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ABSTRACT

Background: Anterior cruciate ligament injury prevention often involves instructing athletes to reduce landing stiff-
ness. Instructions promoting an external focus appear to result in superior motor performance for a wide range of
tasks; however, the effect of attentional focus on landing stiffness has not been examined.

Hypothesis/Purpose: The purpose of this study was to compare the influence of instructions promoting an internal
focus vs. those promoting an external focus on landing stiffness. It was hypothesized that both types of instructions
would reduce landing stiffness vs. landings performed prior to instruction. It was also hypothesized that participants
would demonstrate a greater reduction in landing stiffness when provided with instructions promoting an external
focus.

Study Design: Cross-sectional, quasi-experimental

Methods: Sixteen female athletes (basketball, soccer, volleyball) completed drop landings while force and kinematic
data were collected. Participants first performed drop landings with their typical technique (baseline). They then
received instructions promoting an internal focus and an external focus before performing additional drop landings.
Peak force, time-to-peak force, leg stiffness, and hip, knee, and ankle sagittal plane angles were analyzed.

Results: Both types of instructions resulted in lower landing forces, less leg stiffness, and greater hip and knee flexion
versus at baseline. However, athletes demonstrated more knee flexion at the time of the peak force (59.4 + 9.6° vs.
56.0 + 9.5%) and less leg stiffness (69.5 + 17.9 Nkg'/m vs. 84.0 + 38.1 Nkg'/m) when provided with instructions
promoting an external focus, compared to when they were provided with instructions promoting an internal focus.

Conclusion: Instructions promoting an external focus appear to result in a greater reduction in landing stiffness.
Clinicians should consider providing instructions promoting an external focus when training athletes to reduce lower
extremity stiffness during drop landings. The findings from this study may help to inform clinicians involved in
movement pattern re-training for female athletes.

Level of Evidence: Level 3b
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INTRODUCTION

Anterior cruciate ligament (ACL) injuries are com-
mon in sports such as basketball and soccer’? and
appear to be becoming more frequent over time.**
The majority of ACL injuries occur during landing
and do not involve direct contact with a teammate
or opponent.’® Female athletes are at particularly
high risk for non-contact ACL injuries.® Surgical
reconstruction of the ACL is recommended for ath-
letes who intend to resume sports participation.'®
Unfortunately, many female athletes do not return-
to-sport following ACL reconstruction' and those
who do are at risk for developing premature knee
osteoarthritis.'?> As a result, optimizing ACL injury
prevention in female athletes is a key objective in
sports medicine.'?

Female athletes who exhibit a ‘stiff’ landing pattern,
characterized by high landing forces and minimal
joint flexion, appear to be at high risk for non-con-
tact ACL injury. Prospective studies have found that
female athletes who go on to sustain a non-contact
ACL injury demonstrate greater vertical ground
reaction forces (VGRFs) and less knee flexion during
landing compared to female athletes who remain
uninjured.'*’> In addition, musculoskeletal model-
ing has shown that stiffer landings may place greater
loads on the ACL.'®'” Analysis of video recorded at
the time of ACL injury also indicates that female
athletes often exhibit a flat-footed position at ini-
tial ground contact (i.e. minimal ankle plantarflex-
ion) and limited hip and knee flexion at the time of
injury.”'®! Based on this link between a stiff land-
ing pattern and ACL injury risk, training athletes to
avoid stiff landings is often incorporated as part of
ACL injury prevention.”® Optimizing landing strate-
gies may be a key to preventing non-contact ACL
injuries.”

Movement training for ACL injury prevention typi-
cally relies on simple verbal instructions to guide
an athlete’s technique.'® Verbal instructions can
promote either an internal or external attentional
focus.”” With an internal focus (IF) an individual
directs their attention to an aspect of their move-
ment (e.g. the position/motion of their knees dur-
ing a landing), whereas with an external focus (EF)
they attend to the effect(s) of their movement (e.g.
the sound produced when they land). Clinicians

appear to typically use instructions that promote
an IF;*? however, an EF has been shown to result
in superior performance for a wide range of move-
ment tasks.??> There have been attempts to com-
pare landing mechanics in athletes provided with
instructions promoting an IF vs. an EF.??® Findings
from these studies appear to indicate that an EF
may result in a softer landing pattern (e.g. greater
knee flexion); however, the instructions provided in
these studies have not been specific to the initial
landing phase. For instance, Welling et al.?® com-
pared landing mechanics during a drop vertical
jump task in athletes who had received instructions
promoting either an IF or an EF. Athletes in their IF
group received the instruction, ‘extend your knees
as rapidly as possible after landing on the force
plate’, while athletes in their EF group received the
instruction, ‘push yourself as hard as possible off
the ground after landing on the force plate! Both
of these sets of instructions appear to pertain to
the subsequent vertical jump (vs. absorbing energy
during initial landing) and are not consistent with
the types of instructions that are provided during
movement training for ACL injury prevention. In
addition, previous studies comparing the effects
of varying types of verbal instructions on landing
mechanics have not included baseline trials where
athletes utilize their typical technique prior to
instruction. As a result, it is difficult to determine
how varying types of verbal instructions (i.e. those
that promote an IF vs. an EF) influence mechanics
associated with ACL injury risk.

The purpose of this study was to compare the
influence of verbal instructions promoting an IF
vs. an EF on landing stiffness in female athletes.
It was hypothesized that both types of instructions
would reduce landing stiffness vs. baseline land-
ings performed prior to instruction. In addition, it
was also hypothesized that female athletes would
demonstrate a greater reduction in landing stiff-
ness when they were provided with instructions
that promote an EF, compared to when they were
provided with instructions that promote an IF.
The findings from this study may have relevance
to sports medicine professionals involved in ACL
injury prevention.
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METHODS

Sixteen females between the ages of 18-30 years
old participated in this cross-sectional study. Par-
ticipants were required to have experience com-
peting in Level 1# sports at the high school and/or
inter-collegiate level. Level I sports involve frequent
jumping and landing (e.g. basketball). Participants
also needed to report a Tegner Activity Scale®® score
of greater than 4/10, which indicates that they were
regularly participating in physical activity at the
time of the study. Individuals were excluded from
participating if they had a history of significant
lower extremity injury (e.g. fracture, ligament tear)
or an injury in the previous 6 months that limited
their activity. An a priori sample size estimate was
conducted using an alpha of .05, a beta of .20, and an
effect size of 0.8 (‘large effect’). This sample size esti-
mate indicated that 15 participants was sufficient to
ensure adequate power for potential pairwise com-
parisons. A large effect was anticipated based on the
results of a previous study that compared landing
mechanics when participants adopted an IF vs. an
EF% G*Power software® was used for sample size
estimation (Version 3.1, University of Dusseldorf,
Dusseldof, DEU). This study was approved by the
Institutional Review Board at Trine University and
all participants provided informed consent prior to
enrollment.

All testing was completed during a single session in
a motion analysis laboratory. Prior to testing, 14 mm
retroreflective markers were adhered bilaterally to
the anterior superior iliac spines, posterior superior
iliac spines, and greater trochanters, as well as to
the medial and lateral femoral epicondyles, medial
and lateral malleoli, and the 1% and 5" metatarsal
heads of the participants’ dominant limb. For this
study the limb the participant reported that they
would use to kick a ball farthest was considered the
‘dominant’ limb. Clusters of four markers attached
to a rigid shell were also adhered to the thigh, leg,
and heel counter of the shoe. A three-second static
standing calibration trail was recorded with all mark-
ers in place. This trial was used to establish a bio-
mechanical model which included the pelvis and
the thigh, leg, and foot segments of the dominant
limb. The marker clusters and the markers on the
anterior superior and posterior superior iliac spines

remained in place following the static calibration
trial and were used to track the motion of the pelvis,
thigh, leg, and foot during the movement trials. The
other markers were removed following the static
calibration trial.

Prior to initiating the drop landing trials, participants
completed a standardized warm-up which involved
alternating between bodyweight squats (2 sets x 8
repetitions) and maximal double-leg vertical jumps
(2 sets x 5 repetitions). After completing the warm-
up, participants performed seven drop landings
from a 31 cm high box using their typical technique
(baseline trials). The foot of their dominant limb
was required to land on a force plate (OR6-7-2000;
Advanced Mechanical Technology, Inc., Watertown,
MA, USA) that recorded three-dimensional ground
reaction forces at 1000 Hz. Three-dimensional
marker positions were simultaneously recorded
during the drop landings at 200 Hz via an 8-camera
motion capture system (Vicon Motion Systems, Inc.,
Oxford, GBR).

After completing the baseline trials, participants
were given verbal instructions intended to reduce
their landing stiffness. Two different sets of instruc-
tions were provided; one promoted an IF and the
other promoted an EF. The instructions given for
the IF condition were, ‘focus on bending your knees
when you land’, while the instructions given for the
EF condition were, ‘focus on landing softly’. Both
of these instructions are commonly used as part of
movement training to reduce ACL injury risk.?*-*
Participants performed seven drop landings for each
of the TF and EF conditions. As a result, each partici-
pant performed 21 total drop landings (seven base-
line, seven IF condition, seven EF condition). All
drop landing trials were performed for a condition
before moving to the next condition (i.e. participants
did not alternate between the IF and EF condi-
tions). Having participants alternate between trials
for the IF and EF conditions was considered; how-
ever, there was concern among investigators that
it would be difficult for athletes to switch between
attentional foci. Instructions were given once prior
to the set of trials for each condition. The order of
the IF and EF conditions was counterbalanced by
alternating which condition was performed first as
participants were enrolled in the study. Participants
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were allowed time to rest between trials/conditions
as needed; however, all participants performed the
drop landings in a fairly continuous manner. Inves-
tigators considered incorporating standard rest peri-
ods; however, they decided this was not necessary
since all participants were physically active on a reg-
ular basis and a high level of fatigue was not antici-
pated considering the demands of the drop landing
task and the number of trials performed. The warm-
up and testing were completed in standard footwear
(Avi-Rival, AVIA; Sequential Brands Group, Inc.,
New York, NY, USA).

The kinematic and kinetic data were both filtered
using a 4" order, zero lag, recursive Butterworth filter
with a cutoff frequency of 20 Hz. Right-handed local
coordinate systems were established to describe the
position and orientation of the body segments. The
pelvis segment was established using the markers
on the anterior superior and posterior superior iliac
spines. The hip joint center was estimated using a
regression approach.*®* The knee joint center was
estimated by finding the midpoint between the mark-
ers on the medial and lateral femoral epicondyles
and the ankle joint center was estimated by findings
the midpoint between the markers on the medial
and lateral malleoli. The distal end of the foot was
considered the midpoint between the markers on
the 1% and 5" metatarsal heads. Hip, knee, and ankle
joint angles were calculated for each of the landing
trials using a joint coordinate system approach.?”
All data processing was performed using Visual3D
software (C-Motion, Inc., Germantown, MD, USA).

The initial two trials for each condition were not ana-
lyzed, as these trials were included to allow partici-
pants to become acclimated to the task/instructions.
Only data from the final five trials in each condi-
tion were analyzed. The kinetic variables of inter-
est were the peak vGRF and the time from initial
contact (IC) to the peak vGRF (time-to-peak). Initial
contact was defined as the point during the landing
where the vGRF first exceeded 20 N.**%* Joint kine-
matics from IC to the time of the peak vGRF were
also examined.**** This early landing phase may be
particularly relevant to ACL injury risk, as previ-
ous studies indicate that ACL injuries likely occur
shortly after landing (within the initial 50 ms)®'? and
peak ACL loading also appears to occur during this

time frame.*** The kinematic variables of interest
were the sagittal plane ankle, knee, and hip angles
at IC and at the time of the peak vGRF. Leg stiffness
was also analyzed by dividing the peak vGRF by the
vertical excursion of the center of mass of the pelvis
from initial contact to the time of the peak vGRF
(initial contact position minus the minimum posi-
tion).**** The pelvis center of mass was estimated
based on the pelvis markers. Higher leg stiffness val-
ues are indicative of a stiffer landing pattern. The
dependent variables of interest were identified for
each trial and the five-trial means were calculated
for each participant. A custom MATLAB script was
used to identify the dependent variables from the
time series (The MathWorks, Inc., Natick, MA, USA).
Repeated-measures ANOVA was used to compare the
dependent variables across the conditions (baseline,
IF, EF). A Greenhouse-Geiser correction was used
when the assumption of sphericity was violated.
Fisher’s least significant difference post hoc tests
were conducted in the case of a significant omni-
bus test. An alpha of .05 was used for each statistical
test. The 95% confidence interval (95% CI) was also
calculated for the pairwise comparisons. Statistical
analysis was conducted using SPSS software (Ver-
sion 25; IBM Corp., Armonk, NY, USA).

RESULTS
The participants’ ages, masses, heights, and Tegner
scores are presented in Table 1.

The repeated measures ANOVAs indicated that
there were differences among the conditions for the
peak vGRF (p <.001), time-to-peak vGRF (p =.004),
leg stiffness (p <.001), hip IC angles (p <.001),
hip angles at peak vGRF (p <.001), knee IC angles
(p <.001), and knee angles at peak vGRF (p <.001)
(Table 2). There were no differences among the con-
ditions for the ankle IC angles (p =.206) or the ankle
angles at peak vGRF (p =.583) (Table 2).

Table 1. Participant Characteristics.

Mean + SD or median (range)
Age (years) 21.81 +£2.59
Mass (kg) 70.58 +£13.68
Height (m) 1.68 +£0.06
Tegner score 5.5(5-9)
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Table 2. Dependent variables of interest for each condition.

Baseline IF EF p-value
Leg stiffness (Nkg™'/m) 110.4 +38.8 84.0 +38.1*%  69.5+ 17.9%F <.001
Hip IC angles (°) 30.8+8.1 36.7+9.1*% 36.5+9.6% <.001
Hip angles at peak vGRF (°) 46.6 +£10.1 54.5+10.0%* 554+ 12.0%* <.001
Knee IC angles (°) 157+6.3 21.0 + 6.5% 21.6 £ 5.9% <.001
Knee angles at peak vGRF (°) 49.0 + 8.6 56.0 £ 9.5% 59.4 +9.6%F <.001
Ankle IC angles (°) 254+7.7 -226+9.4 -24.4+9.6 206
Ankle angles at peak vGRF (°) 14.7+10.2 15.8+6.7 16.1+5.6 .583
Peak vGRF (Nkg™) 18.1+3.6 14.6 £ 3.5%* 13.6 £2.4% <.001
Time-to-peak VGRF (ms) 54.4+12.7 53.9+13.8 62.4 + 11.8*F .004
Means + standard deviations; p-values based on omnibus test
IF = internal focus; EF = external focus; IC = initial contact; vVGRF = vertical ground reaction
force; Nkg™' = Newtons per kilogram; ms = milliseconds
* indicates significant difference vs. baseline; f indicates significant difference vs.
IF condition (p <.05)
Positive angles are indicative of hip flexion, knee flexion, and ankle dorsiflexion

Post hoc pairwise comparisons indicated that peak
vGRFs were lower for the IF (p <.001; 95% CI [-4.73,
-2.28]) and EF (p <.001; 95% CI [-5.98, -3.06]) condi-
tions vs. baseline; however, there was no difference
in the peak vGRFs between the IF and EF conditions
(p =.089 95% CI [-0.17, 2.20]) (Table 2). The time-
to-peak vGRF was longer for the EF condition com-
pared to the baseline (p =.018; 95% CI [1.56, 14.52])
and IF conditions (p =.005; 95% CI [3.00, 14.08]);
however, there was no difference in the time-to-
peak vGRF between the IF and baseline conditions
(p =.821; 95% CI [-5.10, 4.11]) (Table 2). Participants
demonstrated less leg stiffness for the IF (p <.001;
95% CI [-37.71, -15.05]) and EF (p <.001; 95% CI
[-56.87, -24.92]) conditions vs. baseline, as well as
less leg stiffness for the EF condition vs. the IF con-
dition (p =.047; 95% CI [-28.83, -0.20]) (Table 2).

Post hoc pairwise comparisons indicated that par-
ticipants demonstrated more hip flexion at IC for
the IF (p <.001; 95% CI [3.66, 8.17]) and EF (p
<.001; 95% CI [3.26, 8.17]) conditions vs. baseline;
however, there was no difference in IC hip flexion
angles between the IF and EF conditions (p =.786;
95% CI [-1.36, 1.76]) (Table 2). Participants also dem-
onstrated more hip flexion at peak vGRF for the IF
(p <.001; 95% CI[5.00, 10.78]) and EF (p <.001; 95%
CI [5.26, 12.25]) conditions vs. baseline; however,

there was no difference in hip flexion at peak vGRF
between the IF and EF conditions (p =.395; 95% CI
[-2.98, 1.25]) (Table 2).

Post hoc pairwise comparisons indicated that partici-
pants demonstrated more knee flexion at IC for the
IF (p <.001; 95% CI [3.08, 7.58]) and EF (p <.001;
95% CI[3.22, 8.65]) conditions vs. baseline; however,
there was no difference in IC knee flexion angles
between the IF and EF conditions (p =.451; 95% CI
[-2.27,1.06]) (Table 2). Participants also demonstrated
more knee flexion at peak vGRF for the IF (p <.001;
95% CI [3.74, 10.27]) and EF (p <.001; 95% CI [6.30,
14.50]) conditions vs. baseline, as well as more knee
flexion at peak vGRF for the EF condition vs. the IF
condition (p =.008; 95% CI [1.05, 5.74]) (Table 2).

DISCUSSION

The purpose of this study was to compare the influ-
ence of verbal instructions promoting an IF vs. an
EF on landing stiffness in female athletes. Both sets
of instructions resulted in lower vGRFs, greater hip
and knee flexion, and less leg stiffness during land-
ing (vs. baseline trials performed prior to instruc-
tion). These adaptations are indicative of a softer
landing pattern and would likely reduce ACL injury
risk. The findings from this study are consistent
with those of earlier studies which have found that
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simple verbal instructions can have immediate posi-
tive effects on athletes’ landing mechanics.?** In
addition, participants in this study demonstrated a
longer time-to-peak vGRF, greater knee flexion, and
less leg stiffness when provided with instructions
that promoted an EF, compared to when they were
provided with instructions that promoted an IF. This
appears to indicate that providing instructions that
promote an EF may have a greater effect on land-
ing stiffness vs. those that promote an IF. Clinicians
should consider providing instructions that promote
an EF when training athletes to avoid stiff landings.

A primary function of the ACL is to limit anterior
translation of the tibia relative to the femur.*® Ante-
rior shear forces produced by the quadriceps mus-
culature act to translate the tibia anteriorly, which
loads/strains the ACL. However, these shear forces
are minimized as the knee moves beyond relatively
shallow knee flexion angles (e.g. >30°),"~* which is
likely the result of a reduction in the angle between
the patellar tendon and the tibial shaft.>® In addition,
the hamstrings musculature becomes more effective
at assisting the ACL in limiting anterior tibial trans-
lation as the knee flexes.*”** This is likely caused by
an increase in the angle between the line of pull of
the hamstrings and the long axis of the tibia.*® As a
result, the greater degree of knee flexion at the time
of the peak vGRF when athletes were provided with
instructions promoting an EF, vs. when they were
provided with instructions promoting an IF, may
help to reduce ACL loading/strain. It appears that
the shift in timing of the peak vGRF to later during
the landings for the EF condition allowed partici-
pants to reach safer knee positions by the time the
vGRF reached its peak.

The advantages of an EF versus an IF with respect to
motor performance/learning has been explained by
the constrained action hypothesis.” The constrained
action hypothesis proposes that when an individual
focuses on their movements (i.e. adopts an IF) they
may interfere with the automatic control processes
that regulate a movement pattern; whereas when
they adopt an EF they allow the motor system to
self-organize, which will often result in a more opti-
mal movement pattern. The results of this study
appear to fit this premise. The goal of the instruc-
tions for the IF and EF conditions were to reduce

landing stiffness. Both sets of instructions signifi-
cantly reduced leg stiffness vs. baseline; however,
the instructions that promoted an EF resulted in a
greater reduction in stiffness during the landings
compared to the instructions that promoted an IF.
This would appear to indicate that participants were
able to develop a more optimal kinematic solution to
reduce landing stiffness when they adopted an EF.

While the findings from this study may make a valu-
able contribution to an important body of literature,
there are limitations that need to be acknowledged.
First, it is important to note that this study only exam-
ined the immediate effects of verbal instruction on
landing mechanics. As a result, it cannot be deter-
mined if there are differences in retention, transfer,
and/or movement automaticity when athletes are
given instructions promoting varying attentional
foci. In addition, this study examined mechanics
during a double-leg landing task. While athletes are
often performing a double-leg landing at the time
of ACL injury® and a double-leg landing task is com-
monly used for movement training,®°% future
studies should consider analyzing more demanding
tasks that are routinely performed by athletes such
as single-leg landings or lateral cutting. Participants
were also not asked to report what they were attend-
ing to during or after testing. As a result, it cannot be
determined if participants followed the instructions
they were provided. Finally, athletes who had previ-
ously participated in a structured ACL injury pre-
vention program were not excluded from this study,
which may have limited the effects of instruction
for some participants. Although not a limitation, it is
also important to note that the differences observed
between the EF and the IF conditions were subtle.
For example, the difference in knee flexion at the
peak vGRF was less than 4°. It is possible that differ-
ences of this magnitude may not have a meaningful
influence on ACL injury risk.

While this study was framed around ACL injury
prevention, the findings may have relevance to pre-
vention of other types of acute and overuse lower
extremity injuries. It is also possible that the find-
ings of this study may apply to movement training
for injured athletes who are rehabilitating (e.g. post
ACL reconstruction). Future studies should con-
tinue to examine how attentional focus influences
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the effectiveness of movement training for primary
and secondary injury prevention and rehabilitation.

CONCLUSION

The results of this study indicate that participants
exhibited lower vGRFs, greater hip and knee flex-
ion, and less leg stiffness during landing after
receiving instructions intended to reduce their land-
ing stiffness. Participants also demonstrated greater
knee flexion and less leg stiffness when provided
with instructions that promoted an EF, compared
to when they were provided with instructions that
promoted an IF. These results appear to indicate
that clinicians should provide instructions that pro-
mote an EF when training female athletes to avoid
stiff landings.
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