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Introduction: In examining the factors affecting sports injuries, the emphasis is always on 
physical variables, while cognitive and psychological characteristics can also be effective. 
Hence, the present study aimed to investigate the relationship between sustained attention as 
a neurocognitive function and landing error as a mechanical factor associated with lower limb 
injuries. 

Materials and Methods: 44 female basketball players aged 18-25 years at the national 
league level participated in this study. The participants were assessed using the continuous 
performance test, and their landing-jumping was evaluated by the landing error scoring system 
in two conditions of high and low cognitive load. 

Results: The results showed that people’s landing errors increased significantly as a result 
of increased cognitive needs (P=0.0001). Also, the findings revealed a positive correlation 
between omission and commission errors with landing error scores in both low and high 
cognitive load conditions (P<0.05). 

Conclusion: Sustained attention could predict the landing error score that is considered a 
key risk factor of lower limb injuries. It is recommended that multiple cognitive and physical 
assessments be used to identify athletes at risk of injury. Hence, cognitive enhancement 
protocols may be effective along with physical preparation programs. 
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1. Introduction 

esearchers have always sought to inves-
tigate the factors that influence sports 
injuries so that by recognizing them, 
they can design strategies for the pre-
vention and treatment of sports injuries 
[1]. The risky variables of sports injuries 

have been classified into two main categories: internal 
and external factors [2]. The external factors consist of 
sport type, exercise methods, over-training, equipment, 
and the practice area. The internal factors include the ath-
lete’s individual physical and mental characteristics such 
as age, gender, abnormal physical maturity, personality, 
and so on [3]. The lower limb injuries, especially in the 
knee and ankle joints, are common in athletes [4]. 
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One of the movements that cause lower limb injuries 
and is considered to be the most common mechanism 
of non-contact injuries is landing after jumping, which 
is very common in many sports such as volleyball, bas-
ketball, and football [5]. Previous research shows that 
the quality of landing skills and its mechanical proper-
ties can be risk factors for lower limb injuries due to the 
significant force exertion on the joints and ligaments [5, 
6]. Landing can exert force 2 to 12 times greater than the 
bodyweight on joints and ligaments [7]. Some research-
ers have suggested that this movement is one of the most 
important mechanisms involved in anterior cruciate liga-
ment injury in female basketball and volleyball players 
[8, 9]. By enhancing the quality of landing movement 
patterns, the likelihood of injury occurrence can be 
greatly reduced [10]. To measure the quality of landing 
and mechanical properties associated with the occur-
rence of injuries, researchers have developed a Landing 
Error Scoring System (LESS). The studies show that 
LESS can identify individuals who may be at risk of 
lower extremity injuries. Besides, LESS is sensitive to 
changes due to technical correction interventions [11].

Although physical factors are generally considered in 
this field, psychological and cognitive characteristics as 
internal factors can affect the risk of injury in sports. For 
example, it has been shown that psychological stress has 
a significant relationship with injuries incidence in fe-
male football players [12]. New approaches show that in 
addition to common psychological characteristics such 
as anxiety and stress, neurocognitive factors may play a 
role in sports injuries [13-15]. Inappropriate motor coor-
dination and poor movement timing are considered risk 
factors for injuries [16]. On the other hand, the neuro-
cognitive ability is closely related to neuromuscular co-
ordination and consequently the occurrence of injuries 
[17]. For example, research has shown that postural con-
trol in complex dynamic movements, which is one of 
the main causes of injury and requires a high level of 
attention [16, 18, 19].

The neurocognitive function has been proved to be a 
risk factor for sports injuries [13, 14, 17, 20]. There are 
several definitions for neurocognitive functions, in which 
different features are mentioned as its components [21]. 
In this regard, some of these components are associated 
with higher-level brain functions, and some with lower-
level brain functions [22]. Attention is the main compo-
nent of neurocognitive functions [23]. There are several 
types of attention. Selective attention and sustained at-
tention are the main types of attention. In selective atten-
tion, one should pay attention to some stimuli and ignore 
other stimuli, while in sustained attention, people must 

maintain attention over time [23]. To achieve success-
ful performance, athletes need to know how and when 
to pay attention to information. This is what is required 
in many sports [24]. Studies have shown that cogni-
tive characteristics can be effective in the occurrence of 
sports injuries [13, 17].

Olsen, Myklebust, Engebretsen, and Bahr (2004) used 
video analysis of the Anterior Cruciate Ligament (ACL) 
injury scene and found that the athletes’ attention got 
distracted from performance to the opponent and other 
goals at the time of injury [25]. Swanick et al. (2007) 
reported that people with non-contact ACL injury got a 
lower score in neurocognitive parameters such as pro-
cessing speed and visual-verbal memory. They suggest-
ed that poor neurocognitive function may be a risk factor 
for anterior cruciate ligament injury [20]. 

Wilkerson (2012) reported that the reaction time as a 
processing speed may be an indicator of an increased risk 
of lower extremity sprains and strains among football 
players [17]. Besides, Shibata et al. (2018) compared the 
biomechanical characteristics of landing in two groups 
of athletes with a high and low level of neurocognitive 
functions. Their results showed that people with lower 
neurocognitive functions were more at risk of ACL in-
jury due to dysfunctional muscular activity around the 
knee [14]. Hesami et al. (2020) indicated that along with 
physical factors, cognitive functions play a significant 
role in injury rate prediction in volleyball players [13].

Considering the relationship between the landing skill 
pattern and the probability of lower limb injuries as 
well as the relationship between cognitive functions and 
sports injuries incidence, the present study sought to in-
vestigate the relationship between sustained attention as 
a cognitive function and landing error as a predictor of 
lower limb injuries in basketball players. For this pur-
pose, in the first assumption, changes in landing error are 
investigated as a result of increasing the cognitive load 
of the task to determine whether the probability of injury 
rises with increasing the processing needs of the task. 
After that, we investigate whether athletes’ sustained at-
tention ability can predict changes in landing error. 

2. Materials and Methods

A correlational and cross-sectional research design was 
employed in this study. All performed procedures were 
in accordance with the ethical standards of the Research 
Committee of Allameh Tabataba’i University. A total of 
44 female basketball players aged 18 to 25 years at the 
national league level participated in this study volun-
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tarily. The participants were selected based on the in-
clusion criteria: being right-handedness, participating in 
the national league and lacking a history of sports injury 
occurrence in the last six months. On the first day, the 
participants’ demographic and personal health informa-
tion was obtained. After giving initial instruction about 
the study, informed written consent was obtained from 
all participants. The participants were assessed by a sus-
tained attention test and LESS.

Sustained attention assessment 

Sustained attention was evaluated by the Continuous 
Performance Test (CPT) [26]. There were 200 stimu-
lants divided into two types; the first type was the stimu-
lus that participants had to respond to by pressing the 
space key on the computer keyboard. Failing to respond 
was considered as an omission error. However, the par-
ticipants were exposed to stimuli that should have been 
ignored. Responses to this category of stimuli were re-
corded as a commission error. The stimulus arrangement 
was random, and people were unaware of the order of 
the stimuli. The components consisted of the reaction 
time in correct responses (the speed of information 
processing), the standard deviation of reaction time (re-
sponse variability), the omission error (inattention), and 
the commission error (response inhibition). 

Landing error scoring system

The Landing Error Scoring System (LESS) is a practi-
cal tool that evaluates landing technique errors in a wide 
range of visible items during movement. This scoring 
system is a clinical assessment used to identify inappro-
priate patterns during post-jump landings. This scoring 
is done by the evaluation of the recorded video images 
of the two frontal and sagittal views of the person’s 
jumping and landing [27]. The test is performed by par-
ticipants jumping from a 30-cm platform and landing in 
front of the platform at a distance of approximately 50% 
of their height. Then, they immediately make a maxi-
mum vertical jump. The participants were instructed to 
jump as high as possible immediately after landing. No 
feedback was provided during the test unless people per-
formed the task incorrectly. 

After instruction, each participant performed two prac-
tice trials and then three test trials. If during landing, the 
person had not reached the specified horizontal distance 
or had not made the maximum vertical jump after land-
ing, that trial would have been removed and repeated. 
Two video cameras were placed at a distance of 4.8 and 4 
m, respectively, to capture images of people landing and 

jumping from the frontal and sagittal views. The LESS 
consisted of 17 scored items. By reviewing a recorded 
video in the first 15 items, the correct movement pattern 
was given a 0 and the wrong pattern 1 score, but items 16 
and 17 had a different scoring system. The final score for 
each landing was calculated by the sum of the scores of 
all items. LESS is a valid and reliable tool that uses pat-
terns for an overall assessment of landing mechanics and 
higher LESS scores (higher error) indicate risky landing 
techniques [27]. Studies have shown that a higher score 
is associated with a higher potential of lower limb sports 
injuries [28]. The researchers have confirmed the valid-
ity of LESS compared to the three-dimensional motion 
analysis system [29] and have also mentioned its predic-
tive ability to identify people at risk of injury [11].

Study procedure

At the first stage, the participants were informed about 
the test process but they were not aware of the purpose 
of the study. After instruction about the test process, the 
participants performed computerized CPT to evaluate 
sustained attention. To perform this test, the person must 
come into a separate room in the lab individually. This 
room has a quiet environment without disturbing fac-
tors. Also, for test completion, the participants had to be 
in a suitable state without uncomfortable feelings such 
as drowsiness and fatigue. In the second stage, the sub-
jects performed the landing-jumping test with two dif-
ferent cognitive loads. At the first task, landing-jumping 
was performed without a cognitive task, while, in the 
trials with cognitive load, the secondary task was used 
with a digits span backward paradigm [30]. 

In these trials, the participant stood on the jumping 
board and before jumping, the examiner gave them five 
random numbers. The numbers were expressed from a 
list prepared in advance and randomly combined. The 
subjects had to make their landing immediately after the 
last number. After completing landing-jumping, the par-
ticipants had to express these numbers in reverse order 
or from the end to the beginning. The examiner recorded 
the accuracy of responses. Then, the examiner watched 
the landing-jumping videos to calculate the landing er-
ror score. To bias prevention, the examiner was unaware 
of which videos belonged to which cognitive load trails. 
Hence, both participants and the examiner were blinded.

To investigate differences in landing error scores in 
two conditions with high and low cognitive load, the 
paired t-test was used. Besides, the Pearson correlation 
and regression tests were used to investigate the rela-

Mohammadkhani N, et al. Association Between Cognitive Function and Mechanical Pattern. JMR. 2020; 14(3):151-158.

July 2020, Volume 14, Number 3



154

Journal of
Modern Rehabilitation

tionship between attention and landing error scores in dif-
ferent conditions. All data were analyzed in SPPS V. 20.

3. Results

Based on the demographic information of the par-
ticipants, the means and standard deviations of weight, 
height, and body mass index were 63.04±6.38 kg, 
168±6.21 cm, and 20.84±1.72 kg/m2, respectively. Table 
1 presents the mean and standard deviation of the test 
scores in different conditions. Comparing landing error 
scores in low cognitive load condition with high cogni-
tive load using the paired t-test, we found that landing 
error increased significantly due to increased cognitive 
load (t43=9.03, P=0.0001).

The correlation test findings between sustained at-
tention subtests with landing error scores during the 
landing-jumping with low cognitive load revealed a sig-
nificant relationship between omission error and landing 
error score of basketball players (r=0.62, P=0.0001). 
Accordingly, with an increase in the omission error, the 
players’ landing error also increased. In addition, there 
was a significant relationship between commission error 
and landing error score (r=0.37, P=0.012). The reaction 
time results showed no significant relationship between 
this component and the landing error score of basketball 
players (r=0.098, P=0.52). Also, there was no significant 
relationship between reaction time variability and land-
ing error score (r=0.18, P=0.23). Then, the mentioned 

cognitive components entered the regression test to pre-
dict the error score of landing. The results showed that 
the regression model is significant in predicting landing 
error (F1,43=6.74, P=0.0001, R2adj=0.34). The CPT sub-
tests revealed that only omission error could significant-
ly estimate the landing error variance (P<0.01) (Table 2).

On the other hand, the association between CPT subtests’ 
components and landing error scores in high cognitive load 
conditions showed significant correlations between landing 
error score, omission error (r=0.70, P=0.0001), and commis-
sion error (r=0.49 , P=0.001). However, no significant rela-
tionship was found between landing error score with reaction 
time (r=0.03, P=0.83) and reaction time variability (r=0.17, 
P=0.24). Also, the results of regression revealed a similar 
pattern with low cognitive load conditions. Accordingly, the 
regression model was significant in predicting the landing 
error score (F1,43=12.18, P=0.0001, R2adj=0.5). Also, among 
the CPT subtests’ components, only omission error could 
significantly estimate the variance of landing error score in 
high cognitive load condition (P<0.01). The regression com-
ponents of these variables are presented in Table 3.

4. Discussion

The present study was set to investigate the relationship 
between sustained attention and mechanical factors as-
sociated with lower limb injuries during landing. For this 
purpose, LESS calculated based on the joints angles dur-
ing landing was considered as mechanical mechanisms 

Table 1. The Means±SD of the tests scores in different conditions

Landing Er-
ror Score 

High Cogni-
tive Load
(Points)

Landing Er-
ror Score,
Baseline
(Points)

Reaction Time 
Variability

(Millisecond)

Reaction Time
(ms)

Commission 
Errors

(Frequency)

Omission Errors
(Frequency)

Components
Statistics

4.47±2.022.7±1.4288.95±12.31404.34±52.970.95±0.933.91±2.87Mean±SD

Table 2. Regression components of CPT in predicting landing error score in low cognitive load condition

Sig.t
Unstandardized Coefficients

Model
BetaBStandard Error 

0.11.67-2.921.75Constant 

0.00014.130.70.360.08Omission error

0.97-0.03-0.007-0.010.29Commission error

0.97-0.033-0.0040.00010.004Reaction time

0.38-0.89-0.15-0.010.02Reaction time variability
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of lower limb injuries, and CPT was examined as neuro-
cognitive function. The reason for using sustained atten-
tion as a neurocognitive function was research findings 
which showed that attention could predict the occurrence 
of sports injuries in athletes during competitions [13]. 

On the other hand, the reason for using LESS was the 
results of research that showed that this system may 
identify people who are at risk for lower limb injuries 
[11, 28]. Since research has shown that the quality of a 
person’s landing indicates how much he or she is at risk 
of lower limb injuries during landing, the landing error 
pattern was examined in two conditions with high and 
low cognitive load. As expected, the results showed that 
people’s landing errors increased significantly as a re-
sult of higher cognitive needs. Accordingly, increasing 
the cognitive load of sports tasks seems to increase the 
likelihood of sports injuries. In this regard, people with 
higher cognitive ability can control their minds, allocate 
more capacity of their mental capacity to motor perfor-
mance, which reduces the risk of injury. Therefore, one 
of the approaches that can reduce the cognitive load of 
sports performance is to increase the skill level and bring 
people to the stage of automation [31]. 

Although this solution seems logical, usually athletes 
with different levels of competition reach the automatic 
stage and during the game, they pay attention to strate-
gies, information about the opponents and teammates, 
the position of the ball, the spectators, anxiety and worry, 
and decisions that have to be made. Therefore, the cog-
nitive or memory load can increase, and athletes with a 
high level of attention can reduce the cognitive load by 
optimizing their attention to the relevant stimuli [32]. To 
test this hypothesis, the relationship between sustained 
attention and landing error score was examined. The 
results showed a positive correlation between omission 
and commission errors with landing error scores in both 

low and high cognitive load conditions. In other words, 
with omission and commission errors, the amount of 
landing error increased in both conditions. This relation-
ship is important in the case of sports injuries, as the 
landing error score is considered a component related to 
the occurrence of injury [11, 27]. 

Padua et al. (2015) proved a significant relationship be-
tween the landing error score as a mechanical-functional 
component and lower extremities injuries, so LESS is a 
tool for screening ACL injury [28]. The most important 
finding of them was that young elite athletes with higher 
landing error scores were at higher risk of non-contact 
ACL injuries than those with lower scores [28]. Accord-
ingly, the quality of movement was also a biomechanical 
risk factor predicting non-contact injuries of the ACL. 
Interestingly, this relationship was observed in both 
conditions with low and high-cognitive load, so landing 
errors could be estimated by sustained attention regard-
less of the task cognitive load. However, as the cognitive 
load increased during landing, this relationship became 
stronger (which was expected). 

Accordingly, in the low cognitive load condition, 34% 
of landing error variance changes were estimated from 
cognitive components, while in the high cognitive load 
condition, 50% of landing error variance was predictable. 
On the other hand, although in the components of perfor-
mance accuracy in the CPT-test, a significant relationship 
was observed with the landing error score, in the compo-
nents of performance speed such as the reaction time and 
its variability, this relationship was not observed. How-
ever, the reaction time seemed to be an important compo-
nent in explaining motor performance, and previous stud-
ies have shown that this component, as a neurocognitive 
component, is associated with sports injuries [17, 20]. 

Table 3. Regression components of CPT in predicting landing error score in high cognitive load condition

Sig.t
Standardized CoefficientsUnstandardized Coefficients

Model
BetaBStandard Error 

0.0033.22-6.942.15Constant 

0.00014.950.730.530.1Omission error

0.31.040.180.0380.36Commission error

0.56-0.58-0.068-0.0030.004Reaction time

0.086-1.76-0.26-0.0430.024Reaction time variability
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In this regard, Williams and Anderson (1997) showed 
that the rate of injuries in athletes is related to limitations 
in visual attention in conditions of stress and negative 
events [33]. Olsen et al. (2004) found that at the time 
of ACL injury, athletes focused on the irrelevant stimuli 
that distracted their attention from performance [25]; 
as a result, attention is a key factor in injuries occur-
rence. Hence, athletes with poorer attention may per-
form movements such as sudden changes in the landing 
point or unexpected movements that predispose them to 
injury. The present findings are consistent with the find-
ings in which cognitive components and the occurrence 
of sports injuries were correlated [14, 17, 20].

However, there was a slight difference in detail. For ex-
ample, the study of Swanik et al. (2007) emphasized the 
history of injury and found that processing speed was 
lower in people with a history of non-contact ACL injury 
[20]. Also, the findings of Wilkerson (2012) emphasized 
the frequency of injury, while the present study empha-
sized the functional and mechanical components associ-
ated with injury [17]. Shibata et al. (2018) showed that 
people with lower neurocognitive ability had more mus-
cle activity in the quadriceps muscle than the hamstring 
muscle when landing unexpectedly; this muscle activity 
pattern enhances the load on ACL and consequently in-
creases the risk of ACL injury [14]. 

On the other hand, Wilkerson (2012) showed that this 
relationship was observed in reaction time [17], but the 
present study demonstrated that important components 
of decision accuracy such as omission and commission 
errors could play a more important role in predicting in-
jury. Based on the literature, omission error is considered 
a component of inattention, and commission error a re-
sponse inhibition [34]. In this regard, people with a high-
er cognitive function in general and sustained attention, 
in particular, may have lower landing error scores, and 
consequently, they are less at risk of injury. Researchers 
have found that long-term stress in athletes can alter the 
function of neural networks in the brain that are linked to 
attention, and this decrease in attentional capacity may 
increase the risk of injury [35]. 

The previous study also showed an association be-
tween omission and commission errors and the rate of 
sports injuries during competition season in volleyball 
players. Accordingly, the volleyball players with lower 
omission and commission errors at the beginning of the 
competition season suffered less sports injuries during 
the competitions [13]. 

Based on the current findings, although a significant 
correlation was observed between sustained attention 
and landing error score, only a part of the variance of 
landing error changes was predicted by this component, 
and the remainder was estimated by other factors. Also, 
given the wide range of cognitive functions, further re-
search is needed in this field to examine the role of other 
components. Besides, considering the completely differ-
ent nature of different sports, it seems necessary to con-
duct such research in different sports and different ex-
pertise levels. On the other hand, the difference between 
the landing patterns in the real competition condition and 
experimental trials can be considered as one of the limi-
tations of this study. 

Moreover, based on the current findings, future re-
search should address the question of whether sports in-
juries occurrence can be reduced by enhancing cognitive 
functions through common interventions such as brain 
stimulation or cognitive training. Accordingly, it is rec-
ommended that multiple cognitive and physical assess-
ments be used to identify athletes at risk of injury. Hence, 
it seems that cognitive enhancement protocols may be 
effective along with the physical preparation program. 

5. Conclusion

In general, sustained attention, i.e., the ability to main-
tain attention over time, could predict the landing er-
ror score. Considering the role of landing errors in the 
occurrence of lower limb sports injuries, especially in 
sports such as basketball, sustained attention may be a 
key factor in predicting sports injuries. Therefore, people 
with different levels of attention can be expected to be 
exposed to a different probability of injury occurrence. 

Ethical Considerations

Compliance with ethical guidelines

All performed procedures were in accordance with the 
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