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Research context  

This study is focused on neurocognitive performance in function of return to sport 

(RTS) evaluation after anterior cruciate ligament reconstruction (ACLR). The research domain 

of this master thesis is situated within the musculoskeletal rehabilitation. The included 

population are patients after anterior cruciate ligament reconstruction (ACLR). 

Neurocognitive changes have been reported in patients after ACLR. However, no 

neurocognitive evaluation tools are integrated in the return to sport decision-making process. 

Therefore, we will investigate the difference in neurocognitive performance between ACLR 

and matched controls using a neurocognitive monitoring tool. This consists of a software 

program called MyMindWorks© and a dynamic reaction test with the use of Smartgoals. 

The protocol of the testing procedure was developed by dr. Bart Dingenen. The participants 

were matched and the data of this study was collected by dr. Bart Dingenen in collaboration 

with two master students Rehabilitation Sciences and Physiotherapy of the University of 

Hasselt. The data was statistically analyzed and processed by the two master students under 

the supervision of promotor dr. Bart Dingenen.  

This master thesis is part of a broader research project, about the biomechanical and 

neurocognitive influence in RTS evaluation in patients with an ACLR, performed under the 

supervision of dr. Bart Dingenen and in cooperation with prof. Dr. Johan Bellemans and prof. 

Dr. Jan Truijen, at the rehabilitation research center REVAL, UHasselt Diepenbeek.   
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Neurocognitive performance tests in function of return to sport evaluation after anterior 
cruciate ligament reconstruction – Pilot Study 
 
1. Abstract 

Study design: Observational study design 

Background: A high re-injury rate is present in anterior cruciate ligament reconstructed (ACLR) 

patients who return to their pre-injured level. Currently, the return to sport (RTS) decision-

making process is dominated by biomechanical evaluations. However, neurocognitive 

changes have been found in ACLR patients, but no neurocognitive evaluation tool has been 

integrated yet within the current RTS decision-making process. It may be possible that a 

broader evaluation spectrum is required for patients with an ACLR in order for them to safely 

RTS.  

Objectives: To evaluate the difference in neurocognitive performance between ACLR and 

matched controls using a neurocognitive monitoring tool in function of RTS evaluation after 

ACLR.  

Participants: Twelve ACLR participants and twelve individually matched controls (age, gender, 

sport activity) participated in this study.  

Measurements: The participants performed the dynamic reaction speed test, using 

Smartgoals and the fundamental neurocognitive tests such as, judgement, reaction time, 

pattern recognition and split vision, using MyMindWorks. The outcome measures are 

described in time (seconds and milliseconds) and the outcome of the split vision test in a score 

from zero to two. 

Results: No significant differences were found between ACLR and controls for the 

fundamental neurocognitive tests such as judgement, reaction time, pattern recognition and 

split vision (p > 0.05). We found no significant differences for the dynamic reaction speed test 

at the triangle set op nor the pentagon set up between ACLR and controls (p > 0.05). No 

significant correlation was found between the International Knee Documentation Committee 

(IKDC) questionnaire and the fundamental neurocognitive performance tests and between 

the IKDC questionnaire and the dynamic reaction speed tests (p > 0.05).  

Conclusion: Although no significant differences were found, future research on a larger scale 

is needed to draw a conclusion with certainty to integrate these tools within the RTS-decision 

making process.
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2. Introduction 

Patients who suffer from an anterior cruciate ligament (ACL) injury are mostly treated with an 

anterior cruciate ligament reconstruction (ACLR) (Nagelli & Hewett, 2017) followed by an 

extensive rehabilitation program. A 23 % re-injury rate is seen in athletes under 25 years old 

(Wiggins et al., 2016). Also, there is a greater incidence of a contralateral tear than a re-injury 

of the reconstructed ACL, probably due to the same risk factors as the initial ACL injury 

(Wiggins et al., 2016). Fifty-five percent of the ACLR patients return to a competitive level of 

sports and only 65 percent return to their pre-injury level of sports (Ardern, Taylor, Feller, & 

Webster, 2014). Deciding whether or not an athlete is ready to return to their pre-injury sport 

level remains challenging (Zaffagnini, Grassi, Serra, & Marcacci, 2015) because there is no gold 

standard for evaluating RTS readiness after ACLR (Dingenen & Gokeler, 2017).  

Currently, the RTS decision-making process is dominated by biomechanical evaluations. 

However, neurocognitive changes are also present after an ACLR and this has not been 

integrated yet within the current RTS decision-making criteria (Swanik, Covassin, Stearne, & 

Schatz, 2007). This may lead to an insufficient broad spectrum of the patients' abilities during 

the decision-making process. The neurocognitive changes seen in patients after an ACLR are 

reaction time, processing speed, visual and verbal memory (Swanik et al., 2007). The group 

who, later on in the season, suffered from an ACL injury had a slower reaction time, slower 

processing speed and had a significantly worse visual memory and verbal memory in 

comparison with the control group (Swanik et al., 2007). Furthermore, an increased activation 

in the motor, visual and secondary sensory area during a motor reproduction task is seen in 

ACLR patients (D. R. Grooms et al., 2016). On the other hand, a lower activation of the vermis 

of the cerebellum and ipsilateral motor cortex is found in ACLR patients compared to control, 

which indicates that after unilateral ACLR, a diminished postural control and changed 

neuromuscular control could arise (D. R. Grooms et al., 2016). Thus, when the neurocognitive 

load increases, for example during a match, the athlete has to negotiate multiple stimuli and 

motor tasks (Pietrosimone, Golightly, Mihalik, & Guskiewicz, 2015). This additional 

neurocognitive load could be sufficient to slow down the reaction time and processing speed 

of the athlete and could eventually diminish knee strategies such as altered muscle activation 

patterns during flexion-extension movements (Pietrosimone et al., 2015). Therefore, a sudden 

occurrence of an unanticipated movement or stimuli could lead to a non-contact ACL injury 

(Pietrosimone et al., 2015).  Another important factor in the RTS decision-making process is 
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subjective knee function, which can be evaluated using the International Knee Documentation 

Committee (IKDC) questionnaire. However, evidence supporting the relation between RTS and 

subjective and objective assessments is lacking (Dingenen & Gokeler, 2017). Therefore, we 

want to investigate if there is a possible relationship between objective and subjective knee 

function.  

In this study, we focus on the difference in neurocognitive performance between ACLR and 

matched controls using a neurocognitive evaluation tool. The fundamental neurocognitive 

performance will be investigated with the use of a specific software program 

(MyMindWorks©) to assess single reaction time, double reaction time and split vision. 

Furthermore, dynamic reaction speed will be investigated by using Smartgoals. Finally, we 

will be evaluating the correlation between the neurocognitive performance and the IKDC 

questionnaire. Our hypothesis is that patients after an ACLR have a worse fundamental 

neurocognitive performance and a diminished reaction speed compared to matched healthy 

controls and a correlation between the neurocognitive performance and subjective knee 

function is present. Based on the findings of this pilot study, this tool can be examined on a 

larger scale, integrated within the RTS decision-making process to safely RTS and help to refine 

the focus of rehabilitation.  
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3. Method 

3.1 Study design 

To investigate the neurocognitive performance in function of RTS after ACLR a mono-

centered observational pilot case control study design will be used. 

3.2 Participants 

The ACLR participants in this study were selected through referral of orthopedic surgeons 

prof. dr. Jan Truijen and prof. dr. Johan Bellemans, ZOL Genk. As soon as someone was 

interested to participate, a screening will be done to see if they match the inclusion- and 

exclusion criteria. The potential subjects needed to agree to sign an informed consent after 

the study design was explained to them.  

A primary reason of inclusion is a unilateral primary ACLR with a hamstring autograft. Other 

inclusion criteria are focused on age category between 18 and 45 years old. When the patient 

has (1) a revision of an ACLR (2) a meniscectomy of more than one third of the meniscus in 

the ACL reconstructed knee (3) a traumatic cartilage injury following an ACL tear (4) a third 

degree lesion of the posterior cruciate ligament (PCL), the collateral ligaments of the knee, or 

the posterolateral corner in the ACL reconstructed knee (5) a history of a third degree ligament 

injury in the contralateral knee such as a tear of the ACL, PCL, lateral collateral ligament (LCL), 

medial collateral ligament (MCL), or posterolateral corner (6) a history of a major trauma 

and/or major orthopedic surgery in the lumbar spine, pelvis or the legs (with the exception of 

an ACL reconstruction) (7) the presence of one of the following conditions; neurological or 

vestibular deficiency, pregnancy, had to be excluded before participating in this study.   

A non-injured participant was paired to each ACLR participant to serve as a control in this 

research project. These controls are participants without major musculoskeletal injuries in 

their history who participated in their sport the previous six months. They were matched for 

age, sex, sport and activity level. For practical reasons, the ACL reconstructed participants 

were asked to bring a teammate, if they participate in a team sport, to be their matched 

control. In this study, both groups performed the test protocol once.  

3.3 Study protocol   

The selected participants and the matched controls are invited to take part in our research 

project. Our study is part of a broader project. In this broader project, the participants are 

asked to undergo a large variety of tests. At 0, 3 and 9 months post-op, questionnaires and 

neurocognitive performance tests are conducted at home. At 6 and 12 months, they are 
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invited to the REVAL research center in Diepenbeek to perform the complete research 

protocol, which consists of a warm-up and strength, agility, jump, balance and neurocognitive 

tests (table 1).   

In our study, we will be evaluating the results of the fundamental neurocognitive performance 

and dynamic reaction speed through computer and agility tests. The fundamental 

neurocognitive performance tests include judgmental ability, reaction time, pattern 

recognition and split vision. These will be performed with the computer program 

MyMindWorks©. The dynamic reaction speed will be investigated through the use of the 

Smartgoals system. 

 

Table 1: Research protocol  

Warming-up 

Strength dynamometer 

Y-Balance test 

Hop tests 

Fundamental neurocognitive tests 

Movement quality test 

Dynamic reaction speed tests 

Nordic Hamstrings excercise 

 
3.3.1 Fundamental neurocognitive tests  

The neurocognitive status of the participants will be measured using the online system 

MyMindWorks© (Fig. 1). The subject will be seated in front of a computer at a distance of 50 

cm of the screen. The tests provided will have an increasing complexity and will measure 

reaction time, visual judgment ability, pattern recognition and split vision. The testing 

procedures are controlled by a computer. The total time needed to complete these tests is 

about ten minutes. The online system is secured, therefore only researchers of this study will 

be able to view the results. The first test is to measure the judgmental ability of the 

participants (A). Several letters will appear on the screen and the participants will have to 

decide if the letter 'T' is present. They will have to react accordingly as quickly as possible. The 

second test examines reaction time (B). The participant has to press the spacebar as fast as 

possible when a circle appears on the screen after a plus sign. Third, a pattern recognition test 
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is performed (C). Out of 25 different color patterns, the participant has to recognize the 

picture matching the one that is highlighted and click it as fast as possible. The last 

neurocognitive computer test is a split vision test (D). Six balls are displayed on the screen: 

four yellow and two red ones. After a few seconds, all the balls will turn yellow and will move 

across the screen for two minutes in a randomly order. Then, the balls will stop moving and 

the participant has to click the ones which were initially red.  

 

 

Figure 1: MyMindWorks©: judgment (A), reaction time (B), pattern recognition (C), split vision 

(D).  

3.3.2 Dynamic reaction speed  

To measure the dynamic reaction speed, we used Smartgoals. These are separate "Smart" 

cones that create a goal when they are set up across from one another. A button can be 

pressed on the remote that activates them. This is controlled by an application on a mobile 

phone called "Smartgoals Sport". When activated, the cones will light up letting the player 

know when to go through the goal. Once the patient performed a lunge through the goal, a 

different set of cones is activated forcing the patient to identify and go for the next illuminated 

goal. For these tests, the Smartgoals will be used in two different set-ups: a triangle and a 

pentagon. In the triangle set-up, the participant is positioned in the center of the three goals 
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(Fig. 2, A-B). The distance from the midpoint to each goal is standardized at a distance of 70 

cm. One goal will light up in a blue color, after performing a lunge through a goal the light will 

go out and another goal will light up. There is a one second latency between each repetition. 

The participant will need to use the leg on the side of the goal that is light up (e.g. left leg 

lunge for the goal to their left). For the front goal, the participant can choose which leg to use. 

The subject returns to the midpoint after performing each lunge. At first, the participant will 

perform one practice trial of ten repetitions. After that, three trials of 20 repetitions will be 

done. The time starts when the first lunge is performed. The score is the time in which 20 

repetitions are performed. The final score (sec) will be the best out of the three trials. Between 

trials, subjects get a resting period of one minute. In the pentagon set-up, the participants will 

be placed at the midpoint of the pentagon, with a distance of 80 cm to each side (Fig. 2, C-D). 

Two colors will be used: blue and orange. The subject will be instructed to perform a lunge 

with their right leg through the orange goals and with their left leg through the blue goals to 

turn off the light. The time will start when the first lunge is performed through the orange 

goal. When the line of the goal is crossed, another one will light up, in random order, with a 

latency of one second. After each repetition, the participant has to return to the midpoint of 

the pentagon. One practice trial of ten repetitions will be done before the actual test starts. 

The test consists of three trials with 20 repetitions. The final score (sec) will be the best out of 

the three trials. Between the trials, subjects get a rest period of three minutes.  

 
Figure 2: Smartgoals: triangle set-up (A-B) and pentagon set-up (C-D). 
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3.4 Outcome measures  

To rate the neurocognitive changes such as reaction time, processing speed and visual 

memory in ACL reconstructed and the healthy matched participants we are using a specific 

software program, called MyMindWorks© to assess single reaction time (action-reaction), 

double reaction time (action-process-reaction) and split vision. Each of these can be 

investigated using specific computer-based tests such as judgement (ms), reaction time (ms), 

pattern recognition (ms) and split vision (score indicating the amount of correct answers 0 – 

2). To measure the dynamic reaction speed (sec), we are using Smartgoals.  

3.5 Data-analysis 

The analysis of data was executed with the statistical program SPSS. The Shapiro-Wilk test is 

used to check normality. The Mann-Whitney U test is used if data was not normally distributed 

or if data was normally distributed, the paired t-test is used for comparison between matched 

groups. The level of significance was a double-sided alfa of 0.05. Correlation coefficients were 

calculated between International Knee Documentation Committee (IKDC) questionnaire and 

dynamic reaction speed and between the IKDC and the fundamental neurocognitive 

performance. A 2-tailed Pearson correlation is used if data was normally distributed. When 

data was not normally distributed, a 2-tailed Spearman’s Rank Order Correlation is used. The 

level of significance was a double-sided alfa of 0.05. 

 

4. Results 

4.1 Participants 

Fifteen ACLR participants were interested to participate after referral of the orthopedic sur-

geons. One was excluded after assessment for eligibility, because he did not meet the criteria. 

Of the 14 remaining participants, two dropped out due to decline of participation and due to 

technical problems with the Smartgoals. Twelve participants were included in the ACLR 

group (Table 2) and twelve non-injured controls were matched accordingly (Table 3). In total, 

24 participants were included in the study of which 20 males and 4 females. Twelve non-in-

jured controls (mean 25.3 years, SD 3.2, range 21-30) were matched to twelve ACLR partici-

pants (mean 24 years, SD 4.3, range 21-36) six months post-op, based on age, gender, sport 

and activity level (Fig. 3). The mean Tegner score of both the ACLR and control group was 7.67 

with a range of 7 to 10. Of the 12 included ACLR participants, ten are soccer players, one bas-

ketball player and one runner. The control group is matched accordingly to sport and level of 
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participation. The level of sport participation is divided in three categories: recreational ath-

letes (once a week), amateur athletes (2-3 times a week) and elite athletes (professional ath-

lete). There are three recreational athletes, eight amateur athletes and one elite athlete in 

both the ACLR and the control group.  

 

Table 2: Characteristics of the ACLR group  

ACLR* 1 Male 22  Soccer Elite 10 

ACLR 2 Female 23  Soccer Amateur 7 

ACLR 3 Male 36 Soccer Recreational 7 

ACLR 4 Female 23 Soccer Amateur 9 

ACLR 5 Male 21 Soccer Amateur 9 

ACLR 6 Male 21 Soccer Amateur 8 

ACLR 7 Male 22 Basketball Amateur 7 
ACLR 8 Male 29 Soccer Recreational 7 
ACLR 9 Male 24 Soccer Amateur 7 

ACLR 10 Male 23 Soccer Amateur 7 
ACLR 11 Male 23 Soccer Amateur 7 
ACLR 12 Male 21 Running Recreational 7 

*Anterior cruciate ligament reconstruction 

 

Table 3: Characteristics of the control group  

Control 1 Male 21  Soccer Elite 10 

Control 2 Female 27  Soccer Amateur 7 

Control 3 Male 30 Soccer Recreational 7 

Control 4 Female 29 Soccer Amateur 9 

Control 5 Male 23 Soccer Amateur 9 

Control 6 Male 23 Soccer Amateur 8 

Control 7 Male 21 Basketball Amateur 7 
Control 8 Male 29 Soccer Recreational 7 
Control 9 Male 26 Soccer Amateur 7 

Control 10 Male 27 Soccer Amateur 7 
Control 11 Male 23 Soccer Amateur 7 
Control 12 Male 24 Running Recreational 7 

 

Patient number Gender Age (years) Sport Level Tegner score 

Patient number Gender Age (years) Sport Level Tegner score 
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Figure 3: Flowchart 

 

4.2 Fundamental neurocognitive test  

Table 5 shows the means and standard deviations (SD) of the neurocognitive tests for ACLR 

participants and matched non-injured controls. For the judgment ability, no statistical 

significant difference was found between the ACLR (885.7 ms ± 183.7 ms) and the control 

group (877.9 ms ± 180.8 ms) (p = .91). The reaction time was not statistically significant 

different between the ACLR (304.4 ms ± 18.9 ms) and control group (309.8 ms ± 51.7 ms) (p = 

.47). Pattern recognition did not differ significantly between the ACLR (3932.6 ms ± 802.0 ms) 

and control group (4398.9 ms ± 1381.7 ms) (p = .36). For split vision, no statistical significant 

difference was found between the ACLR (1.5 ± .5) and control group (1.3 ± .5) (p = .42). Figure 

4 shows a comparison of the individually matched participants. No significant correlation was 

found between the IKDC questionnaire and the fundamental neurocognitive tests (table 4). 
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4.3 Dynamic reaction speed  

Table 5 shows the means and standard deviations (SD) of the dynamic reaction speed for ACLR 

participants and matched healthy controls. For the dynamic reaction speed of the triangle set 

up, no statistical significant difference was found between the ACLR (36.8 ± 1.6) and control 

group (36.1 ± 1.6) (p = .28). The pentagon set up also did not result into a statistical significant 

difference between the ACLR (24.4 ± 2.1) and control group (24.1 ± 1.3) (p = .86). Figure 4 

shows a comparison of the individually matched participants. There was no significant 

correlation between the scores of the IKDC questionnaire and the dynamic reaction tests 

(table 4). 

 

 

Figure 4: Neurocognitive tests and dynamic reaction speed tests.  
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Table 4: Correlations between neurocognitive tests and IKDC in ACLR participants 

Dynamic reaction speed 
Triangle – IKDC * 

-.22  .48 

Dynamic reaction speed 
Pentagon – IKDC  

 -.54 .06 

Reaction time – IKDC   .25 .41 

Recognition – IKDC  -.21  .49 

Pattern recognition – IKDC  .66  .83 

Split vision – IKDC   .00 1.00 
*International knee documentation committee questionnaire 
 
 
Table 5: Neurocognitive evaluation results ACLR patients and control groups (n= 12) 

Neurocognitive Test Mean Standard deviation (SD) P-value (2-tailed) 
 

Judgementa 
ACLR* 

Control 

 
885.7 
877.9 

 
183.7 
180.8 

.91 
 

 
Reaction timeb 

ACLR 
Control 

 
304.4 
309.8 

 
18.9 
51.6 

.47 

Pattern recognitionc 
ACLR 
Control 

 
3932.6 
4398.9 

 
802 
1381.7 

.36 

Split visiond 
ACLR 
Control 

Dynamic reaction speede 
ACLR 
Control 

Dynamic reaction speedf 
ACLR 
Control 

 
1.5 
1.3 
 
36.8 
36.1 
 
24.3 
24.1 

 
.5 
.5 
 
1.6 
1.6 
 
2.1 
1.3 

.42 
 
 

.28 
 
 
.86 

 

 

*anterior cruciate ligament reconstruction 
a fundamental neurocognitive computer test in milliseconds (ms) 
b fundamental neurocognitive computer test in milliseconds 
c fundamental neurocognitive computer test in milliseconds 
d fundamental neurocognitive computer test in score zero to two 
e dynamic reaction test triangle in seconds (sec) 
f dynamic reaction test pentagon in seconds 
 
 
 
 

 Pearson Correlation Spearman’s Rho P-value (2-tailed) 
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Table 6: IKDC questionnaire  

ACLR** 1 80.5 
ACLR 2 56.3 

ACLR 3 70.1 

ACLR 4 85.1 

ACLR 5 81.6 

ACLR 6 78.1 

ACLR 7 73.6 
ACLR 8 93.1 
ACLR 9 98.9 

ACLR 10 77.0 
ACLR 11 72.4 
ACLR 12 83.9 

*International knee documentation committee questionnaire 
** Anterior cruciate ligament reconstruction 
 
5. Discussion 

This study compared the neurocognitive performance during a computer and agility task 

between 12 ACLR participants and 12 non-injured controls, matched for age, gender, sport, 

and activity level.  

This is the first study to examine the difference between ACLR and non-injured matched 

controls using these neurocognitive tools. Participants with an ACLR did not significantly differ 

from the control group on the fundamental neurocognitive tests and the dynamic reaction 

speed test. This is in contradiction with the study of (Swanik et al., 2007) who found statistical 

significant differences in baseline neurocognitive performances between athletes who later 

on in the season suffered from a non-contact ACL (NCACL) injury and athletes that did not get 

an NCACL injury over time. Therefore, these authors suggested that there might be a 

predisposition for certain athletes to suffer a NCACL injury due to a worse neurocognitive 

performance.  In our study, we did not evaluate baseline neurocognitive performance, but we 

investigated the difference in neurocognitive performance between ACLR participants 6 

months post-op and non-injured controls. First of all, due to the limited number of participants 

in this study, it is possible that we did not find a statistical significant result between the ACLR 

and the control group. Furthermore, because of the extensive matching in our study, the 

influence of confounding variables is limited. A part of the ACLR group already performed the 

fundamental neurocognitive tests at zero and three months after reconstruction. Therefore, 

Participant IKDC* questionnaire 
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a practice effect may be present. However, the time in between both tests was three months 

and this could limit the practice effect in this study. The ACLR group already finished six 

months of rehabilitation following the ACLR. It is possible that their reaction speed and 

neurocognitive performance is better now than before the injury due to the extensive 

rehabilitation in which a lot of stability, jump, strength and reaction training takes place. 

Therefore, the results of the ACLR group could be influenced by the extensive rehabilitation.   

This is the first study to investigate the dynamic reaction speed in ACLR participants using 

Smartgoals. No significant difference in dynamic reaction speed was found between the 

ACLR group and the matched healthy controls. For practical reasons, we used a standardized 

distance in the triangle and pentagon set-up. Therefore, the participants with a longer leg 

length are in the advantage over the participants with a shorter leg length. However, no 

difference in average leg length seems to be apparent between both groups (ACLR 94,57 cm; 

control 95,89 cm). The level of participation could influence the dynamic reaction speed of 

the participants. However, due to the individual matching on participation level, no 

differences are present between both groups. The Tegner score of the ACLR and control group 

showed a range between 7 to 10 with an average for both groups of 7.67. Further research is 

needed in order to make assumptions about the correlation between level of participation 

and the difference in dynamic reaction speed. After evaluation of the IKDC questionnaire 

(Table 6), we could conclude that no significant correlation was found between the IKDC score 

and the dynamic reaction speed.   

Larger differences should be expected in the pentagon set-up compared to the triangle set-

up because of the increased cognitive load during this test. The need for more attentional 

demands during a dual-task creates a decrement of performance (Pietrosimone et al., 2015). 

However, in our study, no difference is found between both groups during this test. In order 

to draw any conclusions, a study with a larger sample size should be done. In the broader 

research project, a larger sample size with a higher level of participation is included. A trend 

towards a correlation between functioning level in the pentagon set-up is visible. This finding 

could be explained by the higher neurocognitive and attentional demand in this set-up 

because of the different colors and the multi-directional movements during the dynamic 

reaction test. In order to draw any conclusions, a study with a larger sample size is needed. 
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5.1 Strengths and limitations  

This is the first study investigating the neurocognitive performance in ACLR participants and 

comparing them to non-injured participants. The students that aided dr. Bart Dingenen during 

the tests received standardized instruction forms. Therefore, the variance in instructions given 

to the participants is limited.  

The most important limitation of our study is the small sample size. We included 24 

participants in this study. In order to make any conclusions, a study with a larger sample size 

is needed. The motivation and form of the day are important factors determining the outcome 

of the tests. The participants are requested to perform maximally during the tests, but no 

measurement is possible to be certain that they actually performed maximally. Another 

limitation of our study is the presence of participants who suffered an ACL injury through a 

contact trauma (n = 2). The neurocognitive component of the NCACL injury mechanism is not 

present here. Therefore, the lack of a neurocognitive component in the injury mechanism may 

influence the results of the neurocognitive performance tests.  

The final limitation of this study is a problem we experienced with the connection of the 

Smartgoals and the application on the mobile phone. The connection was frequently lost 

leading to a failed test. The participant had to perform more repetitions, leading to increased 

fatigue and therefore a possible invalidity of the test. It is possible this altered the outcome of 

the test. We found that the connection was better if the phone was placed in a standardized, 

fixed position. After this, we experienced less mistrials.   

5.2 Clinical implications  

The results of this master thesis should be interpreted with caution due to a small number of 

participants included in the study. Further research should focus on the effect of 

neurocognitive training and evaluation by using Smartgoals and the software program 

Mymindworks in patients after ACLR on a larger scale.  

The rehabilitation after ACLR should not solely be focused on biomechanical rehabilitation 

such as strength training for example. Based on recent evidence we can conclude that 

neurocognitive training is also needed. All the aspects of physical and neurocognitive 

performance should be addressed before returning to sport. Strength and jump tasks can be 

used to enhance the motor function in patients after ACLR, but neurocognitive training is 

needed to transfer the capabilities to a more demanding environment (D. Grooms, 

Appelbaum, & Onate, 2015), such as a football match. The findings of Swanik et al, 2007 
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implicate that neuromuscular and neurocognitive training should be incorporated into the 

rehabilitation to erase these deficits in ACLR patients. Task complexity, cognitive load, visual 

input and focus of attention all play a major role in the rehabilitation (Borotikar, Newcomer, 

Koppes, & McLean, 2008; Pollard, Heierscheit, van Emmerik, & Hamill, 2005). Furthermore, 

Sport performance, reaction time and visual processing speed is proven to be enhanced by 

visual motor training (Appelbaum, Cain, Schroeder, Darling, & Mitroff, 2012; Appelbaum, 

Schroeder, Cain, & Mitroff, 2011; Clark, Ellis, Bench, Khoury, & Graman, 2012; Smith & Mitroff, 

2012). The study of Bartels et al., 2016 found that in the later stage of rehabilitation after 

ACLR, significant improvements in anthropometric (muscle mass of the leg) and ‘sportmotoric’ 

(jump height and reaction time) outcomes can be achieved by using a visual-motor 

neurocognitive performance tool, Speed-Court. Furthermore, this study indicated that the 

difference in jump height and ground reaction time between the operated and non-operated 

leg significantly reduced by using the Speed-Court system in the rehabilitation as a visual-

motor neurocognitive performance tool. According to these findings, the integration of visual-

spatial-cognitive-motor assessment and training is needed in order to enhance the specific 

aspects of neurocognitive performance. In order to have a full recovery after an ACLR, a 

biopsychosocial intervention is needed. The biomechanical, neurocognitive and psychosocial 

components of the injury should all be encountered during the rehabilitation. Therefore, in 

order to have a complete RTS decision making process, a combination of neurocognitive 

training, strength, stability and jump training and psychosocial questionnaires should be used 

in the rehabilitation. 

 

6. Conclusion 

In conclusion, the current pilot study reports the neurocognitive differences between ACLR 

participants and matched non-injured controls using a software program MyMindWorks 

and Smartgoals. We did not find any statistical significant differences between these two 

groups for reaction time, processing speed, visual memory or dynamic reaction speed. 

However, previous studies showed that athletes who later suffered from an ACL injury score 

significantly worse on reaction time, split vision, visual and verbal memory. Therefore, further 

research on a larger scale is needed to draw a conclusion with certainty to integrate these 

tools within RTS-decision making process. 
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Document 2: Informed consent ACLR patients 

 



 

 
 
 



 

 
 
 



 

 
 
 



 

 
 



 

 
 



 

 
 



 

 
 



 

Document 3: Informed consent controls 
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