also requires
investigation, especially among those individuals who have
sustained bilateral ACL injuries and in case-control

participants who remain injury free despite exposure to
high-risk sports. Lastly, additional neuropsychological
characteristics that may influence one’s ability to avoid
injury deserve attention; these include locus of control,
sensation seeking, kinesiophobia, stress, and emotional
regulation.

SUMMARY

Small mental errors in judgment or coordination at ill-
timed phases of movement planning could lead to the rapid,
premature onset of large joint forces during sports. If these
loads are not fully anticipated, then preprogrammed muscle
contractions may be insufficient for stiffness levels to
provide dynamic restraint, regardless of sex. This sequence
of events would limit the capacity of muscles to act in a
load-compensating manner, thereby exposing capsuloliga-
mentous structures to failure. The importance of various
neuropsychological characteristics in injury proneness
should be explored to enhance prevention and rehabilitation
strategies.
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