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Abstract Change-of-direction maneuvers (e.g., side-step
cutting) are an important aspect of performance in multi-
directional sports, but these maneuvers are also associated
with anterior cruciate ligament (ACL) injury. Despite this,
the impact of biomechanics on ACL injury risk and per-
formance is often examined in isolation. The purpose of
this review was to examine the alignment between
biomechanical recommendations for ACL injury preven-
tion and performance with regard to change-of-direction
maneuvers. Several studies linking change-of-direction
biomechanics to both ACL injury risk and performance
were examined. A degree of overlap was identified
between biomechanical strategies that could both reduce
ACL injury risk and enhance performance during change-
of-direction maneuvers. A fore-foot footfall pattern along
with trunk rotation and lateral flexion in the intended cut-
ting direction were identified as biomechanical strategies
that could both reduce potentially hazardous knee joint
moments and enhance change-of-direction speed. Mini-
mizing knee valgus during change-of-direction maneuvers
may also reduce ACL injury risk, with this biomechanical
strategy found to have no impact on performance. Certain
biomechanical strategies proposed to reduce ACL injury
risk were linked to reduced change-of-direction perfor-
mance. A narrow foot placement and “soft” landings with
greater knee flexion were identified as ACL injury pre-
vention strategies that could have a negative impact on
performance. The findings of this review emphasize the
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need to consider both ACL injury risk and performance
when examining the biomechanics of change-of-direction
maneuvers.

Key Points

Change-of-direction maneuvers that utilize a fore-
foot footfall pattern (i.e., toe landings) as well as
trunk rotation and lateral flexion towards the cutting
direction may both reduce anterior cruciate ligament
(ACL) injury risk and enhance performance. ACL
injury prevention programs that promote these
movement strategies are likely to be well received
and implemented by coaches and athletes because of
this dual benefit.

Performing a change-of-direction maneuver with a
narrow foot placement and with greater knee flexion
or a “soft” landing has the potential to reduce ACL
injury risk. Care must be taken when promoting
these movement strategies within ACL injury
prevention programs as they are also associated with
reduced performance.

The relationship between ACL injury risk and
change-of-direction performance must be considered
when implementing injury prevention programs to
ensure altered movement strategies are not being
employed at the expense of performance.
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1 Introduction

Change-of-direction maneuvers (e.g., side-step cutting) are
frequently performed and are an important determinant of
performance within multi-directional sports such as soccer,
rugby, Australian Rules football, and netball [1-6]. These
maneuvers are also associated with anterior cruciate liga-
ment (ACL) injury [7-9]. Although related to both sports
performance and ACL injury risk, these factors are often
investigated in isolation when examining change-of-direc-
tion maneuvers. While some studies recognize that modi-
fication of technique for injury prevention can impact
performance [10-13], this is not always acknowledged
within studies examining ACL injury risk [14—19]. There is
evidence to suggest that ACL injury prevention strategies
do not improve change-of-direction performance [20].
Coach and athlete behavior in sport is driven by perfor-
mance, therefore injury prevention strategies that have a
dual benefit (i.e., performance enhancement and injury risk
reduction) are more likely to be well-received and imple-
mented [20]. However, how ACL injury prevention rec-
ommendations relate to change-of-direction performance
recommendations, and vice versa, remains to be deter-
mined. Understanding the relationship between these two
factors may assist in the design of more appropriate ACL
injury prevention programs. The purpose of this review
was to summarize the literature surrounding change-of-
direction biomechanics relating to both ACL injury risk
and task performance. Specifically, this review aims to
examine the alignment between biomechanical recom-
mendations for ACL injury prevention and performance
with regard to change-of-direction maneuvers.

2 Characterizing Anterior Cruciate Ligament
(ACL) Injury Risk versus Performance

2.1 ACL Injury Risk

Injuries to the ACL occur when forces applied to the
ligament are greater than the loads it can withstand [21].
ACL injuries have been observed to occur with a forceful
valgus collapse and tibial rotation with the knee in a rel-
atively extended position [8, 22, 23]. Experimental studies
support these observations, where knee valgus and internal
rotation moments [24-27], reduced knee flexion
[24, 28, 29], and large anterior tibial shear forces [30] have
all been shown to increase ACL loads. ACL injury pre-
vention strategies targeting biomechanical technique
therefore revolve around minimizing the use of movement
strategies that promote these ACL loads. “Dynamic val-
gus” postures and greater peak knee abduction moments
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have been identified as key factors linked to increased ACL
injury risk [31]. Positions of “dynamic valgus” stem from
knee abduction combined with hip adduction and internal
rotation [31-33], all of which have been associated with
peak knee moments during athletic tasks [11, 16, 34]. A
more erect lower limb posture (i.e., reduced hip and knee
flexion) reduces the capacity to attenuate and absorb forces
at the knee [12, 15, 35]. Peak ACL strains have been shown
to occur when knee flexion angles are lowest [29], with
cadaveric data also showing a greater increase in ACL
loads in response to external moments when knee flexion
angles are reduced [28]. Increases in ACL strain and force
have also been reported with internal tibial rotation motion
and loads [24, 25]. Although external tibial rotation results
in minimal increases in ACL strain and force [24, 25],
rotation in this direction has also been observed during
ACL injury [8]. A number of biomechanical factors have
been linked to ACL loading or injury and are subsequently
used to characterize potential injury risk within biome-
chanical studies. Given the link to ACL loading and injury
risk, movement strategies that contribute to the presence of
these biomechanical factors should be avoided when per-
forming change-of-direction maneuvers.

2.2 Performance

Change-of-direction maneuvers in sports are often per-
formed to evade an opponent during attacking play [1, 4].
Technique is considered an important aspect of change-of-
direction performance [2], whereby the biomechanics of
the athlete can impact the performance speed [10, 36-39]
and deceptive qualities [4] of the maneuver. Biomechanical
studies have tended to characterize performance by how
quickly the athlete is able to complete certain parts of the
movement [4] or the total time taken to complete the cut-
ting movement (including the approach to and exit from the
movement) [10, 36, 37]. Ground contact time during the
step used to perform a change-of-direction maneuver is
another performance indicator used across the biome-
chanical literature [36, 37]. Reduced ground contact time
means athletes spend less time breaking and propelling
themselves in the new direction, resulting in faster change-
of-direction performance [37]. Studies have shown a neg-
ative correlation between ground contact and total cutting
time [36, 37], highlighting that shorter ground contact
times are associated with better overall cutting perfor-
mance. In addition to speed, an element of deception will
also benefit the athlete when a defender is present [4, 40].
Change-of-direction maneuvers that can be quickly per-
formed while disguising the athlete’s intention may there-
fore give the greatest performance advantage [4].
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3 Study Selection

Studies were identified for this review by searching online
databases (SPORTDiscus, AMED, MEDLINE, and
CINAHL) using a combination of relevant keywords.
Articles were included for review if they performed
biomechanical measurements of technique during a
change-of-direction maneuver and attempted to link this to
ACL injury risk factors or task performance. Following the
initial search, the reference lists of included articles were
examined for any further relevant studies. The following
sections outline the findings of included studies relevant to
specific aspects of change-of-direction technique and the
subsequent biomechanical recommendations for ACL
injury prevention versus performance.

4 Trunk Biomechanics

Proximal motion at the trunk appears to have a substantial
role in modulating the loads experienced at the knee and
potential ACL injury risk. Biomechanics of the trunk are
frequently linked to the loads experienced at the knee
during change-of-direction maneuvers
[11, 12, 14, 15, 38, 41]. Lateral flexion of the trunk away
from the intended change of direction has been linked to
greater knee abduction moments [12, 14, 15, 38]. This
relationship has been shown in both pre-planned and
unanticipated 45° [14, 15] and pre-planned 90° [11] side-
step cutting maneuvers. The relationship between lateral
trunk flexion and frontal plane knee moments can be
explained by a shift in the athlete’s weight laterally with
trunk lean, creating a laterally directed force vector [11].
This can increase the moment arm of the ground reaction
force vector relative to the knee joint in the frontal plane,
subsequently increasing the knee abduction moment
[11, 12, 15]. This relationship is further supported by video
analyses, where lateral torso flexion is a commonly
observed biomechanical characteristic of ACL injury
[23, 42]. Further, there is support for correcting this
movement strategy as a means to reduce frontal plane knee
loading. Simulations of side-step cutting show shifting the
whole-body center of mass medially towards the intended
cutting direction is an effective strategy for reducing knee
abduction moments [41]. Further, following 6 weeks of
technique modification training, a group of male athletes
were able to perform both pre-planned and unplanned 45°
side-step cuts with reduced lateral trunk flexion [12]. This
more neutral torso position was associated with reduced
peak knee abduction moments [12].

Rotation of the trunk away from the intended cutting
direction has also been linked to greater knee loads,

whereby this biomechanical strategy has been associated
with larger internal rotation moments during a pre-planned
45° side-step cut [15]. Lateral flexion and rotation of the
trunk in the intended cutting direction is therefore advo-
cated as an appropriate biomechanical strategy for reducing
ACL injury risk [11, 12, 14, 15]. This aligns with perfor-
mance recommendations, whereby cutting time can be
improved with rotation of the trunk [36] or by using a
biomechanical strategy that promotes greater lateral trunk
flexion [10] in the intended cutting direction. Rotation of
the trunk in the transverse plane has been linked to per-
formance times during side-step cutting [36]. Marshall
et al. [36] examined performance of a 75° side step in male
Gaelic hurling athletes. Performance was measured as
“total cutting time,” defined as the time taken to perform a
5-m approach to the side-step cut followed by a 5-m run to
a finish line [36]. Individuals with greater rotation of the
trunk toward the desired cutting direction during the
maneuver recorded faster cutting times [36]. Trunk rotation
was positively correlated with ankle plantar flexor power,
hence it was hypothesized that those with a more rotated
trunk were in a better body position to produce a greater
power output about the ankle [36].

It is important to note that these biomechanical links to
ACL injury risk factors and performance were identified
under planned change-of-direction conditions [11, 15, 36]
or where a consistent time to prepare the movement was
maintained [14]. Change-of-direction maneuvers often
require the athlete to react to a stimulus (e.g., an opposition
player’s movement; movement of play or the ball) [2].
Altered preparation time has been shown to impact the
biomechanical strategy used during side-step cutting, par-
ticularly with regard to the trunk [38]. Mornieux et al. [38]
examined the postural adaptations required to maintain
performance during an unanticipated 45° side-step cutting
maneuver, where the time available to prepare the
maneuver progressively reduced. In the step before and
during the change of direction, both trunk rotation and
lateral flexion in the opposite direction to the cutting
maneuver increased with reduced preparation time [38].
The greatest differences were observed for lateral trunk
flexion; thus, it was concluded that this biomechanical
strategy was the most relevant for maintaining performance
of a cutting maneuver under unpredictable conditions [38].
The upright and more laterally flexed trunk position may
also stem from the intended direction being unknown until
later in the movement, resulting in an inability to quickly
move the trunk towards this direction. While suited to
performance, this biomechanical strategy resulted in higher
knee abduction moments [38] and is also in direct conflict
with  ACL  injury prevention recommendations
[11, 12, 14, 15]. These findings highlight a potential trade-
off between ACL injury risk and performance when
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preparation time is reduced. Given that change-of-direction
maneuvers are commonly performed in response to a
stimulus in unpredictable sporting environments [2, 5], it
should be expected that athletes will encounter scenarios
that involve this trade-off. Under such circumstances,
avoidance of this altered trunk strategy would need to be
compensated for by other preparatory adjustments to
maintain change-of-direction performance during unpre-
dictable conditions [38]. ACL injury prevention programs
targeting trunk rotation and lateral flexion must therefore
promote compensatory strategies to ensure performance is
not sacrificed for injury prevention. Little evidence exists
as to what these strategies may be, thus additional research
on how to avoid hazardous trunk motion while maintaining
performance during unpredictable change-of-direction
scenarios is required [38].

S Hip Biomechanics

Like with the trunk, the proximal motion of the hip can
affect the loads experienced at the knee. Sagittal plane
motions at the hip during change-of-direction maneuvers
have been linked to biomechanical factors associated with
increased ACL loading or injury risk [10, 16, 34]. Greater
hip flexion at initial contact and during the early stance
phase of cutting maneuvers has been associated with larger
knee abduction moments [16, 34]. A link between hip
flexion and ACL injury risk is also supported by video
analyses, where ACL injuries were found to occur with
greater hip flexion immediately after landing compared
with relevant control (i.e., non-injurious) landings [42]. It
is not clear why the relationship between hip flexion and
frontal plane knee moments exists. Selective activation of
medial muscle groups in the lower limb has been identified
as a viable strategy for minimizing knee abduction
moments during side-step cutting [43, 44]. McLean et al.
[34] suggested excessive hip flexion at initial contact may
limit the capacity of these medial muscles to adequately
support against knee abduction loads, but their study design
did not allow for this hypothesis to be tested. Kipp et al.
[16] offered further explanation as to why this potential
relationship exists, suggesting that early rapid hip flexion
may rotate the trunk forward and away from the landing
leg, resulting in the center of pressure shifting in an ante-
rior and lateral direction. This shift in the center of pressure
away from the body increases the moment arm of the
ground reaction force relative to the knee. While hip
flexion early in stance has been associated with increased
frontal plane knee moments, Kipp et al. [16] found that
greater hip flexion across the entire stance phase of the
cutting maneuver was associated with reduced knee inter-
nal rotation moments. Again, the relationship between
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these variables is not entirely clear. However, it was pro-
posed that active flexion across the cutting maneuver may
better enable the major muscle groups crossing the knee to
absorb energy and more effectively minimize knee
moments in other planes of motion (i.e., transverse plane)
[16].

Transverse plane hip motion has also been linked to
frontal plane knee moments during changes of direction
[10, 17, 34, 45]. Specifically, greater internal rotation at the
hip has been associated with larger knee abduction
moments during a number of different cutting maneuvers
[17, 34, 45]. Excessive hip internal rotation can induce a
position of “dynamic valgus,” whereby the knee shifts
medially while the foot remains in contact with the ground
[33]. This may alter the moment arm in the frontal plane
about the knee, as the center of pressure is directed laterally
away from the knee joint [17]. In contrast, Havens and
Sigward [10] found that smaller degrees of hip internal
rotation were associated with larger frontal plane knee
loads during a 90° side-step cut. It was suggested that this
difference stemmed from the smaller cutting angle (i.e.,
45°) used in previous studies [17, 34].

In contrast to ACL injury risk, no relationship between
hip motion and side-step cutting performance appears to
have been found. However, Havens and Sigward [10]
showed that greater hip power generation in the sagittal
plane and hip extensor moments were predictive of shorter
completion times during a 45° side-step cut. It was sug-
gested that the hip extensors were mostly responsible for
generating power during the deceleration of the cutting
maneuver, hence their relation to performance [10]. The
greater redirection demands of a 90° versus 45° side-step
cut (i.e., cutting to a greater angle) were proposed to alter
the biomechanical strategies relevant to performance [10].
Hip power generation in the frontal rather than the sagittal
plane was found to predict shorter completion times during
90° side-step cuts [10]. The change-of-direction angle may
therefore be a factor to consider when evaluating both
biomechanical motions that may contribute to ACL injury
risk or influence performance. It appears that changes in
hip motion (particularly in the sagittal and transverse
plane) could be relevant targets for reducing ACL injury
risk while avoiding performance decrements. However, it
would be a requirement that these changes do not nega-
tively affect power generation at the hip to avoid sacrificing
performance for injury prevention.

6 Knee Biomechanics
The biomechanics of the knee have a direct influence on

the strain and force experienced by the ACL and thus have
a substantial impact on injury risk. A “dynamic valgus”
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posture stemming from combined knee abduction, hip
adduction, and hip internal rotation is acknowledged as a
key indicator of ACL injury risk [31]. Knee valgus has also
been associated with other biomechanical characteristics
linked to increased ACL loads and injury risk during
change-of-direction maneuvers [11, 13, 34, 45]. Specifi-
cally, numerous studies have linked greater knee valgus to
increased peak knee abduction moments during a range of
side-step cutting tasks [11, 13, 34, 45]. Kristianslund et al.
[13] found alignment of the lower limb had the greatest
impact on modulating knee abduction moments during
side-step cutting. Improving frontal plane knee alignment
during change-of-direction maneuvers has subsequently
been proposed as a viable strategy for reducing ACL injury
risk [11, 13, 34, 45].

Few studies have investigated the relationship between
knee valgus and cutting performance, but Marshall et al.
[36] found no relationship during a 75° side-step cut.
Similarly, large peak knee abduction moments have been
linked to higher ACL loads and injury risk [24-27, 31]
without any recognized relationship with change-of-direc-
tion performance [10]. Given this, improving valgus
alignment and minimizing frontal plane knee moments
during side-step cutting may be an appropriate strategy for
reducing ACL injury risk without sacrificing performance.
However, certain biomechanical strategies highlighted as
appropriate for reducing knee abduction moments could be
both detrimental (e.g., foot placement, see Sect. 8.3) or
positive (e.g., lateral directing of the trunk in the intended
cutting direction, see Sect. 4) for performance. Promoting
biomechanical strategies that achieve the latter may
therefore be more attractive for coaches within ACL injury
prevention programs.

In contrast to knee biomechanics in the frontal plane,
sagittal plane knee biomechanics may have a modulating
effect on side-step cutting performance. Altered sagittal
plane knee biomechanics may have the potential to
increase ground contact time and subsequently reduce
performance during change-of-direction maneuvers. Dai
et al. [39] examined the influence of instruction on side-
step cutting performance, whereby athletes were asked to
perform a 45° side-step cut as quickly as possible under
normal conditions, as well as while attempting to “land
with greater knee flexion.” Stance time (i.e., ground con-
tact time) increased when athletes were instructed to “land
with greater knee flexion” [39]. Greater peak knee flexion
was observed during these performances, with this increase
in range of motion likely contributing to the increase in
stance time [39]. Increasing knee flexion is a common
target within ACL injury prevention programs [46-51];
however, simply instructing athletes to perform cutting
maneuvers with greater knee flexion may be detrimental to
performance. Other forms of instructions that promote knee

flexion without the reduction in speed, or other modifica-
tions to technique that enhance change-of-direction speed
in conjunction with increased knee flexion, are likely
required.

7 Ankle Biomechanics

Recent work has begun to establish a relationship between
ankle biomechanics and the potential for ACL injury risk.
In particular, the impact of footfall pattern (i.e., rear foot
vs. fore foot) on side-step cutting biomechanics has been
investigated [13, 18, 19]. These patterns are directly related
to the magnitude of ankle plantarflexion versus dorsiflexion
present at initial contact of the cutting maneuver. The use
of a fore-foot strike pattern has been suggested to reduce
the loads placed on the knee joint and ACL [13, 18, 19].
Yoshida et al. [18] found knee valgus angles tended to be
smaller during 60° side-step cuts performed with a fore-
foot pattern. Similarly, Kristianslund et al. [13] found “toe
landings” (i.e., a fore-foot pattern) were associated with
reduced peak knee abduction moments during side-step
cutting. The toe landing appeared to help athletes better
align their lower extremity to reduce the moment arm of
the ground reaction force in the frontal plane [13]. These
findings were further supported by a study showing that
athletes who used a habitual rear-foot strike pattern during
unplanned side-step cuts absorb greater work and power
through the knee, resulting in elevated peak knee abduction
moments [19].

Ankle biomechanics have also been linked to change-of-
direction performance [10, 36]. Greater ankle plantarflex-
ion moments have been associated with improved perfor-
mance during both 45° [10] and 75° [36] side-step cuts.
Further, Marshall et al. [36] found that greater peak ankle
power was also associated with faster times to complete the
75° side-step cutting task examined. Concentric power at
the ankle was the strongest predictor of cutting perfor-
mance within this study [36]. This is not surprising, as
concentric ankle power is an important performance indi-
cator in other explosive movements such as sprinting [52]
and vertical jumping [53]. The ankle has been suggested to
play an important role in the production of horizontal
velocity after the center of mass is in front of the center of
pressure [52]. Power and force generation by the ankle is
likely of great importance during the final stages of change-
of-direction maneuvers, where the center of mass is ahead
of the plant foot in the intended new direction. In the
aforementioned study by Donnelly et al. [19], greater peak
ankle plantarflexion moments were observed in those who
utilized a fore-foot footfall pattern. A fore-foot footfall
pattern during side-step cutting may therefore protect
against ACL injury risk by improving frontal plane knee
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alignment and reducing knee abduction moments while
also providing a performance advantage by increasing the
ankle plantarflexion moment.

Certain individuals shift to a fore-foot footfall pattern at
higher running speeds during straight-line running [54].
Currently there is little evidence to suggest that approach
speed modulates footfall pattern during side-step cutting,
with no differences in speed observed between rear- and
fore-foot patterns [19]. However, the speeds at which these
cuts were performed (~ 4.3 m-s~ ') [19] did not reach the
speed at which most individuals shifted to a fore-foot
footfall pattern during straight-line running
(5.1-6.2 m-s™ ") [54]. It may be that further increases in
approach speed during side-step cutting may result in
individuals naturally shifting to a fore-foot footfall pattern.
Higher approach speeds are related to increased perfor-
mance but result in higher knee loads [55], whereas a fore-
foot footfall pattern is related to both increased perfor-
mance and reduced knee loads [19]. A natural shift to a
fore-foot footfall pattern may counteract the increase in
knee loads associated with higher approach speeds and
subsequently present a protective effect against ACL
injuries with increased performance. However, further
work is required to establish whether this relationship
between higher approach speeds and footfall pattern exists.

8 Other Factors
8.1 Overall Technique

The overall technique with which an athlete performs a
change of direction may be associated with knee biome-
chanics and subsequent ACL injury risk. Trewartha et al.
[56] investigated the effect of overall change-of-direction
technique on peak knee joint moments in a group of male
rugby players. Knee joint moments were compared
between two techniques: a side step (i.e., changing direc-
tion in one step by planting a leg to the side of the body to
push off in the opposite direction [4]) and split step (i.e.,
landing from a small jump on both feet and using the foot
opposite the intended direction to initiate the change of
direction [4]). While no overall group differences were
identified, individuals who were most successful in dis-
tributing the ground reaction forces between both limbs
during the split step were found to reduce peak frontal and
transverse plane knee moments when using this technique
[56]. Effective use of this technique may therefore reduce
potentially hazardous knee loading and minimize ACL
injury risk. The split step may also be a viable change-of-
direction technique from a performance perspective.
Bradshaw et al. [4] examined the deceptive power and
speed of this technique in addition to the side step and
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shuffle techniques (a series of small “side steps” with
minimal lateral trunk displacement followed by a final
larger side step to change direction). With regard to
deceptive power, athletes viewing videos of the three
techniques were slower and less accurate in their guesses of
the cutting direction when viewing the split step compared
with the shuffle and side step [4]. While no differences
were found in the entry and exit times across the tech-
niques, the split step incurred a greater foot plant prepa-
ration time (i.e., longer time to prepare the movement) [4].
The split-step change-of-direction technique may present
both injury risk reduction and performance benefits, but
this may only be relevant to certain athletes in certain sit-
uations. The potential reduction of ACL injury risk relies
on the athlete being proficient in distributing the loads
between limbs [56], and performance benefits may only be
seen in one-on-one situations where time constraints on
movement preparation are less restrictive [4].

8.2 Approach Speed and Cutting Angle

The speed at which a player approaches a change-of-di-
rection maneuver, as well as the resultant angle at which
the change of direction is performed, have also been linked
to peak knee abduction moments and thus potential ACL
injury risk [13, 55]. Side-step cuts performed with a faster
approach speed and larger cutting angle (i.e., a sharper cut)
require greater impulse to perform the movement [13]. This
is reflected in the higher ground reaction forces and sub-
sequent higher knee abduction moments observed with
side-step cuts performed with these characteristics [13]. It
is important to note that an increase in knee loading and
potential for injury risk could be expected with faster
performance of change-of-direction maneuvers, particu-
larly when approach speed is increased [13, 55]. Given its
relation to performance, reduction of approach speed
should not be considered a viable ACL injury prevention
strategy [13]. Despite this, commonly used instructional
methods within injury prevention programs could inad-
vertently alter athletes’ approach speeds during change-of-
direction maneuvers. ACL injury prevention programs
often use feedback protocols that emphasize a “soft”
landing style, generally achieved by increasing flexion at
lower limb joints or minimizing landing noise [46-51].
While this may reduce the load placed on the ACL during
change-of-direction maneuvers, the strategies athletes use
to achieve this landing style may have detrimental effects
on performance. Reduced approach and take-off speeds
and increased ground contact times have been observed
during side-step cuts performed by athletes attempting to
land “softly” or with greater knee flexion [39]. The per-
formance decrements were suggested to stem from the
athlete’s attempts to meet the landing technique
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instructions [39]. These findings highlight how athletes can
sacrifice performance to meet the instructional demands set
out by an injury prevention program. Whether this is a
conscious or sub-conscious decision by athletes, care must
be taken when using such instructions within injury pre-
vention programs given how they can impact performance.

8.3 Foot Placement

Foot placement is a biomechanical characteristic com-
monly linked to knee moments during side-step cutting
[11, 13, 15]. A wider foot placement is characterized by the
planted cutting foot being placed further from the body or
center of mass [13, 15] and can occur with greater hip
abduction [17]. In contrast, a narrow or close foot place-
ment refers to the planted cutting foot being placed closer
to the body [15]. A wide foot placement technique was
imposed on athletes in the study by Dempsey et al. [12],
which resulted in significantly greater peak knee abduction
and internal rotation moments [12]. Similarly, Kris-
tianslund et al. [13] found that “wider” side-step cuts (i.e.,
foot placed further away from the body’s center of mass)
resulted in larger peak knee abduction moments during a
handball-specific side-step cutting task. Jones et al. [11]
found that lateral leg plant distance was linked to peak
knee abduction moments during pre-planned 90° side-step
cuts. Greater separation of the medial-lateral center of
pressure with respect to the center of mass, indicative of a
wider foot placement, has also been associated with larger
knee abduction moments during 45° side-step cuts [10].
Further studies have linked greater hip abduction to larger
knee abduction moments during various change-of-direc-
tion maneuvers [10, 17]. A wider foot placement results in
the center of pressure moving laterally, altering the ground
reaction forces moment arm relative to the knee [17]. This
creates a large moment arm for the vertical force at the
distal tibia and subsequently increases the knee abduction
moment [13, 17].

While a wider foot placement has the potential to
increase knee loads and potential ACL injury risk, it may
provide performance benefits during change-of-direction
maneuvers. Shorter completion times have been linked to a
larger medial-lateral distance from the center of pressure to
the center of mass (i.e., a wider foot placement) during 45°
side-step cuts [10]. The greater medial-lateral center of
pressure to center of mass separation distance was sug-
gested to allow for acceleration and momentum generation
towards the new direction [10]. While shifting foot place-
ment closer to the whole-body center of mass (i.e., a more
narrow foot placement) has been advocated as a biome-
chanical strategy for reducing knee abduction moments
[12, 15], this strategy may be detrimental to performance.
During changes of direction, medial ground reaction forces

are generated by increasing lateral foot plant distance to
accelerate the body in the intended direction [11]. This
presents a direct conflict between what is presented as an
appropriate biomechanical strategy for reducing ACL
injury risk and performance. Despite this apparent conflict,
Dempsey et al. [12] found no change in performance
characteristics of a side-step cutting maneuver when ath-
letes shifted to a narrower foot placement. Together, these
findings stress the importance of monitoring change-of-
direction performance with alterations to foot placement to
ensure this biomechanical strategy is not employed at the
expense of performance. If this is the case, additional
adjustments to the athlete’s technique may be required to
counteract the performance decrements associated with this
narrower foot placement.

9 Limitations and Recommendations

This review was potentially limited by how performance
was characterized across the biomechanical literature. For
the most part, “performance” was inferred using total
cutting times during tasks that incorporated approaches to
and exits from the cutting maneuver [10, 36, 37]. Straight-
line running speed could contribute to better performance
of these maneuvers in such studies, which could affect the
observed relationships between biomechanical cutting
technique and “performance.” Further, these studies did
not examine performance in unanticipated scenarios
[10, 36, 37]. The ability to change direction in response to
stimulus is an important aspect of change-of-direction
performance in competitive environments [2]. Investigat-
ing change-of-direction biomechanics in unanticipated
scenarios is an important aspect of understanding perfor-
mance and should therefore be considered in future work.

Several studies in this review focused on relating the
biomechanics of change-of-direction maneuvers to ACL
injury risk or performance in isolation [14-19, 36, 37]. The
findings of this review highlight how this approach can
result in conflicting recommendations with regard to these
two important areas. Whether the target is ACL injury
prevention or performance, altering change-of-direction
biomechanics will likely affect both these areas and hence
must be considered together. Future studies should incor-
porate appropriate experimental or in silico methods to test
the interaction between ACL injury risk and performance
during change-of-direction maneuvers, rather than focusing
on one factor in isolation.
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10 Conclusions

Overall, the alignment of biomechanical recommendations
for ACL injury prevention and change-of-direction per-
formance is mixed. A degree of overlap was identified
between biomechanical strategies that are recommended
for both reducing ACL injury risk and enhancing change-
of-direction performance. A fore-foot footfall pattern as
well as trunk rotation and lateral flexion in the intended
cutting direction were identified as biomechanical strate-
gies that both reduce ACL injury risk and enhance per-
formance. Minimizing knee valgus and knee abduction
moments during change-of-direction maneuvers may also
reduce ACL injury risk without affecting performance.
However, the biomechanical strategies used to minimize
frontal plane knee moments must be considered as the
various approaches promoted may have differing effects on
altering performance. In contrast, certain biomechanical
strategies proposed to reduce ACL injury risk, such as a
narrow foot placement and “soft” landings with greater
knee flexion, must be carefully considered given their
potential detrimental effect on change-of-direction perfor-
mance. Where these biomechanical strategies are promoted
for ACL injury prevention, additional adjustments should
be made to the cutting technique to avoid any associated
performance decrements. This review emphasizes the
importance of considering both ACL injury risk and per-
formance when examining change-of-direction maneuvers.
Injury prevention programs that target the biomechanics of
change-of-direction maneuvers must also consider how any
changes could impact performance to ensure one is not
emphasized over the other.
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