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Background

Lower neurocognitive function is a risk factor for anterior cruciate ligament (ACL) injury.
However, the mechanism by which lower neurocognitive function increases the risk of
ACL injury remains unclear.

Purpose

To clarify the effect of differences in neurocognitive function on landing mechanics
during a single-leg drop-jump landing motion followed by an unanticipated task.

Study Design

Cross-sectional study

Methods

Fifteen collegiate female athletes were recruited (20.1 # 1.3 years, 166.6 £ 7.3 cm, 60.6 *
6.9 kg) and were divided into two groups (the high-performance (HP) group and the
lower-performance (LP) group) using the median Symbol Digit Modalities Test (SDMT)
score. Three-dimensional motion analysis was employed for the analysis during the
experimental task of a single-leg drop-jump followed by an unanticipated landing task
from a 30-cm high box. Joint angular changes of the trunk, pelvis, hip, and knee were
calculated within the interval from initial contact (IC) to 40ms. Knee and hip moments
were calculated as the maximum values within the interval from IC to 40ms. Surface
electromyography data from key muscles were analyzed 50ms before and after IC.
Independent t-tests were used to compare the effects of different neurocognitive function
on the measurement items. Statistical significance was set at p < 0.05.

Results

The SDMT score was significantly higher in HP group (HP: 77.9 £ 5.5; LP: 66.0 £ 3.4; p <
0.001). The LP group had a significantly greater trunk rotation angular change to the
stance leg side (HP: 0.4 £ 0.8; LP: 1.2 £ 0.4; p = 0.020). There were no significant
differences between the two groups in terms of joint moments, and muscle activities.

Conclusion

Differences in neurocognitive function by SDMT were found to be related to differences
in motor strategies of the trunk in the horizontal plane. Although trunk motion in the
sagittal and frontal planes during single-leg drop-jump landing increases the ACL injury
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risk by affecting knee joint motion, the effect of trunk motion in the horizontal plane

remains unclear.

Level of Evidence

3
© The Authors

INTRODUCTION

Recently, it has been suggested that lower neurocognitive
function is a risk factor for anterior cruciate ligament (ACL)
injury.! Swanik et al.l utilized the “ImPACT” neurocogni-
tive assessment test, primarily used to evaluate function af-
ter a concussion, to measure neurocognitive function. This
computer-based test can be used to establish a pre-season
baseline score. They conducted a retrospective comparison
of mean scores between the non-contact ACL-injured group
and the healthy control group. Lower scores were present in
the non-contact ACL-injured group for reaction time, pro-
cessing speed, and visual/verbal memory.! Consequently, it
was proposed that diminished neurocognitive function may
contribute to the risk of non-contact ACL injuries. How-
ever, the precise mechanism by which lower neurocogni-
tive function increases this risk remains incompletely un-
derstood.

The hypothesis that reduced neurocognitive function
serves as a risk factor for non-contact ACL injuries suggests
a need for assessment of alterations in neuromuscular con-
trol within the trunk, pelvis, and lower limbs.%3 Sporting
activities entail complex athletic tasks that do not afford
athletes the luxury of pre-planning their movements.
Moreover, athletes have limited time for cognitive process-
ing during motion selection. Therefore, athletes experience
a high cognitive load during sports activities.# In other
words, athletes with poor neurocognitive function may
struggle to address postural control during landing motion
due to the dual-task demands of situational judgment and
movement selection. Specifically, deficiencies in visual at-
tention, self-monitoring, agility/fine motor performance,
processing speed/reaction time, and dual-tasking are be-
lieved to predispose individuals to landing mechanics that
afford a heightened risk of ACL injury within complex
sporting environments.>

The effects of difference neurocognitive function on
lower limb kinematics and kinetics during unanticipated
jump-landing task have been studied in male and female
recreational athletes using the Concussion Resolution In-
dex (CRI).2 From the six subtests of the CRI, three indices
of Simple Reaction Time, Complex Reaction Time, and Pro-
cessing Speed have been created and divided into a two
groups based on the following criteria: the higher perform-
ers group was defined as participants scoring above the
80th percentile in one score and with two scores no lower
than 60th percentile, and the low performers group were
defined as participants with one subtest score below the
40th percentile and with two scores no higher than the 70th
percentile, or with at least two scores below the 30th per-
centile.2 The low performers group exhibited significantly
increased peak vertical ground reaction force (GRF), peak

anterior tibial shear force, knee abduction moment, knee
valgus angle, and decreased trunk flexion angle.2 Addition-
ally, the landing biomechanics of the low performers group
were more consistent with landing biomechanics which
have been identified as a risk factor for non-contact ACL in-
jury.67 It is important to note that the prior study partici-
pants consisted of mixed male and female recreational ath-
letes. Although ACL injuries are more prevalent in males,
the incidence is higher in females.8 Analysis of unantic-
ipated single-leg drop-jump landing and cutting motion
shows that female athletes have a higher incidence of ACL
injury than male athletes due to an increased tendency
to demonstrate increased knee valgus angle moment.39 In
a previous study, only female athletes were included to
examine the effects of neurocognitive function on land-
ing mechanics. Moreover, the authors have previously ex-
amined the effects of differences in neurocognitive func-
tion on an unanticipated cutting motion.10 Female athletes
with lower neurocognitive function were found more likely
to produce significant greater quadriceps muscle activity
patterns, thereby increasing their susceptibility to ACL in-
juries.10 The present study is an addition to prior projects
and focuses on the single-leg drop-jump landing motion
from a 30-cm high box.

The purpose of this study was clarify the effect of dif-
ferences in neurocognitive function on landing mechanics
during single-leg drop-jump landing motion followed by an
unanticipated task. The authors hypothesized that female
athletes with lower neurocognitive function would demon-
strate higher knee joint valgus angle and moments, lower
trunk forward flexion angle, and show quadriceps dominant
muscle activities, all of which are associated with elevated
ACL injury risk.

METHODS
PARTICIPANTS

Fifteen female athletes who played basketball or soccer in
university athletic clubs were recruited. They belonged to
the highest national competition level, and they practiced
two to three hours a dayj, five to six days a week. Exclusion
criteria included a history of lower limb injury and concus-
sion within the prior six months, any disorder of the pe-
ripheral sensory system, a history of surgery on the lumbar
spine or lower limbs, and ADHD or anxiety, which may in-
fluence psychomotor speed. Furthermore, alcohol and caf-
feine intake were restricted on the night before the exper-
iment. All participants provided written informed consent
prior to their participation. This study was approved by
the Ethical Committee of the Faculty of Health and Sports
Sciences at the University of Tsukuba (approval number.
28-37).
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NEUROCOGNITIVE TEST

Neurocognitive testing was performed using the Symbol
Digit Modalities Test (SDMT). SDMT was performed on the
same day as the motion analysis and before the landing task
operation. Participants were asked to fill out 110 boxes un-
der symbols with a corresponding number within 90 sec-
onds while referring to a key on top of the test form to iden-
tify which number goes with each symbol.!! The number of
correct answers was counted.

The SDMT has been widely used to evaluate information
processing speed (IPS) and selective attention.!? It has
been utilized for neurocognitive assessment of patients
with impaired IPS,!3:14 as well as for functional evaluation
before and after a concussion and for evaluation of neu-
rocognitive function in patients with Multiple Sclero-
sis.15-17 The SDMT is suitable for serial neurocognitive
function testing because it is easy to administer, inexpen-
sive, and requires a short assessment time.1%18 Inter-rater
reliability (ICC 2,1) of the SDMT was reported to be 0.72,17
and test-retest reliability was reported to be acceptable
with r = 0.70-0.80 for healthy adults measured at 1-month
or 2-week intervals.!%20 This assessment was adopted in
this study as a neurocognitive function assessment test be-
cause it can be easily measured in sports situations. Fur-
thermore, the SDMT has been reported to have a learning
effect, 1721 albeit less pronounced compared to the Trail
Making Test-B or the Stroop Interference Test.1” The mean
SDMT score has been reported to be 58.2 # 9.1 (range =
51.87-63.93) for young adults (< 30 years), and 53.2 * 8.9
(range = 44.4-58.7) for middle adulthoods (30-55 years).22
Another study reported a mean score of 53.06 = 11.50 for
male college athletes.23

Participants were grouped according to SDMT score. The
median SDMT score was used as a cut-off value to group
the participants, since the mean of the participants in this
study was higher than the reference value (the mean SDMT
score: 71.5 * 7.5).22,23 The upper group was the high-per-
formance group (HP group), and the lower group was the
lower-performance group (LP group).

EXPERIMENTAL TASKS

The experimental task involved a single-leg drop-jump task
from a 30-cm high box using only the dominant leg, fol-
lowed by three types of unanticipated tasks: side-step cut-
ting, single-leg drop-jump landing, and forward stepping.
The dominant leg was defined as the leg with which the
participants preferred to kick a ball. In this study. Only the
single-leg drop-jump landing task was analyzed, since side-
step cutting motion had been previously verified.10

First, the participants stood on single-leg with the dom-
inant leg on a 30-cm high box placed at the edge of the
force platform. They then jumped down toward the center
of the force platform and landed on their dominant leg. Im-
mediately after leaving the box, one of the tasks was ran-
domly presented on the personal computer (PC) monitor,
and the participants were instructed to execute the one of
three task before contact on the force platform. (Figure 1).

In the single-leg drop-jump landing task, the partici-
pants were required to maintain a single-leg standing posi-
tion for two seconds after landing. During the experimental
task, both hands were kept on the iliac crests. A failed trial
was defined as a case in which participants were unable to
maintain a standing position with a single leg for two sec-
onds after landing, if their free leg made contact with the
ground, or if their upper limb separated from the waist due
to significant rotation and lateral flexion of the trunk. The
experiment was terminated when participants successfully
completed at least three trials, and the mean values over
the three trials for the analysis. Prior to the actual experi-
ment, participants performed five practice trials until they
were comfortable with the tasks after sufficient warm-up.
The specific content of the warm-up was not specified, and
participants were instructed to perform their usual warm-
up routine for approximately 15 to 20 minutes.

DATA COLLECTION AND PROCESSING

A three-dimensional motion analysis system, the VICON
MX motion analysis system (VICON, Oxford, UK), was used
to capture the tasks using 10 infrared cameras with a sam-
pling rate of 250 Hz. Thirty-five retroreflective markers
were placed over the whole body of each participant, ac-
cording to the standard Plug-in Gait model (Helen Hays
marker-set). GRF data were obtained at 1,000 Hz from two
force platforms (Kistler Instruments, Inc. model 9281C,
Winterthur, Switzerland), which were synchronized with
the kinematic data. Joint moments were calculated on the
side of the dominant leg using a full inverse-dynamic
model implemented using the VICON Plug-in Gait. The es-
timated joint moments were normalized to the body mass
of the participants. The joint angles were calculated for the
trunk, pelvis, hip joint, and knee joint, while the joint mo-
ments were calculated for the hip and knee joints.

Surface electromyography (EMG) data were recorded at
1,500 Hz using a seven-channel EMG system (Telemyo DTS,
Noraxon Inc., Scottsdale, AZ, USA) and collected synchro-
nously with motion and force platform data. Bipolar surface
electrodes (Ag-AgCl) were separated by 2 cm and placed
on the following seven muscles: gluteus medius (GM), ad-
ductor longus (Add), rectus femoris (RF), vastus medialis
(VM), vastus lateralis (VL), biceps femoris (BF), and semi-
membranosus (SM). Each electrode was placed as follows:
GM, approximately 2 cm below the midpoint of the iliac
crest over the muscle belly; Add, approximately 10 cm be-
low the pubic symphysis over the muscle belly; RF, approx-
imately halfway between the upper patella and the anterior
superior iliac spine over the muscle belly; VM, approxi-
mately 5 cm from the medial patella at 45° over the muscle
belly; VL, approximately two-third distal to the point be-
tween the patellar lateral side and the anterior superior il-
iac spine over the muscle belly; SM and BF, approximately
halfway between the tibial lateral epicondyle and the is-
chial tuberosity over the muscle belly. The skin was shaved
and cleaned with an alcohol swab before electrode place-
ment.
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Figure 1. The procedure of the unanticipated single-leg drop-jump landing task.

Participant reacted to the instruction displayed on the monitor.

DATA ANALYSIS

The raw kinematic and GRF data were filtered based on a
frequency content analysis of the digitized coordinate data.
Marker trajectories were filtered at 7 Hz using a 4th-order
Butterworth filter with VICON Nexus 1.6.1 software (Oxford
Metrics Ltd., UK). Since ACL injury has been reported to oc-
cur around 40 ms after IC,24 the analysis window of this
study was set from IC to 40 ms. For the analysis of joint an-
gles, the joint angular changes within the analysis window
were calculated. Joint moments were calculated by deter-
mining the maximum value within the analysis window and
using it for the analysis. The IC was defines as the time at
which vertical GRF was higher than 10 N.

For EMG data, the stored raw signals were band-pass fil-
tered (20-500 Hz), and root mean square (RMS) processed
with a 10 ms time constant using Myomuscle (Noraxon Inc.,
Scottsdale, AZ, USA). Prior to data collection, the RMS data
were normalized using the maximum voluntary contraction
(MVC) for each muscle (%MVC). The MVC was recorded for
five seconds, and the average amplitude was determined
from the stable RMS for three seconds. The average activity
of the knee flexors (HAM) was calculated from the BF and
SM, and activity of the knee extensors (QUAD) was calcu-
lated from the VM and VL. The co-contraction ratio (CCR)
was calculated as the relative muscle activity of QUAD to
HAM.25 EMG data were recorded for 50 ms before IC (pre-
IC), as in the previous study.2 I chose 50 ms before IC be-
cause this is suitable for evaluation of an individual’s pre-
planned muscle recruitment strategy. The authors chose 50
ms after IC to assess muscle activation immediately after IC

Participant stood by stepping on the footswitch with their dominant leg on a 30cm high box.
Immediately after the participant jumped off the box, an experimental task was displayed on the monitor.

Single-leg drop-jump landing was performed by landing on the force platform with the dominant leg and holding that posture for 2 seconds.

(post-IC). The analysis of muscle activity immediately after
IC was conducted to analyze the muscle activity that occurs
near the potential timing of ACL injury.

STATISTICAL ANALYSIS

Results are presented as means #* standard deviation (SD).
Initially, the Shapiro-Wilk test was conducted to check the
normality of each measurement. There were no variables
for which normality could not be confirmed. Independent t-
tests were utilized to compare the differences between the
LP and HP groups with respect to the SDMT scores, age,
height, body weight, joint angular change, peak joint mo-
ment, and muscle activities. The effect size (Cohen’s d) was
also calculated and interpreted as weak (0.20), moderate
(0.50), and strong (0.80). Statistical significance was set at
p < 0.05. All statistical analyses were performed using SPSS
Statistics 22.0 (IBM, SPSS Tokyo, Japan).

RESULTS

Means and standard deviations for these participants were:
age of 20.1 # 1.3 years, height of 166.6 * 7.3 cm, weight of
60.6 = 6.9 kg. For all participants, the mean SDMT score was
71.5 £ 7.5, with a median score was 70. The SDMT score in
the HP group was significantly higher than that of the LP
group (HP: 77.9 £ 5.5; LP: 66.0 £ 3.4; p < 0.001) (Table 1).
The LP group exhibited a significantly greater trunk ro-
tation angular change toward the stance leg side compared
to the HP group (HP: 0.4 = 0.8; LP: 1.2 = 0.4; p = 0.020) (Fig-
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Table 1. HP and LP group characteristics, mean * SD

HP (n LP(n P Cohen’s
=7) =8) value d
SDMT 77.9 66.0 < . 265
score +55 +34 0.001 ’
Age 20.0 20.3
(years) +14 +1.3 0.930 0.22
Body
5 166.8 166.4
Height +8.4 + 6.7 0.912 0.05
(cm)
Body
60.8 60.5
mass +82 £60 0.725 0.04
(kg)

SDMT = Symbol Digit Modalities Test, HP = High-performance group, LP = Lower-performance group

* Significant difference between HP and LP (p<0.05).

Trunk rotational angular change

HP LP
0 T
-1
1
-2
| |
-3 * 3 p<0.05
-4
(deg) | to stance leg
-5 =

Figure 2. Comparison of trunk rotational angular
change

* Significant difference between HP and LP (p<0.05)

ure 2). There were no significant differences between the
two groups in terms of joint moments, and muscle activities
(Tables 2, 3). However, the large effect sizes were observed
in the pre-IC CCR (HP: 145.0 = 113.4%; LP: 74.6 £ 17.5%; p
= 0.112. d=0.89) (Table 4).

DISCUSSION

This investigation was conducted to examine the influence
of neurocognitive function differences, as measured by
SDMT, on kinematics, kinetics, and muscle activation dur-
ing single-leg drop-jump landing followed by an unantici-
pated task in female athletes. The findings revealed that the
LP group exhibited a significantly larger trunk rotation an-
gular change to the stance leg side during the early landing
phase.

Trunk position variations have been reported as poten-
tial risk factors for ACL injuries. Previous analyses of sin-
gle-leg drop-jump landing and cutting motions have indi-
cated a consensus that limited trunk forward flexion and
increased lateral trunk flexion towards the injured leg side
are associated with a higher risk of ACL injury.27-2% How-

ever, there have been inconsistent findings regarding trunk
rotational movement. Several authors have observed trunk
rotation away from the injured leg at the time of ACL in-
jury.30-32 Critchley et al.33 demonstrated that axial trunk
rotation during double-leg landing leads to decreased knee
flexion angles, increased peak impact vertical GRF, internal
knee extension moments, and increased knee abduction
and internal rotation angles for the ipsilateral leg when
compared to the neutral trunk condition. Furthermore, it
has been suggested that cutting motions involving trunk
rotation and lateral flexion in the direction of cutting may
reduce the risk of ACL injury and enhance performance.3*
In the current study, participants with lower neurocognitive
function exhibited a greater change in trunk rotation angle
towards the stance leg side during the early landing phase.
Therefore, it is plausible that differences in neurocognitive
function are linked to variations in motor strategies of the
trunk in the horizontal plane during single-leg drop-jump
landing. However, the precise effect of trunk and pelvis
movements in the horizontal plane on the occurrence of
ACL injuries remains unclear or the amount that is poten-
tially injurious is also not known. Furthermore, the amount
of trunk rotation angular change observed in this study
was very small and may not be clinically significant. Future
studies should concentrate on investigating trunk and
pelvis rotational movements and their relationship to the
risk of ACL injury.

In this study, a large effect size was observed in the pre-
IC CCR, indicated that the LP group had relatively larger
quadriceps muscle activity relative to the hamstring just
prior to landing. Many previous studies have pointed out
that an imbalance between quad and ham muscle activity
during landing may induce ACL injury, and in particular, ac-
tivity with a predominantly large quadriceps muscle is con-
sidered dangerous.3> Therefore, I would say that the muscle
activity observed in this study is muscle activity at high risk
for ACL injury.

It is thought that the neurocognitive functions required
for athletes were: selective attention for simultaneously
processing various information at all times, and instantly
performed IPS in a limited time.43¢ The authors thought
that the SDMT could measure the neurocognitive functions
required during sports activities of athletes because it could
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Table 2. Comparison of joint angular change, mean * SD

HP LP p- value Coi:jen s
flexion 60+15 7021 0.318 0.54
Hip angle (°) adduction 29+1.7 29+1.9 0.974 0.00
internal rotation 44+21 55+28 0.431 0.44
flexion 164+2.6 18.0+3.1 0.289 0.56
Knee angle (°) valgus -4,1+32 -2.6+3.0 0.363 0.19
internal rotation 9.1+30 9.7+4.6 0.769 0.15
forward tilt 1.3+1.0 1.5+1.0 0.735 0.20
Trunk angle lateral
(0) g inclination 0.3+0.6 0106 0.265 0.25
(tofreeleg)
rotation 04+08 1.2+04 0.020 . 130
(to free leg)
forward tilt -05+1.2 -0.6£0.9 0.788 0.10
Pelvic angle lateral
©) inclination 1.0+£0.7 1.3+1.0 0.586 0.34
(tofreeleg)
rotation 09+10 1305 0316 0.52
(tofreeleg)
HP = High-performance group, LP = Lower-performance group, IC = Initial Contact
* Significant difference between HP and LP (p<0.05)
Table 3. Comparison of kinetics data, mean * SD
HP LP p- Cohen’s
value d
Hip
moment
. 22+ 21+
flexion (Nm/kg) 18 24 0.484 0.005
. 29+ 21+
adduction (Nm/kg) 16 11 0.149 0.57
internal rotation 0.004 + 0.007 +
(Nm/kg) 0.006 0.006 0.202 0.50
Knee
moment
. 18+ 21+
flexion (Nm/kg) 0.4 0.7 0.108 0.54
. 43+ 58+
abduction (Nm/kg) 55 4.7 0.286 0.30
HP = High-performance group, LP = Lower-performance group,
Table 4. Comparison of muscle activity, mean * SD
HP LP P-value Cohen’sd
pre-IC 462+114 44.1+23.3 0.837 0.11
HAM (% MVC)
post-1C 445+ 16.9 47.3+21.9 0.793 0.14
pre-1C 41.9+18.8 66.0+39.3 0.162 0.76
QUAD (% MVC)
post-IC 84.7+31.0 116.0+67.5 0.151 0.58
pre-IC 145.0+ 1134 74.6+27.5 0.112 0.89
CCR (%)
post-1C 57.7+242 53.2+38.8 0.795 0.14

HP = High-performance group, LP = Lower-performance group, IC = Initial Contact, HAM = Knee Flexors, QUAD = Knee Extensors, CCR = Co-Contraction Ratio
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measure functions such as the ability to IPS and selective
attention.12.37 Another reason for employing SDMT in the
current study is that it can evaluate neurocognitive func-
tion without the need for specialized equipment before
sports activities. Previous research investigating the effects
of neurocognitive function on landing and cutting motions
have utilized computer tests such as CRI and ImPACT, with
no reports using paper-and-pencil tests. Computer-based
tests offer the advantage of simultaneously measuring mul-
tiple components of neurocognitive function separately.
However, they require special equipment and are difficult
to administer easily before engaging in sports activities.
This study proposes that differences in SDMT scores, which
can be easily assessed before sports activities, may be as-
sociated with changes landing mechanics representing the
trunk rotation angle during single-leg drop-jump landing
followed by an unanticipated task.

Although the current study identified differences in
trunk rotation angles during single-leg drop-jump landing
followed by an unanticipated task between groups based on
SDMT scores, no variations were observed in other kine-
matic, kinetic, or muscle activity parameters due to differ-
ences in neurocognitive function. This may be attributed to
the relatively high mean SDMT scores of the participants in
our study. The mean SDMT score for all participants in this
study was 71.5 = 7.5, the mean for the LP group was 67.3 +
5.0, and the lowest score was 61. In comparison, previous
studies reported a mean SDMT score of 58.2 + 9.1 (range
= 51.87-63.93) for young adults (< 30 years),22 and 53.06
+ 11.50 for male college athletes.?3 Therefore, the current
study participants exhibited good SDMT scores, and may
represent the absence of individuals with low neurocogni-
tive function which may have contributed to the lack of
group differences in lower limb mechanics during single-
leg drop-jump landing motion. Because ACL injuries occur
more frequently in athletes involved in sports activities and
less frequently in the general population,38 it was appro-
priate to focus on highly competitive athletes. The results
of the current study suggest that SDMT may be too easy
of a task for assessment of neurocognitive function healthy
competitive athletes. Future investigations should exam-
ine which tests are more likely to identify neurocognitive
differences among competitive athletes by employing addi-
tional paper-and-pencil tests such as the Trail Making Test
or the Stroop Interference Test.

LIMITATION

This study had several limitations. Firstly, the method used
for simulation during the unanticipated tasks used in this

study was to display a symbol such as a simple arrow on
a monitor. This stimulus method was not necessarily con-
sistent with a situation during actual games and might be
too simple. To create tasks more closely resembling real
sporting scenarios, it may be necessary to employ images
of games, models of opposing players, or virtual reality im-
ages. Secondly, the authors selected the single-leg drop-
jump landing motion from the platform as the experimental
task, but this is not a motion that occurs during sports
activities. In this study, the simple single-leg drop-jump
landing motion was analyzed to examine the effect of neu-
rocognitive function on the motion as directly as possible.
Future studies should incorporate tasks that more closely
align with sports activities, such as landing from a rebound
in basketball, landing from a header in soccer, or cutting
from a dribble. Thirdly, there is always a problem of reli-
ability in three-dimensional motion analysis using surface
markers. It has been reported that the use of body surface
markers during motion analysis may cause errors in record-
ing actual joint motion , because the position of the marker
shifts on the skin.3? Therefore, it is important to recognize
that the joint angular changes in the current study may
contain some measurement errors. Lastly, the small sample
size resulted in insufficient statistical power. However,
since there were several items with large effect sizes, it is
possible that different results could be obtained by increas-
ing the number of participants. Future studies should strive
to enhance the generalizability of my findings by increasing
the sample size and conducting similar analyses on male
athletes.

CONCLUSION

The female athletes who had low SDMT scores had a statis-
tically greater amount of change in the trunk rotation an-
gle toward the stance leg side during single-leg drop-jump
landing followed by an unanticipated task. However, there
were no significant differences in other kinematic, kinetic,
or muscular activation values due to differences in neu-
rocognitive function. Therefore, differences in neurocogni-
tive function as measured by SDMT affect horizontal trunk
movement during single-leg drop-jump landing followed by
an unanticipated task, but the relationship with ACL injury
risk is not clear.

Submitted: January 18, 2023 CDT, Accepted: July 19, 2023 CDT

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre-
ativecommons.org/licenses/by-nc/4.0/legalcode for more information.

International Journal of Sports Physical Therapy



Kinematics, Kinetics and Muscle Activity Analysis during Single-leg Drop-jump Landing Followed by an Unanticipated Task:...

REFERENCES

1. Swanik CB, Covassin T, Stearne D], Schatz P. The
relationship between neurocognitive function and
noncontact anterior cruciate ligament injuries. Am J
Sports Med. 2007;35(6):943-948. doi:10.1177/0363546
507299532

2. Herman DC, Barth JT. Drop-jump landing varies
with baseline neurocognition: Implications for
anterior cruciate ligament injury risk and prevention.
Am ] Sports Med. 2016;44(9):2347-2353. doi:10.1177/
0363546516657338

3. Almonroeder TG, Garcia E, Kurt M. The effects of
anticipation on the mechanics of the knee during
single-leg cutting tasls: A systematic review. Int |
Sports Phys Ther. 2015;10(7):918-928.

4. Besier TF, Lloyd DG, Ackland TR, Cochrane JL.
Anticipatory effects on knee joint loading during
running and cutting maneuvers. Med Sci Sports Exerc.
2001;33(7):1176-1181. d0i:10.1097/00005768-200107
000-00015

5. Herman DC, Zaremski JL, Vincent HK, Vincent KR.
Effect of Neurocognition and Concussion on
Musculoskeletal Injury Risk. Curr Sports Med Rep.
2015;14(3):194-199. doi:10.1249/jsr.00000000000001
57

6. Griffin LY, Albohm MJ, Arendt EA, et al.
Understanding and preventing noncontact anterior
cruciate ligament injuries: a review of the Hunt
Valley II meeting, January 2005. Am J Sports Med.
2006;34(9):1512-1532. doi:10.1177/036354650628686
6

7. Hewett TE, Myer GD, Ford KR, et al. Biomechanical
measures of neuromuscular control and valgus
loading of the knee predict anterior cruciate ligament
injury risk in female athletes: a prospective study. Am
J Sports Med. 2005;33(4):492-501. doi:10.1177/036354
6504269591

8. Griffin LY, Agel ], Albohm M]J, et al. Noncontact
anterior cruciate ligament injuries: risk factors and
prevention strategies. ] Am Acad Orthop Surg.
2000;8(3):141-150. doi:10.5435/00124635-20000500
0-00001

9. Brown TN, McLean SG, Palmieri-Smith RM.
Associations between lower limb muscle activation
strategies and resultant multi-planar knee kinetics
during single leg landings. J Sci Med Sport.
2014;17(4):408-413. d0i:10.1016/j.jsams.2013.05.010

10. Shibata S, Takemura M, Miyakawa S. The
influence of differences in neurocognitive function on
lower limb kinematics, kinetics, and muscle activity
during an unanticipated cutting motion. Phys Ther
Res. 2018;21(2):44-52. doi:10.1298/ptr.e9938

11. Aaron S. Symbol Digit Modalirties Test. Western
Psychological Services; 1982.

12. Deloire MSA, Bonnet MC, Salort E, et al. How to
detect cognitive dysfunction at early stages of
multiple sclerosis? Mult Scler. 2006;12(4):445-452. do
i:10.1191/1352458506ms12890a

13. Silva PHR, Spedo CT, Baldassarini CR, et al. Brain
functional and effective connectivity underlying the

information processing speed assessed by the Symbol
Digit Modalities Test. Neurolmage. 2019;184:761-770.

doi:10.1016/j.neuroimage.2018.09.080

14. Strober L, DeLuca ], Benedict RH, et al. Symbol
Digit Modalities Test: A valid clinical trial endpoint
for measuring cognition in multiple sclerosis. Mult
Scler. 2019;25(13):1781-1790. d0i:10.1177/135245851
8808204

15. Hinton-Bayre AD, Geffen GM, Geffen LB,
McFarland KA, Frijs P. Concussion in contact sports:
reliable change indices of impairment and recovery. J
Clin Exp Neuropsychol. 1999;21(1):70-86. doi:10.1076/
jeen.21.1.70.945

16. Benedict RH, DeLuca J, Phillips G, et al. Validity
of the Symbol Digit Modalities Test as a cognition
performance outcome measure for multiple sclerosis.
Mult Scler. 2017;23(5):721-733. d0i:10.1177/13524585
17690821

17. Register-Mihalik JK, Kontos DL, Guskiewicz KM,
Mihalik JP, Conder R, Shields EW. Age-related
differences and reliability on computerized and
paper-and-pencil neurocognitive assessment
batteries. J Athl Train. 2012;47(3):297-305. doi:10.408
5/1062-6050-47.3.13

18. Tung LC, Yu WH, Lin GH, et al. Development of a
Tablet-based symbol digit modalities test for reliably
assessing information processing speed in patients
with stroke. Disabil Rehabil. 2016;38(19):1952-1960. d
0i:10.3109/09638288.2015.1111438

19. Koh CL, Lu WS, Chen HC, Hsueh IP, Hsieh J],
Hsieh CL. Test-retest reliability and practice effect of
the oral-format symbol digit modalities test in
patients with stroke. Arch Clin Neuropsychol.
2011;26(4):356-363. doi:10.1093/arclin/acr029

International Journal of Sports Physical Therapy


https://doi.org/10.1177/0363546507299532
https://doi.org/10.1177/0363546507299532
https://doi.org/10.1177/0363546516657338
https://doi.org/10.1177/0363546516657338
https://doi.org/10.1097/00005768-200107000-00015
https://doi.org/10.1097/00005768-200107000-00015
https://doi.org/10.1249/jsr.0000000000000157
https://doi.org/10.1249/jsr.0000000000000157
https://doi.org/10.1177/0363546506286866
https://doi.org/10.1177/0363546506286866
https://doi.org/10.1177/0363546504269591
https://doi.org/10.1177/0363546504269591
https://doi.org/10.5435/00124635-200005000-00001
https://doi.org/10.5435/00124635-200005000-00001
https://doi.org/10.1016/j.jsams.2013.05.010
https://doi.org/10.1298/ptr.e9938
https://doi.org/10.1191/1352458506ms1289oa
https://doi.org/10.1191/1352458506ms1289oa
https://doi.org/10.1016/j.neuroimage.2018.09.080
https://doi.org/10.1177/1352458518808204
https://doi.org/10.1177/1352458518808204
https://doi.org/10.1076/jcen.21.1.70.945
https://doi.org/10.1076/jcen.21.1.70.945
https://doi.org/10.1177/1352458517690821
https://doi.org/10.1177/1352458517690821
https://doi.org/10.4085/1062-6050-47.3.13
https://doi.org/10.4085/1062-6050-47.3.13
https://doi.org/10.3109/09638288.2015.1111438
https://doi.org/10.3109/09638288.2015.1111438
https://doi.org/10.1093/arclin/acr029

Kinematics, Kinetics and Muscle Activity Analysis during Single-leg Drop-jump Landing Followed by an Unanticipated Task:...

20. Hinton-Bayre A, Geffen G. Comparability,
reliability, and practice effects on alternate forms of
the digit symbol substitution and symbol digit
modalities tests. Psychol Assess. 2005;17(2):237-241.
doi:10.1037/1040-3590.17.2.237

21. Pereira DR, Costa P, Cerqueira JJ. Repeated
assessment and practice effects of the written symbol
digit modalities test using a short inter-test interval.
Arch Clin Neuropsychol. 2015;30(5):424-434. doi:10.10
93/arclin/acv028

22. Sheridan L, Fitzgerald H, Adams K, et al.
Normative Symbol Digit Modalities Test performance
in a community-based sample. Arch Clin
Neuropsychol. 2006;21(1):23-28. doi:10.1016/j.acn.20
05.07.003

23. Whyte EF, Gibbons N, Kerr G, Moran KA. Effect of
a high-intensity, intermittent-exercise protocol on
neurocognitive function in healthy adults:
Implications for return-to-play management after
sport-related concussion. J Sport Rehabil.
2015;24(4):2014-0201. doi:10.1123/jsr.2014-0201

24. Krosshaug T, Nakamae A, Boden BP, et al.
Mechanisms of anterior cruciate ligament injury in
basketball. Am J Sports Med. 2007;35(3):359-367. do
i:10.1177/0363546506293899

25. Russell PJ, Croce RV, Swartz EE, Decoster LC.
Knee-muscle activation during landings:
Developmental and gender comparisons. Med Sci
Sports Exerc. 2007;39(1):159-170. doi:10.1249/01.ms
$.0000241646.05596.8a

26. Iguchi ], Tateuchi H, Taniguchi M, Ichihashi N.
The effect of sex and fatigue on lower limb
kinematics, kinetics, and muscle activity during
unanticipated side-step cutting. Knee Surg Sports
Traumatol Arthrosc. 2014;22(1):41-48. doi:10.1007/s0
0167-013-2526-8

27. Sheehan FT, Sipprell WHI, Boden BP. Dynamic
sagittal plane trunk control during anterior cruciate
ligament injury. Am J Sports Med.
2012;40(5):1068-1074. d0i:10.1177/036354651243785
0

28. Hewett TE, Torg JS, Boden BP. Video analysis of
trunk and knee motion during non-contact anterior
cruciate ligament injury in female athletes: lateral
trunk and knee abduction motion are combined
components of the injury mechanism. Br ] Sports

Med. 2009;43(6):417-422. doi:10.1136/bjsm.2009.059
162

29. Song Y, Li L, Hughes G, Dai B. Trunk motion and
anterior cruciate ligament injuries: a narrative review
of injury videos and controlled jump-landing and
cutting tasks. Sport Biomech. 2023;22(1):46-64. doi:1
0.1080/14763141.2021.1877337

30. Della Villa F, Buckthorpe M, Grassi A, et al.
Systematic video analysis of ACL injuries in
professional male football (soccer): injury
mechanisms, situational patterns and biomechanics
study on 134 consecutive cases. Br ] Sports Med.
2020;54(23):1423-1432. doi:10.1136/bjsports-2019-1
01247

31. Stuelcken MC, Mellifont DB, Gorman AD, Sayers
MGL. Mechanisms of anterior cruciate ligament
injuries in elite women’s netball: A systematic video
analysis. J Sports Sci. 2015;34(16):1516-1522. doi:10.1
080/02640414.2015.1121285

32. Waldén M, Krosshaug T, Bjgrneboe J, Andersen
TE, Faul O, Hiagglund M. Three distinct mechanisms
predominate in non-contact anterior cruciate
ligament injuries in male professional football
players: a systematic video analysis of 39 cases. Br |
Sports Med. 2015;49(22):1452-1460. doi:10.1136/bjsp
orts-2014-094573

33. Critchley ML, Davis DJ, Keener MM, et al. The
effects of mid-flight whole-body and trunk rotation
on landing mechanics: implications for anterior
cruciate ligament injuries. Sport Biomech.
2020;19(4):421-437. doi:10.1080/14763141.2019.1595
704

34. Fox AS. Change-of-direction biomechanics: Is
what’s best for anterior cruciate ligament injury
prevention also best for Performance? Sports Med.
2018;48(8):1799-1807. d0i:10.1007/540279-018-093
1-3

35. Beynnon BD, Fleming BC. Anterior cruciate
ligament strain in vivo: a review of previous work. J
Biomech. 1998;31:519-525.

36. Miller BT, Clapp WC. From vision to decision: The
role of visual attention in elite sports performance.
Eye Contact Lens Sci Clin Pract. 2011;37(3):131-139. d
0i:10.1097/icl.0b013e3182190b7f

37. Randolph C, McCrea M, Barr WB. Is
neuropsychological testing useful in the management
of sport-related concussion? J Athl Train.
2005;40(3):139-152.

38. de Loés M, Dahlstedt L], Thomée R. A 7-year
study on risks and costs of knee injuries in male and
female youth participants in 12 sports. Scand ] Med
Sci Sports. 2000;10(2):90-97. doi:10.1034/j.1600-083
8.2000.010002090.x

39. McGinley JL, Baker R, Wolfe R, Morris ME. The
reliability of three-dimensional kinematic gait
measurements: a systematic review. Gait &amp;
Posture. 2009;29(3):360-369. doi:10.1016/j.gaitpost.2
008.09.003

International Journal of Sports Physical Therapy


https://doi.org/10.1037/1040-3590.17.2.237
https://doi.org/10.1093/arclin/acv028
https://doi.org/10.1093/arclin/acv028
https://doi.org/10.1016/j.acn.2005.07.003
https://doi.org/10.1016/j.acn.2005.07.003
https://doi.org/10.1123/jsr.2014-0201
https://doi.org/10.1177/0363546506293899
https://doi.org/10.1177/0363546506293899
https://doi.org/10.1249/01.mss.0000241646.05596.8a
https://doi.org/10.1249/01.mss.0000241646.05596.8a
https://doi.org/10.1007/s00167-013-2526-8
https://doi.org/10.1007/s00167-013-2526-8
https://doi.org/10.1177/0363546512437850
https://doi.org/10.1177/0363546512437850
https://doi.org/10.1136/bjsm.2009.059162
https://doi.org/10.1136/bjsm.2009.059162
https://doi.org/10.1080/14763141.2021.1877337
https://doi.org/10.1080/14763141.2021.1877337
https://doi.org/10.1136/bjsports-2019-101247
https://doi.org/10.1136/bjsports-2019-101247
https://doi.org/10.1080/02640414.2015.1121285
https://doi.org/10.1080/02640414.2015.1121285
https://doi.org/10.1136/bjsports-2014-094573
https://doi.org/10.1136/bjsports-2014-094573
https://doi.org/10.1080/14763141.2019.1595704
https://doi.org/10.1080/14763141.2019.1595704
https://doi.org/10.1007/s40279-018-0931-3
https://doi.org/10.1007/s40279-018-0931-3
https://doi.org/10.1097/icl.0b013e3182190b7f
https://doi.org/10.1097/icl.0b013e3182190b7f
https://doi.org/10.1034/j.1600-0838.2000.010002090.x
https://doi.org/10.1034/j.1600-0838.2000.010002090.x
https://doi.org/10.1016/j.gaitpost.2008.09.003
https://doi.org/10.1016/j.gaitpost.2008.09.003

	Background
	Purpose
	Study Design
	Methods
	Results
	Conclusion
	Level of Evidence
	INTRODUCTION
	METHODS
	Participants
	Neurocognitive Test
	Experimental Tasks
	Data Collection and Processing
	Data Analysis
	Statistical Analysis

	RESULTS
	DISCUSSION
	Limitation

	CONCLUSION
	References

