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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.1 Swanik et al.1 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.1 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.2,3 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.4 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.5 

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.6,7 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.3,9 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 day, 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.11 The number of 
correct answers was counted. 

The SDMT has been widely used to evaluate information 
processing speed (IPS) and selective attention.12 It has 
been utilized for neurocognitive assessment of patients 
with impaired IPS,13,14 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.17,18 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.19,20 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,17,21 albeit less pronounced compared to the Trail 
Making Test-B or the Stroop Interference Test.17 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.          

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.26 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 

(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-

1. Participant stood by stepping on the footswitch with their dominant leg on a 30cm high box. 
2. Immediately after the participant jumped off the box, an experimental task was displayed on the monitor. 
3. Participant reacted to the instruction displayed on the monitor. 
4. Single-leg drop-jump landing was performed by landing on the force platform with the dominant leg and holding that posture for 2 seconds. 
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Table 1. HP and LP group characteristics, mean ± SD         

HP (n 
= 7) 

LP (n 
= 8) 

P 
value 

Cohen’s 
d 

SDMT 
score 

77.9 
± 5.5 

66.0 
± 3.4 

< 
0.001 

* 2.65 

Age 
(years) 

20.0 
± 1.4 

20.3 
± 1.3 

0.930 0.22 

Body 
Height 

(cm) 

166.8 
± 8.4 

166.4 
± 6.7 

0.912 0.05 

Body 
mass 
(kg) 

60.8 
± 8.2 

60.5 
± 6.0 

0.725 0.04 

SDMT = Symbol Digit Modalities Test, HP = High-performance group, LP = Lower-performance group 
* Significant difference between HP and LP (p<0.05). 

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.27‑29 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.34 

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.35 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.4,36 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 
Cohen’s 

d 

flexion 6.0 ± 1.5 7.0 ± 2.1 0.318 0.54 

Hip angle (°) adduction 2.9 ± 1.7 2.9 ± 1.9 0.974 0.00 

internal rotation 4.4 ± 2.1 5.5 ± 2.8 0.431 0.44 

flexion 16.4 ± 2.6 18.0 ± 3.1 0.289 0.56 

Knee angle (°) valgus -4.1 ± 3.2 -2.6 ± 3.0 0.363 0.19 

internal rotation 9.1 ± 3.0 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 
inclination 

(to free leg) 
0.3 ± 0.6 -0.1 ± 0.6 0.265 0.25 

rotation 
(to free leg) 

-0.4 ± 0.8 -1.2 ± 0.4 0.020 * 1.30 

forward tilt -0.5 ± 1.2 -0.6 ± 0.9 0.788 0.10 

Pelvic angle 
(°) 

lateral 
inclination 

(to free leg) 
1.0 ± 0.7 1.3 ± 1.0 0.586 0.34 

rotation 
(to free leg) 

-0.9 ± 1.0 -1.3 ± 0.5 0.316 0.52 

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- 

value 
Cohen’s 

d 

Hip 
moment 

flexion (Nm/kg) 
2.2 ± 

1.8 
2.1 ± 

2.4 
0.484 0.005 

adduction (Nm/kg) 
2.9 ± 

1.6 
2.1 ± 

1.1 
0.149 0.57 

internal rotation 
(Nm/kg) 

0.004 ± 
0.006 

0.007 ± 
0.006 

0.202 0.50 

Knee 
moment 

flexion (Nm/kg) 
1.8 ± 

0.4 
2.1 ± 

0.7 
0.108 0.54 

abduction (Nm/kg) 
4.3 ± 

5.5 
5.8 ± 

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’s d 

HAM (% MVC) 
pre-IC 46.2 ± 11.4 44.1 ± 23.3 0.837 0.11 

post-IC 44.5 ± 16.9 47.3 ± 21.9 0.793 0.14 

QUAD (% MVC) 
pre-IC 41.9 ± 18.8 66.0 ± 39.3 0.162 0.76 

post-IC 84.7 ± 31.0 116.0 ± 67.5 0.151 0.58 

CCR (%) 
pre-IC 145.0 ± 113.4 74.6 ± 27.5 0.112 0.89 

post-IC 57.7 ± 24.2 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.23 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.39 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. 
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