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Trunk motion and anterior cruciate ligament injuries: a 
narrative review of injury videos and controlled jump-landing 
and cutting tasks
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ABSTRACT
The aims of this narrative review were to summarise trunk motion 
and external trunk perturbation observed in anterior cruciate liga
ment (ACL) injury videos and to review the association between 
trunk motion and ACL loading variables in controlled jump-landing 
and cutting tasks in non-injured populations. Video analyses have 
shown limited trunk flexion and increased trunk lateral bending 
towards the injured leg are associated with increased risk of ACL 
injuries, while trunk axial rotation away from the injured leg is more 
frequent than rotation towards the injured leg. Contact with the 
trunk before and at the time of the injury is common and might 
increase the risk of ACL injury. Controlled jump-landing and cutting 
studies have shown that limited trunk flexion and increased 
trunk lateral bending are associated with increased ACL loading. 
However, the findings of trunk axial rotation are not consistent with 
most video analyses. Mid-flight external trunk perturbation could 
increase ACL loading variables for one leg and is consistent with the 
videos of trunk-contact ACL injuries. These findings may help 
understand the role of trunk motion on primary ACL injury mechan
isms and improve ACL injury screening tasks and ACL injury pre
vention strategies with the consideration of trunk motion.
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Introduction

The anterior cruciate ligament (ACL) injury is one of the most common severe injuries in 
athletes (Kay et al., 2017). ACL injuries place a financial burden on society (Mather et al., 
2013) and result in compromised sports careers (Wise & Gallo, 2019), abnormal strength 
and balance performance (Dai et al., in press), elevated rates of knee osteoarthritis 
(Poulsen et al., 2019), and increased risk of secondary ACL injuries (Barber-Westin & 
Noyes, 2020). Although extensive research has been conducted to understand ACL injury 
mechanisms and develop ACL prevention programmes (Dai et al., 2014), ACL injury 
rates have not decreased (Agel et al., 2016).

The strain experienced by the ACL is directly affected by the kinematics of the 
tibiofemoral joint (Englander et al., 2019). Consequently, previous studies have focused 
on understanding the effects of lower extremity biomechanics on ACL loading 
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mechanisms and injury risk (Carlson et al., 2016; Dai et al., 2014; Sharir et al., 2016). 
Reduced knee flexion angles, increased tibial anterior shear and compressive forces, 
increased knee internal rotation angles, and increased knee abduction angles have been 
shown to be associated with increased ACL loading (Dai et al., 2014, 2015; Englander 
et al., 2019; Oh et al., 2012). Video analyses have observed that ACL injuries commonly 
occur shortly after the initial ground contact during landing and cutting tasks with small 
knee flexion angles and increased knee internal rotation and abduction angles (Carlson 
et al., 2016; Dai et al., 2014; Koga et al., 2010). Some evidence suggests that landing 
biomechanics, including decreased knee flexion angles, greater impact vertical ground 
reaction forces (GRF), and increased knee abduction angles and moments, are associated 
with increased risk of future ACL injuries (Hewett et al., 2005; Leppanen, Pasanen, 
Krosshaug et al., 2017; Leppanen, Pasanen, Kujala et al., 2017; Padua et al., 2015), 
although the sensitivities of these predictions could be poor (Krosshaug et al., 2016; 
Leppanen, Pasanen, Krosshaug et al., 2017; Leppanen, Pasanen, Kujala et al., 2017; Smith 
et al., 2012). Better identification of other biomechanical factors associated with ACL 
injuries will help improve ACL injury-prevention strategies.

Trunk motion includes trunk flexion-extension, lateral bending, and axial rotation 
around the medial-lateral, anterior-posterior, and longitudinal axes, respectively. In 
addition, an individual may experience trunk perturbation, defined as external forces 
being applied to the trunk by external objects (other players, balls, equipment, etc.). From 
a mechanical perspective, trunk motion could affect knee loading through multiple 
mechanisms. First, the trunk, head, and arms comprise nearly 60% of the bodyweight 
(De Leva, 1996). Trunk motion will affect the whole-body centre of mass position and 
redistribute the centre of mass of each segment to change the external loading imposed 
on the knee (Davis et al., 2019). Second, the trunk and lower extremities act as a kinetic 
chain, so the motion of the trunk could influence the motion and therefore loading of the 
knee (Hewett & Myer, 2011). Third, an individual’s centre of mass is a predetermined 
parabola in flight when no external forces are applied. The effects of self-initiated trunk 
motion on the whole-body centre of mass need to be counterbalanced by the lower body, 
which could consequently affect landing mechanics (Hinshaw et al., 2019). Fourth, 
external forces may be applied to the trunk to modify the whole-body motion and 
knee loading during athletic tasks (Yom et al., 2014). Fifth, trunk flexion is often 
accompanied by anterior pelvic tilt, which will alter the length of muscles which originate 
on the pelvis and insert onto the tibia/fibula (e.g., rectus femoris, hamstrings, gracilis). 
The change in length of these muscles will alter their potential force output, based on the 
force-length and force-velocity relationships, which in turn will likely alter the loading of 
the knee (Hughes, 2014). A previous review has summarised the evidence to connect 
trunk lateral bending and knee abduction angles (Hewett & Myer, 2011). However, there 
is a lack of review of trunk motion and perturbation and their association with ACL 
injury risk in all three planes of motion from the perspectives of video analyses and 
laboratory-controlled athletic tasks (Hughes, 2014).

Therefore, the first purpose of the current narrative review was to summarise trunk 
motion in the sagittal, frontal, and transverse planes, as well as external perturbation 
applied to the trunk, observed in ACL injury videos. The second purpose was to review 
the association between trunk motion in the sagittal, frontal, and transverse planes and 
ACL loading variables in controlled jump-landing and cutting tasks in non-injured 
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populations. The current review was focused on the mechanisms of primary ACL 
injuries, which were more commonly studied in video-analysis and laboratory- 
controlled studies compared to secondary ACL injuries.

Literature search and study selection

Potential studies were identified by searching the PubMed electronic database. Different 
combinations of search terms were used: ‘anterior cruciate ligament’, ‘ACL’, ‘ACL injury’, 
‘ACL injuries’, ‘landing’, ‘cutting’, ‘trunk’, ‘video’, ‘biomechanics’, ‘force’, ‘kinematics’, 
and ‘kinetics’. The studies relevant to the topics of the current review were included. 
Additional studies were included based on the references cited in previously identified 
studies. The current narrative review attempted to cover several topics, while there was 
limited literature for certain areas. Therefore, a meta-analysis with a stricter literature 
search and study selection strategy was not performed.

Video analyses of trunk motion during ACL injury

Video analyses of ACL injuries provide direct information on how the body’s motion and 
the external environment may cause ACL injuries in complex sports situations. While 
most studies focus on knee kinematics (Dai et al., 2014; Koga et al., 2010; Krosshaug et al., 
2007), several studies have quantified trunk motion in the sagittal and frontal planes near 
the time of ACL injuries (Table 1). Sheehan et al. (2012) evaluated sagittal-plane single- 
leg landing videos in ACL-injured and uninjured athletes. The ACL injuries were 
characterised by a greater anterior-posterior distance between the centre of mass and 
base of support, which resulted from increased thigh angles of the injured side and less 
trunk flexion. Hewett et al. (2009) compared videos of ACL injuries to controlled videos 
in which athletes were not injured when basketball players performed landing or cutting 
tasks. The analyses showed injured female players tended to demonstrate less trunk 
flexion and greater trunk lateral bending towards the injured leg compared to uninjured 
female players. Della Villa et al. (2020) assessed 134 ACL injury videos in male soccer 
athletes and showed that the trunk was upright and bent towards the injured leg near the 
time of the injury.

Some studies have also qualitatively described trunk motion in ACL injury videos. 
Boden et al. (2000) mentioned that many injured athletes experienced trunk extension in 
sudden deceleration tasks. Stuelcken et al. (2016) observed trunk lateral bending to the 
injured leg in 44% of the injuries. Montgomery et al. (2018) found minimal trunk axial 
rotation or trunk axial rotation towards the injured leg near the time of injury in male 
rugby players, while three other studies found that the trunk was likely to have minimal 
axial rotation or rotate towards the uninjured leg in male soccer and female netball 
players (Della Villa et al., 2020; Stuelcken et al., 2016; Walden et al., 2015).

In summary, the findings of both quantitative and qualitative video analyses suggest 
that limited trunk flexion, increased distance between the centre of mass and the base of 
support in the sagittal plane, and trunk lateral bending towards the landing or cutting leg 
are associated with increased risk of ACL injuries. Inconsistencies have been observed for 
trunk axial rotation, but three of the four studies have observed that the trunk is more 
likely to rotate away from the injured leg. Despite the valuable information provided by 
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video analyses, several limitations should be noted. First, while researchers attempted to 
obtain videos that closely captured the sagittal and frontal planes’ motion, the three- 
dimensional (3D) nature of athletic movements and the uncontrolled camera positions 
could introduce errors. Second, there is a lack of quantification of transverse plane 
motion, potentially due to the difficulty of obtaining such videos. Third, researchers 
developed 3D image-matching techniques to overcome the limitations of two- 
dimensional (2D) analyses, but these analyses were only applied to the knee joint with 
noticeable errors (Krosshaug & Bahr, 2005). On the other hand, more accurate methods, 
such as the direct linear transformation procedure, often require camera calibration and 
may not be widely applicable (Dai et al., 2015). Fourth, injury videos do not directly 
provide kinetic data, which are important for assessing the loading of the ACL. 
Therefore, future studies are needed to improve the accuracy of kinematic analyses 
with uncalibrated cameras, and further efforts are needed to derive valid kinetic variables 
from these kinematic data. In addition, quantitative assessments of 3D trunk motion, 
particularly trunk axial rotation, should be considered. Collectively, these advances will 
help further understand whole-body motion and lower limb joint kinetics during ACL 
injury events.

Video analyses of trunk perturbation during ACL injury

Most ACL injuries occur without direct contact with the injured knee, but indirect 
contact, defined as contact with other body parts, is common (Table 1). Overall, previous 
studies have reported a range of indirect-contact ACL injuries from 8% to 60% (pooled 
percentages: non-contact (47%), indirect contact (34%), and direct contact (19%)), 
primarily in soccer, basketball, team handball, rugby, and netball (Brophy et al., 2015; 
Cochrane et al., 2007; Della Villa et al., 2020; Grassi et al., 2017; Johnston et al., 2018; 
Koga et al., 2010; Krosshaug et al., 2007; Montgomery et al., 2018; Olsen et al., 2004; 
Stuelcken et al., 2016; Walden et al., 2015). In addition, contact with the trunk and/or 
arms consisted of more than 80% of the indirect contact near the time of ACL injuries 
(Della Villa et al., 2020; Grassi et al., 2017; Koga et al., 2010; Olsen et al., 2004; Walden 
et al., 2015). Furthermore, contact with the trunk was frequently observed prior to the 
time of non-contact and indirect-contact ACL injuries (Della Villa et al., 2020; Krosshaug 
et al., 2007; Walden et al., 2015).

In summary, contact with the trunk prior to or during the early phase of landing and 
cutting might increase the risk of ACL injury. Contact with the trunk could increase 
trunk lateral bending and decrease trunk flexion (Walden et al., 2015), which have been 
previously proposed as high-risk trunk motions for ACL injuries. Contact with the 
trunk in flight could also shift the centre of mass of the trunk and lead to landings 
primarily on a single leg (Stuelcken et al., 2016; Walden et al., 2015). Lastly, contact 
with the trunk might directly apply force and perturbation to the whole body, resulting 
in increased knee loading and suboptimal knee controls (Della Villa et al., 2020). 
However, previous studies are limited to qualitative analysis of the presence of trunk 
contact. Future quantitative studies are encouraged to document the timing and 
location of the contact with the trunk. The duration, type, and estimated forces of 
contact will help understand the mechanical effects of the contact on body movements 
and consequent landing and cutting mechanics. In addition, knee mechanics should be 
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compared between trunk-contact injuries and non-contact injuries to identify whether 
trunk-contact induces different ACL injury mechanisms.

Sagittal-plane trunk motion and knee loading during jump-landing and 
cutting tasks

Another strategy to overcome the limitations of video analyses is to assess the effects of 
kinematic patterns and perturbation observed in ACL injuries on controlled jump- 
landing and cutting biomechanics in non-injured populations. Although actual ACL 
injuries are not likely observed in a laboratory setting, accurate kinematic and kinetic 
data can be collected to quantify the relationship between altered trunk motion and ACL 
loading variables. These relationships have been assessed through correlational analyses, 
short-term training through instruction and feedback, and long-term intervention.

Many studies have determined the influence of trunk flexion on knee loading in jump- 
landing tasks. Blackburn and Padua (2008, 2009) found that active trunk flexion 
increased both hip and knee flexion angles and decreased peak vertical GRF and mean 
quadriceps muscle activity compared to neutral trunk flexion in a double-leg drop 
landing. Shimokochi et al. (2013) demonstrated that increased trunk flexion resulted in 
increased knee flexion angles and decreased peak vertical GRF and internal knee exten
sion moments compared to neutral and limited trunk flexion in a single-leg landing. Saito 
et al. (in press) also showed that increased trunk flexion increased knee flexion angles and 
hamstring/quadriceps activity ratio compared to neutral and trunk extension conditions 
in a single-leg landing. In addition, a correlation study showed a negative relationship 
between the anterior centre of pressure positions, likely resulting from greater trunk 
bending, and internal knee extension moments in a single-leg landing (Shimokochi et al., 
2009). In a simulation study, the researchers introduced changes to landing height and 
trunk extension and assessed their effects on peak ACL forces in downhill skiing landing. 
Peak ACL forces were approximately eight times more sensitive to trunk extension 
compared to landing height (Heinrich et al., 2018). Previously mentioned studies have 
emphasised trunk position at the initial ground contact and trunk motion during the 
initial landing phase. Meanwhile, Davis et al. (2019) quantified the effect of mid-flight 
trunk flexion and extension on landing mechanics. Mid-flight trunk extension resulted in 
a more posteriorly positioned whole-body centre of mass related to the knee joints in 
flight and at initial ground contact of landing. Decreased knee and hip flexion angles and 
increased peak posterior GRF, internal knee and hip extension moments, and knee 
adduction moments were observed for the trunk extension condition.

Less research has been conducted to quantify the effects of sagittal-plane trunk motion 
on knee loading in cutting tasks. Jamison et al. (2013) observed that greater co- 
contraction of the back extensors at the level of the 5th lumbar spine significantly 
correlated with increased peak external knee abduction moments and less change of 
trunk flexion in side-cutting tasks. The authors suggested that a stiffened spine before 
landing may reduce the range of motion of the trunk flexion, leading to increased knee 
abduction moments. Whyte et al. (2018) demonstrated that unanticipated cross-cutting 
resulted in decreased trunk flexion and lateral bending towards the cutting direction, as 
well as increased internal knee extension and abduction moments, compared to antici
pated cross-cutting. The authors interpreted that unanticipated cutting resulted in 
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decreased efficiency of redirecting the centre of mass towards the cutting direction, 
demonstrated by altered trunk kinematics. The altered trunk motion then led to changes 
in knee biomechanics associated with increased ACL loading.

In summary, the literature has documented that trunk extension or limited trunk 
flexion may result in knee mechanics associated with increased ACL loading during 
jump-landing and cutting tasks. First, trunk extension would move the centre of mass of 
the upper body backward. From a top-down perspective, this backward movement will 
likely increase the external moment arm of the upper body centre of mass about the knee 
joint and therefore impose a greater knee moment (Figure 1). Second, increased trunk 
flexion is typically accompanied by hip and knee flexion to keep the whole-body centre of 
mass within the base of support. Increased lower extremity flexion allows individuals to 
increase the time and range of motion to reduce their downward momentum, which may 
decrease impact vertical GRF, knee moments, and average quadriceps muscle activities. 
Third, mid-flight trunk extension may result in backward movements of the upper body 
centre of mass, which needs to be counterbalanced by the forward movement of the lower 
body. As a result, the knee could be placed further forward from the centre of mass and 
experience greater external loading (Figure 2). These findings in controlled jump-landing 
and cutting tasks were consistent with previously reviewed video analyses, suggesting 
limited trunk flexion and increased distance between the centre of mass and base of 
support in the sagittal plane were associated with increased risk of ACL injuries.

Frontal and transverse planes trunk motion and knee loading during 
jump-landing and cutting tasks

Jump-landing studies have also assessed the effects of frontal plane trunk motion on knee 
mechanics. Saito et al. (in press) observed that trunk lateral bending to either side 

Figure 1. Limited trunk flexion (right) increases the external flexion moment arm of the upper body 
centre of mass about the knee joint in the sagittal plane compared to increased trunk flexion (left) in 
a single-leg stance posture.
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increased peak knee valgus angles compared to the neutral condition in a single-leg 
landing. Chijimatsu et al. (2020) instructed participants to limit trunk lateral bending in 
a single-leg landing task through video feedback. The training decreased trunk lateral 
bending, peak external knee abduction moments, and knee abduction and internal 
rotation angles at initial ground contact. Regarding mid-flight trunk motion, Dempsey 
et al. (2012) demonstrated that landing after catching a laterally placed ball in mid-flight 
increased peak external knee abduction moments compared to catching a medially 
placed ball in a single-leg landing task. Similarly, Zahradnik et al. (2020) showed that 
mid-flight reaching of a laterally placed volleyball with trunk lateral bending decreased 
knee flexion angles and increased impact vertical GRF for the leg ipsilateral to the 
reaching direction. Hinshaw et al. (2019) assessed the effects of mid-flight trunk lateral 
bending on the centre of mass trajectories and knee mechanics during a double-leg 
landing. The mid-flight trunk lateral bending moved the trunk centre of mass to one side, 
and the countermovement of the lower body resulted in asymmetric landing posture at 
initial ground contact. Consequently, the leg ipsilateral to the bending direction experi
enced great impact vertical GRF and increased knee abduction and internal rotation 
angles during landing compared to the neutral trunk condition. The effects of trunk 
lateral bending on ACL injury risk were further supported by a prospective one-year 
follow-up study (Dingenen et al., 2015). Young female athletes who suffered ACL injuries 
demonstrated greater trunk lateral bending towards the landing leg and greater knee 
valgus angles in a single-leg landing task at baseline compared to those who did not suffer 
ACL injuries. Less research has been conducted to quantify the effects of trunk axial 
rotation on jump-landing mechanics. One study by Critchley et al. (2020) showed that 
mid-flight trunk axial rotation resulted in decreased knee flexion angles and increased 
peak impact vertical GRF, internal knee extension moments, and knee abduction and 
internal rotation angles for the ipsilateral leg compared to the neutral trunk condition 
during double-leg landings.

Similar effects of trunk lateral bending and axial rotation on knee loading have been 
observed in side-cutting tasks. Dempsey et al. (2007) found that trunk lateral bending 
towards the cutting leg resulted in increased peak external knee abduction moments 

Figure 2. The takeoff (left), maximal height (middle), and initial ground contact (right) of a jump- 
landing with mid-flight trunk extension. Mid-flight trunk extension results in backward movements of 
the upper body centre and forward movement of the lower body, leading to increased external flexion 
moment arm of the upper body centre of mass about the knee joint in the sagittal plane.
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compared to trunk bending towards the cutting direction (opposite to the cutting leg). In 
addition, trunk axial rotation towards the cutting leg increased peak knee internal 
rotation moments compared to the neutral condition. Furthermore, a wider foot place
ment, which involved an increased lateral distance between the centre of mass and foot in 
the frontal plane, increased the peak knee abduction and internal rotation moments 
compared to the neutral condition. Consistently, several correlational studies have 
demonstrated that peak external knee abduction moments positively correlated with 
trunk lateral bending and axial rotation towards the cutting leg as well as the width of the 
cutting foot placement in side-cutting tasks (Frank et al., 2013; Havens & Sigward, 2015; 
Jamison et al., 2012; Jones et al., 2015; Kristianslund et al., 2014). Dempsey et al. (2009) 
conducted an intervention study to quantify the effects of 6-week technique training 
focusing on narrow foot placement and minimal trunk lateral bending in side-cutting 
tasks. Following the training, participants demonstrated decreased trunk lateral bending 
and peak external knee abduction moments. A recent review (Fox, 2018) has recom
mended trunk lateral bending and rotation towards the cutting direction as preferred 
techniques to reduce knee loading without compromising performance. Meanwhile, 
a narrow foot placement might be beneficial for ACL injury prevention but could 
decrease performance.

In summary, the literature has well documented that trunk lateral bending could lead to 
knee mechanics associated with increased ACL loading for the leg ipsilateral to the bending 
direction in jump-landing and cutting tasks. First, trunk lateral bending could shift the trunk 
centre of mass and GRF vector laterally relative to the hip and knee and subsequently increase 
external knee abduction moments and knee abduction angles (Hewett & Myer, 2011, Figure 
3). Second, trunk lateral bending could move most of the bodyweight towards one leg and 
therefore increase asymmetry between legs during double-leg landings. Third, mid-flight 
trunk lateral bending requires the lower body to move in the opposite direction, resulting in 
further landing asymmetries in double-leg landings. Excessive trunk lateral bending might 
move the contralateral leg to a much higher location than the ipsilateral leg so that the 
ipsilateral leg would land much earlier and experience great landing forces (Hinshaw et al., 

Figure 3. Increased trunk lateral bending (middle) increased the external abduction moment arm of 
the upper body centre of mass about the knee joint in the frontal plane compared to the neutral trunk 
(left) in a single-leg stance posture. Increased trunk axial rotation towards the stance leg (right) 
increased the external abduction moment arm of the upper body centre of mass about the knee joint 
in the frontal plane and thigh external rotation compared to the neutral trunk (left) a single-leg stance 
posture.
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2019, Figure 4). The effects of mid-flight trunk motion on landing mechanics may also help to 
explain why volleyball and badminton players have increased rates of ACL injuries to their 
non-dominant limb during jump-landing tasks (Devetag et al., 2018; Kimura et al., 2010). 
Since these athletes commonly strike a ball with their dominant upper limb while they are in 
the air, they are subsequently more likely to bend their trunk towards the non-dominant side 
in mid-flight (Hinshaw et al., 2019). The increased knee loading associated with trunk lateral 
bending towards the ipsilateral leg is consistent with the findings of previously reviewed video 
analyses.

Regarding trunk axial rotation, the shift of the bodyweight towards the ipsilateral leg 
could increase impact vertical GRF and knee loading compared to the contralateral leg in 
double-leg landings (Figure 3). The greater distribution of the weight on the lateral side 
of the ipsilateral leg might also increase knee abduction angles (Hewett & Myer, 2011). 
Also, trunk axial rotation is likely to rotate the ipsilateral femur externally and increase 
knee internal rotation angles (Critchley et al., 2020). The increased knee loading asso
ciated with trunk axial rotation for the ipsilateral knee, however, does not appear to be 
consistent with most video analyses, showing the trunk to be more likely rotating away 
from the injured leg in ACL injuries (Della Villa et al., 2020; Stuelcken et al., 2016; 
Walden et al., 2015). These inconsistencies could be due to several observations. First, 
previous video analyses only qualitatively defined trunk axial rotation as neutral, towards 
the injured or towards the uninjured leg. For a 2D analysis, a top view of the transverse 
plane will be needed to accurately quantify the trunk axial rotation relative to the injured 
leg, so previous observations in the sagittal and frontal planes may introduce significant 
errors. Second, studies have shown that individuals preferred to primarily use the leg 
opposite to the planned movement direction to complete a lateral jump or landing task 
(Critchley et al., 2020; Stephenson et al., 2018). Similarly, when a change of direction 
could be performed as either a side-cutting or cross-cutting manoeuvre in sports situa
tions, individuals are more likely to choose a side-cutting manoeuvre with the trunk 
rotating away from the cutting leg and towards the cutting direction. The commonly 
observed trunk axial rotation away from the injured leg could be related to the preference 
of a specific leg during landing and side-cutting tasks. These findings suggest that the 

Figure 4. The takeoff (left), maximal height (middle), and initial ground contact (right) of a jump- 
landing with mid-flight trunk lateral bending. Mid-flight trunk lateral bending results opposite 
movements of the upper body and the leg opposite to the trunk bending direction, leading to 
a single-leg landing.
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influence of trunk axial rotation in elevating ACL injury risk does not appear to be as 
clear cut as trunk extension and lateral bending.

Although there is extensive literature related to trunk motion and ACL loading variables 
in controlled jump-landing and cutting tasks, the effects of trunk axial rotation on single- 
leg landing mechanics and the effects of trunk motion on cross-cutting mechanics may 
require additional investigation. In addition, participants were given instructions to inten
tionally increase or decrease trunk motions in certain directions in most studies. However, 
in sports situations, athletes typically alter their trunk motion to achieve sports goals. 
Future studies are encouraged to incorporate performance demands (Critchley et al., 2020; 
Dempsey et al., 2012; Zahradnik et al., 2020), action-reaction (Almonroeder et al., 2020; 
Stephenson et al., 2018), and attention and secondary tasks (Almonroeder et al., 2019; Dai 
et al., 2018; Widenhoefer et al., 2019) into jump-landing and cutting tasks to induce sports- 
specific trunk motion. Moreover, a previous study has shown that females athletes who 
demonstrated increased trunk displacements in a reactive perturbation task had increased 
risk of suffering future ACL injuries (Zazulak et al., 2007). The interaction among trunk 
strength, trunk activation, and trunk motion may provide insight into the different trunk 
control strategies utilised in jump-landing and cutting tasks.

External trunk perturbation and knee loading during jump-landing tasks

Limited information was found regarding the effect of external trunk perturbation on knee 
loading during jump-landing and cutting tasks. Yom et al. (2014) quantified the effect of mid- 
flight external perturbation on lower extremity biomechanics during a double-leg landing. 
A lateral pulling force was applied to the acromioclavicular joint on the dominant-leg side 
when participants dropped from a bar. The lateral pulling force resulted in decreased knee 
flexion angles at initial ground contact, increased impact vertical GRF, as well as increased 
knee abduction angles and moments of the dominant leg during landing. The findings 
suggested that external perturbation to the trunk could significantly increase ACL loading 
variables for one leg. The increased loading could be due to the use of the ipsilateral leg to 
decelerate the horizontal velocity caused by the pulling force. The pulling force could also 
create an angular momentum so that the contralateral leg was lifted to compensate for the 
rotation, resulting in the landing being primarily performed by the ipsilateral leg. However, 
these two postulations could not be confirmed since the whole-body velocities, angular 
momentums, and contralateral leg motion were not analysed in this previous study.

There is a paucity of research assessing external trunk perturbation on jump-landing 
and cutting mechanics. Future studies are encouraged to determine the effects of different 
tasks (jump-landing vs. cutting), timing (before vs. after initial ground contact), location 
(proximal vs. distal trunk), directions (anterior-posterior vs. mediolateral), types (antici
pated vs. unanticipated) of external trunk perturbation on ACL loading variables. In 
addition, bilateral landing data and whole-body movements need to be quantified to 
understand the mechanisms of external trunk perturbation and altered landing mechanics.

Practical implications

The summaries of the current narrative review have several practical implications. First, 
the consistent findings of trunk motion in video-analysis and laboratory-controlled 
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studies have provided valuable information to understand ACL injury mechanisms. 
Coaches, athletes, trainers, and clinicians need to be aware of high-risk trunk motion 
associated with ACL injuries and adopt effective strategies to minimise the elevated risk. 
Trunk motion and perturbation may be incorporated into the training of jump-landing 
and cutting techniques. Athletes can be encouraged to return to a protective trunk 
position and adopt soft landing techniques after purposeful trunk motion or unantici
pated trunk perturbation (Critchley et al., 2020). Second, the role of trunk motion on 
ACL injury risk has highlighted the potential effects of trunk muscle strength and 
activation on jump-landing and cutting mechanics. Neuromuscular training of the 
trunk to maintain a relatively safe position after completing sports-specific tasks will be 
desirable. Third, for recreational athletes whose priority of sports participation is not 
performance, they may consider avoiding high-risk trunk motion to decrease ACL injury 
risk. Fourth, the observed trunk motion and perturbation may be used to design novel 
ACL injury risk screening tasks to identify high-risk populations. Previous screening 
protocols have generally used the double-leg jump-landing task (Hewett et al., 2005; 
Leppanen, Pasanen, Krosshaug et al., 2017; Padua et al., 2015). Future studies might 
consider incorporating tasks that challenge the trunk, such as mid-flight reaching and 
external pulling/pushing forces, to identify individuals who respond inefficiently to these 
challenges. Fifth, the findings have encouraged innovative strategies to minimise the 
increased knee loading in jump-landing. For example, the increased distance between the 
centre of mass and base of support is associated with increased ACL loading because of 
the increased internal knee moments required to maintain balance. However, when the 
sports environment allows, athletes may choose to lose balance and fall on the ground to 
decrease knee loading (Li et al., in press). Overall, despite increasing literature regarding 
the mechanical connections between trunk motion and ACL injury risk, future investiga
tion is still warranted in many identified areas. In addition, meta-analyses are encouraged 
in well-studied areas such as the effects of trunk flexion-extension on controlled landing 
mechanics and the effects of trunk lateral bending on controlled cutting mechanics to 
summarise the magnitudes of changes in ACL loading variables associated with trunk 
motion. The long-term goals are to develop sensitive ACL injury screening tasks and 
evidence-based ACL injury prevention strategies to decrease sports-related ACL injuries 
through a better understanding of trunk motion and ACL injuries.

Conclusion

Video analyses have shown limited trunk flexion, increased distance between the whole- 
body centre of mass and the base of support, and increased trunk lateral bending towards 
the injured leg to be associated with increased risk of ACL injuries, while trunk axial 
rotation away from the injured leg is more frequently observed than rotation towards the 
injured leg. Contact with the trunk before and at the time of the injury is common and 
might increase the risk of ACL injury. The findings of controlled jump-landing and 
cutting studies have found that limited trunk flexion, increased distance between the 
centre of mass and base of support, and increased trunk lateral bending are associated 
with increased ACL loading, supporting the findings from the video-analysis studies. 
However, the findings of trunk axial rotation are not consistent with most video analyses. 
Mid-flight external trunk perturbation could increase ACL loading variables for one leg 
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and is consistent with the videos of trunk-contact ACL injuries. The summaries of this 
narrative review may help understand the role of trunk motion on primary ACL injury 
mechanisms and improve the design of ACL injury screening tasks and ACL injury- 
prevention strategies with the consideration of trunk motion.
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